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Description

[0001] The presentinvention relates to a gravity cast-
ing apparatus with tilting die.

[0002] The presentinvention is useful particularly but
not exclusively in the production by casting of compo-
nents for faucets and hydraulic connections and the like
and in any case in all foundry processes that use per-
manent metallic dies.

[0003] The presentinvention also relates to a method
for gravity casting with tilting die.

[0004] Currently, the foundry processes most widely
used in the production of metal castings for the faucet
industry and for the general hydraulic connection indus-
try are substantially two: gravity casting in a tilting die
and casting with a low-pressure furnace.

[0005] In the first case, the process is performed by
an apparatus that comprises a die-casting machine,
which comprises a device for opening/closing two die
parts and allows the die thus formed to tilt during casting
(by gravity, while the molten mass rises in level inside
the impression) about two mutually perpendicular hori-
zontal axes.

[0006] A first tilting axis is substantially parallel to the
parting plane of the die; tilting about this axis allows so-
called side casting, which is typically performed when
the die comprises more than one impression or when
filling must be performed laterally.

[0007] The second tilting axis is perpendicular to the
parting plane of the die; tilting about this axis allows so-
called front casting, which is performed typically when
the die comprises a single impression.

[0008] The reason for tilting the die during casting is
to ensure optimum casting quality.

[0009] In particular, with this tilting of the die, the rise
of the molten mass inside the impression or impressions
of the die is of the laminar type, thus avoiding turbulenc-
es that may allow the absorption of air bubbles in the
molten mass; laminar motion also allows a controlled
rise of the molten mass, avoiding sudden thermal vari-
ations on the die and a constant cooling interval.
[0010] Moreover, the molten mass touches the sur-
face of the die without removing the layer of graphite
(such as for example graphite applied before closing the
die) that acts as a release agent and insulating agent,
thus avoiding the formation of pitting and defects on the
surface of the part.

[0011] Moreover, the rise of the molten mass allows
good gas evacuation.

[0012] To perform casting, an operator draws from an
open-top furnace, by means of ladle, a certain quantity
of molten mass and pours it into an opening (feed area)
provided in the die.

[0013] To pourthe molten mass, the operator must fol-
low the tilting of the die with the ladle, tracing a circular
arc with the spout of said ladle; at the same time, the
operator must rotate the ladle to empty it.

[0014] Although this operating method has been used
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for many years, it still has drawbacks.

[0015] First of all, in order to pour the molten mass
while following a circular arc-like path, the operator must
be particularly expert and skilled, and optimum repeat-
ability of the operation is not always ensured.

[0016] Further, slag is present on the surface of the
molten mass that is present in the open-top melting fur-
nace, and the operator must not pick it up (which is not
always possible) in order to avoid including it in the cast-
ing.

[0017] There are apparatuses which use, instead of
a human operator, a robot that is programmed to per-
form the same movements.

[0018] This solution certainly solves the problems en-
tailed by the human variable, but has significant ma-
chine costs; moreover, it does not completely avoid in-
clusions of slag and gas, which cause defects in the
manufactured parts.

[0019] In view of the long setup times of the parame-
ters of the machine, a robot in fact can be used conven-
iently when it is used for long production cycles, which
entail mass-production of castings, something which the
production market does not always require.

[0020] As regards the method for casting with a low-
pressure oven, it uses particular dies that are function-
ally connected to a pressurized furnace by means of a
feed tube.

[0021] Generally, the die is arranged above the fur-
nace, while the tube connects the center of the tank of
the oven (below the level of the molten mass) to the bot-
tom of the die, which in this process is stationary (i.e., it
does not oscillate).

[0022] By pressurizing the furnace, the mass rises
along the tube and fills the die.

[0023] With this process, one has the same advan-
tages that can be obtained with gravity casting in a tilting
die, further avoiding the problems of slag present on the
surface of the molten mass in open-top furnaces and
the necessary skill and experience of the operator.
[0024] However, dies that can be used with low-pres-
sure furnaces are extremely expensive, and their use is
justified only for the mass-production of castings, in or-
der to obtain economies of scale.

[0025] Currently, however, the market requires limited
casting runs (a few hundred or thousand parts), and
therefore, for cost containment reasons, apparatuses
that use gravity casting dies are used, making it conse-
quently impossible to achieve the quality of the castings
that can be obtained by means of low-pressure casting
processes.

[0026] The aim of the present invention is to provide
a gravity casting apparatus with tilting die that solves
the problems noted in known types.

[0027] Within this aim, an object of the present inven-
tion is to provide a gravity casting apparatus with tilting
die that allows to obtain high-quality castings.

[0028] Another object of the present invention is to
provide a gravity casting apparatus with tilting die that
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allows to reduce the personnel assigned to the casting
process.

[0029] Another object of the present invention is to
provide a gravity casting apparatus with tilting die that
can be produced with known technologies and systems.
[0030] This aim and these and other objects that will
become better apparent hereinafter are achieved by a
gravity casting apparatus with tilting die, comprising at
least one die-casting machine with which a correspond-
ing die is associated, means for feeding the molten
mass in the casting inlet region of said die, and means
for cooling the die before the casting step, which are
associated with means for distributing release agent in-
side at least one impression provided inside said die,
said die-casting machine comprising in turn a device for
opening/closing said die and means for tilting said die
about at least one substantially horizontal tilting axis,
said apparatus being characterized in that said at least
one tilting axis substantially passes through the center
of said inlet region of said die, said means for feeding
the molten mass being constituted by at least one pres-
surized dosing furnace, which can be connected func-
tionally to said inlet region of said die by means of a
corresponding feed channel that draws from below the
level of the molten mass that is present inside said pres-
surized furnace, the end part of said channel directly
connected to said inlet region being oriented downward
along the direction in which the molten mass is fed.
[0031] Advantageously, the present invention com-
prises a method for gravity casting with tilting die that
comprises the steps of:

-- distributing a release agent onto the walls of at least
one impression formed inside a die while said die
is open,

-- closing the die,

-- moving mutually closer a casting inlet region of said
die and a source for feeding a molten mass,

-- pouring the molten mass into said die through said
inlet region,

-- simultaneously with the preceding pouring step, tilt-
ing said die with a preset direction of rotation about
a preset substantially horizontal tilting axis that
passes substantially through a center of said inlet
region,

-- once pouring has ended, moving said casting inlet
region of said die and said molten mass supply
source mutually apart,

-- waiting for a preset molding time,

-- opening the die and cooling it.

[0032] Conveniently, the invention further comprises
a die-casting machine for tilting dies, which comprises
a device for opening/closing a die and means for tilting
said die about at least one substantially horizontal tilting
axis, said machine being characterized in that said at
least one tilting axis passes substantially through the
center of the casting inlet region of said die in order to
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feed the molten mass.

[0033] Further characteristics and advantages of the
invention will become better apparent from the following
detailed description of a preferred but not exclusive em-
bodiment thereof, illustrated by way of non-limiting ex-
ample in the accompanying drawings, wherein:

Figures 1a-1e are functional diagrams of the appa-
ratus according to the invention, illustrating five suc-
cessive steps which relate to a front-type casting;
Figures 2a-2e are functional diagrams of the appa-
ratus according to the invention, illustrating five suc-
cessive steps which relate to a side-type casting;
Figure 3 is a perspective view of the system accord-
ing to the invention during a step in which the die
parts are open;

Figure 4 is a perspective view of the apparatus ac-
cording to the invention during the initial tilting step
in front casting;

Figure 5 is a perspective view of the apparatus ac-
cording to the invention during the initial tilting step
in side casting;

Figure 6 is a plan view of a portion of the die-casting
machine defined according to the invention;
Figure 7 is a perspective view of a portion of the die-
casting machine defined according to the invention.

[0034] With reference to the figures, a gravity casting
apparatus with tilting die according to the invention is
generally designated by the reference numeral 10.
[0035] The apparatus 10 comprises a die-casting ma-
chine 11 (shown in Figures 3, 4, 5 and partially shown
in Figures 6 and 7 but not in Figures 1 and 2), which will
be described hereinafter and with which a correspond-
ing die 12 is to be associated.

[0036] In Figures 1a-1e and 4, the die is of the type
for front casting and is designated by the reference nu-
meral 12a, while in Figures 2a-2e and 5 the die is of the
type for side casting and is designated by the reference
numeral 12b.

[0037] The apparatus 10 further comprises means 13
for feeding the molten mass into the casting inlet region
14 of the die 12.

[0038] The inlet region 14 is provided at the parting
plane 12 along which the die 12 divides into two die parts
112.

[0039] Advantageously, the feeder means 13 are con-
stituted, in this embodiment, by a pressurized dosing
furnace 15, for example of the type for low-pressure
casting.

[0040] The pressurized dosing furnace 15, during
casting, is functionally connected to the inlet region 14
of the die 12 by means of a corresponding feed channel
16.

[0041] The feed channel 16 is constituted by a heated
feed tube 17 that draws below the level of the molten
mass 18 that is present inside the pressurized furnace
15.
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[0042] The end part 19 of the feed tube 17 that is con-
nected directly to the inlet region 14 is oriented down-
ward, along the direction in which the molten mass is
fed from the furnace 15 to the die 12, so as to achieve
gravity casting into the die during the tilting of the die.
[0043] The apparatus 10 further comprises means 20
for cooling the die 12 before casting, which are associ-
ated with means for distributing a release agent inside
the impression (or impressions, if the die is of the type
with multiple impressions) formed inside the die.
[0044] The cooling means 20 comprise, for example,
a tank 22 filled with cooling liquid (for example water),
in which the die parts 112 are immersed by way of move-
ments of the die-casting machine 11.

[0045] Advantageously, the tank 22 coincides with the
release agent distribution means, since for example
graphite (used indeed as a release agent) can be dis-
persed in the cooling liquid.

[0046] As an alternative, itis possible to distribute the
release agent for example by means of a per se known
spray distribution unit (not shown in the figures).
[0047] A die-casting machine 11, shown schematical-
ly in Figures 3, 4, 5 and partially shown in Figures 6 and
7, comprises a device 30 for opening/closing the mold-
ing die 12 and means 35 (described hereinafter) for tilt-
ing the die 12 about, in this embodiment, a pair of mu-
tually perpendicular substantially horizontal tilting axes,
respectively a first tilting axis 31 a, which is substantially
parallel to the parting plane of the die 12, and a second
tilting axis 31 b, which is substantially perpendicular to
the parting plane of the die 12.

[0048] Rotation about one tilting axis 31 or the other
is necessary depending on whether the casting to be
performed is of the front or side type.

[0049] Conveniently, the tilting axes 31 are co-planar
and pass substantially through the center of the inlet re-
gion 14 of the die 12.

[0050] The opening/closing device 30 comprises two
mutually opposite closure units 32, of which a first one
is fixed and a second one can move with respect to the
first one on guiding columns 32a.

[0051] A respective articulation unit 33 is coupled to
each closure unit 32.

[0052] The articulation units 33 have, on respective
mutually opposite facing ends, flanges 34 for fixing to
the die portions 112.

[0053] The articulation unit 33, which is known in prin-
ciple, allows movements about two mutually perpendic-
ular axes, which are designed to manage accessibility
to the die parts 112 and their correct orientation when
they are inserted in the tank 22 in order to cool them and
wet them with the release agent.

[0054] The device 30 is pivoted about the second tilt-
ing axis 31b to an intermediate frame 36.

[0055] In turn, the intermediate frame 36 is pivoted to
a supporting framework 37 about the first tilting axis 31b.
[0056] In this embodiment, the supporting framework
37 is associated with movement means 38, which are
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constituted by a carriage 39 that can slide in a controlled
manner on a horizontal guide 42 that is formed on the
beam of a portal 43 that is fixed to the ground.

[0057] The movement means 38 allow the device 30
to move in a linear manner from the region of the tank
22, where the die parts 112 are cooled and the release
agent is applied, to the casting region in front of the fur-
nace 15.

[0058] A variation of the movement means 38 (not
shown in the figures) can also be constituted by a car-
ousel that rotates the supporting framework 37 about a
vertical axis.

[0059] The tilting means 35 comprise a first motor
drive, designated schematically by the reference nu-
meral 40, which is arranged on the intermediate frame
36 and allows the rotation of the press 30 about the axis
31b with respect to the intermediate frame 36.

[0060] The first motor drive 40 can be constituted for
example by a gearmotor (not designated by a reference
numeral in the figures), which is kinematically associat-
ed, for example by means of a chain, with a sprocket
(both not designated by reference numerals in the fig-
ures), which is rigidly coupled to the press 30 and coax-
ial to the axis 31b, or in any case can be constituted by
other movement means of a known electrical or hydrau-
lic type.

[0061] Moreover, the tilting means 35 comprise a sec-
ond motor drive, designated schematically by the refer-
ence numeral 41, which is arranged on the supporting
framework 37 and acts on the intermediate frame 36 in
order to rotate it about the first tilting axis 31a.

[0062] With particular reference to Figures 1a-1e and
2a-2e, in general the process for gravity casting in a tilt-
ing die according to the invention consists in distributing
release agent onto the walls of the impression (or im-
pressions) formed inside the open die 12.

[0063] At this point, the core of the casting (for exam-
ple a faucet) is inserted in the impression and the die 12
is closed.

[0064] The casting inlet region 14 of the die 12 and
the supply source of the molten mass, in this embodi-
ment the end of the feed tube 17, are moved mutually
closer (Figures 1a and 2a).

[0065] The molten mass is poured into the die 12
through the inlet region 14.

[0066] Simultaneously with the casting (Figures 1b,
1¢, 1d and 2b, 2¢, 2d), the tilting motion of the die 14
begins along a preset direction of rotation about a preset
tilting axis 31, depending on whether front or side cast-
ing is being performed.

[0067] Since these horizontal tilting axes 31 pass sub-
stantially through the center of the inlet region 14, during
the tilting of the die 12 (which coincides with the step for
feeding molten mass into the inlet region 14 of the die
12), the inlet region 14 is substantially stationary with
respect to the tilting of said die.

[0068] Once the casting step has ended (by interrupt-
ing the flow of liquid metal to the die), the casting inlet



7 EP 1 481 749 A1 8

region 14 of the die 12 and the end of the feed tube 17
are moved mutually apart (Figures 1e and 2e), and a
preset solidification time, calculated according to the
casting, is allowed to elapse.

[0069] Thenthe moldisopened, the casting is extract-
ed and the die parts 112 are moved into the cooling tank
22 (see the die parts 112 shown in broken lines inside
the tank 22 in Figures 3 and 4); since graphite is also
present inside the tank, the release agent is applied si-
multaneously with the cooling operation, thus restarting
the work cycle.

[0070] In practice it has been found that the invention
thus described solves the problems noted in known
types of gravity casting apparatus.

[0071] It should in fact be noted that the apparatus
described above combines the advantages of gravity
casting with tilting dies (low costs of the dies and short
machine setup times) and the advantages provided by
molding apparatuses with low-pressure furnaces (high-
er quality of the produced casting).

[0072] The resulting advantages are allowed by the
fact of tilting the die, as in the case of gravity casting,
without moving the center of the casting inlet region in
the die and thus keeping the casting device, such as the
feed tube that arises from the low-pressure furnace, mo-
tionless.

[0073] Itis evident that a die-casting machine that al-
lows to keep the center of the casting inlet region in the
die stationary is useful also when it is not associated
with low-pressure systems, since in a casting process
of the "manual” type it spares the operator from the need
to trace a circular arc with the casting ladle.

[0074] It should be noted that with the present inven-
tion it is also possible to perform combined castings by
rotating the die both about the tilting axis 31 a and about
the tilting axis 31b simultaneously, keeping stationary at
all times the region for the inlet of the casting in the die.
[0075] The invention thus conceived is susceptible of
numerous modifications and variations, all of which are
within the scope of the inventive concept; all the details
may further be replaced with other technically equiva-
lent elements.

[0076] In practice, the materials employed, so long as
they are compatible with the specific use, as well as the
dimensions, may be any according to requirements and
to the state of the art.

[0077] The disclosures in Italian Patent Application
No. PD2003A000115 from which this application claims
priority are incorporated herein by reference.

[0078] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of in-
creasing the intelligibility of the claims and accordingly
such reference signs do not have any limiting effect on
the interpretation of each element identified by way of
example by such reference signs.
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Claims

1. Agravity casting apparatus with tilting die, compris-
ing at least one die-casting machine (11) with which
a corresponding die (12) is associated, means (13)
for feeding the molten mass (18) in the casting inlet
region (14) of said die (12), and means (20) for cool-
ing the die (12) before the casting step, which are
associated with means for distributing release
agentinside atleast one impression provided inside
said die (12), said die-casting machine (11) com-
prising in turn a device (30) for opening/closing said
die (12) and means (35) for tilting said die (12) about
at least one substantially horizontal tilting axis (31),
said apparatus (10) being characterized in that
said at least one tilting axis (31) substantially pass-
es through the center of said inlet region (14) of said
die (12), said means (13) for feeding the molten
mass (18) being constituted by at least one pressu-
rized dosing furnace (15), which can be connected
functionally to said inlet region (14) of said die (12)
by means of a corresponding feed channel (16) that
draws from below the level of the molten mass (18)
that is present inside said pressurized furnace (15),
the end part of said channel (19) directly connected
to said inlet region (14) being oriented downward
along the direction in which the molten mass (18) is
fed.

2. The casting apparatus according to claim 1, char-

acterized in that said pressurized furnace (15) is
of the low-pressure type.

3. The casting apparatus according to claim 2, char-

acterized in that said feed channel (16) is consti-
tuted by a heated feed tube (17).

4. The casting apparatus according to one or more of

the preceding claims, characterized in that said
cooling means (20) comprise a tank (22), which is
filled with cooling liquid and in which the die portions
(112) that compose said die (12) are immersed by
means of movements of said die-casting machine

(11).

5. The casting apparatus according to one or more of
claims 1 to 3, characterized in that said cooling
means (20) comprise a tank (22), which is filled with
cooling liquid and release agent in liquid form and
in which the die portions (112) that compose said
die (12) are immersed by means of movements of
said die-casting machine (11).

6. The casting apparatus according to one or more of

claims 1 to 4, characterized in that said means for
distributing the release agent (20) comprise a spray
distribution unit.
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The casting apparatus according to one or more of
the preceding claims, characterized in that it com-
prises two substantially horizontal tilting axes (31),
which are mutually perpendicular and co-planar
and pass substantially through the center of the inlet
region (14) of said die (12), said pair of axes (31)
comprising respectively a first tilting axis (31a),
which is substantially parallel to the parting plane of
said die (12), and a second tilting axis (31 b), which
is substantially perpendicular to the parting plane of
said die (12).

The casting apparatus according to claim 7, char-
acterized in that said opening/closure device (30)
comprises two mutually opposite closing units (32),
a first fixed one and a second one that can move
with respect to the first one along guiding columns
(32a), arespective articulation unit (33) being rigidly
coupled on each one of said closure units (32), said
articulation units (33) having, on mutually opposite
facing ends, respective flanges (34) for fixing to re-
spective die portions (112), said flanges (34) being
pivoted to said articulation units (33) about said sec-
ond tilting axis (31b), said opening/closure device
(30) being pivoted about said second tilting axis
(31b) to an intermediate frame (36), said intermedi-
ate frame (36) being in turn pivoted to a supporting
framework (37) about said first tilting axis (31a).

The casting apparatus according to claim 8, char-
acterized in that said tilting means (35) comprise
a first motor drive (40), which is arranged on said
intermediate frame (36) and is kinematically asso-
ciated with the rotation of said press (30) about said
second tilting axis (31 b), said tilting means (35) fur-
ther comprising a second motor drive (41), which is
arranged on said supporting framework (37) and
acts on said intermediate frame (36) in order to ro-
tate it about said first tilting axis (31a).

The casting apparatus according to claims 8 or 9,
characterized in that said supporting framework
(37) is associated with means (38) for movement
from the region for cooling the die portions to a re-
gion preset for casting.

The casting apparatus according to claim 10, char-
acterized in that said movement means (38) are
constituted by a carriage (39), which can move in a
controlled manner on a horizontal guide (42) pro-
vided on the beam of a portal (43) that is fixed to
the ground.

A method for gravity casting with tilting die, consist-
ing in:

-- distributing a release agent onto the walls of at
least one impression formed inside said die
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13.

14.

15.

16.

17.

10

(12) while said die is open,

-- closing said die (12),

-- moving mutually closer a casting inlet region
(14) of said die (12) and a source for feeding
molten mass,

--  pouring molten mass into said die (12) through
said inlet region (14),

-- simultaneously with the preceding pouring
step, tilting said die (12) with a preset direction
of rotation about a preset substantially horizon-
tal tilting axis (31) that passes substantially
through the center of said inlet region (14),

-- once pouring has ended, moving said casting
inlet region (14) of said die (12) and said molten
mass supply source mutually apart,

-- waiting for a preset solidification time,

-- opening the die and cooling it.

The casting method according to claim 12, charac-
terized in that said source for feeding the molten
mass corresponds to a corresponding feed channel
(16), which is functionally connected to a pressu-
rized dosing furnace (15), said feed channel (16)
drawing below the level of the molten mass that is
present inside said pressurized furnace (15), the
end part (19) of said channel (16) directly connected
to said inlet region (14) being oriented downward
along the direction in which the molten mass is fed.

The casting process according to claim 13, charac-
terized in that it comprises, when the die (12) is
open and after the step for distributing the release
agent, a step for inserting the core of the casting
inside said at least one impression.

A die-casting machine for tilting dies, comprising a
device (30) for opening/closing a die (12) and
means (35) for tilting said die (12) about at least one
substantially horizontal tilting axis (31), said ma-
chine (11) being characterized in that said at least
one tilting axis (31) passes substantially through the
center of a casting inlet region (14) of said die (12)
in order to feed molten mass.

The die-casting machine according to claim 15,
characterized in that it comprises two substantial-
ly horizontal tilting axes (31), which are mutually
perpendicular and co-planar and pass substantially
through the center of the inlet region (14) of said die
(12), said pair of axes (31) comprising respectively
afirsttilting axis (31a), which is substantially parallel
to the parting plane of said die (12), and a second
tilting axis (31 b), which is substantially perpendic-
ular to the parting plane of said die (12).

The die-casting machine according to claim 16,
characterized in that said opening/closing device
(30) comprises two mutually opposite closure units
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(32), a first unit being fixed and a second unit being
movable with respect to the first unit along guiding
columns (32a), a respective articulation unit (33)
being rigidly coupled on each one of said closure
units (32), said articulation units (33) having, on
their mutually opposite and facing ends, respective
flanges (34) for fixing to respective die portions
(112), said flanges (34) being pivoted to said artic-
ulation units (33) about said second tilting axis
(31b), said opening/closure device (30) being piv-
oted about said second tilting axis (31b) to an inter-
mediate frame (36), which in turn is pivoted to a sup-
porting framework (37) about said first tilting axis
(31a).

The die-casting machine according to claim 17,
characterized in that said tilting means (35) com-
prise a first motor drive (40), which is arranged on
said intermediate frame (36) and is kinematically
associated with the rotation of said device (30)
about said second tilting axis (31b), said tilting
means (35) further comprising a second motor drive
(41), which is arranged on said supporting frame-
work (37) and acts on said intermediate frame (36)
in order to rotate it about said first tilting axis (31a).
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