Européisches
Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 1 832 358 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.
of the grant of the patent: B22C 5/04 (2006.9%) B22C 15/24 (2006.01)

(21)

(22)

13.04.2011 Bulletin 2011/15
Application number: 07004056.3

Date of filing: 27.02.2007

(54)

Casting mold making method and casting mold making system

Verfahren und System zur Herstellung von Gussformen

Procédé et systéme de fabrication de moules de coulée

Designated Contracting States:
DE

Priority: 08.03.2006 JP 2006063022

Date of publication of application:
12.09.2007 Bulletin 2007/37

Proprietor: Mazda Motor Corporation
Aki-gun
Hiroshima 735-8670 (JP)

Fukuta, Yuya
Aki-gun
Hiroshima 730-8670 (JP)

Representative: Miiller-Boré & Partner
Patentanwalte

Grafinger StraBe 2

81671 Miinchen (DE)

References cited:
JP-A- 55 001 961
US-A- 3 934 858

JP-A- 58 196 145
US-A- 3 994 332

(72) Inventors: US-A- 4 196 768 US-A- 4 570 694
* Hori, Yuji US-A1- 2004 031 580
Aki-gun
Hiroshima 730-8670 (JP) ¢ "MIXING WITH THE EXPERTS" FOUNDRY
¢ Nishi, Shoichi TRADE JOURNAL, INSTITUTE OF CAST METALS
Aki-gun ENGINEERS, WEST BROMWICH, GB, vol. 175, no.

Hiroshima 730-8670 (JP)
Miura, Naohiro

Aki-gun

Hiroshima 730-8670 (JP)

3578, May 2001 (2001-05), pages 28-29,
XP001102817 ISSN: 0015-9042

EP 1 832 358 B1

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 832 358 B1 2

Description
BACKGROUND OF THE INVENTION
(a) Field of the Invention

[0001] This invention relates to the technical field of a
casting mold making method and system in which gas-
curing casting sand is blown and packed into a cavity
created by molding dies.

(b) Description of the Related Art

[0002] In a well-known casting mold making method,
such as disclosed in Published Japanese Patent Appli-
cation No. H03-47647, gas-curing casting sand contain-
ing a binder (a phenol resin and a polyisocyanate com-
pound) and a solvent (such as toluene) is previously ac-
commodated in a blow head, the casting sand is blown
and packed through the blow nozzles into a cavity in
molding dies by feeding pressurized gas into the blow
head and a curing gas (such as triethylamine gas) is then
introduced into the cavity to cure the casting sand packed
in the cavity, thereby making a casting mold.

[0003] Inanother known casting mold making method,
such as disclosed in Published Japanese Patent Appli-
cation No. 2001-225148, casting sand in a blow head (a
hopper) is suspended and fluidized by air, lumps of the
casting sand are broken up by passing them through a
cutter and the casting sand is then blown and packed
into the cavity by pressurized air.

[0004] Gas-curing casting sand as described above
has a sticky particle surface owing to the binder. There-
fore, the bulk density of gas-curing casting sand in the
blow head greatly varies. This makes it difficult to ensure
a constantly good packability of casting sand into the
cavity.

[0005] To cope with this, it can be considered, as dis-
closed in the above Published Japanese Patent Applica-
tion No. 2001-225148, to suspend and fluidize casting
sand by air, break up casting sand lumps through the
cutter and then blow and pack the casting sand into the
cavity.

[0006] However, if the latter method is applied to gas-
curing casting sand, the following problems may occur.
When air is blown to casting sand in order to suspend
and fluidize it, the solvent adhering to the surfaces of the
sand particles together with the binder is blown off by the
airtoincrease the concentration of the binder on the sand
particle surface and thereby accelerate the curing reac-
tion of the casting sand. Thus, the casting sand is cured
prior to its packing into the cavity of the molding dies,
thereby degrading the quality of a casting mold to be
formed. Furthermore, when lumps of the casting sand
are passed through the cutter in order to break them up,
the solvent coated on the sand particles is highly likely
to be reduced.

[0007] Document JP-A 58 196 145 discloses a mold
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forming method. A high-pressure gas for curing is sup-
plied into a blow head. At the same instant or with slight
delay therefrom, a valve is opened to supply the com-
pressed air in a receiver tank into the head. The sand in
the blow head is mixed wit the gas for curing and in this
state, the sand is blown into split patterns.

[0008] DocumentUS 3 934 858 discloses a method of
and apparatus for mixing foundry sand, resin binder and
catalyst, wherein sand/resin and sand/catalyst mixtures
are prepared separately in continuous mixers and con-
veyed to a final mixing chamber having a vertical high
speed rotating shaft with downwardly inclined mixer
blades and upwardly inclined deflector blades.

[0009] Document US 3 994 332 discloses an appara-
tus and method for forming foundry cores and molds in-
cludes staging hoppers for storing a first mass of sand
coated with a catalyst-polymerizable resin film, and a
second mass of sand coated with a catalyst film for po-
lymerizing the resin. In forming the cores or molds these
masses are evenly dispersed into a high velocity carrier
air-sand stream and directed through a static mixer,
wherein the resin and catalyst-coated sand particles are
intermingled and at least a partial inttegration of the films
takes place, into a shaping mold cavity, wherein the sand
mixture hardens into a desired shape.

[0010] DocumentJP A55001 961 discloses a casting-
mold molding machine. Casting sand, binder and volatile
flux dissolving said binder are supplied from a sand hop-
per, binder pump and a flux pump into a blow head, which
is closed in a hermetic state by a plug member, where
they are kneaded. Further a device which recovers the
volatile gas of the flux evaporating from the kneaded sand
into the molds is provided.

[0011] DocumentUS 4570694 discloses a mold-blow-
ing apparatus. A freshly mixed quick-setting sand mix is
blown from a blow box into a mold while a plunger moves
through the blow box to chase all of the fluidized sand
into the mold.

[0012] Thus, according to an aspect, it is a problem to
provide a method and apparatus for more efficiently mak-
ing casting molds.

[0013] This problem is solved by a method for making
a casting mold having the features disclosed in claim 1
and a casting mold making system disclosed in claim 5.
Preferred embodiments are defined in the dependent
subclaims.

SUMMARY OF THE INVENTION

[0014] The present invention has been made in view
of the foregoing points and, therefore, advantageously,
it is possible to blow and pack gas-curing casting sand
into a cavity created by molding dies while ensuring good,
constant packability without curing the casting sand prior
to the packing into the cavity.

[0015] To attain the above object, in the presentinven-
tion, casting sand in a blow head is stirred with a stirrer
prior to its blowing and packing into the cavity until the
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stirring resistance of the stirrer enters within a predeter-
mined range corresponding to an optimum bulk density
range wherein the kinetic energy of the casting sand is
maximised during blowing.

[0016] Specifically, a method for making a casting
mold of the present invention comprises: a blowing and
packing step of feeding pressurized gas into a receiver
that is provided in a blow head and accommodates gas-
curing casting sand, thereby blowing the casting sand in
the receiver into a cavity in molding dies through a blow
nozzle that is provided in the blow head and communi-
cates with the receiver and packing the casting sand into
the cavity; a curing step of, after the blowing and packing
step, introducing curing gas into the cavity to cure the
casting sand packed in the cavity; and a stirring step of,
before the blowing and packing step, stirring the casting
sand in the receiver with a stirrer until the stirring resist-
ance of the stirrer enters within a predetermined range
corresponding to an optimum bulk density range wherein
the kinetic energy of the casting sand is maximised during
blowing.

[0017] Thus, priortothe blowing and packing of casting
sand into the cavity, the casting sand in the receiver is
stirred and unstiffened. If the bulk density of casting sand
thus stirred is too high, the casting sand clogs the blow
nozzle and thereby becomes difficult to get out of the
blow nozzle. On the contrary, if the casting sand is ex-
cessively unstiffened to reach an excessively small bulk
density, only the pressurized gas quickly blows out
through the blow nozzle and, also in this case, the casting
sand becomes difficult to get out of the blow nozzle. In
other words, there exists an optimum bulk density range
within which casting sand can efficiently blow out through
the blow nozzle. On the other hand, if casting sand in the
receiver is not stirred, its bulk density is generally higher
than the optimum bulk density range. In addition, as the
number of blowing and packing steps carried outincreas-
es, the bulk density of casting sand becomes higher and
higher owing to pressures applied from pressurized gas.
To avoid this, prior to the blowing and packing step, cast-
ing sand in the receiver is stirred by the stirrer to bring
the bulk density of casting sand into the optimum bulk
density range. Specifically, the stirring resistance of the
stirrer is in correspondence with the bulk density of cast-
ing sand so that as the bulk density increases, the stirring
resistance becomes higher. Therefore, if a range of stir-
ring resistances corresponding to the optimum bulk den-
sity range is set to the predetermined range and casting
sand is stirred until the stirring resistance enters within
the predetermined range, the optimum bulk density range
isreached. Thus, inthe blowing and packing step, casting
sand is constantly well packed into the cavity. Further-
more, in the stirring step, casting sand is simply stirred
without using air or a cutter and the solvent coated on
the sand particlesis notreduced. This is rather preferable
because the binder, the solvent and sand are further uni-
formly mixed.

[0018] Inthe above casting mold making method, pref-
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erably, the stirring step, the blowing and packing step
and the curing step are sequentially repeated and the
predetermined range is set in each stirring step. More
preferably, the predetermined range is set based on the
amount of casting sand in the receiver in each stirring
step.

[0019] Thus, the predetermine range can be appropri-
ately set based on the amount of casting sand in the
receiver in each stirring step. Specifically, when the blow-
ing and packing step is carried out once, the amount of
casting sand in the receiver is reduced by the amount of
casting sand packed into the cavity. If in this case no
casting sand is supplementally fed into the receiver, the
amount of casting sand in the receiver in the next stirring
step differs from that in the previous stirring step. If the
amount of casting sand changes thus, the relation be-
tween the bulk density of casting sand and the stirring
resistance of the stirrer also changes. However, since in
the present invention the range of stirring resistances
corresponding to the optimum bulk density range can be
set to the predetermined range, this provides good, con-
stant packability in every stirring step.

[0020] Furthermore, in the above casting mold making
method, preferably, the casting sand contains a binder
and a solvent and the method further comprises a solvent
feed step of, before or during the stirring step, supple-
mentally feeding the solvent into the receiver.

[0021] Thus, particularly in repeating the stirring step,
the blowing and packing step and the curing step, the
solvent coated on the sand particles can be prevented
from being reduced. Specifically, in the blowing and pack-
ing step, pressurized air is fed into the receiver in order
to blow and pack casting sand into the cavity, whereby
the solvent on the sand particles is blown away and re-
duced to a certain extent by the pressurized gas. How-
ever, since in the present invention the amount of solvent
reduced can be supplementally fed, this prevents the
quality of a produced casting mold from being degraded.
Even ifthe solvent is supplementally fed thus, the binder,
the solvent and sand can be stirred uniformly by stirring
in the stirring step, which avoids that the solventbecomes
locally excessive in the receiver.

[0022] A casting mold making system of the present
invention includes a blow head having a receiver for ac-
commodating gas-curing casting sand and a blow nozzle
communicating with the receiver and a pressurized gas
feed system for feeding pressurized gas into the receiver
of the blow head and is configured to feed pressurized
gas into the receiver through the pressurized gas feed
system and thereby blow the casting sand in the receiver
through the blow nozzle into the cavity and pack the cast-
ing sand into the cavity. The casting mold making system
further comprises: a stirrer for stirring the casting sand
in the receiver; a stirrer drive unit for driving the stirrer; a
stirring resistance detection device for detecting the stir-
ring resistance of the stirrer; and an operation controller
for controlling the operation of the stirrer drive unit, the
operation controller being configured to, prior to the feed-
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ing of pressurized gas into the receiver through the pres-
surized gas feed system, operate the stirrer drive unit
until the stirring resistance detected by the stirring resist-
ance detection device enters within a predetermined
range.

[0023] Preferably, the above casting mold making sys-
tem further comprises a casting sand amount detection
device for detecting the amount of casting sand in the
receiver, wherein the operation controller is configured
to set the predetermined range based on the amount of
casting sand detected by the casting sand amount de-
tection device.

[0024] Furthermore, in the above casting mold making
system, preferably, the casting sand contains a binder
and a solvent, the casting mold making system further
comprises a solvent spray device for supplementally
feeding, under the control of the operation controller, the
solvent into the receiver by spraying, and the operation
controller is configured to, before or during the operation
of the stirrer drive unit, operate the solvent spray device
to supplementally feed the solvent into the receiver.
[0025] According to the above configurations of the
casting mold making system, the above casting mold
making method can be easily implemented and the same
operations and effects as according to the above casting
mold making method can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Figure 1 is a schematic block diagram showing a
casting mold making system according to an embod-
iment of the present invention.

Figure 2 is a graph showing the relation between the
bulk density of casting sand in a receiver and the
kinetic energy of casting sand blown out through
blow nozzles.

Figure 3 is a graph showing the relation between the
bulk density of casting sand in the receiver and the
stirring resistance of a stirrer.

Figure 4 is a flowchart showing a processing proce-
dure of a controller.

DETAILED DESCRIPTION OF THE INVENTION

[0027] An embodiment of the present invention will be
described below with reference to the drawings.

[0028] Figure 1 schematically shows a casting mold
making system according to an embodiment of the
present invention. The casting mold making system is a
cold box casting mold making system including a blow
head 1 with a receiver 2 for accommodating gas-curing
casting sand 41. The casting sand 41 contains a binder
composed of a phenol resin and a polyisocyanate com-
pound and a solvent so that the surfaces of sand particles
are coated with the binder and the solvent. Examples of
the phenol resin in the binder include phenol resins hav-
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ing at least one benzyl ether group in its molecule, no-
volak resins and their derivative resins. Examples of the
polyisocyanate compound include diphenylmethane di-
isocyanate, hexamethylene diisocyanate and 4,4’-dicy-
clohexylmethane diisocyanate. The solvent is an organic
solvent including aliphatic hydrocarbons, alicyclic hydro-
carbons, aromatic hydrocarbons, halogenated hydrocar-
bons, ketones, esters, ethers and alcohols, or their mix-
tures.

[0029] The casting sand 41 is fed from a kneading unit
3 disposed above the receiver 2 to the receiver 2. Spe-
cifically, the binder, the solvent and sand are charged
into the kneading unit 3 and uniformly kneaded by a
kneader 4 driven into rotation in the kneading unit 3,
thereby providing casting sand 41 in which sand particles
are coated with the binder and the solvent as described
above. A shutter 5, opened and closed by a shutter drive
mechanism 6, is disposed between the receiver 2 and
the kneading unit 3. The operation of the shutter drive
mechanism 6 is controlled by a controller 31. When the
shutter 5 is opened by the shutter drive mechanism 6,
the casting sand 41 falls down from the kneading unit 3
by its own weight and is fed to the receiver 2.

[0030] The bottom of the blow head 1 is provided with
a plurality of blow nozzles 9, communicated with the re-
ceiver 2, for blowing out casting sand 41 in the receiver
2 therethrough. The blow nozzles 9 are presented to a
cavity 36 created by a plurality of molding dies 35 set up
below the casting mold making system. Casting sand 41
blown out through the blow nozzles 9 is packed into the
cavity 36 to have a shape of a casting mold to be made
by the casting mold making system. Casting molds made
by the casting mold making system include casting molds
for cylinder blocks or cylinder heads and cores for water
jackets of the cylinder heads.

[0031] An upper portion of any one of the side walls
defining the receiver 2 in the blow head 1 is formed with
an air feed port 1a through which pressurized air serving
as pressurized gas is fed into the receiver 2. The air feed
port 1a is connected to an air tank 12 through a solenoid
valve 11 whose actuation is controlled by the controller
31. The air tank 12 is supplied with air in the factory while
the air to the air tank 12 is kept at a constant pressure
(about 0.2 MPa to about 1 MPa) by a regulator (not
shown). The air supplied is stored as the pressurized air
inthe airtank 12. When the solenoid valve 11 is actuated,
the pressurized airinthe airtank 12 is fed into the receiver
2, whereby casting sand 41 in the receiver 2 is blown
through the blow nozzles 9 into the cavity 36 in the mold-
ing dies 35 and packed into the cavity 36. Thus, the so-
lenoid valve 11, the air tank 12 and the controller 31 con-
stitute pressurized gas feed system for feeding pressu-
rized gas into the receiver 2. The pressurized air, blown
into the cavity 36 together with the casting sand 41, is
vented out of the cavity 36 through air vents 37 attached
to the bottom of the molding die 35.

[0032] An upper portion of any one of the side walls
defining the receiver 2 is formed with a solvent feed port
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1b through which the solvent is supplementally fed into
the receiver 2. The solvent feed port 1b is connected to
a solvent spray device 15 for supplementally feeding the
solvent into the receiver 2 by spraying it. The operation
of the solvent spray device 15 is controlled by the con-
troller 31 and operates prior to the actuation of a drive
motor 22a of the after-mentioned stirrer drive unit 22 to
supplementally feed a given amount of solvent into the
receiver 2 by spraying. Specifically, the last time when
casting sand 41 was blown and packed into the cavity
36, the solvent on the sand particles has been blown
away and reduced to a certain extent by pressurized air.
Therefore, the solvent is supplementally fed into the re-
ceiver 2 by substantially the same amount as the amount
of solvent reduced.

[0033] An upper part of the interior of the receiver 2 of
the blow head 1 is provided with a casting sand amount
sensor 16 serving as a casting sand amount detection
device for detecting the amount of casting sand 41 in the
receiver 2. In this embodiment, the casting sand amount
sensor 16 is configured to emit infrared rays downward,
receive infrared rays reflected from the top surface of the
casting sand 41 and detect the amount of casting sand
41 in the receiver 2 based on the intensity of the reflected
infrared rays. However, any appropriate sensors having
other configurations can also be employed. Data on the
amount of casting sand 41 in the receiver 2 detected by
the casting sand amount sensor 16 is input to the con-
troller 31.

[0034] Furthermore, a lower part of the interior of the
receiver 2 of the blow head 1 is provided with a stirrer 21
for stirring casting sand 41 in the receiver 2. The stirrer
21 is an element for unstiffening casting sand 41 to bring
it to an optimum bulk density as described later. The stir-
rer 21 is composed of a rotary shaft 21a vertically ex-
tending and rotatably supported, a base plate 21b fixed
to the lower end of the rotary shaft 21a and extending
horizontally, and a plurality of stirring bars 21¢ disposed
on the base plate 21b. The upper end of the rotary shaft
21a is connected to the stirrer drive unit 22. The stirrer
drive unit 22, whose detailed configuration is not de-
scribed here, includes a drive motor 22a, a connecting
member made, for example, of flexible wire and connect-
ing the rotary shaft of the drive motor 22a to the rotary
shaft 21a, and a drive circuit for driving the drive motor
22a. The drive circuit includes a current detecting ele-
ment 22b for detecting the value of current flowing into
the drive motor 22a.

[0035] The operation of the drive motor 22a of the stir-
rer drive unit 22 is controlled by the controller 31. Spe-
cifically, the controller 31 constitutes an operation con-
troller for controlling the operation of the drive motor 22a
of the stirrer drive unit 22. During operation of the drive
motor 22a, data on the value of current detected by the
currentdetecting element22b is input to the controller 31.
[0036] The controller 31 is configured to, prior to the
blowing and packing of casting sand 41 in the receiver 2
into the cavity 36, operate the drive motor 22a until the
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stirring resistance of the stirrer 21 enters within a prede-
termined range. In this embodiment, the stirring resist-
ance of the stirrer 21 is detected by the current detecting
element 22b. Specifically, the value of current of the drive
motor 22a is in correspondence with the motor torque
required to rotate the stirrer 21, i.e., the stirring resistance
of the stirrer 21, so that as the stirring resistance of the
stirrer 21 increases, the value of current of the drive motor
22aincreases. Therefore, a predetermined range of cur-
rent values is previously set corresponding to the prede-
termined range of stirring resistances and the drive motor
22a is operated until the value of current detected by the
current detecting element 22b enters within the prede-
termined range of current values. Thus, the current de-
tecting element 22b constitutes a stirring resistance de-
tection device for detecting the stirring resistance of the
stirrer 21.

[0037] The predetermined range of stirring resistanc-
es, i.e., the predetermined range of current values, is set
at a range within which casting sand 41 in the receiver 2
can efficiently blow out through the blow nozzles 9. In
this respect, the relation between the bulk density of cast-
ing sand 41 in the receiver 2 and the kinetic energy there-
of blown out through the blow nozzles 9 was examined
by changing the bulk density of casting sand 41 in the
receiver 2 while keeping the amount thereof constant.
The kinetic energy was determined from the mass of the
casting sand 41 in the receiver 2 and the velocity of it
blown out through the blow nozzles 9. The examination
results are shown in Figure 2. Figure 2 indicates that
there exists a bulk density range within which the kinetic
energy reaches the maximum value or near the maxi-
mum value, in other words, an optimum bulk density
range within which casting sand 41 efficiently blows out
through the blow nozzles 9. The reason for this is as
follows. If the bulk density of casting sand 41 is exces-
sively high, casting sand 41 clogs the blow nozzles 9 and
thereby becomes difficult to get out of the blow nozzles
9. On the other hand, if casting sand 41 is excessively
unstiffened to reach an excessive low bulk density, only
pressurized air quickly blows out through the blow noz-
zles 9 and, also in this case, casting sand 41 becomes
difficult to get out of the blow nozzles 9.

[0038] Furthermore, the relation between the bulk den-
sity of casting sand 41 and the stirring resistance of the
stirrer 21 (the motor torque of the drive motor) was also
examined. The examination results are shown in Figure
3. Figure 3 indicates that the stirring resistance of the
stirrer 21 is in correspondence with the bulk density of
casting sand 41 so that as the bulk density increases,
the stirring resistance also increases. Therefore, the
blowing of casting sand 41 into the cavity 36 will do well
if a range of stirring resistances corresponding to the op-
timum bulk density range is set at the above-described
predetermined range of stirring resistances. A range of
currentvalues corresponding to the predetermined range
of stirring resistance can be set at the above-described
predetermined range of current values.
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[0039] Theoptimum bulk density range varies depend-
ing upon the amount of casting sand 41 in the receiver
2. Therefore, the amount of casting sand 41 in the re-
ceiver 2 is detected by the casting sand amount sensor
16. Specifically, an examination is previously made of
the relation between the amount of casting sand 41 and
the optimum bulk density range (i.e., the predetermined
range of current values), the examination results are
mapped in a table and the table is stored in the controller
31. When receiving data on the amount of casting sand
41 from the casting sand amount sensor 16 during op-
eration of the casting mold making system, the controller
31 sets, based on the table, a predetermined range of
current values corresponding to the detected amount of
casting sand 41.

[0040] When the amount of casting sand 41 detected
by the casting sand amount sensor 16 reaches below a
predetermined amount, i.e., when the remaining amount
of casting sand 41 gets too low to provide enough to pack
casting sand 41 into the cavity 36, the controller 31 ac-
tuates the shutter drive mechanism 6 to feed casting sand
41 from the kneading unit 3 into the receiver 2.

[0041] Next, a processing procedure of the controller
31 is described with reference to the flowchart of Figure 4.
[0042] In the first step S1, the solvent spray device 15
is operated to supplementally feed the given amount of
solvent into the receiver 2 by spraying it. In the next step
S2, a predetermined range of current values is set. Spe-
cifically, the predetermined range of current values is set
based on the amount of casting sand 41 in the receiver
2 detected by the casting sand amount sensor 16 and
the table.

[0043] Subsequently, the drive motor 22a of the stirrer
drive unit 22 is operated in step S3 and it is then deter-
mined in step S4 whether the value of current detected
by the current detecting element 22b is within the prede-
termined range of current values.

[0044] If the determination in step S4 is NO, the pro-
cedure goes back to step S3. If the determination in step
S4 is YES, the procedure goes to step S5 to stop the
drive motor 22a and then goes to step S6 to actuate the
solenoid valve 11 and thereby feed pressurized air in the
air tank 12 into the receiver 2.

[0045] Inthe nextstep S7,itis determined whether the
amount of casting sand 41 detected by the casting sand
amount sensor 16 is smaller than the predetermined
amount. In the determination in step S7 is NO, the pro-
cedure ends. If the determination in step S7 is YES, the
procedure goes to step S8 to actuate the shutter drive
mechanism 6 and then ends.

[0046] Next, adescriptionis given of a method for mak-
ing a casting mold using the above casting mold making
system.

[0047] First, the molding dies 35 are set up in the cast-
ing mold making system and the casting mold making
system is activated by switch operation or in other man-
ners. Thus, the given amount of solventis supplementally
fed into the receiver 2 (a solvent feed step). Then, the

10

15

20

25

30

35

40

45

50

55

base plate 21b of the stirrer 21 rotates about the rotary
shaft 21a, whereby the plurality of stirring bars 21c on
the base plate 21b stir the casting sand 41 in the receiver
2 to unstiffen it (a stirring step). During the stirring, the
binder, the solvent (including supplementally fed solvent)
and sand in the receiver 2 are uniformly mixed. At the
beginning of operation of the stirrer 21, the bulk density
of casting sand 41 in the receiver 2 is usually higher than
the optimum bulk density range. However, with increas-
ing duration of stirring of the stirrer 21, the bulk density
gradually decreases and then reaches the optimum bulk
density range. When the optimum bulk density range is
reached, the value of current detected by the current de-
tecting element 22b enters within the predetermined
range of current values and the operation of the stirrer
21 is stopped.

[0048] Subsequently, pressurized air in the air tank 12
is fed into the receiver 2, whereby casting sand 41 in the
receiver 2 is blown through the blow nozzles 9 into the
cavity 36 in the molding dies 35 and packed into it (a
blowing and packing step). Since the bulk density of cast-
ing sand 41 has been set, prior to the blowing and packing
step, at the optimum bulk density range within which cast-
ing sand 41 can efficiently blow out through the blow noz-
zles 9, the casting sand 41 is well packed into the cavity
36 in the blowing and packing step.

[0049] After the blowing and packing step, in this em-
bodiment, the molding dies 35 are moved to an unshown
curing gas introduction device disposed separately from
the blow head 1 in order to introduce curing gas into the
cavity 36 in the molding dies 35, and placed in the curing
gas introduction device. Then, curing gas (such as tri-
ethylamine gas) is introduced into the cavity 36 to cure
the casting sand 41 packed in the cavity 36 (a curing
step), thereby completing the making of a high-quality
casting mold.

[0050] Then, the molding dies 35 may be set up again
in the casting mold making system in order to make an-
other casting mold. In this case, when the casting mold
making system is activated again, the solvent feed step,
the stirring step and the blowing and packing step are
similarly sequentially carried out. The solventon the sand
particles, however, has been blown away and reduced
to a certain extent by pressurized air in the previous blow-
ing and packing step. Therefore, in this solvent feed step,
the solvent is supplementally fed by substantially the
same amount as the amount of solvent reduced.

[0051] Then, in the next stirring step, the binder, the
solvent (including supplementally fed solvent) and sand
in the receiver 2 are further uniformly mixed. Further-
more, the amount of casting sand 41 generally becomes
smaller than that in the previous stirring step (but be-
comes larger when casting sand 41 is fed from the knead-
ing unit 3 into the receiver 2). Therefore, in such cases,
the optimum bulk density range (the predetermined
range of current values) corresponding to the amount of
casting sand 41 is set again. In this manner, in each stir-
ring step, the optimum bulk density range (the predeter-
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mined range of current values) is set based on the
amount of casting sand 41 in the receiver 2. In each stir-
ring step, the bulk density of casting sand 41 in the re-
ceiver 2 at the beginning of the stirring step is higher than
the optimum bulk density range owing to the pressure
applied from pressurized air in the previous blowing and
packing step but the bulk density thereof at the end of
the stirring step enters within the optimum bulk density
range corresponding to the amount of casting sand 41.
Thus, in the next blowing and packing step, the casting
sand 41 can be well packed into the cavity 36. After the
blowing and packing step, similarly, the curing step is
carried out. If the above steps are repeated in this man-
ner, a large number of casting molds can be made.
[0052] When the amount of casting sand 41 in the re-
ceiver 2 becomes smaller than the predetermined
amount after the blowing and packing step, the shutter
drive mechanism 6 is actuated to put the shutter 5 to an
open position, whereby casting sand 41 is fed from the
kneading unit 3 into the receiver 2.

[0053] As described above, in this embodiment, cast-
ing sand 41 is stirred by the stirrer 21 prior to the blowing
and packing of casting sand 41 into the cavity 36, where-
by the bulk density of casting sand 41 enters within the
optimum bulk density range within which casting sand
41 can efficiently blow out through the blow nozzles 9.
Therefore, casting sand 41 can be constantly well packed
into the cavity 36.

[0054] Furthermore, since in the stirring step casting
sand 41 is simply stirred without using air or a cutter, the
solvent on the sand particles is not reduced in the stirring
step. Although the solvent on the sand particles is re-
duced to a certain extent in the previous blowing and
packing step, the amount of solvent thus reduced is sup-
plementally fed by operating the solvent spray device 15.
This prevents the quality of a produced casting mold from
being degraded.

[0055] Although in the above embodiment the stirring
resistance of the stirrer 21 is detected by the current de-
tecting element 22b for detecting the value of current
flowing into the drive motor 22a of the stirrer drive unit
22, the manner of detecting the stirring resistance of the
stirrer 21 is not limited to this. For example, the stirrer 21
may be provided with a torque sensor and its stirring re-
sistance may be detected by the torque sensor.

[0056] Although in the above embodiment the amount
of casting sand 41 is detected by the casting sand amount
sensor 16 in each stirring step, the casting sand amount
sensor 16 may not be used, for example, in the case of
making a large number of casting molds of the same
configuration. Specifically, in this case, the amount of
casting sand 41 reduced in a single blowing and packing
step is substantially constant. On the basis of this fact, if
after every given times of the blowing and packing step
a given amount of casting sand 41 (i.e., the given times
multiplied by the amount of casting sand reduced in a
single blowing and packing step) is fed from the kneading
unit 3 into the receiver 2, the respective amounts of cast-
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ing sand 41 in the respective stirring steps in the given
times can be determined. Therefore, if the controller 31
stores the respective optimum bulk density ranges (the
respective predetermined ranges of current values) cor-
responding to the respective amounts of casting sand 41
in the respective stirring steps, a large number of casting
molds of the same configuration can be made without
using the casting sand amount sensor 16.

[0057] Furthermore, although in the above embodi-
ment the solvent is supplementally fed into the receiver
2 prior to the stirring step, the solvent may be supple-
mentally fed during the stirring step. Just after casting
sand 41 is fed from the kneading unit 3 into the receiver
2 by the actuation of the shutter drive mechanism 6, the
solvent may not be fed or the amount of solvent fed may
be small. Alternatively, the solvent feed step antecedent
to each stirring step may not be eliminated. This should
not be a serious problem because the amount of solvent
reduced in each blowing and packing step is very small.

Claims
1. A method for making a casting mold, comprising:

a blowing and packing step of feeding pressu-
rized gas into a receiver (2) that is provided in a
blow head (1) and accommodates gas-curing
casting sand (41), thereby blowing the casting
sand in the receiver into a cavity (36) in molding
dies (35) through a blow nozzle (9) that is pro-
vided in the blow head (1) and communicates
with the receiver (2) and packing the casting
sand (41) into the cavity (36);

a curing step of, after the blowing and packing
step, introducing curing gas into the cavity (36)
to cure the casting sand (41) packed in the cavity
(36); and

a stirring step of, before the blowing and packing
step, stirring the casting sand (41) in the receiver
(2) with a stirrer (21) until the stirring resistance
of the stirrer (21) enters within a predetermined
range,

characterized in that

the predetermined range corresponds to a bulk
density range, wherein within said bulk density
range, the kinetic energy of the casting sand (41)
reaches a maximum value or near the maximum
value when the casting sand (41) is blown out
through the blow nozzle (9).

2. The method of claim 1, wherein
the stirring step, the blowing and packing step and
the curing step are sequentially repeated, and
the predetermined range is set in each stirring step.

3. The method of claim 2, wherein the predetermined
range is set based on the amount of casting sand
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(41) in the receiver (2) in each stirring step.

The method of any of claims 1 to 3, wherein

the casting sand (41) contains abinderand a solvent,
and

the method further comprises a solvent feed step of,
before or during the stirring step, supplementally
feeding the solvent into the receiver (2).

A casting mold making system which includes a blow
head (1) having a receiver (2) for accommodating
gas-curing casting sand (41) and

a blow nozzle (9) communicating with the receiver
and

a pressurized gas feed system, which is configured
to feed pressurized gas into the receiver (2) of the
blow head (1) and thereby blow the casting sand (41)
in the receiver (2) through the blow nozzle (9) into a
cavity (36) in molding dies (35) and pack the casting
sand (41) into the cavity (36), the casting mold mak-
ing system further comprising:

a stirrer (21) for stirring the casting sand (41) in
the receiver (2);

a stirrer drive unit (22) for driving the stirrer (21);
and

a curing gas introduction device, wherein the
curing gas introduction device is designed to in-
troduce curing gas into the cavity (36) to cure
the casting sand (41) packed in the cavity (36);
characterized by

a stirring resistance detection device (22b) for
detecting the stirring resistance of the stirrer
(21); and

an operation controller (31), for controlling the
operation of the stirrer drive unit (22), being con-
figured to, prior to the feeding of pressurized gas
into the receiver (2) through the pressurized gas
feed system, operate the stirrer drive unit (22)
until the stirring resistance detected by the stir-
ring resistance detection device (22b) enters
within a predetermined range;

wherein the predetermined range corresponds
to a bulk density range, wherein within said bulk
density range, the kinetic energy of the casting
sand (41) reaches a maximum value or near the
maximum value when the casting sand (41) is
blown out through the blow nozzle (9).

The casting mold making system of claim 5, further
comprising

a casting sand amount detection device (16), which
is designed for detecting the amount of casting sand
in the receiver (2),

wherein the operation controller (31) is configured
to setthe predetermined range based on the amount
of casting sand (41) detected by the casting sand
amount detection device (16).
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7. The casting mold making system of claim 5 or 6,
wherein
the casting sand (41) contains abinder and a solvent,
the casting mold making system further comprises
a solvent spray device (15), which is designed for
supplementally feeding, under the control of the op-
eration controller (31), the solvent into the receiver
(2) by spraying, and
the operation controller (31) is configured to, before
or during the operation of the stirrer drive unit (22),
operate the solvent spray device (15) to supplemen-
tally feed the solvent into the receiver (2).
Patentanspriiche
1. Verfahren zum Herstellen einer Gussform, umfas-
send:
einen Blas- und Pack- bzw. Verdichtungsschritt
zum Zufuihren von Druckgas in eine Aufnahme
(2), die in einem Blaskopf (1) vorgesehenistund
gashartenden GieRsand (41) aufnimmt, wo-
durch der Gief3sand in der Aufnahme durch eine
Blasdiise (9), die in dem Blaskopf (1) vorgese-
hen ist und mit der Aufnahme (2) kommuniziert,
in einen Hohlraum (36) in Formwerkzeugen (35)
geblasen wird und der Gieflsand (41) in den
Hohlraum (36) gepackt bzw. verdichtet wird;
einen Aushartungsschritt, nach dem Blas- und
Verdichtungsschritt, des Einbringens von Har-
tungsgas in den Hohlraum (36), um den in dem
Hohlraum (36) verdichteten Giel3sand (41) aus-
zuharten, und
einen Ruihrschritt, vor dem Blas- und Verdich-
tungsschritt, des Rithrens des GieRsands (41)
in der Aufnahme (2) mit einem Ruhrer (21), bis
der Ruhrwiderstand des Ruhrers (21) in einen
vorbestimmten Bereich kommt,
dadurch gekennzeichnet, dass
der vorbestimmte Bereich einem Schittdicht-
ebereich entspricht, wobei die kinetische Ener-
gie des Giel3sands (41) innerhalb des Schitt-
dichtebereichs einen Maximalwert oder anna-
hernden Maximalwert erreicht, wenn der
GieRsand (41) durch die Blasdiise (9) ausge-
blasen wird.
2. Verfahren nach Anspruch 1, wobei
der Ruhrschritt, der Blas- und Verdichtungsschritt
und der Aushartungsschritt sequentiell wiederholt
werden und
der vorbestimmte Bereich in jedem Rihrschritt fest-
gelegt wird.
3. Verfahren nach Anspruch 2, wobei der vorbestimmte

Bereich basierend auf der Menge an Gief3sand (41)
in der Aufnahme (2) in jedem Ruihrschritt festgelegt
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wird.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
der Gieflsand (41) ein Bindemittel und ein Lésungs-
mittel enthalt und

das Verfahren ferner einen Ldsungsmittelzufuhr-
schritt, vor oder wahrend des Rihrschritts, des er-
ganzenden Zufiihrens des Losungsmittels in die Auf-
nahme (2) umfasst.

System zum Herstellen einer Gussform, das einen
Blaskopf (1) enthalt, der aufweist

eine Aufnahme (2), die gashartenden Gief3sand (41)
aufnimmt, und

eine Blasduse (9), die mit der Aufnahme kommuni-
ziert, und

ein Druckgaszufuhrsystem, das konfiguriert ist,
Druckgas in die Aufnahme (2) des Blaskopfs (1) zu
fuhren und dadurch den Gie3sand (41) in der Auf-
nahme (2) durch eine Blasdise (9) in einen Hohl-
raum (36) in Formwerkzeugen (35) zu blasen und
den Gie3sand (41) in den Hohlraum (36) zu packen
bzw. zu verdichten, wobei das System zum Herstel-
len einer Gussform ferner umfasst:

einen Ruhrer (21) zum Rihren des GieRRsands
(41) in der Aufnahme (2);

eine Rihrerantriebseinheit (22) zum Antreiben
des Rihrers (21); und

eine Hartungsgaseinbringungsvorrichtung, wo-
bei die Hartungsgaseinbringungsvorrichtung
ausgelegt ist, Hartungsgas in den Hohlraum
(36) einzubringen, um den in dem Hohlraum (36)
verdichteten Gie3sand (41) auszuharten;
gekennzeichnet durch

eine Ruhrwiderstanddetektiervorrichtung (22b)
zum Detektieren des Ruhrwiderstands des Ruh-
rers (21); und

einen Betriebs-Controller (31) zum Steuern
bzw. Regeln des Betriebs der Rihrerantriebs-
einheit (22), der konfiguriert ist, vor dem Zufiih-
ren von Druckgas in die Aufnahme (2) durch
das Druckgaszufuhrsystem die Riihrerantriebs-
einheit (22) zu betreiben, bis der von der Riihr-
widerstanddetektiervorrichtung (22b) detektier-
te Ruhrwiderstand in einen vorbestimmten Be-
reich kommt;

wobei der vorbestimmte Bereich einem Schdtt-
dichtebereich entspricht, wobei die kinetische
Energie des GieRsands (41) innerhalb des
Schiittdichtebereichs einen Maximalwert oder
annahernden Maximalwert erreicht, wenn der
Giel3sand (41) durch die Blasdise (9) ausge-
blasen wird.

6. System zum Herstellen einer Gussform nach An-

spruch 5, ferner umfassend
eine GieRsandmengedetektiervorrichtung (16), die
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ausgelegt ist, die Menge an GielRsand in der Auf-
nahme (2) zu detektieren,

wobei der Betriebs-Controller (31) konfiguriert ist,
den vorbestimmten Bereich basierend auf der von
der GieRRsandmengedetektiervorrichtung (16) de-
tektierten Menge an Gief3sand (41) festzulegen.

System zum Herstellen einer Gussform nach An-
spruch 5 oder 6, wobei

der Gief3sand (41) ein Bindemittel und ein Losungs-
mittel enthalt,

das System zum Herstellen einer Gussform ferner
eine Losungsmittelspriihvorrichtung (15) umfasst,
die ausgelegt ist, unter der Steuerung bzw. Rege-
lung des Betriebs-Controllers (31) das Lésungsmit-
tel durch Spriihen ergénzend in die Aufnahme (2)
zu fihren, und

der Betriebs-Controller (31) konfiguriert ist, vor oder
wahrend des Betriebs der Rihrerantriebseinheit
(22) die Lésungsmittelspriihvorrichtung (15) dahin-
gehend zu betreiben, das Lésungsmittel erganzend
in die Aufnahme (2) zu fuhren.

Revendications

Procédé de fabrication d’'un moule de fonte,
comprenant :

une étape de soufflage et d’emballage consis-
tant a alimenter du gaz pressurisé dans un
avant-creuset (2) qui est pourvu d’une téte de
soufflage (1) etrecoit du sable a couler a cuisson
gazeuse (41), soufflant de ce fait le sable a cou-
ler dans I'avant-creuset dans une cavité (36)
dans des matrices de moulage (35) a travers
une buse de soufflage (9) qui est prévue dans
la téte de soufflage (1) et communique avec
I'avant-creuset (2) et a emballerle sable a couler
(41) dans la cavité (36) ;

une étape de cuisson consistant a introduire,
apres |'étape de soufflage et d’emballage, du
gaz de cuisson dans la cavité (36) pour cuire le
sable a couler (41) emballé dans la cavité (36) ;
et

une étape d’agitation consistant a agiter, avant
I'étape de soufflage et d’emballage, le sable a
couler (41) dans I'avant-creuset (2) avec un agi-
tateur (21) jusqu’a ce que la résistance d’agita-
tion de I'agitateur (21) pénétre au sein d’'une pla-
ge prédéterminée,

caractérisé en ce que

la plage prédéterminée correspond a une plage
de densité en vrac, dans lequel I'énergie cinéti-
que du sable a couler (41) atteint une valeur
maximale ou approche la valeur maximale au
sein de ladite plage de densité en vrac lorsque
le sable a couler (41) est soufflé a travers labuse
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de soufflage (9).

Procédé selon la revendication 1, dans lequel
I'étape d’agitation, I'étape de soufflage et d’embal-
lage et I'étape de cuisson sont répétées de maniere
séquentielle, et

la plage prédéterminée est réglée dans chaque éta-
pe d’agitation.

Procédé selon larevendication 2, dans lequel la pla-
ge prédéterminée est réglée en fonction de la quan-
tité de sable a couler (41) dans I'avant-creuset (2)
dans chaque étape d’agitation.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel le sable a couler (41) contient un
liant et un solvant, et

le procédé comprend en outre une étape d’alimen-
tation en solvant consistant a alimenter en supplé-
ment le solvant dans I'avant-creuset (2) avant ou au
cours de I'étape d’agitation.

Systéme de fabrication de moule de fonte qui inclut
une téte de soufflage (1) ayant

un avant-creuset (2) pour recevoir du sable a couler
a cuisson gazeuse (41) et une buse de soufflage (9)
communiquant avec I'avant-creuset et

un systéme d’alimentation en gaz pressurisé qui est
configuré pour alimenter du gaz pressurisé dans
I'avant-creuset (2) de la téte de soufflage (1) et souf-
fler de ce fait le sable a couler (41) dans 'avant-
creuset (2) a travers la buse de soufflage (9) dans
une cavité (36) dans des matrices de moulage (35)
etemballer le sable a couler (41) dans la cavité (36),
le systeme de fabrication de moule de fonte com-
prenant en outre :

un agitateur (21) pour agiter le sable a couler
(41) dans l'avant-creuset (2) ;

un module d’entrainement d’agitateur (22) pour
entrainer I'agitateur (21) ; et

un dispositif d’introduction de gaz de cuisson,
dans lequel le dispositif d’introduction de gaz de
cuisson estcongu pourintroduire du gaz de cuis-
son dans la cavité (36) pour cuire le sable a cou-
ler (41) emballé dans la cavité (36) ;
caractérisé par

un dispositif de détection de résistance d’agita-
tion (22b) pour détecter la résistance d’agitation
de l'agitateur (21) ; et

un controleur d’opération (31) pour controler
l'opération du module d’entrainement d’'agita-
teur (22) qui est configuré pour opérer le module
d’entrainement d’agitateur (22), avant I'alimen-
tation de gaz pressurisé dans I'avant-creuset (2)
par le systéme d’alimentation en gaz pressurisé,
jusqu’a ce que la résistance d’agitation détectée
par le dispositif de détection de résistance d’agi-
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10

tation (22b) pénétre au sein d'une plage
prédéterminée ;

dans lequel la plage prédéterminée correspond
a une plage de densité en vrac,

dans lequel I'énergie cinétique du sable a couler
(41) atteint une valeur maximale ou approche la
valeur maximale au sein de ladite plage de den-
sité en vrac lorsque le sable a couler (41) est
soufflé a travers la buse de soufflage (9).

Systéme de fabrication de moule de fonte selon la
revendication 5, comprenant en outre

un dispositif de détection de quantité de sable a cou-
ler (16) qui est congu pour détecter la quantité de
sable a couler dans I'avant-creuset (2),

dans lequel le contréleur d’opération (31) est confi-
guré pour régler la plage prédéterminée en fonction
de la quantité de sable a couler (41) détectée par le
dispositif de détection de quantité de sable a couler
(16).

Systéme de fabrication de moule de fonte selon la
revendication 5 ou 6, dans lequel

le sable a couler (41) contient un liant et un solvant,
le systéme de fabrication de moule de fonte com-
prend en outre un dispositif de pulvérisation de sol-
vant (15) qui est congu pour alimenter en supplément
le solvant dans 'avant-creuset (2) par pulvérisation
sous le contrdle du contréleur d’opération (31), et
le contréleur d’opération (31) est configuré pour opé-
rer le dispositif de pulvérisation de solvant (15) avant
ou au cours de I'opération du module d’entrainement
d’agitateur (22) pour alimenter en supplément le sol-
vant dans l'avant-creuset (2).
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FIG. 4 S
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End

13



EP 1 832 358 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP HO0347647 B [0002] «  US 3994332 A [0009]
«  JP 2001225148 A [0003] [0005] «  JP 55001961 A [0010]
«  JP 58196145 A [0007] «  US 4570694 A [0011]

* US 3934858 A [0008]

14



	bibliography
	description
	claims
	drawings

