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(54) APPARATUS FOR MOULDING MATERIALS

(57) An apparatus for moulding materials, compris-
ing a base frame (2) which supports a pair of half moulds
(3a, 3b) and at least one plunger (4), which can be intro-
duced between the half moulds (3a, 3b). The plunger (4)
can be actuated translationally, with respect to the half
moulds (3a, 3b), by virtue of actuation means (5), which
comprise at least one actuation cylinder (6) provided with
a lateral jacket (7), which forms axially an internal cavity
(8) within which a piston (9) which is integral with a stem
(10) connected to the plunger (4) can move slidingly be-

tween a retracted position and an advanced position; at
least two separate actuation chambers (13, 14) are
formed between the piston (9) and a fixed head (12) of
the actuation cylinder (6) and are connected to means
(15) for supplying a working fluid. Means (16) for the con-
trol of the supply means (15) are provided and are adapt-
ed to activate the supply means (15) in order to supply
in sequence with the pressurised working fluid the two
actuation chambers (13, 14).

9d ™ gp 9c 18a 38 g
\ 1 ! / \ \ | ——
37
/
20a —| 1
78 —]
27—
20 ]
24—
A | 19 X 4/\] Z 1
YNNI \mkm\ﬂg& Yy
10
®

ENPIE: 35732’96/‘3/, 5 ;0 ~1q9.6

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 769 949 A1 2

Description

[0001] The present invention relates to an apparatus
for molding materials.

[0002] Apparatuses for molding materials are known
which are generally constituted by presses which com-
prise, on a supporting frame, a fixed lower base, on which
a lower half mold is arranged, and an upper movable
hammer, which has an upper half mold associated there-
with and is connected to actuation means for its move-
ment toward or away from the lower base in order to
provide the molding of a portion of material interposed
between the two half molds.

[0003] In order to provide particular shapes of the
molded parts, in some apparatuses there are movable
plungers which are introduced in the half molds so as to
be able to penetrate into the material to be molded.
[0004] The movement of the plungers is provided, ac-
cording to the background art, by means of hydraulic cyl-
inders, each of which acts directly on a respective plung-
er.

[0005] This solution, while allowing the possibility to
vary in an independent manner the stroke and the times
of penetration of each individual plunger, requires a high-
power hydraulic system for supplying the cylinders, due
to the high force and movement speed required of the
plungers.

[0006] In order to try and overcome these drawbacks,
a press has been proposed, described in EP2210686 in
the name of this same Applicant, which has means for
actuating the plungers which are constituted, for each
plunger, by a toggle joint lever system, acting as a force
multiplier, comprising two mutually hinged levers which
act between the respective plunger and a fixed point, and
a hydraulic cylinder which acts in the hinge point between
the two levers of the toggle joint lever system.

[0007] This solution allows, by virtue of the use of the
toggle joint lever system, to multiply progressively the
force applied to the plunger, reducing at the same time,
in a proportional manner, the movement speed applied
to said plunger, with consequentreduction of the required
power levels.

[0008] In order to allow the adjustment of the stroke of
the plunger, the toggle joint lever system requires, how-
ever, the presence of a second piston inside the hydraulic
cylinder, the position of which can be varied by means
of an electrohydraulic system, which is external to the
hydraulic cylinder and is relatively complex and bulky.
[0009] The aim of the present invention is to provide
an apparatus for molding materials that is capable of im-
proving the background art in one or more of the aspects
mentioned above.

[0010] Within this aim, an object of the invention is to
provide an apparatus for molding materials that does not
require, in the hydraulic system for supplying the means
for actuating the plungers, large accumulators working
at high pressures.

[0011] Another object of the invention is to provide an
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apparatus for molding materials that allows in a simple
and effective manner to vary the advancement and final
force of the plungers.

[0012] Another object of the invention is to devise an
apparatus for molding materials that allows to provide
the adjustment of the stroke of the plunger, with a very
simple and extremely compact system.

[0013] A further object of the present invention is to
overcome the drawbacks of the background artin a man-
ner that is alternative to any existing solutions.

[0014] Another object of the invention is to provide an
apparatus for molding materials that is highly reliable and
is relatively easy to provide and at competitive costs.
[0015] This aim and these and other objects which will
become better apparent hereinafter are achieved by an
apparatus for molding materials according to claim 1, op-
tionally provided with one or more of the characteristics
of the dependent claims.

[0016] Further characteristics and advantages of the
invention will become better apparent from the descrip-
tion of a preferred but not exclusive embodiment of the
apparatus for molding materials according to the inven-
tion, illustrated by way of non-limiting example in the ac-
companying drawings, wherein:

Figure 1 is a perspective view of the apparatus ac-
cording to the invention;

Figure 2 is a front elevation view of the apparatus
according to the invention;

Figure 3 is a sectional view, taken along the plane
11-11;

Figure 4 is a lateral elevation view of the apparatus
according to the invention;

Figures 5 to 7 are longitudinal sectional views of a
sequence of operating steps of an actuation cylinder
of the apparatus according to the invention;

Figure 8 is a transverse sectional view of the actua-
tion cylinder, taken along the plane VIII-VIII of Figure
5;

Figures 9 to 11 are longitudinal sectional views of a
sequence of operating steps of an actuation cylinder
of the apparatus according to the invention, in a pos-
sible constructive variation.

[0017] With reference to the figures, the apparatus for
molding materials according to the invention, generally
designated with the reference numeral 1, comprises a
base frame 2 which supports a pair of half molds 3a and
3b, which can move with respect to each other and be-
tween which the material to be molded can be interposed.
[0018] The apparatus according to the invention is fur-
thermore provided with at least one plunger 4, which can
be introduced between the half molds 3a and 3b and can
be actuated translationally, with respect to the half molds
3a, 3b, by virtue of actuation means 5.

[0019] In particular, the actuation means 5 comprise
at least one actuation cylinder 6, which is provided with
a lateral jacket 7, which forms axially an internal cavity
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8, within which a piston 9 can move slidingly and is inte-
gral with a stem 10 connected to the plunger 4.

[0020] The lateral jacket 7 has, at one of its ends, an
opening 11, crossed by the stem 10 and, at its opposite
end, afixed head 12for the closure of the internal cavity 8.
[0021] Conveniently, a guiding ring 11a for the stem
10 can be mounted on the lateral jacket 7 at the opening
11.

[0022] The piston 9 is, in particular, movable on com-
mand, along the internal cavity 8, between a retracted
position, shown for example in Figure 5, in which the
piston 9 is moved closer to the fixed head 12, and an
advanced position, shown for example in Figure 7, in
which the piston 9 is moved away from the fixed head 12.
[0023] According to the invention, in the internal cavity
8 of the actuation cylinder 6 there are, between the piston
9 and the fixed head 12, at least two separate actuation
chambers of the piston 9, respectively a first actuation
chamber 13, which is formed between a first portion 9a
of the piston 9 and at least one portion of the fixed head
12, and a second actuation chamber 14, which is sepa-
rated hermetically from the first actuation chamber 13
and is formed between a second portion 9b of the piston
9, which is different from the first portion 9a, and at least
one portion of the fixed head 12.

[0024] The first actuation chamber 13 and the second
actuation chamber 14 are connected to means 15 for
supplying a working fluid, which comprise, conveniently,
a fluid-operated circuit which may be of the open circuit
type or of the closed circuit type.

[0025] Also according to the invention, there are
means 16 for the control of the supply means 15 which
are designed to activate the supply means 15 in order to
supply in sequence with the pressurized working fluid the
first actuation chamber 13, in order to produce a move-
ment of the piston 9, for at least one first part of its stroke
from the retracted position to the advanced position, with
the generation of a first value of the force applied to the
plunger 4, and the second actuation chamber 14, in order
to produce a movement of the piston 9, for at least one
second part of its stroke from the retracted position to
the advanced position, with the generation of a second
value, which is greater than the above mentioned first
value, of the force applied to the plunger 4.

[0026] In greater detail, said first part of the stroke of
the piston 9 is extended preferably between the retracted
position and an intermediate position of the stroke, inter-
posed between the retracted position and the advanced
position, while said second part of the stroke of the piston
9 is extended between the intermediate position and the
advanced position.

[0027] Conveniently, a third actuation chamber 17 is
formed in the internal cavity 8, between a third portion
9c of the piston 9, directed toward the opening 11 of the
lateral jacket 7, and at least one portion of the fixed head
12 or at least one portion that is integral therewith and
with the lateral jacket 7.

[0028] In particular, the control means 16 are designed
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to activate the supply means 15 in order to supply with
the pressurized working fluid the third actuation chamber
17, in order to produce a movement of the piston 9 from
the advanced position toward the retracted position.
[0029] Advantageously, the surface of the third portion
9c of the piston 9 on which the working fluid acts in the
third actuation chamber 17 can have a smaller extension
than the one of the first and second portions 9a and 9b
of the piston 9 on which the working fluid acts respectively
in the first and second actuation chambers 13 and 14,
so that the piston 9 can perform a low force return step
from the advanced position to the retracted position, i.e.,
with the generation of a value of the force applied by the
piston 9 that is lower than the values of the force applied
by the piston in the movement steps of the piston 9 from
the retracted position to the advanced position, thus
avoiding the risk of any breakage of the components
mounted on the piston 9.

[0030] Conveniently, the first portion 9a of the piston
9is formed in a central region of said piston, with respect
to its axis, while the second portion 9b of the piston 9 is
formed in a peripheral region of the piston 9, again with
respect to its own axis.

[0031] Advantageously, according to the illustrated
embodiment, a fixed piston 18 is fixed integrally to the
fixed head 12, has an elongated extension and is extend-
ed axially, in the internal cavity 8, from the fixed head 12
toward the opening 11 of the lateral jacket 7.

[0032] As shown in Figures 5-7, a longitudinal recess
19 is axially formed in the piston 9, accommodates the
fixed piston 18 and in particular has, at one of its ends
arranged substantially at a face 9d of the piston 9 that is
directed toward the fixed head 12, an inlet 20 crossed by
the fixed piston 18.

[0033] More particularly, in the embodiment of Figures
5-7, the first actuation chamber 13 is formed between
the end of the fixed piston 18 that is opposite to the one
fixed to the fixed head 12 and a bottom wall 21 of the
longitudinal recess 19 that is located at the end of the
longitudinal recess that is opposite to the one in which
the inlet 20 is formed and which, in practice, forms the
first portion of the piston 9.

[0034] Conveniently, the fixed piston 18 is crossed lon-
gitudinally by at least one first channel 22 which connects
the supply means 15 to the first actuation chamber 13.
[0035] In the embodiment shown in Figures 5-7, the
third actuation chamber 17 is provided by an annular
interspace 23 formed between at least one portion of the
outer lateral surface of the fixed piston 18 and at least
one portion of the internal lateral surface of the longitu-
dinal recess 19.

[0036] Again with reference to the embodiment of Fig-
ures 5-7, the fixed piston 18 is crossed longitudinally by
atleastone second channel 24 which communicates with
the annular interspace 23 and with the supply means 15.
[0037] In greater detail, in the embodiment of Figures
5-7, the fixed piston 18 conveniently has, at its end that
is opposite with respect to the end that is fixed to the fixed
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head 12, a wider head 18a, which engages hermetically
the internal lateral surface of the longitudinal recess 19,
with the possibility of the piston 9 to slide with respect to
the fixed piston 18.

[0038] Advantageously, in the embodiment of Figures
5-7, a guiding bush 20a is fixed to the piston 9 at the inlet
20 ofthe longitudinal recess 19 and engages hermetically
the outer lateral surface of the fixed piston 18, with the
possibility of the piston 9 to slide with respect to the fixed
piston 18.

[0039] With this structure, the annular interspace 23
that provides the third actuation chamber 17 is delimited
axially between a region of the wider head 18a of the
fixed piston that is directed oppositely with respect to the
opening 11 and a region of the guiding bush 20a that is
directed toward the opening 11 which, in practice, forms
the above mentioned third portion 9c of the piston 9.
[0040] It should be noted that in the embodiment
shown in Figures 5-7 the second portion 9b of the piston
9 comprises a region of the face 9d of the piston 9 that
islocated around the inlet 20 of the longitudinal recess 19.
[0041] Conveniently, again in the embodiment shown
in Figures 5-7, the second portion 9b of the piston is
formed at a radial head expansion 25 of the piston 9,
which has larger diametrical dimensions than the remain-
ing part of the piston 9, which is arranged at the end of
the piston 9 that is directed toward the fixed head 12 and
engages hermetically the side wall of the internal cavity
8, on which a cooling jacket 26 can be advantageously
arranged.

[0042] Conveniently, at least one third channel 27,
which connects the supply means 15 to the second ac-
tuation chamber 14, is formed in the fixed head 12.
[0043] Advantageously, the piston 9 axially accommo-
dates, substantially at the bottom wall 21 of the longitu-
dinalrecess 19, atransducer 28 of the stroke of the piston
9.

[0044] It should be noted that inside the lateral jacket
7 there can be at least one abutment element 29 which
can be engaged by the piston 9 and can be moved ad-
justably by virtue of means for movement 30 along the
axis of the lateral jacket 7 in order to vary the extension
ofthe stroke of the piston 9 between the retracted position
and the advanced position.

[0045] In particular, the abutment element 29 compris-
es, conveniently, a sleeve-like stroke limiter body 29a,
which is movable along the axis of the lateral jacket 7
and is arranged coaxially to the lateral jacket 7 between
the opening 11 and an abutment portion 9e of the piston
9, which is arranged, advantageously, in the case of the
embodiment of Figures 5-7, on the side of the radial head
expansion 25 of the piston 9 that is directed toward the
opening 11.

[0046] As shown in Figure 8, the movement means 30
comprise, advantageously, a movement ring 31, which
is mounted so that it can rotate with respect to the lateral
jacket 7 and is arranged around the stroke limiter body
29a, inside the lateral jacket 7. The movementring 31 is
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provided internally with a thread 32, which engages a
corresponding complementary thread formed on the
stroke limiter body 29a, and an external set of teeth 33
which engages a worm screw 34, which is extended sub-
stantially at right angles to the axis of the movement ring
31 and can be actuated rotationally by a motor 35 con-
trolled by means of an encoder 36.

[0047] The movement ring 31 is axially locked by
means of an abutment ring 37.

[0048] It should be noted that conveniently the rotation
of the piston 9 about its own axis is prevented by at least
one rotation-preventing element 38, constituted, for ex-
ample, by a tab which acts on the piston 9.

[0049] Advantageously, the rotation-preventing ele-
ment 38 allows moreover to provide the rotational locking
of the abutment element 29.

[0050] Itshould be noted that the apparatus according
to the invention may be provided with multiple plungers
4, each of which is functionally connected to a respective
actuation cylinder 6.

[0051] The operation of the apparatus, according to
the invention, is as follows.

[0052] The material to be molded is interposed be-
tween the half molds 3a and 3b and then the approach
of the two half molds 3a and 3b is actuated.

[0053] One or more plungers 4 are then inserted into
the half molds 3a and 3b by means of the activation of
the respective actuation cylinders 6.

[0054] The activation of each actuation cylinder 6 is
managed by the control means 16 of the supply means
15 according to the following steps.

[0055] Starting from the situation of Figure 5, in which
the piston 9 is in a retracted position, in a first step that
corresponds to a step of high speed advancement and
with low force of the piston 9, the control means 16 ac-
tuate the activation of the supply means 15 in order to
send, via the first channel 22, pressurized working fluid
into the first actuation chamber 13, so as to cause the
movement of the piston 9 in the direction of the advanced
position for the first part of its stroke, i.e., until it reaches
the intermediate position, which can be set by the user
by means of a control panel. In this step, the working fluid
presentin the third actuation chamber 17 returns, through
the second channel 24, to the supply means 15 and work-
ing fluid at low pressure is introduced in the second ac-
tuation chamber 14 via the third channel 27.

[0056] When the piston 9 reaches the intermediate po-
sition along its stroke, a second step or step of high force
advancement of the piston 9 starts in which, while the
piston 9 travels along a second part of its stroke toward
the advanced position, the control means 16 actuate the
supply means 15 to send, via the third channel 27, the
pressurized working fluid into the second actuation
chamber 14 so as to obtain the generation of a greater
working force by the piston 9.

[0057] The stroke of the piston 9 ends when the piston
9 comes into contact with the abutment element 29, pre-
viously positioned by virtue of its movement means 30,
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thus allowing to adjust in a precise manner the extension
of the stroke of the piston 9.

[0058] In the third step or low force return step, the
control means 16 actuate the supply means 15 to send
the pressurized working fluid into the third actuation
chamber 17, so as to obtain the movement of the piston
9 from the advanced position to the retracted position,
with return of the working fluid present in the first and
second actuation chambers 13 and 14 into the supply
means 15 via the first and third channels 22 and 27.
[0059] Since the portion of the surface of the piston 9
on which the working fluid acts in the third actuation
chamber 17 has a much smaller extension than the por-
tions of the piston 9 on which the working fluid acts in the
first and second chambers 13, 14, the return step of the
piston 9 to the retracted position occurs with low force,
and this allows to avoid breakage of the plunger 4 con-
nected to the piston 9.

[0060] In order to adjust the stroke of the piston 9 be-
tween the retracted position and the advanced position
it is possible to act, by virtue of the worm screw 34, on
the movement ring 31, which allows to move the stroke
limiter body 29a, so as to vary the position in which the
piston 9 comes into contact with the stroke limiter body
29a.

[0061] In practice it has been found that the invention
achieves the intended aim and objects.

[0062] In particular, it is stressed that the invention al-
lows the elimination of accumulators of large size oper-
ating at high pressures, by virtue of the possibility to use
a closed circuit without an oil tank to provide the means
for supplying the actuation cylinder of the plungers.
[0063] Another achieved advantage of the invention is
constituted by the possibility to vary in a simple and ef-
fective manner the advancement and final force without
having to adjust valves and/or preload accumulators.
[0064] Another advantage of the invention is to allow
an adjustment of the exit level of the piston that actuates
the plunger, by virtue of means incorporated in the lateral
jacket of the actuation cylinder.

[0065] The invention, thus conceived, is susceptible of
numerous modifications and variations, all of which are
within the scope of the appended claims.

[0066] Thus, for example, Figures 9-11 show a possi-
ble constructive variation of the actuation cylinder 6, in
which components and elements similar to those of the
embodiment of Figures 5-7 have been designated by the
same reference numeral for the sake of simplicity.
[0067] In this embodiment, the piston 9 has an axial
extension 40 that extends from the piston 9 in the direc-
tion of the fixed head 12 and in which the longitudinal
recess 19 that accommodates the fixed piston 18 is
formed, said piston in this case being crossed longitudi-
nally by a receptacle 41 for a rod, not shown for the sake
of simplicity, that is designed to interact with the trans-
ducer 28 of the stroke of the piston 9 arranged at the
bottom wall 21 of the longitudinal recess 19.

[0068] Inparticular,inthe embodimentof Figures 9-11,
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thefirstactuation chamber 13 is formed between the fixed
head 12 and the free end of the axial extension 40 of the
piston 9 and, more particularly, between the fixed head
12 and a collar 42 which is fixed around a portion of the
axial extension 40 proximate to its free end and forms,
with its portion directed toward the fixed head 12, the first
portion 9a of the piston 9.

[0069] Conveniently, the collar 42 engages slidingly
and hermetically the inner side wall of a sleeve-like body
43, which is accommodated, integrally with the fixed head
12 and the lateral jacket 7, in an axial part of the internal
cavity 8 of the lateral jacket 7 of the actuation cylinder 6.
[0070] More particularly, the sleeve-like body 43 in turn
axially accommodates with play in its internal axial cavity
43a the axial extension 40 and, inside it there is, in prac-
tice, the first actuation chamber 13, which in this case
communicates with the supply means 15 via a duct 44
that passes through the fixed head 12.

[0071] Again with reference to the embodiment of Fig-
ures 9-11, the second actuation chamber 14 is formed
externally to the axial extension 40 of the piston 9 and
more particularly is defined conveniently in a portion of
space substantially comprised radially between the ex-
ternal lateral surface of the axial extension 40 of the pis-
ton 9 and the internal surface of the lateral jacket 7 and
axially between a peripheral portion of the piston 9 that
extends around the axial extension 40 and forms the sec-
ond portion 9b of the piston 9 and the end of the sleeve-
like body 43 directed toward the opening 11 of the lateral
jacket 7.

[0072] In this case, the second actuation chamber 14
communicates with the supply means 15 via the third
channel 27 formed in the fixed head 12 and a connecting
duct 45, which is extended longitudinally in the sleeve-
like body 43 and is arranged laterally with respect to the
internal axial cavity 43a of said sleeve-like body.

[0073] It should be noted that a tubular extension 43b
of the sleeve-like body 43 extends axially from the end
of the sleeve-like body 43 directed toward the opening
11 of the lateral jacket 7, at the external edge of the
sleeve-like body 43, and is engaged slidingly and her-
metically, on its internal lateral surface, by the piston 9
and is in contact, with its external lateral surface, with the
internal surface of the lateral jacket 7.

[0074] Conveniently, the cooling jacket 26 is, in this
case, formed between the lateral jacket 7 and the external
lateral surface of the sleeve-like body 43 and of its tubular
extension 43b.

[0075] Inthe embodimentof Figures 9-11, the third ac-
tuation chamber 17 can be conveniently defined in a re-
gion of the internal axial cavity 43a of the sleeve-like body
43 that is separated hermetically with respect to the first
actuation chamber 13 by the collar 42.

[0076] More particularly, in this case, the third actua-
tion chamber 17 is formed in a portion of space 47, lo-
cated inside the internal axial cavity 43a of the sleeve-
like body 43, that is comprised radially between the in-
ternal lateral wall of the internal axial cavity 43a of the
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sleeve-like body 43 and the external lateral surface of
the axial extension 40 of the piston 9 and, axially, be-
tween a portion of the collar 42 directed toward the open-
ing 11, which defines in practice the third portion 9c of
the piston 9, and an annular wall 46, which is extended
radially from the internal lateral wall of the internal axial
cavity 43a of the sleeve-like body 43 and engages slid-
ingly hermetically the external lateral surface of the axial
extension 40 of the piston 9. Said portion of space 47
communicates with the supply means 15, for example,
by means of a radial duct 48 which crosses the lateral
jacket 7 and the sleeve-like body 43.

[0077] Again with reference to Figures 9-11, the third
actuation chamber 17 may also optionally be formed in
a portion of space of the internal cavity 8 of the lateral
jacket 7 that is comprised axially between the opening
11 and the piston 9.

[0078] More particularly, in this case, the third actua-
tion chamber 17 may be formed between the abutment
element 29 and the abutment portion 9e of the piston 9,
which therefore also defines the third portion 9c¢ of said
piston, and can be arranged in communication with the
supply means 15 by virtue of a radial channel 49, which
is formed in the lateral jacket 7 and communicates with
an aperture 50 formed in the axial extension 43b of the
sleeve-like body 43.

[0079] It should be noted that in the embodiment of
Figures 9-11, the first actuation chamber 13 might also
be in communication with the inside of the longitudinal
recess 19 that accommodates the fixed piston 18 via a
passage 51 left open between a portion of the internal
lateral surface of the longitudinal recess 19 and the ex-
ternal lateral surface of the fixed piston 18 and, more
particularly, between the rotation-preventing element 38,
in this case inserted in the longitudinal cavity 19 and fixed
to the axial extension 40 of the piston 9, and the external
lateral surface of the fixed piston 18.

[0080] Allthe details may furthermore be replaced with
other technically equivalent elements.

[0081] In practice, the materials used, so long as they
are compatible with the specific use, as well as the con-
tingent shapes and dimensions, may be any according
to the requirements and the state of the art.

[0082] Thedisclosuresin ltalian Patent Application No.
102019000012969 from which this application claims pri-
ority are incorporated herein by reference.

[0083] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing 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 exam-
ple by such reference signs.

Claims

1. An apparatus for molding materials, comprising a
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base frame (2) which supports a pair of half molds
(3a, 3b), which can move with respect to each other
and between which the material to be molded can
be interposed, and at least one plunger (4), which
can be introduced between said half molds (3a, 3b)
and can be actuated translationally, with respect to
said half molds (3a, 3b), by virtue of actuation means
(5), said actuation means (5) comprising atleast one
actuation cylinder (6) which is provided with a lateral
jacket (7), which forms axially an internal cavity (8)
within which a piston (9) can move slidingly which is
integral with a stem (10) connected to said at least
one plunger (4), said lateral jacket (7) having, at one
of its ends, an opening (11), crossed by said stem
(10), and, at its opposite end, a fixed head (12) for
the closure of said internal cavity (8), said piston (9)
being movable on command, along said internal cav-
ity (8), between a retracted position, in which said
piston (9) is moved closer to said fixed head (12),
and an advanced position, in which itis moved away
from said fixed head (12), characterized in that in
said internal cavity (8) there are, between said piston
(9) and said fixed head (12), at least two separate
actuation chambers (13, 14) of said piston (9), re-
spectively a first actuation chamber (13), which is
formed between a first portion (9a) of said piston (9)
and at least one portion of said fixed head (12), and
a second actuation chamber (14), which is separated
hermetically from said first actuation chamber (13)
and is formed between a second portion (9b) of said
piston (9), which is different from said first portion
(9a), and at least one portion of said fixed head (12),
said first and second actuation chambers (13, 14)
being connected to means (15) for supplying a work-
ing fluid, means (16) for the control of said supply
means (15) being provided and being adapted to ac-
tivate said supply means (15) in order to supply in
sequence with said pressurized working fluid said
first actuation chamber (13), in order to produce a
movement of said piston (9), for at least one first part
of its stroke from said retracted position to said ad-
vanced position, with the generation of a first value
of the force applied to said at least one plunger (4),
and said second actuation chamber (14), in order to
produce a movement of said piston (9), for at least
one second part of its stroke from said retracted po-
sition to said advanced position, with the generation
of a second value, which is greater than said first
value, of the force applied to said at least one plunger

(4).

The apparatus according to claim 1, characterized
in that in said internal cavity (8), between a third
portion (9c) of said piston (9), directed toward said
opening (11), and at least one portion that is integral
with said fixed head (12), there is a third actuation
chamber (17), said control means (16) being adapt-
ed to activate said supply means (15) in order to
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supply with said pressurized working fluid said third
actuation chamber (17), in order to produce a move-
ment of said piston (9) from said advanced position
toward said retracted position.

The apparatus according to one or more of the pre-
ceding claims, characterized in that said first part
of the stroke of said piston (9) is extended between
said retracted position and an intermediate position,
which is interposed between said retracted position
and said advanced position, said second part of the
stroke of said piston (9) being extended between
said intermediate position and said advanced posi-
tion.

The apparatus according to one or more of the pre-
ceding claims, characterized in that said first por-
tion (9a) of said piston (9) is formed in acentral region
of said piston (9), with respect to its axis, said second
portion (9b) of said piston (9) being formed in a pe-
ripheral region of said piston (9) with respect to its
own axis.

The apparatus according to one or more of the pre-
ceding claims, characterized in that a fixed piston
(18) is fixed to said fixed head (12), has an elongated
extension and extends axially, in said internal cavity
(8), from said fixed head (12) toward said opening
(11), a longitudinal recess (19) for accommodating
said fixed piston (18) being formed axially in said
piston (9).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said longitudi-
nal recess (19) has, at one of its ends arranged sub-
stantially at a face (9d) of said piston (9) that is di-
rected toward said fixed head (12), an inlet (20)
crossed by said fixed piston (18), said first actuation
chamber (13) being formed between the end of said
fixed piston (18) that is opposite to the one fixed to
said fixed head (12) and a bottom wall (21) of said
longitudinal recess (19) that is located at the end of
said longitudinal recess (19) that is opposite to the
one in which said inlet (20) is formed and forms said
first portion (9a) of said piston (9), said fixed piston
(18) being crossed longitudinally by at least one first
channel (22) which connects said supply means (15)
to said first actuation chamber (13).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said piston (9)
has an axial extension (40) in the direction of said
fixed head (12), said first actuation chamber (13) be-
ing formed between a free end of said axial extension
(40) and said fixed head (12).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said third ac-
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12.

13.

14.

tuation chamber (17) comprises an annular inter-
space (23) formed between at least one portion of
the outer lateral surface of said fixed piston (18) and
at least one portion of the internal lateral surface of
said longitudinal recess (19), said fixed piston (18)
being crossed longitudinally by at least one second
channel (24) which communicates with said annular
interspace (23) and with said supply means (15).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said third ac-
tuation chamber (17) is formed in a region of the
internal axial cavity (43a) of a sleeve-like body (43),
which is accommodated in said internal cavity (8)
and axially accommodates with play said axial ex-
tension (40).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said fixed pis-
ton (18) has, at its end that is opposite with respect
tothe end that s fixed to said fixed head (12), a wider
head (18a), which engages hermetically the internal
lateral surface of said longitudinal recess (19), with
the possibility to slide said piston (9) with respect to
said fixed piston (18), a guiding bush (20a) being
fixed to said piston (9) at said inlet (20) and engaging
hermetically the outer lateral surface of said fixed
piston (18), with the possibility of said piston (9) to
slide with respect to said fixed piston (18), said an-
nularinterspace (23) being delimited axially between
a region of said wider head (18a) that is directed
oppositely with respect to said opening (11) and a
region of said guiding bush (20a) that is directed to-
ward said opening (11) which forms said third portion
(9c) of said piston (9).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said second
portion (9b) of said piston (9) comprises a region of
said face (9d) of said piston (9) that is located around
said inlet (20).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said second
portion (9b) of said piston (9) comprises a peripheral
portion of said piston (9) that is extended around said
axial extension (40).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said fixed head
(12) is crossed by at least one third channel (27)
which mutually connects said supply means (15)and
said second actuation chamber (14).

The apparatus according to one or more of the pre-
ceding claims, characterized in that said piston (9)
axially accommodates, substantially at said bottom
wall (21) of said longitudinal recess (19), a transduc-



15.

16.

17.

13 EP 3 769 949 A1

er (28) of the stroke of said piston.

The apparatus according to one or more of the pre-
ceding claims, characterized in that it comprises,
inside said lateral jacket (7), at least one abutment
element (29) that can be engaged by said piston (9)
and can be moved adjustably by virtue of movement
means (30) along the axis of said lateral jacket (7)
in order to vary the extension of the stroke of said
piston (9) between said retracted position and said
advanced position.

The apparatus according to one or more of the pre-
ceding claims, characterized in that said at least
one abutment element (29) comprises a sleeve-like
stroke limiter body (30) which is arranged coaxially
to said lateral jacket (7) between said opening (11)
and an abutment portion (9e) of said piston (9) and
can move along the axis of said lateral jacket (7),
said movement means (15) comprising a movement
ring (31) which is arranged around said stroke limiter
body (30) and is provided internally with a thread
(32), which engages a corresponding thread formed
on said stroke limiter body (30), and an external set
of teeth (33) which engages a worm screw (34),
which is extended substantially at right angles to the
axis of said movement ring (31) and can be actuated
rotationally by a motor (35).

The apparatus according to one or more of the pre-
ceding claims, characterized in that it comprises at
least one rotation-preventing element (38) which is
adapted to prevent the rotation of said piston (9)
about its own axis.
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