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Description
Technical field

[0001] Theinventionrefersto aprocedure and a series
of devices related to the manufacture of metallic parts
through injection.

Prior art

[0002] Metal injection machines are based on an in-
jection mechanism that injects melted metallic material
into a mould. Among the most important components in
a metal injection machine are the closure unit, whose
function it is to open and close the mould at the correct
pressure and at the correct times, the injection mecha-
nism, whose function it is to introduce the melted metal
in the mould at the correct times, and the extraction unit,
whose function it is to extract the parts from the interior
of the mould following the injection and once the metal
has solidified. The metal injection machine also usually
comprises a control unit that controls the functions of
each section of the machine so that all the sections op-
erate in a correct and co-ordinated manner.

[0003] The injection mechanism of a metal injection
machine usually comprises an oven (or furnace) in which
the metal is melted at a temperature suitable for it to be
injected, a pipe that connects the oven to the mould, and
a ram or piston that conveys the melted metal from the
oven and towards the mould, along the pipe. Another
type of injection machine is also known in which the oven
is not directly connected to the mould, but in which the
machine comprises a receptacle that conveys the melted
material from the oven to a container with a ram then
conveying the material from the container to the mould
through the corresponding pipe.

[0004] In all cases the operation of the injection mech-
anism, closure unit and extraction mechanism for the
manufacture of parts in an injection machine is normally
based on the successive repetition of an injection cycle
where said injection cycle usually comprises a series of
fundamental steps:

- firstly the closure unit performs the pressurised clo-
sure of the mould;

- once the mould has been closed under pressure the
injection mechanism begins a first injection phase in
which the ram advances at a relatively slow velocity
V1 (V1 can be constant or variable) so that the me-
tallic material is conveyed to a specific point in the
injection stroke defined by the user, which generally
coincides with the intake of the feeder channels of
the mould (small channels located in the mould that
connect the cavities of the mould in which the parts
are formed with the mould exterior); during this first
injection phase the air thatis inside the pipe is moved
by the metallic material until it reaches the cavities
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of the mould;

- at the end of the first phase, and starting from the
velocity (V1) of the first phase, the injection mecha-
nism sharply increases the velocity of the ram and
enters a second injection phase in which the ram
advances at a high velocity V2 (V2 can be constant
or variable) in order to fill the cavities of the partin a
required time and compact the part in order to com-
press the material and ensure that the air bubbles
trapped in the part are as small as possible, with this
second injection phase having a duration that de-
pends principally on the type of mould used;

- the injection mechanism then moves the ram back
to its initial position;

- once the cooling period (the time required for the
parts to cool) has elapsedat the end of the injection,
the closure unit opens the mould;

- after the mould has opened, the extraction mecha-
nism causes the parts to be removed from the interior
of the cavities;

- finally, a sprayer mechanism sprays the cavities with
a mould release liquid in order to reduce the temper-
ature of the mould and to lubricate the cavities and
thereby facilitate the extraction of the parts in the
following cycle.

[0005] The presentinvention aims to provide a series
of improvements in this injection cycle for the purposes
of reducing the total cycle duration time and thereby in-
crease the number of cycles per time unit that the injec-
tion machine is capable of performing, increasing as a
result the productivity of the machine.

Brief description of the invention

[0006] It is an object of the invention to define an in-
jection procedure and a corresponding injection machine
in which material can be injected into the mould without
necessarily having to wait for the closure unit and the
mouldto close. More specifically, the inventive procedure
and injection machine comprise a preliminary injection
phase that takes place at a safety velocity thatis generally
lower than the velocity (V1) of the first injection phase
(although it can also be equal to or greater than V1) and
with the mould open. Because the mould is open, for
safety purposes and to prevent a certain amount of melt-
ed metallic material from spilling outwards through the
nozzle, the inventive injection procedure and the injection
machine complement said injection at a safety velocity
by checking the position of the ram. Thus, if the ram exits
the movement range related to the movement of material
up to approximately the intake of the mould, the ram is
immediately halted to prevent it from advancing too far
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and causing the aforementioned spillage of material.
[0007] The inventive procedure and the machine also
comprise the constant checking of the injection condi-
tions (closure of the mould, etc.) so that when said con-
ditions are met the procedure and the machine quit the
preliminary injection phase and move automatically onto
the first injection phase (velocity V1) followed by the sec-
ond injection phase (velocity V2).

[0008] As a preliminary injection phase is conducted
with the mould still open and there is no need to wait until
the mould has closed to begin the injection, the inventive
procedure and injection machine are able to reduce the
duration of the injection cycle and therefore increase the
number of cycles that can be performed per time unit.
The reduction of the duration of the cycle is estimated at
between 1 and 3 seconds depending on the constructive
concept of the machine (the diameter of the pipe and
ram) and of the stroke of the ram during the preliminary
injection phase.

[0009] Furthermore, the procedure and the injection
machine offer the additional advantage of facilitating the
expulsion of air from inside the pipe during the injection
and of reducing the amount of air that appears inside the
manufactured parts, thereby reducing the appearance of
pores in the parts and increasing the strength of the parts.
It should therefore be borne in mind that in contrast to
the known procedures in the prior art during one of the
inventive injection phases (specifically during the prelim-
inary phase) the ram is moved with the mould open and,
as a result, the air displaced by the moving material can
exit freely from the nozzle towards the exterior of the
mould and the machine.

[0010] Toincrease safety during the injection the safe-
ty velocity preferably cannot be accessed by the user.
[0011] Another aspect of this invention is an adaptor
device that enables the adaptation of a traditional injec-
tion machine, of the type known in the prior art, so that
it can execute the inventive injection procedure with the
preliminary injection phase at a safety velocity and with
the mould open, complemented by control of the ram
position. The adaptor device is particularly suitable for
hydraulically driven injection machines, extremely com-
mon in the prior art, although it can also be used with
electrically driven injection machines. Said adaptor de-
vice comprises the input means for ascertaining the ex-
istence or otherwise of injection conditions or conditions
that determine whether the ram has to be moved at the
velocity V1 corresponding to the first injection phase.
Said device also comprises input means to ascertain if
the ram is positioned in the safety zone (between which
can be included at least one sensor that can be connect-
ed to the injection machine to detect whether the ram is
located in the safety zone), and input means to ascertain
the existence or otherwise of a specific condition prior to
the closure of the mould, which, in the event of being
affirmative, begins the inventive procedure. In addition,
the device comprises outlet means to communicate to
the injection machine the necessary information to influ-
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ence the velocity of the ram of the injection mechanism
in the injection machine. Preferably the adaptor device
can be activated or deactivated (even by an external or-
der from the injection machine) so that in the event of
being deactivated the outlet means do not influence the
velocity of the ram of the injection mechanism in the in-
jection machine.

Brief description of the figures

[0012] Details of the invention can be seen in the ac-
companying non-limiting drawings:

- Figures 1, 2 and 3 show the injection mechanism at
different points of the inventive injection procedure.

- Figure 4 shows a diagram of states of an injection
procedure known in the prior art.

- Figure 5 shows a generic embodiment of the inven-
tive injection procedure.

- Figure 6 shows various injection cycles of the con-
ventional injection procedure in Figure 4.

- Figure 7 shows various injection cycles of a particular
case of the injection procedure in Figure ;Error! No
se encuentra el origen de la referencia..

- Figure 8 shows various injection cycles of another
particular case of the injection procedure in Figure ;
Error! No se encuentra el origen de la referen-
cia..

Detailed description of the invention

[0013] Figures 1,2 and 3 show the parts of an injection
machine (8) mostimportant to the presentinvention such
as the injection mechanism (11) and the closure unit (9).
The closure unit (9) comprises two plates (9a, 9b) or rel-
atively flat parts to which are connected two sections
(10a, 10b) of a mould (10) comprising subcavities (23a,
23b). When the closure unit (9) closes, i.e. when the mo-
bile plate (9a) closes on the fixed plate (9b), the sections
(10a, 10b) of the mould (10) are closed causing the cav-
ities (23) to form, thereby forming the parts when the
subcavities join together (23a, 23b). The injection mech-
anism (11) comprises a ram (12) that moves vertically in
order to push the material (13) melted in an oven (22)
through a pipe (14) that comprises an outlet nozzle (15)
towards the mould (10). The drawing also represents the
safety zone (16) of the ram (12), which is defined as the
range of positions delimited between a minimum position
(18) corresponding to the position of least advance of the
ram (12) and a maximum position (17) corresponding to
the advance position of the ram (12) which positions the
material (13) approximately at the intake of the mould
(10).

[0014] Figure 1 specifically shows an initial situation in
which the mould (10) is open, the ram (12) is in its min-
imum position (18) or higher, the material (13) is inside
the pipe (14) and level with the oven (22), and most of
the pipe (14) is full of air. According to the inventive in-
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jection procedure it is from this initial situation that the
preliminary injection phase commences in which the ram
(12) is moved at a safety velocity (Vs) even with the mould
(10) open. Figure 2 shows the injection mechanism (11)
during the preliminary injection phase, which takes place
while the closure unit (9) and the mould (10) are closing.
In this situation if the material (13) reaches approximately
the outlet (31) of the nozzle (15) towards the mould (10)
or, what is the same, the ram (12) reaches the maximum
position (17) of the safety zone (16) or exceeds said po-
sition slightly (both conditions are contemplated by the
invention), the ram (12) stops in order to prevent material
(13) from spilling out to the exterior of the nozzle (15).
Meanwhile, the closure unit (9) and the mould (10) con-
tinue to close.

[0015] When the injection machine (8) detects that
specific injection conditions arise, which can preferably
be summarised in that the mould (10) is closed under
pressure, the injection machine (8) moves to the first in-
jection phase at velocity (V1), in which the material (13)
is conveyed substantially to the intake (5) of the mould
(10), and to the second injection phase at high velocity
(V2), in which the cavities (23) of the mould (10) are filled
with material (13). The final situation of the injection ma-
chine (8) after the second injection phase can be seen
in Figure 3.

[0016] Figure 4 shows a diagram of states of an injec-
tion procedure known in the prior art. Starting from an
initial state (26) the procedure commences when specific
injection conditions (4) are detected and which generally
indicate that the pressurised closure of the mould has
been completed and that the conditions required for the
injection of material to commence have been met. Once
the presence of said injection conditions have been de-
tected (4), afirst injection phase (19) begins in which the
ram moves at a relatively slow velocity (V1) in order to
inject material substantially up to the mould (normally up
to the intake of the feeder channels of the mould). The
procedure then continues with a second injection phase
(20) in which the ram is moved at high velocity (V2) in
order to inject material substantially in the mould (spe-
cifically in the cavities of the mould in which the parts are
formed). At the end of the second injection phase (20)
the injection mechanism returns to the initial state (26)
with other mechanisms operating, such as the closure
unit to open the mould and the extraction unit to extract
the parts. The procedure, as can be seen in the figure,
is cyclical.

[0017] Figure 5 shows a diagram of states of a generic
mode of embodiment of the inventive injection procedure.
As can be seen in the figure, unlike the state of the prior
art the invention proposes a series of actions between
the initial state (26) of the procedure and the firstinjection
phase (19) at a relatively slow velocity (V1). Specifically,
in the initial state (26) the state of a specific condition is
analysed (3) and, in the event that the compliance of said
specific condition (3) is detected, a time (2) greater or
equal to zero, preferably configurable, is allowed to
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elapse. At the end of this time (2) a decision is taken (24)
depending on whether the ram (12) is in the safety zone
(16) or not: if the ram (12) is in the safety zone (16), a
condition represented in the figure as an existence of
safety (S=1), the injection mechanism (11) enters a pre-
liminary injection phase (21) in which the ram (12) begins
to move at a safety velocity (Vs) in order to convey the
material (13) towards the nozzle (15) at said safety ve-
locity (Vs) and expel air from the interior of the pipe (14);
in contrast if the ram (12) is not in the safety zone (16),
a condition represented in the figure as a non-existence
of safety (S=0), the ram remains stationary, with the sit-
uation of the stationary ram (12) as a state (25) being
represented in the figure. Furthermore, in the first of the
cases if, when the ram (12) is moving at the safety ve-
locity, (Vs) the piston (12) is not in or exits the safety zone
(16),the ram (12) also moves to the state (25), i.e. it stops.
[0018] Inany state (2, 21, 25), when the specific injec-
tion conditions (4) are met the ram (12) moves at the
velocity (V1) corresponding to the first injection phase
(19). The specific injection conditions (4) indicate that the
pressurised closure of the mould has been completed
and that conditions required for the injection of material
to commence have been met, and shall preferably be
defined as the simultaneous compliance of at least two
of the following conditions: that the closure unit (9) is
closed under pressure, i.e. that the mobile plate (9a) is
in its most advanced position and is exerting pressure
towards the fixed plate (9b), that the mould (10) is posi-
tioned against the nozzle (15) or end of the pipe, and that
cylinders or members whose function it is to push the
nozzle (15) or end of the pipe against the mould (10) are
in fact exerting pressure to push the nozzle (15) against
the mould (10).

[0019] The specific condition (3) that begins the pro-
cedure (1) precedes the closure of the mould (10) in all
cases. In particular the invention contemplates two pre-
ferred modes of embodiment: a first mode in which the
specific condition (3) is that the closure unit (9) and the
mould (10) begin to close; a second mode in which the
specific condition (3) is that the closure unit (9) and sub-
sequently the mould (10) have opened (whether the ex-
traction of the parts or another action parallel to the in-
jection have been completed or not).

[0020] Figures 6, 7 and 8 show three sets of velocity-
time graphs of the closure (6), injection (1) and extraction
(7) procedures based on the repetition of cycles, with
Figure 6 corresponding to the conventional procedure,
Figure 7 to the aforementioned first inventive mode of
embodiment of the procedure, and Figure 8 to the afore-
mentioned second inventive mode of embodiment of the
procedure.

[0021] Figure 6 shows the different phases of the con-
ventional closure/injection/extraction cycle: a closure
phase (27) or phase in which the mobile plate (9a) ad-
vances on the fixed plate (9b) of the closure unit (9),
which ends when the closure unit (9) is closed under
pressure; the first injection phase (19), which ends when
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the ram (12) reaches the start level of the second injection
phase; the second injection phase (20), the duration of
which is the specific injection time; a cooling phase (28)
during which the piston (12) moves back; an opening
phase (29) during which the mould opens; an extraction
phase (30) during which the parts are extracted from the
interior of the mould (10).

[0022] Figure 7 shows that, according to the first in-
ventive mode of embodiment, a preliminary injection
phase (21) is added at the safety velocity (Vs). Said pre-
liminary injection phase (21) is performed before the
mould is closed, i.e. during the closure phase (27), spe-
cifically a time (2) after said closure phase (27) begins.
Given thatin this preliminary injection phase (21) the ma-
terial advances partially (the case in the present figure)
or completely along the pipe, the duration of the first in-
jection phase (19) in order to convey the material to the
intake of the feeder channels is reduced (the case in the
present figure) in relation to the previous figure or is even
cancelled. In this way the present figure shows how a
greater number of injection cycles per time unit can be
performed, increasing the productivity of the machine.
[0023] Figure 8 shows the second inventive mode of
embodimentin which the preliminary injection phase (21)
atthe safety velocity (Vs) begins before the closure phase
(27), i.e. just after the mould (10) opens. Specifically, in
the case of the present figure, the specific condition (3)
that starts the time counter (2) after which the preliminary
injection phase (21) begins is that the mould is open, i.e.
that the opening phase (29) has ended. In this case, in
comparison with Figures 6 and 7, the duration of the first
injection phase (19) is reduced more significantly, there-
by creating a shorter cycle time and an improved per-
formance of the injection machine.

[0024] The invention contemplates the embodiment of
the injection procedure with all types of values of the safe-
ty velocity (Vs), the velocity (V1) of the first injection
phase (19), the velocity (V2) of the second injection
phase (20). In this respect, as has been mentioned, the
safety velocity (Vs) can be smaller than, equal to or great-
er than V1. In addition, as has already been mentioned,
although the preferred case is that the velocity V1 is
smaller than V2, alternatives are contemplated in which
the first injection phase (19) and the second injection
phase (20) are conducted at the same velocity, etc. with
the configuration of velocities and times of injection phas-
es different to the preliminary injection phase (21) not
being, in any case, relevant to the present invention.

Claims

1. Injection procedure (1) for injecting metallic material
(13) into a mould (10) in an injection machine (8),
where said injection machine (8) comprises a closure
unit (9) that can open and close the mould (10), an
injection mechanism (11) that comprises a ram (12)
that pushes the material through a pipe (14) towards
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the mould (10), where in said ram (12) a safety zone
(16) is defined as the range of positions of the ram
(12) which is delimited between a minimum position
(18) corresponding to the position of least advance
of the ram (12) and a maximum position (17) corre-
sponding to the position in which the ram (12) posi-
tions the material (13) substantially at the end of the
pipe (14), where in said injection procedure (1), when
specific injection conditions (4) are met, one or var-
ious injection phases (19, 20) are executed in which
the ram (12) moves material (13) to the interior of
the mould (10), which is characterised in that it
comprises the following phases:

- before the specific injection conditions are met
(4) and after a time (2) greater than or equal to
zero following a specific condition (3) prior to the
closure of the mould (10), if the ram (12) is in
the safety zone (16), the injection mechanism
(11) enters a preliminary injection phase (21) in
which the ram (12) moves at a safety velocity
(Vs) in order to convey the material (13) towards
the mould (10) and expel air from the interior of
the pipe (14),

- whereas if, before the specific injection condi-
tions (4) are met and after atime (2) greater than
or equal to zero following a specific condition
(3), the ram (12) is not in the safety zone (16) or
if when the ram (12) is moving at the safety ve-
locity (Vs) the ram (12) is not in or has exited
the safety zone (16), the ram (12) moves to a
state (25) in which it does not move at the safety
velocity (Vs),

- at any moment (2, 21, 25), when the specific
injection conditions (4) are met, the injection pro-
cedure (1) switches to the injection phases (19,
20).

Injection procedure (1), in accordance with claim 1,
characterised in that when the ram (12) is in the
state (25) in which it does not move at the safety
velocity (Vs), the ram (12) is stationary.

Injection procedure (1), in accordance with claim 1,
characterised in that the specific injection condi-
tions (4) comprise the simultaneous activation of at
least two of the following conditions: that the closure
unit (9) is closed under pressure, that the mould (10)
is positioned against the end of the pipe (14) closest
tothe mould (10), and that the members whose func-
tion it is to push said end of the pipe (14) against the
mould (10) are in fact exerting pressure to push said
end of the pipe (14) against the mould (10).

Injection procedure (1), in accordance with claim 1,
characterised in that the time (2) is adjustable.

Injection procedure (1), in accordance with claim 1,
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characterised in that the specific condition (3) after
which the time begins to be counted (2) is substan-
tially that the closure unit (9) begins to close.

Injection procedure (1), in accordance with claim 1,
characterised in that the specific condition (3) fol-
lowing which the time begins to be counted (2) is
substantially that the closure unit (9) has opened.

Injection machine (8) for injecting metallic material
(13) into a mould (10), where said injection machine
(8) comprises a closure unit (9) that can open and
close the mould (10), an injection mechanism (11)
that comprises a ram (12) that pushes the material
(13) through a pipe (14) towards the mould (10),
where in said ram (12) a safety zone (16) is defined
as the range of positions of the ram (12), which is
delimited between a minimum position (18) corre-
sponding to the position of least advance of the ram
(12) and a maximum position (17) corresponding to
the position in which the ram (12) positions the ma-
terial (13) substantially at the end of the pipe (14),
where in said injection machine (8), when specific
injection conditions (4) are met one or various injec-
tion phases (19, 20) are executed in which the ram
(12) moves material (13) to the interior of the mould
(10), which is characterised in that:

- before the specific injection conditions (4) are
met and after a time (2) greater than or equal to
zero following a specific condition (3) prior to the
closure of the mould (10), if the ram (12) is in
the safety zone (16), the injection mechanism
(11) enters a preliminary injection phase (21) in
which the ram (12) moves at a safety velocity
(Vs) in order to convey the material (13) towards
the mould (1) and expel air from the interior of
the pipe (14),

- whereas if, before the specific injection condi-
tions (4) are met and after a time (2) greater than
or equal to zero following a specific condition
(3), the ram (12) is not in the safety zone (16) or
if when the ram (12) is moving at the safety ve-
locity (Vs) the ram (12) is not in or has exited
the safety zone (16), the ram (12) moves to a
state (25) in which it does not move at the safety
velocity (Vs),

- at any moment (2, 21, 25), when the specific
injection conditions (4) are met, the injection pro-
cedure (1) switches to the injection phases (19,
20).

Injection machine (8), in accordance with claim 7,
characterised in that when the ram (12) is in the
state (25) in which it does not move at the safety
velocity (Vs), the ram (12) is stationary.

Injection procedure (8), in accordance with claim 7,
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10.

11.

12.

13.

14.

15.

characterised in that the specific injection condi-
tions (4) comprise the simultaneous activation of at
least two of the following conditions: that the closure
unit (9) is closed under pressure, that the mould (10)
is positioned against the end of the pipe (14) closest
tothe mould (10), and that the members whose func-
tion it is to push said end of the pipe (14) against the
mould (10) are in fact exerting pressure to push said
end of the pipe (14) against the mould (10).

Injection procedure (8), in accordance with claim 7,
characterised in that the time (2) is adjustable.

Injection procedure (8), in accordance with claim 7,
characterised in that the specific condition (3) fol-
lowing which the time begins to be counted (2) is
substantially that the closure unit (9) begins to close.

Injection procedure (8), in accordance with claim 7,
characterised in that the specific condition (3) fol-
lowing which the time begins to be counted (2) is
substantially that the closure unit (9) has opened.

Injection machine (8), in accordance with any of the
claims 7 to 12, characterised in that the injection
mechanism (11) is hydraulically operated.

Injection machine (8), in accordance with any of the
claims 7 to 12, characterised in that the injection
mechanism (11) is electrically operated.

Adaptor device to be connected to an injection ma-
chine (8) for injecting metallic material (13) into a
mould (10), where said injection machine (8) com-
prises a closure unit (9) that can open and close the
mould (10), an injection mechanism (11) that com-
prises a ram (12) that pushes the material (13)
through a pipe (14) towards the mould (10), where
in said ram (12) a safety zone (16) is defined as the
range of positions of the ram (12), which is delimited
between a minimum position (18) corresponding to
the position of least advance of the ram (12) and a
maximum position (17) corresponding to the position
in which the ram (12) positions the material (13) sub-
stantially at the end of the pipe (14), where in said
injection mechanism (11), when specific injection
conditions (4) are met, one or various injection phas-
es (19, 20) are executed in which the ram (12) moves
material (13) to the interior of the mould (10), which
is characterised in that it comprises:

- input means to ascertain the existence or oth-
erwise of the specific injection conditions (4),
which, in the event of being affirmative, deter-
mine that the ram (12) has to be moved accord-
ing to the injection phases (19, 20),

- input means to ascertain whether the ram (12)
is in the safety zone (16),
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- input means to ascertain the existence or oth-
erwise of a specific condition (3) prior to the clo-
sure of the mould (10), which, in the event of
being affirmative, starts a time counter (2) great-
er than or equal to zero after which if the ram
(12) is in the safety zone, a preliminary injection
phase (21) must begin in which the ram (12)
must be moved at a safety velocity (Vs) in order
to convey the material (13) towards the mould
(10) and expel air from the interior of the pipe
(14), whereas if after the time (2) has elapsed
the ram (12) is not in the safety zone (16) or if
when the ram (12) is moving at the safety veloc-
ity (Vs) the ram (12) is not in or has exited the
safety zone (16), the ram (12) must switch to a
state (25) in which it does not move at the safety
velocity (Vs),

- outlet means to communicate to the injection
machine (8) the necessary information to influ-
ence the velocity of the ram (12) of the injection
mechanism (11) in the injection machine (8).

Adaptor device according to claim 15, character-
ised in that the time (2) is adjustable.

Adaptor device according to claim 15, character-
ised in that the input means for ascertaining wheth-
er the ram (12) is in the safety zone (16) comprise
at least a sensor that can be connected to the injec-
tion machine (8) to detect whether the ram (12) is in
the safety zone (16).

Adaptor device according to claim 15, character-
ised in that its operation can be activated or deac-
tivated, with the outlet means being such that they
do not influence the velocity of the ram (12) of the
injection mechanism (11) in the injection machine
(8) in the event of the adaptor device being disabled.

Adaptor device according to claim 18, character-
ised in that it comprises the input means necessary
toreceive an external activation or deactivation order
for its operation.
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