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(57)  Thisinvention provides a method and an appa- as-cast product from the at least one greensand mold.
ratus for taking out an as-cast product from a greensand
mold that has been provided with molten metal such that
the as-cast product is not damaged. The method of the
invention is one that separates an as-cast product from
a greensand mold that has been provided with molten
metal, comprising the steps of transferring a greensand
cope and a greensand drag that have been filled with
molten metal at an casting line from the casting line to
a predetermined place; surrounding airtightly within a
chamber at least either one of the greensand cope and
drag and an as-cast product in the at least one green-
sand mold, both of which are located at the predeter-
mined place; and evacuating the chamber to lower the
boiling point of the moisture in the moisture-condensed
layer of the at least one greensand mold, to boil the
moisture in the moisture-condensed layer to collapse
the at least one greensand mold, thereby separating the
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Description
Technical Field

[0001] This invention relates to a method and an ap-
paratus for separating an as-cast product, without dam-
aging it, from a greensand mold that has been filled with
molten metal.

Background Art

[0002] In a well-known conventional method to take
an as-cast product out of a greensand mold after it is
filled with molten metal, the greensand molds, each of
which has been provided with molten metal, are putinto
a rotating or vibratory drum to cause the molds them-
selves to collapse by using their own weight and falls or
vibrations and the heat from the product cast in each
mold, thereby taking the as-cast products from the
molds.

[0003] However, to collapse a greensand mold or
molds to take the as-cast product out of them by using
the above well-known conventional method, the as-cast
product is subject to strong collisions and impulses. This
results in a problem in that the as-cast productinherently
receives damage such as cracks, scars, and deforma-
tion. Further, since as-cast products, which are to be tak-
en out of greensand molds that have been put into the
rotating or vibratory drum by collapsing them, are agi-
tated in the drum and then discharged from it, the se-
quence of discharging them from the drum tends to differ
from that used when they are introduced into it. Thus
the method produces a problem in that the product his-
tory of each as-cast product cannot be known, and
therefore the most suitable treatment or process cannot
be applied to it.

Disclosure of the Invention

[0004] Generally, a waterish layer is formed at a por-
tion of a greensand mold after it is filled with molten met-
al, near and around the as-cast product, where the tem-
perature is higher than the remaining part of it due to the
heat from the as-cast product. Below, this waterish layer
is called a "moisture-condensed layer." Since this mois-
ture-condensed layer has less strength and includes a
great amount of hot moisture, the inventors have
searched for a method to collapse a greensand mold
just at that layer. As a result, they found a method to
collapse the mold, comprising putting a greensand mold
or molds in an evacuated space. Since the boiling point
of the moisture in the molds becomes lower in the evac-
uated space, the moisture in the moisture-condensed
layer, which has been heated by the as-cast product to
a high temperature, begins to boil, and this boiling of the
moisture at the moisture-condensed layer produces
there a pressure that is greater than that at the outer
surface of the greensand molds (i.e., the pressure at the
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evacuated space) and that is great enough to collapse
the molds.

[0005] The present invention has been conceived in
view of those problems discussed in the Background
Art. The purpose of it is to provide a method and an ap-
paratus for taking an as-cast product from a greensand
mold without damaging it. According to the embodiment
of the invention, the apparatus for separating an as-cast
product from a greensand mold is provided that can take
out and then transfer the as-cast products in a sequence
in which the molds are produced or filled with molten
metal.

[0006] The embodiment of the method of the present
invention for separating an as-cast product from a mold
that has been filled with molten metal comprises the
steps of transferring at least one greensand mold of a
cope and a drag that have been filled with molten metal
at a casting line and an as-cast product in the at least
one greensand mold (the cope or drag) from the casting
line to a predetermined place; surrounding airtightly
within a chamber the at least one greensand mold and
the as-cast product, both located at the predetermined
place; and evacuating the chamber to lower the boiling
point of the moisture in the moisture-condensed layer of
the at least one greensand mold, thereby boiling the
moisture in the moisture-condensed layer to collapse
the at least one greensand mold, thereby separating the
as-cast product from the at least one greensand mold.
[0007] The embodiment of the apparatus of the
present invention for separating an as-cast product from
a mold that has been filled with molten metal comprises
means for transferring at least one greensand mold of
acope and a drag that have been filled with molten metal
at a casting line to produce a cast product and an as-
cast product in the at least one greensand mold to a pre-
determined place; an enclosure that airtightly surrounds
the one greensand mold and the as-cast product at the
predetermined place; and means connected in fluid
communication with the inner chamber of the enclosure
for evacuating the inner chamber to lower the boiling
point of the moisture in the moisture-condensed layer of
the at least one greensand mold to boil the moisture in
the moisture condensed layer, thereby separating the
as-cast product from the at least one greensand mold.
[0008] Other advantages and features of the present
invention will be understood by reading about or per-
forming the embodiments of the invention, which will be
explained below by reference to the accompanying
drawings.

Brief Description of Drawings

[0009]

Fig. 1 is a fragmentary sectional side view of a first
embodiment of the apparatus of the present inven-
tion.

Fig. 2 is a sectional side view similar to Fig. 1, show-
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ing the operation of the airtightly sealing means of
Fig. 1.

Fig. 3is an enlarged view of a part of Fig. 2, showing
a cope held in an upper flask and an as-cast product
being airtightly surrounded by an enclosure.

Fig. 4 is a fragmentary sectional side view of a sec-
ond embodiment of the apparatus of the present in-
vention.

Fig. 5 is an explanatory drawing showing green-
sand molds (a cope and a drag) of Fig. 4 being air-
tightly surrounded by an enclosure.

Fig. 6 is an explanatory drawing showing the molds
of Fig. 5 being collapsed.

Fig. 7 is a fragmentary sectional side view of a mod-
ified example of the second embodiment shown in
Fig. 4.

Fig. 8 is an enlarged sectional view showing upper
and lower flasks being held in the enclosure of Fig.
7.

Fig. 9 is an explanatory drawing showing the mois-
ture-condensed layer of the cope and the drag,
which are airtightly disposed in the enclosure of Fig.
7.

Fig. 10 is an explanatory drawing showing the cope
and the drag being collapsed.

Fig. 11 is a fragmentary sectional side view of the
modified example of the second embodiment of Fig.
7.

Fig. 12 is a sectional view of the cope and drag in
an enclosure of Fig. 11.

Fig. 13 shows the moisture-condensed layer of the
cope and the drag of Fig. 12.

Fig. 14 shows the cope and the drag being col-
lapsed.

Fig. 15is afragmentary sectional side view showing
another example of the enclosure.

Fig. 16 shows the moisture-condensed layer of the
cope and the drag of Fig. 15.

Fig. 17 is an explanatory drawing showing of the
cope and the drag of Fig. 15 that has been collapsed
and the greensand of the collapsed molds that has
being blown away from the as-cast product by
means of air jets.

Best Mode for Carrying Out the Invention

[0010] The embodiments of the present invention are
now explained in detail by reference to the accompany-
ing drawings, in which the same reference numbers are
used for the functionally same or similar elements.

[0011] Figs. 1-3 show the first embodiment of the
presentinvention. In Fig. 1 a truck 5 runs along a casting
line 6 (which extends in the direction perpendicular to
the plane of the sheet of the drawing) for transferring a
greensand cope 3 and a greensand drag 4 that are held
in an upper flask 1 and a lower flask 2, respectively. In
this first embodiment the greensand cope and drag
(molds) 3, 4, which have been filled with molten metal
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at the casting line 6, are turned upside down when nec-
essary. Adrive roller assembly 7 is disposed on the right
of the as-casting line 6 at the same level as that of the
upper surface of the truck 5. A first rail 8 is disposed
above the casting line 6 and the drive roller assembly 7.
Further, a first transfer truck 10, which is provided with
a first downwardly-facing cylinder 9, runs along the first
rail 8. The piston rod 9A of the first downwardly-facing
cylinder 9 has flask-supporting nails 11, 11 for engaging
the flange portions of the upper and lower flasks 1, 2.
Further, means A for turning the cope and the drag up-
side down and forwarding them is disposed on the right
of the drive roller assembly 7.

[0012] The means A for turning upside down and for-
warding the molds 3, 4 is configured as explained below.
Two pairs of rollers 13, 14, which pairs are spaced in the
front-and-rear directions (only one pair of rollers 13, 14
is seen in Figs. 1 and 2), are disposed on a base frame
12. The pairs of rollers 13, 14 receive a pair of circular
frames 15, 16 such that they can rotate. The pair of cir-
cular frames 15, 16 are connected to each other by
means of connecting frames (not shown) and constitute
a revolving body 17. One pair of the rollers 13, 14 are
drive rollers and operate to rotate the revolving body 17.
A drive roller assembly 18 is mounted on the inner side
of the revolving body 17 at the same level as that of the
drive roller assembly 7. Further, a drive roller assembly
19 is also mounted on the inner side of the revolving
body 17 at a location above the drive roller assembly
18. In Figs. 1 and 2 the revolving body 17 that has been
rotated through 180 degrees (i.e., it has been turned up-
side down) is shown, and the drive roller assembly 18
and the drive roller assembly 19 are respectively located
at its upper position and lower position. One of the drive
roller assemblies 18, 19 is operated by a drive means
(not shown), which is mounted on the revolving body 17,
to advance the cope 3 and drag 4 held in the upper and
lower flasks 1, 2. The vertical spacing between the drive
roller assemblies 18 and 19 is slightly greater than the
total height of the matched upper and lower flasks 1, 2.
[0013] A long, intermediate drive roller assembly 20
is disposed on the right of the means A for turning upside
down and forwarding molds. The assembly 20 is dis-
posed at the same level as that of the drive roller as-
sembly 18 (in Fig. 1, at the same level as that of the drive
roller assembly 19). A second rail 21, which runs trans-
versely of the intermediate drive roller assembly 20, is
disposed above it at a location near the means A for
turning upside down and forwarding molds. A second
transfer truck 23, which is provided with a second down-
wardly-facing cylinder 22, is mounted on the second rail
21, and the piston rod 22A of the second downwardly-
facing cylinder 22 has nails 24, 24 for engaging with the
flanges of the lower flask 2. The second rail 21, the sec-
ond downwardly-facing cylinder 22, and the nails 24, 24
constitute means B for removing the lower flask.
[0014] Under one side of the intermediate drive roller
assembly 20 (namely, the side opposite the other side,
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which is located near the means A for turning upside
down and forwarding the molds) a lifting cylinder 25 is
disposed. The piston rod 25A of the lifter cylinder 25 has
at its distal end a mounting plate 26 secured to it. A tray
27 is attached to the upper surface of the mounting plate
26 such that it can be inclined about a connecting pin
28. Further, a table 29 for receiving a mold thereon is
secured to the top central portion of the tray 27. The
table 29 for receiving a mold on it is formed by arranging
I-beam steel members in parallel in the forward and
backward directions while defining grooves between
them.

[0015] Further, an enclosure 32, which is in the shape
of an inverted box, is fixedly disposed above the table
29 for receiving a mold. The enclosure 32 is connected
in fluid communication with a vacuum source (not
shown) through a valve 31 and a vacuum tank 30. An
annular or polygonal seal 33 is attached to the periph-
eral edge of the lower opening of the enclosure 32 for
abutting and sealing the upper surface of the tray 27. At
this station, an airtightly-enclosing means C for airtightly
enclosing the greensand cope 3 held in the upper flask
and the as-cast product W and means D for rapidly
evacuating the chamber defined by the airtightly-enclos-
ing means C to collapse the greensand cope 3 are ar-
ranged (the details regarding collapsing the cope will be
explained below). A pair of intermediate operating roller
assemblies 34, 34 are disposed between the intermedi-
ate drive roller assembly 20 and the enclosure 32. The
intermediate operating roller assemblies 34, 34 extend
transversely of the intermediate roller assembly 20, and
the horizontal spacing between the intermediate oper-
ating roller assemblies 34 and 34 is adjustable. The in-
termediate operating roller assemblies 34, 34 constitute
means E for removing the upper flask.

[0016] A third rail 35 is disposed on the right of the
enclosure 32, and a taking-out truck 38 runs along the
third rail 35. The taking-out truck 38 is provided with a
third downwardly-facing cylinder 36 that vertically
moves a horizontally-rotatable swivel mechanism 37.
The swivel mechanism 37 has a horizontal forked nail
40 connected to it through an arm 39. The forked nail
40 is inserted into the array of grooves of the table 29
for receiving a mold. The third rail 35, the taking-out
truck 38, the third downwardly-facing cylinder 36, the
horizontally-rotatable swivel mechanism 37, the arm 39,
and the forked nail 40 constitute a means F for taking
out the as-cast product from the collapsed greensand
cope. Further, for downwardly guiding and collecting the
greensand of the collapsed mold a chute 41 is disposed
under the midpoint of the intermediate drive roller as-
sembly 20.

[0017] Inthe operation of the apparatus configured as
explained above, as in Fig. 1, the flask-supporting nails
11, 11, which are now located above the casting line 6,
engage the flanges of the upper and lower flasks 1, 2
when the cope and drag held in the upper and lower
flasks 1, 2 are carried and located in the position under
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the nails 11, 11 by the truck 5 along the casting line 6
after they are filled with molten metal. The first down-
wardly-facing cylinder 9 then operates to slightly lift the
upper and lower flasks 1, 2, which hold the greensand
cope and drag 3, 4, and the first transfer truck 10 moves
right to transfer the molds 3, 4 from the truck 5 to the
right and put them onto the drive roller assembly 7.
While transferring the molds 3, 4, the revolving body 17
of the means A for turning and forwarding molds rotates
through 180 degrees from the position shown in Fig. 1,
so that the drive roller assembly 18 is lowered to the
level of the drive roller assembly 7.

[0018] The drive roller assembly 7 is then operated by
a drive source (not shown) to transfer the molds 3, 4
held in the upper and lower flasks 1, 2 between the drive
roller assemblies 18 and 19 of the means A for turning
and forwarding molds. The drive rollers 13, 14 of the
means A for turning and forwarding molds then operates
to rotate the revolving body 17 and hence the molds 3,
4 held in the flasks 1, 2 through 180 degrees. The drive
roller assembly 19 then operates to forward the upside-
down greensand drag 4 and cope 3 held in the lower
and upper flasks 2, 1 to the means B for removing the
lower flask.

[0019] Since while forwarding the greensand molds
4, 3 the flask-supporting nails 24, 24 have been lowered,
they engage the flanges of the lower flask 2. After this
engagement, the second downwardly-facing cylinder 22
operates to lift the lower flask 2, which holds the green-
sand drag 4, by means B, to remove the lower flask 2
and the greensand drag 4 from the greensand cope 3
and the as-cast product Was shown in Fig. 1. The sec-
ond transfer truck 23 runs to take away the removed
greensand drag 4 held in the lower flask 2 to a line (not
shown) for collecting the used greensand, where the
greensand drag 4 is collapsed, and the collapsed green-
sand is collected.

[0020] By the way, the upper flask 1 and the cope 3,
which hold the as-cast product W and remain on the
drive roller assembly 20, are moved by it along it to a
position located between the table 29 for receiving a
mold and the enclosure 32. The lifter cylinder 25 then
operates to lift the mounting plate 26, the tray 27, the
table 29 for receiving a mold, the greensand cope 3, and
the as-cast product W held in the upper flask 1 until the
annular seal 33 provided at the peripheral edge of the
bottom opening of the enclosure 32 is pressed against
the upper surface of the tray 27 such that the chamber
within the enclosure 32 is made airtight by the airtightly-
enclosing means C as shown in Figs. 2 and 3. From this
state the valve 31 of the means D for collapsing the
greensand cope is opened to connect the vacuum tank
30 in fluid communication with the chamber within the
enclosure 32 to rapidly evacuate the chamber.

[0021] Further processes are explained below by ref-
erence to Figs. 2 and 3. Since when the chamber is
evacuated the boiling point of a large amount of hot
moisture in the moisture-condensed layer 3A is lowered,
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the hot moisture boils, thereby producing a difference in
pressure between the moisture-condensed layer 3A
and the outer surface of the greensand cope 3, which is
at the low pressure of the evacuated chamber. Thus the
greensand cope 3 collapses at the moisture-condensed
layer 3A. The valve 31 is then closed, and another valve
(not shown) for supplying air is opened to introduce am-
bient air into the chamber of the enclosure 32, while the
lifter cylinder 25 operates to lower the mounting plate
26, the tray 27, the table 29 for receiving a mold, the
collapsed greensand of the cope, and the as-cast prod-
uct W in the position shown in Fig. 1.

[0022] During that lowering of the mounting plate,
etc., the intermediate operating roller assemblies 34, 34,
which function as the means E for removing the upper
flask, are moved horizontally to approach each other.
Thus the upper flask 1 is received by the intermediate
operating roller assemblies 34, 34 and separated from
the collapsed greensand of the cope and the as-cast
product, and it is then transferred away by the roller as-
semblies 34, 34 being driven. Meanwhile, the collapsed
greensand of the cope and the as-cast product W re-
main on the table 29 for receiving a mold. The taking-
out truck 38 of the means F for taking out the as-cast
product W operates to insert the forked nail 40 into the
grooves of the table 29 for receiving a mold to locate it
under the as-cast product W, and the third downwardly-
facing cylinder 36 then operates to slightly lift the as-
cast product W with the forked nail 40, while the taking-
out truck 38 moves back (to the right in Fig. 2) to take
out the as-cast product W as shown in Figs. 1 and 2.
From this state the horizontally rotatable mechanism 37
horizontally rotates the forked nail 40 through 180 de-
grees and sequentially forwards the as-cast product W
for the next process.

[0023] Meanwhile, at the table 29 for receiving a mold
from which the as-cast product has been removed, the
tray 27 is raised and inclined relative to the connecting
pin 28. Thus the collapsed greensand on the inclined
table 29 falls onto the chute 41 and is collected at a sand
process line (not shown). As is explained above, each
cast product W is taken out without receiving any colli-
sion or impulses from any other member, i.e., all cast
products W are sequentially taken out without receiving
damage such as cracks, scars, and deformations, and
are then forwarded for the post treatment.

[0024] The second embodiment of the apparatus of
the present invention is now explained by reference to
Figs. 4-6. In this embodiment the means for turning and
forwarding molds and the means for removing the upper
flask, both of which are disposed between the casting
line 6 and means D for collapsing a mold in the first em-
bodiment shownin Figs. 1 and 2, are not used. However,
instead of those means, a device for upwardly drawing
the cope 3 and drag 4 from the upper and lower flasks
1, 2, including a cylinder 43 for upwardly drawing the
molds 3, 4 from the flasks 1, 2, is disposed between the
casting line 6 and the means C for collapsing molds,
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which comprises the enclosure 32 and the lifter cylinder
25. In the second embodiment, before being moved on-
to the table 29 for receiving molds, the cope 3 and drag
4 are removed or drawn out of the upper and lower flasks
1, 2.

[0025] The device for upwardly drawing molds in-
cludes a cylinder 43 for upwardly drawing the molds and
a base table 45 formed with a central opening 45A, at
which the cope 3 and the drag 4 held in the upper and
lower flasks 1, 2 are to be located. A flask stopper 47
for preventing the flasks from being lifted is fixedly dis-
posed above the base table 45. A plate 43B is secured
to the distal end of the piston rod 43A of the cylinder 43
for upwardly drawing molds. A horizontal pusher cylin-
der 49 is disposed on the upper left of the flask stopper
47, and a pusher plate 53 is attached to the distal end
of the piston rod 51 of the pusher cylinder 49. An inter-
mediate table (or a plate) 55 is fixedly disposed on the
right of the flask stopper 47 and is level with the table
29 for receiving molds (as shown in Fig. 4).

[0026] The transfer truck 10 carries the upper and
lower flasks 1, 2 that hold the cope 3 and the drag 4
provided with molten metal from the casting line 6 onto
the base plate 45. The cylinder 43 for upwardly drawing
molds then operates to draw the molds 3, 4 upwardly
out of the flasks 1, 2 to the position shown in Fig. 4. Dur-
ing this upward drawing the flask stopper 47 prevents
the flasks 1, 2 from being lifted. The horizontal pusher
cylinder 49 then operates to horizontally push and for-
ward the cope 3 and drag 4 placed on the plate 43B to
the table 29 for receiving molds by way of the interme-
diate table 55.

[0027] The lifter cylinder 25 then operates to lift the
cope 3 and the drag 4 into the chamber within the en-
closure 32 until the annular seal 33 of the enclosure 32
is pressed against the upper surface of the tray 27 (Fig.
5). In the same way as in the first embodiment, the
sealed chamber of the enclosure 32 is rapidly evacuat-
ed, and the pressure in the evacuated chamber is kept
for a predetermined period of time, thereby collapsing
the molds at the moisture-condensed layer 3B into piec-
es 3C (Fig. 6). The apparatus operates in the same way
as in the first embodiment for the following processes.
The table 29 for receiving molds is lowered to the level
of the forked nail 40, and the forked nail 40 then takes
out the as-cast product W that has just been separated
from the broken pieces 3C of the greensand of the
molds.

[0028] It should be noted that although in the above
second embodiment the device upwardly draws them,
the molds may be drawn downwardly by using a similar
device.

[0029] It should also be noted that although in the
above second embodiment a device for upwardly draw-
ing molds is used, the device may be eliminated if green-
sand molds are produced and drawn from the flasks by
a flask-removing-type molding machine and then for-
warded and filled with molten metal. In that case those
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molds that have no flask can be directly carried from the
transfer truck 5 to the table 29 for receiving molds. It
should be noted that in the flask-removing-type molding
machine the molds may be drawn upwardly or down-
wardly out of the flasks.

[0030] Figs. 7-10 show a modified example of the ta-
ble 29 for receiving molds and the enclosure 32 of the
second embodiment. A plurality of upwardly-facing cyl-
inders 61 are mounted on the upper surface of the bot-
tom of the tray 27, and the table 29 for receiving molds
is secured to the distal ends of the piston rods (no ref-
erence number is given for them) of these cylinders 61.
When the piston rods of those cylinders are fully extend-
ed asinFig. 7, the table 29 for receiving molds is pointed
so as to be level with the intermediate table 55. The
pusher plate 53 (Fig. 7) pushes and forwards the cope
3 and the drag 4 to the right onto the table 29 for receiv-
ing molds.

[0031] A plurality of first projecting bodies 59, which
are fixed to the upper surface of the bottom of the tray
27, are arranged between the cylinders 61, 61 while be-
ing spaced apart a desirable distance. These first pro-
jecting bodies 59 each are in the shape of a rod in the
example shown in Figs. 7 and 8. These rods 59 may be
arranged to penetrate the table 29 as shown in Fig. 8
when the cylinders 61, 61 operate to lower it. (The table
29 may be formed with throughbores through which the
rods pass.)

[0032] Further, second projecting bodies 63, which
are also spaced apart a desired distance, are also
mounted on the inner upper surface and inner side sur-
faces of the enclosure 32. Each of the second projecting
bodies 63 may be a rod or plate with a pointed distal end.
[0033] From the position shown in Fig. 7 the piston
rod 51 is retracted to the left, and the lifter cylinder 25
then lifts the cope 3 and the drag 4 until the annular seal
33 of the enclosure 32 is sealingly pressed against the
peripheral edge of the upper surface of the tray 27. Si-
multaneously the cylinders 61 operate to lower the table
29 for receiving molds. The result is shown in Fig. 8. It
will be understood from Fig. 8 that the first projecting
bodies 59 support the molds 3, 4 at their distal ends,
that the length of each second projecting body 63 that
is installed on the inner upper surface of the enclosure
32 is sized such that its distal end contacts the outer
upper surface of the cope 3, and that the length of each
second projecting body 63 that is installed on the inner
side surface of the enclosure 32 is sized such that its
distal end is slightly spaced apart from the outer side
surface of the cope 3 or drag 4. When the chamber with-
in the enclosure 32 is rapidly evacuated, the molds 3, 4
roughly collapse at the moisture-condensed layer 3B
(as shown in Fig. 9), and they are further collapsed into
large pieces 65 or small pieces 67 as shown in Fig. 10
with the aid of the first and second projecting bodies 59,
63.

[0034] Although in the above example each of the first
projecting bodies 59 is in the shape of a rod, they may
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be in the shape of a plate if they allow the forked nail 40
to enter under the upper surface of the table 29.
[0035] Figs. 11-14 show a modified example of the en-
closure 32 shown in the second embodiment. The en-
closure 32 of this example is the same as the one shown
in Fig. 7. Further, the structure of the table 29 for receiv-
ing molds of this example is the same as the table 29
for receiving molds of the first and second embodi-
ments.

[0036] From the state in Fig. 11 the piston rod 51 is
retracted to the left, and the lifter cylinder 25 then oper-
ates to lift the cope 3 and the drag 4 until the annular
seal 33 of the enclosure 32 is pressed against the pe-
riphery of the upper surface of the tray 27. The result is
shown in Fig. 12. As will be understood from Fig. 12, the
projecting bodies 63, which are mounted on the upper
inner surface of the enclosure 32, are sized in length
such that their distal ends contact the upper outer sur-
face of the cope 3, while the projecting bodies 63 that
are mounted on the inner side surfaces of the enclosure
32 are sized in length such that their distal ends are
spaced apart from the outer side surfaces of the cope 3
or the drag 4. When the chamber of the enclosure 32 is
rapidly evacuated, the molds 3, 4 roughly collapse at the
water-condensed layer 3B as shown in Fig. 13 and fur-
ther collapse into small pieces P with the aid of the pro-
jecting bodies 63 (as shown in Fig. 14).

[0037] Figs. 15-17 show a modified example of the
enclosure 32 of the second embodiment. The enclosure
32 of this example includes a manifold 67 disposed in-
side it, which has a plurality of nozzles 69. The distal
ends of the nozzles 69 face the as-cast product W. Fur-
ther, a pipe 71 is connected to the enclosure 32 so as
to introduce the atmosphere into the manifold 67. The
pipe 71 is provided with a valve 73.

[0038] From the state in Fig. 15 the piston rod 51 is
retracted to the left, and the lifter cylinder 25 then oper-
ates to lift the cope 3 and the drag 4 until the annular
seal 33 of the enclosure 32 contacts and seals the pe-
ripheral upper surface of the tray 27. The resultis shown
in Fig. 16.

[0039] The valve 31 is opened, while the valve 3 is
being closed, to rapidly evacuate the chamber of the en-
closure 32, and the pressure of the evacuated chamber
is kept for a predetermined period of time. Thus the cope
3 and the drag 4 roughly collapse at the water-con-
densed layer 3B, as shown by arrows in Fig. 16. The
valve 31 is then closed, and the valve 73 is opened to
introduce the atmosphere through the pipe 71 into the
manifold 67. The atmosphere introduced into the man-
ifold 67 is ejected from the nozzles 69 and hits the
molds, which have been collapsed at the surface of the
as-cast product W, to further break the collapsed molds
into small pieces S of the greensand.

[0040] It should be understood that the embodiments
and their modified example explained above are exem-
plary only, and that other embodiments or examples can
be performed in the present invention. For example, as
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will be apparent for one skilled in the art, the table for
receiving molds in Figs. 7 and 8, which is associated
with the first projecting bodies, and the second project-
ing bodies may both be applied to the table for receiving
molds and the manifold that are shown in Fig. 15. Thus
the present invention includes such a modified example,
and the scope of the invention is defined by the attached
claims.

Claims

A method for separating an as-cast product from a
mold that has been filled with molten metal, com-
prising the steps of:

transferring at least one of a greensand cope
and a greensand drag that have been filled with
molten metal at a casting line and an as-cast
productin the atleast one greensand mold from
the casting line to a predetermined place;
surrounding airtightly within a chamber the at
least one greensand mold and the as-cast
product, both located at the predetermined
place; and

evacuating the chamber to lower a boiling point
of moisture in a moisture-condensed layer of
the at least one greensand mold, to boil the
moisture in the moisture-condensed layer to
collapse the at least one greensand mold,
thereby separating the as-cast product from the
at least one greensand mold.

The method of claim 1, further comprising a step of
taking out the as-cast product from the predeter-
mined place by placing a forked nail under the as-
cast product that has been separated from the at
least one greensand mold and by lifting the as-cast
product by the forked nail.

The method of claim 1 or 2, wherein the greensand
cope and the greensand drag are held in an upper
flask and a lower flask, respectively, when trans-
ferred to the predetermined place, and wherein the
method further comprises the steps of turning the
greensand cope and drag upside down and sepa-
rating the greensand drag together with the lower
flask that are now positioned on the greensand
cope held in the upper flask from the greensand
cope held in the upper flask and the as-cast product
in the greensand cope, and also comprising the
step of airtightly surrounding the greensand cope
held in the upper flask and the as-cast product with-
in the chamber.

The method of claim 1 or 2, wherein the greensand
cope and the greensand drag have no flask before
the greensand cope and the greensand drag is for-
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warded to the predetermined place, and wherein
both the greensand cope and drag are airtightly sur-
rounded within the chamber.

The method of claim 4, further comprising a step of
upwardly drawing the greensand cope and drag
from the upper and lower flasks after the greensand
cope and drag are filled with molten metal, but be-
fore the step of transferring the greensand cope and
drag from the casting line to the predetermined
place.

The method of claim 4 further comprising a step of
upwardly drawing the greensand cope and drag
from the upper and lower flasks after the greensand
cope and drag are filled with molten metal, but be-
fore the step of transferring the greensand cope and
drag from the casting line to the predetermined
place and before the greensand cope and drag are
filled with molten metal.

The method of any one of claims 1-6, further com-
prising a step of introducing atmospheric air into the
evacuated chamber to eject the atmospheric air to-
ward the as-cast product that has been separated
from the mold, thereby blowing the mold off the as-
cast product.

An apparatus for separating an as-cast product
from a greensand cope and a greensand drag that
have been filled with molten metal, comprising:

means for transferring at least one greensand
mold of a greensand cope and a greensand
drag that have been filled with molten metal at
a casting line and an as-cast product in the at
least one greensand mold to a predetermined
place;

an enclosure for airtightly surrounding the at
least one greensand mold and the as-cast
product in the at least one greensand mold at
the predetermined place; and

means connected in fluid communication with
an inner chamber of the enclosure for evacuat-
ing the inner chamber to lower a boiling point
of moisture in a moisture-condensed layer of
the at least one greensand mold to boil the
moisture in the moisture-condensed layer,
thereby to separate the as-cast product from
the at least one greensand mold.

9. The apparatus of claim 8, further comprising a

forked nail to be placed under the as-cast product
that has been separated from the at least one
greensand mold to lift, carry, and take the as-cast
product from the predetermined place to another
place.
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The apparatus of claim 8 or 9, wherein the green-
sand cope and the greensand drag are held in an
upper flask and a lower flask, respectively, when
transferred to the predetermined place, and where-
in the apparatus further comprises means for turn-
ing upside down the greensand cope and drag that
have been filled with molten metal, before the at
least one greensand mold and the as-cast product
are transferred to the predetermined place; and
means for separating the greensand drag together
with the lower flask that are now positioned on the
greensand cope held in the upper flask from the
greensand cope held in the upper flask and the as-
cast product in the greensand cope, wherein the
means for transferring the at least one greensand
mold and the as-cast product to the predetermined
place is a means for transferring the greensand
cope held in the upper flask and the as-cast product
to the predetermined place.

The apparatus of claim 8 or 9, wherein the green-
sand cope and drag have no flask when transferred
to the predetermined place, and wherein the enclo-
sure airtightly surrounds the greensand cope and
drag that have no flask.

The apparatus of claim 8 or 9, further comprising a
table located in the predetermined place for receiv-
ing thereon the at least one greensand mold and
the as-cast product in the at least one greensand
mold, the table being able to be inclined.

The apparatus of claim 12, further comprising a
chute located under the table, for receiving the at
least one green sand mold from the inclined table.

The apparatus of claim 11, further comprising
means for drawing the greensand cope and the
greensand drag that are held in an upper flask and
a lower flask, respectively, from the upper and lower
flasks before the greensand cope and drag are
transferred to the predetermined place such that the
greensand cope and drag having no flask are trans-
ferred to the predetermined place.

The apparatus of claim 8 or 9, wherein the enclo-
sure is an inverted box having an open bottom and
has a plurality of projecting bodies mounted on an
inner upper surface and inner side surfaces thereof
for assisting in collapsing the at least one green-
sand mold.

The apparatus of claim 15, wherein each projecting
body is a rod.

The apparatus of claim 15, wherein the projecting
bodies are plates that are disposed apart.
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18. The apparatus of any one of claims 8-17, further

comprising means for introducing atmospheric air
into the chamber of the enclosure and a plurality of
nozzles for ejecting the introduced atmospheric air
toward the as-cast product.

Amended claims under Art. 34 PCT

1. (Amended) A method for separating an as-cast
product from greensand mold halves that have
been filled with molten metal, comprising the steps
of:

(a) turning upside down a greensand cope and
a greensand drag that are held in an upper flask
and a lower flask, respectively, and that have
been filled with molten metal at a casting line;
(b) separating the greensand drag together
with the lower flask that is now placed on the
upper flask from the greensand cope held in the
upper flask and the as-cast product in the
greensand cope, thereby exposing a part of the
as-cast product;

(c) transferring the greensand cope held in the
upper flask and the as-cast product, a part of
which has been exposed and a remaining part
of which is in the greensand cope, to a prede-
termined place;

(d) supporting and surrounding airtightly within
a chamber the greensand cope held in the up-
per flask and the as-cast product, both located
at the predetermined place; and

(e) evacuating the chamber to lower a boiling
point of moisture in a moisture-condensed layer
of the greensand cope, to boil the moisture in
the moisture-condensed layer, thereby to col-
lapse and separate the greensand cope from
the as-cast product.

2. (Amended) The method of claim 1, further com-
prising, after the step (e), a step (f) of separating
and taking away the upper flask from the as-cast
product and the greensand of the collapsed green-
sand cope, and a step (g) of taking out the as-cast
product from the predetermined place by placing a
forked nail under the as-cast product and by lifting
the as-cast product by the forked nail.

3. (Deleted)
4. (Deleted)
5. (Deleted)
6. (Deleted)

7. (Deleted)
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8. (Amended) An apparatus for separating an as-
cast product from greensand mold halves that have
been filled with molten metal, comprising:

(a) means for turning upside down a greensand
cope and a greensand drag that are held in an
upper flask and a lower flask, respectively, and
that have been filled with molten metal at a cast-
ing line;

(b) means for separating the greensand drag
together with the lower flask that is now placed
on the upper flask from the greensand cope
held in the upper flask and the as-cast product
in the greensand cope, thereby to expose a part
of the as-cast product;

(c) means for transferring the greensand cope
held in the upper flask and the as-cast product,
a part of which has been exposed and a remain-
ing part of which is in the greensand cope, to a
predetermined place;

(d) a table for receiving and supporting thereon
the greensand cope held in the upper flask and
the as-cast product at the predetermined place;
(e) an enclosure for airtightly surrounding with-
in a chamber thereof the greensand cope held
in the upper flask and the as-cast product that
are placed on the table; and

(f) means for evacuating the chamber so as to
lower a boiling point of moisture in a moisture-
condensed layer of the greensand cope to boil
the moisture in the moisture-condensed layer,
thereby to collapse and separate the green-
sand cope from the as-cast product.

9. (Amended) The apparatus of claim 8, further
comprising means for separating and taking away
the upper flask from the as-cast product and the
greens and of the collapsed greensand cope.

10. (Deleted)

11. (Amended) An apparatus for separating an as-
cast product from a greensand mold that has been
filled with molten metal, comprising:

(a) means for removing a flask from the green-
sand mold that is held in the flask, and that has
been filled with molten metal;

(b) means for transferring the greensand mold
having no flask and the as-cast product in the
greensand mold to a predetermined place;

(c) a table for receiving and supporting thereon
the greens and mold and the as-cast product at
the predetermined place;

(d) an enclosure for airtightly surrounding the
greensand mold and the as-cast product that
are placed on the table; and

(e) means connected in fluid communication
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with an inner chamber of the enclosure for
evacuating the chamber so as to lower a boiling
point of moisture in a moisture-condensed layer
of the greensand mold to boil the moisture in
the moisture-condensed layer, thereby to col-
lapse and separate the greensand mold from
the as-cast product.

12. (Amended) The method of claim 2, wherein a
table, which can be inclined, for supporting the cope
held in the upper flask and the as-cast product, is
disposed at the predetermined place, and wherein
the method further comprises, after step (g), a step
of inclining the table to drop the collapsed green-
sand so as to collect it.

13. (Deleted)
14. (Deleted)

15. The apparatus of claim 10, wherein the enclo-
sure is an inverted box having an open bottom and
has a plurality of projecting bodies mounted on an
inner upper surface and inner side surfaces thereof
for assisting in collapsing the greensand mold.

16. The apparatus of claim 15, wherein each pro-
jecting body is a rod.

17. The apparatus of claim 15, wherein the project-
ing bodies are plates that are disposed apart.

18. (Amended) The apparatus of claim 10, further
comprising means for introducing atmospheric air
into the evacuated chamber to apply air jets of the
atmospheric air to the separated as-cast product to
blow the greensand mold off a surface of the as cast
product.
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