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(57)  There is described a filling valve (5; 105) for a
filing machine (1) configured to fill a receptacle (2) with
a pourable product; the filling valve (5; 105) comprises a
flow channel (11; 111) having an inlet opening (15) for
receiving the pourable product and an outlet opening (18)
for feeding the pourable product into the receptacle (2);
the filling valve (5; 105) comprises a closing member (12)
arranged within the flow channel (11; 111) and configured
to be controlled at least between a full closing position,
in which the closing member (12) is configured to prevent
a fluid connection between the inlet opening (15) and the
outlet opening (18), a full opening position, in which the
closing member (12) is configured to allow the fluid con-
nection between the inlet opening (15) and the outlet
opening (18) through a full opening passage, and at least
one intermediate position, defining a respective interme-
diate opening passage for the pourable product; the clos-
ing member (12) is configured to be controlled towards
the full closing position in a direction against the flow
direction (D) of the pourable product within the flow chan-
nel (11; 111).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a filling valve
for a filling machine configured to fill receptacles, in par-
ticular bottles, with a pourable product, in particular a
pourable food product such as water, carbonated bever-
ages, or the like.

[0002] The present invention also relates to a filling
machine comprising a plurality of filling valves for filling
receptacles, in particular bottles, with a pourable product,
in particular a pourable food product.

[0003] The presentinvention also relates to a method
for filling receptacles, in particular bottles, with a pourable
product, in particular a pourable food product.

BACKGROUND ART

[0004] Rotary-type filling machines are known to com-
prise a carousel rotatable around a vertical axis, a res-
ervoir containing the pourable product and a plurality of
filling valves. In detail, such filling valves are peripherally
carried by the carousel, are connected to the reservoir
by means of respective ducts and are advanced by the
carousel along a circumferential transfer path.

[0005] Each filling valve is configured to feed a prede-
termined volume of pourable product into one respective
receptacle at a time, while being advanced along the
transfer path due to the rotary motion imparted by the
carousel.

[0006] A typical filling machine also comprises an inlet
conveyor for feeding a succession of empty receptacles
to the carousel and an outlet conveyor receiving the filled
receptacles from the carousel and configured to feed the
filled receptacles to further treatment devices.

[0007] A typical filling valve comprises:

- alongitudinal tubular body mounted on a peripheral
portion of the carousel and internally defining a flow
channel for feeding the pourable product into a re-
spective empty receptacle arranged under the tubu-
lar body;

- ashutter, which engages the tubular body in a sliding
manner and is movable along the flow channel so
as to allow or prevent the outflow of the pourable
product towards the respective receptacle; and

- actuator means configured to control the movement
of the shutter within the flow channel.

[0008] In general, the flow channel has a longitudinal
axis parallel to the carousel axis and terminates, at a
lower end portion, with an axial outlet opening configured
to allow, in use, the outflow of the pourable product and
the filling of the respective receptacle to be filled.
[0009] In particular, the flow channel comprises a ta-
pered-section portion narrowing in the direction of the
outlet opening, up to a minimum-diameter section.
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[0010] The shutter is movable inside the flow channel

between:

- a full closing position, in which the shutter sealingly
engages the minimum-diameter section, thereby in-
terrupting the outflow of the pourable product to-
wards the respective receptacle; and

- afull opening position, in which the shutter delimits,
together with the tapered-section portion of the flow
channel, an annular passage fluidly connected to the
outlet opening.

[0011] Itis known in the field to control the shutter in a
modulating manner. According to this latter configura-
tion, the shutter is movable within the flow channel in a
plurality of intermediate positions ranging between the
full closing position and the full opening position. The
shutter delimits, together with the tapered-section por-
tion, an annular opening passage having varying sizes
in dependence of whether the shutter is controlled into
the full opening position or into one of the intermediate
positions. The opening passage is at its maximum when
the shutter is controlled into the full opening position; in
the latter condition, the flow rate of the pourable product
is the highest possible (maximum flow rate).

[0012] Conversely, when the shutter is in a particular
intermediate position it delimits, together with the ta-
pered-section portion, corresponding intermediate annu-
lar opening passages with varying dimensions, so as to
allow the pourable product to flow at an intermediate flow
rate (lower than the maximum flow rate) towards and into
the respective receptacle.

[0013] Inorderto ensure a proper separation between
the inner aseptic environment of the flow channel and
the external non-sterile environment, it is preferable to
remotely control the movement of the shutter by means
of the action of a magnetic field, without mechanical in-
terfaces entering into the aseptic environment of the fill-
ing valve.

[0014] Tothisend,the shutteris controlled by magnetic
actuator means. Known magnetic actuator means com-
prise a magnetic actuator including a magnetic stator,
i.e. a coil, which is arranged in a fixed position around
the flow channel, and an inner core, which is made of a
ferromagnetic material and is movable within the flow
channel. In particular, the inner core is usually included
in the shutter, or the shutter itself is entirely made of fer-
romagnetic material and, hence, defines the inner core.
[0015] The magnetic stator, i.e. the coil, is configured
to be magnetically coupled with the inner core, so as to
control the movement of the shutter inside the flow chan-
nel, due to variations in the magnetic field produced by
the electric current flowinginside the coil in one or another
direction.

[0016] In particular, when the coil is not energized, the
inner core, i.e. the shutter, is arranged in a rest position
(which defines one intermediate position), usually sym-
metric with respect to the coil itself.
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[0017] When the coil is energized with respective op-
posite electrical currents, the shutter will move along a
positive partial stroke towards and into the full closing
position, or along a negative partial stroke towards and
into the full opening position.

[0018] However, when the shutter moves along the
positive partial stroke, i.e. from the rest position to the
full closing position, fluid-dynamic instabilities may arise.
[0019] In particular, as the shutter approaches the full
closing position, the intermediate opening passage
shrinks more and more, thereby causing a Venturi effect
on an end portion of the shutter configured to engage the
outlet opening.

[0020] Thisunwanted effect prevents the whole shutter
to be perfectly stable near the full closing position, as its
end portion is subject to the so-called hydrodynamic par-
adox (Venturi effect) and, consequently, to the deriving
Bernoulli forces: due to this phenomenon, the pressure
decreases around the intermediate opening passage
when this latter is shrinking, i.e. when the shutter is con-
trolled near the full closing position, due to the high speed
of the pourable product through the same intermediate
opening passage. Therefore, Bernoulli forces arise, act-
ing on the end portion of the shutter together with the
pressure of the pourable product, which is flowing in the
same direction. Hence, the shutter is pushed towards the
full closing position, whereas the magnetic force exerted
by the magnetic actuator means is trying to keep the shut-
ter at the wanted intermediate position. This causes the
aforementioned instabilities, until the magnetic force is
overcome and the shutter completely closes the outlet
opening.

[0021] In order to avoid such an unwanted behavior,
in one approach the filling valve is designed such that
the rest position of the modulating shutter (i.e. when the
coil is not energized) is set as the full closing position.
However, this limits the total available stroke.

[0022] Another solution known in the art is to oversize
the coil, thereby leading to increased costs and a cum-
bersome configuration.

[0023] Consequently, only the partial negative stroke
can be efficiently used for allowing to operate the filling
valve, i.e. the shutter, in a modulating manner, thereby
allowing only a partial regulation of the flow rate of the
pourable product.

DISCLOSURE OF INVENTION

[0024] Itis therefore an object of the present invention
to provide a filling valve, which allows to overcome at
least one of the above-mentioned drawbacks in a
straightforward and low-cost manner.

[0025] This object is achieved by a filing valve as
claimed in claim 1.

[0026] It is a further object of the present invention to
provide a filling machine, which is designed to overcome
at least one of the above-mentioned drawbacks in a
straightforward and low-cost manner.
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[0027] This object is achieved by a filling machine ac-
cording to claim 10.

[0028] Itis an even further object of the present inven-
tion to provide a method for filling receptacles allowing
to overcome at least one of the above-mentioned draw-
backs in a straightforward and low-cost manner.

[0029] This object is achieved by a method for filling
according to claim 12.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Two non-limiting embodiments of the present
invention will be described by way of example with ref-
erence to the accompanying drawings, in which:

Figure 1 is a schematic top view of a filling machine
comprising a plurality of filling valves according to
the teaching of the present invention;

Figure 2 is a partially sectioned side view of a filling
valve according to a first embodiment of the present
invention, with parts removed for clarity; and
Figure 3 is a partially sectioned, schematic side view
of a filling valve according to a second embodiment
of the present invention, with parts removed for clar-

ity.

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] With reference to Figure 1, number 1 indicates
as a whole a filling machine for filling a plurality of recep-
tacles 2, such as bottles, containers and the like, with a
pourable product, in particular a pourable food product,
such as non-carbonated beverages (e.g. water, fruit juic-
es,...), carbonated beverages (e.g. sparkling water, soft
drinks, beer,...), or the like.

[0032] In particular, filing machine 1 comprises:

- aconveying device, in particular a carousel 3 rotat-
able around a central axis A, preferably having a
vertical orientation, and being adapted to advance
receptacles 2 along an advancement path P, pref-
erably being arc-shaped;

- areservoir 4 containing the pourable product; and

- a plurality of filling valves 5, configured to fill recep-
tacles 2 during their advancement along path P.

[0033] Indetail, eachfilling valve 5 is configured to feed
a predetermined volume of pourable product into one
respective receptacle 2 at a time, while the respective
receptacle 2 is advanced along path P, in particular due
to the rotary motion of carousel 3.

[0034] More specifically, each filling valve 5 is periph-
erally carried by carousel 3 and is fluidly connected to
reservoir 4 by means of a respective duct 6 of filling ma-
chine 1.

[0035] As visible in Figure 1, filling machine 1 further
comprises an inlet conveyor, preferably a star wheel 7,
adapted to feed a succession of empty receptacles 2 to
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carousel 3, and an outlet conveyor, preferably a star
wheel 8, adapted to receive filled receptacles 2 from car-
ousel 3.

[0036] In particular, star wheel 7 and star wheel 8 are
rotatable around respective rotationaxes A’and A" , pref-
erably being substantially parallel to axis A.

[0037] In the following, as filling valves 5 are identical
to one another and for the sake of brevity, only one single
filing valve 5 according to a first embodiment of the
present invention will be described.

[0038] However, all the features disclosed hereinafter
for such filling valve 5 are applicable to each filling valve
5 of filling machine 1.

[0039] With particular reference to Figure 2, the re-
spective receptacle 2 is arranged, in particular during the
filling operation, below filling valve 5.

[0040] Inthe preferred embodimentshown, filling valve
5 is configured to operate in the non-contact mode.
[0041] In an alternative embodiment not shown, filling
valve 5 could be configured to operate in the contact
mode, i.e. in use, filling valve 5 establishes contact with
a top neck portion of receptacles 2 in the area of outlet
opening 18.

[0042] In the specific and non-limiting embodiment of
Figure 2, filling valve 5 comprises:

- avalve body, in particular a longitudinal tubular body
10, mounted on a peripheral portion of carousel 3
and internally defining a flow channel 11 configured
for feeding the pourable product along a flow direc-
tion D into receptacle 2;

- a closing member 12, preferably a shutter 12, ar-
ranged, in particular movably arranged, within flow
channel 11 so as to control, in particular allow or
prevent, the outflow of the pourable product towards
receptacle 2; and

- actuatormeans 13 configured to control, in particular
to control the movement of, shutter 12 within flow
channel 11.

[0043] Inparticular, flow channel 11 has a substantially
circular cross section and extends along a longitudinal
axis B, in particular parallel to axis A.

[0044] In more detail, flow channel 11 comprises, an
(axial) inlet opening 15, fluidically connectable with the
respective duct 6 and with receptacle 2. Preferably, flow
channel 11 also comprises an engagement portion, in
particular a tapered-section portion 16 narrowing in the
direction of inlet opening 15, up to a minimum-diameter
section defining the inlet opening 15 itself and, preferably
being configured to interact at least with a portion of clos-
ing member 12.

[0045] Preferably, flow channel 11 further comprises
an outlet opening 18 fluidically connectable to inlet open-
ing 15 and, in use, to the respective receptacle 2.
[0046] Preferably, inlet opening 15 is arranged up-
stream of outlet opening 18 along flow direction D.
[0047] Even more preferably, inlet opening 15 and out-
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let opening 18 are respectively arranged in the area of
an upstream (upper) end portion 14 and a downstream
(lower) end portion 17 of flow channel 11.

[0048] In use, flow channel 11 is configured to allow
the flow of the pourable product within itself along flow
direction D, from inlet opening 15 to outlet opening 18.
[0049] Preferably, flow channel 11 is delimited by a
respective inner wall, in particular a tubular wall of the
valve body, in particular body 10. Even more preferably,
flow channel 11 has a substantially cylindrical shape.
[0050] Inthe non-limiting example embodiment shown
in Figure 2, shutter 12 is arranged downstream of inlet
opening 15 and upstream of outlet opening 18, with re-
spect to flow direction D.

[0051] According to the preferred embodiment shown
in Figure 2, shutter 12, inlet opening 15 and outlet open-
ing 18 are coaxially arranged with respect to axis B.
[0052] Shutter 12 is configured to be controlled, in par-
ticular moved, at least between:

- afull closing position, in which shutter 12 is config-
ured to prevent a fluid connection between inlet
opening 15 and outlet opening 18;

- afull opening position, in which shutter 12 is config-
ured to allow the fluid connection between inlet open-
ing 15 and outlet opening 18 and defines, in particular
together with portion 16, a full opening passage for
the pourable product; and

- oneormoreintermediate positions, located between
the full closing position and the full opening position,
in which shutter 12 delimits, in particular together
with portion 16, respective intermediate opening
passages for the pourable product.

[0053] In particular, in use, when shutter 12 is at the
full opening position, the flow rate of the pourable product
from inlet opening 15 to outlet opening 18 is the highest
possible (maximum flow rate). When shutter 12 is at one
of the intermediate positions, the intermediate opening
passages, having different sizes, allow the pourable
product to flow from inlet opening 15 to outlet opening
18 atrespective intermediate flow rates, being lower than
the maximum flow rate. When shutter 12 is at the full
closing position, the pourable product flow rate is null.
[0054] In a preferred embodiment, shutter 12 is con-
figured to operate in a modulating manner; i.e. shutter
12 is controlled between the full closing position, the in-
termediate opening position and the full opening position,
so as to control the flow rate of the pourable product
between the maximum flow rate, the intermediate flow
rates, and the null flow rate.

[0055] According to animportant aspect of the present
invention, shutter 12 is configured to be controlled, in
particular moved, towards the full closing position in a
direction against the flow direction of the pourable prod-
uct within flow channel 11.

[0056] More specifically, shutter 12 is configured to be
moved, in particularthrough activation by actuator means
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13, along axis B, in a direction away from outlet opening
18 and towards inlet opening 15 when being controlled
towards the full closing position, thereby moving against
flow direction D (countercurrent).

[0057] In particular, shutter 12 comprises a core 19
and an interaction portion 20, preferably a plunger 20,
axially extending from core 19 towards inlet opening 15
and configured to engage with portion 16 of flow channel
11 when shutter 12 is in the full closing position.

[0058] In detail, core 19 comprises two opposite end
portions 28, 29 having an external diameter substantially
equal to that of flow channel 11, in particular so as to
radially engage the inner wall delimiting flow channel 11
and being axially guided within flow channel 11.

[0059] In greater detail, plunger 20 carries (comprises)
a sealing element 21 configured to sealingly engage por-
tion 16 when shutter 12 is in the full closing position,
thereby preventing any flow of the pourable product from
inlet opening 15 towards outlet opening 18.

[0060] Inthe non-limitingembodiment shownin Figure
2, actuator means 13 are of the magnetic type.

[0061] This is advantageous, since it allows to easily
maintain aseptic or ultra-clean conditions by providing
for a proper separation between the inner aseptic envi-
ronment of flow channel 11 and the external non-sterile
environment. In the preferred embodiment, no mechan-
ical interfaces enter into the inner aseptic environment
of flow channel 11, thereby facilitating the maintenance
of the aseptic or ultra-clean conditions.

[0062] In more detail, actuator means 13 comprise a
driving magnetic assembly 22, arranged externally
around flow channel 11, and a driven magnetic assembly
23, arranged within flow channel 11 and comprised in at
least a portion of shutter 12, in particular in at least a
portion of core 19, and preferably being made of a ferro-
magnetic material.

[0063] Preferably, shutter 12, in particular core 19, is
entirely made in ferromagnetic material, thereby entirely
defining assembly 23.

[0064] According to a further possible alternative not
shown, assembly 23 could comprise a permanent mag-
netincluded within shutter 12, in particular within core 19.
[0065] Assembly 22 is configured to be magnetically
coupled to assembly 23, so as to control the movement
of shutter 12 between the full opening position, the full
closing position and the intermediate positions.

[0066] According to the embodiment shown in Figure
2, assembly 22 comprises an electrically-supplied mag-
netic generator, for example a coil 24, in particular ar-
ranged coaxially to axis B in a fixed position around flow
channel 11, and a pair of permanent magnets 25 ar-
ranged coaxially to axis B on respective opposite axial
end sides of coil 24 and having corresponding magnetic
poles axially facing each other.

[0067] In detail, coil 24 presents a cylindrical-annular
shape and permanent magnets 25 are arranged respec-
tively against a first (top) and a second (bottom) annular
end surface of coil 24. In greater detail, coil 24 surrounds
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at least partially core 19, internally facing its external sur-
face so as to have the lowest radial gap possible with the
latter.

[0068] In particular, assembly 22 is configured to con-
trol the movement of shutter 12 within flow channel 11 in
dependence of variations in the magnetic field produced
by an electric current flowing through coil 24 in one or
another direction.

[0069] Preferably,filing machine 1 comprises a control
unit 26 (only schematically shown in Figure 1) configured
to control the flow of electric current through coil 24.
[0070] Alternatively, each filling valve 5 comprises a
respective control unit for controlling the flow of electric
current through the respective coil 24.

[0071] In particular, assembly 22 is configured such
that when coil 24 is not energized, i.e. no electric current
flows, in use, through it, assembly 23 is not moved and
shutter 12, i.e. core 19, is arranged in a rest position,
which defines one respective intermediate position, as
shown in Figure 2.

[0072] Preferably, assembly 22 is also configured such
that:

- whencoil 24 is energized with a determined electrical
current, shutter 12 moves, in use, along a negative
partial stroke with respect to the rest position, i.e.
away frominlet opening 15 and towards the full open-
ing position; and

- when coil 24 is energized with an electric current
having opposite direction than the former electric
current, shutter 12 moves, in use, along a positive
partial stroke with respect to the rest position, i.e.
towards inlet opening 15 and the full closing position
(and against flow direction D).

[0073] Inthelatter condition, as shutter 12 approaches
the full closing position and the size of the intermediate
opening passage is reduced more and more, a Venturi
effect arises, acting on plunger 20. Thanks to the above-
described configuration of shutter 12 according to the
present invention, the Bernoulli forces are acting against
the pressure exerted by the pourable product on plunger
20, thereby limiting, or avoiding, the hydrodynamic insta-
bilities, and allowing a more precise and stable control
of shutter 12 and a more effective use of its total available
stroke within flow channel 11.

[0074] Preferably, filling valve 5 further comprises an
auxiliary closingmember, in particular an auxiliary shutter
26, arranged, in particular movably arranged, within flow
channel 11 so as to control, in particular to allow or pre-
vent, the outflow of the pourable product through outlet
opening 18 and towards (into) receptacle 2.

[0075] In the preferred embodiment shown in Figure
2, shutter 26 presents similar features to that of shutter
12; therefore only the distinguishing features of shutter
26 with respect to shutter 12 will be described in the fol-
lowing, using the same numerals for similar or equivalent
parts.



9 EP 3 543 205 A1 10

[0076] In particular, shutter 26 is configured to be con-
trolled, in particular moved, between:

- aclosing position, in which shutter 26 is configured
to prevent the flow of the pourable product from flow
channel 11 through outlet opening 18, in particular
into receptacle 2; and

- anopening position, in which shutter 26 is configured
to allow the flow of the pourable product from flow
channel 11 through outlet opening 18 into receptacle
2.

[0077] In detail, shutter 26 is configured to be control-
led towards the closing position in a direction following
the flow direction of the pourable product within flow
channel 11.

[0078] More specifically, shutter 26 is configured to be
moved, along axis B, in a direction away from inlet open-
ing 15 and towards outlet opening 18 when being con-
trolled towards the closing position, thereby moving into
the same direction of the pourable product flow, i.e. con-
current to flow direction D.

[0079] Furthermore, shutter 26 is arranged down-
stream of shutter 12 and upstream of outlet opening 18
with respect to flow direction D and is configured to be
controlled either into the closing position or into the open-
ing position (without any intermediate position therebe-
wteen).

[0080] In other words, preferably shutter 26 is config-
ured to operate in an on-off mode.

[0081] With particular reference to Figure 2, flow chan-
nel 11 further comprises, in particular in the area of down-
stream end portion 17, a further engagement portion, in
particular a further tapered-section portion 27 narrowing
in the direction of outlet opening 18, up to a minimum-
diameter section having the same diameter of the diam-
eter of outlet opening 18.

[0082] In detail, sealing element 21 of plunger 20 of
shutter 26 is configured to sealingly engage portion 27
when shutter 26 is controlled in the closing position.
[0083] Preferably,filling valve 5 further comprises aux-
iliary actuator means 13’ of the magnetic type configured
to control shutter 26 between the closing position and
the opening position.

[0084] In the preferred embodiment shown, actuator
means 13’ presents similar features to that of actuator
means 13; therefore only the distinguishing features of
actuator means 13’ with respect to actuator means 13
will be described in the following, using the same numer-
als for similar or equivalent parts.

[0085] In particular, actuator means 13’ differ from ac-
tuator means 13 in controlling shutter 26, preferably in
an on-off-mode.

[0086] Preferably, the respective assembly 22 is con-
figured to control the respective coil 24 such that:

- inuse, when the respective coil 24 is not energized,
i.e. no electric current flows throughiit, the respective
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assembly 23 is immobile and shutter 26, i.e. the re-
spective core 19, is arranged in a rest position, which
preferably defines, as shown in Figure 2, the closing
position; and

- inuse, when the respective coil 24 is energized with
a determined electrical current, shutter 26 moves
along a negative partial stroke with respect to the
rest (in particular closing) position, i.e. away from
outlet opening 18 and towards the opening position.

[0087] In the latter condition, plunger 20 defines, to-
gether with portion 27, an opening passage for the pour-
able product, through which the latter can flow towards
outlet opening 18 and, eventually, receptacle 2.

[0088] Preferably, assembly 22 comprises atleastone
further permanent magnet (not specifically shown) for
keeping shutter 26 in the closing position without ener-
gizing coil 24. Even more preferably, assembly 22 also
comprises an additional permanent magnet (not specif-
ically shown) for keeping shutter 26 in the opening posi-
tion without energizing coil 24.

[0089] It should be noted that, preferably shutter 26
ensures a strong and firm closure of outlet opening 18
when being, in use, controlled into the closing position
and avoids energy consumption. In particular, in order to
control shutter 26 a single respective energy spike is re-
quired to control shutter 26 between the opening position
and the closing position. Preferably, at least the closing
position is maintained by the further permanent magnet,
without any need to continuously energize coil 24. Even
more preferably, also the opening position is maintained
by the additional permanent magnet, without any need
to continuously energize coil 24.

[0090] In use, filing machine 1 fills receptacles 2, in
particular during advancement of receptacles 2 along
path P, with the pourable product.

[0091] In more detail, each receptacle 2 is filled with
the pourable product through one respective filling valve
5.

[0092] Theoperation offilling valve 5is described here-
inafter with reference to a single empty receptacle 2 to
be filled and placed below one respective filling valve 5.
[0093] In more detall, the filling of the respective re-
ceptacle 2 comprises the following steps:

- feeding the pourable product to flow channel 11
through inlet opening 15;

- controlling the flow of the pourable product through
inlet opening 15 by controlling shutter 12 at least
between the full closing position, the full opening po-
sition and the intermediate positions.

[0094] In even more detail, during the step of feeding,
the pourable product flows from reservoir 4 through the
respective duct 6 into flow channel 11.

[0095] In even more detail, during the step of control-
ling, shutter 12 is controlled towards (and into) the full
closing position in a direction against flow direction D.
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[0096] More specifically, during the step of controlling,
the pourable product flows from inlet opening 15 through
respectively the full opening passage and the intermedi-
ate opening passage into flow channel 11 and towards
outlet opening 18 with shutter 12 being respectively in
the full opening position and the intermediate position.
Preferably, with shutter 12 being in the full closing posi-
tion, the flow of pourable product from inlet opening 15
to outlet opening 18 is interrupted.

[0097] Even more preferably, the filling of the respec-
tive receptacle 2 further comprises the step of controlling
the flow of the pourable product through outlet opening
18 by controlling auxiliary shutter 26 between the closing
position and the opening position.

[0098] More specifically, during the step of controlling
(in particular, at a pre-set moment which is pre-estab-
lished in the filling recipe), shutter 12 is controlled to pro-
gressively move again towards the full closing position;
in this condition, the maximum flow rate progressively
decreases into the various intermediate flow rates cor-
responding to the intermediate positions progressively
occupied by shutter 12.

[0099] Then, when the level of the pourable product
inside receptacle 2 reaches or approaches the desired
level, shutter 26 is controlled to immediately move into
the closing position, thereby preventing any further
amount of pourable product to flow through outlet open-
ing 18. In this way, receptacle 2 can be filled with the
exact desired amount of pourable product.

[0100] Inthe meantime, shutter 12 completesits partial
positive stroke towards the full closing position.

[0101] In even more detail, during the step of control-
ling, shutter 12 is controlled by the respective assembly
22. Preferentially, shutter 26 is controlled by the respec-
tive assembly 22.

[0102] The entire operation is repeated cyclically for
each filling valve 5 and for each receptacle 2 to be filled.
[0103] Number 105 in Figure 3 indicates as a whole a
filling valve according to a second preferred embodiment
of the present invention.

[0104] In particular, filling machine 1 could comprise a
plurality of filling valves 105 instead of filling valves 5.
[0105] As filling valve 105 is similar to filling valve 5,
only the differences with respect to filling valve 5 will be
described, using the same numerals for similar or equiv-
alent parts.

[0106] In particular, filling valve 105 differs from filling
valve 5 in comprising flow channel 111 and actuator
means 113.

[0107] More specifically flow channel 111 has a sub-
stantially circular cross section and presents a curved
configuration.

[0108] In more detail, flow channel 111 comprises a
first portion 130, extending along a longitudinal, prefer-
ably vertical, axis C, and a second portion 131, extending
along an inclined axis E and being fluidically connected
to portion 130, in particular by means of a curved portion
132.
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[0109] In even greater detail, portion 130 and portion
131 are inclined with respect to one another.

[0110] More specifically, axis C and axis E may be ori-
ented with respect to one another in any manner accord-
ing to needs.

[0111] In the illustrated non-limiting example embodi-
ment of Figure 3, the axes C and E form an angle com-
prised between 90° and 180°, and curved portion 132 is
arranged downstream of portion 131 and upstream of
portion 130, with respect to flow direction D.

[0112] In an alternative embodiment not shown, axes
C and E may be arranged on a common (vertical) axis
to minimize friction and wear.

[0113] Preferably, portion 130 carries inlet opening 15
and portion 131 carries outlet opening 18.

[0114] In more detail, actuator means 113 comprise a
driving magnetic assembly 122, arranged externally
around flow channel 111, and a driven magnetic assem-
bly 123.

[0115] As driving magnetic assembly 122 and driven
magnetic assembly 123 are similar to respectively as-
sembly 22 and assembly 23, only the differences with
respect to respectively assembly 22 and assembly 23
will be described, using the same numerals for similar or
equivalent parts.

[0116] According to the non-limiting embodiment
shown in Figure 3, assembly 122 comprises a first per-
manent magnet 133 arranged around inclined portion
131 of flow channel 111 and configured to move parallel
to axis E by means of a linear actuator, such as a voice
coil or a stepper motor 134, this latter being preferably
arranged above inlet opening 15.

[0117] Preferably, assembly 122 further comprises a
pair of second permanent magnets 125 arranged exter-
nally around portion 131 of flow channel 111 on respec-
tive opposite axial sides of first permanent magnet 133
and having corresponding magnetic poles axially facing
each other.

[0118] In detail, permanent magnet 133 surrounds at
least partially core 19 of shutter 12, facing its external
surface so as to have the lowest radial gap possible with
the latter.

[0119] Inmore detail, assembly 123 comprises at least
one third permanent magnet 135, two in the preferred
non-limiting shown in Figure 3, included in (in particular,
being comprised in) core 19 of shutter 12 and configured
to magnetically couple to permanent magnet 133.
[0120] Inthis way, a movement of permanent magnets
133 and 125 parallel to axis E, imparted by stepper motor
134 or a voice coil, will cause a corresponding movement
of permanent magnets 135 and, consequently, of shutter
12 along the same axis E.

[0121] In particular, in use, when shutter 12 is control-
led by means of a voice coil or stepper motor 134 and
permanent magnets 133, 125 and 135 into the full closing
position, plunger 20 engages portion 16 thereby prevent-
ing any flow of pourable product inside flow channel 111
(null flow rate). Preferentially, when plunger 20 is ar-



13 EP 3 543 205 A1 14

ranged in the closed position, shutter 12 is controlled into
the respective rest position (i.e. one intermediate posi-
tion). This allows to reduce the overall energy consump-
tion as no energy is needed to maintain shutter 12 in the
respective rest position, thereby reducing energy con-
sumption.

[0122] When shutter 12 is controlled into the full open-
ing position, plunger 20 defines, together with portion 16,
afull opening passage, thereby allowing a maximum flow
rate of pourable product to flow towards outlet opening
18; when shutter 12 is controlled into one of the interme-
diate positions, plunger 20 defines, together with portion
16, an intermediate opening passage, thereby allowing
a corresponding intermediate flow rate of pourable prod-
uct inside flow channel 111.Filling valve 105 further dif-
fers from filling valve 5 in that the respective shutter 26
is controlled by respective actuator means 113, in par-
ticular the respective assembly 122 and the respective
assembly 123.

[0123] In particular, the respective shutter 26 of filling
valve 105 is arranged within portion 130 of flow channel
111, hence in a position downstream of shutter 12 and
upstream of the respective outlet opening 18, and con-
figured to be controlled by actuator means 113 in an on-
off manner, i.e. shutter 26 is configured to be controlled
between the respective closing position and the respec-
tive opening position.

[0124] In particular, it should be noted, that the respec-
tive actuator means 113 controlling the respective shutter
26 are similar to the respective actuator means 113 con-
trolling the respective shutter 12, with the only difference
that they are configured to control shutter 26 in an on-off
manner, i.e. between the closing position, in which the
respective plunger 20 of shutter26 prevents the pourable
product to flow through outlet opening 18, and the open-
ing position, in which the product can flow through outlet
opening 18. Preferably, the respective actuator means
113 controlling the respective shutter 26 are arranged in
the area of portion 130.

[0125] Since the operation of filling valve 105 is similar
to that of filling valve 5, only the distinguishing features
of the operation of filling valve 105 with respect to the
operation of filling valve 5 will be described in the follow-
ing.

[0126] In particular, the movement of shutter 12 within
portion 131 of flow channel 111 is controlled by means
of the magnetic interaction between permanent magnets
133, 125 and 135.

[0127] In detail, a movement of permanent magnets
133 and 125 parallel to axis E, imparted by voice coil or
stepper motor 134, will cause a corresponding movement
of permanent magnets 135 and, consequently, of shutter
12 along axis E.

[0128] Preferentially, control of shutter 26 is similar to
control of shutter 12 with the difference that shutter 26 is
controlled by the respective actuator means 113.
[0129] The advantages of filling valves 5 and 105 ac-
cording to the present invention will be clear from the
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foregoing description.

[0130] In particular, due to the above-described con-
figuration of shutters 12 according to the present inven-
tion, the Bernoulli forces are acting against the pressure
exerted by the pourable product on the respective plung-
ers 20, thereby limiting, or avoiding, the hydrodynamic
instabilities, and allowing a more precise and stable mod-
ulation of shutters 12 and a more effective use of their
total available stroke within the respective flow channel
11 or 111.

[0131] Furthermore, since shutters 26 are controlled
in an on-off manner, they ensure a strong and firm closure
of the respective outlet openings 18 thereby avoiding any
further energy consumption. In fact, they only use a re-
spective single energy spike to move between the rela-
tive opening and closing positions.

[0132] Inaddition, when the level of the pourable prod-
uctinside the respective receptacle 2 reaches the desired
level, shutters 26 can be immediately controlled to move
into their closing positions. This allows to precisely con-
trol the amount of the pourable product filled into the re-
spective receptacle 2.

[0133] Clearly, changes may be made to labeling ma-
chine 1 as described herein without, however, departing
from the scope of protection as defined in the accompa-
nying claims.

[0134] In an alternative embodiment not shown, filling
valve 5 could be designed such that flow channel 11 could
comprise two portions being inclined with one another
similar to what is disclosed with respect to filling valve
105.

[0135] In a further alternative embodiment not shown,
filling valve 5 could comprise actuator means 113 replac-
ing the respective actuator means 13 controlling shutter
26 or shutter 12.

[0136] In an even other alternative embodiment not
shown, filling valve 5 could comprise actuator means 113
instead of actuator means 13 (i.e. both actuator means
13 are replaced by respective actuator means 113).

Claims

1. Afilling valve (5; 105) for a filling machine (1) con-
figured to fill a receptacle (2) with a pourable product;
said filling valve (5; 105) comprising a flow channel
(11; 111) having an inlet opening (15) for receiving
said pourable product and an outlet opening (18) for
feeding said pourable product into said receptacle
(2);
said filling valve (5; 105) comprising a closing mem-
ber (12) arranged within said flow channel (11; 111)
and configured to be controlled at least between:

- a full closing position, in which said closing
member (12) is configured to prevent a fluid con-
nection between said inlet opening (15) and said
outlet opening (18) ;
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- a full opening position, in which said closing
member (12) is configured to allow the fluid con-
nection between said inlet opening (15) and said
outlet opening (18) through a full opening pas-
sage for allowing said pourable product to flow
into a flow direction (D) from said inlet opening
(15) to said outlet opening (18) through said full
opening passage; and

- at least one intermediate position, defining a
respective intermediate opening passage for
said pourable product for allowing said pourable
food product to flow along said flow direction (D)
from said inlet opening (15) to said outlet open-
ing (18) through said intermediate opening pas-
sage;

characterized in that said closing member (12) is
configured to be controlled towards said full closing
position in a direction against said flow direction (D)
of said pourable product within said flow channel (11;
111).

The filling valve as claimed in claim 1, wherein said
closing member (12) is configured to operate in a
modulating manner.

The filling valve as claimed in claim 1 or 2, wherein
said closing member (12) comprises an interaction
portion (20) configured to engage with an engage-
ment portion (16) of said flow channel (11;111) when
said closing member (12) is in said full closing posi-
tion.

The filling valve as claimed in any one of the claims
1to 3, wherein said closing member (12) is arranged
downstream of said inlet opening (15), with respect
to said flow direction (D); said filling valve (5, 105)
further comprising an auxiliary closing member (26),
arranged within said flow channel (11; 111) and con-
figured to be controlled between:

- a closing position, in which said auxiliary clos-
ingmember (26) is configured to preventthe flow
of said pourable product from said flow channel
(11; 111) into said receptacle (2); and

- an opening position, in which said auxiliary
closing member (26) is configured to allow the
flow of said pourable product from said flow
channel (11; 111) into said receptacle (2);

wherein said auxiliary closing member (26) is ar-
ranged downstream of said closing member (12),
with respect to said flow direction (D).

The filling valve as claimed in any one of the forego-
ing claims, comprising magnetic actuator means (13;
113) configured to control said closing member (12)
between said full opening position, said full closing
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position and said at least one intermediate position.

The filling valve as claimed in claim 5, wherein said
magnetic actuator means (13; 113) comprise a driv-
ing magnetic assembly (22; 122), arranged external-
ly around said flow channel (11; 111), and a driven
magnetic assembly (23; 123), arranged within said
flow channel (11; 111) and being comprised in at
least a portion of said closing member (12); said driv-
ing magnetic assembly (22; 122) being configured
to be magnetically coupled to said driven magnetic
assembly (23; 123), so as to control said closing
member (12) between said full opening position, said
full closing position and said at least one intermedi-
ate position.

The filling valve as claimed in claim 6, wherein said
flow channel (11) extends at least partially along a
longitudinal axis (B); said driving magnetic assembly
(22) comprising at least one electrically-supplied
magnetic generator (24), arranged coaxially to said
axis (B), and a pair of permanent magnets (25) ar-
ranged coaxially to said axis (B) on respective op-
posite axial sides of said magnetic generator (24)
and having corresponding poles axially facing each
other;

said driven magnetic assembly (23) defining inte-
grally said closing member (12);

said inlet opening (15), said outlet opening (18) and
said closing member (12) being coaxial to said axis

(B).

The filling valve as claimed in claim 6, wherein said
driving magnetic assembly (122) comprises a first
permanent magnet (133), arranged around at least
a portion (131) of said flow channel (111) and con-
figured to move parallel to said flow channel (111)
by means of alinear actuator (134); said driving mag-
neticassembly (122) further comprising a pair of sec-
ond permanent magnets (125), arranged externally
around said flow channel (111) on respective oppo-
site sides of said first permanent magnet (133), with
respect to the flow direction (D), and having corre-
sponding poles facing each other, with respect to the
flow direction (D); said driven magnetic assembly
(123) comprising at least one third permanent mag-
net (135) included in said closing member (12).

The filling valve as claimed in any one of the claims
from 6 to 8, further comprising auxiliary magnetic
actuator means (13’; 113) configured to control said
auxiliary closing member (26) between said opening
position and said closing position; said auxiliary mag-
netic actuator means (13’; 113) comprising an aux-
iliary driving magnetic assembly (22; 122), arranged
externally around said flow channel (11; 111), and
an auxiliary driven magnetic assembly (23; 123), ar-
ranged within said flow channel (11; 111) and being
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comprised in at least a portion of said auxiliary clos-
ing member (26); said auxiliary driving magnetic as-
sembly (22; 122) being configured to be magnetically
coupled to said auxiliary driven magnetic assembly
(23; 123) so as to control said closing member (12)
between said full opening position, said full closing
position and said at least one intermediate position.

A filling machine (1) for filling a plurality of recepta-
cles (2) with a pourable product; said filling machine
(2) comprising a plurality of filling valves (5; 105) ac-
cording to any one of the foregoing claims.

The filling machine as claimed in claim 10, further
comprising a carousel (3) rotatable around a central
axis (A), being adapted to advance said receptacles
(2) along an advancement path and peripherally car-
rying said plurality of filling valves (5; 105);

wherein each one of said plurality of filling valves (5;
105) is configured to fill one respective receptacle
(2) at a time during its advancement along said ad-
vancement path.

A method for filling a receptacle (2) with a pourable
product by means of a filling valve (5; 105) compris-
ing the steps of:

i) feeding said pourable product to a flow chan-
nel (11; 111) of said filling valve (5; 105) through
an inlet opening (15) of said flow channel (11;
111);

ii) controlling the flow of said pourable product
through said inlet opening (15) by controlling a
closing member (12) arranged within said flow
channel (11; 111) at least between:

- afull closing position, in which said closing
member (12) prevents a fluid connection
between said inlet opening (15) and an out-
let opening (18) of said flow channel (11;
111); and

- a full opening position, in which said clos-
ing member (12) allows the fluid connection
between said inlet opening (15) and said
outlet opening (18) through a full opening
passage, so that said pourable product
flows along a flow direction (D) from said
inletopening (15) to said outlet opening (18)
through said full opening passage;

- atleast one intermediate position, defining
a corresponding intermediate opening pas-
sage for said pourable product through
which said pourable product flows;

characterized by further comprising the step of:

iii) controlling said closing member (12) towards
said full closing position in a direction against
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said flow direction (D) of said pourable product
within said flow channel (11; 111).

The method as claimed in claim 12, wherein said
closing member (12) operates in a modulating man-
ner.

The method as claimed in claim 12 or 13, wherein
said closing member (12) comprises an interaction
portion (20) engaging with an engagement portion
(16) of said flow channel (11; 111) when said closing
member (12) is in said full closing position.

The method as claimed in any one of the claims 12
to 14, wherein said closing member (12) is arranged
downstream of said inlet opening (15), with respect
to said flow direction (D);

the method further comprising the step of:

iv) controlling an auxiliary closing member (26),
arranged within said flow channel (11; 111), be-
tween:

- an opening position, in which said auxiliary
closing member (26) allows the flow of said
pourable product from said flow channel
(11; 111) into said receptacle (2) through
said outlet opening (18); and

- a closing position, in which said auxiliary
closing member (26) prevents the outflow
of said pourable product from said flow
channel (11; 111) through said outlet open-
ing (18);

said auxiliary closing member (26) being arranged
downstream of said closing member (12), with re-
spect to said flow direction (D).

The method as claimed in any one of the claims 12
to 15, wherein the steps iii) and iv) further comprise
the step of:

v) controlling said closing member (12) by
means of magnetic actuator means (13; 113).
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