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(54) UPWARD-DRAWING CONTINUOUS CASTING METHOD

(57)  Apulling-up-type continuous casting method ac-
cording to an aspect of the present invention is a pull-
ing-up-type continuous casing method for pulling up mol-
ten metal (M1) held in a holding furnace (101) by using
a starter (ST). When the starter (ST) is accelerated to a
predetermined pulling-up speed at a start of casting, the
pulling-up-type continuous casting method includes a
first acceleration section in which the starter (ST) is ac-

celerated from a standstill state to a first speed at a first
acceleration, a second acceleration section in which the
starter (ST) is accelerated from the first speed to a second
speed at a second acceleration, and a constant speed
section in which the starter (ST) is pulled up at the first
speed, the constant speed section being positioned be-
tween the first and second acceleration sections.
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Description
Technical Field

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

Background Art

[0002] Patent Literature 1 proposed a free casting
method as a revolutionary pulling-up-type continuous
casting method that does not requires any mold. As
shown in Patent Literature 1, after a starter is submerged
into 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
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.
[0003] In the ordinary continuous casting method, the
shape in the longitudinal direction as well as the shape
in cross section is defined by the mold. In the continuous
casting method, in particular, since the solidified metal
(i.e., cast-metal article) needs to pass through inside the
mold, the cast-metal article has a shape extending on a
straight-line in the longitudinal direction.

[0004] In contrast to this, the shape defining member
used in the free casting method defines only the cross-
sectional shape of the cast-metal article, while it does
not define the shape in the longitudinal direction. Further,
since the shape defining member can be moved in the
direction parallel to the molten-metal surface (i.e., in the
horizontal direction), cast-metal articles having various
shapes in the longitudinal direction can be produced. For
example, Patent Literature 1 discloses a hollow cast-met-
al article (i.e., a pipe) having a zigzag shape or a helical
shape inthe longitudinal direction ratherthan the straight-
line shape.

Citation List
Patent Literature

[0005] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2012-61518

Summary of Invention

Technical Problem

[0006] The presentinventors have found the following
problem.
[0007] In the free casting method disclosed in Patent

Literature 1, acooling gasis blown on cast metal following
the starter immediately after the cast metal is solidified
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and the molten metal is thereby indirectly cooled. It
should be noted that the casting process needs to be
advanced in a state where the speed at which the solid-
ification advances from the top toward the bottom of the
cast metal (hereinafter called a "solidifying speed") is
substantially equal to the pulling-up speed. For example,
ifonly the pulling-up speed is increased while maintaining
the cooling power for the pulled-up molten metal un-
changed (i.e., while maintaining the solidifying speed un-
changed), the solidification interface rises and hence the
pulled-up molten metal is torn apart. That is, if the cooling
power is determined, an appropriate pulling-up speed
corresponding to that cooling power is determined. Note
thattoincrease the pulling-up speed and thereby improve
productivity, the above-described cooling power needs
to be increased.

[0008] Atthe start of casting, the starter is accelerated
from a standstill state to a desired pulling-up speed (i.e.,
the above-described appropriate pulling-up speed cor-
responding to the cooling power). However, there has
been a problem that if the acceleration for the pulling-up
operation is too high, the molten metal pulled-up by the
starter is torn apart before the pulling-up speed of the
starter reaches the desired pulling-up speed, thus mak-
ing the casting itself impossible. Further, there is another
problem that if the acceleration for the pulling-up opera-
tion is lowered in order to prevent the molten metal from
being torn apart due to the acceleration, it takes time
before the pulling-up speed of the starter reaches the
desired pulling-up speed, thus deteriorating productivity.
[0009] The present invention has been made in view
of the above-described problems, and an object thereof
is to provide a pulling-up-type continuous casting method
that has excellent productivity while preventing the
pulled-up molten metal from being torn apart during the
acceleration.

Solution to Problem

[0010] A pulling-up-type continuous casting method
according to an aspect of the present invention is

a pulling-up-type continuous casing method for pull-
ing up molten metal held in a holding furnace by using
a starter, in which

when the starter is accelerated to a predetermined
pulling-up speed at a start of casting, the pulling-up-
type continuous casting method includes:

a first acceleration section in which the starter
is accelerated from a standstill state to a first
speed at a first acceleration;

a second acceleration section in which the start-
eris accelerated from the first speed to a second
speed at a second acceleration; and

a constant speed section in which the starter is
pulled up at the first speed, the constant speed
section being positioned between the first and
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second acceleration sections.

[0011] This configuration can provide a pulling-up-type
continuous casting method that has excellent productiv-
ity while preventing the pulled-up molten metal from be-
ing torn apart during the acceleration.

[0012] The first acceleration is preferably an acceler-
ation that will cause a tearing in the molten metal pulled-
up by the starter before the pulling-up speed of the starter
reaches the predetermined pulling-up speed if the starter
is continuously accelerated from the standstill state at
that acceleration, and the second acceleration is prefer-
ably an acceleration that will cause atearing in the molten
metal pulled-up by the starter before the pulling-up speed
of the starter reaches the predetermined pulling-up
speed if the starter is continuously accelerated from the
standstill state at that acceleration. It is possible to im-
prove productivity even further.

[0013] Further, the first and second accelerations are
preferably equal to each other. In this case, each of the
first and second accelerations is particularly preferably
a maximum acceleration that a pulling-up machine that
pulls up the starter can deliver.

[0014] Further, the pulling-up-type continuous casting
method may further include a third acceleration section
in which the starter is accelerated from the second speed
to a third speed at a third acceleration, and a constant
speed section in which the starter is pulled up at the sec-
ond speed, the constant speed section being positioned
between the second and third acceleration sections.
[0015] Alternatively, the second acceleration may be
higher than the first acceleration. In this case, the second
acceleration is preferably a maximum acceleration that
a pulling-up machine that pulls up the starter can deliver.

Advantageous Effects of Invention

[0016] Accordingtothe presentinvention, itis possible
to provide a pulling-up-type continuous casting method
that has excellent productivity while preventing the
pulled-up molten metal from being torn apart during the
acceleration.

Brief Description of Drawings
[0017]

Fig. 1 is a schematic cross section of a free casting
apparatus according to a first exemplary embodi-
ment;

Fig. 2 is a plan view of a shape defining member 102
according to the first exemplary embodiment;

Fig. 3 is a schematic graph showing a pulling-up
speed acceleration method according to the first ex-
emplary embodiment;

Fig. 4 is a schematic graph showing a pulling-up
speed acceleration method according to a modified
example 1 of the first exemplary embodiment;
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Fig. 5 is a schematic graph showing a pulling-up
speed acceleration method according to a modified
example 2 of the first exemplary embodiment;

Fig. 6 is a plan view of a shape defining member 102
according to a second exemplary embodiment; and
Fig. 7 is a side view of the shape defining member
102 according to the second exemplary embodi-
ment.

Description of Embodiments

[0018] 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)

[0019] 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 schematic cross section of a free casting ap-
paratus according to the first exemplary embodiment. As
shown in Fig. 1, the free casting apparatus according to
the first exemplary embodiment includes a molten-metal
holding furnace 101, a shape defining member 102, a
supportrod 104, an actuator 105, a cooling gas nozzle(s)
106, and a pulling-up machine 108. In Fig. 1, the xyplane
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.

[0020] 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 holding furnace and
the position of the solidification interface SIF can be low-
ered by lowering the setting temperature of the holding
furnace. Needless to say, the molten metal M1 may be
a metal or an alloy other than aluminum.

[0021] The shape defining member 102 is made of ce-
ramic or stainless steel, for example, and disposed near
the molten-metal surface. In the example shown in Fig.
1, the shape defining member 102 is disposed so that its
underside principal surface (undersurface) is in contact
with the molten-metal surface. The shape defining mem-
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ber 102 can define the cross-sectional shape of cast met-
al M3 to be cast while preventing oxide films formed on
the surface of the molten metal M1 and foreign substanc-
es floating on the surface of the molten metal M1 from
entering the cast metal M3. The cast metal M3 shown in
Fig. 1is a solid cast-metal article having a platelike shape
in a horizontal cross section (hereinafter referred to as
"lateral cross section"). Note that needless to say, there
is no particular restriction on the cross-sectional shape
of the cast metal M3. The cast metal M3 may be, for
example, a hollow cast-metal article such as a circular
pipe and a rectangular pipe.

[0022] Fig.2isaplane view ofthe shape defining mem-
ber 102 according to the first exemplary embodiment.
Note that the cross section of the shape defining member
102 shown in Fig. 1 corresponds to a cross section taken
along the line I-l in Fig. 2. As shown in Fig. 2, the shape
defining member 102 has, for example, a rectangular
shape as viewed from the top, and has a rectangular
opening (molten-metal passage section 103) having a
thickness t1 and a width w1 at the center thereof. The
molten metal passes through the rectangular opening
(molten-metal passage section 103).

[0023] Note that the xyz-coordinate system shown in
Fig. 2 corresponds to that shown in Fig. 1.

[0024] Asshownin Fig. 1, the molten metal M1 follows
the cast metal M3 and is pulled up by the cast metal M3
by its surface film, the surface tension, and the like. Fur-
ther, the molten metal M1 passes through the molten-
metal passage section 103 of the shape defining member
102. That is, as the molten metal M1 passes through the
molten-metal passage section 103 of the shape defining
member 102, an external force is applied from the shape
defining member 102 to the molten metal M1 and the
cross-sectional shape of the cast metal M3 is thereby
defined. Note that the molten metal that follows the cast
metal M3 and is pulled up from the molten-metal surface
by the surface film of the molten metal, the surface ten-
sion, and the like is called "held molten metal M2". Fur-
ther, the boundary between the cast metal M3 and the
held molten metal M2 is the solidification interface SIF.
[0025] The support rod 104 supports the shape defin-
ing member 102.

[0026] The support rod 104 is connected to the actu-
ator 105. By the actuator 105, the shape defining member
102 can be moved in the up/down direction (vertical di-
rection) and in the horizontal direction through the sup-
portrod 104. With this configuration, itis possible to move
the shape defining member 102 downward as the molten-
metal surface is lowered due to the advance ofthe casting
process. Further, since the shape defining member 102
can be moved in the horizontal direction, the shape in
the longitudinal direction of the cast metal M3 can be
changed.

[0027] The cooling gas nozzle (cooling unit) 106 is
cooling means for blowing a cooling gas (such as air,
nitrogen, and argon) supplied from a cooling gas supply
unit (not shown) on the cast metal M3 and thereby cooling
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the cast metal M3. The position of the solidification inter-
face SIF can be lowered by increasing the flow rate of
the cooling gas and can be raised by reducing the flow
rate of the cooling gas. Note that although it is not shown
in the figure, the cooling gas nozzle (cooling unit) 106
can also be moved in the horizontal direction and in the
vertical direction in accordance with the movement of the
shape defining member 102.

[0028] By cooling the cast metal M3 by the cooling gas
while pulling up the cast metal M3 by using the pulling-
up machine 108 connected to the starter ST, the held
molten metal M2 located in the vicinity of the solidification
interface SIF is successively solidified, and the cast metal
M3 is thereby formed. The position of the solidification
interface SIF can be raised by increasing the pulling-up
speed of the pulling-up machine 108 and can be lowered
by reducing the pulling-up speed.

[0029] Next, a free casting method according to a first
exemplary embodiment is explained with reference to
Fig. 1.

[0030] Firstly, the starter ST is lowered and made to

pass through the molten-metal passage section 103 of
the shape defining member 102, and the tip of the starter
ST is submerged into the molten metal M1.

[0031] 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
from the molten-metal surface by the surface film, the
surface tension, and the like, thus forming the held molten
metal M2. As shown in Fig. 1, the held molten metal M2
is formed in the molten-metal passage section 103 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.

[0032] Next, since the starter ST is cooled by the cool-
ing gas blown from the cooling gas nozzle 106, the held
molten metal M2 successively solidifies from its upper
side toward its lower side. As a result, the cast metal M3
grows.

[0033] Itshould be noted that at the start of the casting,
the pulling-up speed is accelerated (i.e., increased) from
a standstill state to a desired pulling-up speed (i.e., an
appropriate pulling-up speed corresponding to cooling
power by the cooling gas nozzle 106). One of the features
of the free casting method according to the first exem-
plary embodiment lies in the pulling-up speed accelera-
tion method at the start of the casting. The pulling-up
speed acceleration method at the start of the casting is
explained hereinafter with reference to Fig. 3.

[0034] Fig. 3 is a schematic graph showing a pulling-
up speed acceleration method according to the first ex-
emplary embodiment. The horizontal axis indicates the
time and the vertical axis indicates the pulling-up speed
(mm/s). InFig. 3, a case where the starter is continuously
accelerated at an acceleration a1 is indicated by an al-
ternate long and short dash line for a comparison. In such
a case, a tearing occurs in the held molten metal M2
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before the pulling-up speed of the starter reaches a max-
imum pulling-up speed Vmax, which is the appropriate
pulling-up speed corresponding to the cooling power by
the cooling gas nozzle 106. Here, the acceleration a1 is,
for example, the maximum acceleration that the pulling-
up machine 108 can deliver. In Fig. 3, a tearing occurs
in the held molten metal M2 at the point when the pulling-
up speed reaches a speed V1.

[0035] Further,inFig. 3, anothercase where the starter
is continuously accelerated at an acceleration a2 to pre-
vent the tearing of the held molten metal M2 is indicated
by another alternate long and short dash line for a com-
parison. Here, the acceleration a2 is the maximum ac-
celeration at which the pulling-up speed can reach the
maximum pulling-up speed Vmax without causing any
tearing in the held molten metal M2 even when the starter
is continuously accelerated from the standstill state at
that acceleration. That is, if the starter is continuously
accelerated from the standstill state at an acceleration
higher than the acceleration a2, a tearing occurs in the
held molten metal M2 before the pulling-up speed reach-
es the maximum pulling-up speed Vmax. On the other
hand, if the starter is continuously accelerated from the
standstill state at an acceleration equal to or lower than
the acceleration a2, the pulling-up speed can reach the
maximum pulling-up speed Vmax without causing any
tearing in the held molten metal M2. As shown in Fig. 3,
when the starter is continuously accelerated at the ac-
celeration a2, the pulling-up speed reaches the maximum
pulling-up speed Vmax at a time t2. Therefore, produc-
tivity is poor.

[0036] Therefore, inthe free casting method according
to the first exemplary embodiment, a constant-speed op-
eration section is provided between acceleration opera-
tion sections in order to improve productivity while pre-
venting the held molten metal M2 from being torn apart.
Specifically, in Fig. 3, the pulling-up operation is switched
from the acceleration operation, in which the starter is
accelerated atthe acceleration a1, to the constant-speed
operation before the pulling-up speed reaches the speed
V1 at which a tearing would otherwise occur in the held
molten metal M2. In Fig. 3, the pulling-up operation is
switched to the constant-speed operation at the point
when the pulling-up speed reaches a speed V11 (< V1).
Note that the speed V11 is lower than the maximum pull-
ing-up speed Vmax corresponding to the cooling power.
Therefore, the position of the solidification interface SIF
is lowered in the constant-speed operation section in
which the starter is pulled up at the speed V11.

[0037] After the pulling-up speed is kept at the speed
V11 for a predetermined period, the pulling-up operation
is switched from the constant-speed operation to the ac-
celeration operation in which the starter is accelerated
at the acceleration a1 again. By providing the constant-
speed operation section and thereby lowering the posi-
tion of the solidification interface SIF, the tearing of the
held molten metal M2, which would otherwise occur at
the speed V1, can be prevented after the acceleration
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operation in which the starter is accelerated at the accel-
eration a1 is resumed. The acceleration in this acceler-
ation operation section does not necessarily have to be
equal to the acceleration in the previous acceleration op-
eration section. However, the accelerations in both of the
acceleration operation sections are preferably higher
than the acceleration a2 in view of the resulting improve-
ment in productivity. In other words, in view of the result-
ing improvement in the productivity, the acceleration in
the acceleration operation section is preferably an accel-
eration that will cause a tearing in the held molten metal
M2 before the pulling-up speed reaches the maximum
pulling-up speed Vmax if the starter is continuously ac-
celerated from the standstill state at that acceleration.
[0038] Further, in the example shown in Fig. 3, the pull-
ing-up operation is switched to a constant-speed opera-
tion again at the point when the pulling-up speed reaches
a speed V12 (> V1). After that, the pulling-up operation
is switched to an acceleration operation in which the start-
er is accelerated at the acceleration a1 again and the
pulling-up speed is eventually increased to the maximum
pulling-up speed Vmax. That is, two constant-speed op-
eration sections are provided. It should be noted that the
number of constant-speed operation sections is prefer-
ably as small as possible in view of productivity. On the
other hand, there are cases in which if the number of
constant-speed operation sections is only one, a tearing
occurs in the held molten metal M2 before the pulling-up
speed reaches the maximum pulling-up speed Vmax.
Therefore, a plurality of constant-speed operation sec-
tions may be provided in order to increase the pulling-up
speed to the maximum pulling-up speed Vmax while pre-
venting the held molten metal M2 from being torn apart.
[0039] Further, productivity can be improved by reduc-
ing the length of each constant-speed operation section.
On the other hand, if the constant-speed operation sec-
tion is too short, the position of the solidification interface
SIF is not sufficiently lowered in the constant-speed op-
eration section. As a result, a tearing is likely to occur in
the held molten metal M2 when the pulling-up operation
is switched to the acceleration operation.

[0040] Further, in the free casting method according
to the first exemplary embodiment, the starter is accel-
erated at an acceleration that is higher than the acceler-
ation a2 at which no tearing occurs in the held molten
metal M2 even when the starter is continuously acceler-
ated at that acceleration. Therefore, as shown in Fig. 3,
the pulling-up speed reaches the maximum pulling-up
speed Vmax at a time t1 (< t2). Therefore, productivity is
excellent.

(Modified example 1 of first exemplary embodiment)

[0041] Next, afree casting method according to a mod-
ified example 1 of the first exemplary embodiment is ex-
plained with reference to Fig. 4. Fig. 4 is a schematic
graph showing a pulling-up speed acceleration method
according to the modified example 1 of the first exemplary
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embodiment. In Fig. 4, a case where the starter is con-
tinuously accelerated at an acceleration a3, which is low-
er than the acceleration a1 and higher than the acceler-
ation a2, is indicated by another alternate long and short
dash line for a comparison. If the starter is continuously
accelerated at the acceleration a3, a tearing occurs in
the held molten metal M2 before the pulling-up speed
reaches the maximum pulling-up speed Vmax. However,
as shown in Fig. 4, the tearing occurs in the held molten
metal M2 at the point when the pulling-up speed reaches
a speed V2 higher than the speed V1.

[0042] Therefore, in the free casting method according
to the modified example 1 of the first exemplary embod-
iment, the pulling-up operation is switched to the con-
stant-speed operation at the point when the pulling-up
speed reaches a speed V21 thatis higher than the speed
V1 and lower than the speed V2. That s, in the example
shown in Fig. 4, while the acceleration is lower than that
in the example shown in Fig. 3, the number of constant-
speed operation sections is only one. As shown above,
the number of constant-speed operation sections is pref-
erably optimized according to the acceleration. Further,
the casting process is preferably started with the accel-
eration a3, which is lower than the acceleration a1, be-
cause a tearing is more likely to occur in the held molten
metal M2 immediately after the casting processis started.

(Modified example 2 of first exemplary embodiment)

[0043] Next, afree casting method according to a mod-
ified example 2 of the first exemplary embodiment is ex-
plained with reference to Fig. 5. Fig. 5 is a schematic
graph showing a pulling-up speed acceleration method
according to the modified example 2 of the first exemplary
embodiment. In Fig. 4, the acceleration before the con-
stant-speed operation section and the acceleration after
the constant-speed operation section are both the accel-
eration a3. In contrast to this, in Fig. 5, the acceleration
after the constant-speed operation section is the accel-
eration a1, which is higher than the acceleration a3 which
is the acceleration before the constant-speed operation
section. This makes a time t4 at which the pulling-up
speed reaches the maximum pulling-up speed Vmax in
the modified example 2 earlier than the time t3 at which
the pulling-up speed reaches the maximum pulling-up
speed Vmax in the modified example 1. That is, the pro-
ductivity in the free casting method according to the mod-
ified example 2 is higher than that in the free casting
method according to the modified example 1.

[0044] As has been explained above, in the free cast-
ing method according to the first exemplary embodiment,
a constant-speed operation section(s) is provided be-
tween acceleration operations at the start of the casting.
This can prevent the held molten metal M2 from being
torn apart even when the starter is accelerated at an ac-
celeration that will cause a tearing in the held molten
metal M2 if the starter is continuously accelerated at that
acceleration. Further, the pulling-up speed can be in-
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creased to the maximum pulling-up speed Vmax in a
shorter time period than the time period that is required
in the related art. Therefore, productivity is excellent.

(Second exemplary embodiment)

[0045] Next, a free casting apparatus according to a
second exemplary embodiment is explained with refer-
ence to Figs. 6 and 7. Fig. 6 is a plan view of a shape
defining member 102 according to the second exemplary
embodiment. Fig. 7 is a side view of the shape defining
member 102 according to the second exemplary embod-
iment. Note that the xyz-coordinate systems shown in
Figs. 6 and 7 correspond to that shown in Fig. 1.
[0046] The shape defining member 102 according to
the first exemplary embodiment shown in Fig. 2 is com-
posed of one plate. Therefore, the thickness t1 and the
width w1 of the molten-metal passage section 103 are
fixed. In contrast to this, the shape defining member 102
accordingto the second exemplary embodimentincludes
four rectangular shape defining plates 102a, 102b, 102c
and 102d as shown in Fig. 6. That is, the shape defining
member 102 according to the second exemplary embod-
iment is divided into a plurality of sections. With this con-
figuration, it is possible to change the thickness t1 and
the width w1 of the molten-metal passage section 103.
Further, the four rectangular shape defining plates 102a,
102b, 102c and 102d can be moved in unison in the z-
axis direction.

[0047] As shown in Fig. 6, the shape defining plates
102a and 102b are arranged to be opposed to each other
in the x-axis direction. Further, as shown in Fig. 7, the
shape defining plates 102a and 102b are disposed at the
same height in the z-axis direction. The gap between the
shape defining plates 102a and 102b defines the width
w1 of the molten-metal passage section 103. Further,
since each of the shape defining plates 102a and 102b
can be independently moved in the x-axis direction, the
width w1 can be changed. Note that, as shown in Figs.
6 and 7, a laser displacement gauge S1 and a laser re-
flector plate S2 may be provided on the shape defining
plates 102a and 102b, respectively, in order to measure
the width w1 of the molten-metal passage section 103.
[0048] Further, as shown in Fig. 6, the shape defining
plates 102c and 102d are arranged to be opposed to
each other in the y-axis direction. Further, the shape de-
fining plates 102c and 102c are disposed at the same
height in the z-axis direction. The gap between the shape
defining plates 102c and 102d defines the thickness t1
of the molten-metal passage section 103. Further, since
each of the shape defining plates 102c and 102d can be
independently moved in the y-axis direction, the thick-
ness t1 can be changed.

[0049] The shape defining plates 102a and 102b are
disposed in such a manner that they are in contact with
the top sides of the shape defining plates 102c and 102d.
[0050] Next, a driving mechanism for the shape defin-
ing plate 102a is explained with reference to Figs. 6 and
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7. As shown in Figs. 6 and 7, the driving mechanism for
the shape defining plate 102a includes slide tables T1
and T2, linear guides G11, G12, G21 and G22, actuators
A1and A2, and rods R1 and R2. Note that although each
of the shape defining plates 102b, 102c and 102d also
includesits driving mechanism asin the case of the shape
defining plate 102a, the illustration of them is omitted in
Figs. 6and 7.

[0051] As shown in Figs. 6 and 7, the shape defining
plate 102ais placed and fixed on the slide table T1, which
can be slid in the x-axis direction. The slide table T1 is
slidably placed on a pair of linear guides G11 and G12
extending in parallel with the x-axis direction. Further,
the slide table T1 is connected to the rod R1 extending
from the actuator A1 in the x-axis direction. With the
above-described configuration, the shape defining plate
102a can be slid in the x-axis direction.

[0052] Further, as shown in Figs. 6 and 7, the linear
guides G11 and G12 and the actuator A1 are placed and
fixed on the slide table T2, which can be slid in the z-axis
direction. The slide table T2 is slidably placed on a pair
of linear guides G21 and G22 extending in parallel with
the z-axis direction. Further, the slide table T2 is con-
nected to the rod R2 extending from the actuator A2 in
the z-axis direction. The linear guides G21 and G22 and
the actuator A2 are fixed on a horizontal floor surface or
a horizontal pedestal (not shown). With the above-de-
scribed configuration, the shape defining plate 102a can
be slid in the z-axis direction. Note that examples of the
actuators A1 and A2 include a hydraulic cylinder, an air
cylinder, and a motor.

[0053] As has been explained above, in the free cast-
ing apparatus according to the second exemplary em-
bodiment, the shape of the molten-metal passage section
103 can be changed. Therefore, the cross-sectional
shape of the cast metal M3 can be changed during the
casting process.

[0054] Further, control may be performed so that the
shape of the molten-metal passage section 103 is re-
duced in size in the acceleration operation section at the
start of the casting. The tearing in the held molten metal
M2 can be prevented or reduced even further by reducing
the mass of the held molten metal M2.

[0055] 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.

[0056] For example, the present invention can be ap-
plied to a pulling-up-type continuous casting method in
which the shape defining member 102 is not used, pro-
vided that the molten metal is pulled up by using a starter
ST in the pulling-up-type continuous casting method.
[0057] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2013-158202, filed on July 30, 2013, the disclosure of
which is incorporated herein in its entirety by reference.
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Reference Signs List
[0058]

101 MOLTEN METAL HOLDING FURNACE
102 SHAPE DEFINING MEMBER
102a-102d SHAPE DEFINING PLATE

103 MOLTEN-METAL PASSAGE SECTION
104 SUPPORT ROD

105 ACTUATOR

106 COOLING GAS NOZZLE

108 PULLING-UP MACHINE

A1, A2 ACTUATOR

G11, G12, G21, G22 LINEAR GUIDE

M1 MOLTEN METAL

M2 HELD MOLTEN METAL

M3 CAST METAL

R1, R2 ROD

S1 LASER DISPLACEMENT GAUGE

S2 LASER REFLECTOR PLATE

SIF SOLIDIFICATION INTERFACE

ST STARTER

T1, T2 SLIDE TABLE

Claims

1. Apulling-up-type continuous casting method for pull-
ing up molten metal held in a holding furnace by using
a starter, wherein
when the starter is accelerated to a predetermined
pulling-up speed at a start of casting, the pulling-up-
type continuous casting method includes:

a first acceleration section in which the starter
is accelerated from a standstill state to a first
speed at a first acceleration;

a second acceleration section in which the start-
eris accelerated from the first speed to a second
speed at a second acceleration; and

a constant speed section in which the starter is
pulled up at the first speed, the constant speed
section being positioned between the first and
second acceleration sections.

2. The pulling-up-type continuous casting method ac-
cording to Claim 1, wherein
thefirstacceleration is an acceleration that will cause
a tearing in the molten metal pulled-up by the starter
before the pulling-up speed of the starter reaches
the predetermined pulling-up speed if the starter is
continuously accelerated from the standstill state at
that acceleration, and
the second acceleration is an acceleration that will
cause a tearing in the molten metal pulled-up by the
starter before the pulling-up speed of the starter
reaches the predetermined pulling-up speed if the
starter is continuously accelerated from the standstill
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state at that acceleration.

The pulling-up-type continuous casting method ac-
cording to Claim 1 or 2, wherein the first and second
accelerations are equal to each other.

The pulling-up-type continuous casting method ac-
cording to Claim 3, wherein each of the first and sec-
ond accelerations is a maximum acceleration that a
pulling-up machine that pulls up the starter can de-
liver.

The pulling-up-type continuous casting method ac-
cording to any one of Claims 1 to 4, wherein the
pulling-up-type continuous casting method further
includes:

a third acceleration section in which the starter
is accelerated from the second speed to a third
speed at a third acceleration; and

a constant speed section in which the starter is
pulled up at the second speed, the constant
speed section being positioned between the
second and third acceleration sections.

The pulling-up-type continuous casting method ac-
cording to Claim 1 or 2, wherein the second accel-
eration is higher than the first acceleration.

The pulling-up-type continuous casting method ac-
cording to Claim 6, wherein the second acceleration
is a maximum acceleration that a pulling-up machine
that pulls up the starter can deliver.
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