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Description

[0001] The present invention relates to an apparatus
and method for squeeze casting according to the pre-
ambles of claims 1 and 26, respectively.
[0002] Two types of squeeze casting are known in the
prior art and are referred to as direct squeeze casting
and indirect squeeze casting. Both processes have
been developed for the production of high integrity, near
net shape castings. However, in order to produce cast-
ings of the highest possible quality, four important cast-
ing conditions need to be satisfied:

(i) delivery of clean metal to the mould, usually in-
volving filtration;
(ii) non-turbulent flow of metal into the die set after
filtration;
(iii) accurate metering of metal into the die cavity;
(iv) full pressurisation of the metal during solidifica-
tion.

[0003] When measured against these criteria, serious
drawbacks and limitations are apparent in prior art tech-
niques of both indirect and direct squeeze casting.
[0004] Indirect squeeze casting is generally consid-
ered to be a modification or development of high pres-
sure die casting. Liquid metal is forced into a closed die
cavity from a shot sleeve by a small piston. The piston,
normally driven by a hydraulic ram continues to act on
the metal in the die cavity during its solidification period.
Squeeze pressures are limited by the bore of the piston
and the rating of the hydraulic ram. In one method of
indirect squeeze casting liquid metal is poured turbu-
lently into a shot sleeve and the metal is non-turbulently
displaced upwards into the die cavity by the piston
through a gate, the width of the gate being many times
larger than the gate used in conventional high pressure
die casting. The die may open either vertically or hori-
zontally to release the casting. In a second method of
indirect squeeze casting, metal is injected turbulently at
high velocity into the die cavity through a narrow gate
and the metal is further consolidated in the mould by
means of opening the gate wider to allow the piston to
move forward to compensate for solidification shrink-
age.
[0005] Indirect squeeze casting processes generally
operate with short cycle times since they are generally
based on high pressure die casting practice and hence
they tend to be high productivity processes. By the same
token, however, these processes are most suited to con-
ventional casting alloys and it has been found difficult to
manufacture consistently good castings from high
strength aluminium wrought alloys. Even those indirect
squeeze casting produced using conventional casting
alloys may contain some remnant microporosity in re-
gions remote from the action of the plunger which could
be detrimental to the quality of the castings. Further-
more, in most indirect squeeze casting practices it is not

feasible to filter the metal just prior to its entry into the
die cavity and therefore the oxides present in the melt
due to turbulent metal handling procedures inevitably
become trapped in the cast article as non-metallic de-
fects. Such defects undermine and diminish the quality
of the cast metal product to an extent that cannot be
easily quantified and which cannot be readily tolerated.
[0006] With regard to metering metal to produce cast-
ings of constant size and shape, indirect squeeze cast-
ing processes use a closed die to define the casting cav-
ity. Opposing die halves are locked together rigidly by
hydraulic cylinders and large toggles during the injection
of metal from the shot sleeve and during the metal pres-
surisation period from the plunger. The only moving part
of the equipment during casting is the plunger, which
moves to inject metal into the fixed volume die cavity.
Side cores may be used in the die to increase the com-
plexity of the casting shape. Although the external form
of the cast article may be accurately controlled, indirect
squeeze castings may not be one hundred percent
dense due to the presence of microporosity, particularly
in regions of the casting remote from the plunger. Ex-
cess metal comprising the runners and wad, which may
constitute over fifty percent of the total shot mass, needs
to be removed from the casting after ejection from the
die.
[0007] Of the four casting conditions listed above as
pre-requisites for the highest quality castings, indirect
squeeze casting only satisfies the third requirement,
namely, the accurate metering of metal into the die cav-
ity.
[0008] Direct squeeze casting differs from indirect
squeeze casting in several important ways. In the prior
art direct squeeze castings are generally made in a ver-
tically acting hydraulic press. Liquid metal is poured
from a spoon or robotic ladle or down a launder into a
lower die cavity situated on the lower platen of the hy-
draulic press and the top part of the die is lowered by
means of movement of the upper platen into the lower
die cavity to displace liquid metal so as to fill the entire
die cavity. Pressure from the hydraulic press continues
to act on the metal in the mould during its solidification
period by the continued movement of the top part of the
die, or punch, into the lower part of the die assembly, or
lower die cavity. The pressure on the casting during so-
lidification is governed only by the working capacity of
the hydraulic press. No runners or risers are required
and the direct squeeze casting process is extremely ef-
ficient in metal utilisation for near net shape castings.
[0009] The major advantage of direct squeeze casting
over indirect squeeze casting is the application of pres-
sure over the entire or larger part of the surface area of
the casting by the movement of the punch within the low-
er die half. Because of this relative movement of the two
die halves, the cast metal is very effectively squeezed
throughout its freezing period and is pressurised even
in the remotest regions of the casting. Hence, liquid met-
al fluidity is not a prime requirement of direct squeeze
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casting and alloys other than conventional casting alloys
may be used. Forging alloys, metal matrix composites
of particulate ingot and preform infiltration varieties, to-
gether with other "difficult to cast" alloys, in addition to
conventional casting alloys, have all been cast using the
direct squeeze casting route.
[0010] In the prior art of direct squeeze casting, liquid
metal has invariably been fed into the lower die cavity
from above in a turbulent fashion. Although filters can
be placed, for instance, in the path of the metal stream
as it travels down a launder system, the metal finally en-
tering the die will inevitably do so in a turbulent manner
and will consequently generate more oxide films which
become engulfed in the casting.
[0011] Another problem, concerned with metal meter-
ing, also stems from the fact that the two halves of the
die set are, of necessity, set widely apart initially in order
to allow liquid metal ingress. In such circumstances of
die filling, the only means to date of metering metal into
the cavity has been by the timing of metal flow from a
dosing furnace or by using ladles of a given volumetric
capacity. In both cases, variations in casting mass may
occur, leading to variations in the through thickness of
the direct squeeze castings which may place the cast-
ings outside acceptable tolerance limits. One way of ad-
dressing this problem has been to allow excess metal
to flow out of the die set through gaps or windows be-
tween the punch and the lower half as the punch enters
the lower half prior to pressing. This procedure has not
been found to be a completely satisfactory solution to
the problem and it has not been widely adopted in prac-
tice.
[0012] Thus, direct squeeze casting as practised cur-
rently can be seen to suffer from serious limitations and
satisfies only one of the pre-requisites listed above for
the highest integrity castings, namely, the full pressuri-
sation of the cast metal during solidification. In-line fil-
tration can also be achieved if an appropriate launder
system is used but it cannot be implemented for the
commoner practices using robotic ladling of liquid metal
into the die set. It will be appreciated that direct squeeze
casting as used in the prior art tends to be a cumber-
some process combining, as it does, gravity die casting
with closed die forging. The resultant questionable cast
metal quality together with an inherently low process
productivity have restricted the industrial application of
direct squeeze castings.
[0013] Therefore, there exists a need for a high pro-
ductivity direct squeeze casting process which is capa-
ble of producing the highest quality near net shape cast-
ings in high strength alloys at an economically viable
production rate.
[0014] In GB-A-2264661, metal is injection cast in an
apparatus for manufacturing a cast product comprising
a mould cavity defined by a top die, a bottom die and a
die insert slidable relative to the top die. Pressure is ap-
plied to the die insert. Molten metal is then injected from
a receptacle through a gate into the mould cavity at a

pressure higher than that on the die insert to cause the
die insert to move rearward. Thereby an additional
amount of molten metal is injected into the cavity suffi-
cient to compensate for shrinkage due to pressurization.
[0015] According to the present invention there is pro-
vided an apparatus for casting metal articles comprising
a receptacle for molten metal, at least one mould cavity
for casting the metal article, the mould cavity being de-
fined by co-operating die parts, the die parts being mov-
able with respect to each other and their separation dis-
tance being selected to define a predetermined cavity
volume for the cast article, a conduit having a first end
connected to an entrance in the lower die part of the
mould cavity and a second end connected to the recep-
tacle, and means for transferring molten metal upwardly
from the receptacle through the conduit to fill or substan-
tially fill the mould cavity, characterised in that sealing
means are provided to seal the entrance to the mould
cavity, wherein pressurising means are provided to ap-
ply pressure on the die parts to further reduce the cavity
volume during solidification of the metal in the mould
cavity, the sealing means comprising a sealing gate
movable between the first end of the conduit and the
entrance to the mould cavity.
[0016] By these means, squeeze castings free or sub-
stantially free from porosity that can be produced to near
net shape in a process that can be operated repetitively
at high production rates to produce high quality products
at acceptable cost.
[0017] Preferably, the apparatus further comprises
opening means to open the mould.
[0018] Preferably, the apparatus comprises extrac-
tion means to remove the cast article from the mould
cavity.
[0019] Preferably, the receptacle for molten metal is
a heatable furnace.
[0020] Preferably, the receptacle for molten metal is
an unheated reservoir.
[0021] Preferably, each die part is supported on a plat-
en of which at least one platen is slidable on one or more
tie bars.
[0022] Preferably, the means for transferring molten
metal in the conduit is a low pressure pneumatic system.
[0023] Preferably, the means of transferring molten
metal in the conduit is an electromagnetic pump.
[0024] Preferably, the means of transferring molten
metal in the conduit is a vacuum system to create a neg-
ative pressure in the mould relative to the receptacle.
[0025] Preferably, the sealing gate is manufactured
from an inert material capable of forming a leak-tight clo-
sure.
[0026] Preferably, the sealing means comprises a
sealing surface such that the die parts are slidable upon
it to enable the entrance to the mould cavity to be taken
out of feeding relationship with the conduit.
[0027] Preferably, the sealing surface is manufac-
tured from an inert material capable of forming a leak-
tight closure.
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[0028] Preferably, the pressure applied by the pres-
surising means during solidification progressively de-
forms and compresses the solidified metal in the mould
to compensate for contraction during solidification to en-
sure the removal or substantial removal from the casting
of contraction cavities or remnant gas porosity from gas-
es dissolved in the metal.
[0029] Preferably, the pressurising means has a var-
iable speed of operation.
[0030] Preferably, monitoring means are provided to
monitor the pressure applied and the displacement pro-
duced by the pressurising means and to generate a spe-
cific pressurisation and/or displacement regime.
[0031] Preferably, the apparatus further comprises a
filtration means to filter the molten metal prior to entering
the mould cavity.
[0032] Preferably, there are a plurality of mould cavi-
ties.
[0033] Preferably, the lower die part is encased in a
steel bolster.
[0034] Preferably, the upper die part is held on a steel
backing plate or support block.
[0035] Preferably, the die parts are provided with
heating/cooling means.
[0036] Preferably, the separation of the die parts is de-
termined by displacement transducers.
[0037] Preferably, the separation of the die parts is de-
termined by compressible separators.
[0038] Preferably, the pressurising means is a hy-
draulic press.
[0039] Preferably, the die parts comprise impression
blocks manufactured in one or more interlocking seg-
ments from hardened and tempered steel.
[0040] Preferably, the surfaces of the mould cavity are
coated with a lubricant or release agent.
[0041] In a further aspect, the present invention pro-
vides a method of casting metal articles, comprising the
steps of locating at least one mould cavity of variable
volume above a receptacle containing molten metal,
connecting a conduit between the mould cavity and the
receptacle with a first end connected to an entrance in
the mould cavity and a second end connected to the re-
ceptacle, and forcing molten metal from the receptacle
through the conduit and into the mould cavity without
turbulence, characterised by using a sealing means to
prevent loss of molten metal from the mould cavity,
wherein during solidification of the molten metal pres-
sure is applied to the mould cavity to reduce the volume
thereby compensating for contraction during solidifica-
tion, the sealing means comprising a sealing gate mov-
able between the first end of the conduit and the en-
trance to the mould cavity.
[0042] Preferably, the pressure is reduced after solid-
ification is completed.
[0043] Preferred embodiments of the present inven-
tion will now be described, by way of example only, with
reference to the accompanying drawings, of which:

Figure 1 shows the general construction of the di-
rect squeeze casting apparatus;
Figure 2 shows an enlarged view of the mould and
sliding gate assembly in Figure 1;
Figure 3 shows enlarged details of the sliding gate
and the upwardly acting locking mechanisms in Fig-
ure 2;
Figure 4 illustrates a preferred metering mechanism
using compressible separators with a sliding mould;
Figure 5 illustrates an alternative metering mecha-
nism with a sliding mould and punch; and
Figure 6 shows an alternative sealing mechanism.

[0044] Figure 1 shows the general assembly of direct
squeeze casting equipment comprising the hydraulic
press 1 with its control/operations panel 2 and the pump-
ing furnace 3 located approximately centrally below the
lower platen 4 of the hydraulic press 1. In this embodi-
ment the lower die half 5 which may itself be constructed
of separate segments which define the form of the lower
surfaces of the casting and which may be held together
in a robust steel bolster, is held rigidly on the lower platen
4 by bolts, jacks, levers or the like. The punch or upper
die half 6 which may itself be constructed of separate
segments and which defines the form of the upper sur-
faces of the casting, is attached directly or indirectly via
a backing plate or a support block to the upper platen 7
above the lower die half and can be lowered into it by
the operation of the hydraulic cylinder or cylinders 8 and
the associated hydraulic pumps 8a of the hydraulic
press 1. The die parts 5,6 and any cores which may be
part of the die construction may be sprayed with a graph-
itic or other die lubricant prior to assembly in their correct
locations ready for casting. The upper part of the die 6
is positioned, with the aid of displacement transducers,
limit switches or other similarly suitable devices, within
the lower part of the die 5 to define a metal metering
means such that the volume of liquid metal which will
enter the cavity from the conduit 9 will, subsequent to
sealing the entrance to the mould and after solidification
and simultaneous compression and compaction by the
main hydraulic cylinder or cylinders 8, provide a casting
free or substantially free from porosity and of the re-
quired dimensions. Usually, the dies are operated at a
temperature within the range 250°c - 350°C and they
may be heated or cooled to maintain their temperature
by electrical or oil circulation or other means. The heat-
ing may be applied directly to the impression blocks or
to the bolster and support blocks of the upper and lower
parts respectively.
[0045] Figure 2 shows an enlarged view of a die set
5 and 6 located centrally on the platens 4 and 7 above
the conduit 9, which comprises a riser tube 9a from the
furnace 3 and a channel 9b in the lower platen, with the
sliding gate 10 situated between the top of the conduit
9 and the bottom of the die cavity 11, the sliding gate
being operated by the hydraulic cylinder 22. The orifice
12 in the sliding gate 10, which may be lined with ce-
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ramic or other inert material, lines up with the conduit 9
when the gate is open to allow metal to pass upwardly
from the conduit 9 into the mould cavity 11 through a
filtering medium 13 situated within the orifice 12 of the
sliding gate 10 or at any suitable position within the
mould entrance 14. The channel 9b in the lower platen
4 and in any backing plates between the lower die half
5 and the lower platen 4 may be lined with inert ceramic
material 15. When the correct amount of metal has
passed into the mould cavity the sliding gate 10 is
moved by a distance greater than the diameter of the
orifice 12 to displace the orifice 12 in the sliding gate 10
fully out of alignment with the conduit 9 and thus to iso-
late the liquid metal in the mould cavity 11 from the metal
in the conduit 9. At this stage pressure can be reduced
in the pumping furnace 3 to allow the descent of liquid
metal in the conduit 9. To facilitate the removal of liquid
from beneath the under surface of the sliding gate 10,
the underside of the sliding gate 10 may contain a vent-
ing passage to allow the ingress of air into the top of the
conduit 9 when the venting passage and the inner edge
of the conduit are placed in juxtaposition by the further
movement of the sliding gate 10. The contacting surfac-
es above and below the sliding gate may be of a material
different from the sliding gate 10 to reduce frictional ef-
fects and to prevent any potential seepage of liquid met-
al into the sliding mechanism.
[0046] The sliding gate 10 can be secured in its una-
ligned position to form a leak-tight seal by forcing it from
below against the lower end of the mould entrance 14.
In Figure 3 the upwardly acting force on the sliding gate
10 may be generated from the interaction of the inclined
surfaces 16 in the sliding gate against the inclined ramps
17 on the underlying surface. The mechanical or hy-
draulic action of levers or toggles or the like may also
be used to effectively seal the sliding gate 10 against
the lower end of the mould entrance 14. Once a leak-
tight seal has been formed the pressure of the hydraulic
ram 8 acting through the punch 6 can be brought to bear
on the metal in the cavity 11 throughout the solidification
period. When the casting has solidified any side cores
can be withdrawn, the punch 6 can be retracted by the
reverse action of the main cylinder or cylinders 8 or by
the action of ancillary cylinders and the casting can be
removed. The small disc of solidified aluminium in the
orifice 12 in the sliding gate 10 can easily be removed
by a sprung ball mechanism, for instance, and the die
set can be reassembled for further casting. This method
of operation is suitable for the larger size of castings in
heavy steel moulds and bolsters. This arrangement of
die filling and sealing is suitable, for example, for the
manufacture of automotive components such as steer-
ing knuckles, wheel hub castings, light alloy wheels and
other shapes for general engineering applications.
[0047] An alternative arrangement for metal metering
and mould sealing is shown in Figure 4, in which the
bottom half of the die set 5 is situated on a raised or
recessed slide track 18 and is moved with respect to the

conduit 9 to place the mould into or out of feeding rela-
tionship with the furnace 3 and simultaneously out of or
into coaxiality with the hydraulic press 1. In this embod-
iment the mould entrance 14 is initially located over the
conduit 9 and metal enters the mould from below in a
non-turbulent manner through a filtering mechanism 13
located in the liquid metal flow path below the mould en-
trance 14 or at any suitable position within the mould
entrance 14. Metering of the correct amount of liquid
metal into the mould is effected through having the top
half of the die 6 situated within the lower half of the die
5 so defining the mould cavity 11 but raised on, prefer-
ably adjustable, compressible separators 19 by an
amount which just compensates for the volume contrac-
tion of the liquid metal on solidification and compaction
by the squeezing forces of the hydraulic press 1.
[0048] Instead of being situated on compressible sup-
ports 19 as shown in Figure 4 the top half of the die 6
may alternatively be held at the required metal metering
height on its own slide track 20 attached directly or in-
directly to the top platen and directly above the lower
slide track as shown in Figure 5. The synchronous side-
ways sliding movement of the two halves of the die may
be actuated by a single hydraulic cylinder acting in the
line of the slide tracks with the punch 6 being moved by
interaction with the lower half 5, or vice versa, or by the
cylinder acting jointly on the two die halves; or by a pair
of cylinders acting simultaneously on the two halves.
[0049] After filling the mould with the requisite amount
of liquid metal in either of the embodiments shown in
Figures 4 and 5, the top half 6 and the bottom half 5 of
the mould are together moved sideways out of feeding
relationship with the conduit 9 to a position near the cen-
tre of the platens of the hydraulic press. At the end of
this movement the punch 6 in Figure 4 can engage se-
curely in a seating such as a tapered keyway or some
other interlocking or interacting device on the underside
of the upper platen 7 in order to create a withdrawal
mechanism for the punch when the casting has solidi-
fied. Preferably, pressure is brought to bear on the bot-
tom half of the mould by ancillary hydraulic or pneumatic
pistons or by mechanical devices to seal the entrance
to the mould by making a leak-proof joint between the
die and the lower slide track. Pressure from the hydrau-
lic press is then applied to the punch 6 of the die set
such as to displace the punch to compensate for solid-
ification contraction until the liquid metal fully solidifies.
The die set can then be opened and the casting re-
moved.
[0050] The arrangements of die filling and sealing de-
scribed in the embodiments shown in Figures 4 and 5
are suitable, for instance, for piston manufacture for au-
tomotive and other applications which may be of mon-
olithic light alloy composition or metal matrix composite
construction, although other automotive and general en-
gineering components are also suitable for this process.
[0051] Another alternative way of sealing the mould
is illustrated in Figure 6 in which the moving part 21 of
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the sealing means is held in the upper part of the die 6.
After being coated with the necessary die lubricant the
die halves are initially set at the appropriate distance
apart such that the correct quantity of liquid metal is me-
tered into the die cavity 11 when the die cavity is filled
from below. The moving part 21 of the sealing means
can then be lowered by actuation of an ancillary hydrau-
lic cylinder 23 or by pneumatic or mechanical devices
through the liquid metal to seat on the entrance to the
mould 14 in the lower half of the die 5 and to effectively
seal it to prevent the flow of liquid from the mould during
the pressurisation cycle of the hydraulic press. Pressure
can be exerted on the moving part 21 of the sealing
means by the ancillary hydraulic cylinder 23 or by other
pneumatic or mechanical devices to ensure that a pres-
sure tight joint exists to prevent the loss of metal from
the mould. Once the seal has been made secure the
squeezing pressure from the main hydraulic cylinder 8
can be applied to consolidate the casting during solidi-
fication. After solidification the moving part 21 of the
sealing means can be withdrawn by reverse actuation
of the ancillary hydraulic cylinder 23 or pneumatic piston
or by release of the mechanical devices, the die set can
be opened using the return action of the main hydraulic
cylinder or cylinders 8 and the casting can be removed
from the mould cavity. This embodiment of the direct
squeeze casting process is particularly suitable for com-
ponents which require a through hole such as steering
knuckles and wheels or wheel centres, for instance, and
for moulds containing multiple cavities arranged around
a common ingate.
[0052] In the general procedures described above,
the punch 6 is located in its metal metering position prior
to metal entering the die. However, the lowering of the
punch 6 to its metering position in the lower half of the
die 5 to define the die cavity can occur simultaneous
with mould filling, or even subsequent to mould filling
but prior to mould sealing, in order to promote enhanced
liquid metal movement in the die cavity and to encour-
age a more refined microstructure in the cast article.
Such a procedure will also provide shorter manufactur-
ing times and greater productivities, particularly for large
volume castings.
[0053] By following the manufacturing routes de-
scribed, a range of articles can be produced which are
near net shape and contain little or no porosity. By plac-
ing filters in-line with the metal flow large oxide particles
and other deleterious solid inclusions may be removed
from the casting and high integrity castings are pro-
duced. By this process conventional casting alloys and
alloys of conventional and nonconventional forging
composition may be successfully cast into products
close to final form. Local reinforcement of the castings
can also be effected by the placement of ceramic or me-
tallic preforms at selected locations in the cavity which
are fully infiltrated during casting to produce metal ma-
trix composite regions having enhanced properties.
[0054] Although reference has been made specifical-

ly to light alloys, it should be noted that other non-ferrous
and ferrous alloys, particulate metal matrix composites
and semi-solid alloys, may also be squeeze cast using
the method and apparatus described. For the high tem-
perature alloys, die sets constructed, at least in part, of
heat resistant ceramic materials such as sialons may
have to be used.

Claims

1. An apparatus for casting metal articles comprising
a receptacle (3) for molten metal, at least one mould
cavity (11) for casting the metal article, the mould
cavity being defined by co-operating die parts (5;
6), the die parts being movable with respect to each
other and their separation distance being selected
to define a predetermined cavity volume for the cast
article, a conduit (9) having a first end connected to
an entrance in the lower die part of the mould cavity
and a second end connected to the receptacle, and
means for transferring molten metal upwardly from
the receptacle through the conduit to fill or substan-
tially fill the mould cavity in a non-turbulent manner,
characterised in that sealing means (10) are provid-
ed to seal the entrance (14) to the mould cavity, and
pressurising means (8) are provided to apply pres-
sure on the die parts to further reduce the cavity vol-
ume during solidification of the metal in the mould
cavity, the sealing means comprising a sealing gate
(10) movable between the first end of the conduit
(9) and the entrance (14) to the mould cavity (11).

2. An apparatus as claimed in Claim 1, further com-
prising opening means to open the mould.

3. An apparatus as claimed in Claim 1 or Claim 2, fur-
ther comprising extraction means to remove the
cast article from the mould cavity.

4. An apparatus as claimed in any preceding claim
wherein the receptacle for molten metal is a heata-
ble furnace (3).

5. An apparatus as claimed in any preceding claim
wherein the receptacle for molten metal is an un-
heated reservoir.

6. An apparatus as claimed in any preceding claim,
wherein each die part (5; 6) is supported on a platen
(4; 7) of which at least one platen is slidable on one
or more tie bars.

7. An apparatus as claimed in any preceding claim,
wherein the means for transferring molten metal
through the conduit (9) is a low pressure pneumatic
system.
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8. An apparatus as claimed in any of Claims 1 to 6,
wherein the means for transferring molten metal
through the conduit (9) is an electromagnetic pump.

9. An apparatus as claimed in any of Claims 1 to 6,
wherein the means for transferring molten metal
through the conduit (9) is a vacuum system which
creates a negative pressure in the mould cavity rel-
ative to the receptacle.

10. An apparatus as claimed in any of Claims 1 to 9,
wherein the sealing gate (10) is manufactured from
an inert material capable of forming a leak-tight clo-
sure.

11. An apparatus as claimed in any of Claims 1 to 10,
wherein the sealing means (10) comprises a seal-
ing surface such that the die parts (5; 6) are slidable
upon it to enable the entrance to the mould cavity
(11) to be moved away from the conduit (9).

12. An apparatus as claimed in Claim 11, wherein the
sealing surface is manufactured from an inert ma-
terial capable of forming a leak-tight closure.

13. An apparatus as claimed in any preceding claim,
wherein the pressure applied by the pressurising
means (8) during solidification progressively de-
forms and compresses the solidified metal in the
mould to compensate for contraction during solidi-
fication and to ensure the removal or substantial re-
moval from the casting of contraction cavities or
remnant gas porosity from gases dissolved in the
metal.

14. An apparatus as claimed in any preceding claim
wherein the pressurising means (8) has a variable
speed of operation.

15. An apparatus as claimed in any preceding claim,
wherein monitoring means are provided to monitor
the pressure applied and the displacement pro-
duced by the pressurising means (8) during solidi-
fication and to generate a specific pressurisation
and/or displacement regime.

16. An apparatus as claimed in any preceding claim,
further comprising a filtration means (13) to filter the
molten metal prior to entering the mould cavity (11) .

17. An apparatus as claimed in any preceding claim,
wherein there are a plurality of mould cavities (11).

18. An apparatus as claimed in any preceding claim,
wherein the lower die part (5) is encased in a steel
bolster.

19. An apparatus as claimed in any preceding claim,

wherein the upper die part (6) is held on a steel
backing plate or support block.

20. An apparatus as claimed in any preceding claim,
wherein the die parts (5; 6) or bolsters are provided
with heating/cooling means.

21. An apparatus as claimed in any preceding claim,
wherein the separation of the die parts (5; 6) is de-
termined by displacement transducers.

22. An apparatus as claimed in any preceding claim,
wherein the separation of the die parts (5; 6) is de-
termined by compressible separators (19).

23. An apparatus as claimed in any preceding claim,
wherein the pressurising means (8) is a hydraulic
press.

24. An apparatus as claimed in any preceding claim,
wherein the die parts (5; 6) comprise impression
blocks manufactured in one or more interlocking
segments from hardened and tempered steel.

25. An apparatus as claimed in any preceding claim,
wherein the surfaces of the mould cavity are coated
with a lubricant or release agent.

26. A method of casting metal articles comprising the
steps of locating at least one mould cavity (11) of
variable volume above a receptacle (3) containing
molten metal, connecting a conduit (9) between the
mould cavity and the receptacle with a first end con-
nected to an entrance (14) in the mould cavity and
a second end connected to the receptacle, and forc-
ing molten metal from the receptacle through the
conduit and into the mould cavity without
turbulence , characterised by using a sealing
means (10) to prevent loss of molten metal from the
mould cavity, wherein during solidification of the
molten metal pressure is applied to the mould cavity
(11) to reduce the volume thereby compensating for
contraction during solidification, the sealing means
comprising a sealing gate (10) movable between
the first end of the conduit (9) and the entrance (14)
to the mould cavity (11).

27. A method as claimed in Claim 26, wherein the pres-
sure is reduced after solidification is completed.

28. A method as claimed in Claim 27, wherein the
mould is then opened by opening means and the
cast article is removed by extraction means.

Patentansprüche

1. Vorrichtung zum Gießen von Metallgegenständen,
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mit einem Behälter (3) für Metallschmelze, minde-
stens einer Formkavität (11) zum Gießen des Me-
tallgegenstandes, wobei die Formkavität definiert
ist durch zusammenwirkende Formwerkzeugteile
(5, 6), die relativ zueinander beweglich sind und de-
ren gegenseitiger Abstand so gewählt ist, daß sie
ein vorgegebenes Kavitätsvolumen für den Gußar-
tikel definieren, einer Leitung (9) mit einem ersten
Ende, das mit einem Einlaß am unteren Formwerk-
zeugteil der Formkavität verbunden ist, und einem
zweiten Ende, das mit dem Behälter verbunden ist,
und Mitteln zum Überführen von Metallschmelze
nach oben von dem Behälter durch die Leitung, um
die Formkavität turbulenzfrei zu füllen oder weitge-
hend zu füllen,
dadurch gekennzeichnet, daß Verschlußmittel
(10) zum dichten Verschließen des Einlasses (15)
der Formkavität vorgesehen sind und daß Druck-
beaufschlagungsmittel (8) vorgesehen sind, um ei-
nen Druck auf die Formwerkzeugteile auszuüben,
um das Kavitätsvolumen während der Verfestigung
des Metalls in der Formkavität weiter zu reduzieren,
wobei die Verschlußmittel ein Verschlußglied (10)
aufweisen, das zwischen dem ersten Ende der Lei-
tung (9) und dem Einlaß (14) der Formkavität (11)
beweglich ist.

2. Vorrichtung nach Anspruch 1,
mit Mitteln zum Öffnen der Form.

3. Vorrichtung nach Anspruch 1 oder 2,
mit Extraktionsmitteln zum Entnehmen des gegos-
senen Gegenstandes aus der Formkavität.

4. Vorrichtung nach einem vorangehenden Anspruch,
bei dem der Behälter für Metallschmelze ein heiz-
barer Ofen (3) ist.

5. Vorrichtung nach einem vorangehenden Anspruch,
bei dem der Behälter für Metallschmelze ein unbe-
heizter Vorratsbehälter ist.

6. Vorrichtung nach einem vorangehenden Anspruch,
bei dem jedes Formwerkzeug (5, 6) von einer Platte
(4, 7) gehalten ist, wobei mindestens eine der Plat-
ten auf einer der mehreren Zugstangen verschieb-
bar ist.

7. Vorrichtung nach einem vorangehenden Anspruch,
bei dem die Mittel zum Überführen von Metall-
schmelze durch die Leitung (9) aus einem Nieder-
druck-Pneumatiksystem bestehen.

8. Vorrichtung nach einem der Ansprüche 1 bis 6,
bei der die Mittel zum Überführen von Metall-
schmelze durch die Leitung (9) eine elektromagne-
tische Pumpe sind.

9. Vorrichtung nach einem der Ansprüche 1 bis 6,
bei der die Mittel zum Überführen von Metall-
schmelze durch die Leitung (9) ein Vakuumsystem
sind, welches einen Unterdruck in der Formkavität
relativ zu dem Behälter erzeugt.

10. Vorrichtung nach einem der Ansprüche 1 bis 9,
bei der das Verschlußglied (10) aus einem inerten
Material hergestellt ist, das einen leckdichten Ver-
schluß bilden kann.

11. Vorrichtung nach einem der Ansprüche 1 bis 10,
bei der die Verschlußmittel (10) eine solche Ab-
dichtfläche aufweisen, daß die Formwerkzeuge (5,
6) auf dieser verschiebbar sind, so daß der Einlaß
zur Formkavität (11) von der Leitung (9) wegbewegt
werden kann.

12. Vorrichtung nach Anspruch 11,
bei der die Dichtfläche aus einem inerten Material
besteht, das einen leckdichten Verschluß bilden
kann.

13. Vorrichtung nach einem der vorangehenden An-
sprüche,
bei dem der von den Druckbeaufschlagungsmitteln
(8) während der Verfestigung aufgebrachte Druck
das verfestigte Metall in der Form progressiv ver-
formt und komprimiert, um die Kontraktion während
der Verfestigung zu kompensieren und um eine
vollständige oder weitgehende Entfernung von
Kontraktionskavitäten oder einer verbleibenden
Gasporosität aufgrund von im Metall gelösten Ga-
sen aus dem Gußstück zu gewährleisten.

14. Vorrichtung nach einem vorangehenden Anspruch,
bei dem die Druckbeaufschlagungsmittel (9) eine
veränderbare Betriebsgeschwindigkeit haben.

15. Vorrichtung nach einem vorangehenden Anspruch,
bei der Überwachungsmittel vorgesehen sind, um
den aufgebrachten Druck und die von den Druck-
beaufschlagungsmitteln (9) erzeugte Verschiebung
während der Verfestigung zu überwachen und um
ein spezielles Druck- und/oder Verschiebungsprofil
zu erzeugen.

16. Vorrichtung nach einem vorangehenden Anspruch,
mit einer Filtriereinrichtung (13) zum Filtrieren der
Metallschmelze vor dem Eintritt in die Formkavität
(11).

17. Vorrichtung nach einem vorangehenden Anspruch,
mit einer Mehrzahl von Formkavitäten (11).

18. Vorrichtung nach einem vorangehenden Anspruch,
bei dem das untere Formwerkzeugteil (5) in einer
Stahlummantelung eingeschlossen ist.
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19. Vorrichtung nach einem vorangehenden Anspruch,
bei dem das obere Formwerkzeugteil (6) von einer
Aufspannplatte oder einem Tragblock aus Stahl ge-
halten ist.

20. Vorrichtung nach einem vorangehenden Anspruch,
bei der die Formwerkzeugteile (5, 6) oder ihre Auf-
spannplatten mit Heiz-/Kühlmitteln versehen sind.

21. Vorrichtung nach einem vorangehenden Anspruch,
bei dem die Trennung der Formwerkzeugteile (5, 6)
durch Positionsgeber bestimmt wird.

22. Vorrichtung nach einem vorangehenden Anspruch,
bei dem die Trennung der Formwerkzeugteile (5, 6)
durch kompressible Separatoren (19) bestimmt ist.

23. Vorrichtung nach einem vorangehenden Anspruch,
bei dem die Druckbeaufschlagungsmittel (8) eine
Hydraulikpresse sind.

24. Vorrichtung nach einem vorangehenden Anspruch,
bei dem die Formwerkzeugteile (5, 6) Tiefdruck-
blöcke sind, die aus gehärtetem und geglühtem
Stahl in einem oder mehreren ineinandergreifen-
den Segmenten hergestellt sind.

25. Vorrichtung nach einem vorangehenden Anspruch,
bei dem die Oberflächen der Formkavität mit einem
Schmier- oder Ablösemittel beschichtet sind.

26. Verfahren zum Gießen von Metallgegenständen mit
den Schritten:
Anordnen mindestens einer Formkavität (11) ober-
halb eines Metallschmelze enthaltenden Behälters
(3), Verbinden einer Leitung (9) zwischen der Form-
kavität und dem Behälter, wobei ein erstes Ende mit
einem Einlaß (14) der Formkavität und ein zweites
Ende mit dem Behälter verbunden ist, und Pressen
von Metallschmelze aus dem Behälter durch die
Leitung in die Formkavität ohne Turbulenz, ge-
kennzeichnet durch die Verwendung von Ver-
schlußmitteln (10) zum Verhindern des Austritts von
Metallschmelze aus der Formkavität, wobei wäh-
rend der Verfestigung der Metallschmelze Druck
auf die Formkavität (11) ausgeübt wird, um deren
Volumen zu reduzieren und dadurch die Kontrakti-
on während der Verfestigung zu kompensieren, wo-
bei die Verschlußmittel ein Verschlußglied (10) um-
fassen, das zwischen dem ersten Ende der Leitung
(9) und dem Einlaß (14) zur Formkavität (11) be-
wegbar ist.

27. Verfahren nach Anspruch 26,
bei dem der Druck reduziert wird, nachdem die Ver-
festigung abgeschlossen ist.

28. Verfahren nach Anspruch 27,

bei dem die Form dann durch ihre Öffnungseinrich-
tung geöffnet und das Gußstück durch Extraktions-
mittel entnommen wird.

Revendications

1. Dispositif de coulée d'articles métalliques, compre-
nant un réceptacle (3) pour métal fondu, au moins
un creux de moule (11) destiné à couler l'article mé-
tallique, le creux de moule étant défini par des par-
ties de coquille coopérantes (5 ; 6), les parties de
coquille étant mobiles l'une par rapport à l'autre et
leur distance de séparation étant choisie de façon
à définir un volume de creux prédéterminé pour l'ar-
ticle de fonderie, un conduit (9) dont une première
extrémité est reliée à une entrée dans la partie de
coquille inférieure du creux de moule et dont la se-
conde extrémité est reliée au réceptacle, et un
moyen pour transférer vers le haut le métal fondu
depuis le réceptacle à travers le conduit, afin de
remplir ou de pratiquement remplir le creux de mou-
le de façon non turbulente, caractérisé en ce qu'un
moyen d'étanchéité (10) est prévu pour rendre
étanche l'entrée (14) du creux de moule, et un
moyen de mise sous pression (8) est prévu pour
appliquer une pression sur les parties de coquille,
afin de réduire davantage le volume du creux pen-
dant la solidification du métal dans le creux de mou-
le, le moyen d'étanchéité comprenant une barrière
d'étanchéité (10) mobile entre la première extrémité
du conduit (9) et l'entrée (14) du creux de moule
(11).

2. Dispositif selon la revendication 1, comprenant en
outre un moyen d'ouverture destiné à ouvrir le mou-
le.

3. Dispositif selon la revendication 1 ou la revendica-
tion 2, comprenant en outre un moyen d'extraction
destiné à enlever l'article de fonderie du creux de
moule.

4. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel le réceptacle pour
métal fondu est un four chauffable (3).

5. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel le réceptacle pour
métal fondu est un réservoir non chauffé.

6. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel chaque partie de co-
quille (5 ; 6) est supportée sur un plateau (4 ; 7), au
moins un des plateaux pouvant coulisser sur un ou
plusieurs écrous de colonnes.

7. Dispositif selon l'une quelconque des revendica-
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tions précédentes, dans lequel le moyen destiné à
transférer le métal fondu à travers le conduit (9) est
un système pneumatique basse pression.

8. Dispositif selon l'une quelconque des revendica-
tions 1 à 6, dans lequel le moyen destiné à transfé-
rer le métal fondu à travers le conduit (9) est une
pompe électromagnétique.

9. Dispositif selon l'une quelconque des revendica-
tions 1 à 6, dans lequel le moyen destiné à transfé-
rer le métal fondu à travers le conduit (9) est une
installation de vide qui crée une pression négative
dans le creux de moule par rapport au réceptacle.

10. Dispositif selon l'une quelconque des revendica-
tions 1 à 9, dans lequel la barrière d'étanchéité (10)
est fabriquée à partir d'un matériau inerte suscep-
tible de former une fermeture étanche aux fuites.

11. Dispositif selon l'une quelconque des revendica-
tions 1 à 10, dans lequel le moyen d'étanchéité (10)
comprend une surface d'étanchéité qui est telle que
les parties de coquille (5 ; 6) peuvent coulisser sur
elle afin de permettre l'éloignement de l'entrée du
creux de moule (11) du conduit (9).

12. Dispositif selon la revendication 11, dans lequel la
surface d'étanchéité est fabriquée à partir d'un ma-
tériau inerte susceptible de former une fermeture
étanche aux fuites.

13. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel la pression appli-
quée par le moyen de mise sous pression (8) pen-
dant la solidification déforme et comprime progres-
sivement le métal solidifié dans le moule, afin de
compenser le retrait se produisant pendant la soli-
dification et d'assurer l'élimination ou élimination
notable des retassures de la pièce coulée, ou toute
porosité gazeuse résiduelle des gaz dissous dans
le métal.

14. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel le moyen de mise
sous pression (8) a une vitesse de fonctionnement.

15. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel on prévoit des
moyens de contrôle pour contrôler la pression ap-
pliquée et le déplacement produit par le moyen de
mise sous pression (8) pendant la solidification, et
pour produire un régime de mise sous pression et/
ou de déplacement spécifique.

16. Dispositif selon l'une quelconque des revendica-
tions précédentes, comprenant en outre un moyen
de filtration (13) destiné à filtrer le métal fondu avant

qu'il n'entre dans le creux de moule (11).

17. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel il y a une pluralité
de creux de moule (11).

18. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel la partie de coquille
inférieure (5) est encastrée dans un châssis en
acier.

19. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel la partie de coquille
supérieure (6) est supportée sur une plaque de fixa-
tion ou un bloc de support en acier.

20. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel les parties de co-
quille (5 ; 6) ou châssis sont pourvues de moyens
de chauffage/refroidissement.

21. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel la séparation des
parties de coquille (5 ; 6) est déterminée par des
capteurs de déplacement.

22. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel la séparation des
parties de coquille (5 ; 6) est déterminée par des
séparateurs compressibles (19).

23. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel le moyen de mise
sous pression (8) est une presse hydraulique.

24. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel les parties de co-
quille (5 ; 6) comprennent des blocs de compres-
sion fabriqués en un ou plusieurs segments s'inter-
pénétrant à partir d'acier durci et trempé.

25. Dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel les surfaces du
creux de moule sont revêtues d'un lubrifiant ou d'un
agent de démoulage.

26. Procédé de coulée d'articles métalliques compre-
nant les étapes consistant à positionner au moins
un creux de moule (11) de volume variable au-des-
sus d'un réceptacle (3) contenant du métal fondu,
relier un conduit (9) entre le creux de moule et le
réceptacle à une première extrémité reliée à une
entrée (14) donnant dans le creux de moule et à
une seconde extrémité reliée au réceptacle, et à for-
cer le métal fondu du réceptacle à travers le conduit
et à l'intérieur du creux de moule sans turbulence,
caractérisé par l'étape consistant à utiliser un
moyen d'étanchéité (10) pour empêcher toute perte
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de métal fondu du creux de moule, dans lequel,
pendant la solidification du métal fondu, une pres-
sion est appliquée sur le creux de moule (11) afin
de réduire le volume en compensant ainsi le retrait
pendant la solidification, le moyen d'étanchéité
comprenant une barrière d'étanchéité (10) mobile
entre la première extrémité du conduit (9) et l'entrée
(14) du creux de moule (11).

27. Procédé selon la revendication 26, dans lequel on
réduit la pression une fois la solidification achevée.

28. Procédé selon la revendication 27, dans lequel un
moyen d'ouverture ouvre ensuite le moule, et le
moyen d'extraction enlève l'article de fonderie.
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