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(57) ABSTRACT 

The present invention is to provide a vertical casting appa 
ratus capable of easily manufacturing castings without caus 
ing shrinkage cavities and entrainment of gas, by filling a 
molten metal into a mold cavity at a high speed and by 
effectively pressurizing the molten metal in the closed 
cavity, which has high work efficiency, ease of maintenance, 
and a low cost of equipment, and a vertical casting method 
using the vertical casting apparatus. The vertical casting 
apparatus is provided with an apparatus body comprising a 
fixed mold 1 on the lower side and a movable mold 2 on the 
upper side, a closing means 13 for closing a molten metal 
in-flow gate 10 formed in the fixed mold 1, and a pressur 
izing means 20 for pressurizing the molten metal in the 
closed mold cavity, and a casting means for Supplying and 
filling the molten metal into the mold cavity from the 
underside. The casting means has a gas-pressurized molten 
metal pouring ladle 6 attachable to and detachable from the 
apparatus body. 
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VERTICAL CASTING APPARATUS AND 
VERTICAL CASTING METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a vertical casting 
apparatus capable of manufacturing castings such as alumi 
num alloys, in which a molten metal is filled into a mold 
cavity from underside, and, more particularly, to a vertical 
casting apparatus in which a molten metal is Supplied and 
filled into a mold cavity from the underside by using a 
gas-pressurized molten metal pouring ladle, and a vertical 
casting method using the vertical casting apparatus. 

BACKGROUND ART 

0002. In the case where castings such as light alloy 
products, especially parts requiring strength, are manufac 
tured, a vertical casting apparatus are used to prevent 
entrainment of gas at the time when molten metal is poured. 
0003. In such a vertical casting apparatus, as a means for 
Supplying molten metal into a mold cavity from a molten 
metal holding furnace while preventing the mixing of oxides 
and the entrainment of gas, use of a low-pressure gas is 
already known (see Japanese Laid-Open Patent Application 
No. 58-55166). However, although the low-pressure gas is 
effective in Supplying molten metal quantitatively into a 
mold, only the use of low-pressure gas is not sufficient to 
avoid shrinkage cavities occurring at the time of Solidifica 
tion of molten metal and defective thin-wall products 
because the casting speed is slow and the pressure is low. 
Also, in a conventional apparatus, a large amount of molten 
metal was accommodated in a molten metal holding furnace 
fixed to an apparatus body, which increased the size of 
apparatus. Further, it is not easy to replenish molten metal 
into the molten metal holding furnace fixed to the apparatus 
body, and also it is very difficult to perform spraying work 
for cleaning and lubricating an in-flow gate of the apparatus 
body. 

0004 Moreover, one of the present inventors has 
invented a method of using an immersed electromagnetic 
pump as a means for Supplying molten metal into the mold 
cavity (see Japanese Laid-Open Patent Application No. 
2003-266168). However, the apparatus for carrying out this 
method also increases in size because high-speed casting 
requires a large electromagnetic pump. Therefore, the prac 
tical use of this apparatus is difficult, and additionally, they 
had the same problems as described above, such as the 
difficulty in replenishing molten metal. 
0005 Patent Document 1: Japanese Laid-Open Patent 
Application No. 58-55166 
0006 Patent Document 2: Japanese Laid-Open Patent 
Application No. 2003-266168 

DISCLOSURE OF THE INVENTION 

OBJECT TO BE SOLVED BY THE INVENTION 

0007. In casting using a vertical casting apparatus, in 
order to manufacture high-quality castings, especially thin 
wall and large-size castings, it is necessary to fill molten 
metal into the mold cavity at a high speed. Also, in order to 
prevent the mixing of oxides and the entrainment of gas, 
which cause defects of castings, and to prevent shrinkage 

Sep. 20, 2007 

cavities produced by Solidification shrinkage, it is necessary 
to fill molten metal from underside and to replenish a 
Sufficient amount of molten metal by pressurizing effec 
tively. Also, at this time, to reduce troubles during operation, 
it is necessary to simplify the construction of cavity and of 
the whole casting apparatus, for practical use. High work 
efficiency and ease of maintenance are also very important 
factors. 

0008 An object of the present invention is to provide a 
vertical casting apparatus capable of easily manufacturing 
castings without causing shrinkage cavities and entrainment 
of gas by filling molten metal into a mold cavity at a high 
speed and effectively pressurizing the molten metal in the 
closed cavity, which has high work efficiency, ease of 
maintenance, and a low cost of equipment, and a vertical 
casting method using the vertical casting apparatus. 

MEANS TO SOLVE THE OBJECT 

0009. The present inventors earnestly conducted studies 
to solve the above objects, and found out that by using an 
apparatus body and a gas-pressurized molten metal pouring 
ladle attachable to and detachable from the apparatus body, 
a vertical casting apparatus having high work efficiency, 
ease of maintenance, and a low cost of equipment can be 
provided, and by increasing the gas pressure in the gas 
pressurized molten metal pouring ladle, molten metal can be 
Supplied at a high speed, by which a casting without the 
mixing of oxide film and the entrainment of gas can be 
manufactured, leading to the completion of the present 
invention. Further, the present inventors found out that after 
the cavity has been filled with the poured molten metal, if the 
molten metal in the closed state is effectively pressurized at 
a plurality of places with the pressure transmission distance 
being short, a casting can be manufactured without causing 
shrinkage cavities, mixing of oxide film, and entrainment of 
gas, leading to the completion of the present invention. 
0010. In other words, the present invention relates to (1) 
a vertical casting apparatus comprising an apparatus body 
having a fixed mold on a lower side and a movable mold on 
an upper side, which can form a mold cavity, a closing 
means for closing a molten metal in-flow gate formed in the 
fixed mold, and a pressurizing means for pressurizing a 
molten metal in the closed mold cavity; and a casting means 
for Supplying and filling the molten metal into the mold 
cavity from underside, wherein the casting means has a 
gas-pressurized molten metal pouring ladle attachable to and 
detachable from the apparatus body; (2) the vertical casting 
apparatus according to (1), wherein a hermetically sealed 
construction is formed by attaching the gas-pressurized 
molten metal pouring ladle to the apparatus body; (3) the 
vertical casting apparatus according to (1) or (2), wherein 
the gas-pressurized molten metal pouring ladle is provided 
with a casting Stoke, and the hermetically sealed construc 
tion is formed by bringing an upper end portion of the 
casting Stoke into close contact with the apparatus body; (4) 
the vertical casting apparatus according to (1) or (2), 
wherein the apparatus body is provided with a casting Stoke, 
the hermetically sealed construction is formed by bringing 
an upper end portion of the gas-pressurized molten metal 
pouring ladle is brought into close contact with the apparatus 
body; (5) the vertical casting apparatus according to any one 
of (1) to (4), wherein a content of the gas-pressurized molten 
metal pouring ladle is a capacity capable of containing a 
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molten metal necessary for one casting operation; (6) the 
vertical casting apparatus according to any one of (1) to (5), 
wherein the gas-pressurized molten metal pouring ladle has 
a heating means; (7) the vertical casting apparatus according 
to any one of (1) to (6), wherein the casting means has a 
vacuum attraction mechanism for vacuum attracting a gas in 
the mold cavity to fill a molten metal in the gas-pressurized 
molten metal pouring ladle by vacuum attraction; (8) the 
vertical casting apparatus according to any one of (1) to (7). 
wherein the mold cavity has a gas exhaust passage, and a 
molten metal solidification Zone void linked with the gas 
exhaust passage is provided in the vicinity of the gas exhaust 
passage; and (9) the vertical casting apparatus according to 
any one of (1) to (8), wherein the gas-pressurized molten 
metal pouring ladle has a molten metal Supply pipe linked 
with an opening provided in a lower part thereof, and a 
molten metal Supply port lid which has a sealing force 
capable of withstanding gas pressurization and being open 
able/closable is provided at a molten metal supply port of the 
molten metal Supply pipe. 
0011 Further, the present invention relates to (10) a 
vertical casting method using the vertical casting apparatus 
according to any one of (1) to (9), comprising the steps of 
casting a molten metal into the mold cavity from the 
gas-pressurized molten metal pouring ladle through the 
casting Stoke; and closing the molten metal in-flow gate 
formed in the fixed mold by the closing means after the 
molten metal has been filled into the cavity; and subse 
quently pressurizing the molten metal in the mold cavity by 
a pressurizing means; (11) the vertical casting method 
according to (10), comprising the steps of releasing imme 
diately the gas pressure in the gas-pressurized molten metal 
pouring ladle to the atmosphere, and detaching the gas 
pressurized molten metal pouring ladle from the apparatus 
body, after closing the molten metal in-flow gate by the 
closing means: Supplying a molten metal necessary for the 
next cycle into the gas-pressurized molten metal pouring 
ladle; and attaching again the gas-pressurized molten metal 
pouring ladle to the apparatus body to provide for the next 
casting operation; (12) the vertical casting method according 
to (10) or (11), wherein the gas pressure in the gas-pressur 
ized molten metal pouring ladle is regulated to be 1 kg/cm 
or higher to perform casting at a high speed in a short period 
of time; and (13) the vertical casting method according to 
(10) to (12), wherein the casting is a thin-wall and large-size 
casting of a light metal alloy. 

BRIEF DESCRIPTION OF DRAWINGS 

0012 FIG. 1) It is a schematic longitudinal sectional 
view of a vertical casting apparatus of the present invention 
(at the initiation of the pouring of molten metal). 
0013 FIG. 2) It is a schematic longitudinal sectional 
view of a vertical casting apparatus of the present invention 
(at the time of Supply of molten metal). 
0014 FIG. 3) It is a sectional view taken along the line 
A-A of FIG. 1. 

0.015 FIG. 4) It is an explanatory view showing a filling 
state of molten metal in a vertical casting apparatus of the 
present invention. 
0016 FIG. 5. It is explanatory views showing states of 
operations in a vertical casting apparatus of the present 
invention, following the state shown in FIG. 4. 
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0017 FIG. 6. It is a schematic longitudinal sectional 
view of a mold at the time when a vertical casting apparatus 
in accordance with the present invention is applied to the 
production of an aluminum wheel. 
0018 FIG. 7. It is a schematic longitudinal sectional 
view of a vertical casting apparatus in accordance with 
another example of the present invention. 

EXPLANATION OF LETTERS OR NUMERALS 

0.019 1 fixed mold 
0020 
0021) 
0022) 
0023 5 molten metal pouring ladle (gas-pressurized mol 
ten metal pouring ladle) 

2 movable mold 

3 fixed platen 
4 movable platen 

0024 7, 16 molten metal 
0025) 8 molten metal surface 
0026 8a molten metal surface in molten metal supply 
p1pe 

0027 9 mold cavity 
0028) 10 circular gate 
0029) 11 cavity first well section 
0030) 12 side gate 
0.031) 13 closing pin 
0032) 14 pressurizing stem 
0033 15 jet flow 
0034 17 pressuring stem molten metal solidification 
Zone void 

0035) 18 pressuring stem gas exhaust void 
0036) 19 cavity second well section 
0037 20 pressurizing pin 
0038 21 pressurizing pin molten metal solidification 
Zone void 

0039) 22 pressurizing pin outer periphery gas exhaust 
void 

0040 
0041) 
0.042 
0.043) 
0044) 
0045 
0046) 
0047 
0048) 
0049) 
0050 
0051) 

23 pressurizing stem piston 
24 closing pin piston 
25 hydraulic cylinder 

26a, 26b, 26c pressure oil inlet 
27 pressurizing stem seal packing 
28 closing pin seal packing 
29 pressurizing stem gas exhaust passage 
30 pressurizing pin piston 
31 pressurizing pin hydraulic cylinder 

32 pressure oil inlet 
33 pressurizing pin seal packing 
34 pressurizing pin gas exhaust passage 
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0.052 35 mold seal groove 
0053 36 pressurizing stem cooling water hole 
0054 37 pressurizing pin cooling water hole 
0055) 38 molten metal pouring ladle seal packing 
0056 39 stoke seal packing 
0057 40 casting stoke 
0.058 41 pressurizing gas inlet 
0059 42 molten metal supply ladle 
0060 43 outer peripheral die 
0061 44 molten metal supply pipe 
0062 45 molten metal supply port sleeve 
0063 46 molten metal supply port 
0064 47 molten metal supply port lid 
0065 48 molten metal supply port gas section 
0.066 49 gas introduction/discharge port 

0067. 9a aluminum wheel hub section 
0068 9b aluminum wheel spoke section 
0069 9c aluminum wheel rim flange section 

BEST MODE OF CARRYING OUT THE 
INVENTION 

0070 The vertical casting apparatus of the present inven 
tion is not particularly limited as long as it is a vertical 
casting apparatus including an apparatus body having a fixed 
mold on the lower side and a movable mold on the upper 
side, which can form a mold cavity; a closing means for 
closing a molten metal in-flow gate formed in the fixed 
mold; and a pressurizing means for pressurizing molten 
metal in the closed mold cavity, and a casting means for 
Supplying and filling molten metal into the mold cavity from 
the underside, wherein the casting means has a gas-pressur 
ized molten metal pouring ladle that is attachable to and 
detachable from the apparatus body. The vertical casting 
apparatus in accordance with the present invention is a 
vertical casting apparatus that has high work efficiency, ease 
of maintenance, and a low cost of equipment. Further, by 
using the vertical casting apparatus in accordance with the 
present invention, castings, especially thin-wall and large 
size castings, can be manufactured properly without causing 
shrinkage cavities and entrainment of gas at the time of 
Solidification. Such casting is not particularly limited, while 
light metal alloys, especially aluminum alloys having high 
Solidification shrinkage, are preferable. Since aluminum 
shrinks about 7 percent at the time of solidification, the 
casting apparatus and casting method in accordance with the 
present invention, which are capable of preventing the 
occurrence of shrinkage cavities, can be used advanta 
geously especially in the case where thin-wall and large-size 
castings are manufactured from a molten metal comprising 
a light metal alloy having high solidification shrinkage. Such 
as an aluminum alloy. 
0071. The gas-pressurized molten metal pouring ladle in 
the casting means is not particularly limited as long as it is 
a molten metal pouring ladle to which gas pressure can be 
applied, and is attachable to and detachable from the appa 
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ratus body. For the gas pressurization, it is necessary that the 
gas-pressurized molten metal pouring ladle has a hermeti 
cally sealed construction. For example, a hermetically sealed 
construction can be made by providing a lid on the gas 
pressurized molten metal pouring ladle, which top is open. 
However, it is preferable that the hermetically sealed con 
struction is formed by attaching the gas-pressurized molten 
metal pouring ladle to the apparatus body. As a configuration 
for forming the hermetically sealed construction by attach 
ing the gas -pressurized molten metal pouring ladle to the 
apparatus body, in the case where the gas-pressurized molten 
metal pouring ladle has a casting Stoke, the hermetically 
sealed construction can be formed by bringing the upper end 
portion of casting Stoke into close contact with the apparatus 
body. Specifically, the hermetically sealed construction can 
be formed, for example, by pushing the upper Surface of the 
Stoke against the lower Surface of a gate inlet of the mold. 
Also, in the case where the apparatus body has the casting 
stoke, the hermetically sealed construction can be formed by 
bringing the upper end portion of the gas-pressurized molten 
metal pouring ladle into close contact with the apparatus 
body. Specifically, the hermetically sealed construction can 
be formed, for example, by pushing the upper Surface of the 
gas-pressurized molten metal pouring ladle against the lower 
Surface of a fixed plate, or by pushing the upper Surface of 
the gas-pressurized molten metal pouring ladle into a seal 
packing provided in a lower part of the fixed plate of fixed 
mold. At this time, it is preferable that the upper part of the 
gas-pressurized molten metal pouring ladle is Smaller than 
the lower part thereof in order to have a shape that can be 
sealed easily in the apparatus body. 

0072 By using the gas-pressurized molten metal pouring 
ladle attachable to and detachable from the apparatus body 
in this manner, molten metal can be introduced from the 
upper part (open portion) of the detached (removed) gas 
pressurized molten metal pouring ladle, so that molten metal 
can be replenished very easily. Also, since spraying work for 
cleaning or lubricating the in-flow gate of the apparatus 
body can be performed by detaching the gas-pressurized 
molten metal pouring ladle, maintenance can be performed 
very easily. 

0073. Also, the gas-pressurized molten metal pouring 
ladle may have a molten metal Supply pipe (molten metal 
Supply passage) communicating with an opening provided 
in a lower part of the gas-pressurized molten metal pouring 
ladle. In this case, a molten metal Supply port of the molten 
metal Supply pipe is provided with a molten metal Supply 
port lid which is openable and closable, having a sealing 
force withstanding the gas pressurization. Herein, the lower 
part of the gas-pressurized molten metal pouring ladle in 
which an opening is provided means a portion lower than the 
surface of molten metal in the (filled) molten metal pouring 
ladle. The opening is preferably located in a portion lower 
than the lower end of the casting Stoke so that molten metal 
can be poured more efficiently and/or molten metal can be 
dropped from the stoke more efficiently. In this case, it is not 
always necessary that the gas-pressurized molten metal 
pouring ladle is moved by being detached at the time of 
molten metal Supply. However, in the case where molten 
metal is Supplied while the molten metal pouring ladle is 
detached, the movement distance can be shortened, and thus 
work can be performed more efficiently. 
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0074 The above-described gas-pressurized molten metal 
pouring ladle preferably has a heating means. Thereby, the 
generation of Solidification layer is restrained, and misrun is 
prevented, so that the production of defective casting prod 
ucts can be restrained as much as possible. 
0075. The capacity of the gas-pressurized molten metal 
pouring ladle is preferably a capacity capable of containing 
molten metal necessary for, for example, one to three casting 
operations from the viewpoints of the prevention of 
increased apparatus size and the ease of conveyance of 
gas-pressurized molten metal pouring ladle. Moreover, it is 
more preferable that it is a capacity capable of containing 
molten metal necessary for one casting operation. By mak 
ing the capacity capable of containing molten metal neces 
sary for one casting operation, the quantity of molten metal 
in the molten metal pouring ladle at the time of casting is 
always constant, and it is not necessary to regulate the 
pressure. Therefore, the filling operation can be performed 
continuously more easily, and as table operation can be 
performed while restraining the mixing of oxides and the 
entrainment of gas. That is to say, in the case of the capacity 
for several casting operations, the liquid level is different at 
the time of each casting operation, so that the pressure must 
be adjusted delicately. However, by making the capacity to 
containing molten metal necessary for one casting operation, 
it is not necessary to make Such delicate adjustment. 
0.076 Moreover, such down sizing of the gas-pressurized 
molten metal pouring ladle can raise the molten metal 
Surface and decrease the Volume of gas portion, so that 
higher gas pressure can be achieved. Further, molten metal 
can be Supplied into the mold cavity quantitatively, the 
Supply rate can be increased, and the shot time lag can be 
shortened, so that high-quality castings and thin-wall and 
large-size castings can be manufactured. Further, the use of 
Such molten metal pouring ladle can shorten the production 
cycle time, and the productivity can be improved. 
0077. Furthermore, the casting means preferably has a 
vacuum attraction mechanism for filling the molten metal in 
the gas-pressurized molten metal pouring ladle by vacuum 
attracting the gas in the mold cavity, in addition to the 
gas-pressurized molten metal pouring ladle. Thereby, molten 
metal can be filled into the mold cavity at a high speed, and 
the gas in the mold cavity can be exhausted to prevent the 
entrainment of gas. The vacuum attraction can be accom 
plished through a gas exhaust passage, described in the 
following. 

0078. The above-described mold cavity is preferably a 
mold cavity that can manufacture thin-wall and large-size 
castings. It is preferable that the mold cavity has a cavity 
product section and a cavity well section, and the cavity well 
section preferably comprises a cavity first well section 
located above the molten metal in-flow gate, and one or 
more cavity second well sections located above a portion 
near the end opposite to the cavity first well section of the 
cavity product section. Further, it is preferable that the cavity 
product section and the cavity first well section are linked 
each other via a side gate, and that the cavity first well 
section has a larger Volume than that of the cavity second 
well sections. 

0079. The fixed mold on the lower side is formed with a 
linking portion between a casting Stoke for Supplying molten 
metal from the molten metal pouring ladle under the fixed 
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mold and the cavity first molten metal well section, and the 
linking portion is provided with a molten metal in-flow gate. 
The shape of this molten metal in-flow gate is not particu 
larly limited, but it is preferable that the molten metal 
in-flow gate usually has a circular shape in cross section 
from the viewpoint of ease of manufacturing. In this case, 
the inner diameter of a circular molten metal in-flow gate is 
preferably smaller than that of the stoke. By this configu 
ration, the molten metal supplied from the underside can be 
spouted into the cavity first well section. Therefore, as 
described later, the oxide layer on the surface of molten 
metal poured into the stoke and the chill layer (solidification 
layer) produced by being cooled by the inner surface of 
Stoke, which cause defective casting products, can be pre 
vented from being mixed in the product. 

0080. As a closing means for closing the molten metal 
in-flow gate formed in the fixed mold, any means that has a 
mechanism capable of closing the molten metal in-flow gate 
can be used. For example, a closing pin disposed on the 
upper side of the gate capable of opening and closing the 
circular molten metal in-flow gate can be cited specifically. 
In this case, it is preferable that the diameter of the insertion 
portion of the closing pin inserted in the circular molten 
metal in-flow gate is slightly Smaller than the inner diameter 
of the circular molten metal in-flow gate from the viewpoint 
of closing sealability. This closing pin is preferably held so 
that it is capable advancing and retreating slidably in a 
fluid-tight manner with respect to the movable mold. Fur 
ther, as described later, in a case where a pressurizing stem 
is held slidably in a fluid-tight manner with respect to the 
movable mold, the closing pin can also be provided in the 
center of the pressurizing stem coaxially and so that it is 
slidable in a fluid-tight manner. 

0081. In the case where the pressurizing stem and the 
closing pin are disposed in the movable mold above the 
circular molten metal in-flow gate as described above, it is 
preferable that the cavity first well section is configured so 
that the diameter of the inlet of the circular cavity first well 
section formed in a state in which the pressurizing stem and 
the closing pin are retreated (raised) is larger than 1.4 times 
the diameter of the circular molten metal in-flow gate, and 
that the height of the ceiling of well section at the time when 
the pressurizing stem and the closing pin are located at the 
retreat upper limit is 10 mm or more higher than the height 
of molten metal jet flow spouting from the circular molten 
metal in-flow gate. In the case where the diameter of the inlet 
of the well section is larger than 1.4 times the diameter of the 
circular gate in this manner, the height “h” of molten metal 
jet flow can be calculated approximately from the formula 
h=v/2g, wherein "v" is passage rate of molten metal at the 
circular gate, and ''g'' is gravitational acceleration. There 
fore, when the casting rate is V=2.0 m/sec, which is a high 
rate in the general range, the jet flow height becomes 
h=2.0°/2 g=0.204 mm. 
0082 That is to say, if the ceiling height is set at 204+ 
10=214 mm, the jet flow does not collide with the ceiling, 
forming a free surface, and the oxide film on the surface of 
molten metal is confined without flowing backward, and 
also the entrainment of gas caused by the collision can be 
prevented. 

0083. For example, for the pouring/filling rate of molten 
metal, depending on the shape of product, generally, the 



US 2007/0215308 A1 

initial passage time in the circular gate is preferably 1.0 to 
2.4 m/sec. In this case, the jet flow height from the circular 
gate is usually about 50 to 300 mm. In a case where the 
ceiling height of the cavity first well section is 10 mm or 
more higher than the height of molten metal jet flow, a free 
Surface is formed, the oxide film remaining on the molten 
metal Surface also remains, and the gas remaining in the 
upper part of the well section does not form a downward 
flow as being still enclosed. Further, the gas is exhausted by 
vacuum through a void on the outer periphery of the 
pressurizing stem, so that the gas is not entrained in the 
molten metal. On the other hand, if the jet flow velocity is 
low, the molten metal jet flow does not collide with the 
ceiling, and the gas entrainment is eliminated. However, the 
casting time becomes long, and the rate at which the molten 
metal flows in the cavity product section becomes low, the 
cooling Solidification will proceed during this time, and the 
resistance will increase. Therefore, the flow velocity will 
decrease further, and the filling of molten metal into the 
cavity product section will be insufficient, so that even the 
pressure is applied, the pressure transmission will be poor 
and the possibility of occurrence of shrinkage cavities will 
increase. Thereupon, when the molten metal fills the first 
well section and begins to enter into the product section, it 
is preferable to raise the gas pressure in the molten metal 
pouring ladle to regulate the casting rate so that the casting 
rate is as high as possible. At this point of time, the first well 
section is filled with molten metal, so that the flow at the 
in-flow gate does not entrain the oxide film and gas remain 
ing on the ceiling because the filled molten metal provides 
resistance. 

0084. In the case where molten metal is supplied by a 
high-pressure gas, the casting rate is high, and the cooling 
solidification of molten metal in the cavity is little, and the 
molten metal can also be filled into a limited space of the 
cavity product section having high resistance, by the driving 
force. Even if the filling is insufficient, there is no problem 
because the volume thereof is small and therefore molten 
metal can be replenished and filled by sufficient pressuriza 
tion using the pressuring stem etc. 
0085. By forming the cavity first well section in the 
cavity as described above, in the case where the closing pin 
and the pressurizing stem are advanced (lowered), the oxide 
film and gas entrainment layer existing in the uppermost part 
of well stay at the upper end of the cavity first well section 
without being pushed out, and do not enter into the cavity 
product section. Further, in the case where casting is per 
formed by using the molten metal pouring ladle, the molten 
metal pouring port of Stoke lies under the molten metal 
Surface in the molten metal pouring ladle, and the oxide film 
produced on the molten metal surface floats on the molten 
metal surface, so that the oxide film does not enter into the 
Stoke. A Small amount of oxide film on the molten metal 
Surface in the Stoke lies at the tip end of jet flow, all plunging 
into the cavity first well section, and does not flow out 
toward the cavity product section through the side gate. 
Therefore, the oxide film is no more mixed in the casting 
product, and thereby defectives and varied strengths of 
casting product are eliminated. 
0086) Next, by pressurizing the molten metal filled in the 
closed mold cavity, a casting without shrinkage cavities 
caused at the time of Solidification and moreover without gas 
entrainment caused by jet flow can be manufactured. As a 
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pressurizing means for pressurizing the molten metal in the 
closed mold cavity, the pressurizing stem which is slidably 
provided on the movable mold in the upper side of the cavity 
first well section, with a closing pin slidably provided in the 
center thereof, and a pressurizing pin which is disposed 
slidably on the movable mold in the upper part the cavity 
second well section located distant from the cavity first well 
section via the cavity product section can be cited specifi 
cally. The pressurizing pin is preferably provided in plural 
numbers. Moreover, the diameter of the pressurizing pin is 
preferably 2/3 to 1 times the depth of the cavity second well 
section. Further, the pressurizing stem and the pressurizing 
pins are preferably used together. By pressurizing the molten 
metal by the pressurizing stem and the pressurizing pins 
located at distant positions to shorten the distance of pres 
Sure transmission to the molten metal in the cavity, and to 
make the pressure transmission uniform and Sufficient, a 
casting in which shrinkage cavities do not occur at the time 
of solidification can be manufactured with a low pressure. 
Further, by arranging the pressuring stem and the pressur 
izing pins at Suitable positions according to the shape of 
product, the distance of pressure transmission to the molten 
metal in the cavity product section is shortened further, and 
the pressure transmission is made more uniform and Sufi 
cient, by which the occurrence of shrinkage cavities can be 
prevented with a lower pressure. 
0087. In a conventional casting apparatus, generally, in 
order to manufacture a casting in which shrinkage cavities 
do not occur at the time of solidification, the pressurization 
rate of molten metal is increased by a pressurizing means, 
and pressurization is accomplished rapidly. In this case, 
pressure transmission is too fast and increases the mold 
opening force and produces burrs, so that the mold clamping 
force must also be increased. However, if the pressurization 
rate is decreased contrarily, the pressurization does not 
follow the solidification shrinkage of molten metal, and 
hence shrinkage cavities occur. On the other hand, according 
to the present invention, uniform and Sufficient pressure 
transmission can be accomplished even with a small mold 
clamping force enough to prevent burrs. Therefore, a casting 
in which shrinkage cavities do not occur at the time of 
Solidification can be manufactured with a low pressure. 
Thus, in the present invention, by regulating the pressuriza 
tion rate, for example, by carrying out program control Such 
that the advance rates of the pressurizing stem and the 
pressurizing pins at the time of pressurization are made to be 
a rate suitable for the solidification shrinkage rate of molten 
metal in the cavity product section, the occurrence of 
shrinkage cavities can be prevented by a press device with 
a small mold clamping force while burrs are prevented. For 
example, by controlling the pressurizing force and the 
pressurization rate for the molten metal during Solidification 
shrinkage, in which Pascal's law does not act, according to 
the solidification rate in the range in which no burrs are 
produced, a casting having a fine structure can be manufac 
tured without the mixing of oxide film and solidification 
layer and the entrainment of gas by using an apparatus with 
a small mold clamping force that is /3 to /s that of the 
conventional high pressure process. 
0088. Further, in the case of vertical casting method such 
as Squeeze casting, if the pressurization using an accurad pin 
(center pin) is accomplished rapidly, a casting plunger is 
pushed down. Therefore, after little time has elapsed, 
namely, after the solidification of gate portion has proceeded 
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and the pressure transmission to the casting plunger has 
become Small, the pressurization is accomplished. For this 
reason, the Solidification of molten metal in the cavity also 
proceeds during this time, and a high pressure is required for 
replenishing molten metal. In some cases, the timing does 
not coincide, and shrinkage cavities sometimes occur. In 
contrast, in the present invention, since a closing means for 
the molten metal in-flow gate is provided, the pressurization 
is accomplished from a stage at which Solidification pro 
ceeds yet less immediately after the closure of gate, by 
which molten metal can be replenished and filled. Further 
more, since the pressurization is accomplished by the pres 
Surizing stem and the pressurizing pins disposed at prede 
termined positions, the pressure transmission distance is 
short, thus uniform and Sufficient replenishment and filling 
can be performed with a low pressure. Since the applied 
pressure can be made low in this manner, only a small mold 
clamping force of mold is needed, so that the costs of mold 
clamping device and mold can be kept low. Further, the 
casting rate and the pressurization starting rate are higher 
than those of squeeze casting, so the thin-wall casting can be 
performed. Moreover, by the maintenance of contact 
between molten metal and mold Surface, proper heat trans 
mission is kept, the cooling time is made short, the crystals 
are made Small, the quality is improved, the production 
cycle time is made short, and the productivity is improved. 
0089 Additionally, in the vertical casting apparatus in 
accordance with the present invention, the gas exhaust 
passage capable of exhausting the gas existing in the cavity 
when molten metal is filled into the mold cavity and a 
molten metal Solidification Zone void communicating with 
the gas exhaust passage are preferably provided. The gas 
exhaust passage is preferably constituted of a gas exhaust 
hole penetrating the movable mold and a gas exhaust void. 
The molten metal solidification Zone void is preferably 
provided near the gas exhaust passage, and in particular, is 
preferably close to the pressuring means. The molten metal 
Solidification Zone void may be any void as long it can 
Solidify molten metal in the Void serving as a molten metal 
Solidification Zone, for example, after the gas in the cavity 
has been exhausted through the gas exhaust passage, and can 
hermetically close the cavity easily. By merely providing 
Such a molten metal Solidification Zone Void, the cavity can 
be hermetically closed easily without disposing an air vent 
valve, a filter, etc. and without using complicated selector 
valves and valves. Further, when the casting apparatus is 
operated, a complicated operation Such as pressure regula 
tion is not needed, and further failure etc. do not occur, so 
that it can be said that the casting apparatus in accordance 
with the present invention is very practical. Furthermore, the 
area of the docking contact surface between the upper 
surface of stoke and the lower surface of mold and between 
the upper Surface of molten metal pouring ladle and the 
lower Surface of fixed plate is Small, so that pressure sealing 
for preventing pressurizing gas from leaking at the time of 
pouring can be performed easily. 
0090 Specifically, as the molten metal solidification Zone 
Void, a molten metal solidification Zone void linked with the 
gas exhaust passage via the gas exhaust void formed 
between the outer peripheral Surface of the pressurizing stem 
and/or pressurizing pin and the inner peripheral Surface of 
the movable mold can be cited as an example. As a molten 
metal Solidification Zone Void, avoid serving as a molten 
metal solidification Zone, which is provided coaxially with 
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the pressurizing stem and/or pressurizing pin and has an 
inner diameter being 1 to 5 mm larger than the diameter of 
the pressurizing stem and/or pressurizing pin and a depth 
(length) of about 10 to 40 mm can be cited specifically. By 
making the outside diameter of each well section slightly 
larger than the external shapes of the pressurizing stem and 
pressurizing pin in this manner, the Solidification layer 
generated on the outer peripheral wall of each well section 
is prevented from being pushed in the product by the 
pressurizing stem/pressurizing pin, and the pressurization 
resistance of the pressurizing stem and pressurizing pin can 
be decreased. If the molten metal solidification Zone void is 
designed so as to have a size Suitable for the temperature and 
the casting rate of molten metal, when molten metal is filled, 
the molten metal is cooled and solidified in this void portion, 
and therefore does not intrude into the gas exhaust Void. 
0091. Further, the gas exhaust void preferably has a 
construction and size such that the molten metal does not 
flow in. For example, as the gas exhaust void, a gas exhaust 
void which is provided coaxially with the pressurizing stem 
and/or pressurizing pin and has an inner diameter which is 
about 0.4 to 1 mm larger than the diameter of the pressur 
izing stem and/or pressurizing pin can be cited specifically. 
When the mold cavity is made in vacuum, in order to prevent 
the intrusion of air, the gas exhaust passage consisting of the 
gas exhaust hole and the gas exhaust void is not provided on 
the parting Surface, and if possible, the seal packing is 
installed, or a gas exhaust groove connected to a gas exhaust 
port is provided, by which the intrusion of air from the 
outside of mold into the mold cavity is prevented. 
0092. If the casting start rate of molten metal in the case 
where the gas-pressurized molten metal pouring ladle and 
the vacuum attraction mechanism are used together has an 
optimum value of 1.0 to 2.4 m/sec, the air resistance in a 
two-stage Void portion Such as the molten metal Solidifica 
tion Zone Void and the gas exhaust void provided close to the 
outer peripheries of the pressurizing stem and the pressur 
izing stem increases. However, by appropriately selecting 
the number and arrangement of the pressurizing pins, the 
provision of the molten metal solidification Zone void and 
the gas exhaust void can also achieve the object. Specifi 
cally, a person skilled in the art can easily design a con 
struction in which molten metal is cooled and solidified in 
the molten metal Solidification Zone void of two-stage Void, 
and does not intrude into the gas exhaust void narrower than 
the molten metal solidification Zone void. Further, in order 
to surely cool and solidify molten metal in the molten metal 
Solidification Zone Void, the configuration can be made Such 
that a highly heat conductive material Such as beryllium 
copper is used as the pressurizing stem and the pressurizing 
pin, and the interior thereof can be water cooled. 
0093. For the above-described vertical casting apparatus 
in accordance with the present invention, the constructions 
of the gas exhaust systems around the pressurizing stem and 
the pressurizing pin are simple, so that the trouble occurring 
during operation decreases. Further, by filling molten metal 
into the mold cavity at a high speed by the combined use of 
the gas pressurization in the closed molten metal pouring 
ladle with a small volume and the vacuum attraction mecha 
nism, a large-size and thin-wall product can be cast, and also 
since the molten metal flows into the narrow molten metal 
Solidification Zone Void, it solidifies and stops there, and 
does not intrude into a gas exhaust void passage. Further 



US 2007/0215308 A1 

more, since the depth of the cavity first well section is 
increased, the stroke of the pressurizing stem can be pro 
longed, so that molten metal of a Volume enough for filling 
and Solidification shrinkage in the cavity product section is 
Supplied under pressure by the pressurizing stem. Thereby, 
a casting having a fine structure and high strength can be 
obtained additionally by high cooling rate and decreased 
crystal size. Additionally, when the circular gate is closed by 
the closing pin having a diameter slightly Smaller than the 
inside diameter of the circular gate, and the gas pressure in 
the molten metal pouring ladle is released to the atmosphere 
and lowered rapidly, the molten metal in the stoke is 
returned rapidly to the molten metal pouring ladle to prevent 
a trouble caused by Solidification Sticking in the Stoke. 
0094) Further, when the mold is opened, by taking the 
molten metal pouring ladle out of the apparatus, spraying 
work for cleaning the in-flow gate and for cooling and 
lubricating the mold Surface can be performed easily and 
safely. 

0.095. Further, in the casting apparatus in accordance with 
the present invention, which is provided with the gas 
pressurized molten metal pouring ladle and the vacuum 
attraction mechanism, when molten metal is filled into the 
mold cavity, the gas in the cavity is exhausted almost 
completely, and at the same time, after the filling, the 
circular gate is closed, and necessary and Sufficient pressur 
ization can be accomplished with a low pressure. Therefore, 
the mold clamping force can be /3 to /3 of the mold 
clamping force in the conventional high-pressure process. 
Thereby, the cost of casting apparatus is reduced signifi 
cantly. Moreover, since the productivity is high, the cost of 
casting can be reduced significantly. Since molten metal is 
directly supplied from under the molten metal surface in the 
molten metal pouring ladle, no oxide film is mixed in. Since 
the passage is short, the occurrence of Solidification layer is 
less. By providing the cavity first well section having a 
suitable height at the outlet of the circular gate, the jet flow 
does not collide with the ceiling, the entrainment of gas is 
eliminated, and the oxide film and solidification layer 
remaining in Small amounts can be allowed to stay in the 
cavity first well section. As a result, a casting having a fine 
structure and without impurities can be obtained. Further, 
since the molten metal pouring ladle is Small and the gas 
pressure can be increased, a high casting rate can be secured, 
and thin-wall casting can be performed. By the movement of 
molten metal pouring ladle, the replenishment of molten 
metal is made easy. Therefore, not only the cost of equip 
ment is reduced, but also the arrangement and operation of 
apparatus are easy. 

0096. Further, the vertical casting method in accordance 
with the present invention is not particularly limited as long 
as it is a casting method using the above-described vertical 
casting apparatus, comprising the steps of casting a molten 
metal into the mold cavity from the gas-pressurized molten 
metal pouring ladle through the casting Stoke; and after the 
molten metal has been filled into the cavity, closing the 
molten metal in-flow gate formed in the fixed mold by the 
closing means; and Subsequently pressurizing the molten 
metal in the mold cavity by a pressurizing means. The upper 
end of the gas-pressurized molten metal pouring ladle hav 
ing received a molten metal, for example, for one casting 
operation or more is pushed into the seal packing provided 
in the lower part of the fixed plate to provide a seal, a gas 

Sep. 20, 2007 

pressure of preferably 1 kg/cm or higher is applied to the 
molten metal pouring ladle, and the molten metal is poured 
into the mold cavity through the casting Stoke by pressur 
izing the molten metal Surface in the ladle. At this time, in 
the case where the gas-pressurized molten metal pouring 
ladle is provided with the molten metal supply pipe, the 
same gas pressure may be applied from above the molten 
metal Surface of the Supply pipe at the same time. Subse 
quently, after the cavity has been filled with the molten 
metal, the molten metal in-flow gate provided in the fixed 
mold is closed by the closing means, and then the molten 
metal in the mold cavity is pressurized by the pressurizing 
means (pressurizing pin), by which a casting without shrink 
age cavities at the time of solidification and without the 
entrainment of gas, preferably a thin-wall and large-size 
casting of light metal alloy, is manufactured. 
0097. The filling of molten metal into the mold cavity is 
started at the retreat position of the pressurizing pin, the flow 
velocity of molten metal is reduced in the cavity second well 
section, and the molten metal in the molten metal Solidifi 
cation Zone Void is cooled and solidified, by exhausting gas 
in the mold cavity through a gas exhaust Void. After the 
molten metal has been filled into the mold cavity, the molten 
metal in the well section is preferably pressurized by 
advancing one or a plurality of pressurizing pins. Further, it 
is preferable by venting vacuum gas from the gas exhaust 
void adjacent to the plurality of molten metal solidification 
Zones, to reduce the entrainment of gas, and that by pres 
surizing the molten metal by the pressurizing stem and the 
plurality of pressurizing pins, to shorten the pressure trans 
mission distance. By this replenishment and filling, the 
contact of molten metal with the mold Surface is maintained, 
proper heat transmission is kept, the cooling rate is made 
high, the crystals are prevented from becoming coarse, and 
a structure with small crystals is formed. After the replen 
ishment and filling of molten metal corresponding to Solidi 
fication have been finished at the time of solidification, the 
movable mold is raised by the movable platen after short 
cooling time has elapsed, and the product material raised 
together with the movable mold is pushed out of the mov 
able mold by the pressurizing stem and pressurizing pin and 
knockout pin. Further, the product material is drawn out of 
the pressurizing stem and the pressurizing pin by pushing it 
out by the knockout pin to remove the product material. 
Thereby, a casting product with a fine structure can be 
obtained without causing shrinkage cavities and entrainment 
of gas. Furthermore, since the above-described operations 
are repeated in each cycle, the molten metal solidified in the 
molten metal Solidification Zone void is removed each time, 
so that the gas exhaust passage is not clogged. Moreover, in 
the case where the Stoke upper Surface of movable gas 
pressurized molten metal pouring ladle and the mold lower 
Surface are pushed against each other to provide a seal, the 
seal can be provided easily because the contact area is Small. 
0098. The work can be performed efficiently by perform 
ing casting using a plurality of gas-pressurized molten metal 
pouring ladles. However, it is preferable that after the molten 
metal in-flow gate has been closed by the closing means, the 
gas pressure in the gas-pressurized molten metal pouring 
ladle is immediately released to the atmosphere and is 
detached from the apparatus body, so that a molten metal 
necessary for the next cycle is Supplied into the ladle, and the 
ladle is again attached to the apparatus body to be provided 
for the next casting operation. Thereby, casting can be 
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performed very efficiently by using one gas-pressurized 
molten metal pouring ladle. Moreover, in the case where the 
gas-pressurized molten metal pouring ladle provided with 
the molten metal Supply pipe is used, the gas in the molten 
metal pouring ladle is released to the atmosphere, and the 
molten metal for the next cycle is Supplied by opening the 
lid of the molten metal supply pipe with the molten metal 
pouring ladle being detached or not detached from the 
apparatus body. By designing the apparatus so that after the 
molten metal in-flow gate has been closed by the closing 
means, the gas in the molten metal pouring ladle is released 
to the atmosphere and the gas at the molten metal Supply 
port of the molten metal Supply pipe is attracted to raise the 
molten metal Surface in the molten metal Supply pipe and to 
lower the molten metal Surface in the molten metal pouring 
ladle to the lower end of the stoke, the molten metal in the 
Stoke can be dropped more rapidly, and thereby the work can 
be performed more efficiently. 
0099 Hereunder, the present invention is explained in 
detail with reference to examples. The technical scope of the 
present invention is not limited to these illustrated examples. 
0100 FIG. 1 is a schematic longitudinal sectional view of 
a vertical casting apparatus of the present invention (at the 
initiation of the pouring of molten metal). FIG. 2 is a 
schematic longitudinal sectional view of the vertical casting 
apparatus of the present invention (at the time of Supply of 
molten metal). FIG. 3 is a sectional view taken along the line 
A-A of FIG. 1. FIG. 4 is an explanatory view showing a 
bottom pouring state of molten metal. FIG. 5 is explanatory 
views showing states of operations following the State 
shown in FIG. 4. In FIGS. 1 to 5, symbol 1 denotes a fixed 
mold, 2 denotes a movable mold, 9 denotes a cavity product 
section, 10 denotes a circular gate, 11 denotes a cavity first 
well section, 13 denotes a closing pin, 14 denotes a pres 
Surizing stem, 17 denotes a molten metal Solidification Zone 
Void (pressuring stem outer periphery), 19 denotes a cavity 
second well section, 20 denotes a pressurizing pin, 21 
denotes a molten metal solidification Zone void (pressuring 
pin outer periphery), 29 denotes a pressurizing stem gas 
exhaust passage, 34 denotes a pressurizing pin gas exhaust 
passage, 40 denotes a casting Stoke, and 41 denotes a 
pressurizing gas inlet. 
0101 The casting apparatus in accordance with the 
present invention shown in FIGS. 1 to 5 comprises: the fixed 
mold 1 attached to a horizontal fixed platen 3 in the lower 
part of the casting apparatus, the movable mold 2 attached 
to a horizontal movable platen 4 in the upper part of the 
casting apparatus, which can move vertically to open and 
close a mold, and a gas-pressurized molten metal pouring 
ladle 6 located under the fixed platen 3. By the opening/ 
closing of the fixed mold 1 and the movable mold 2, a mold 
cavity provided with a side gate for connecting the cavity 
product section 9 to the cavity first well section 11, as well 
as the cavity product section 9, the cavity first well section 
11, and the cavity second well section 19, is formed. The 
mold is mounted as follows: a mold set consisting of the 
fixed mold 1 fitted with the casting stoke 40 and the movable 
mold 2 is inserted in a state in which the movable platen 4 
of a mold clamping press (not shown) is pulled up, being 
placed on the fixed platen 3, and the movable platen 4 is 
lowered until it comes into contact with the upper surface of 
the movable mold 2, by which the fixed mold 1 is attached 
to the fixed platen 3, and the movable mold 2 is attached to 
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the movable platen 4. The gas-pressurized molten metal 
pouring ladle 6 is hermetically sealed by pushing the upper 
end thereof into a seal packing 38 provided in a lower part 
of the fixed platen 3. 
0102) The fixed mold 1 is provided with the casting stoke 
40 extending downward in a lower part thereof, and is also 
provided with the circular gate 10 for spouting out molten 
metal from the casting Stoke 40. When a pressurizing gas is 
fed through the pressurizing gas inlet 41, and the interior of 
the cavity is depressurized, a molten metal 7 in the molten 
metal pouring ladle 6 is pushed up into the casting Stoke 40. 
and is filled in the cavity product section 9 through the 
circular gate 10 of the fixed mold 1. The pouring rate at this 
time is controlled by regulating the gas pressure in the 
molten metal pouring ladle 6 and the degree of vacuum in 
the cavity so that the passage rate of molten metal through 
the circular gate 10 is high and the molten metal spouts 
upward as a jet flow. 

0103). Further, as shown in FIG. 4, an inlet diameter d of 
the cavity first well section 11 is 1.4 times or more the 
diameter of the circular gate 10, and an external shaped of 
the pressurizing stem 14 is slightly smaller than the inlet 
diameter d of the well section 11. Further, the ceiling height 
of the cavity first well section 11 is higher than a heighth at 
which a molten metal jet flow 15 passing through the 
circular gate 10 arrives, the heighth being calculated by the 
formula h-v°/2 g (wherein h denotes a jet flow arrival 
height, V denotes a circular gate passage rate, and g denotes 
the gravitational acceleration) Therefore, at the early stage 
of filling, the jet flow does not arrive at the ceiling of the 
cavity first well section 11, the free surface of the molten 
metal jet flow 15 being formed in the upper part thereof, and 
no downward flow exists in this portion. Therefore, the 
oxide film remaining slightly on the Surface of molten metal 
keeps a fixed State, and the gas remaining in the upper part 
of the well section 11 is not entrained in a molten metal 16. 
As a result, Small amounts of oxide film and gas entrainment 
layer existing at the tip end of the molten metal jet flow 15 
passing through the circular gate 10 remain in the ceiling. 
After the well section 11 has been filled with molten metal, 
even if the pouring rate is increased, the flow does not arrive 
at the ceiling, so that only a clean molten metal without 
oxide film and gas entrainment passes through the side gate 
12 and is filled into the cavity product section 9. 
0.104 Further, the movable mold 2 above the circular gate 
10 is provided with a hydraulic cylinder 25 via a seal 
packing 27 in a fluid-tight manner. The hydraulic cylinder 25 
houses a pressurizing stem piston 23 via the seal packing 27. 
the pressurizing stem piston 23 being capable of advancing 
and retreating the pressurizing stem 14 into and from the 
cavity first well section 11 by means of oil pressure. The 
pressurizing stem piston 23 houses a closing piston 24 
coaxially with the pressurizing stem piston 23, the closing 
piston 24 being capable of advancing and retreating the 
closing pin 13 capable of closing the circular gate 10. After 
the filling of molten metal into the mold cavity has been 
finished, the closing pin 13 is advanced by the piston 24 to 
close the circular gate. Subsequently, the pressurizing stem 
14 is immediately advanced by the piston 23, by which 
molten metal corresponding to the volume of unfilled void 
in the cavity product section 9 and the solidification shrink 
age Volume is pressurizedly replenished from the cavity first 
well section 11. At this time, since the stroke of the pres 
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Surizing stem 14 is large, a Sufficient amount of molten metal 
can be replenished and pressurizedly filled. 
0105. When a pressure is applied by the pressurizing 
stem 14 as well, the oxide film slightly produced on the 
molten metal surface in the stoke, the solidification layer of 
molten metal surface formed by cooling at the inlet of the 
circular gate 10, and the gas entrainment layer generated by 
jet flow are collected in the uppermost portion of the well 
section 11 by the gate jet flow 15, and remain in an upper 
part of the cavity first well section 11 without being pushed 
out by the pressurizing stem 14, without flowing into the 
cavity product section 9. As a result, all of the casting 
defectives caused by these are eliminated. Further, on the 
outside of the pressurizing stem 14, a two-stage Void con 
sisting of a gas exhaust void 18 linked with the gas exhaust 
hole 29 and the molten metal solidification Zone void 17 is 
provided. The molten metal solidification Zone void 17 and 
the gas exhaust void 18 are secured each time casting is 
performed because as shown in FIG. 5(d), the solidification 
layer formed by the molten metal solidification Zone void 17 
and the gas exhaust void 18 is taken out together with the 
product material. 

0106 Further, as shown in FIGS. 1 and 2, one or more 
small cavity second well sections 19 are formed above the 
end portion of the cavity product section 9. On the movable 
mold above the well section 19, a hydraulic cylinder 31 is 
provided, and the hydraulic cylinder houses a pressurizing 
pin piston 30 capable of advancing and retreating the 
pressurizing pin 20 to and from the cavity second well 
section 19 by means of oil pressure The aforementioned one 
or two or more pressurizing pins 20 each have an axis of a 
direction parallel with the mold opening/closing direction 
and perpendicular to the mold parting Surface, and are 
provided on the movable mold 2 via a seal packing 33 in a 
fluid-tight manner. After the interior of the cavity product 
section 9 has been replenished and filled with molten metal 
by the pressurizing stem 14, the pressurizing pins 20 are 
pushed out, and thereby the molten metal in the cavity 
product section 9 is pressurized via the cavity second well 
sections 19. Further, the outside diameter of the pressurizing 
pin 20 is slightly smaller than the diameter of the inlet of the 
cavity second well section 19. Since the pressurizing pins 20 
slide each time, the solidification layer formed by the molten 
metal solidification Zone void 21 is pushed out by a knock 
out pin, not shown, in a state of adhering to the product 
material. So that no gas passage hole remains, by which the 
gas exhaust passage is secured each time. 
0107 Next, the operation of the above-described vertical 
casting apparatus will be explained. After the mold clamping 
has been finished, the molten metal 16 in the molten metal 
pouring ladle 6 is pushed up into the cavity first well section 
11 by the pressure of pressurizing gas fed into the gas 
pressurized molten metal pouring ladle 6 and the vacuum 
attraction force into the cavity. The molten metal 16 rises in 
the casting Stoke 40, passing through the circular gate 10 of 
the fixed mold 1 and spouting out (FIG. 4), and then is filled 
into the cavity product section 9. Generally, since flow 
resistance exists in the cavity product section 9, the cavity 
first well section 11 located above the circular gate 10 is 
filled with molten metal (FIG. 5a) before the molten metal 
reaches the cavity second well section 19 under the pres 
surizing pin. When the molten metal enters into the molten 
metal solidification Zone void 17 of two-stage void, the 
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cooling rate is high because the passage is narrow, the heat 
capacity of molten metal is low, and contrarily the cooling 
area is large, so that the solidification proceeds, and the 
flowability decreases. Therefore, the tip end of molten metal 
stops at an intermediate position of the molten metal Solidi 
fication Zone void 17 and solidifies, not intruding into the 
gas exhaust void 18. 
0108. When the flow of molten metal in the cavity stops, 
this operation is detected as a signal of filling termination, 
and thus the closing pin 13 is immediately advanced and 
inserted into the circular gate 10 to close the circular gate 10 
(FIG. 5b). After the circular gate 10 has been closed in this 
manner so that the molten metal in the cavity product section 
9 and the cavity first well section 11 does not flow backward 
in the Stoke, the pressurizing stem 14 is immediately 
advanced for pressurization, by which the semi-solidified 
molten metal in the cavity first well section 11 is replenished 
and filled into the cavity product section 9 (FIG. 5c). When 
the filling is finished and the cooling is started, Solidification 
shrinkage of the molten metal 16 occurs. Therefore, the 
pressurizing stem 14 is advanced by applying a high pres 
Sure to perform replenishment according to the Solidification 
shrinkage Volume. At this time, the contact between the 
molten metal and the mold Surface is maintained, the cooling 
rate is high, and the crystals are small. Also, when the 
circular gate 10 is closed by the closing pin 13, even if the 
contact between the closing pin 13 and the circular gate 10 
is incomplete, the molten metal existing in the Small void is 
cooled and solidified rapidly, so that even if the cavity first 
well section is pressurized, the molten metal does not flow 
backward from the circular gate 10 into the molten metal 
pouring ladle 6 through the casting Stoke 40. Therefore, as 
shown in FIG. 2, after the circular gate 10 has been closed 
by the closing pin 13, the gas pressure in the molten metal 
pouring ladle is immediately released to the atmosphere, and 
the molten metal pouring ladle 6 is lowered to a position 
lower than the lower end of the stoke by using a vertical 
moving device (not shown) in a state in which the gas 
pressure lowers to a non-dangerous pressure, by which the 
molten metal remaining in the casting Stoke 40 is dropped 
into the molten metal pouring ladle 6. The lowered molten 
metal pouring ladle 6 is moved to a position outside the 
casting machine by a horizontal moving device (not shown). 
After molten metal necessary for the next casting operation 
has been Supplied into molten metal pouring ladle 6 by a 
molten metal Supply ladle 42, the molten metal pouring ladle 
6 is attached again to the apparatus body in preparation for 
the next casting operation. 
0.109. In the case where molten metal is replenished and 
filled by using the pressurizing stem 14, the pressurizing 
stem 14 can be advanced in a state in which the temperature 
of molten metal in the mold cavity is high, the pressurization 
distance is short, the pressure transmission resistance is 
significantly low, only a small force is needed for the 
pressurizing cylinder of the pressurizing stem 14, and the oil 
pressure in the hydraulic cylinder is low as compared with 
the conventional die casting process. After the molten metal 
has been replenished and filled into the cavity product 
section 9 and the cavity second well section 19 by the 
replenishment and filling performed by the advance of the 
pressurizing stem 14, the pressurizing pin 20 is advanced. 
The pressurization using the pressurizing pin 20 increases 
the flow resistance and thus raises the oil pressure at the 
same time that the filling using the pressurizing stem 14 is 
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finished. Therefore, the advance of the pressurizing pin 20 is 
started by detecting the increased oil pressure. When the 
molten metal is replenished according to the Solidification 
shrinkage Volume by means of the advance of the pressur 
izing stem 14, since it is difficult for the pressure to be 
transmitted to the end portion on the opposite side of the 
cavity product section 9, the pressurizing pin 20 around the 
end portion is operated to apply pressure, by which a product 
having a fine structure without shrinkage cavities caused by 
solidification shrinkage as a whole can be obtained. After the 
cooling and solidification of molten metal in the cavity 
product section 9 have been finished, the mold is opened. 
The product material raised by the movable mold 2 is pushed 
out by the pressurizing pins and the knockout pin and then 
can be taken out (FIG. 5d). 
0110 FIG. 6 shows a case where the vertical casting 
apparatus in accordance with the present invention is applied 
to the production of an aluminum wheel. The molten metal 
passing through the gate 10 enters into a hub section 9a of 
product aluminum wheel, which corresponds to the cavity 
well section 11 in Example 1, passing through a spoke 
section 9b of aluminum wheel, which corresponds to the 
side gate 12, and enters into a circumferential rim flange 
section 9c. At several places on the circumference at the 
upper end of the rim flange 9c, the cavity second well 
sections 19 are provided to perform venting and pressuriza 
tion. Other operations are the same as those of Example 1, 
and a high-quality aluminum wheel can be cast. Further, 
according to this method, the cavity first well section 11 and 
the side gate 12 of Example 1 are included in a product 9 
(aluminum wheel), and excess molten metal is little. Further, 
the hole formed by the closing pin serves as an axis hole of 
the aluminum wheel. The casting weight of the cavity first 
well section 11, namely, the hub section 9a is reduced, the 
cooling Solidification rate being increased, and thus the 
cycle time is shortened, by which the productivity of casting 
is enhanced, and also the axis hole working time in machin 
ing is shortened. The fast cooling rate reduces the sizes of 
crystals, so that the surface can be beautiful, which is 
important for the design of aluminum wheel. 
0111. Also, FIG. 7 shows another example of the vertical 
casting apparatus in accordance with the present invention. 
As shown in FIG. 7, in the vertical casting apparatus of this 
example, the gas-pressurized molten metal pouring ladle 7 is 
provided with a molten metal supply pipe 44 linked with an 
opening provided in a lower part of the gas-pressurized 
molten metal pouring ladle 7, and a molten metal Supply port 
46 of the molten metal supply pipe 44 is provided with a 
molten metal Supply port lid 47 capable of being opened and 
closed, having a sealing force withstanding the gas pressur 
ization. In a molten metal supply port sleeve 45 provided in 
the upper part of the molten metal Supply pipe 44 in the 
vertical casting apparatus of this type, a gas introduction/ 
discharge port 49 is provided. At the time of gas pressur 
ization, pressurizing gas is Supplied from the pressurizing 
gas inlet 41 above the gas-pressurized molten metal pouring 
ladle 7, and also the same pressurizing gas is Supplied from 
the gas introduction/discharge port 49, by which molten 
metal can be supplied and filled more efficiently. After the 
molten metal in-flow gate 10 has been closed by a closing 
means, the gas pressure in the gas-pressurized molten metal 
pouring ladle 7 is immediately released to the atmosphere, 
and also the gas in a molten metal Supply port gas section 48 
of the molten metal Supply pipe 44 is vacuum attracted 
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through the gas introduction/discharge port 49. Thereby, a 
molten metal Surface 8a in the molten metal Supply pipe 44 
is raised, and a molten metal Surface 8 in the molten metal 
pouring ladle 7 is lowered to the lower end of the stoke 40, 
by which the molten metal in the stoke 40 is dropped more 
rapidly. 

INDUSTRIAL APPLICABILITY 

0112 According to the present invention, it is possible to 
provide a vertical casting apparatus capable of easily manu 
facturing castings without causing shrinkage cavities and 
entrainment of gas by filling molten metal into a mold cavity 
at a high speed and effectively pressurizing the molten metal 
in the closed cavity, which has high work efficiency, ease of 
maintenance, and a low cost of equipment and a vertical 
casting method using the vertical casting apparatus. 

1. A vertical casting apparatus comprising an apparatus 
body having a fixed mold on a lower side and a movable 
mold on an upper side, which can form a mold cavity, a 
closing means for closing a molten metal in-flow gate 
formed in the fixed mold, and a pressurizing means for 
pressurizing a molten metal in the closed mold cavity, and 
a casting means for Supplying and filling the molten metal 
into the mold cavity from underside, wherein the casting 
means has a gas-pressurized molten metal pouring ladle 
attachable to and detachable from the apparatus body. 

2. The vertical casting apparatus according to claim 1, 
wherein a hermetically sealed construction is formed by 
attaching the gas-pressurized molten metal pouring ladle to 
the apparatus body. 

3. The vertical casting apparatus according to claim 1 or 
2, wherein the gas-pressurized molten metal pouring ladle is 
provided with a casting Stoke, and the hermetically sealed 
construction is formed by bringing an upper end portion of 
the casting Stoke into close contact with the apparatus body. 

4. The vertical casting apparatus according to claim 1 or 
2, wherein the apparatus body is provided with a casting 
stoke, and the hermetically sealed construction is formed by 
bringing an upper end portion of the gas-pressurized molten 
metal pouring ladle is brought into close contact with the 
apparatus body. 

5. The vertical casting apparatus according to any one of 
claims 1 to 4, wherein a content of the gas-pressurized 
molten metal pouring ladle is a capacity capable of contain 
ing a molten metal necessary for one casting operation. 

6. The vertical casting apparatus according to any one of 
claims 1 to 5, wherein the gas-pressurized molten metal 
pouring ladle has a heating means. 

7. The vertical casting apparatus according to any one of 
claims 1 to 6, wherein the casting means has a vacuum 
attraction mechanism for vacuum attracting a gas in the 
mold cavity to fill a molten metal in the gas-pressurized 
molten metal pouring ladle by vacuum attraction. 

8. The vertical casting apparatus according to any one of 
claims 1 to 7, wherein the mold cavity has a gas exhaust 
passage, and a molten metal Solidification Zone void linked 
with the gas exhaust passage is provided in a vicinity of the 
gas exhaust passage. 

9. The die-cast casting apparatus according to any one of 
claims 1 to 8, wherein the gas-pressurized molten metal 
pouring ladle has a molten metal Supply pipe linked with an 
opening provided in a lower part thereof, and an open- and 
closable molten metal Supply port lid which has a sealing 
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force capable of withstanding gas pressurization is provided 
at a molten metal Supply port of the molten metal Supply 
p1pe. 

10. A vertical casting method using the vertical casting 
apparatus according to any one of claims 1 to 9, comprising 
the steps of casting a molten metal into the mold cavity from 
the gas-pressurized molten metal pouring ladle through the 
casting Stoke; and closing the molten metal in-flow gate 
formed in the fixed mold by the closing means after the 
molten metal has been filled into the cavity; and subse 
quently pressurizing the molten metal in the mold cavity by 
a pressurizing means. 

11. The vertical casting method according to claim 10, 
comprising the steps of releasing immediately the gas pres 
Sure in the gas-pressurized molten metal pouring ladle to the 
atmosphere, and detaching the gas-pressurized molten metal 
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pouring ladle from the apparatus body, after closing the 
molten metal in-flow gate by the closing means; Supplying 
a molten metal necessary for the next cycle into the gas 
pressurized molten metal pouring ladle; and attaching again 
the gas-pressurized molten metal pouring ladle to the appa 
ratus body to provide for the next casting operation. 

12. The vertical casting method according to claim 10 or 
11, wherein the gas pressure in the gas-pressurized molten 
metal pouring ladle is regulated to 1 kg/cm or higher to 
perform casting at a high speed in a short period of time. 

13. The vertical casting method according to claims 10 to 
12, wherein the casting is a thin-wall and large-size casting 
of a light metal alloy. 


