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(57)  An automated system (20) for predictive main-
tenance of a filling machine (1), having a number of filling
units (10) designed to engage at least one respective
container (2) to carry out filling thereof with a filling prod-
uct. A control module (25), operatively coupled to the
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filling machine (1), acquires operating data relating to the
performance of the filling units (10) during the filling op-
erations; and process the acquired operating data to pre-
dict the occurrence of a fault in one or more of the filling
units (10).
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Description

[0001] The present invention relates to a predictive
system and method for a filling machine, designed for
filling containers with a product, in particular for predictive
fault analysis and maintenance.

[0002] In the field of bottling of a liquid, in particular a
food product, in containers, like glass bottles or aluminum
cans, a system is known comprising a feed line for feed-
ing a succession of empty bottles to a filling machine, in
turn comprising a filling rotating wheel (so called "carou-
sel"), carrying a number of filling units.

[0003] The filling units are mounted to rotate continu-
ously about a longitudinal axis, engage the empty bottles,
fill the bottles with the product, and then feed the bottles
to a capping machine, which is connected to the filling
machine by at least one transfer wheel and closes the
bottles with respective caps.

[0004] Figure 1 schematically shows a known filling
machine, denoted as a whole with 1, for filling liquid into
containers 2, for example glass bottles or aluminum cans.
[0005] Filing machine 1 comprises a conveying de-
vice, including a carousel 4, which is mounted to rotate
continuously (anticlockwise in Figure 1) about a substan-
tially vertical longitudinal axis A.

[0006] The carousel 4 receives a succession of empty
containers 2 from an input wheel 5, which is coupled to
carousel 4 at a first transfer station 6 and is mounted to
rotate continuously about a respective vertical longitudi-
nal axis B, parallel to axis A.

[0007] The carousel 4 releases a succession of filled
containers 2 to an output wheel 8, which is coupled to
carousel 4 at a second transfer station 9 and is mounted
to rotate continuously about a respective vertical longi-
tudinal axis C, parallel to axes A and B.

[0008] Filling machine 1 comprises a number of filling
units 10, which are equally spaced about axis A, are
mounted along a peripheral edge of carousel 4, each in
a corresponding slot or seat 11 of the carousel 4, and
are moved by the same carousel 4 along a path P ex-
tending about axis A and through transfer stations 6 and
9.

[0009] Eachfillingunit10isdesigned toreceive atleast
one container 2 to be filled, and to perform, during its
rotation along path P, a number of filling operations ac-
cording to a filling "recipe”, in order to fill the container 2
with a desired fluid or combination of fluids (e.g. in case
of carbonated liquids).

[0010] The filling unit 10 is configured to engage the
container 2, at an opening of a neck 2’ thereof, and in-
cludes one or more fluidic conduits (not shown), which
are designed to selectively couple the container 2 to one
or more feed devices.

[0011] Each filling unit 10 also comprises at least one
flow regulator device (not shown), designed to define one
or more filling passages communicating with the opening
of the container 2, and including at least a filling valve,
operable to selectively open the filling passage(s) during
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filling of the container 2.

[0012] Each filling unit 10 is moreover provided with
an electronic board (not shown), including suitable cir-
cuitry to control its operation, and operatively coupled to
a supervisor unit 14 of the filling machine 1, e.g. including
a PLC (Programmable Logic Controller). Supervisor unit
14 also provides an HMI (Human Machine Interface) to-
wards an operator, including suitable input and display
means, in order to allow the operator to check and control
the operation of the filling machine 1.

[0013] The Applicant has realized that known filling
machines (e.g. of the type shown in Figure 1) may suffer
from some drawbacks concerning the occurrence of
faults in the filling units during their operation; faults may
indeed occur in constituent elements of the same filling
units (e.g. in the filling valves), due to the wearing effect
of time and/or due to defects or malfunctions.

[0014] When faults occur, correct filling of the contain-
ers may be impaired; for example, a container may only
be partially filled in a filling unit, with the consequence
that the same container has to be discarded after quality
checks.

[0015] Generally, maintenance of the filling units in the
filing machine is based on a total number of working
hours or working cycles performed by the same filling
units; constituent elements are replaced, when a preset
upper threshold is reached for these operating parame-
ters.

[0016] However, such a maintenance solution is not
wholly satisfactory, since it may lead to constituent ele-
ments of the filling machine being replaced while still in
a proper operating condition, or to sudden and unfore-
seen faults occurring in constituent elements, having not
reached the preset threshold number of working hours
or cycles yet, with the consequence of unplanned stops
for the filling machine.

[0017] The aim of the present invention is consequent-
ly to solve, at least in part, the problems previously high-
lighted, and in general to provide an improved solution
for monitoring the correct operation of a filling machine
and for maintenance thereof.

[0018] According to the present invention, a system
and a method are thus provided, as defined in the ap-
pended claims.

[0019] Forabetter understanding of the presentinven-
tion, preferred embodiments thereof are now described,
purely by way of a non-limiting example, with reference
to the attached drawings, wherein:

- Figure 1 shows schematically a known filling ma-
chine;

- Figure 2 is a schematic block diagram of a mainte-
nance system according to the present solution;

- Figure 3 is a schematic representation of the content
of a central database in the system of Figure 2;

- Figure 4 is a flowchart of operations performed in
the system of Figure 2;

- Figures 5to 7 show plots relating to the performance
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of the filling machine, provided by the system of Fig-
ure 2;

- Figure 8 shows exemplary data that may be provided
by the system of Figure 2.

[0020] One aspect of the present solution provides an
automated and computerized system for monitoring the
operation of filling units in a filling machine, and for pre-
dicting faults in view of a predictive maintenance. As will
be discussed in detail, each filling unit is continuously
monitored, by acquiring operating parameters during its
operation, and a predictive algorithm is executed based
on the acquired operating parameters, in order to predict
the occurrence of faults, and schedule maintenance or
replacement for the same filling unit before the faults oc-
cur.

[0021] Figure 2 shows an automated predictive main-
tenance system according to the present solution, denot-
ed as a whole with 20, which is operatively coupled to a
filing machine 1 in a manufacturing plant; for example,
filing machine 1 may be made as discussed with refer-
ence to figure 1, so that same reference numerals are
used again to denote similar elements.

[0022] System 20 includes an image acquisition unit
22, e.g. a CCD camera or similar device, arranged at the
filing machine 1, in such a manner as to be able to read
a univocal coded sign 23, e.g. a so called "datamatrix",
a QR code, a barcode, placed on each filling unit 10 of
the filling machine 1. For example, image acquisition unit
22 is fixed to a supporting structure 24, facing the carou-
sel 4 of the filling machine 1.

[0023] System 20 furtherincludes a control module 25,
provided with a processing unit 26, such as a CPU, a
controller or a microcontroller, suitably programmed in
order to be able to execute the operations that will be
discussed in detail in the following.

[0024] Control module 25 is provided with a first inter-
face 27, operatively coupled to the processing unit 26,
and configured to provide wired or wireless communica-
tion with the image acquisition unit 22, in order to allow
the processing unit 26 to receive data acquired by the
same image acquisition unit 22.

[0025] In particular, processing unit 26 is provided with
information regarding the association between each seat
11 of the filling machine 1 and the specific filling unit 10,
which occupies the same seat 11. As will be clarified in
the following, these information allow to closely monitor
the performance of the filling units 10 in relation to the
position along the carousel 4, and to properly schedule
maintenance and replacement of those specific filling
units 10 that are considered to be liable to faults.
[0026] Moreover, control module 25 is provided with a
second interface 28, operatively coupled to supervisor
module 14 of the filling machine 1, and configured to pro-
vide wired or wireless communication therewith, so as to
acquire specific operating data relating to the operation
of filling units 10, during execution of each filling recipe
or each filling cycle.
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[0027] In detail, according to a particular aspect of the
present solution, the acquired operating data include at
least the following operating parameters:

Filling Time (FT), i.e. the time required for complete
filling of a container 2 by the filling unit 10, with a
desired quantity of liquid;

Tail time (TT), i.e. the time interval between the ar-
rival of an electric closing command at the filling unit
10 and mechanical closing thereof;

KT, i.e.adimensionless parameter related to the sta-
bility of the closing time value, determined based on
a number (e.g. five) of past filling operations;

FFC, i.e. afilling counter, measured by a flow meter,
relating to the filled quantity of liquid.

[0028] These operating parameters have been found
by the Applicant to provide a reliable monitoring of the
operating state of the filling units 10; it is clear, however,
that other parameters may be used, in addition to, or
substitution of, the above cited operating parameters.
[0029] Moreover, control module 25 acquires, through
second interface 28, general operating data relating to
the operations of each filling unit 10, and in particular
relating to the number of working hours, working cycles
performed, number of liters of filled liquid, number of CIP
- Cleaning in Place - processes undergone by the same
filling unit; as it is known, during a CIP process, dummy
bottles are coupled to the filling units 10 and a sanitizing
liquid is flown through the filling machine, in order to per-
form cleaning thereof.

[0030] Control module 25 may also include a display
and user interface unit 29, coupled to processing unit 25,
allowing an operator to interact with the same control
module 25 and to display information (e.g. data and/or
plots).

[0031] System 20 also includes a storage unit 30, op-
eratively coupled to control module 25 and storing a cen-
tral database DB.

[0032] Central database DB includes a number of
records, each related to a different filling unit 10, whose
univocal coded sign 23 has been identified via image
acquisition unit 22.

[0033] Indetail, and as shown in Figure 3, each record
32 of central database DB includes:

a first field 32a, storing the coded sign 23 of the cor-
responding filling unit 10;

a second field 32b, storing characterization data for
the filling unit 10, e.g. data corresponding to the
above cited operating parameters, filling time FT, tail
time TT, KT, FFC, acquired during a characterization
operation performed after manufacturing, or refur-
bishing/reconditioning, of the filling unit 10 and suit-
ably certified (e.g. by the manufacturer). These char-
acterization data (which are shown schematically in
Figure 3, with two letters for the name and two num-
bers for the value thereof) are suitably received at
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the storage unit 30, e.g. via a wireless data commu-
nication channel;

a third field 32c¢ storing an univocal identifier of the
filing machine 1 where the filling unit 10 is being
mounted, and the information relating to the seat 11
of the filling machine 1 where the same filling unit 10
is installed;

a fourth field 32d storing both the general (schemat-
ically denoted as "A") and the specific (schematically
denoted as "B") operating data, related to the filling
operations performed by the filling unit 10, as will be
detailed in the following.

[0034] While image acquisition unit 22 is required to
be located at the site of the filling machine 1, the physical
location of both the control module 25 and the storage
unit 30 is independent from the site of the same filling
machine 1, and may be local or remote with respect there-
to; also, the specific location of the control module 25
may differ from the location of the storage unit 30.
[0035] Moreover, control module 25 may be provided
with an own storage memory (not shown in Figure 2),
storing a replica of the whole, or a part of, central data-
base DB, which may be conveniently synchronized and
linked to the same central database DB (in any known
manner, here not discussed in detail).

[0036] Inapossible embodiment, a portable electronic
apparatus (not shown), such as aPDA, a laptop, a smart-
phone, a tablet, with wireless data communication capa-
bility, may also communicate with the storage unit 30
through an internet connection and a web interface, in
order to access the stored data for further analysis or
processing.

[0037] An operator may interact with both control mod-
ule 25 and, in case, the above portable electronic appa-
ratus, to access data stored in the central database DB,
and e.g. display information or plots of relevant data and
information.

[0038] Operation of system 20 is now discussed, with
reference also to Figure 4.

[0039] Control module 25 continuously monitor oper-
ation of each filling unit 10 in the filling machine 1, as
shown in step 40.

[0040] In particular, during each filling cycle (i.e. at
each filling of a container 2 by a filling unit 10), control
module 25 acquires filling operating parameters (both
the general and the specific operating parameters previ-
ously discussed).

[0041] Control module 25 then processes, at step 42,
the acquired data in order to check if the filling unit 10 is
working properly.

[0042] According to a particular aspect of the present
solution, control module 25 executes a suitable compar-
ison between the acquired operating parameters for each
filling unit 10 and the characterization data for the same
filling unit 10 stored in the central database DB, and be-
tween the same acquired operating parameters and the
operating parameters acquired for the other filling units
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10 of the whole filling machine 1, in order to determine if
the operation of the filling unit 10 deviates from its stand-
ard, normal, operation and/or from the operation of the
other constituent elements of the filling machine 1. Con-
trol module 25 is able to retrieve from central database
DB in storage unit 30 any data that may be required for
the above comparative analysis.

[0043] Itisclearthat many alternative specific solutions
may be envisaged for this evaluation; generally, if the
operation of the filling unit 10 is found to differ from an
expected operating mode more than a given threshold,
then operation for the filling unit 10 is found to be "anom-
alous" of "faulty".

[0044] Ifthe control module 25 determines, at step 44,
that the operation of the filling unit 10 is "normal”, i.e. in
line with what was expected based on the characteriza-
tion data and the operation of the other constituent ele-
ments of the filling machine 1, then a normal monitoring
mode is followed, step 45, according to which acquired
operating data are stored in the central database DB,
with a first preset storage frequency, for example once
a day.

[0045] Control module 25 updates in the related field
of the record 32 in the central database DB the general
operating data, relating to the number of working hours,
number of working cycles performed, number of liters of
filled liquid, number of CIP processes performed by each
filling unit 10.

[0046] Moreover, control module 25 stores in the re-
lated field of the record 32 in the central database DB
the specific operating data for the filling units 10, deter-
mined during the monitoring time interval pertaining to
the current storage operation (i.e. during the time interval
elapsed since the last storage operation).

[0047] In particular, control module 25 calculates, for
each filling unit 10, the average of the relevant operating
parameters (e.g. filing time FT, tail time TT, KT, FFC),
which have been acquired during the monitoring time in-
terval.

[0048] Control module 25 further determines, for the
same relevant parameters, machine-average values, as
the average calculated on the filling units 10 of the whole
filling machine 1 (in particular, as the average of the av-
erage values for the various filling units 10, computed
after each machine cycle); control module 25 also calcu-
lates, for each filling unit 10, the deviation o of the value
of the respective relevant parameters with respect to the
determined machine-average values.

[0049] When computing the above machine-average
values, filling machine 1 is considered as a "batch", as a
single entity including the various filling units 10; this may
be advantageous to provide to the operator overall infor-
mation regarding the operation of the whole machine.
[0050] The specific operating data that are stored in
the central database DB, at each storage operation, are
therefore the average values of the relevant operating
parameters calculated for the various filling units 10, as-
sociated to the deviation o with respect to the machine-
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average values, and the same machine-average values
(wit the result of a considerable saving in the occupation
of storing resources).

[0051] If instead control module 25 determines, at
above step 44, that the operation of the filling unit 10 is
"anomalous",i.e. not as expected, then an anomaly mon-
itoring mode is followed, at step 46, according to which
acquired operating data are stored in the central data-
base DB with a second storage frequency, higher than
the first storage frequency, for example once every hour
or half an hour.

[0052] The value of the second storage frequency may
also vary dynamically, based on the amount of deviation
of the determined operating condition from the "normal"
state, or progressively with time after the determination
of the anomalous operating condition is made.

[0053] Inany case, the general effect is that of achiev-
ing a more accurate monitoring of the filling units 10,
when doubts about their correct operation arise.

[0054] Moreover, after the "anomalous" state determi-
nation, control module 25 is configured to process the
acquired data with a predictive algorithm, at step 48, in
order to predict possible occurrence of a fault or a mal-
function, so that suitable alarms may be activated and
suitable control actions performed (such as refurbish-
ment or replacement of the faulty filling unit).

[0055] To this end, control module 25 is configured to
execute any suitable predictive strategy, based on the
acquired data relating to the operating parameters of the
filling units 10, and in particular based on: the perform-
ance of each filling unit 10, considered independently,
and/or in connection with the operation of the whole filling
machine 1 and/or with the stored characterization data
for the same filling unit 10; the deviation of the operation
of each filling unit 10 with respect to the average opera-
tion of the other filling units 10 in the filling machine 1;
the wearing state of the same filling unit 10, determined
based on the information about the working cycles and
hours already performed.

[0056] Control module 25 is thus configured to monitor
the state of degradation of the filling units 10, with the
passing of time and filling cycle by filling cycle, so as to
timely and reliably predict the occurrence of possible
faults, and also to determine the causes of the malfunc-
tion.

[0057] The control module 25 also suggests, at step
49, a suitable time to execute maintenance of the filling
machine 1, in order to avoid errors and malfunctions, and
particularly the number and positions (in terms of the oc-
cupied seats 11) of the filling units 10 that are to be re-
placed in the filling machine 1.

[0058] The same control module 25is also able to sug-
gest a replacement unit for each filling unit 10 that is to
be replaced, in the form of a list, the so called "rotation
kit". For example, a list of replacement filling units 10,
whose data are present in the central database DB and
whose characteristic may suite the operation of those to
be replaced, is suggested to the operator, in view of the
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scheduled maintenance operation.

[0059] Itisto be noted that after replacement of afilling
unit 10, monitoring of the operation of the new filling unit
10 is resumed, populating a new record 32 in the central
database DB.

[0060] Moreover, after a replaced filling unit 10 is re-
furbished and then newly installed in a different filling
machine 1, or in a different seat 11 of the same filling
machine 1, the operation of the same filling unit 10 is
again monitored and the operating data stored in the cen-
tral database DB, in association with the univocal iden-
tifier of the same filling unit 10.

[0061] As previously discussed, an operator may in-
teract with control module 25 (or other portable electronic
apparatus accessing the central database DB and run-
ning suitable software programs), to access data stored
in the central database DB, and e.g. display information
or plots.

[0062] Figure 5 shows an exemplary plot relating to
the filling time FT for a filling unit 10, showing the pro-
gressive lengthening of the same filling time.

[0063] The plot shows a first region of normal opera-
tion, denoted with R4, followed by a region of anomalous
operation, denoted with R,, where frequency of storage
operations is intensified, to closely monitor wearing of
the component (as shown by the filling time FT crossing
threshold TH). The plot also shows the filling unit 10 re-
turning to a normal operating condition, after mainte-
nance has been performed, at region denoted with R.
[0064] Figure 6 shows a further plot, which may be
displayed by control module 25, showing, in a histogram
format, minimum, maximum and average values for the
filling time FT of a given filling unit 10, compared to av-
erage values for the other filling units 10 in the filling ma-
chine 1.

[0065] Figure 7 shows still a further plot, which may be
generated by the control module 25, allowing a directand
immediate visual perception of the operating condition
of the filling units 10 in the filling machine 1, with respect
to monitored parameters filling time FT and tail time TT.
[0066] In detail, each filling unit 10 is represented as a
"ball", ina two-dimensional plot where averagefilling time
FT values are represented along the x axis, and average
tail time TT values are represented along the y axis. Ball
color denotes the deviation ¢ for the filling time FT, while
the ball dimension (i.e. its radius) denotes the deviation
oforthe tailtime TT, with respect to the machine-average
values. Moreover, the number associated to each ball
refers to the particular seat 11 where the related filling
unit 10 is placed. In this exemplary representation, balls
with deeper-hue color and greater size indicate a possi-
ble malfunction of the related filling units 10.

[0067] Numerical values for the relevant operating pa-
rameters (in this case, filling time FT and tail time TT)
may also be easily obtained, for each of the depicted
balls (as shown in Figure 7 for ball number 29).

[0068] Moreover, Figure 8 shows information that may
be displayed by control module 25, including values for
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the filling time FT and tail time TT operating parameters.
[0069] In detail, for each storing operation (whose time
is denoted at the left of the displayed area), values com-
puted on all the filling units 10 in the filling machine 1 are
displayed (in other words, considering the filling machine
1asa"batch", as asingle entity): in particular, an average
value, a minimum value and a maximum value are dis-
played for each relevant operating parameter.

[0070] Conveniently, as also shown inthe same Figure
8, a "batch" may be exploded to get specific information
about each filling unit 10 in the filling machine 1, with
respect to the same considered operating parameters,
at the particular storing operation, in particular relating
to the deviation with respect to the machine-average val-
ues and the characterization values.

[0071] The advantages that the described solution al-
lows to achieve are clear from the foregoing description.
[0072] In any case, it is again underlined that unex-
pected faults and stop of the filling machine 1 may be
avoided, thanks to the continuous monitoring and pre-
dictive maintenance provided by the disclosed automat-
ed system.

[0073] Accordingly, important issues associated to
waste (e.g. nottotally filled) containers and to unforeseen
stops may be avoided during the operation of the filling
machine 1.

[0074] Eachfilling unit 10 in the filling machine 1 is fully
exploited, as long as its operation remains within the
boundaries of a normal operating condition, independ-
ently from the number of working hours or cycles already
performed (in other words, a filling unit 10 is not replaced
based only onthe working lifetime, butbased on its actual
functionality, determined from actual measurements of
relevant operating parameters).

[0075] Moreover, since only a minimum portion of the
acquired data is stored in the central database DB (with
the storing frequency being incremented only when an
anomalous operation is detected), requirements associ-
ated to the storing capacity are less stringent.

[0076] Moreover, historical trends may be easily gen-
erated from the data stored in the central database DB,
in order to further improve quality assessment of the op-
eration of the filling machine 1, and prediction of future
faults and malfunctions.

[0077] Finally, it is clear that modifications and varia-
tions may be applied to the solution described and shown,
without departing from the scope of the appended claims.
[0078] For example, it is clear that the discussed so-
lution may advantageously envisage different and/or ad-
ditional relevant operating parameters to be monitored
during the filling operations.

[0079] Moreover, further analysis of the acquired data
may be performed to detect anomalous operations and
to predict faults and malfunctions of the filling units 10 in
the filling machine 1.
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Claims

1. An automated system (20) for predictive mainte-
nance of a filling machine (1), including a number of
filling units (10) designed to engage at least one re-
spective container (2) to carry out filling thereof with
a filling product,
characterized by comprising a control module (25),
operatively coupled to the filling machine (1) and
configured to:

acquire operating data relating to the perform-
ance of the filling units (10) during the filling op-
erations; and

process the acquired operating data to predict
the occurrence of a fault in one or more of the
filling units (10).

2. The system according to claim 1, wherein the control
module (25) is configured to execute a predictive al-
gorithm to predict the fault of the one or more filling
units (10).

3. The system according to claim 1 or 2, wherein the
control module (25) is configured to process the op-
erating data acquired for a given filling unit (10) in
relation to corresponding operating data acquired for
other filling units (10) in the filling machine (1), in
order to determine a normal or anomalous operating
state of the given filling unit.

4. The system according to claim 3, wherein the control
module (25) is configured to process the operating
data acquired for the given filling unit (10) in relation
to characterization data for the given filling unit (10),
in order to determine a normal or anomalous oper-
ating state thereof.

5. The system according to claim 4, wherein the control
module (25) is configured to calculate a deviation (o)
of the operating state of the given filling unit (10) with
respect to the other filling units (10) in the filling ma-
chine (1) and/or with respect to the characterization
data.

6. Thesystemaccordingto any ofthe precedingclaims,
wherein the control module (25) is configured to
schedule a maintenance operation of the filling ma-
chine (1) and provide a list of faulty filling units (10)
to be subjected to maintenance.

7. Thesystemaccordingto any of the preceding claims,
comprising a storage unit (30) storing a database
(DB) and operatively coupled to the control module
(25); each record (32) of the database (DB) being
related to a filling unit (10) of the filling machine (1)
and storing a subset of the acquired operating data
for the filling unit (10).
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The system according to claim 7, wherein the control
module (25) is configured to process the acquired
operating data to determine a normal or anomalous
operating state of the filling unit (10); and wherein
the control module (25) is configured to cause storing
of the subset of acquired operating data at a first
storing frequency, in case a normal operating state
is determined, and at a second storing frequency, in
case an anomalous operating state is determined,
the second operating frequency being higher than
the first operating frequency.

The system according to any of the preceding claims,
comprising an image acquisition unit (22), config-
ured to image the filling units (10) of the filling ma-
chine (1) to read an univocal coded sign (23) asso-
ciated to each of the filling units (10).

The system according to claim 9, comprising a stor-
age unit (30) storing a database (DB) and operatively
coupled to the control module (25); each record (32)
of the database (DB) being related to a filling unit
(10) of the filling machine (1) and storing a subset of
the acquired operating data for the filling unit (10)
and the univocal coded sign (23) associated to the
same filling unit (10).

The system according to any of the preceding claims,
wherein the control module (25) is configured to pro-
vide a userinterface (29) for displaying of information
and data related to the acquired and processed op-
erating data.

A method for predictive maintenance of a filling ma-
chine (1), including a number of filling units (10) de-
signed to engage at least one respective container
(2) to carry out filling thereof with a filling product,
characterized by the steps, executed in an auto-
mated processing system (20), of:

acquiring operating data relating to the perform-
ance of the filling units (10) during the filling op-
erations; and

processing the acquired operating data to pre-
dict the occurrence of a fault in one or more of
the filling units (10).

The method according to claim 12, wherein process-
ing includes executing a predictive algorithm to pre-
dict the fault of the one or more filling units (10).

The method according to claim 12 or 13, wherein
processing includes processing the operating data
acquired for a given filling unit (10) in relation to the
operating data acquired for other filling units (10) in
the filling machine (1), in order to determine a normal
or anomalous operating state of the given filling unit
(10).
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15.

16.

The method according to claim 14, wherein process-
ing includes processing the operating data acquired
for a given filling unit (10) in relation to characteriza-
tion data for the given filling unit (10), in order to
determine a normal or anomalous operating state
thereof; and calculating a deviation (o) of the oper-
ating state of the given filling unit (10) with respect
to the other filling units (10) in the filling machine (1)
and/or with respect to the characterization data.

The method according to any of claims 12-15, in-
cluding scheduling a maintenance operation of the
filling machine (1) and providing a list of faulty filling
units (10) to be subjected to maintenance.
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