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(57) Abréegée/Abstract:

The present invention refers to a plant for filling bottles or containers with continuous calibration and to a continuous calibration
method of such a plant. The calibration method (100) Is characterised In that it comprises the steps consisting of collecting (110) at
least one set of data relating to filing and/or closing parameters of containers or bottles (16) treated through the same tap or filling
valve (15) of the filling plant (10) and/or through the same closing and/or capping head (14) of the filing plant (10); based on the
data collected, calculating (120) statistical data associated with the tap or filling valve (15) and/or with the closing and/or capping
head (14); updating (130) the statistical data based on new data collected and monitoring the progression thereof; in the case of a
variation of the statistical data over time, adjusting the tap or filing valve (15) and/or the closing and/or capping head (14)
assoclated with the statistical data so as to compensate for the variation.
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METHOD AND PLANT FOR FILLING BOTTLES OR CONTAINERS WITH CONTINUOUS CALIBRATION

5 The present invention refers to a plant for £filling
bottles or containers with continuous calibration and
to a continuous calibration method of such a plant.
Conventional 1lines for £illing bottles or containers
made from plastic, like for example PET, HDPE, PE and

10 so on, aluminium containers, like for example cans, or
else polythene-coated cardboard containers (cartons),
containing any type of liquid, are generally made up of
a station for filling the bottles or containers,
followed by a cloging and/or capping station of the

15 Dbottles or containers, as well as Dby one or more
control stations arranged downstream of the closing
station.

The filling and closing stations in turn comprise a
plurality, respectively, of taps or filling valves and

20 of closing and/or capping heads of the mechanical or
electronic type depending on the particular embodiment
of the plant.

The filling and closing/capping stations are initially
calibrated or set electronically so as to obtain the

25 desired result 1in output in terms of £filling and
closing, depending on the particular container that 1it
is wished to treat.

The actual obtaining of the set £filling and closing
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parameters is then monitored by the possible control
stations arranged downstream, through which it 1s
possible to inspect the filled bottles or containers,
determining whether they do or do not have the filling
and closing characteristics that are wished to be
obtained.

In particular, according to the specific implementation
of the filling 1line, the control stations make 1t
possible to verify the £fill level, the position of a
possible cap with respect to the bottle or the
container, the tension of the container in response to
a pressure exerted and so on.

The causes that can lead to a divergence between the
set filling and closing values and the actual ones are
many and of various types. For example, there 1is a
substantial divergence in the case of jamming 1in the
system for moving forward the containers or a blockage
in the filling or capping tools.

In this case, the control stations downstream indicate
the container or the bottle not correctly treated and
the plant takes care of discarding it.

Moreover, also the wear oOxr the mechanical creep of the
filling valves and/or of the capping heads can slowly
lead to ever greater deviations from the reference
values.

Even if, through the control stations, 1t 1s possible
to detect substantially any .gross divergence between

the desired £filling and cloéing values and the actual
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ones, the small differences that still fall within the
tolerance ranges are not indicated by the control
stations as irregularities.

Therefore ,‘ the effects that are due to wear or

5 mechanical creep can only be noticed by the control
stations of the filling or closing of a bottle when
they have reached a level such that the measured values
fall outside of the tolerance ranges.

In this case, however, it 1is difficult to work out the

10 particular causes for the irregularities since the

gradual divergence frdm'thé desired values has not been

detected, but Jjust the fact that the tolerance
threshold has been passed.

Moreover, 1n the absence of a tracking system of the

15 particular £filling valves and capping heads that have
treated a certain contailner, from a detection of values
outside of the tolerance ranges, it 1s not obvious to
work out which particular tool 1s 1in such a worn or
creep condition.

0 Last but not least, the control stations currently used
are unable to provide the data necessary to correct
possible deviations due to wear or creep, 1in particular
in filling valves and 'c:;appilntg heads of the electronic
type that require the particular measurement of some

5 parameters currently only able to be determined through
laboratory tests.

The purpose of the present invention is to avoid the

aforementioned drawbacks and in particular to make a
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plant for filling bottles or containers that is able to
detect and quantify a condition of creep and/or wear of
a particular f£illing valve and/or capping head while it
1s being used.

Another purpose of the present invention is to provide
a plant for filling bottles or containers that is able
to automatically and continuously carry  out a
calibration suitable for compensating for a detected
creep and/or wear condition.

A further purpose of the present invention 1s to make a
plant for filling bottles or containers that 1is able to
automatically carry out a calibration to compensate for
wear or creep also upon electronic filling valves
and/or capping heads.

The last but not least purpose of the present invention
is to devise a method for calibrating a plant for
filling bottles or containers capable of identifying
and compensating for possible conditions of creep
and/or wear of a particular £filling wvalve and/ox
capping head before the effects of such a condition
lead to discarding a bottle treated by them.

These and other purposes according to the present
invention are accomplished by making a plant for
filling Dbottles or ' containers and a method for
calibrating the same as outlined 1in the independent
claims.

Further characteristice of the plant and of the method

are the object of the dependent claims.
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The characteristics and advantages of a plant for
filling bottles or containers and of a method for
calibrating such a pla.nt,“ | according to the present
invention, will become clearer from the following
description, given as a non-limiting example, referring
to the attached schematic drawings, in which:

- figure 1 1is a schematic plan view of a preferred
embodiment of the plant for filling bottles or
containers according to the present invention;

- figure 2 1is a block diagram of the method for
calibrating a plant for filling bottles or containers
according to the present invention.

With reference to the figures, a plant for £filling
bottles or containers 1S Shown, wholly indicated with
10.

Such a plant comprises a first filling station 11 of
bottles or containers 16, followed by a second station
12 for closing and/or capping the bottles or containers
16.

The filling and closing stations in turn comprise a
plurality, respectively, of taps or filling valves 15
and of closing and/or cappihg heads 14 constrained to
move forward along the periphery of the respective
first and second station 11,12 so as to follow the
bottles being treated for a section, filling and/or
capping them in movement.

Preferably, the first 11 and the second 12 statlon have

a circular configuration, in which the taps or filling
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valves 15 and the closing and/or capping heads 14 are
connected to the periphery of a turntable or carousel.
Such stations 11,12 can for example be tool-holders
provided respectively with about 80 taps or filling
valves 15 and with about 20 closing and/or cappilng
heads 14.

The containers or bottles 16 are transported through
special means, like for example a set of conveying
means connected and free on a conveyor belt, along a
prath that at least partially follows the periphery of
the first 11 and second 12 station.

The path that the containers or bottles 16 travel along
is divided inteo a plurality of discrete positions that
the containers 16 take up as the move forward along the
filling line.

At the entry to the forward displacement means there 1is
a first sensor 18 that detects the passage of a first
bottle © container 16.

Similarly, a first filling tap 15 and a first capping
head 14 are associated with respective sensors 19,20
that keep track of the position of them 14,15 i1nside
the respective stations 12,11.

Finally, there 1s a Speciai ‘encoder (not illustrated)
associated with the forward displacement means that,
knowing the relative distances in terms of machine
steps, keeps track of the machine positions 1in which
the containers 16, the tapé 15 and the cappling heads 14

are located.
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In this way, it is possible to work out the particular
tools (tap 15 and cappling héad 14) that act upon each
container 16.

Downstream of the second station 12 with respect to the
direction of forward movement of the container 16 there
is also at least one control station 137,13’ "7.

The control stations 13’,13'’ can be arranged in line
along the main forwarding route of the bottles 16, or
else along a parallel secondary branch 17 of the plant
10, according to whether a control 1is carried out on
all of the filled containers 16 or else a sampling
control is carried out only on a subset of treated
containers 16 conveyed aiong the secondary branch by
special deviator means.

Such control stations 13’,13’’ can for example comprise
one or more of the following measuring modules:

- module for measuring the fill level,

- module for measuring'the tension of the side walls,

- module for measuring the capping height,

- module for measuring the removal torgue and/or the
reclosing angle,

- module for measuring the gas content and/or the
pressure,

- module for measuring the weight, or

- module for measuring the colour.

In particular, the plant for £filling bottles and
containers 16 according to the present invention

comprises at least one control station 137,137
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provided with a module for measuring the fill level and
one among the modulé for measuring the capping height
and the module for measuring the screwing angle and/or
the removal torque of the cap.

The control stations 13’ positioned 1n line, directly
downstream of the filling 11 and closing 12 stations
preferably comprise the modules for measuring the fill
level, the tension of the side walls and/or the capping
height.

The control stations 1377 for sampling control,
arranged along the secondary branch 17, preferably
comprise the modules for measuring the removal torque
and/or the reclosing angle of the cap, the weight, the
gas content and/or the préssure, as well as the colour.
The module for the £ill 1level <control can Dbe
implemented with various technologies, according to the
container 16 and the liguid to be controlled, the speed
of the filling 1line 10 and the precision redquired.
Normally a high—freqﬁency " module or high-frequency
capacitive module, generally used for all food liquids,
is used: the bottles pass through a measurement bridge
made up of two metal plates that oscillate at high
freguency. The plates are suitably connected to an
electronic board dedicated to the measurement of the
variation in frequency or capacity as the bottles pass.
The variations are proporﬁional to the amount of
ligquid. The detected wvalues, suitably filtered and

amplified, are processed by a processing unit (not
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1llustrated) in orxrder to evaluate whether to accept or

discard the container 16 under analysis.

Alternatively, to make the module for measuring the

fi1ill level 1t 1is possible‘ to use an X-ray source
generally used for all types of containers and liquids.

Such an X-ray source is made up of a generator intended
to emit a beam of rays capable of penetrating the
passing bottles and striking a reception sensor known
as scintillator. According to the amount of rays

striking the receiver, a processing unit (not

illustrated) 1is able to evaluate whether to accept or
discard the container 16 under analysis.

In order to check the fill level it is also possible to
use industrial video  cameras. The +video  camera
correlated to a suitable 1lighting system, takes a
photograph of all the samples wunder analysis and
suitable software means for processing images calculate
the fill level determining whether to accept or discard
the container 16.

The module for control‘ling} the tension of the side
walls can for example be implemented through a pressure
transducer using different technologies such as linear
or proximity transducers, load cells, lasers, and soO
on. Whether to accept or discard the container 16 1s
determined based on suitable processing of the values
detected by the transducer,.

The module for measuring the capping height preferably

comprises industrial video cameras correlated to a
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suitable 1lighting system that take one or more
photographs of the containers under analysis. From
electronic processing of the images the capping height
can be determined and it can be decided whether to
discard or accept the contaiﬁer 16.

The  module for measuring the weight preferably

comprises a metrically approved balance 1in order to

provide an exact measurement of the weight of the
filled container 16, also able to be used for

certification purposes.

In the case of closing of the container 16 by screwing,

the module for measuring the removal torque and/or the
reclosing angle of the cap preferably comprises a
torsion meter or dynamometric key for measuring the
removal torque necessary to unscrew the cap. For this
purpose the torsion meter 1is assoclated with an
electric motor, prefefr:ably brushless, which applies a
torgue during a predetermined angular excursion, 1in
general until the vyielding point, and therefore the
opening point, of the cap is reached.

The module also preferably comprises a sensor OL the
angular excursion carried out by the motor to close up
the cap applying a predetermined torque.

Advantageously, there is also a module for measuring
the gas content and/or pressure arranged soO as to carry
out the measurement immediately after the measurement
carried out by the module for measuring the removal

torqgue and/or the reclosing angle to verify that during
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the screwing control step the contailner has been
correctly closed back up.

Such a module for measuring the gas content and/or

pressure can for example be made in an analogous way to

5 the module for measuring the tension of the side walls,

therefore through a pressure transducer.

Finally, there is preferably a module for measuring the

colour made through suitable colorimeters.

The single control stations 13’ ,13’’ having one Or more

10 measuring modules, are connected to an electronic
processing unit 21 for processing control data detected
and associated with a particular capping head 14 and/oxr

filling tap 15.

In turn, the electronic processing unit 21 1is provided
15 with software means 22 suitable for creating a database
of the measurement values received, associated with a
particular capping head 14 and/or tap 15, determining a
plurality ot statistical pa‘rameters from 1t, such as
the average value, the standard deviation or else the
20 statistical indices Cp and c¢pk that indicate the
ability of the system to produce a result within the
predefined limits, in order to describe the statistical
behaviour of such a cappirig head 14 and/or tap 15,
analysing the progression of the statistical parameters
25 in a temporal range in order to detect a variation over
time of such values that i1is due to wear or creep and
guantify its extent.

The electronic processing unit 21 1s also preferably
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connected to adjustment means (not illustrated) of the
first and second stafion 11,12 that control the
operating parameters respectively of the single taps 15
and of the single capping heads 14 (like for example
the opening times of the taps 15 and the removal torque
as well as the reclosing angle of the capping heads 14)
in order to carry out a calibration thereof based on
the detected wvariations.

It 1is thus possible to carry out a continuous and
automatic calibration of the single capping heads 14
and of the single taps 15 the extent of which 1is
determined automatically and precisely based on
variations in the statistical behaviour of each of such
instruments 14, 15.

The operation of the plant 10 for filling bottles or
containers according to the present invention 1s the
followlng.

Initially, there is data collection (step 110) wherein
each datum is associated with a particular tap oOr
filling valve 15 and with a particular closing and/or
capping head 14.

The data collected i1is data coming from the control
stations 13/,13’’ and it comprises at least one datum
relative to the fill level of the containers 16 treated
and/or a datum relative to :'lthe capping characteristics
(screwing height and/or reclosing angle and/or removal
torque) .

Once a significant statistical sample of measurements
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of the f£ill levels of the containers 16 all treated by
the same tap or filling valve 15 has been collected,
the statistical data of such a tap 15 is calculated
(step 120), like for example the average value and the
standard deviation of the f£ill level generated by 1it.
The statistical data 1is updated (step 130) upon every
new measurement still keeping track of the progression
thereof, in order to detect a variation 1in the
operation of the single taps 15 such as to require a
calibration (step 140) to bring the tap back to obtain
the £ill level i1nitially set.

The data c¢ollected concerning the capping height
obtained through a specific cappling head 14 1s also
treated 1n an analogoué ma%ner, therefore determining
(step 120) statistical data from it and monitoring
(step 130) a possible gradual variation over time
thereof. In the case in which a variation is found, the
relative capping head 14 1is calibrated automatically
(step 140) so as to compensate for the deviation with
respect to the capping height initially set.

In this way it is therefore possible to detect slow and
gradual variations in the behaviour of capping heads 14
and filling caps 15 in general due to wear or creep,
and compensate for its effects automatically.
Preferably, for an even more precise evaluation of the
behaviour of the £filling taps 15 the weight of the
filled container 1is also detected so as to have a

second reference value indicating the £ill level. The



CA 02773635 2012-03-08

WO 2011/030211 PCT/IB2010/002266

10

15

20

25

14

data detecting concerning the weight of the filled
container 1s also processed statistically and a
possible wvariation thereof over time with consequent
changing of the fill level iﬁitially set is monitored.

A suitable correlation of the results obtalned
concerning the £ill level and the weight provides a
more accurate analysis of possible variations of the
statistical data over time.

In the case in which electronic cappling heads 14 are
used, in order to have a precise calibration thereof it
is necessary to detect the reclosing angle and/or the
removal torque, preferably 1in addition to the capping
height 14.

Such data, detected for a specific capping head 14, 1is
also subjected to statistical analysis and  the
statistical data obtained.”is monitored in order to
detect a variation over time thereof, and in particular
a variation of the reclosing angle and/or of the
removal torque applied by the specific capping head 14.
In this way, it is possible to automatically calibrate
the electronic capping head 14 by bringing the angle
and/or removal torque values to those set initially.
From the description that has been  made the
characteristics of the plant for filling bottles and
containers and of the method for calibrating it object
of the present invention are clear, Just as the
relative advantages are also clear.

Thanks to the tracking of the filling valves and of the
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capping heads, and to the ‘electronic processing unit
connected to the single control stations, the filling
plant according to the present invention 1is able to
associate the collected data to a particular cappilng
valve and/or filling head and reprocess it so as to

obtain a gquantitative measurement of a growth 1in the

difference between the set parameters and those

actually obtained, 1in general due to wear or creep of
the particular tool monitored.

In this way, the processing unit can determine suitable
modifications 1n the operative settings of the tools
monitored, compensating for a possible shift from the
set parameters due to wear or creep. There 1is thus a
continuous calibration through self-regulation of the
filling valves and capping heads that keeps the fill
level and the cappiling characteristics at set levels.
Moreover, in the case in which the plant also has a
module for measuring the removal torgue and/or the
reclosing angle, the continuous calibration can also
take place in relation to electronic capping heads.
Finally, it is clear that the plant thus conceived can
undergo numerous modifications and variants, all of
which are covered by the invention; moreover, all of
the details can be replaced by technically equivalent

elements.

For example, the filling plant according to the present
invention can also be advantageously provided with

control stations provided, in addition, with a module

oo
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for measuring the tension of the side walls, the gas

content and/or pressure, and the colour.
In practice, the materials used, as well as the sizes,

can be whatever according to the technical

5 reguirements.
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CLAIMS
1. Method (100) for calibrating a plant (10) for filling
containers or bottles, characterised 1in that 1t
comprises the steps consisting of:
- collecting (110) at least one set of data relating to
filling and/or closing parameters of containers or
bottles (16) treated through the same tap or filling
valve (15) of said filling plant (10) and/or through the
same closing and/or capping head (14) of said filling
prlant (10);
- based on said collected data, calculating (120)
statistical data associated with said tap or filling
valve (15) and/or with said closing and/or capping head
(14) ;
- updating (130) said statistical data based on new data
collected and monitoring the progression thereof over
time;
- 1in the case o0of a variation over time of said
statistical data, adjusting (140) said tap or £filling
valve (15) and/or said closing and/or capping head (14)
associated with sailid statistical data so as to
compensate for sailid variation.
2. Method (100) for calibrating a plant (10) for filling
containers oY bottles according to claim 1,
characterised in that said filling parameters are
measurements of the fill 1level of a plurality of
containers oxr bottles (16) filled by the same tap or

filling valve (15).
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3. Method (100) for calibrating a plant (10) for filling
containers or bottles accorxrding to c¢laim 1 or 2,
characterised in that closing parameters are
measurements of the capping height of a plurality of
containers c¢losed by thé same closing and/or capping
head (14).

4, Method (100) for calibrating a plant (10) for filling
containers or bottles according to any one of claims 1
to 3, characterised in that saild closing parameters are
measurements of the removal torque and/or of the
reclosing angle of a cap of a plurality of containers
closed by the same closing and/or capping head (14).

5. Method (100) for calibrating a plant (10) for filling
containers or bottles according to any one of the
previous c¢laims, characterised in that said filling
parameters are measurements of the weight of a plurality
of containers or bottles (16) £filled by the same tap oOr
filling valve (15).

6. Method (100) for calibrating a plant (10) for filling
containers or bottles according to any one of the
previous claims, characterised in that said statistical
data calculated from said collected data 1s at least one
of the indices belonging to the group consisting of:

- the average value;

- the standard deviation;

- the gtatistical index Cp;

- the statistical index cpk.

7. Plant (10) for filling containers or Dbottles
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comprising the conveying means on which a plurality of
containers or bottles (16) is moved along a direction of
forward movement, with there being, arranged 1n
succession along said direction of forward movement, a
first £illing station (11) of said containers or bottles
(16) comprising a plurality of taps or filling valves
(15), a second closing ahd/or capping station (12) of
said containers or bottles (16) comprising a plurality
of closing and/or capping heads (14) and at least one
third station (13’, 13'’) for checking at least one
filling parameter, characterised in that 1t comprises a
tracking system (18, 1'9,', 20')‘ of a tap or filling valve
(15) and of a closing and/or capping head (14) acting
upon a container or bottle (16), and a processing unit
(21) connected to said at 1least one third control
station (13’, 13’’) for receiving filling and/or closing
parameters of said container or bottle (16) on which
said tap or filling wvalve (15) and/or said closing
and/or capping head (14) act, said processing unit (21)
also being connected to means for adjusting said first
and second station (11, 12) suitable for controlling the
operating parameters of said tap or filling valve (15)
and/or of said closing and/or capping head (14) acting
uponn said container oxr bottle (16) based on said
received filling and/or closing parameters.

8. Plant (10) for filling containers or Dbottles
according to «claim 7, characterised 1n that said

conveying means comprise a plurality of discreet
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positions that can be taken up by sald containers or

bottles (16), said tracking system comprising a first

sensor (18) suitable for detecting the passage of a

first container or bottle (16), a second sensor (19)
associated with a first tap or filling wvalve (15), a
third sensor (20) associated with a first closing and/or
capping head (14) and an encoder associated with said
discreet conveying means so as to keep track of the
instantaneous positions of said first contalner ox
bottle (16), said first tap or £filling valve (15), and
salid first closing and/or capping head (14).

9. Plant (10) for £filling containers or |Dbottles
according to claim 7 or‘8, éﬁaracterised in that said at
least one third control station (13’) 1is arranged along
the main forwarding route of said containers or bottles
(16) .

10. Plant (10) for filling containers oxr Dbottles
according to any one of claims 7 to 9, characterised in
that said at least one third control station (13’’) 1is
arranged along a secondary branch (17) parallel to said
main forwarding route of said containers or bottles
(16) .

11. Plant (10) for filling containers or bottles
according to any one of claims 7 to 10, characterised in
that said at least one third control station (137 ,1377)
comprises at least one module for measuring the filling
level and/or at least one module from a module for

measuring the capping height and a module for measuring
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the removal torgue and/or the reclosing angle of a cap.
12. Plant (10) for filling containers or bottles
according to c¢laim 11, chafacterised in that said at
least one third control station (137 ,13"") also
comprises at least one from the measuring modules
belonging to the group consisting of:

- a module for measuring the tension of the side walls,
- a module for measuring gas content and/or pressure,

- a module for measuring the weight, and

- a module for measuring the colour.

13. Plant (10) for filling containers or Dbottles
according to any one of claims 10 to 12, characterised
in that said at least one third control station (1377)
arranged along a secondary branch (17) comprises at
least one module from a module for measuring the removal
torque and/or the reclosing angle of a cap, a module for
measuring gas content and/or pressure, a module for
measuring the weight and a module for measuring the
colour.

14. Plant (10) for £filling containers or bottles
according to any one of claims 7 to 13, characterised in
that sailid processing unit (21) comprises software means
(22) suitable for implementing the method (100) for
calibrating a plant (10) for £filling containers or

bottles according to any one of claims 1 to 6.
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Collecting at least one set of data relating to filling
and/or closing parameters of containers or bottles
| treated through the same tap or filling valve and/or

through the same closing and/or capping head 1o

Based on the data collected, calculating statistical
| data associated with the tap or filling valve and/or | 120
with the closing and/or capping head

Updating the statistical data based on new data
collected and monitoring the progression 130
thereof over time

In the case of a variation of the statistical data over time,
adjusting the tap or filling valve and/or the closing and/or
capping head associated with said statistical data so as to} ;140
compensate for the detected variation

F19.2






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

