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(57) A flaskless molding machine includes an upper
flask, a lower flask capable of clamping a match plate
with the upper flask, a filling frame connectable to the
lower flask, a first squeeze board movable into and out
from the upper flask, a second squeeze board movable
into and out from the filling frame, a filling frame cylinder
moving the filling frame relative to the second squeeze
board, a squeeze cylinder integrally moving the filling
frame, the second squeeze board, and the filling frame
cylinder, and a control unit configured to control the filling
frame cylinder and the squeeze cylinder. A mold height
changing unit includes a stopper limiting a stroke length
of the filling frame cylinder to a predetermined length.
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Description

Technical Field

[0001] The present disclosure relates to a mold height
changing unit, a flaskless molding machine, and a mold
height changing method.

Background Art

[0002] Patent Document 1 discloses a flaskless mold-
ing machine that forms a flaskless type mold that does
not have any flask. The molding machine includes paired
of an upper flask and a lower flask that clamp a match
plate where a model is disposed, a filling frame, a supply
mechanism that supplies molding sand, and a squeezing
mechanism that compresses the molding sand. The
molding machine moves the lower flask the filling frame
close to the upper flask, and causes the upper flask and
the lower flask to clamp the match plate. In this state, the
molding machine operates the supply mechanism to sup-
ply the molding sand into upper and lower molding spac-
es formed by the upper flask, the lower flask, and the
filling frame. The molding machine operates the squeez-
ing mechanism to compress the molding sand in the up-
per and lower molding spaces. The upper mold and the
lower mold are formed at the same time through the
above-described processes.

Citation List

Patent Document

[0003] Patent Document 1: Japanese Patent No.
5168743

Summary of Invention

Technical Problem

[0004] The flaskless molding machine according to
Patent Document 1 can form a mold with only one type
of a height (thickness). If the mold height can be changed
depending on a height of a product, it is possible to op-
timize a usage of the molding sand. Therefore, in this
technical field, it is desirable to provide a mold height
changing unit, a flaskless molding machine, and a mold
height changing method that each can change the mold
height.

Solution to Problem

[0005] According to an aspect of the present disclo-
sure, a mold height changing unit used in a flaskless
molding machine is provided. The flaskless molding ma-
chine includes an upper flask, a lower flask capable of
clamping a match plate with the upper flask, a filling frame
connectable to the lower flask, a first squeeze board mov-

able into and out from the upper flask, a second squeeze
board movable into and out from the filling frame, a filling
frame cylinder moving the filling frame relative to the sec-
ond squeeze board, a squeeze cylinder integrally moving
the filling frame, the second squeeze board, and the filling
frame cylinder, and a control unit configured to control
the filling frame cylinder and the squeeze cylinder. The
mold height changing unit includes a stopper limiting a
stroke length of the filling frame cylinder to a predeter-
mined length.
[0006] In the flaskless molding machine that is targeted
by the mold height changing unit, the second squeeze
board and the filling frame cylinder are integrally operat-
ed. Further, the stroke length of the filling frame cylinder
is limited to the predetermined length by the stopper.
When the stroke length of the filling frame cylinder is lim-
ited by the stopper, a raised distance of the filling frame
with respect to the second squeeze board (movable dis-
tance of filling frame toward lower flask) is reduced.
Therefore, as compared with a case where the stroke
length of the filling frame cylinder is not limited, a height
of a molding space for a lower mold defined by the match
plate, the lower flask, the filling frame, and the second
squeeze board is reduced. As a result, a mold with a low
height is formed as compared with the case where the
stroke length of the filling frame cylinder is not limited.
As described above, the mold height changing unit can
change the mold height with use of the stopper.
[0007] In an embodiment, the stopper may include a
rod member and a contact member. The rod member
includes a first end part and a second end part, and the
first end part is fixed to the filling frame and is inserted
into a through hole provided in a frame supporting the
filling frame cylinder. The contact member is attached to
the second end part of the rod member and abuts on the
frame when the filling frame is moved in a direction sep-
arating from the frame.
[0008] In such a configuration, the rod member is
raised together with the filling frame. Further, when the
filling frame is raised by the length of the rod member or
more, the contact member attached to the second end
part of the rod member abuts on the frame. As described
above, the stopper can limit the stroke length of the filling
frame cylinder to the predetermined length through con-
tact of the contact member with the frame.
[0009] In an embodiment, a length from the frame to
the contact member of the rod member when the filling
frame is located at a position closest to the frame may
be shorter than the stroke length of the filling frame cyl-
inder. In such a configuration, the stopper can limit the
stroke length.
[0010] In an embodiment, the filling frame cylinder may
be an air cylinder. It is difficult for the air cylinder to ac-
curately stand on the way of the stroke. The mold height
changing unit can cause the air cylinder to accurately
stand with use of the stopper member even on the way
of the stroke of the air cylinder.
[0011] In an embodiment, the mold height changing
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unit may include a position detection sensor connected
to the control unit. The position detection sensor detects
that the filling frame cylinder has been expanded to the
predetermined length. In such a configuration, the posi-
tion detection sensor can detect that the filling frame has
been moved to a position limited by the stopper.
[0012] In an embodiment, the mold height changing
unit may include a spacer member attached to a principle
surface of the first squeeze board facing the match plate.
In such a configuration, a height of a molding space for
an upper mold defined by the match plate, the upper flask,
and the first squeeze board is reduced. As a result, as
compared with a case where the spacer member is not
provided, the mold with a low height is formed. As de-
scribed above, the mold height changing unit can change
the mold height.
[0013] In an embodiment, a material of the spacer
member may be a resin. In such a configuration, the spac-
er member that is hardly deformed and is easily attached
is provided.
[0014] In an embodiment, the spacer member may be
fixed to the first squeeze board by a screw. The spacer
member is fixable by the screw, which enables a worker
to easily adjust the mold height.
[0015] In an embodiment, the spacer member may be
fixed to the first squeeze board with use of a liner attach-
ment screw hole provided in the first squeeze board. In
such a configuration, the worker can attach the spacer
member without modifying the flaskless molding ma-
chine.
[0016] A flaskless molding machine according to an-
other aspect of the present disclosure includes an upper
flask, a lower flask capable of clamping a match plate
with the upper flask, a filling frame connectable to the
lower flask, a first squeeze board movable into and out
from the upper flask, a second squeeze board movable
into and out from the filling frame, a filling frame cylinder
moving the filling frame relative to the second squeeze
board, a squeeze cylinder integrally moving the filling
frame, the second squeeze board, and the filling frame
cylinder, a control unit configured to control the filling
frame cylinder and the squeeze cylinder, and a stopper
limiting a stroke length of the filling frame cylinder to a
predetermined length.
[0017] In the flaskless molding machine, the second
squeeze board and the filling frame cylinder are integrally
operated. Further, the stroke length of the filling frame
cylinder is limited to the predetermined length by the stop-
per. When the stroke length of the filling frame cylinder
is limited by the stopper, a raised distance of the filling
frame with respect to the second squeeze board (mov-
able distance of filling frame toward lower flask) is re-
duced. Therefore, as compared with a case where the
stroke length of the filling frame cylinder is not limited, a
height of a molding space for a lower mold defined by
the match plate, the lower flask, the filling frame, and the
second squeeze board is reduced. As a result, a mold
with a low height is formed as compared with the case

where the stroke length of the filling frame cylinder is not
limited. As described above, the flaskless molding ma-
chine can change the mold height.
[0018] In an embodiment, the stopper may include a
rod member and a contact member. The rod member
includes a first end part and a second end part, and the
first end part is fixed to the filling frame and is inserted
into a through hole provided in a frame supporting the
filling frame cylinder. The contact member is attached to
the second end part of the rod member and abuts on the
frame when the filling frame is moved in a direction sep-
arating from the frame.
[0019] In such a configuration, the rod member is
raised together with the filling frame. Further, when the
filling frame is raised by the length of the rod member or
more, the contact member attached to the second end
part of the rod member abuts on the frame. As described
above, the stopper can limit the stroke length of the filling
frame cylinder to the predetermined length through con-
tact of the contact member with the frame.
[0020] In an embodiment, a length from the frame to
the contact member of the rod member when the filling
frame is located at a position closest to the frame may
be shorter than the stroke length of the filling frame cyl-
inder. In such a configuration, the stopper can limit the
stroke length.
[0021] In an embodiment, the filling frame cylinder may
be an air cylinder. It is difficult for the air cylinder to ac-
curately stand on the way of the stroke. The mold height
changing unit can cause the air cylinder to accurately
stand with use of the stopper member even on the way
of the stroke of the air cylinder.
[0022] In an embodiment, the flaskless molding ma-
chine may include a position detection sensor connected
to the control unit. The position detection sensor detects
that the filling frame cylinder has been expanded to the
predetermined length. In such a configuration, the posi-
tion detection sensor can detect that the filling frame has
been moved to a position limited by the stopper.
[0023] In an embodiment, the flaskless molding ma-
chine may include a spacer member attached to a prin-
ciple surface of the first squeeze board facing the match
plate. In such a configuration, a height of a molding space
for an upper mold defined by the match plate, the upper
flask, and the first squeeze board is reduced. As a result,
as compared with a case where the spacer member is
not provided, the mold with a low height is formed. As
described above, the mold height changing unit can
change the mold height.
[0024] In an embodiment, a material of the spacer
member may be a resin. In such a configuration, the spac-
er member that is hardly deformed and is easily attached
is provided.
[0025] In an embodiment, the spacer member may be
fixed to the first squeeze board by a screw. The spacer
member is fixable by the screw, which enables a worker
to easily adjust the mold height.
[0026] In an embodiment, the spacer member may be
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fixed to the first squeeze board with use of a liner attach-
ment screw hole provided in the first squeeze board. In
such a configuration, the worker can attach the spacer
member without modifying the flaskless molding ma-
chine.
[0027] In an embodiment, the flaskless molding ma-
chine may include an input unit connected to the control
unit. The input unit allows for selection of one of a first
mode in which a mold is formed without limiting the stroke
length of the filling frame cylinder and a second mode in
which a mold is formed while the stroke length of the
filling frame cylinder is limited by the stopper. In such a
configuration, the input unit can receive mode switching
operation by the worker.
[0028] In an embodiment, in the second mode, the
mold may be formed by further using a spacer member
attached to a principle surface of the first squeeze board
facing the match plate. As described above, in the second
mode, thicknesses of both of the upper mold and the
lower mold may be reduced.
[0029] A flaskless molding machine according to still
another aspect of the present disclosure includes an up-
per flask, a lower flask capable of clamping a match plate
with the upper flask, a filling frame connectable to the
lower flask, a first squeeze board movable into and out
from the upper flask, a second squeeze board movable
into and out from the filling frame, a filling frame cylinder
moving the filling frame relative to the second squeeze
board, a squeeze cylinder integrally moving the filling
frame, the second squeeze board, and the filling frame
cylinder, a control unit configured to control the filling
frame cylinder and the squeeze cylinder, a first position
detection sensor connected to the control unit and de-
tecting that the filling frame cylinder has been expanded
to a first length, and a second position detection sensor
connected to the control unit and detecting that the filling
frame cylinder has been expanded to a second length
shorter than the first length. The control unit is configured
to switch a mode between a first operation mode in which
the filling frame cylinder is operated to be expanded up
to the first length based on a result detected by the first
position detection sensor and a second operation mode
in which the filling frame cylinder is operated to be ex-
panded up to the second length based on a result de-
tected by the second position detection sensor.
[0030] In the flaskless molding machine, the first posi-
tion detection sensor detects that the filling frame cylinder
has been expanded to the first length, and the second
position detection sensor detects that the filling frame
cylinder has been expanded to the second length. Fur-
ther, the control unit switches the mode between the first
mode in which the filling frame cylinder is operated to be
expanded up to the first length and the second mode in
which the filling frame cylinder is operated to be expand-
ed up to the second length. As described above, the flask-
less molding machine can change the mold height with
use of the position detection sensors.
[0031] According to still another aspect of the present

disclosure, a mold height changing method for a flaskless
molding machine is provided. The flaskless molding ma-
chine includes an upper flask, a lower flask capable of
clamping a match plate with the upper flask, a filling frame
connectable to the lower flask, a first squeeze board mov-
able into and out from the upper flask, a second squeeze
board movable into and out from the filling frame, a first
filling frame cylinder moving the filling frame relative to
the second squeeze board, and a squeeze cylinder inte-
grally moving the filling frame, the second squeeze
board, and the filling frame cylinder. The mold height
changing method includes preparing a second filling
frame cylinder having a stroke length different from a
stroke length of the first filling frame cylinder, and replac-
ing the first filling frame cylinder with the second filling
frame cylinder.
[0032] In this method, the second filling frame cylinder
that has the stroke length different from the stroke length
of the first filling frame cylinder is previously prepared.
Further, the mold height can be changed by replacing
the first filling frame cylinder with the second filling frame
cylinder.
[0033] According to still another aspect of the present
disclosure, a mold height changing method for a flaskless
molding machine is provided. The flaskless molding ma-
chine includes an upper flask, a lower flask capable of
clamping a match plate with the upper flask, a filling frame
connectable to the lower flask, a first squeeze board mov-
able into and out from the upper flask, a second squeeze
board movable into and out from the filling frame, a first
filling frame cylinder moving the filling frame relative to
the second squeeze board, and a squeeze cylinder inte-
grally moving the filling frame, the second squeeze
board, and the filling frame cylinder. The mold height
changing method includes any one of attaching a spacer
member on a principle surface of the first squeeze board
facing the match plate, attaching a spacer member on a
principle surface on side opposed to the principle surface
of the first squeeze board facing the match plate, and
replacing the first squeeze board with a third squeeze
board having a thickness different from a thickness of
the first squeeze board.
[0034] In this method, the mold height can be changed
by attaching the spacer member on the first squeeze
board or by replacing the first squeeze board with the
third squeeze board that has the thickness different from
the thickness of the first squeeze board.

Advantageous Effects of Invention

[0035] According to the various aspects and embodi-
ments of the present disclosure, the mold height chang-
ing unit, the flaskless molding machine, and the mold
height changing method that each can change the mold
height are provided.
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Brief Description of Drawings

[0036]

[Figure 1] Figure 1 is a front view illustrating an ex-
ample of a flaskless molding machine according to
an embodiment.
[Figure 2] Figure 2 is a side view illustrating the ma-
chine in Figure 1.
[Figure 3] Figure 3 is a schematic enlarged view il-
lustrating a vicinity of a lower squeeze board of the
machine in Figure 1.
[Figure 4] Figure 4 is a schematic enlarged view il-
lustrating a vicinity of an upper flask cylinder of the
machine in Figure 1.
[Figure 5] Figure 5 is a block diagram illustrating an
electric system and a pneumatic-hydraulic system
of the machine in Figure 1.
[Figure 6] Figure 6 is a pneumatic-hydraulic circuit
diagram of a flask set squeeze cylinder driving mech-
anism of the machine in Figure 1.
[Figure 7] Figure 7 is a flowchart illustrating a molding
method.
[Figure 8] Figure 8 is a diagram illustrating a state
where a pattern shuttling-in step in the molding meth-
od has ended.
[Figure 9] Figure 9 is a diagram illustrating a state
where a sand filling step in the molding method has
ended.
[Figure 10] Figure 10 is a diagram illustrating a state
where a squeezing step in the molding method has
ended.
[Figure 11] Figure 11 is a diagram illustrating a state
where a mold removing (drawing) step in the molding
method has ended.
[Figure 12] Figure 12 is a diagram illustrating a state
where a pattern shuttling-out step in the molding
method has ended.
[Figure 13] Figure 13 is a diagram illustrating a state
where a mold mating step in the molding method has
ended.
[Figure 14] Figure 14 is a diagram illustrating a state
where an upper mold is drawn from an upper flask
in a flask stripping-off step in the molding method.
[Figure 15] Figure 15 is a diagram illustrating a state
where the flask stripping-off step in the molding
method has ended.
[Figure 16] Figure 16 is a diagram illustrating an ex-
ample of an attachment position of a spacer member
according to the embodiment.
[Figure 17] Figure 17 is a diagram illustrating an ex-
ample of an attachment position of a stopper accord-
ing to the embodiment.
[Figure 18] Figure 18 is a diagram illustrating an ex-
ample of the attachment position of the stopper ac-
cording to the embodiment.
[Figure 19] Figure 19 is a diagram illustrating a height
of a molding space changed by the stopper accord-

ing to the embodiment.
[Figure 20] Figure 20 is a diagram illustrating another
example of the stopper according to the embodi-
ment.
[Figure 21] Figure 21 is a top view illustrating an ex-
ample of a position detection sensor.
[Figure 22] Figure 22 is a side view illustrating an
example of the position detection sensor.
[Figure 23] Figure 23 is a diagram illustrating a state
where the sand filling step has ended in a case where
the height of the molding space is changed.
[Figure 24] Figure 24 is a diagram illustrating a meth-
od of changing the height of the molding space.
[Figure 25] Figure 25 is a diagram illustrating another
example of the stopper according to the embodi-
ment.

Description of Embodiments

[0037] An embodiment will be described below with
reference to accompanying drawings. Note that identical
or equivalent parts are denoted by the same reference
numerals in the accompanying drawings, and over-
lapped description is omitted. In the following, a horizon-
tal direction corresponds to a direction of an X axis and
a Y axis, and a vertical direction (top-bottom direction)
corresponds to a direction of a Z axis.

[Overview of Flaskless Molding Machine]

[0038] Figure 1 is a front view illustrating an example
of a flaskless molding machine according to the embod-
iment. A flaskless molding machine 100 is a molding ma-
chine that forms a flaskless upper mold and a flaskless
lower mold. As illustrated in Figure 1, the flaskless mold-
ing machine 100 includes a molding unit 100A that forms
a mold consisting of an upper mold and a lower mold, a
lower flask advance/retract driving unit 100B that advanc-
es and retracts the lower flask to/from the molding unit
100A, a mold pushing unit 100C that pushes out the mold
formed by the molding unit 100A to outside, and a mold-
ing-sand supply unit 100D that supplies molding sand to
the molding unit 100A.
[0039] A box-shaped upper flask and a filling frame
that are operable in the top-bottom direction (Z-axis di-
rection) are disposed in the molding unit 100A. The lower
flask advance/retract driving unit 100B introduces a
match plate on which a model is disposed and the lower
flask, into a space between the upper flask and the filling
frame of the molding unit 100A. The upper flask, the lower
flask, and the filling frame of the molding unit 100A are
moved to be close to one another, and the upper flask
and the lower flask clamp the match plate. The molding-
sand supply unit 100D fills the upper flask, the lower flask,
and the filling frame with the molding sand. The molding
sand filled in the upper flask, the lower flask, and the
filling frame is pressurized in the top-bottom direction by
a squeezing mechanism provided in the molding unit
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100A. As a result, the upper mold and the lower mold are
formed at the same time. Thereafter, the upper mold is
drawn from the upper flask, the lower mold is drawn from
the lower flask and the filling frame, and the upper mold
and the lower mold are conveyed to the outside of the
machine by the mold pushing unit 100C. The flaskless
molding machine 100 forms the flaskless upper mold and
the flaskless lower mold in the above-described manner.

[Molding Unit 100A]

[0040] Figure 2 is a side view illustrating the machine
in Figure 1. As illustrated in Figures 1 and 2, the flaskless
molding machine 100 includes a portal frame 1. The por-
tal frame 1 is formed by integrally coupling a lower base
frame 1a and an upper frame 1b with columns 1c located
therebetween at four corners in a plan view. A position
surrounded by the columns 1c is also referred to as a
"molding position".
[0041] Figure 3 is a schematic enlarged view illustrat-
ing a vicinity of a lower squeeze board of the machine
illustrated in Figure 1. As illustrated in Figure 3, a flask
set squeeze cylinder 2 (example of squeeze cylinder) is
attached to be directed upward at a center part on a top
surface of the lower base frame 1a. A lower squeeze
board 4 (example of second squeeze board) is attached
at a front end of a piston rod 2a of the flask set squeeze
cylinder 2 with an upper end part 3a of a lower squeeze
frame 3 located therebetween. The lower squeeze board
4 is a plate member that is configured to be movable into
and out from a lower filling frame, and seals and squeez-
es the molding sand filled in a lower molding space of
the lower flask and the filling frame. A main body portion
2b of the flask set squeeze cylinder 2 is inserted into an
insertion hole 3c that is provided at a center of a lower
end part 3b of the lower squeeze frame 3. Sliding bushes
(not illustrated) each having a height of 10 mm or more
may be provided at respective four corners of a plane of
the lower base frame 1a to maintain a horizontal state of
the lower squeeze frame 3.
[0042] Four lower filling frame cylinders 5 are vertically
attached to the lower end part 3b of the lower squeeze
frame 3 in such a way as to surround the flask set squeeze
cylinder 2. The lower filling frame cylinders 5 move the
lower filling frame 6 relative to the lower squeeze board
4. As an example, each of the lower filling frame cylinders
5 is an air cylinder. Each of the lower filling frame cylinders
5 may be a hydraulic cylinder or an electric cylinder. Pis-
ton rods 5a on upper side of the respective lower filling
frame cylinders 5 pass through, for example, respective
insertion holes 3d provided at the lower end part 3b of
the lower squeeze frame 3, and the lower filling frame 6
(example of filling frame) is attached to front ends of the
respective piston rods 5a. The lower filling frame 6 is a
box-shaped frame having an open upper end and an
open lower end, and the lower end is connectable to a
lower end of the lower flask described below.
[0043] An inner surface 6a of the lower filling frame 6

is formed in a tapered shape such that an internal space
of the lower filling frame 6 becomes narrow as it goes
downward. The lower squeeze board 4 can be fitted into
the lower filling frame 6 while maintaining an airtight state.
A molding-sand introduction hole 6c is provided in a side-
wall part 6b of the lower filling frame 6. Positioning pins
7 are provided on a top surface of the lower filling frame 6.
[0044] As described above, the lower squeeze board
4 is attached to the front end of the piston rod 2a of the
flask set squeeze cylinder 2 with the upper end part 3a
of the lower squeeze frame 3 located therebetween, the
lower filling frame cylinders 5 are attached to the lower
end part 3b of the lower squeeze frame 3, and the lower
filling frame 6 is attached to the front ends of the piston
rods 5a on the upper side of the respective lower filling
frame cylinders 5. Accordingly, the lower squeeze board
4, the lower squeeze frame 3, the lower filling frame cyl-
inders 5, and the lower filling frame 6 are integrally raised
or lowered at the same time when the piston rod 2a of
the flask set squeeze cylinder 2 is operated to expand
and contract.
[0045] Further, when the piston rods 5a on the upper
side of the respective lower filling frame cylinders 5 are
operated to expand and contract, the lower filling frame
6 is raised and lowered relative to the lower squeeze
board 4. As described above, the lower filling frame 6
can be raised and lowered independently of the lower
squeeze board 4 at the same time. In other words, only
the lower filling frame 6 can be raised and lowered by
the lower filling frame cylinders 5 independently of the
lower squeeze board 4, and the lower filling frame 6 can
be raised and lowered with the lower squeeze board 4
at the same time when the lower squeeze board 4 is
raised and lowered by the flask set squeeze cylinder 2.
[0046] Note that an original position (initial position) of
the lower filling frame 6 that is vertically movable is a
lowered end. In other words, when the lower squeeze
board 4 is moved upward relative to the lower filling frame
6 that is moved upward, the lower squeeze board 4 is
moved to a predetermined position inside the lower filling
frame 6, and forms a molding space (sand filling space)
with the lower flask 23. The lower squeeze board 4 is
moved upward relative to the lower filling frame 6, thereby
performing squeezing operation and returning to the orig-
inal position.
[0047] Figure 4 is a schematic enlarged view illustrat-
ing a vicinity of an upper flask cylinder of the machine
illustrated in Figure 1. As illustrated in Figure 4, an upper
squeeze board 8 (example of first squeeze board) is pro-
vided and fixed to a bottom surface of the upper frame
1b, and the upper squeeze board 8 is located at a position
facing the lower squeeze board 4 from above. The upper
squeeze board 8 is a plate member that is configured to
be movable into and out from the upper flask and seals
and squeezes the molding sand filled in an upper molding
space of the upper flask. An upper flask cylinder 9 con-
sisting of an air cylinder is fixed to the upper frame 1b to
be directed downward. An upper flask 10 is attached to
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a front end of a piston rod 9a of the upper flask cylinder
9. The upper flask 10 is a box-shaped flask having an
open upper end and an open lower end.
[0048] An inner surface 10a of the upper flask 10 is
formed in a tapered shape such that an internal space
of the upper flask 10 becomes wide as it goes downward.
The upper squeeze board 8 can be fitted into the upper
flask 10 while maintaining an airtight state. A molding-
sand introduction hole 10c is provided in a side-wall part
10b of the upper flask 10.
[0049] As illustrated in Figure 1 and Figure 2, a space
S to which the lower flask 23 described below can enter
and in which the entered lower flask 23 can be raised
and lowered is provided at an intermediate position be-
tween the upper squeeze board 8 and the lower squeeze
board 4. Paired travelling rails 11 that extend in parallel
in a lateral direction (lateral direction is defined based on
state illustrated in Figure 1, same hereinafter) on the
same horizontal plane are laid inside the columns 1c.

[Lower flask Advance/Retract Driving Unit 100B]

[0050] As illustrated in Figure 1, the lower flask ad-
vance/retract driving unit 100B is disposed on side (neg-
ative X direction in embodiment illustrated in Figure 1) of
the columns 1c.
[0051] The lower flask advance/retract driving unit
100B includes a pattern shuttle cylinder 21. The pattern
shuttle cylinder 21 is a cylinder that advances and retracts
the match plate including patterns on a top side and a
bottom side to the molding position and a standby posi-
tion. A master plate 22 is horizontally attached to a front
end of a piston rod 21a of the pattern shuttle cylinder 21.
The master plate 22 is attached to the front end of the
piston rod 21a in such a way as to be separable upward
from the front end of the piston rod 21a.
[0052] The lower flask 23 is attached to a bottom sur-
face of the master plate 22. The lower flask 23 is a box-
shaped flask that can clamp the match plate with the
upper flask, and has an open upper end and an open
lower end. A match plate 24 including a model on each
of a top surface and a bottom surface is attached to a
top surface of the master plate 22. The match plate 24
is a plate member including models on respective sur-
faces of a pattern plate.
[0053] The master plate 22 includes roller arms 22a
that are vertically provided at respective four corners of
the plane. Flanged rollers 22b and 22c are respectively
provided at an upper end and a lower end of each of the
roller arms 22a.
[0054] When the piston rod 21a of the pattern shuttle
cylinder 21 is in a retracted state, the four flanged rollers
22c on the lower side come into contact with paired guide
rails 25 to be rollable along the paired guide rails 25. The
paired guide rails 25 extend in parallel in the lateral di-
rection (X direction) on the same horizontal plane. When
the above-described piston rod 21a is put into the ad-
vanced state, the flanged rollers 22c are separated from

the paired guide rails 25 and are moved inside the col-
umns 1c.
[0055] The four flanged rollers 22b on the upper side
are configured such that only the two flanged rollers 22b
on right side are placed on left end parts of the paired
travelling rails 11 extending from the columns 1c when
the piston rod 21a of the pattern shuttle cylinder 21 is in
the retracted state, and the two flanged rollers 22b on
left side are also placed on the paired travelling rails 11
when the piston rod 21a is put into the advanced state.

[Mold Pushing Unit 100C]

[0056] As illustrated in Figure 1, the mold pushing unit
100C is disposed on a side (negative X direction in em-
bodiment illustrated in Figure 1) of the columns 1c. The
mold pushing unit 100C includes a mold pushing cylinder
31. The mold pushing cylinder 31 is a cylinder that pushes
out the formed upper mold and the formed lower mold to
the outside of the machine. A pushing plate 32 is coupled
to a front end of a piston rod 31a of the mold pushing
cylinder 31.

[Molding-Sand Supply Unit 100D]

[0057] As illustrated in Figure 1 and Figure 2, the mold-
ing-sand supply unit 100D is disposed on the upper frame
1b. The molding-sand supply unit 100D includes a mold-
ing-sand supply port 41, a sand gate 42 that opens and
closes the molding-sand supply port 41, and an aeration
tank 43 disposed below the sand gate 42. A front end of
the aeration tank 43 is bifurcated in the top-bottom direc-
tion to configure sand introduction holes 43a (Figure 8).

[Electric System and Pneumatic-Hydraulic System]

[0058] Figure 5 is a block diagram illustrating an elec-
tric system and a pneumatic-hydraulic system of the ma-
chine in Figure 1. As illustrated in Figure 5, the electric
system of the flaskless molding machine 100 includes a
sequencer 200 (example of control unit), and the electric
system is formed by electrically connecting a touch panel
300 (Figure 1 and Figure 2, example of input unit), sole-
noid valves SV1, SV2, SV3, SV5, SV6, SV7, and SV8,
and a cut valve CV to the sequencer 200. Further, various
kinds of sensors 201 are electrically connected to the
sequencer 200. Examples of the various kinds of sensors
201 include a sensor that detects a return end (retract
end) of the mold pushing cylinder, a pressure switch PS
described below, a pressure switch that monitors wheth-
er pressure of supplied compressed air is equal to or
higher than prescribed pressure, a reed switch or a prox-
imity switch that checks an advance end and a return
end of each of the cylinders, and a proximity switch that
monitors a thickness of the mold to prevent it from being
lower than a prescribed thickness in squeezing.
[0059] The solenoid valves SV1, SV2, and SV3 and
the cut valve CV are components of a flask set squeeze
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cylinder driving mechanism 400 illustrated in Figure 6,
and are described below. The solenoid valve SV5 feeds
and exhausts compressed air to/from the mold pushing
cylinder 31 to advance and retract the piston rod 31a.
The solenoid valve SV6 feeds and exhausts compressed
air to/from the pattern shuttle cylinder 21 to advance and
retract the piston rod 21a. The solenoid valve SV7 feeds
and exhausts compressed air to/from the upper flask cyl-
inder 9 to advance (lower) and retract (raise) the piston
rod 9a. The solenoid valve SV8 feeds and exhausts com-
pressed air to/from the lower filling frame cylinders 5 to
advance (raise) and retract (lower) the piston rods 5a.

[Flask Set Squeeze Cylinder Driving Mechanism]

[0060] Figure 6 is a pneumatic-hydraulic circuit dia-
gram of the flask set squeeze cylinder driving mechanism
of the machine in Figure 1. As illustrated in Figure 6, the
flask set squeeze cylinder driving mechanism 400 in-
cludes a compressed air source 401, an oil tank 402, and
a booster cylinder 403, and is driven by air-on-oil driving
derived from a composite circuit including a pneumatic
circuit 404 and a hydraulic circuit 405. The air-on-oil driv-
ing is driving by a pneumatic-hydraulic composite func-
tion to transform pneumatic pressure into hydraulic pres-
sure to be used. In the air-on-oil driving, only a com-
pressed air source is used without using a dedicated hy-
draulic unit using a hydraulic pump.

(Pneumatic Circuit 404)

[0061] The oil tank 402 includes a pneumatic chamber
402a on an upper part, and the pneumatic chamber 402a
communicates with one of the compressed air source
401 and the atmosphere (silencer 406) through a valve
(first valve) V1 that is controlled in two positions in con-
junction with the solenoid valve (first solenoid valve) SV1.
During non-energization, the solenoid valve SV1 makes
a control port of the valve V1 communicate with a silencer
407 to maintain the valve V1 in a non-operation state,
and makes the pneumatic chamber 402a of the oil tank
402 communicate with the silencer 406 to maintain at-
mospheric pressure inside the pneumatic chamber 402a.
Further, during energization, the solenoid valve SV1
makes the control port of the valve V1 communicate with
the compressed air source 401 to maintain the valve V1
in an operation state, and makes the pneumatic chamber
402a of the oil tank 402 communicate with the com-
pressed air source 401 to supply the compressed air into
the pneumatic chamber 402a.
[0062] The booster cylinder 403 is a booster cylinder
using Pascal’s principle, and has a pneumatic-hydraulic
composite function to transform low pneumatic pressure
into high hydraulic pressure to be used. In the air-on-oil
driving, a hydraulic pump is unnecessary and only the
pneumatic source is used. The booster cylinder 403 in-
cludes a cylinder portion 403a and a piston portion 403b.
The cylinder portion 403a includes an upper pneumatic

chamber 403c and a lower hydraulic chamber 403d, and
an area ratio of a cross-sectional area of the pneumatic
chamber 403c and a cross-sectional area of the hydraulic
chamber 403d is set to a large value, for example, 10:1.
The piston portion 403b is disposed in the pneumatic
chamber 403c of the cylinder portion 403a, and includes
a large-diameter piston portion 403g and a small-diam-
eter piston portion 403h. The large-diameter piston por-
tion 403g divides the pneumatic chamber 403c into an
upper pneumatic chamber 403e and a lower pneumatic
chamber 403f. The small-diameter piston portion 403h
extends downward from the large-diameter piston por-
tion 403g and has a front end part that is disposed in the
hydraulic chamber 403d. In the case where the above-
described area ratio is set to 10:1, the booster cylinder
403 generates hydraulic pressure ten times greater than
the compressed air pressure.
[0063] The upper pneumatic chamber 403e of the
booster cylinder 403 communicates with one of the com-
pressed air source 401 and the atmosphere (silencer
408) through a valve (second valve) V2a that is controlled
in two positions in conjunction with the solenoid valve
(second solenoid valve) SV2. During non-energization,
the solenoid valve SV2 makes a control port of the valve
V2 communicate with the silencer 407 to maintain the
valve V2a in a non-operation state, and makes the upper
pneumatic chamber 403e of the booster cylinder 403
communicate with the silencer 408 to maintain atmos-
pheric pressure inside the upper pneumatic chamber
403e. Further, during energization, the solenoid valve
SV2 makes the control port of the valve V2a communi-
cate with the compressed air source 401 to maintain the
valve V2a in an operation state, and makes the upper
pneumatic chamber 403e communicate with the com-
pressed air source 401 to supply the compressed air into
the upper pneumatic chamber 403e. A regulator 409 is
disposed in a pneumatic piping between the compressed
air source 401 and the valve V2a.
[0064] The lower pneumatic chamber 403f of the
booster cylinder 403 communicates with one of the com-
pressed air source 401 and the atmosphere (silencer
410) through a valve V2b that is controlled in two posi-
tions in conjunction with the solenoid valve SV2. During
non-energization, the solenoid valve SV2 makes a con-
trol port of the valve V2b communicate with the com-
pressed air source 401 to maintain the valve V2b in an
operation state, and makes the lower pneumatic cham-
ber 403f of the booster cylinder 403 communicate with
the compressed air source 401 to supply the compressed
air into the lower pneumatic chamber 403f. Further, dur-
ing energization, the solenoid valve SV2 makes the con-
trol port of the valve V2b communicate with a silencer
411 to maintain the valve V2a in a non-operation state,
and makes the lower pneumatic chamber 403f commu-
nicate with the silencer 410 to maintain atmospheric pres-
sure inside the lower pneumatic chamber 403f.
[0065] The flask set squeeze cylinder 2 includes the
main body portion (cylinder portion) 2b, a piston 2c dis-
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posed inside the main body portion 2b, and the piston
rod 2a that extends upward from the piston 2c. As de-
scribed above, the lower squeeze board 4 is coupled to
the front end of the piston rod 2a. The main body portion
2b includes an upper pneumatic chamber 2d and a lower
hydraulic chamber 2e, and the piston 2c partitions the
pneumatic chamber 2d and the hydraulic chamber 2e.
[0066] The pneumatic chamber 2d of the flask set
squeeze cylinder 2 communicates with one of the com-
pressed air source 401 and the atmosphere (silencer
407) through the solenoid valve (third solenoid valve) V3.
During non-energization, the solenoid valve SV3 makes
the pneumatic chamber 2d communicate with the silenc-
er 407 to maintain atmospheric pressure inside the pneu-
matic chamber 2d. Further, during energization, the so-
lenoid valve SV3 makes the pneumatic chamber 2d com-
municate with the compressed air source 401 to supply
the compressed air into the pneumatic chamber 2d.

(Hydraulic Circuit 405)

[0067] The hydraulic circuit 405 has a configuration in
which the oil tank 402 and the hydraulic chamber 2e of
the flask set squeeze cylinder 2 fluidly communicate with
each other through a hydraulic piping 412, a speed con-
troller SC and the cut valve CV are disposed in a middle
of a hydraulic piping portion 412a on the oil tank 402 side,
the hydraulic piping portion 412b on the flask set squeeze
cylinder 2 side fluidly communicates with the hydraulic
chamber 403d of the booster cylinder 403, and the pres-
sure switch PS is disposed in a hydraulic piping portion
412b on the flask set squeeze cylinder 2 side. The pres-
sure switch PS monitors that pressure of hydraulic oil
402b inside the hydraulic piping portion 412b becomes
predetermined pressure.
[0068] During non-energization, the cut valve CV
maintains a shutoff state between the oil tank 402 and
the hydraulic chamber 2e of the flask set squeeze cylin-
der 2 and between the oil tank 402 and the hydraulic
chamber 403d of the booster cylinder 403. Further, dur-
ing energization, the cut valve CV is operated by the com-
pressed air pressure, and maintains a communication
state between the oil tank 402 and the hydraulic chamber
2e of the flask set squeeze cylinder 2 and between the
oil tank 402 and the hydraulic chamber 403d of the boost-
er cylinder 403.
[0069] Using the two-speed control cut valve that can
regulate the flow rate of the hydraulic oil as the cut valve
CV makes it possible to activate the flask set squeeze
cylinder 2 with high responsiveness at two speed of high
speed and low speed.

[Flaskless Molding Method]

[0070] Figure 7 is a flowchart illustrating a molding
method. As illustrated in a flowchart (A), the flaskless
molding method includes a series of steps including a
pattern shuttling-in step S1, a flask setting step S2, a

sand filling step S3, a squeezing step S4, a mold remov-
ing (drawing) step S5, a pattern shuttling-out step S6, a
mold mating step S7, a flask stripping-off step S8, and a
mold pushing step S9. First, operation of the flask set
squeeze cylinder driving mechanism 400 will be de-
scribed in association with the above-described steps.

(Beginning of Molding)

[0071] At the beginning of the molding, the solenoid
valves SV1 and SV2 are both maintained in the non-
energized state, and the solenoid valve SV3 and the cut
valve CV are both maintained in the energized state.
Since the solenoid valve SV3 is in the energized state,
the piston 2c and the piston rod 2a of the flask set
squeeze cylinder 2 are located at a lower end (lowered
end) and the lower squeeze board 4 is held at the lower
end (lowered end). Since the cut valve CV is in the en-
ergized state, the cut valve CV maintains the fluid com-
munication state between the oil tank 402 and the hy-
draulic chamber 2e of the flask set squeeze cylinder 2
and between the oil tank 402 and the hydraulic chamber
403d of the booster cylinder 403.

(Pattern Shuttling-In Step S1)

[0072] In the pattern shuttling-in step S1, the solenoid
valves SV1 and SV2 are both maintained in the non-
energized state, and the solenoid valve SV3 and the cut
valve CV are both maintained in the energized state, sim-
ilarly to the beginning of the molding.

(Flask Setting Step S2)

[0073] In the flask setting step S2, the energization to
the solenoid valve SV1 is started and the energization to
the solenoid valve SV3 is stopped. When the energiza-
tion to the solenoid valve SV1 is started and the ener-
gization to the solenoid valve SV3 is stopped, the hy-
draulic oil 402b supplied to the hydraulic chamber 2e of
the flask set squeeze cylinder 2 raises the piston 2c, the
lower squeeze board 4 is raised via the piston rod 2a,
and the flask is set.

(Squeezing Step S4)

[0074] In the squeezing step S4, the energization to
the solenoid valve SV1 and the cut valve CV is stopped,
and the energization to the solenoid valve SV2 is started.
When the energization to the solenoid valve SV2 is start-
ed, the compressed air supplied into the upper pneumatic
chamber 403e of the booster cylinder 403 depresses the
large-diameter piston portion 403g. The small-diameter
piston portion 403h extrudes the hydraulic oil 402b inside
the hydraulic chamber 403d along with lowering of the
large-diameter piston portion 403g. The extruded hy-
draulic oil 402b is supplied to the hydraulic chamber 2e
of the flask set squeeze cylinder 2. Accordingly, the lower
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squeeze board 4 is raised, and the squeezing step is
performed. Note that the squeezing step S4 is completed
when the pressure switch PS detects that the pressure
of the hydraulic oil 402b becomes the predetermined
pressure.

(Mold Removing (Drawing) step S5)

[0075] In the mold removing (drawing) step S5, the en-
ergization to the solenoid valve SV2 is stopped, and the
energization to the solenoid valve SV3 and the cut valve
CV is started. When the energization to the solenoid valve
SV2 is stopped, the piston portion 403b is raised to an
upper end (raised end). When the energization to the cut
valve CV is started, the path between the oil tank 402
and the hydraulic chamber 2e of the flask set squeeze
cylinder 2 and the path between the oil tank 402 and the
hydraulic chamber 403d of the booster cylinder 403 are
returned to the fluid communication state.
[0076] When the energization to the solenoid valve
SV2 is stopped and the energization to the solenoid valve
SV3 and the cut valve CV is started, the piston 2c of the
flask set squeeze cylinder 2 is depressed by the com-
pressed air pressure. As a result, the hydraulic oil 402b
inside the hydraulic chamber 2e is extruded. The extrud-
ed hydraulic oil 402b is returned into the hydraulic cham-
ber 403d of the booster cylinder 403 and the oil tank 402.
Accordingly, the piston 2c of the flask set squeeze cylin-
der 2 is lowered, and the piston portion 403b of the boost-
er cylinder 403 is raised.

(Mold Mating Step S7)

[0077] In the mold mating step S7, first, the energiza-
tion to the solenoid valve SV1 is started and the ener-
gization to the solenoid valve SV3 is stopped, similar to
the flask setting step S2. In this state, the hydraulic oil
402b inside the oil tank 402 receives depressing force
by the compressed air supplied into the pneumatic cham-
ber 402a, is extruded from the oil tank 402, and is supplied
to the hydraulic chamber 2e of the flask set squeeze cyl-
inder 2 through the speed controller SC and the cut valve
CV. Accordingly, the piston 2c of the flask set squeeze
cylinder 2 is raised.

(Flask Stripping-Off Step S8)

[0078] In the flask stripping-off step S8, the energiza-
tion to the solenoid valve SV1 is stopped, and the ener-
gization to the solenoid valve SV3 is started. When the
energization to the solenoid valve SV3 is started, the
pneumatic chamber 2d of the flask set squeeze cylinder
2 communicates with the compressed air source 401,
and the compressed air is supplied into the pneumatic
chamber 2d. As a result, the piston 2c of the flask set
squeeze cylinder 2 is depressed by the compressed air
pressure. Therefore, the hydraulic oil 402b inside the hy-
draulic chamber 2e is extruded. The extruded hydraulic

oil 402b is returned into the oil tank 402. As a result, the
piston 2c of the flask set squeeze cylinder 2 is lowered.
[0079] The series of the steps in the flaskless molding
method according to the embodiment will be described
below in order of steps. A flowchart (B) illustrates oper-
ation of the cylinder in each of the steps.

(Beginning of Molding (Figure 1 to Figure 4))

[0080] At the beginning of the molding, the piston rod
2a of the flask set squeeze cylinder 2 is located at the
retract end and the lower squeeze board 4 is located at
the lowered end in the molding unit 100A. Further, the
piston rods 5a on the upper side of the respective lower
filling frame cylinders 5 are located at the respective re-
tract ends, and the lower filling frame 6 is located at the
lowered end. Furthermore, the piston rod 9a of the upper
flask cylinder 9 is located at the advance end, and the
upper flask 10 is located at the lowered end.
[0081] In the lower flask advance/retract driving unit
100B, the piston rod 21a of the pattern shuttle cylinder
21 is located at the retract end, and the master plate 22,
the lower flask 23, and the match plate 24 are located at
the respective retract ends.
[0082] In the mold pushing unit 100C, the piston rod
31a of the mold pushing cylinder 31 is located at the
retract end, and the pushing plate 32 is located at the
retract end.
[0083] In the molding-sand supply unit 100D, the aer-
ation tank 43 is filled with the molding sand 51 (Figure
8). Although the type of the molding sand 51 is not limited,
the molding sand 51 is, for example, green sand using
bentonite as a binder.

(Pattern Shuttling-In Step S1 (Figure 2 and Figure 8))

[0084] In the pattern shuttling-in step S1, the piston rod
21a of the pattern shuttle cylinder 21 is advanced. When
the piston rod 21a is advanced, the master plate 22 is
accordingly advanced, the two flanged rollers 22b on the
left side among the four flanged rollers 22b on the upper
side are placed on the paired travelling rails 11, and the
four flanged rollers 22c on the lower side are separated
from the paired guide rails 25. When the piston rod 21a
is advanced to the advance end, the master plate 22, the
lower flask 23, and the match plate 24 are set to respec-
tive predetermined positions inside the columns 1c of the
molding unit 100A. Figure 8 is a diagram illustrating a
state where the pattern shuttling-in step in the molding
method has ended.

(Flask Setting Step S2 (Figure 9))

[0085] In the flask setting step S2, the piston rod 2a of
the flask set squeeze cylinder 2 is advanced to raise the
lower squeeze board 4, and the lower filling frame cylin-
ders 5 are advanced to raise the lower filling frame 6.
The positioning pins 7 of the lower filling frame 6 are
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inserted into respective positioning holes (not illustrated)
of the lower flask 23 to overlap the lower filling frame 6
with the bottom surface of the lower flask 23. As a result,
a lower mold space that is sealed by the lower squeeze
board 4, the lower filling frame 6, the lower flask 23, and
the match plate 24 is defined. At this time, since the lower
squeeze board 4 and the lower squeeze frame 3 are in-
tegrated, raising and lowering the flask set squeeze cyl-
inder 2 enables the lower squeeze frame 3 to be raised
and lowered together with the lower squeeze board 4.
[0086] Next, the lower squeeze frame 3 and the lower
squeeze board 4 are integrally raised, the positioning
pins 7 are inserted into the bottom surface of the upper
flask 10 to overlap the lower flask 23 with the bottom
surface of the upper flask 10 with the match plate 24 and
the master plate 22 located therebetween. As a result,
an upper mold space that is sealed by the upper squeeze
board 8, the upper flask 10, and the match plate 24 is
formed. The advancing power of the flask set squeeze
cylinder 2 at this time is only required for the weight of
the object to be raised. Thus, the relatively low-pressure
cylinder can be adopted. Note that, when the upper mold
space is formed, the piston rod 2a of the flask set squeeze
cylinder 2 has not reached the advance end (raised end).
[0087] When the upper mold space is formed, the
molding-sand introduction hole 6c of the lower filling
frame 6 is aligned with the lower sand introduction hole
43a of the aeration tank 43. Figure 9 is a diagram illus-
trating a state where the sand filling step in the molding
method has ended. Figure 9 illustrates a state where the
upper mold space and the lower mold space are filled
with the molding sand 51; however, the flask setting step
S2 corresponds to a state before the molding sand 51 is
filled.

(Sand Filling Step S3 (Figure 9))

[0088] In the sand filling step S3, in the molding-sand
supply unit 100D, the sand gate 42 (Figure 2) is closed,
and the compressed air is supplied into the aeration tank
43. The molding sand 51 inside the aeration tank 43 is
introduced, by the compressed air pressure, into the low-
er mold space through the lower sand introduction hole
43a and the molding-sand introduction hole 6c of the low-
er filling frame 6. In addition, the molding sand 51 is in-
troduced, by the compressed air pressure, into the upper
mold space through the upper sand introduction hole 43a
and the molding-sand introduction hole 10c of the upper
flask 10. In the sand filling step S3, only the compressed
air is exhausted to the outside from an exhaust holes (not
illustrated) provided on side walls of the upper flask 10
and the lower flask 23.

(Squeezing Step S4 (Figure 10))

[0089] In the squeezing step S4, the piston rod 2a of
the flask set squeeze cylinder 2 is further advanced, and
molding sand 52 inside the upper mold space and mold-

ing sand 53 inside the lower mold space are pressed and
squeezed by the upper squeeze board 8 and the lower
squeeze board 4. In the squeezing step S4, the lower
filling frame 6, the lower flask 23, the match plate 24, and
the upper flask 10 are also raised along with the lower
squeeze board 4. An upper mold 54 and a lower mold
55 are formed by the squeezing step S4. Figure 10 is a
diagram illustrating a state where the squeezing step in
the molding method has ended.
[0090] When the squeezing is performed, the booster
cylinder 403 (Figure 6) is lowered to supply the high-
pressure hydraulic oil to the flask set squeeze cylinder
2, and the upper and lower molds with predetermined
hardness are formed. After the squeezing is started, the
pressure switch PS (Figure 6) determines timing when
lowering of the booster cylinder 403 is stopped. It is pref-
erable that pressure when the pressure boosting (lower-
ing) of the booster cylinder 403 is stopped be set within
a range from 0.1 MPa to 21 MPa. When the pressure
exceeds 21 MPa, it is necessary to use the device with-
standing pressure of 21 MPa or higher, which increases
the cost. In contract, when the pressure is lower than 0.1
MPa, hardness to form a mold is not obtainable.
[0091] Note that, in the present embodiment, the
booster cylinder 403 is lowered and the flask set squeeze
cylinder 2 is activated at high pressure from the beginning
of the squeezing step; however, the flask set squeeze
cylinder 2 may be advanced (raised) at low pressure
while the booster cylinder 403 is stopped at the beginning
of the squeezing step, and the booster cylinder 403 may
be then activated. Beginning the squeezing step at low
pressure makes it possible to shorten a stroke of the flask
set squeeze cylinder 2 for squeezing at high pressure.
This allows for further downsizing of the booster cylinder.

(Mold Removing (Drawing) Step S5 (Figure 11))

[0092] In the mold removing (drawing) step S5, the pis-
ton rod 2a of the flask set squeeze cylinder 2 is retracted
to lower the lower squeeze board 4. The lower flask 23,
the match plate 24, the master plate 22, and the lower
filling frame 6 are also lowered along with the lower
squeeze board 4. In the middle of the lowering, the four
flanged rollers 22b on the upper side of the master plate
22 are placed on the paired travelling rails 11, the low-
ering of the master plate 22, the lower flask 23, and the
match plate 24 is stopped while the lower squeeze board
4 and the lower filling frame 6 are continuously lowered.
[0093] To retract the piston rod 2a of the flask set
squeeze cylinder 2, the pressure boosting (lowering) of
the booster cylinder 403 (Figure 6) is stopped, and the
booster cylinder 403 is raised and activated at low pres-
sure. Further, when the match plate is drawn from the
mold, the flask set squeeze cylinder 2 may be activated
at low speed in order to prevent a product surface of the
mold from collapsing. Figure 11 is a diagram illustrating
a state where the mold removing (drawing) step in the
molding method has ended.
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(Pattern Shuttling-Out Step S6 (Figure 12))

[0094] In the pattern shuttling-out step S6, the master
plate 22 is coupled to the front end of the piston rod 21a
of the pattern shuttle cylinder 21 when the four flanged
rollers 22b on the upper side of the master plate 22 are
placed on the paired travelling rails 11 in the mold re-
moving (drawing) step S5.
[0095] In the pattern shuttling-out step S6, the piston
rod 21a of the pattern shuttle cylinder 21 is retracted to
the retract end. When the piston rod 21a is retracted, the
four flanged rollers 22b on the lower side of the master
plate 22 are placed on the paired guide rails 25 and the
two flanged rollers 22b on the left side among the four
flanged rollers 22b on the upper side of the master plate
22 are separated from the paired travelling rails 11.
Thereafter, the master plate 22, the lower flask 23, and
the match plate 24 are returned to the respective retract
ends (respective original positions). After the pattern
shuttling-out step S6 ends, a core is settable inside the
columns 1c, and the core is set as necessary. The core
setting is not essential in the present disclosure. Figure
12 is a diagram illustrating a state where the pattern shut-
tling-out step in the molding method has ended.

(Mold Mating Step S7 (Figure 13))

[0096] In the mold mating step S7, the piston rod 2a
of the flask set squeeze cylinder 2 is advanced to raise
the lower squeeze board 4, thereby bringing the lower
mold 55 into close contact with a bottom surface of the
upper mold 54. At this time, the flask set squeeze cylinder
2 is advanced at low pressure while the booster cylinder
is stopped as with the flask setting step S2. Further, it is
preferable that the flask set squeeze cylinder 2 be moved
at low speed immediately before the upper mold 54 and
the lower mold 55 are brought into close contact with
each other, in order to prevent the molds from collapsing
due to impact of the contact. Figure 13 is a diagram il-
lustrating a state where the mold mating step in the mold-
ing method has ended.

(Flask Stripping-Off Step S8 (Figure 14 and Figure 15))

[0097] Figure 14 is a diagram illustrating a state where
the upper mold is drawn from the upper flask in the flask
stripping-off step in the molding method. In the flask strip-
ping-off step S8, as illustrated in Figure 14, the piston
rod 9a (Figure 4) of the upper flask cylinder 9 (Figure 4)
is retracted to raise the upper flask 10. Raising the upper
flask 10 causes the upper mold 54 to strip off the upper
flask 10. After stripping, the piston rod 9a of the upper
flask cylinder 9 is advanced to return the upper flask 10
to the lowered end (original position).
[0098] Subsequently, the piston rod 2a of the flask set
squeeze cylinder 2 is retracted to return the lower
squeeze board 4 to the lowered end (original position).
Further, the piston rods 5a on the upper side of the re-

spective lower filling frame cylinders 5 are retracted to
return the lower filling frame 6 to the lowered end (original
position). Figure 15 is a diagram illustrating a state where
the flask stripping-off step in the molding method has
ended.
[0099] At this time, the flask set squeeze cylinder 2 is
retracted at low pressure while the booster cylinder is
stopped, as with the mold mating step S7. Further, the
flask set squeeze cylinder 2 may be activated at low
speed immediately before the lowered end of the flask
set squeeze cylinder 2, in order to prevent impact from
being applied to the stripped mold.

(Mold Pushing-Out Step S9 (Figure 1))

[0100] In the mold pushing-out step S9, the piston rod
31a of the mold pushing cylinder 31 is advanced to ad-
vance the pushing plate 32, and the molds (upper mold
54 and lower mold 55) on the lower squeeze board 4 are
sent out to a conveyance line. Thereafter, the piston rod
31a of the mold pushing cylinder 31 is retracted and re-
turned to the original position.
[0101] Note that the power of the low-pressure activa-
tion to advance or to retract the flask set squeeze cylinder
2 in the flask setting step S2, the mold removing (drawing)
step S5, the mold mating step S7, and the flask stripping-
off step S8 described above may be set to a range from
0.1 MPa to 0.6 MPa. The above-described air-on-oil driv-
ing is applied to the flask set squeeze cylinder driving
mechanism 400. In a common foundry, the pressure sup-
plied by the compressed air source 401 is set to about
0.6 MPa. Although it is possible to set the pressure to be
higher than 0.6 MPa, it is necessary to improve perform-
ance of the compressor. Therefore, the pressure may be
set to be equal to or lower than 0.6 MPa in terms of energy
saving. Further, when the pressure is lower than 0.1 MPa,
it is difficult to drive the flask set squeeze cylinder 2 due
to the weight of an object to be driven and frictional re-
sistance of a packing or the like inside the cylinder.
[0102] Note that the piston rod 21a of the pattern shut-
tle cylinder 21 is advanced and retracted at the pneumatic
pressure of 0.1 MPa to 0.6 MPa. As described above, it
is sufficient for the pattern shuttle cylinder 21 to advance
and retract the master plate 22, the lower flask 23, and
the match plate 24. Therefore, the pneumatic pressure
of 0.1 MPa to 0.6 MPa is sufficient. As described above,
the pressure supplied from the compressed air source in
the common foundry is about 0.6 MPa. Therefore, the
pneumatic pressure to activate the pattern shuttle cylin-
der 21 may be set to be equal to or lower than 0.6 MPa
in terms of energy saving. If the pneumatic pressure is
lower than 0.1 MPa, it is difficult to activate the pattern
shuttle cylinder 21 due to the weight of the object to be
advanced and retracted, the frictional resistance inside
the cylinder, and the like.
[0103] Further, the pneumatic pressure to advance
(raise) and retract (lower) the piston rods 5a of the re-
spective lower filling frame cylinders 5 may be 0.1 MPa
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to 0.6 MPa. The lower filling frame cylinders 5 are used
to lift up the lower filling frame 6, the lower flask 23, and
the match plate 24 and to draw the lower mold from the
lower filling frame 6. Therefore, the lower filling frame
cylinders 5 can be activated at the pneumatic pressure
from 0.1 MPa to 0.6 MPa. Since the pressure supplied
from the compressed air source 401 in the common foun-
dry is about 0.6 MPa, the pneumatic pressure to activate
the lower filling frame cylinders 5 may be set to be equal
to or lower than 0.6 MPa in terms of energy saving. If the
pneumatic pressure is lower than 0.1 MPa, it is difficult
to activate the lower filling frame cylinders 5 due to the
weight of the object to be raised and the frictional resist-
ance inside the cylinder.

[Mold Height Changing Unit]

[0104] The above-described flaskless molding ma-
chine 100 can form the upper mold and the lower mold
with only one type of a height. In the following, a mold
height changing unit 500 applicable to the above-de-
scribed flaskless molding machine 100 will be described.

(Mold Height Changing Unit for Upper Mold)

[0105] The mold height changing unit 500 may include
a spacer member to change the mold height. Figure 16
is a diagram illustrating an example of an attachment
position of the spacer member according to the embod-
iment. As illustrated in Figure 16, a spacer member 600
is attached on a bottom surface 8c (example of principle
surface facing match plate 24) of the upper squeeze
board 8. The spacer member 600 is fixed to the bottom
surface 8c of the upper squeeze board 8 by, for example,
screws. Note that, in a case where screw holes (liner
attachment screw holes) for attachment of a liner serving
as an abrasion countermeasure are provided on the bot-
tom surface 8c of the upper squeeze board 8, the spacer
member 600 may be fixed to the upper squeeze board
8 with use of such screw holes.
[0106] Although a material of the spacer member 600
is not particularly limited, for example, a resin is used.
When the spacer member 600 is made of a resin, a weight
of the spacer member 600 is reduced as compared with
a case where the spacer member 600 is made of a metal.
This facilitates attachment of the spacer member 600.
Although a thickness of the spacer member 600 is not
particularly limited, the spacer member 600 has a thick-
ness of, for example, about 15 mm to about 75 mm. Pro-
viding the spacer member 600 makes it possible to re-
duce the height of the molding space for the upper mold
by the thickness of the spacer member 600. As a result,
it is possible to reduce the thickness of the upper mold.

(Mold Height Changing Unit for Lower Mold)

[0107] The mold height changing unit 500 may include
a stopper to change the height of the lower mold. Figure

17 and Figure 18 are diagrams each illustrating an ex-
ample of an attachment position of the stopper according
to the embodiment. As illustrated in Figure 17 and Figure
18, at least one stopper 601 that limits stroke lengths of
the lower filling frame cylinders 5 to predetermined
lengths is attached to the lower filling frame 6. As an
example, two stoppers 601 are provided at each of two
opposing end parts of the lower filling frame 6.
[0108] As an example, each of the stoppers 601 in-
cludes a rod member 602 and a contact member 603.
Each of the rod members 602 includes a first end part
602a and a second end part 602b. The first end parts
602a are detachably attached to the lower filling frame
6. As an example, the first end parts 602a are fixed to
the lower filling frame 6 by screws 604 to 606. Through
holes 3e are provided at the lower end part 3b of the
lower squeeze frame 3 to which the lower filling frame
cylinders 5 are fixed. The rod members 602 extend down-
ward from the lower filling frame 6 and are inserted into
the respective through holes 3e provided on the lower
squeeze frame 3 that supports the lower filling frame cyl-
inders 5. A length (projection length L1) from the lower
squeeze frame 3 to the contact members 603 of the rod
members 602 is shorter than the stroke lengths of the
lower filling frame cylinders 5. More specifically, when
the lower filling frame 6 is located at a position closest to
the lower squeeze frame 3, the length (projection length
L1) from the bottom surface (contact surface) of the lower
squeeze frame 3 to the top surfaces (contact surfaces)
of the contact members 603 of the rod members 602 is
shorter than the stroke lengths of the lower filling frame
cylinders 5. Note that the stroke length is a sliding dis-
tance in one stroke of the cylinder, and is a distance from
a top dead center to a bottom dead center.
[0109] The contact members 603 are attached to the
second end parts 602b of the respective rod members
602. The contact members 603 are detachable from the
rod members 602. As an example, the contact members
603 are nuts, and are attached to the second end parts
602b of the respective rod members 602 by being
screwed with male screws provided at the second end
parts 602b. The contact members 603 each have a size
and a shape that cannot pass through the through holes
3e.
[0110] The rod members 602 and the contact members
603 are moved together with the lower filling frame 6 by
the lower filling frame cylinders 5. Therefore, in the case
where the lower filling frame 6 is moved by a length equal
to or larger than the projection length L1 in a direction
separating from the lower end part 3b of the lower
squeeze frame 3, the contact members 603 abut on the
lower squeeze frame 3. This restricts the movement of
the lower filling frame cylinders 5 in the expanding direc-
tion, and limits the relative distance between the lower
filling frame 6 and the lower squeeze frame 3. As a result,
the height of the molding space is changed.
[0111] Figure 19 is a diagram illustrating the height of
the molding space changed by the stoppers according
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to the embodiment. A diagram illustrated on left side of
an alternate long and short dash line illustrates expansion
end positions of the lower filling frame cylinders 5 in the
machine provided with no stopper 601. A diagram illus-
trated on right side of the alternate long and short dash
line illustrates the expansion end positions of the lower
filling frame cylinders 5 in the machine provided with the
stoppers 601. As illustrated in the diagram on the left
side, in the case where no stopper 601 is provided, the
lower filling frame 6 is raised up to the expansion end
positions of the lower filling frame cylinders 5. Accord-
ingly, in the case where no stopper 601 is provided, the
molding operation is executed while the lower filling
frame 6 is located at the expansion end positions of the
lower filling frame cylinders 5. A height from an upper
end of the lower filling frame 6 coupled to the lower flask
23 to the lower squeeze board 4 is denoted by H1.
[0112] As illustrated in the diagram on the right side,
in the case where the stoppers 601 are provided, the
raising of the lower filling frame 6 is limited by the stoppers
601 before the lower filling frame 6 is raised to the ex-
pansion end positions of the lower filling frame cylinders
5. More specifically, the raising of the lower filling frame
6 is limited to the projection length L1. A height from the
upper end of the lower filling frame 6 coupled to the lower
flask 23 to the lower squeeze board 4 is denoted by H2.
As a result of provision of the stoppers 601, the height
of the molding space for the lower mold is reduced by a
height H3 that is obtained by subtracting the height H2
from the height H1. As a result, it is possible to reduce
the thickness of the lower mold. Such stoppers 601 are
more effective to the flaskless molding machine in which
the positions of the lower filling frame cylinders 5 are not
controlled. The flaskless molding machine in which the
positions of the lower filling frame cylinders 5 are not
controlled has various advantages such as a simple
structure, less occurrence of machine stoppage caused
by minor abnormality of the cylinders, and high positional
accuracy. In contrast, the flaskless molding machine in
which the positions of the lower filling frame cylinders 5
are not controlled has disadvantage that the thickness
of the mold is not changeable. Providing the stoppers
601, however, can eliminate only the disadvantage.
[0113] In the following, a mode in the case where molds
are formed without limiting the stroke lengths of the lower
filling frame cylinders 5 is referred to as a first mode, and
a mode in a case where molds are formed while the stroke
lengths of the lower filling frame cylinders 5 are limited
by the stoppers 601 is referred to as a second mode. The
mold height changing unit 500 may include the touch
panel 300 that is connected to the sequencer 200 and
allows for selection of one of the first mode and the sec-
ond mode. Note that, in the second mode, the above-
described spacer member 600 that is attached to the
bottom surface 8c of the upper squeeze board 8 may be
used.

(Another Example of Mold Height Changing Unit for Low-
er Mold)

[0114] The mold height changing unit 500 for the lower
mold is not limited to the above-described stoppers 601.
Figure 20 is a diagram illustrating another example of a
stopper according to the embodiment. As illustrated in
Figure 20, each of the lower filling frame cylinders 5 in-
cludes a stopper 611. It is sufficient to provide the stopper
611 on at least one of the lower filling frame cylinders 5
provided in the flaskless molding machine 100. As an
example, each of the four lower filling frame cylinders 5
includes the stopper 611. The stoppers 611 limit the
stroke lengths of the lower filling frame cylinders 5 to
predetermined lengths, as with the stoppers 601. In other
words, the flaskless molding machine 100 can adopt the
stoppers 611 in place of the stoppers 601.
[0115] As an example, each of the stoppers 611 in-
cludes a rod member 612 and a contact member 613.
Each of the rod members 612 includes a first end part
612a and a second end part 612b. The first end parts
612a of the rod members 612 are provided at the lower
ends of the piston rods 5a of the respective lower filling
frame cylinders 5 such that the rod members 612 are
integrally operated with the piston rods 5a of the respec-
tive lower filling frame cylinders 5. The second end parts
612b of the rod members 612 are located below the re-
spective lower filling frame cylinders 5. The rod members
612 enter the respective lower filling frame cylinders 5
along with rise of the piston rods 5a. The contact mem-
bers 613 are attached to the second end parts 612b of
the respective rod members 612. A length (projection
length L2) from the lower ends of the lower filling frame
cylinders 5 to the contact members 613 of the rod mem-
bers 612 is shorter than the stroke lengths of the lower
filling frame cylinders 5. More specifically, when the lower
filling frame 6 is located at a position closest to the lower
squeeze frame 3, the length (projection length L2) from
the lower ends (contact surfaces) of the lower filling frame
cylinders 5 to the top surfaces (contact surfaces) of the
contact members 613 of the rod members 612 is shorter
than the stroke lengths of the lower filling frame cylinders
5.
[0116] The contact members 613 are detachable from
the respective rod members 612. As an example, the
contact members 613 are nuts, and are attached to the
rod members 612 by being screwed with male screws
provided at the second end parts 612b of the rod mem-
bers 612. The contact members 613 each have a cross-
sectional surface larger than a cross-sectional surface
of each of the rod members 612.
[0117] The rod members 612 and the contact members
613 are moved together with the piston rods 5a of the
lower filling frame cylinders 5. Therefore, in the case
where the piston rods 5a have been expanded to be equal
to or larger than the projection length L2, the contact
members 613 abut on the lower ends of the lower filling
frame cylinders 5. This restricts the movement of the low-
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er filling frame cylinders 5 in the expanding direction, and
limits the relative distance between the lower filling frame
6 and the lower squeeze frame 3. As a result, the height
of the molding space is changed.
[0118] Liner members 614 to prevent abrasion may be
provided at the lower ends of the lower filling frame cyl-
inders 5. Each of the rod members 612 and the corre-
sponding piston rod 5a may be made up of a single mem-
ber. In other words, the lower filling frame cylinders 5
may be so-called double-rod cylinders.

[Position Detection Sensor]

[0119] In the case where the mold height changing unit
500 is attached, the positions of the expansion ends (top
dead centers) of the lower filling frame cylinders 5 are
changed. In addition, since the thickness of the mold is
reduced, the height position in the mold mating and the
position at which the thickness of the mold is monitored
in the squeezing are also changed. Accordingly, in the
case where the mold height changing unit 500 is provid-
ed, as an example of the sensors 201, position detection
sensors that each detect the expansion ends (example
of predetermined length) of the lower filling frame cylin-
ders 5 after the mold height is changed, the position at
which the mold thickness is monitored after the mold
height is changed, and the height position in the mold
mating after the mold height is changed may be further
provided. As the position detection sensors, a proximal
sensor or a reed switch that is provided at each stop
position and detects the stop position, or an encoder that
can constantly detect the position over a predetermined
range (movable range) is used.
[0120] An example of the encoder will be described as
an example of the representative position detection sen-
sor. Figure 21 is a top view illustrating an example of the
position detection sensor. Figure 22 is a front view illus-
trating an example of the position detection sensor. As
illustrated in Figure 21 and Figure 22, a position detection
sensor 70 includes a magnet 60 and a magnetic field
detection section 61. The magnet 60 is attached to mem-
bers 62 and 63 that are moved together with the lower
filling frame 6. The magnet 60 may be directly attached
to the lower filling frame 6. The magnet 60 is an annular
member having a partial notch. The magnetic field de-
tection section 61 consists of a longitudinal member that
is attached to the columns 1c as the fixing frames and
extends in the top-bottom direction, and detects a mag-
netic field occurred between the magnet 60 and the mag-
netic field detection section 61. The magnetic field de-
tection section 61 is provided along a moving direction
of the lower filling frame 6. The magnet 60 is disposed
such that the magnetic field detection section 61 is locat-
ed inside the magnet 60. Since the magnet 60 is moved
together with the lower filling frame 6, the position detec-
tion sensor 70 can detect the height position (absolute
position) of the lower filling frame 6 through detection of
the magnetic field position.

[0121] As an example of the above-described position
detection, the sand filling step S3 will be described. Fig-
ure 23 is a diagram illustrating the state where the sand
filling step has ended in the case where the height of the
molding space is changed. As illustrated in Figure 23, in
the case where the spacer member 600 and the stoppers
601 as the mold height changing unit 500 are attached,
the height of the molding space for the upper mold and
the height of the molding space for the lower mold are
changed. Therefore, the position detection sensor 70 is
provided to detect the changed height position of the low-
er filling frame 6. Likewise, the position detection sensor
70 that monitors the thickness of the mold to prevent it
from being lower than the predetermined thickness in the
squeezing may be separately added.

[Control using Position Detection Sensor]

[0122] The sensors 201 (including position detection
sensor 70) are connected to the sequencer 200. The se-
quencer 200 may display a detection result of the position
detection sensor 70 on the touch panel 300. For example,
during monitoring to prevent the thickness of the mold
from being lower than the predetermined thickness in the
squeezing, an alarm and the like are output based on the
detection result of the position detection sensor 70. The
sequencer 200 may display a monitoring result based on
a monitoring mode. For example, in a first monitoring
mode, the sequencer 200 monitors only the mold height
of the upper flask 10 and displays a result of the moni-
toring. In a second monitoring mode, the sequencer 200
monitors only the mold height of the lower flask 23 and
displays a result of the monitoring. In a third monitoring
mode, the sequencer 200 monitors the mold height of
each of the upper flask 10 and the lower flask 23 and
displays a result of the monitoring. The touch panel 300
may display a screen for selection of the monitoring
mode, and causes a worker to select the monitoring
mode. Note that, as described above, in the case where
the mold height changing unit 500 is attached, the mon-
itoring position is changed. Therefore, the flaskless mold-
ing machine 100 may include the touch panel 300 on
which the worker can select whether the mold height
changing unit 500 has been attached. When the worker
selects attachment of the mold height changing unit 500,
the sequencer 200 may display a monitoring result on
the touch panel 300, based on the position detection sen-
sor that detects the changed height position.

[Another Example 1 of Mold Height Changing Method]

[0123] The sequencer 200 may change the mold
height based on the position detection sensor. The
above-described sensors 201 (position detection sensor
70) include, for example, a first position detection sensor
detecting that the lower filling frame cylinders 5 have
been expanded to the expansion ends (example of first
length), and a second position detection sensor detecting
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that the lower filling frame cylinders 5 have been expand-
ed to a length lower than the expansion ends (example
of second length). The sequencer 200 is configured to
switch a mode between a first operation mode in which
the lower filling frame cylinders 5 are operated to be ex-
panded up to the expansion ends based on the detection
result of the first position detection sensor, and a second
operation mode in which the lower filling frame cylinders
5 are operated to be expanded up to the length lower
than the expansion ends based on the detection result
of the second position detection sensor. In the case
where the sequencer 200 is operated in the second op-
eration mode, the sequencer 200 stops the lower filling
frame cylinders 5 when the position detection sensor de-
tects that the lower filling frame cylinders 5 have been
expanded up to the length lower than the expansion ends.
This makes it possible to change the mold height. The
sequencer 200 may further include one or a plurality of
other operation modes as necessary. For example, a
third position detection sensor may be further provided
to execute a third operation mode. In this case, in the
third operation mode, the sequencer 200 operates the
lower filling frame cylinders 5 to be expanded up to a
position detected by the third position detection sensor.
Note that the encoder in Figure 21 and Figure 22 con-
stantly detects the position. Therefore, in the case where
the encoder in Figure 21 and Figure 22 is used, it is pos-
sible to easily add an optional number of operation modes
without newly providing a position detection sensor.

[Another Example 2 of Mold Height Changing Method]

[0124] In the case where the expansion ends of the
lower filling frame cylinders 5 are different from one an-
other, the mold height can be changed. The mold height
can be changed in the following order. First, a second
filling frame cylinder that has a stroke length different
from a stroke length of a first filling frame cylinder is pre-
pared. Next, the first filling frame cylinder is replaced with
the second filling frame cylinder. The mold height can be
easily changed in the above-described manner.

[Another Example 3 of Mold Height Changing Method]

[0125] Figure 24 is a diagram illustrating a method of
changing the height of the molding space. An element
(A) of Figure 24 illustrates positional relationship between
the upper squeeze board 8 and the upper flask 10 before
the height of the upper molding space is changed. In the
following, a case where the height of the upper molding
space is changed by a height d1 will be described as an
example. The mold height changing method includes, for
example, a step of attaching the spacer member 600
having the thickness d1 to the bottom surface 8c (princi-
ple surface facing match plate 24) of the upper squeeze
board 8. In this case, as illustrated in an element (B) of
Figure 24, the height of the upper molding space is re-
duced by the thickness d1 of the spacer member 600.

Alternatively, in the mold height changing method, an
upper squeeze board 8A having a thickness larger by
the thickness d1 than the thickness of the upper squeeze
board 8 (third squeeze board having thickness different
from thickness of first squeeze board) may be prepared,
and the upper squeeze board 8 may be replaced with
the upper squeeze board 8A. In this case, as illustrated
in an element (C) of Figure 24, the height of the upper
molding space is reduced by the difference d1 between
the thickness of the upper squeeze board 8 and the thick-
ness of the upper squeeze board 8A. Alternatively, the
mold height changing method may include a step of at-
taching a spacer member 600A having the thickness d1
to a top surface 8d on side opposite to the bottom surface
8c of the upper squeeze board 8. In this case, as illus-
trated in an element (D) of Figure 24, the height of the
upper molding space is reduced by the thickness d1 of
the spacer member 600A. The mold height changing
method includes any one of the above-described steps.

[Summary of Embodiment]

[0126] In the flaskless molding machine 100 that is tar-
geted by the mold height changing unit 500, the lower
squeeze board 4 and the lower filling frame cylinders 5
are integrally operated. Further, the stroke lengths of the
lower filling frame cylinders 5 are limited to the predeter-
mined length by the stoppers 601. When the stroke
lengths of the lower filling frame cylinders 5 are limited
by the stoppers 601, the raising distance of the lower
filling frame 6 with respect to the lower squeeze board 4
(movable distance of lower filling frame 6 toward lower
flask 23) is reduced. As a result, as compared with a case
where the stroke lengths of the lower filling frame cylin-
ders 5 are not limited, the height of the molding space
for the lower mold that is defined by the match plate 24,
the lower flask 23, the lower filling frame 6, and the lower
squeeze board 4 is reduced. Accordingly, the mold with
the low height is formed as compared with the case where
the stroke lengths of the lower filling frame cylinders 5
are not limited. As described above, the mold height
changing unit 500 can change the mold height with use
of the stoppers 601.
[0127] It is possible to save the molding sand by ad-
justing the mold height to a small height, which makes it
possible to reduce the running cost. Further, the mold
height can be changed at low cost only by attaching the
spacer member 600 or the stoppers 601.
[0128] Note that the above-described embodiment il-
lustrates an example of the flaskless molding machine
according to the present disclosure. The flaskless mold-
ing machine according to the present disclosure is not
limited to the flaskless molding machine 100 according
to the embodiment, and the flaskless molding machine
100 according to the embodiment may be deformed or
applied to the other apparatus without departing from the
scope described in appended claims.
[0129] For example, some of the steps in the method
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according to the above-described embodiment may be
performed in independent order. In other words, some
of the steps can be executed in order different from the
above-described order.
[0130] Although the pneumatic cylinder is used as the
pattern shuttle cylinder 21 in the embodiment, an electric
cylinder may be used in place of the pneumatic cylinder.
In the case of using the electric cylinder, the pneumatic
piping for the pattern shuttle cylinder 21 becomes unnec-
essary, which results in a simple configuration.
[0131] Further, although the squeeze force is applied
from the lower side toward the upper side in the embod-
iment, the squeeze force may be applied from the upper
side toward the lower side or in the horizontal direction.
[0132] Although the contact members 603 of the stop-
pers 601 cannot pass through the through holes 3e in
the above-described embodiment, the configuration is
not limited thereto. Figure 25 is a diagram illustrating an-
other example of the stopper according to the embodi-
ment. As illustrated in an element (A) of Figure 25, a
through hole 3f having an asymmetric opening is provid-
ed at the lower end part 3b of the lower squeeze frame
3. Further, as illustrated in an element (B) of Figure 25,
a contact member 608 having an asymmetric shape cor-
responding to the shape of the through hole 3f is attached
to each of the second end parts 602b of the rod members
602. The contact member 608 is attached to be rotatable
around an axis Z1 of each of the rod members 602. Such
a configuration makes it possible to change the mold
height only by changing a direction of the contact member
608.

Reference Signs List

[0133] 2... Flask set squeeze cylinder (squeeze cylin-
der), 4... Lower squeeze board (second squeeze board),
5... Lower filling frame cylinder (filling frame cylinder), 6...
Lower filling frame (filling frame), 8... Upper squeeze
board (first squeeze board), 8A... Upper squeeze board
(third squeeze board), 10... Upper flask, 21...Pattern
shuttle cylinder, 23...Lower flask, 24...Match plate,
51...Molding sand, 54...Upper mold, 55...Lower mold,
100...Flaskless molding machine, 500...Mold height
changing unit, 600...Spacer member, 601, 611...Stop-
per.

Claims

1. A mold height changing unit used in a flaskless mold-
ing machine, the flaskless molding machine includ-
ing an upper flask, a lower flask capable of clamping
a match plate with the upper flask, a filling frame
connectable to the lower flask, a first squeeze board
movable into and out from the upper flask, a second
squeeze board movable into and out from the filling
frame, a filling frame cylinder moving the filling frame
relative to the second squeeze board, a squeeze cyl-

inder integrally moving the filling frame, the second
squeeze board, and the filling frame cylinder, and a
control unit configured to control the filling frame cyl-
inder and the squeeze cylinder,
the mold height changing unit comprising a stopper
limiting a stroke length of the filling frame cylinder to
a predetermined length.

2. The mold height changing unit according to claim 1,
wherein the stopper includes
a rod member including a first end part and a second
end part, the first end part being fixed to the filling
frame and being inserted into a through hole provid-
ed in a frame supporting the filling frame cylinder, and
a contact member being attached to the second end
part of the rod member and abutting on the frame
when the filling frame is moved in a direction sepa-
rating from the frame.

3. The mold height changing unit according to claim 2,
wherein a length from the frame to the contact mem-
ber of the rod member when the filling frame is lo-
cated at a position closest to the frame is shorter
than the stroke length of the filling frame cylinder.

4. The mold height changing unit according to claim 1,
wherein the stopper includes
a rod member including a first end part and a second
end part, the first end part being provided at a lower
end of a piston rod of the filling frame cylinder, the
second end part being located below the filling frame
cylinder and entering the filling frame cylinder along
with rise of the piston rod, and
a contact member being attached to the second end
part of the rod member and abutting on a lower end
of the filling frame cylinder when the filling frame is
moved in a direction separating from a frame sup-
porting the filling frame cylinder.

5. The mold height changing unit according to claim 4,
wherein a length from a lower end of the filling frame
cylinder to the contact member of the rod member
when the filling frame is located at a position closest
to the frame is shorter than the stroke length of the
filling frame cylinder.

6. The mold height changing unit according to any one
of claims 1 to 5, wherein the filling frame cylinder is
an air cylinder.

7. The mold height changing unit according to any one
of claims 1 to 6, further comprising a position detec-
tion sensor connected to the control unit, the position
detection sensor detecting that the filling frame cyl-
inder has been expanded to the predetermined
length.

8. The mold height changing unit according to any one
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of claims 1 to 7, further comprising a spacer member
attached to a principle surface of the first squeeze
board facing the match plate.

9. The mold height changing unit according to claim 8,
wherein a material of the spacer member is a resin.

10. The mold height changing unit according to claim 8
or 9, wherein the spacer member is fixed to the first
squeeze board by a screw.

11. The mold height changing unit according to claim
10, wherein the spacer member is fixed to the first
squeeze board with use of a liner attachment screw
hole provided in the first squeeze board.

12. A flaskless molding machine, comprising:

an upper flask;
a lower flask capable of clamping a match plate
with the upper flask;
a filling frame connectable to the lower flask;
a first squeeze board movable into and out from
the upper flask;
a second squeeze board movable into and out
from the filling frame;
a filling frame cylinder moving the filling frame
relative to the second squeeze board;
a squeeze cylinder integrally moving the filling
frame, the second squeeze board, and the filling
frame cylinder;
a control unit configured to control the filling
frame cylinder and the squeeze cylinder; and
a stopper limiting a stroke length of the filling
frame cylinder to a predetermined length.

13. The flaskless molding machine according to claim
12, wherein the stopper includes
a rod member including a first end part and a second
end part, the first end part being fixed to the filling
frame and being inserted into a through hole provid-
ed in a frame supporting the filling frame cylinder, and
a contact member being attached to the second end
part of the rod member and abutting on the frame
when the filling frame is moved in a direction sepa-
rating from the frame.

14. The flaskless molding machine according to claim
13, wherein a length from the frame to the contact
member of the rod member when the filling frame is
located at a position closest to the frame is shorter
than the stroke length of the filling frame cylinder.

15. The flaskless molding machine according to any one
of claims 12 to 14, wherein the filling frame cylinder
is an air cylinder.

16. The flaskless molding machine according to any one

of claims 12 to 15, further comprising a position de-
tection sensor connected to the control unit, the po-
sition detection sensor detecting that the filling frame
cylinder has been expanded to the predetermined
length.

17. The flaskless molding machine according to any one
of claims 12 to 16, further comprising a spacer mem-
ber attached to a principle surface of the first squeeze
board facing the match plate.

18. The flaskless molding machine according to claim
17, wherein a material of the spacer member is a
resin.

19. The flaskless molding machine according to claim
17 or 18, wherein the spacer member is fixed to the
first squeeze board by a screw.

20. The flaskless molding machine according to claim
19, wherein the spacer member is fixed to the first
squeeze board with use of a liner attachment screw
hole provided in the first squeeze board.

21. The flaskless molding machine according to any one
of claims 12 to 20, further comprising an input unit
connected to the control unit, the input unit allowing
for selection of one of a first mode in which a mold
is formed without limiting the stroke length of the fill-
ing frame cylinder and a second mode in which a
mold is formed while the stroke length of the filling
frame cylinder is limited by the stopper.

22. The flaskless molding machine according to claim
21, wherein, in the second mode, the mold is formed
by further using a spacer member attached to a prin-
ciple surface of the first squeeze board facing the
match plate.

23. A flaskless molding machine, comprising:

an upper flask;
a lower flask capable of clamping a match plate
with the upper flask;
a filling frame connectable to the lower flask;
a first squeeze board movable into and out from
the upper flask;
a second squeeze board movable into and out
from the filling frame;
a filling frame cylinder moving the filling frame
relative to the second squeeze board;
a squeeze cylinder integrally moving the filling
frame, the second squeeze board, and the filling
frame cylinder;
a control unit configured to control the filling
frame cylinder and the squeeze cylinder;
a first position detection sensor connected to the
control unit, the first position detection sensor
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detecting that the filling frame cylinder has been
expanded to a first length; and
a second position detection sensor connected
to the control unit, the second position detection
sensor detecting that the filling frame cylinder
has been expanded to a second length shorter
than the first length, wherein
the control unit is configured to switch a mode
between a first operation mode in which the fill-
ing frame cylinder is operated to be expanded
up to the first length based on a result detected
by the first position detection sensor and a sec-
ond operation mode in which the filling frame
cylinder is operated to be expanded up to the
second length based on a result detected by the
second position detection sensor.

24. A mold height changing method for a flaskless mold-
ing machine, the flaskless molding machine includ-
ing an upper flask, a lower flask capable of clamping
a match plate with the upper flask, a filling frame
connectable to the lower flask, a first squeeze board
movable into and out from the upper flask, a second
squeeze board movable into and out from the filling
frame, a first filling frame cylinder moving the filling
frame relative to the second squeeze board, and a
squeeze cylinder integrally moving the filling frame,
the second squeeze board, and the filling frame cyl-
inder,
the mold height changing method comprising:

preparing a second filling frame cylinder having
a stroke length different from a stroke length of
the first filling frame cylinder; and
replacing the first filling frame cylinder with the
second filling frame cylinder.

25. A mold height changing method for a flaskless mold-
ing machine, the flaskless molding machine includ-
ing an upper flask, a lower flask capable of clamping
a match plate with the upper flask, a filling frame
connectable to the lower flask, a first squeeze board
movable into and out from the upper flask, a second
squeeze board movable into and out from the filling
frame, a first filling frame cylinder moving the filling
frame relative to the second squeeze board, and a
squeeze cylinder integrally moving the filling frame,
the second squeeze board, and the filling frame cyl-
inder,
the mold height changing method comprising any
one of attaching a spacer member on a principle sur-
face of the first squeeze board facing the match plate,
attaching a spacer member on a principle surface
on side opposed to the principle surface of the first
squeeze board facing the match plate, and replacing
the first squeeze board with a third squeeze board
having a thickness different from a thickness of the
first squeeze board.
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