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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
filling a plurality of containers by means of a flow of pour-
able product occurring through a filling device.

[0002] The present invention also relates to a filling
device configured for carrying out the method.
BACKGROUND ART

[0003] Filling devices are known for filling containers

with a pourable product. A type of filling device comprises
a flow channel for guiding a flow of pourable product. The
filling device comprises a valve element which can adopt
a variable position with respect to said flow channel. The
filling device is configured so that by controlling said po-
sition the flow rate of said flow con be influenced. The
filing device comprises an electromagnetic or magnetic
actuator for controlling said position by means of an elec-
trical quantity. The filling device comprises a flowmeter
for measuring the flow rate. The filling device comprises
a position sensor for detecting said position.

[0004] The filling device is configured so that the flow
rate can be influenced by sending a control value of the
electrical quantity to the electromagnetic or magnetic ac-
tuator, said control value being dependent on the meas-
ured actual flow rate and upon the measured actual po-
sition. The position sensor increases the mechanical
complexity of the filling device.

DISCLOSURE OF INVENTION

[0005] Afilling method according to any of the append-
ed method claims or according to present description al-
lows forthefilling device used for carrying out the method,
to improve automatically the precision and/or accuracy
of the flow rate automatic control of subsequent filling
operations which are carried out for filling subsequently
a plurality of respective containers by means of the same
filling device.

[0006] A filling method according to any of the append-
ed method claims or according to present description
does not require, for the purpose of flow rate automatic
control, to carry outany closed loop control of the position
of the valve element, thereby obtaining a reduction in the
mechanical complexity of the filling device used for car-
rying out the method.

[0007] Afillingdevice accordingto any ofthe appended
device claims or according to present description is con-
figured for carrying out a method according to any of the
appended method claims or according to present de-
scription.

[0008] The following brief description of the drawings
and detailed description of the invention will be referred
to a possible example embodiment of a filling method
according to present description and a possible example
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embodiment of a filling device according to present de-
scription.

[0009] In the following brief description of the drawings
and detailed description of the invention, the example
embodiment of the filling method will be defined for the
sake of convenience as "method". In the following brief
description of the drawings and detailed description of
the invention, the example embodiment of the filling de-
vice will be defined for the sake of convenience as "de-
vice".

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The following detailed description will be re-
ferred to the accompanying drawings, in which:

Figure 1is a schematic, partially sectioned side view,
with parts removed for clarity, of the device; and Fig-
ure 2 is a flow diagram showing the method;
Figure 3 is a flow diagram showing a preliminary
phase of the method;

Figure 4 is a graph for explaining a step of the pre-
liminary phase of Figure 3;

Figure 5 is a table for explaining another step of the
preliminary phase of Figure 3;

Figure 6 is a flow diagram showing a generic filling
operation of the method;

Figure 7 is a flow diagram showing a controlling
phase of the generic filling operation of Figure 6;
Figure 8 is a flow diagram of an operative sequence
associated to a generic instant of the controlling
phase of Figure 7;

Figure 9 is a flow diagram showing an updating
phase of the generic filling operation of Figure 6;
Figure 10 is a graph for explaining some steps of the
operative sequence of Figure 8;

Figure 11 is a graph for explaining other steps of the
operative sequence of Figure 8 and a step of the
updating phase of Figure 9;

Figure 12 is a graph for explaining another step of
the updating phase of Figure 9.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The method is for filling a plurality of containers
by means of a flow of pourable product, which flow occurs
through the device 1. The device 1 isindicated in Figure 1.
[0012] The pourable product can be for example a
pourable food product such as water, juice, milk, beer,
carbonated soft drinks, or the like. The pourable product
can be alternatively a pourable product which is not a
food product.

[0013] The containers of said plurality are to be con-
sidered different from each other in the sense that each
container is a different instance or specimen of the same
type of container. Therefore, all the containers of said
plurality are of the same type.

[0014] The method comprises a preliminary phase PP
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and, after the preliminary phase PP, a temporally ordered
sequence of filling operations. During each filling opera-
tion, a respective container is filled by means of the de-
vice 1. The plurality of filling operations can comprise any
number of filling operations.

[0015] In Figure 2, box PP represents the preliminary
phase. In Figure 2, each of the dashed boxes FO,, FO,,
FO3, represents a different filling operation. In Figure 2,
the plurality of filling operations comprises a first filling
operation FO,, a second filling operation FO,, and a third
filling operation FO5. The number of filling operations can
be 1. The number of filling operations can be greater than
1. The enclosed Figures are referred to a case in which
the number of filling operations is 3.

[0016] The preliminary phase PP comprises setting a
preliminary curve PC. In Figure 3, box M1 represents the
step of setting the preliminary curve PP. Figure 4 shows
an example of preliminary curve, which is indicated with
PC. The preliminary curve PC correlates a flow rate F of
said flow with an electrical physical quantity EQ. The de-
vice 1 is configured so that said flow rate can be influ-
enced by means of the electrical quantity EQ. The pre-
liminary curve PC corresponds to a mathematical rela-
tionship correlating the flow rate F with the electrical
quantity EQ.

[0017] The step of setting M1 the preliminary curve PC
is carried out experimentally.

[0018] The preliminary phase PP comprises setting a
control curve. Figure 4 shows an example of control
curve, which is indicated with CC. The control curve CC
correlates said flow rate F with said electrical physical
quantity EQ. The control curve CC corresponds to a
mathematical relationship correlating the flow rate F with
the electrical quantity EQ.

[0019] In Figure 3, box M2 represents the step of set-
ting the control curve CC. The step of setting M2 the
control curve CC is carried out so that control curve CC
is set equal to the preliminary curve PC. In Figure 4, it
can be seen, that the control curve CC, during the pre-
liminary phase PP, is set equal to preliminary curve PC.
[0020] Preliminary phase PP comprises setting atable.
In Figure 3, box M3 represents the setting of the table.
[0021] The table associates at least one time instant
to a respective desired value of the flow rate. The desired
value is the value of flow rate which is desired to be ob-
tained at the respective instant. Figure 5 shows an ex-
ample of the table, which is indicated with T. In the ex-
ample of Figure 5, a first time instant t, is associated to
a first desired value D1, a second time instant t, is asso-
ciated to a second desired value D2, and a third time
instant t5 is associated to a third desired value D3. There-
fore at the first time instant t, it is desired to obtain the
first desired value D1 of the flow rate, at the second time
instant t, it is desired to obtain the second desired value
D2 of the flow rate, and at the third time instant t5 it is
desired to obtain the third desired value D3 of the flow
rate.

[0022] In the example of Figure 5, table T associates
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each instant of a plurality of time instants to a respective
desired value of said flow rate, said desired value being
desired to be obtained at the respective instant. In the
example of Figure 5, the plurality of time instants com-
prises the first instant t;, the second instant t,, and the
third instant t5.

[0023] The plurality of time instants can comprise any
number of time instants. The number of time instants can
be 1. The number of time instants can be greater than 1.
The enclosed Figures are referred to the case in which
the number of time instants is three.

[0024] The step of setting M3 the table T can be carried
out before or after or atleast partially simultaneously with
respect to the step of setting M1 the preliminary curve
PC and/or with respect to the step of setting M2 the con-
trol curve CC.

[0025] Each filing operation comprises a respective
controlling phase and a respective updating phase. Fig-
ure 6 shows a generic filling operation FO. The filling
operation FO can correspond to any one of the first filling
operation FO,, second filling operation FO,, and third
filling operation FO3. In Figure 6, box CP represents the
controlling phase of the generic filling operation FO. In
Figure 6, box UP represents the updating phase of the
generic filling operation FO. More specifically, in Figure
2, box CP, represents the controlling phase of the first
filling operation FO,, box CP, represents the controlling
phase of the second filling operation FO,, and box CP5
represents the controlling phase of the third filling oper-
ation FO4. More specifically, in Figure 2, box UP, repre-
sents the updating phase of the first filling operation FO,
box UP, represents the updating phase of the second
filling operation FO,, and box UP5 represents the updat-
ing phase of the third filling operation FO3.

[0026] For each filling operation FO, the controlling
phase CP comprises, for each time instant of the table
T, arespective operative sequence associated to the in-
stant. In Figure 7, box OS; represents a first operative
sequence which is associated to first instant t;, box OS,
represents a second operative sequence which is asso-
ciated to second instant t,, and box OS5 represents a
third operative sequence which is associated to third in-
stant t3. In Figure 8, operative sequence OS can corre-
spond to any one offirst operative sequence OS,, second
operative sequence OS,, and third operative sequence
0S;.

[0027] The operative sequence OS comprises a step
of obtaining the desired value associated to the respec-
tive instant. The step of obtaining the desired value is
carried out based on the table T. In Figure 8, box S1
represents the step of obtaining the desired value.
[0028] During the first operative sequence OS1, the
first desired value D1 is obtained based on the table T.
During the second operative sequence OS,, the second
desired value D2 is obtained based on the table T. During
the third operative sequence OSj3, the third desired value
D3 is obtained based on the table T.

[0029] The operative sequence OS comprises a step
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of determining a control value of the electrical quantity
EQ. The step of determining the control value is carried
out by applying said control curve CC to the obtained
desired value. In Figure 8, box S2 represents the step of
determining the control value. The determined control
value is therefore associated to the obtained desired val-
ue through the control curve CC.

[0030] InFigure 10, C1is afirst control value. The first
control value C1 is the control value determined during
the first operative sequence OS;,. First control value C1
is determined by applying control curve CC to the ob-
tained first desired value D1. In Figure 10, C2 is a second
control value. The second control value C2 is the control
value determined during the second operative sequence
0OS,. Second control value C2 is determined by applying
control curve CC to the obtained second desired value
D2. In Figure 10, C3 is a third control value. The third
control value C3 is the control value determined during
the third operative sequence OS,. Third control value C3
is determined by applying control curve CC to the ob-
tained third desired value D3.

[0031] The operative sequence OS comprises a step
of influencing said flow rate. The step of influencing the
flow rate is carried out by means of the determined control
value. In Figure 8, box S3 represents the step of influ-
encing the flow rate.

[0032] During the first operative sequence OS,, the
step ofinfluencing S3 the flow rate is carried out by means
of the determined first control value C1.During the sec-
ond operative sequence OS,, the step of influencing the
flow rate S3 is carried out by means of the determined
second control value C2.During the third operative se-
quence OS3, the step of influencing the flow rate is carried
out by means of the determined third control value C3.
[0033] Operative sequence OS comprises, after said
step of influencing S3, a step of measuring an actual
value of said flow rate. In Figure 8, box S5 represents
the step of measuring the actual value of the flow rate.
[0034] In Figure 11, A1 is a first actual value. The first
actual value A1 is the actual value measured during the
firstoperative sequence OS. InFigure 11, A2isa second
actual value. The second actual value A2 is the actual
value measured during the second operative sequence
OS,. In Figure 11, A3 is a third actual value. The third
actual value A3 is the actual value measured during the
third operative sequence OSs.

[0035] The operative sequence OS comprises a step
of determining a preliminary value of said flow rate. The
step of determining the preliminary value is carried out
by applying the preliminary curve PC to the determined
control value. In Figure 8, box S4 represents the step of
determining the preliminary value. The determined pre-
liminary value is therefore associated to the determined
control value through the preliminary curve PC.

[0036] InFigure 11, P1is afirst preliminary value. The
first preliminary value P1 is the preliminary value deter-
mined during the first operative sequence OS,. First pre-
liminary value P1 is determined by applying preliminary
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curve PC to the determined first control value C1. In Fig-
ure 11, P2 is a second preliminary value. The second
preliminary value P2 is the preliminary value determined
during the second operative sequence OS,. Second pre-
liminary value P2 is determined by applying preliminary
curve PC to the determined second control value C2. In
Figure 11, P3 is a third preliminary value. The third pre-
liminary value P3 is the preliminary value determined dur-
ing the third operative sequence OSj. Third preliminary
value P3 is determined by applying preliminary curve PC
to the determined third control value C3.

[0037] The step S4 of determining the preliminary val-
ue and the step of influencing S3 can be carried out in
any temporal order, and/or at least partially simultane-
ously with each other. In Figure 8, the step S4 of deter-
mining the preliminary value is showed for example after
the step of influencing S3.

[0038] The step of determining S4 the preliminary val-
ue and the step of measuring S5 can be carried out in
any temporal order, and/or at least partially simultane-
ously with each other. In Figure 8, the step S4 of deter-
mining the preliminary value is showed for example be-
fore the step S5 of measuring. However, the step S4 of
determining the preliminary value can be carried out after
the step S5 of measuring.

[0039] The operative sequence OS comprises deter-
mining an error value. The error value is the deviation
between the measured actual value and the determined
preliminary value. In Figure 8, box S6 represents the step
of determining the error value.

[0040] In Figure 11, E1 is a first error value. The first
error value E1 is the error value determined during the
first operative sequence OS;. First error value E1 is the
deviation of the measured first actual value A1 with re-
spect to the determined first preliminary value P1. In Fig-
ure 11, E2 is a second error value. The second error
value E2 is the error value determined during the second
operative sequence OS,. Second error value E2 is the
deviation of the measured second actual value A2 with
respect to the determined second preliminary value P2.
In Figure 11, E3 is a third error value. The third error
value E3 is the error value determined during the third
operative sequence OS5. Third error value E3 is the de-
viation of the measured third actual value A3 with respect
to the determined third preliminary value P3.

[0041] The operative sequence OS comprises associ-
ating the determined error value with or to the determined
control value. In Figure 8, box S7 represents the step of
associating.

[0042] During the first operative sequence OS,, the
first error value E1 is associated to the first control value
C1. During the second operative sequence OS,, the sec-
ond error value E2 is associated to the second control
value C2. During the third operative sequence OS3, the
third error value E3 is associated to the third control value
Cs.

[0043] For each filing operation FO, the updating
phase UP comprises a step of determining an error curve
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correlating the error with said electrical quantity EQ. In
Figure 9, box J1 represents the step of determining the
error curve. Figure 11 shows an example of error curve,
which is indicated with EC. The error curve EC corre-
sponds to a mathematical relationship correlating the er-
ror E with the electrical quantity EQ. The error E corre-
sponds to the deviation between the preliminary value
and the actual flow rate. The step of determining the error
curve EC is carried out by means of at least one deter-
mined error value E1 or E2 or E3, and by means of the
associated at least one determined control value C1 or
C2orC3.Inthe case the number of time instantsis greater
than one, the step of determining J1 the error curve can
be carried out by means of the determined error values
E1, E2, E3, and by means of the respective associated
and determined control values C1, C2 and C3.

[0044] The updating phase comprises a step of reini-
tializing the control curve CC. In Figure 9, box J2 repre-
sents the step of reinitializing the control curve CC. The
step of reinitializing J2 the control curve CC is carried out
by means of the determined error curve EC and the pre-
liminary curve PC. Figure 12 shows an example of rein-
itialized control curve, which is indicated with CC. Control
curve CC of Figure 12 is for example obtained by adding
error curve EC of Figure 11 to control curve CC of Figure
11. Error values E1, E2, E3 of Figure 11 are to be con-
sidered negative values, for simplicity of illustration and
for the sake of convenience.

[0045] Therefore the reinitialized control curve CC is
obtained by means of the determined error curve EC and
the preliminary curve PC. The step of reinitializing is car-
ried out by adding the determined error curve EC to the
preliminary curve PC. Therefore the reinitialized control
curve CC is obtained by adding the error curve EC to the
preliminary curve PC. The reinitialized control curve CC
(Figure 12) is equal to the sum of the preliminary curve
PC (Figure 4, 10 and 11) and the determined error curve
EC (Figure 11). The preliminary curve PC remains con-
stant and is kept the same for all the filling operations of
the filling method, as can be derived from Figure 12, while
the control curve CC can vary from one filling operation
to another filling operation of the same filling method.
[0046] In this way, the control curve CC is updated or
reinitialized during each of the filling operation. In partic-
ular, the control curve CC used during the controlling
phase CP, of the second filling operation FO,, corre-
sponds to the control curve CC which has been reinitial-
ized during the updating phase UP, of the previous first
filling operation FO4. In the same way, the control curve
CC used during the controlling phase CP5 of the third
filling operation FO3, corresponds to the control curve
CC which has been reinitialized during the updating
phase UP, of the previous second filling operation FO,.
Therefore, the control curve CC of each filling operation
occurring after the firstfilling operation FO,, corresponds
to the control curve CC which has been reinitialized dur-
ing the updating phase UP of the previous filling opera-
tion. In this way, the automatic control of the filling oper-
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ations carried out by means of the same device 1 can
automatically change from one filling operation to the
next one, and therefore from one container to be filled to
the next one. In particular, the precision of the automatic
control can be automatically increased in the passage
from one filling operation to the next one, and therefore
in the passage from one container to be filled to the next
one.

[0047] In particular, this allows to have an automatic
improvement of the automatic control performance of the
device 1 in the passage from one container to the next
one to be filled by the same device 1.

[0048] In particular, the automatic improvement in the
precision of the automatic control of the filling operations
is due to the error curve EC being constructed, for each
filling operation, with: y values corresponding to error val-
ues E1, E2, E3, which are determined as deviations al-
ways with respect to the constant preliminary curve PC,
and not with respect to the possibly varying control curve
CC; and with x values corresponding to control values
C1, C2, C3, which are in turn determined starting from
respective desired values D1, D2, D3 and by means of
the control curve CC.

[0049] Itis to be noted that Figure 10, 11 and 12 can
be referred to first filling operation FO, or to second filling
operation FO, or to third filling operation FO3. However,
the control curve CC showed in Figure 10 and 11 is
showed as different from preliminary curve PC, because
probably during each of second filling operation FO, and
third filling operation FO4 the control curve CC is, already
before the reinitializing step J2, different from the prelim-
inary curve PC. However, it is to be noted that, if the
control curve CC, during the preliminary phase PP, is set
to be equal to the preliminary curve PC, and if Figures
10 and 11 are considered to be referred to the first filling
operation FO,, the control curve CC of Figure 10 and 11
should be equal to preliminary curve PC, as is showed
in Figure 4, which is referred to a preliminary phase PP,
during which the control curve CC is initially set equal to
preliminary curve PC.

[0050] The device 1 comprises a flow channel 7 for
guiding said flow of pourable product. The flow channel
is indicated in Figure 1.

[0051] The device 1 comprises a valve element 8. The
valve element 8 can adopt a variable position with respect
to said flow channel 7. The device 1 is configured so that
said step S3 of influencing of the flow rate is carried out
by controlling said position of the valve element 8.
[0052] The device comprises an electromagnetic or
magnetic actuator 19 for controlling said position.
[0053] The device 1 comprises an automatic control
unit 23.

[0054] The device 1 is configured so that the step S3
of influencing is carried out by the actuator 19 receiving
automatically the control value C1 or C2 or C3 from the
control unit 23 and the actuator 19 controlling automati-
cally the position of the valve element 8 as a function of
the received control value C1 or C2 or C3.
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[0055] The device 1 comprises a flowmeter 22 for
measuring said actual value A1 or A2 or A3.

[0056] Said step S5 of measuring the actual flow rate
is carried outby the control unit 23 receiving automatically
a signal from the flowmeter 22.

[0057] Said step of setting M1 the preliminary curve
PC is carried out by means of the flowmeter 22, the con-
trol unit 23, and the actuator 19. Said step of setting M2
the control curve CCis carried out by means of the control
unit 23, forexample by means of a user setting the control
curve CC in the control unit 23. Said step of setting M3
the table T is carried out by means of the control unit 23,
for example by means of a user setting the table T in the
control unit 23.

[0058] Said preliminary phase PP is carried out by
means of the control unit 23. Said step of obtaining S1
the desired value D1 or D2 or D3 is carried out automat-
ically by means of or by the control unit 23. Said step of
determining S2 the control value C1 or C2 or C3is carried
out automatically by means of or by the control unit 23.
Said step of determining S4 the preliminary value P1 or
P2 or P3 is carried out automatically by means of or by
the control unit 23. Said step of determining S6 the error
value E1orE2orE3is carried outautomatically by means
of or by the control unit 23. Said step of associating the
determined error value E1 or E2 or E3 to the determined
control value C1 or C2 or C3 is carried out automatically
by means of or by the control unit 23. Said updating phase
UP is carried out automatically by means of or by said
control unit 23.

[0059] Thanks to the influencing step S3 of an opera-
tive sequence OS being independent from the measuring
step S5 of the same operative sequence OS, the con-
trolling phase CP of the filling operation FO is less de-
pendent on the detections of the flowmeter 22, leading
to an increase in the precision of controlling the filling
operation.

[0060] The magnetic and/or electromagnetic nature of
the actuator 19 allows for improving the cleanliness of
the device, in particular for ultraclean and aseptic filling
operations.

[0061] As the position of a valve element 8 driven by
a magnetic and/or electromagnetic actuator 19 is con-
trolled by an electrical quantity EQ, the method allows to
improve the precision of the automatic control of the filling
operations carried out by the same device 1 provided
with a magnetic and/or electromagnetic actuator 19 for
controlling the position of the valve element 8, which de-
vice 1 is in particular adapted for ultraclean and aseptic
filling operations.

[0062] Moreover, to automatically control the flow rate,
the device 1 does not need any position sensor for de-
tecting the position of the valve element 8 with respect
to the flow channel 7. In this way a great reduction of the
mechanical complexity of the device 1 is obtained. There-
fore it is reduced the mechanical complexity of a device
1 provided with a magnetic and/or electromagnetic actu-
ator 19 for controlling the position of the valve element
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8, which device 1 can be in particular adapted for ultra-
clean and aseptic filling operations.

[0063] The electrical quantity EQ can be a Pulse-Width
Modulation electric signal.

[0064] Thefilling device 1 does not need and therefore
does not comprise any position sensor for controlling said
position of the valve element 8, so that the automatic
control of said flow rate is carried out without any closed
loop control of said position of the valve element 8. There-
fore a great reduction of complexity and cost is obtained.
[0065] The method, by reinitializing the control curve
CC at each filling operation, allows for avoiding the prob-
lemrelated to typical actual notlinear correlation between
the flow rate F and the electrical quantity EQ, which would
render very difficult to control the filling operations based
on real time values of electrical quantity EQ and associ-
ated actual flow rates values.

[0066] The filling method comprising the plurality of fill-
ing operations can be considered a production cycle car-
ried out by the filling device 1.

[0067] The preliminary curve PC can be considered a
mathematical relationship between the flow rate F and
the electrical quantity EQ. The preliminary curve PC re-
mains the same and constant for all the filling operations
of the production cycle.

[0068] Also the control curve CC can be considered a
mathematical relationship between the flow rate F and
the electrical quantity EQ. The control curve CC is initially
set preferably equal to the preliminary curve PC and is
reinitialized at each filling operation of the production cy-
cle, based on the preliminary curve PC and the error
curve EC determined during the respective filling opera-
tion.

[0069] By reinitializing the control curve CC at each
filling operation FO based on the same experimentally
set and constant preliminary curve PC and based on the
possibly varying error curve EC, which error curve EC
can change from one filling operation to the other be-
cause it is calculated by means of x-values determined
as control values C1, C2, C3, which are in turn deter-
mined by means of the possibly varying control curve CC
and starting from respective desired values D1, D2, and
D3, and y values determined as deviations of the actual
flow rate with respect to the constant preliminary curve
PC, the device 1 can progressively automatically adapt,
from one filling operation to the next one, the automatic
control of the flow rate during the filling operation to the
actual boundary conditions of the production cycle, for
example in terms of temperature and/or pressure, which
boundary conditions can change from one production cy-
cle to the other.

[0070] Moreover, by reinitializing the control curve CC
at each filling operation FO based on the same experi-
mentally set and constant preliminary curve PC and
based on the possibly varying error curve EC, the prob-
lem related to the not linearity of the actual correlation
between the flow rate F and the electrical quantity EQ
can be avoided, so that the flow rate automatic control
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of the filling operation can be carried out based upon the
preliminary curve PC and the control curve CC, without
needing any closed loop control for controlling the posi-
tion of the valve element 8, and therefore without needing
any position sensor for detecting the position of the valve
element 8.

[0071] The device 1 is configured for carrying out the
method.
[0072] The method is for filling a plurality of containers

with a pourable product, by means of the same device 1
and during a sequence of respective filling operations.
The method allows the filling device 1 to have a reduction
of the mechanical complexity and to have the ability of
automatically improving the precision and/or the accura-
cy of the automatic control of subsequent filling opera-
tions carried out by the same device 1.

[0073] The type to which the containers to be filled be-
long can be a bottle or the like, or any other kind or type
of container or receptacle.

[0074] In detail, device 1 is fluidically connected, by
means of a duct 4, to a tank 3 (only partially shown) con-
taining the pourable product.

[0075] Ingreater detail, device 1is part of a well-known
rotary filling machine (not shown) comprising a rotary car-
ousel rotatable around a vertical axis, centrally carrying
the tank 3 and peripherally carrying a plurality of devices
1, each connected to the tank 3 by means of one respec-
tive duct 4.

[0076] Device 1 comprises:

- afilling valve 5 for feeding the pourable product to
the container 2, while the device 1 moves, in use,
along a transfer path due to the rotary movement
imparted by the carousel; and

- a support element (not shown) adapted to receive
and hold in an upright position, below the valve 5
itself, the container 2.

[0077] The device 1 comprises a tubular body 6 defin-
ing the flow channel 7 for feeding the pourable product
to the container 2 to be filled and arranged below the
tubular body 6 itself, and

[0078] The valve element 8 is a shutter 8, which mov-
ably, in particular slidingly, engages tubular body 6 and
is reciprocally movable inside flow channel 7 in order to
open or close an outflow passage 10 of the pourable
product towards the container 2.

[0079] In practice, shutter 8 is movable within flow
channel 7 to selectively allow or prevent the flow of pour-
able product therein and towards the container 2.
[0080] To this end, tubular body 6 ends at a lower end
11 thereof with an axial outlet opening 12 fluidically com-
municating, in use, with an end opening 2a defined by
an upper edge of the container 2 to be filled.

[0081] Flow channel 7 comprises, at an upper portion
15 thereof, a first stretch 13 having a constant section,
conveniently cylindrical, and, at lower portion 11, a sec-
ond stretch 14 with variable section, conveniently frusto-
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conical, positioned upstream of outlet opening 12 and
narrowing in the direction of the latter, up to a minimum-
diameter section or narrow section 16.

[0082] Shutter 8 comprises a main portion 17 config-
ured to cooperate in a sliding manner in contact with an
internal wall of flow channel 7, preferably by means of
guide portions 17a, and a shutting portion 18 configured
to cooperate in contact with narrow section 16.

[0083] In particular, shutter 8 is movable at least be-
tween a closing position (Figure 1), in which shutting por-
tion 18 closes in a fluid-tight manner narrow section 16,
thereby preventing any flow of pourable product towards
outlet opening 12, and an opening position (not shown),
in which shutter 8 delimits together with the narrow sec-
tion and the second stretch 14, an annular outflow pas-
sage fluidically communicating with outlet opening 12,
so as to allow the flow of the pourable product towards
the latter and into container 2.

[0084] According to this non-limiting preferred embod-
iment shown, filling valve 5 is of the well-known modu-
lating type.

[0085] Accordingly, shutter 8 is movable between a
maximum closing position and a maximum opening po-
sition and in a plurality of intermediate opening positions,
which define with narrow section 16 respective interme-
diate annular outflow passages with increasing dimen-
sions (apertures).

[0086] The actuator 19 is configured to drive the move-
ment of shutter 8 within flow channel 7.

[0087] In detail, actuator 19 comprises a driving mem-
ber, in particular a coil 20 arranged at upper portion 15
of tubular body 6 and a driven member, preferably a per-
manent magnet 21 carried by shutter 8, in particular ar-
ranged within main portion 17 of shutter 8.

[0088] According to a manner known and not de-
scribed in detail, coil 20 is configured to be supplied with
an electric current and to be magnetically coupled to per-
manent magnet 21, which is appropriately incorporated
in shutter 8.

[0089] According to an alternative embodiment not
shown, driven member could comprise a plurality of per-
manentmagnets 21 carried by shutter 8 or shutter 8 could
be made of ferromagnetic material, for example at least
at its central portion 17, thereby defining the permanent
magnet 21.

[0090] The advantages of the device 1 and ofthe meth-
od 1 will be clear from the foregoing description.

[0091] In particular, thanks to the above configuration,
an efficient and simple adaptive method for controlling
the filling operations, which takes into account the vari-
ability of the boundary conditions of the filling method
(such as pressure, temperature or the like) for each de-
vice 1 of the filling machine. In fact, the obtained control
is highly adaptive and depends on the actual filling con-
ditions.

[0092] Furthermore, the preliminary curve PC is static
and unchanged for subsequent filling operations. Control
curve CC is advantageously dynamic and is recalculated
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continuously at each filling operation, while at the very
first filling operation is conveniently set to be the same
to the preliminary curve PC.

[0093] Moreover, such adaptive control is carried out
without the need for a position sensor, and therefore with-
out the need for a closed-loop control based on a position
value of shutter 8. Hence, the architecture of the device
1 is simplified and the overall costs are reduced, whilst
the reliability of the system is increased.

[0094] Clearly, changes may be made to device 1 and
to the method for controlling device 1 as described herein
without, however, departing from the scope of protection
as defined in the accompanying claims.

Claims

1. Method for filling a plurality of containers by means
of a flow of pourable product, said flow occurring
through a filling device (1), the method comprising a
preliminary phase (PP) and, after the preliminary
phase (PP), a temporally ordered sequence of filling
operations (FO4, FO,, FO,), each filling operation
(FO4, FO,, FO,) being for filling a respective con-
tainer;
wherein the preliminary phase (PP) comprises:

- setting (M1) a preliminary curve (PC) correlat-
ing a flow rate (F) of said flow with an electrical
physical quantity (EQ), the filling device (1) be-
ing configured so that said electrical quantity
(EQ) can influence said flow rate;

- setting (M2) a control curve (CC) correlating
said flow rate (F) with said physical electrical
quantity (EQ);

- setting (M3) a table (T) associating at least one
time instant (t1; t2; t3) to a respective desired
value (D1; D2; D3) of said flow rate, said desired
value (D1; D2; D3) being desired to be obtained
at the respective instant (t1; t2; t3);

wherein each filling operation (FO4; FO,; FO3) com-
prises a respective controlling phase (CP4; CP,;
CP3) and a respective updating phase (UP4; UP,;
UP3);

wherein, for each filling operation (FO4; FO,; FO53),
the controlling phase (CP4; CP,; CP3) comprises, at
least for said time instant (t; t,; t3), an operative
sequence (0Sy; OS,; 0S3), the operative sequence
(0S4; OS,; 0S3) comprising:

- based on said table (T), obtaining (S1) the de-
sired value (D1; D2; D3) associated to the re-
spective instant (t1; t2; t3);

- by applying said control curve (CC) to said de-
sired value (D1;D2; D3), determining (S2) a con-
trol value (C1; C2; C3) of the electrical quantity
(EQ);
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- by means of the determined control value (C1;
C2; C3), influencing (S3) said flow rate;

- after said influencing, measuring (S5) an actual
value (A1; A2; A3) of said flow rate;

- by applying said preliminary curve (PC) to the
determined control value (C1; C2; C3), deter-
mining (S4) a preliminary value (P1; P2; P3) of
said flow rate;

- determining (S6) an error value (E1; E2; E3)
which is a deviation between the measured ac-
tual value (A1; A2; A3) and the determined pre-
liminary value (P1; P2; P3);

- associating (S7) the determined error value
(E1; E2; E3)tothe determined control value (C1;
C2; C3);

wherein, for each filling operation (FO1; FO2; FO3),
the updating phase (UP; UP,; UP3) comprises:

-bymeans of atleast one determined error value
(E1; E2; E3) and the associated at least one
determined control value (C1; C2; C3), deter-
mining (J1) an error curve (EC) correlating an
error (E) with said electrical quantity (EQ);

- reinitializing (J2) the control curve (CC) by
means of the determined error curve (EC) and
the preliminary curve (PC).

2. Method according to claim 1, wherein:

- said table (T) associates each time instant (t1;
t2; t3) of a plurality of time instants (t1; t2; t3) to
a respective desired value (D1; D2; D3) of said
flow rate, said desired value (D1; D2; D3) being
desired to be obtained at the respective instant
(t1; t2; t3);

- for each filling operation (FO4; FO,; FO3), the
controlling phase (CP4; CP,; CP3) comprises,
for each time instant (t4; t,; t3) of the table (T),
a respective operative sequence (OSy; OS,;
0S3);

- for each filling operation (FO4; FO,; FO,), the
updating phase (UP4; UP,; UP3) comprises de-
termining (J1) the error curve (EC) by means of
the determined error values (E1, E2, E3) and
the associated respective determined control
values (C1, C2, C3).

3. Method according to any of the previous claims,
wherein said step of reinitializing (J2) is carried out
by adding the determined error curve (EC) to the
preliminary curve (PC), so that the reinitialized con-
trol curve (CC) is equal to the sum of the preliminary
curve (PC) and the determined error curve (EC).

4. Method according to any of the previous claims,
wherein the preliminary curve (PC) is set experimen-
tally.
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Method according to any of the previous claims,
wherein, during the preliminary phase (PP), the con-
trol curve (CC) is set equal to the preliminary curve
(PC).

Method according to any of the previous claims,
wherein the electrical quantity (EQ) is a Pulse-Width
Modulation electric signal.

Method according to any of the previous claims,
wherein the filling device (1) comprises:

- a flow channel (7) for guiding said flow of pour-
able product;

- a valve element (8) which can adopt a variable
position with respect to said flow channel (7),
thefilling device (1) being configured so that said
step of influencing (S3) is carried out by control-
ling said position;

- an electromagnetic or magnetic actuator (19)
for controlling said position by receiving said
control value (C1; C2; C3);

- a flowmeter (22) for measuring said actual val-
ue (A1; A2; A3);

- an automatic control unit (23);

wherein:

- said step (S3) of influencing the flow rate is
carried out by the actuator (19) receiving auto-
matically the control value (C1; C2; C3) from the
control unit (23) and the actuator (19) controlling
automatically the position of the valve element
(8) as a function of the received control value
(C1; C2; C3);

- said step (S5) of measuring the actual flow rate
is carried out by the control unit (23) receiving
automatically a signal from the flowmeter (22);
- said step (M1) of setting the preliminary curve
(PC) is carried out by means of the flowmeter
(22), the control unit (23), and the actuator (19);
- said step of setting (M2) the control curve (CC)
is carried out by means of the control unit (23);
- said step of setting (M3) the table (T) is carried
out by means of the control unit (23);

- said step of obtaining (S1) the desired value
(D1; D2; D3), said step of determining (S2) the
control value (C1; C2; C3), said step of deter-
mining (S4) the preliminary value (P1; P2; P3),
said step of determining (S6) the error value (E1;
E2; E3), said step of associating (S7) the deter-
mined error value (E1; E2; E3)to the determined
control value (C1; C2; C3), and said updating
phase (UP), are carried out automatically by
means of said control unit (23).

8. Filling method according to any of the previous

claims, wherein the filling device (1) does not com-
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prise any position sensor for controlling said position
of the valve element (8), so that the automatic control
of said flow rate is carried out without any closed
loop control of said position of the valve element (8).

Filling device (1) for filling a plurality of containers by
means of a flow of pourable product, said flow oc-
curring through a filling device (1), the filling device
(1) being configured for carrying out a preliminary
phase (PP) and, after the preliminary phase (PP), a
temporally ordered sequence of filing operations
(FO4, FO,, FO3), each filling operation (FO,, FO,,
FO,) being for filling a respective container;
wherein the filling device (1) is configured so that the
preliminary phase (PP) comprises:

- setting (M1) a preliminary curve (PC) correlat-
ing a flow rate (F) of said flow with an electrical
physical quantity (EQ), the filling device (1) be-
ing configured so that said electrical quantity
(EQ) can influence said flow rate;

- setting (M2) a control curve (CC) correlating
said flow rate (F) with said physical quantity
(EQ);

- setting (M3) a table (T) associating atleastone
time instant (t1; t2; t3) to a respective desired
value (D1; D2; D3) of said flow rate, said desired
value (D1; D2; D3) being desired to be obtained
at the respective instant (t1; t2; t3);

wherein the filling device (1) is configured so that
each filling operation (FO4; FO,; FO3) comprises a
respective controlling phase (CP4; CP,; CP3)and a
respective updating phase (UP,; UP,; UP3);
wherein the filling device (1) is configured so that,
for each filling operation (FO4; FO,; FO3), the con-
trolling phase (CP4; CP,; CP3) comprises, at least
for said time instant (t;; t,; t3), an operative sequence
(0S4; 08S,; 0S3);

wherein the filling device (1) is configured so that the
operative sequence (0OS,; OS,; OS3) comprises:

- based on said table (T), obtaining (S1) the de-
sired value (D1; D2; D3) associated to the re-
spective instant (t1; t2; t3);

- by applying said control curve (CC) to said de-
sired value (D1; D2; D3), determining (S2) acon-
trol value (C1; C2; C3) of the electrical quantity
(EQ);

- by means of the determined control value (C1;
C2; C3), influencing (S3) said flow rate;

- after said influencing, measuring (S5) an actual
value (A1; A2; A3) of said flow rate;

- by applying said preliminary curve (PC) to the
determined control value (C1; C2; C3), deter-
mining (S6) a preliminary value (P1; P2; P3) of
said flow rate;

- determining (S6) an error value (E1; E2; E3)
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which is a deviation between the measured ac-
tual value (A1; A2; A3) and the determined pre-
liminary value (P1; P2; P3);

- associating (S7) the determined error value
(E1; E2; E3) to the determined control value (C1;
C2; C3);

wherein the filling device (1) is configured so that,
for each filling operation (FO4; FO,; FO3), the updat-
ing phase (UP4; UP,; UP3) comprises:

-bymeans of atleast one determined error value
(E1; E2; E3) and the associated at least one
determined control value (C1; C2; C3), deter-
mining an error curve (EC) correlating an error
(E) with said electrical quantity (EQ);

- reinitializing the control curve (CC) by means
of the determined error curve (EC) and the pre-
liminary curve (PC) .

Filling device according to claim 9, wherein the filling
device (1) is configured so that:

- said table (T) associates each time instant (t1;
t2; t3) of a plurality of time instants (t1; t2; t3) to
a respective desired value (D1; D2; D3) of said
flow rate, said desired value (D1; D2; D3) being
desired to be obtained at the respective instant
(t1; t2; t3);

- for each filling operation (FO1; FO,; F03), the
controlling phase (CP1; CP2; CP3) comprises,
for each time instant (t1; t2; t3) of the table (T),
a respective operative sequence (0OS1; OS2;
0S3);

- for each filling operation (FO1; FO2; FO3), the
updating phase (UP1; UP2; UP3) comprises de-
termining (S6) the error curve (EC) by means of
the determined error values (E1, E2, E3) and
the associated respective control values (C1,
C2, C3).

Filling device (1) according to claim 9 or 10, wherein
the filling device (1) is configured so that said step
of reinitializing (J2) is carried out by adding the de-
termined error curve (EC) to the preliminary curve
(PC), so that the reinitialized control curve (CC) is
equal to the sum of the preliminary curve (PC) and
the determined error curve (EC).

Filling device (1) according to any of claims from 9
to 11, wherein the filling device (1) is configured so
that the preliminary curve (PC) is set experimentally.

Filling device (1) according to any of claims from 9
to 12, wherein the filling device (1) is configured so
that, during the preliminary phase (PP), the control
curve (CC)is set equal to the preliminary curve (PC).
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10

14. Filling device (1) according to any of claims from 9

to 13, wherein the filling device (1) is configured so
that the electrical quantity (EQ) is a Pulse-Width
Modulation electric signal.

15. Filling device (1) according for any of claims from 9

to 14, comprising:

- aflow channel (7) for guiding said flow of pour-
able product;

- a valve element (8) which can adopt a variable
position with respect to said flow channel (7),
thefilling device (1) being configured so that said
step of influencing (S3) is carried out by control-
ling said position;

- an electromagnetic or magnetic actuator (19)
for controlling said position by receiving said
control value (C1; C2; C3);

- a flowmeter (22) for measuring said actual val-
ue (A1; A2; A3);

- an automatic control unit (23);

wherein the filling device is configured so that:

- said step (S3) of influencing the flow rate
is carried out by the actuator (19) receiving
automatically the control value (C1; C2; C3)
from the control unit (23) and the actuator
(19) controlling automatically the position of
the valve element (8) as a function of the
received control value (C1; C2; C3);

- said step (S5) of measuring the actual flow
rate is carried out by the control unit (23)
receiving automatically a signal from the
flowmeter (22);

- said step (M1) of setting the preliminary
curve (PC) is carried out by means of the
flowmeter (22), the control unit (23), and the
actuator (19);

- said step of setting (M2) the control curve
(CC) is carried out by means of the control
unit (23);

- said step of setting (M3) the table (T) is
carried outby means of the control unit (23);
- said step of obtaining (S1) the desired val-
ue (D1; D2; D3), said step of determining
(S2) the control value (C1; C2; C3), said
step of determining (S4) the preliminary val-
ue (P1; P2; P3), said step of determining
(S6) the error value (E1; E2; E3), said step
of associating the determined error value
(E1; E2; E3) to the determined control value
(C1; C2; C3), and said updating phase (UP),
are carried out automatically by means of
said control unit (23).
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