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UP-DRAWING CONTINUOUS CASTING METHOD AND UP-DRAWING
CONTINUOUS CASTING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to an up-drawing continuous casting method

and an up-drawing continuous casting apparatus.

2. Description of Related Art _

[0002]  Japanese Patent Application Publication No. 2012-61518 (JP 2012-61518
A) describes a free casting method as an epoch-making up-drawing continuous casting
method that does not require a mold.  As described in JP 2012-61518 A, when a starter is

immersed into a surface of molten metal (that is, a molten metal surface) and then the

_ starter is drawn up, the molten metal follows the starter due to a surface film and a surface

tension of the molten metal and the molten metal is also led out. Here, a casting having a
desired sectional shape can be continuously casted by leading out the molten metal via a
shape determining member placed near the molten metal surface, and then cooling the
molten metal thus led out.

[0003] With a normal continuous casting method, the sectional shape and the
shape in a longitudinal direction are both determined by a mold. Particularly, in the
continuous casting method, solidified metal (i.e., a casting) should pass through a mold, so
that a casting casted hereby has a shape that extends linearly in the longitudinal direction.
In the meantime, the shape determining member in the free casting method determines
only the sectional shape of the casting and does not determine a longitudinal shape thereof.
On that account, castings having various longitudinal shapes can be obtained by drawing
up the starter while moving the starter (or the shape determining member) horizontally.
For example, JP 2012-61518 A describes a hollow casting (that is, pipe) formed not in a

linear shape in its longitudinal direction, but in a zigzag shape or a helical shape in the

CONFIRMATION COPY
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longitudinal direction.

[0004]  The inventor(s) found the foilowing problem in terms of the up-drawing
continuous casting method described in JP 2012-61518 A.  In the up-drawing continuous
casting method described in JP 2012-61518 A, the casting cannot be cut while the casting
is casted, so it is necessary to change a starter per product. That is, the up-drawing
continuous casting method described in JP 2012-61518 A'is a so-called batch-wise method.
This requires a starter per product, which requires high cost, and further takes time to

attach the starter per product, which has a possibility that productivity is low.

SUMMARY OF THE INVENTION

[0005]  The present invention provides an up-drawing continuous casting method
and an up-drawing continuous casting apparatus each of wHich does not require to change
a starter per product and each of which is excellent in low cost and productivity.

[0006] An up-drawing continuous casting method according to one aspect of the
present invention is an up-drawing continuous casting method for forming a casting while
drawing up molten metal held in a holding furnace, and includes: a step of drawing up the
molten metal by a first draw-up machine via a starter gripped by the first draw-up machine;
a step of gripping, by a second draw-up machine, the casting drawn up by the first draw-up
machine; a step of fusion cutting the casting between the first draw-up machine and the
second draw-up machine; and a step of drawing up the molten metal by the second
draw-up machine via the casting gripped by the second draw-up machine. The
up-drawing continuous casting method according to the one aspect of the present invention
includes: the step of gripping, by the second draw-up machine, the casting drawn up by the
first draw-up machine; and the step of fusion cutting the casting between the first draw-up
machine and the second draw-up machine. This makes it possible to cut off a casting
while continue casting. Accordingly, it is not necessary to change a starter per product,
and thus, the draw-up continuous casting method of the one aspect of the present invention
is excellent in low cost and productivity.

[0007] In the step of drawing up the molten metal by the first draw-up machine,
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the molten metal may be drawn up while being passed through a shape determining
member placed on a molten metal surface of the molten metal and configured to determine‘
a sectional shape of the casting. According to such a configuration, it is possible to form.
a casting with accuracy.

[0008]  The draw-up continuous casting method of the one aspect of the present
invention may further include, after the step of drawing up the molteﬁ metal by the second’
draw-up machine: a step of gripping, by the first draw-up machine, the casting drawn up
by the second draw-up machine on a lower side relative to the second draw-up machine; a
step of fusion cutting again the casting between the first draw-up machine and the second
draw-up machine; and a step of drawing up the molten metal by the first draw-up machine
via the casting gripped by the first draw-up machine.

[0009]  The casting may be fusion cut by laser fusion cutting. According to such
a configuration, it is possible to form a casting with accuracy.

[0010]  An up-drawing continuous casting apparatus according to one aspect of
the present invention is an up-drawing continuous casting apparatus for forming a casting
while drawing up molten metal held in a holding furnace, and includes: a first draw-up
machine configured to grip a starter and draw up the molten metal via the starter; a second
draw-up' machine configured to grip the casting drawn up by the first draw-up machine and
draw up the molten metal via the casting; and a fusion cutting portion configured to fusion
cut the casting between the first draw-up machine and the second draw-up machine. The
up-drawing continuous casting apparatus according to one aspect of the present invention
includes: the second draw-up machine configured to grip the casting drawn up by the first
draw-up machine and draw up the molten metal via the casting; and the fusion cutting
portion configured to fusion cutting the casting between the first draw-up machine and the

second draw-up machine. This makes it possible to cut off a casting while continuing

casting. Accordingly, it is not necessary to change a starter per product, and thus, the

draw-up continuous casting apparatus of the one aspect of the present invention is
excellent in low cost and productivity.

[0011) The draw-up continuous casting apparatus of the one aspect of the present
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invention may further include a shape determining member placed on a molten metal
surface of the molten metal and configured to determine a sectional shape of the casting,
and the molten metal may be drawn up while being passed through the éhape determining
member. According to such a configuration, it is possibfe to form a casting with
accuracy.

[0012] The fusion cutting portion may fusion cut the casting by laser fusion
cutting. According to such a configuration, it is possible to cut the casting with accuracy.
Particularly, the fusion cutting portion may include a first ‘laser machining head slidably
connected to the first draw-up machine, and a second laser machining head slidably
connected to the second draw-up machine. According to such a configuration, position
control of the laser machining heads can be easily performed.

[0013] In the up-drawing continuous casting apparatus, a plurality of shape
determining members may be provided. According to such a configuration, a thickness
and a width of the molten metal passage portion can be changed. Further, the plurality of
shape determining members can move in a z-axis direction in sync with each other.

[0014] In the up-drawing continuous casting apparatus, when the starter is
immersed into the molten metal surface of the molten metal and then the starter is drawn
up therefrom, the molten metal may follow the starter due to a surface film and a surface
tension of the molten metal and the molten metal may be led out, the molten metal may be
led out via the shape determining member provided near the molten metal surface, and the
molten metal may be cooled off so as to continuously cast the casting having a desired
sectional shape. |

[0015]  According to the present invention, it is possible to provide an up-drawing
continuous casting method and an up-drawing continuous casting apparatus each of which
does not require to change a starter per product and each of which is excellent in low cost

and productivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]  Features, advantages, and technical and industrial significance of
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exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic side view of a free casting apparatus according to Embodiment

FIG. 2 is a plan view of a shape determining member 102 according Embodiment 1;

FIG. 3isa ﬂ(;w chart showing a free casting method according to Embodiment 1;

FIG. 4 is a side view illustrating an operation of a first draw-up machine 107, a
second draw-up machine 108, and a laser machining head 111;

FIG. 5 is a side view illustrating the operation of the first draw-up machine 107, the
sef:ond draw-up machine 108, and the laser machining head 111;

FIG. 6 is a side view illustrating the operation of the first draw-up machine 107, t.he
second draw-up machine 108, and the laser machining head 111,

FIG. 7 is a side view illustrating the operation of the first draw-up machine 107, the
second draw-up machine 108, and the laser machining head 111;

FIG. 8 i a top view of FIG. 7;

FIG. 9 is a side view illustrating the operation of the first draw-up machine 107, the
second dréw-up machine 108, and the laser machining head 111,

FIG. 10 is a side view illustrating the operation of the first draw-up machine 107, the
second draw-up machine 108, and the laser machining head 111;

FIG. 11 is a side view illustrating the operation of the first draw-up machine 107, the
second draw-up machine 108, and the laser machining head 111;

FIG. 12 is a side view illustrating the operation of the first draw-up machine 107, the -
second draw-up machine 108, and the laser machining head 111;

FIG. 13 is a plan view of a shape determining member 102 according a modification
of Embodiment 1; and

FIG. 14 is a schematic side view of a free casting apparatus according to Embodiment

DETAILED DESCRIPTION OF EMBODIMENTS
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[0017] The following describes concrete embodiments to which the present
invention is applied with reference to the drawings. . However, the present invention is not
limited to the following embodiments. Further, the following description and drawings
are simplified appropriately for clarification of the description.

[0018]  (Embodiment 1) First described is a free casting apparatus (an up-drawing
continﬁous casting apparatus) according to Embodiment 1, with reference to FIG. 1. - FIG.

1 is a schematic side view of a free casting apparatus according to Embodiment 1. As

illustrated in FIG. 1, the free casting apparatus according to Embodiment 1 includes a

molten metal holding furnace 101, a shape determining member 102, a support rod 104, an
actuator 105, a coolant gas nozzle 106, a first draw-up machine 107, a second draw-up
machine 108, a laser oscillatorV109, an optical fiber 110, and a laser machining head 111,
Note that, as for the molten metal holding furnace 101 and the shape determining member
102, FIG. 1 illustrates their sections. Further, naturally, the xyz right handed coordinate
system in the following figures is illustrated for convenience of description of a positional
relationship of constituents. A xy plane in the following figures constitutes a horizontal
plane, and a positive side ibn a z-ax-is direction indicates a vertically upward direction.
[0019] The molten metal holding furnace 101 stores therein molten metal M1 of
aluminum or its allqy, for example, and keeps the molten metal M1 at a predetermined
temperature at which the molten metal M1 has fluidity. In the example in FIG 1, moiten

metal is not replenished into the molten metal holding furnace 101 during casting, so that a

surface of the molten metal Ml (i.e., a molten metal surface) drops as the casting proceeds.

However, molten metal may be replenished, as needed, into the molten metal hdlding
furnace 101 during casting such that the molten metal surface is kept constant. Here,
when a presét temperature of the molten metal holding furnace 101 is increased, a position
of a solidification interface SIF can be raised. When the preset temperature of the molten

metal holding furnace 101 is decreased, the position of the solidification interface SIF can

- be Jowered. Naturally, the molten metal M1 may be of metal or its alloy other than

aluminum.

[0020] The shape determining member 102 is made of ceramics or stainless, for
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example, and is placed on the molten metal M1. The shape determining member 102
determines a sectional shape of a casting M3 to be casted. The casting M3 illustrated in
FIG. 1 is a solid casting (a plate material) of which a horizontal section (hereinafter
referred to as a transverse section) has a rectangular shape. Naturally, the sectional shape
of the casting M3 is not limited in particular. The casting M3 may be a hollow casiing
such as a cir'cular pipe or a square pipe. |

[0021] In the example illustrated in FIG. 1, the shape determining member 102 is
placed so that a principal plane (a bottom face) of a lower side of the shape determining
member 102 makes contact with the molten metal surface. Accordingly, it is possible to
prevent an oxide film formed on the surface of the molten metal M1 and foreign matters
floating on the surface of the molten metal M1 from mixing into the casting M3. Further,
the shape determining mémber 102 is easily warmed by the molten metal M1, which is
preferable. - Meanwhile, the shape determining member 102 may be placed so that its
bottom face is distanced from the moiten metal surface only by a predetermined distance
(e.g., around 0.5 mm). In a case where the shape determining member 102 is placed so as
to be distanced from the molten metal surface, heat deformation and erosion of the shape
determining member 102 are restrained, so that durability of the shape determining
member 102 is improved.

[0022]  FIG. 2 is a plan view of the shape determining member 102 according to
Embodiment 1. Here, the sectional view of the shape determining member 102 of FIG. 1
corresponds to a sectional view taken along a line I-1 in FIG. 2. As illustrated in FIG. 2,
the shape determining member 102 has a rectangular flat shape, for example, and has, in ifs
central part, a rectangular opening (a molten metal passage portion 103) of a thickness t1 x
width w1 and configured such that the molten metal passes therethrough.

[0023]  As illustrated in FIG. 1, the molten metal M1 is drawn up following the
casting M3 due to its surface film and its surface tension and passes through the molten
metal passage portion 103 of the shape determining member 102. That is, when the
molten metal M1 passes through the molten metal passage portion 103 of the shape

determining member 102, an external force is applied to the molten metal M1 from the



10

15

20

25

WO 2015/104575 PCT/IB2014/002850

shape determining member 102, so that a sectional shape of the casting M3 is determined.
Here, the molten metal drawn up, from the molten metal surface, following the casting M3
due to the surface film and the surface tension of the molten metal is referred to as retained
molten metal M2. Further, a boundary between the casting M3 and the molten metal M2
is the solidification interface SIF. &

[0024)  The support rod 104 supporfs the shape determiﬁing member 102. The
support rod 104 is connected to the actuator 105. Due to the actuator 105, ‘the shape
determining member 102 is movable in an up-down direction (a vertical direction, that is,
the z-axis direction) via the support Tod 104. With such a configuration, the shape
determining member 102 can be moved downward when the casting proceeds and the
molten metal surface drops.

[0025] - The coolant gas nozzle (cooling portion) 106 is cooling means configured
to cool off the casting M3 by sprayihg, on the casting M3, coolant gas (e.g., air, nitrogen,
argon, or the like) supplied from a coolént gas éupply portion (not shown). When a flow
rate of the coolant gas is increased, a position of the solidification interface SIF is lowered,
and when the flow rate of the coolant gas is decreased, the position of the solidification
interface SIF is raised. Note that the coolant gas nozzle 106 is also movable in the
up-down direction (the vertical direction, that is, the z-axis direction) and in a horizontal
direction (an x-axis direction and a y-axis direction). Accordingly, the coolant gas nozzle
106 can move downward along with the movement of t}le shape determining member 102,
when the casting proceeds and the molten metal surfacé drops. Alternatively, the coolant
gas nozzle 106 can move in the horizontal direction along with horizontal ‘movement of the
first draw-up machine 107 and th‘e second draw-up machine 108.

(0026]  The first draw-up machine 107 includes a gripper 107a, so as to grip a
starter ST or the casting M3 by the gripper 107a to draw up the casting M3. The first
draw-up machine 107 is placed on a negative side relative to the casting M3 in the x-axis
direction, and grips the casting M3 from the negativé side in the x-axis direction.
Similarly, the second draw-up machine 108 includes a gripper 108a, so as to grip the starter

ST or the casting M3 by the gripper 108a to draw up the casting M3. The second
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draw-up machine 108 is placed on a positive side relative to the casting M3 in the x-axis
direction, and grips the casting M3 from the positive side in the x-axis direction. In the
meantime, the first draw-up machine 107 and the second draw-up machine 108 can release
the starter ST or the casting M3 thus gripped. It is preferable that the first draw-up
machine 107 and the second draw-up machine 108 be freely movable in the x-axis, y-axis
and z-axis directions and be robot arms, for example. |

[0027]  In the example of FIG. 1, the starter ST is first gripped by the first draw-up
machine 107, and draw up the casting M3. When the casting M3 is cooled off by the
coolant gas, the retained molten metal M2 near the solidification interface SIF solidifies
sequentially from an upper side (a positive side in the z-axis direction) to a lower side (a
negative side in the z-axis direction), and thus, the casting M3 is formed. When gene’rally
one casting M3 is casted, a lower part of the caSting M3 is gripped by thé second draw-up
machine 108. Then, the casting M3 near above the second draw-up machine 108 is laser-
fusion cut by the laser machining head 111. Hereby, the casting M3 gripped by the first
draw-up macﬁine 107 is separated as a product. Here, casting can be continued by the
second draw-up machine 108.

[0028] When a draw-up speed by the first draw-up machine 107 and the second
draw-up machine 108 is increased, the position of the solidification interface SIF can be
raised. When the draw-up speed is decreased, the position of the solidification interface
SIF can be lowered. Further, it is possible to freely change a longitudinal shape of the
casting M3 by dréwing up the casting M3 while horizontally moving the first draw-up
machine 107 and the second draw-up machine 108 (in the x-axis direction and the y-axis
direction). Note that the longitudinal shape of the casting M3 may be changed freely by
horizontally moving the shape determining member 102 instead of horizontally moving the
first draw-up machine 107 and the second draw-up machine 108.

[0029] Here, in order to obtain the casting M3 that is exbellent in dimension
accuracy and surface quality, the solidification interface SIF is held at an appropriate
position (height). Thét is, the .casting is performed in a state where a solidification speed

on the solidification interface SIF and the draw-up speed are generally balanced. From
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the viewpoint of productivity, it is preferable that the draw-up speed be larger. However,
if only the draw-up speed is increased while the solidification Speed is kept constant, the
solidification interface SIF would be raised and the retained molten metal M2 would break
off. In order to increase the solidification speed (to lower the solidification interface SIF),

an amount of the coolant gas should be increased or a temperature of the molten metal -

temperature should be decreased, as described above.

[0030]  The laser machining head (fusion cutting portion) 111. is scanned in the
x-axis direction at a height between the first draw-up machine 107 and the second draw-up
machine 108. It is possible to fusion cut the casting M3 with accuracy by a laser beam
LB (see FIG. 8) emitted from the laser machining head 111. At the time of fusion cutting, -
it is preferable that the laser machining head 111 be also movable in the z-axis direction
according to a- castihg speed. Thi>s makés it possible to fusion cut the casting M3
horizontally.

[0031]  The laser beam LB is generated by the laser oscillator 109 and emitted
from the laser machining head 111 via the optical fiber 110. As the laser beam LB, fiber
laser, YAG laser, and tvhe like can be used, for example.

[0032] Note that the free casting apparatus according to Embodiment 1 uses laserv
fusion cutting as a cutting method of the casting M3, but also can use noncontact cutting
such as gas fusion cutting or arc fusion cutting. However, from the viewpoint of fusion
cutting accuracy, it is preferable to use the laser fusion cutting. Meanwhile, in order to
restrain vibration to be given to the retained molten metal M2, it is preferable to use
noncontact cutting as the cutting method of the casting M3,

[0033]  The free casting apparatﬁs according to Embodiment 1 includes the second
draw-up machine 108 in addition to the first draw-up machine 107. Further, the free
casting apparatus includes the laser machining head 111 that can fusion cut the casting M3.
This makes it possible to obtain a product by fusion cutting the casting M3 while
continuing casting. That is, the free casting apparatus according to Embodiment 1 can
save a starter and time to attach the starter because it is not necessary to change the starter

per product, and thus, the free casting apparatus according to Embodiment 1 is excellent in
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low cost and productivity. A detailed mechamsm about the effect will be described later
in the description about a free casting method accordmg to Embodiment 1

[0034] Next will be described the free casting method according to Embodiment
1, with reference to FIGS. 3 t0 12.  FIG. 3 is a flow chart showing the free casting method
according to Embodiment 1. FIGS. 4 to 7, 9 to.12 are side views each illustrating an
operation of the first draw-up machine 107, the second draw-up machine 108, and the laser
machining head 111. FIG. 8 is a top view-of FIG. 7. Initially, as shown in FIG. 3, the
starter ST is gripped by one draw-up machine (step ST1). In the example of FIG. 4, the
starter ST is gripped by the gripper 107a of the first draw-up machine 107 from the
negative side in the x-axis direction. Then, a tip end (a lower end) of the starter ST is
immersed into the molten metal M1 whlle the tip end of the starter ST is passed through
the molten metal passage portion 103 of the shape determining member 102.

[0035]  Subsequently, as shown in FIG. 3, the starter ST is drawn up at a
predetermined speed, so as to cast one product (step ST2). Here, as illustrated in FIG. 4,
even if the starter ST is distanced from the molten metal surface, the retained molten metal
M2 drawn up, from the molten metal surface, following the starter ST due to the surface
film and the surface tension is formed. AS illustrated in FIG. 4, the retained molten metal
M2 is formed by the molten metal passage portion 103 of the shape determining member
102. That is, a shape is given to the retained molten metal M2 by the shape determining
member 102. Then, since the starter ST or the casting M3 is cooled off by the coolant gas
as illustrated in FIG. 5, the retained molten metal M2 is cooled off indirectly and solidified
sequentially from the upper side to the lower side, so that the casting M3 grows.

[0036] Then, as shown iﬁ FIG. 3, it is determined whether or not a product thus
casted is a final product (step ST3). If the product is not the final product (NO in step
ST3), a lower part of the casting M3 is gripped by the other draw-up machine (step ST4).
In the example of FIG. 6, the second draw-up machine 108 that stands by on the positive
side relative to the casting M3 in the x-axis direction in FIG. 5 moves toward the negative
side in the x-axis direction, so that that part of the casting M3 which is near above the

cooling portion is gripped by the gripper 108a. The second draw-up machine 108 moves
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toward the positive side in the z-axis direction in sync with the first draw-up machine 107.
It is preferable that a position, in the z-axis direction, of that part of the casting M3 which
is gripped by the second draw-up machine 108' be above the cooling portion but as low as
possible.  As the position gripped by the second draw-up machine 108 is lower, vibration
of the retained molten metal M2 at the time when the casting M3 is gripped can be
restrained more. |

- [0037] Then, as shown in FIG. 3, the casting M3 is laser-fusion cut between the
first draw-up machine 107 and the second draw-up machine 108 (step STS5). More
specifically, as illustrated in FIGS. 7, 8, the laser machining head 111 that stands by iﬁ an
end of the casting M3 on the negative side in the x-axis direction is scanned toward the
positive direction in the x-axis direction over that part of the casting M3 which is near
above the éooling bortion, so that the casting M3 is fusion cut by the laser ‘beam LB.
Hereby, as illustrated in FIG. 9, a first product M31 gripped by the first draw-up machine
107 via the starter ST is separated from the casting M3. Although not illustrated herein,
the starter ST and the product M31 are released from the first draw-up machine 107 after
that. Note that, as for the first product M31, it is necessary to cut off the starter ST
therefrom.

[0038] Subsequently, as shown in FIG. 3, the process is returned to step ST2, so
as to cast one product. More specifically, as illustrated in FIG. 10, the casting M3 is
gripped by the second draw-up machine 108, so casting of a second product is continued.
In step ST4 related to the second product, ag illustrated in FIG. 11, the first draw-up
machine 107 that stands by on the negative side relative to the casting M3 in the x-axis
direction in FIG. 10 moves toward the positive side iﬁ the x-axis direction, so that that part
of the casting M3 which is near above the cooling portion is gripped by the gripper 107a.
The first draw-up machine 107 moves toward the positive side in the z-axis direction in
sync with the second draw-up machine 108.

[0039] In next step STS, as illustrated. in FIG. 12, the laser machining head 111
that stands by in an end of the casting M3 on the positive side in the x-axis direction is

scanned toward the negative side in the x-axis direction, so that the casting M3 is fusion
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cut by the laser beam LB. Hereby, the second product M32 directly gripped by the

second draw-up machine 108 is separated from the casting M3. In the meantime, the

casting M3 is gripped by the first draw-up machine 107, so casting of a third product is

continued. Thus, by using the first draw-up machine 107 and the second draw-up
machine 108 alternately, it is possible to continue casting while cutting off a product.

[0040]  If the product thus casted is the final product (YES in step ST3) in FIG. 3,
casting is finished. At this time, the casting speed is increased, and the retained molten
metal M2 is pulled off. Hereby, the final product can be obtained without laser fusion
cutting. That is, it is necessary to perform laser fusion cutting on the fin;\l product. . |

(0041] As described above, in the free casting method according to Embodiment
1, it is possible to obtain a product by fusion cutting the casting M3 while continuing
casting. That is, the free casting method accord.ing to Embodfment 1 can save a starter
and time to attach the starter because it is not necessary to change the starter per product,
and thus, the free casting method according to Embodiment 1 is excellent in low cost and
productivity.

[0042] (Modification of Embodiment 1) Next will be described a free casting
apparatus according to a modification of Embodiment 1, with reference to FIG.‘ 13. FIG
13 is a plan view of a shape determining member 102 according to the modification of
Embodiment 1. The shape determining member 102 ‘acc_ording to Embodiment 1 as
illustrated‘bin FIG. 2 is constituted by a single plat‘e, so the thickness t1 and the width wl of
the molten metal passage portion 103 are fixed. On the other hand, the shape determining
member 102 according to the modification of Embodiment 1 includes four rectangular
shape determining plates 102a, 102b, 102¢, 102d as illustrated in FIG. 13.’ That is, the
shapé determihing member 102 according to the modification of Embodiment 1 is divided

into a plurality of plates. With such a configuration, the thickness t1 and the width w1 of

- the molten metal passage portion 103 can be changed. Further, the four rectangular shape

determining plates 102a, 102b, 102c, 102d can move in the z-axis direction in sync with
each other.

[0043] As illustrated in FIG. 13, the shape determining plates 102a, 102b are
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placed side by side in the x-axis direction so as to be opposed to each other. Further, the
shape determining plates 102a, 102b are placed at the same height in the z-axis direction.
An interval between the shape determining plates 102a, 102b determinés the width wl.of |
the molten metal passage portion 103. Further, the shape determining plates 102a, 102b
are independently movable in the x-axis direction, so the width w1 can be changed. Note
that, in order to measure the width w1 of the molten metal passage portion 103, a laser
displacement meter S1 may be provided on the shape determining plate 102a and a laser
passive reflector S2 may be provided on the shape determining plate 102b, as illustrated in
FIG. 13. |

[0044] Further, as illustrated in FIG. 13, the shape determining plates 102c, 102d

. are placed side by side in the y-axis direction so as to be opposed to each other. Further,

the shape determining plates 102c, 102d.are placed at the same height in the z-axis
direction. An interval between the shape determining plates 102c, 102d determines the
thickness t1 of the molten metal passage portion 103. Further, the shape determining
plates 102c, 102d are independently movable fn the y-axis direction, so the thickness t1 can
be changed. The shape determining plates 102a, 102b are placed so as to make contact
with top faces of the shape determining plates 102¢, 102d.

[0045] (Embodiment 2) Next will be described ;a free casting apparatus according
to Embodiment 2, with reference to FIG. 14. FIG. 14 is a schematic side view of the free
casting apparatus according to Embodiment 2. | In the frée casting apparatus according to
Embodiment 2, a laser machining head 111a and a laser machining head 111b are slidably
connected to a first draw-up machine 107 and a second draw-up machine 108, respectively.
Since the other configuration is similar to the free casting apparatus according to
Embodiment 1, description thereof is omitted.

[0046) More specifically, the first draw-up machine 107 includes a guide 107b
extended in fhe x-axis direction, and the laser machining head 111a slides over the guide
107b in the x;axis direction. A laser beam is generated by a laser oscillator 109a, and
emitted from the laser machining head 111a via an optical fiber 110a. Similarly, the

second draw-up machine 108 includes a guide 108b extended in the x-axis direction, and
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the laser machining head 111b slides over the guide 108b in the x-axis direction. A laser
beam is generated by a laser oscillator 109b, and emitted from the laser machining head
111b via an optical fiber 110b.

[0047]  In the free casting apparatus according to Embodiment 2, the laser
machining heads 111a, 111b slide over the guides 107b, 108b, respectively, so a casting
M3 can be automatically fusion cut in the horizontal direction. Accordingly, the laser
machining heads 111a, 111b of the free casting apparatus according to Embodiment 1 can
easily perform a position control as compared with the laser machining head 111 of the
free casting apparatus according to Embodiment 1,

[0048] Note that the present invention is not limited to the above embodiments,

and various modifications can be made within a range that does not deviate from a gist of

- the present invention. For example, the present invention is applicable to an up-drawing .

continuous casting method that does not use the shape determining member 102, provided
that the method is an up-drawing continuous casting method for drawing up molten metal
by use of a starter ST. However, the use of the shape determining member 102 makes it

possible to form the casting M3 accurately, which is preferable.
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CLAIMS:

1. An up-drawing continuous casting method for forming a casting while drawing up
molten metal held in a holding furnace, the up-drawing continuous caksting method
comprising:

drawing up the molten metal by a first draw-up machine via a starter gripped by the -
first draw-up machine;

gripping, by a second draw-up machine, the casting drawn up by the first draw-up
machine;

fusion cutting the casting between the first draw-up machine and the second draw-up
machine; and

drawing up the molten metal by the second draw-up machine via the casting gripped

by the second draw-up machine.

2. The up-drawing continuous casting method according to claim 1, wherein:

when the molten metal is drawn up by the first draw-up machine, the molten metal is
drawn up while being passed through a shape determining member placed on a molten
metal surface of the molten metal and configured to determine a sectional shape of the

casting.

3. The up-drawing continuous casting method according to claim 1 or 2, wherein:

after the molten metal is drawn‘ up by the second draw-up machine, the casting drawn
up by the second draw-up machine is gripped by the first draw-up machine on a lower side
relative to the second draw-up machine;

the casting is fusion cut again between the first draw-up machine and the second
draw-up machine; and

the molten metal is drawn up by the first draw-up machine via the casting gripped by

the first draw-up machine.
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4. The up-drawing continuous casting method according to any one of claims 1 to 3,
wherein:

the casting is fusion cut by laser fusion cutting.

5. The up-drawing continuous casting method according to any one of claims 1 to 4,
wherein: |

when the starter is immersed into a molten metal surface of the molten metal and then
the starter is drawn up, the molten metal follows the starter due to a surface film and a
surface tension of the molien metal and the molten metal is led out;

the molten metal ié led out via a shape determining member provided near the molten
metal surface; and

| the molten metél is cooled off so és to continuously cast the casting having a desired

sectional shape.

6. An up-drawing continﬁous casting apparatus for forming a casting while drawing
‘up molten metal held in a holding furnace, the up-drawing continuous casting apparatus
comprising: | |

a first draw-up machine configured to grip a starter and draw up the molten metal via
the starter; |

a second draw-up machine configured to grip the casting drawn up by the first
draw-up machine and draw up the molten metal via the casting; and

a fusion cutting portion configured to fusion cut the casting between the first draw-up

machine and the second draw-up machine.

7. The up-drawing continuous casting apparatus according to claim 6, further
comprising:

a shape determining member placed on a molten metal surface of the molten metal
and configured to determine a sectional shape of the casting, wherein:

the molten metal is drawn up while being passed through the shape determining
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8. The up-drawing continuous casting apparatus according to claim 6 or 7, wherein:

the fusion cutting portion fusion cuts the casting by laser fusion cutting,

9. The up-drawing continuous casting apparatus according to claim 8, wherein:
the fusion cutting portion includes a first laser machining head slidably connected to
the first draw-up machine, and a second laser machining head slidably connected to the

second draw-up machine.

10. The up-drawing continuous casting apparatus according to any one of claims 6 to
9, wherein:

a plurality of shape determining members is provided.

11. The up-drawing continuous casting apparatus according to any one of claims 6 to
10, wherein:

when the starter is immersed inio a molten metal surface of the molten metal and then
the starter is drawn up, the molten metal follows the starter due to a surface film and a
surface tension of the molten metal and the molten metal is led out;

the molten metal is led out via a shape determining member provided near the molten
metal surface; and

the molten metal is cooled off so as to continuously cast the casting having a desired

sectional shape.
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