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(57) Abstract: A control method for controlling a machine (1); the machine (1) comprises a temperature-processing zone (2, 3, 4),
which comprises a collection tank (5a, 5b, 5¢); an injection assembly (7a, 7b, 7c); and a control unit (11); the method comprises the steps
of: 1) determining a temperature (t) of the processing fluid (6); ii) comparing the temperature (t) determined with a desired temperature
range by means of control unit (11); iii) detecting a level (1) of processing fluid (6) inside tank (5a, 5b, 5c) by means of a level sensor
(13); iv) comparing level (1) with a desired level range by means of control unit (11); v) controlling by means of control unit (11) a
drainage valve (14) to discharge processing fluid (6) from tank (5a, 5b, 5c), if temperature (t) is outside the desired temperature range
and level (1) is within desired level range; vi) controlling by means of control unit (11) an inlet valve (8) of machine (1) to allow
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the injection of fresh processing fluid (9) in tank (5a, 5b, 5c¢), if temperature (t) is outside desired temperature range and level (1) is
outside desired level range.
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“CONTROL METHOD AND SYSTEM FOR CONTROLLING A MACHINE FOR
THE TEMPERATURE PROCESSING OF CONTAINERS OF FOOD PRODUCTS;

METHOD FOR RETROFITTING SUCH MACHINE”

The present invention relates to a control method for
controlling a machine, generally intended for temperature
processing of containers designed to contain food products;
in particular, the following discussion will make explicit
reference, without this implying any loss of generality, to
the control method of a tunnel pasteurising machine (or
pasteuriser) for pasteurising packaged food products.

The present invention also relates to a control system
for controlling a machine for the temperature processing of
containers of food products and to a method for retrofitting
such machine.

As i1s known, in a tunnel pasteuriser, food products to
be pasteurised, packaged 1in Dbottles, cans or other
containers, are fed by a conveyor along a forward movement
path, which is usually divided into three main processing
zones: a heating zone in which the product temperature 1is
gradually raised; a heat—-treatment zone in which the product
temperature 1s brought to, and kept at, a pasteurising
temperature for a desired time interval; and a cooling zone
in which the product temperature is gradually lowered to a
desired output temperature.

At the end of the temperature processing (i.e. at the
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output of the pasteuriser), it 1is required for the food
products to have been kept above a predetermined temperature
for at least a predetermined time, so as to accumulate at
least a predetermined quantity of pasteurisation units
(PUs). In this way, effective pasteurisation of the processed
products may be assured.

Each processing zone 1is, 1in turn, divided into a
plurality of sub-zones, each one of which is operable and
controllable independently of the others. The products, in
each sub-zone, are processed by injecting thereon a flow of
a fluid at a desired predetermined temperature. Usually, the
fluid is a ligquid, such as water, which is injected, sprayed,
or applied in any eguivalent manner on the products, although
other fluids may as well be used, like a gas, such as air.

In particular, each sub-zone comprises a spraying unit
positioned above the forward movement path of the products,
and, in a possible solution, at least one collection tank
positioned below the same forward movement path to collect
the liquid, sprayed by the spraying unit, after it has wet
the products.

According to a known solution, the processing liquid
fed to the spraying units of the various sub-zones is taken,
at least in part, from the collection tanks.

In particular, a process of recirculation is
implemented, according to which the 1ligquid fed to the
spraying units of the heating sub-zones is taken from the

tanks of the cooling sub-zones, whilst the ligquid fed to the
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spraying means of the cooling sub-zones i1s taken from the
tanks of the heating sub-zones. In this way, it is possible
to achieve an effective energy saving, thanks to the fact
that the heat transferred to the processing ligquid by the
products 1in the cooling zones may be used to heat the
products 1in the heating zones, while the cooled down
processing liguid collected in the heating zones may be used
to cool down the products in the cooling zones. Moreover, in
the heat treatment zone, the liquid fed to the spraying means
of each sub-zone 1is wusually taken directly from the
collection tank of that sub-zone.

An example of tunnel ©pasteuriser is known from
EP2702879.

In detail, in many applications, in order to guarantee
the final quality of the processed products, it is required
that the output temperature of the products at the end of
the temperature processing is maintained in a desired range,
and a control action 1is required so that the output
temperature is not higher than an upper output temperature
threshold. The output temperature may further be controlled
to be higher than a lower output temperature threshold of
the desired range, so as to avoid condensation on the
containers of the processed products.

In known machines, fresh fluid is injected in one of
the tanks of the heating sub-zones, in order to maintain the
output temperature of the products at the end of the

temperature processing below the upper output temperature
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threshold. As a consequence, the temperature of the fluid
inside the tanks of the heating sub-zones is lowered as well
as the spraying temperature of the 1liguid exiting the
spraying means of the cooling sub-zones, which is taken from
such tanks.

However, in order to substantially vary the temperature
of the fluid inside the tanks, it 1s necessary to inject
large volumes of fresh fluid in the tanks of the heating
sub-zones. This is due to the fact that the amount of fresh
fluid to be injected depends on the temperature and mass of
the fluid inside the tanks before fresh fluid injection.

This solution leaves room for improvement, because it
causes fluid waste.

In view of this, a need is felt within the sector for
a control method allowing to control the output temperature
of the products at the end of the temperature processing in
an efficient manner, while minimizing the fluid waste.

It is important to point out, at the same time, that
the biochemical gquality of the fluid is of the outmost
importance for a pasteurising machine pasteurising packaged
food products.

In this respect, it is necessary to consider that over
time the fluid processed in the machine tends to become
turbid and its <corrosive power increases. In addition,
biofilm progressively forms and bacteria 1like Legioconella
could proliferate.

In known machines, the fluid is periodically completely
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replaced by fresh fluid, in order to restore the desired
biochemical quality. However, this solution is <clearly
suboptimal, because it causes a large amount of fluid to be
wasted and requires the machine to be stopped.

As a consequence, a need is also felt for a control
method allowing to control the biochemical quality of the
fluid, while minimizing the fluid waste.

It is an object of the present invention to provide a
control method, which allows to meet at least one of the
abovementioned needs in a simple and economic manner.

This object is achieved by the present invention, as it
relates to a control method for controlling a machine for
the temperature processing of containers of food products,
as claimed in claim 1 and in claim 11.

The invention also relates to a control system for a
machine for the temperature processing of containers for
food products, as claimed in claim 12, and to a method for
retrofitting a machine for the temperature processing of
containers for food products, as claimed in claim 10.

One preferred embodiment is hereinafter disclosed for
a better understanding of the present invention, by way of
a non-limitative example and with reference to the
accompanying drawings, in which:

— Figure 1 is a functional scheme of a machine according

to the present invention, with parts removed for clarity;



10

15

20

25

WO 2022/136122 PCT/EP2021/086265

— Figure 2 1is a block diagram of a portion of the
machine of Figure 1, with parts removed for clarity;

— Figures 3 to 5 are respective flow charts relating to
operations performed by the control method and system
according to the present invention; and

— Figures 6 to 8 are flow charts relating to the
operations i1illustrated in Figures 3 to 5, respectively,
comprising further details on these operations.

In the following of the present description and in the
claims the expression “in use” means “during operation”.

Figure 1 schematically shows a tunnel pasteurising
machine, denoted as a whole with 1, comprising a control
system 100 and a forward movement element 21, which may
consist, for example, of one or more conveyor belts or any
other type of conveyor, for moving food products packaged in
containers 10 along a movement path P.

Machine 1 comprises a heating zone 2, a heat treatment
zone 3 and a cooling zone 4 positioned one after another
along movement path P, in order to carry out pasteurisation
of the products in containers 10.

In detail, in heating =zone 2 the temperature of
containers 10 is gradually raised; in heat-treatment zone 3
the temperature of containers 10 is brought to, and kept at,
a pasteurising temperature for a desired time interval; and
in cooling =zone 4 the temperature of containers 10 1is

gradually lowered to a desired output temperature.
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Each one of the heating, heat treatment and cooling
zones 2, 3, 4 is further divided into a number of sub-zones
20a, 20b, 20c positioned one after another along movement
path P; 1in the exemplary embodiment shown in Figure 1,
heating zone 2 is divided into three respective sub-zones.

Each one of the sub-zones 20a, 20b, 20c is provided
with a respective collection tank 5a, 5b, 5c for storing a
processing fluid 6 (for example water) and a respective
injection assembly 7a, 7b, 7c for injecting processing fluid
6 from the respective collection tank 5a, 5b, 5c onto
containers 10 that are carried by movement element 21.

In detail, each tank 5a, 5b, 5¢ is in fluidic
communication with the other tanks 5a, 5b, 5c of the same
zone 2, 3 or 4.

Each injection assembly 7a, 7b, 7c comprises, in turn,
a plurality of spraying nozzles 22 for spraying processing
fluid 6 onto containers 10.

In detail, collection tanks 5a, 5b, 5c are also adapted
to collect processing fluid 6 after it has been sprayed on
containers 10 (i.e. after it has exchanged heat with
containers 10). In the shown embodiment, nozzles 22 and
collection tanks 5a, b5b, 5c are positioned above and,
respectively, below the forward movement element 21, so as
to exploit the gravity effect for the movement of processing
fluid 6.

In the following of the present description, reference

will be made to heating zone 2 only.
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In particular, collection tanks 5a, 5b, 5c of heating
zone 2 are arranged in succession in such a manner that tank
5a is the upstream-most tank of heating zone 2 and tank 5c
is the downstream-most tank of heating zone 2 according to
movement path P.

In addition, the temperature of processing fluid 6
inside tank 5b is higher than the temperature of processing
fluid 6 inside tank 5a; the temperature of processing fluid
6 inside tank 5c is higher than the temperature of processing
fluid 6 inside tank 5Db.

Machine 1 further comprises an inlet valve 8 for the
inlet of a fresh processing fluid 9 from outside machine 1.

In detail, fresh processing fluid 9 is a processing
fluid that has not yet been inlet and processed in machine
1.

Preferably, processing fluid 6 and fresh processing
fluid 9 differ only 1in terms of physical-biochemical
properties, such as temperature and/or pH.

Furthermore, the physical-biochemical properties of
fresh processing fluid 9 approximate those of processing
fluid 6 after a given number of operating hours of machine
1.

In the embodiment shown, fresh processing fluid 9 has
a lower temperature than processing fluid 6.

In detail, inlet valve 8 is controllable in an open
configuration, in which it allows the inlet of fresh

processing fluid 9, or in a closed configuration, in which
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it prevents fresh processing fluid 9 from being inlet inside
machine 1.

In detail, inlet wvalve 8 1s adapted to allow the
injection of fresh processing fluid 9 directly 1in the
upstream-most collection tank 5a according to movement path
P (Figure 1).

Heating zone 2 further comprises:

- a temperature sensor 12, which is adapted to detect
a temperature t of processing fluid 6; and

— a level sensor 13, which is adapted to detect a level
1 of processing fluid 6 inside one of collection tanks 5a,
5b, b5c.

In the embodiment shown, level sensor 13 is a level
probe.

Preferably, temperature t 1is the temperature of
processing fluid 6 inside one of collection tanks 5a, b5b,
5¢.

In the embodiment shown, temperature sensor 12 1is
arranged at upstream—most tank 5a and, therefore,
temperature t is the temperature of processing fluid 6 inside
upstream—most tank 5a.

Heating zone 2 further comprises a drainage valve 14,
which is controllable in an open configuration, in which it
allows the drainage of at least part of processing fluid 6
from one collection tank 5a, b5b, 5c¢, or 1in a closed
configuration, in which it prevents the drainage of

processing fluid 6 from said one collection tank 5a, 5b, 5c.
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Preferably, level sensor 13 1s arranged in the same
collection tank 5a, 5b, 5c from which drainage valve 14
allows or prevents the drainage of processing fluid 6.

In the embodiment shown, drainage valve 14 is adapted
to allow or prevent the drainage of processing fluid 6 from
the downstream-most tank 5c¢ according to movement path P
(figure 1).

Furthermore, control system 100 of machine 1 comprises
a control wunit 11, which 1s operatively connected to
temperature sensor 12 and level sensor 13 (Figure 2).

Advantageously, control unit 11 is configured to set
drainage valve 14 in the open configuration if temperature
t 1is outside a desired temperature range and level 1 is
within a desired level range; and to set inlet wvalve 8 in
the open configuration if temperature t 1is outside the
desired temperature range and level 1 is outside the desired
level range (Figures 3 and 6).

Preferably, control wunit 11 is configured to set
drainage valve 14 in the closed configuration when inlet
valve 8 is in the open configuration.

Control system 100 further comprises a memory 23
configured to store the desired temperature range and the
desired level range, with their respective upper and lower
thresholds. Memory 23 1is operatively connected to control
unit 11 (Figures 1 and 2).

In detail, control unit 11 is configured to set drainage

valve 14 in the open configuration if temperature t is higher
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than an upper threshold t* of the desired temperature range
and level 1 is higher than a lower threshold 1* of the
desired level range (Figure 3). Preferably, if drainage valve
14 is set in the open configuration, control unit 11 is
configured to keep drainage wvalve 14 in such configuration
as long as temperature t is higher than upper threshold t~*
and until level 1 is lower than lower threshold 1* (Figure
6) .

Moreover, control unit 11 is configured to set inlet
valve 8 in the open configuration if temperature t is higher
than the upper threshold t* of the desired temperature range
and level 1 is lower than the lower threshold 1* of the
desired level range (Figure 3). Preferably, 1f inlet valve
8 is set in the open configuration, control wunit 11 is
configured to keep inlet wvalve 8 in such open configuration
as long as temperature t is higher than upper threshold t~*
and until level 1 1is greater than an hysteresis level
threshold 1** of the desired level range (Figure 6), which
is greater than lower threshold 1* but lower than an upper
threshold 1*** of the desired level range. In particular,
upper threshold 1*** corresponds to the maximum amount of
processing fluid 6 that can be stored in tank 5c without
overflowing.

In addition, even more preferably, control unit 11 is
configured to set drainage valve 14 in the open configuration
only if level 1 is greater than hysteresis level threshold

1** (Figure 6). As a consequence, if temperature t is higher
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than the upper threshold t* and level 1 is higher than lower
threshold 1* but lower than hysteresis level threshold 1*%*,
control unit 11 is configured to keep drainage valve 14 in
the closed configuration and to set inlet wvalve 8 in the
open configuration. Also in this case, control unit 11 is
preferably configured to keep inlet wvalve 8 in the open
configuration as long as temperature t is higher than upper
threshold t* and until level 1 is greater than hysteresis
level threshold 1** (Figure 6).

Hysteresis level threshold 1** is chosen so as to avoid
a rapid and repeated switching of drainage valve 14 and inlet
valve 8 between the respective open and closed
configurations, which could damage the valves.

In particular, memory 23 is further configured to store
the hysteresis level threshold 1** of the desired level
range.

Alternatively or in addition, control wunit 11 1is
configured to set drainage valve 14 in the open configuration
only if a predetermined amount of time has passed since
drainage valve 14 was set in the closed configuration.

Heating zone 2 further comprises a biochemical quality
detector 15, which is adapted to detect a biochemical quality
indicator k of processing fluid 6.

In detail, biochemical quality indicator k may be pH
and/or a parameter of the microbial load of processing fluid
6. Accordingly, biochemical quality detector 15 may be a pH

meter and/or a microbial load analyzer.
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Preferably, biochemical quality detector 15 is arranged
inside one of tanks 5a, 5b, 5c of heating zone 2 (Figure 1).

Biochemical quality detector 15 is operatively
connected to control unit 11 (Figure 2).

In particular, memory 23 is further configured to store
a desired biochemical quality range Ak and control unit 11
is configured to compare biochemical quality indicator k
detected by biochemical gquality detector 15 with the desired
biochemical quality range Ak.

Advantageously, control unit 11 1is configured to set
drainage valve 14 in the open configuration if biochemical
guality indicator k is outside desired biochemical quality
range Ak and level 1 is within the desired level range; and
to set inlet valve 8 in the open configuration if biochemical
guality indicator k 1s outside the desired Dbiochemical
gquality range Ak and level 1 is outside the desired level
range (Figures 4 and 7).

In detail, control unit 11 is configured to set drainage
valve 14 in the open configuration and to subsequently set
inlet wvalve 8 in the open configuration if biochemical
guality indicator k is outside desired biochemical quality
range Ak and level 1 is higher than the lower threshold 1%
of the desired level range (Figure 4).

Preferably, 1if drainage valve 14 is set in the open
configuration, control unit 11 is configured to keep drainage
valve 14 in such open configuration until level 1 is lower

than lower threshold 1* (Figure 7).
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In addition, if inlet wvalve 8 1is set in the open
configuration, control unit 11 is configured to keep inlet
valve 8 in such open configuration as long as biochemical
guality indicator k is outside desired biochemical quality
range Ak and until level 1 is greater than hysteresis level
threshold 1** (Figure 7).

Moreover, control unit 11 is configured to set inlet
valve 8 in the open configuration if biochemical quality
indicator k is outside desired biochemical quality range Ak
and level 1 is lower than the lower threshold 1* of the
desired level range (Figure 4).

In addition, even more preferably, control unit 11 is
configured to set drainage valve 14 in the open configuration
only if level 1 is greater than hysteresis level threshold
1** (Figure 7).

As a consequence, if biochemical gquality indicator k is
outside desired biochemical quality range Ak and level 1 is
higher than lower threshold 1* but lower than hysteresis
level threshold 1**, control unit 11 is configured to keep
drainage valve 14 in the closed configuration and to set
inlet wvalve 8 in the open configuration as long as
biochemical guality indicator k is outside desired
biochemical quality range Ak and until level 1 is greater
than hysteresis level threshold 1**.

Alternatively or in addition, control wunit 11 1is

configured to set drainage valve 14 in the open configuration



10

15

20

25

WO 2022/136122 PCT/EP2021/086265
15

only if a predetermined amount of time has passed since
drainage valve 14 was set in the closed configuration.

With reference to the embodiment of Figures 5 and 8,
control unit 11 is configured to set drainage wvalve 14 in
the open configuration and to subsequently set inlet wvalve
8 in the open configuration if temperature t is within the
desired temperature range, biochemical quality indicator k
is outside desired biochemical quality range Ak and level 1
is within the desired level range.

In detail, control unit 11 is configured to set drainage
valve 14 in the open configuration and to subsequently set
inlet valve 8 in the open configuration if temperature t is
within the desired temperature range, biochemical quality
indicator k is outside desired biochemical gquality range Ak
and level 1 is higher than the lower threshold 1* of the
desired level range (Figure 5).

Preferably, 1if drainage valve 14 is set in the open
configuration, control unit 11 is configured to keep drainage
valve 14 in such open configuration until level 1 is lower
than lower threshold 1* (Figure 8) .Furthermore, control unit
11 is also configured to set inlet wvalve 8 1in the open
configuration 1f temperature t 1s within the desired
temperature range, Dbiochemical gquality indicator k 1is
outside desired biochemical quality range Ak and level 1 is
outside the desired level range (Figures 5 and 8).

In detail, control unit 11 is configured to set inlet

valve 8 in the open configuration if temperature t is within
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the desired temperature range, biochemical quality indicator
k is outside desired biochemical quality range Ak and level
1 is lower than the lower threshold 1* of the desired level
range (Figure 5).

Preferably, if inlet wvalve 8 1is set in the open
configuration, control unit 11 is configured to keep inlet
valve 8 in such open configuration as long as biochemical
guality indicator k is outside desired biochemical quality
range Ak and until level 1 is greater than hysteresis level
threshold 1** (Figure 8).

In addition, even more preferably, control unit 11 is
configured to set drainage valve 14 in the open configuration
only if level 1 is greater than hysteresis level threshold
1** (Figure 8).

As a consequence, if biochemical gquality indicator k is
outside desired biochemical quality range Ak and level 1 is
higher than lower threshold 1* but lower than hysteresis
level threshold 1**, control unit 11 is configured to keep
drainage valve 14 in the closed configuration and to set
inlet wvalve 8 in the open configuration as long as
biochemical guality indicator k is outside desired
biochemical quality range Ak and until level 1 is greater
than hysteresis level threshold 1**.

Alternatively or in addition, control wunit 11 1is
configured to set drainage valve 14 in the open configuration
only if a predetermined amount of time has passed since

drainage valve 14 was set in the closed configuration.
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In use, machine 1 performs periodically (e.g. every two
seconds) the determination of temperature t of processing
fluid 6 and/or of containers 10 output from cooling zone 4
(step 30) and the comparison between the determined
temperature t and the desired temperature range by means of
control wunit 11 (step 31) (Figures 3 and 6). In this
condition, both inlet wvalve 8 and drainage valve 14 are in
their respective closed configurations.

If temperature t is outside the desired temperature
range, machine 1 performs the detection of level 1 of
processing fluid 6 inside tank 5c by means of level sensor
13 (step 32) and the comparison between the detected level
1 and the desired level range by means of control unit 11
(step 33) (Figures 3 and 6).

In detail, 1if temperature t is higher than the upper
threshold t* of the desired temperature range and level 1 is
higher than the lower threshold 1* of the desired level
range, control unit 11 sets drainage valve 14 in the open
configuration, so as to discharge at least part of processing
fluid 6 from tank 5c (step 34 of Figure 3).

As a consequence, some processing fluid 6 moves from
tanks 5a and 5b towards tank 5c¢, by virtue of the principle
of the communicating vessels. In detail, processing fluid 6
inside tank 5c mixes with some processing fluid 6 from tanks
5b and/or 5a and processing fluid 6 inside tank 5b mixes

with some processing fluid 6 from tank b5a.
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Since the temperature of processing fluid 6 is higher
inside tank 5b than inside tank 5a and the temperature of
processing fluid 6 is higher inside tank 5c than inside tank
5b, this may be sufficient to bring temperature t within the
desired temperature range (i.e. below upper threshold t*).
Otherwise, temperature t will still be detected outside the
desired temperature range.

Preferably, inlet wvalve 8 is set in the closed
configuration when drainage wvalve 14 is 1in the open
configuration.

Preferably, once drainage valve 14 is set in the open
configuration, control unit 11 keeps drainage valve 14 in
such open configuration as long as temperature t 1is higher
than upper threshold t* and until level 1 is lower than lower
threshold 1* (step 34 of Figure 6). In other words, if
temperature t becomes lower than upper threshold t* while
processing fluid 6 is discharged from drainage wvalve 14,
control unit 11 sets drainage valve 14 back in the closed
configuration, even if level 1 is higher than lower threshold
1*. This is possible because machine 1 performs periodically
the determination of temperature t and the comparison of the
determined temperature with the desired temperature range
and the detection of level 1 and the comparison of the
detected level 1 with the desired level range.

If, on the contrary, temperature t is higher than the
upper threshold t* of the desired temperature range and level

1l is lower than the lower threshold 1* of the desired level
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range, control unit 11 sets inlet wvalve 8 in the open
configuration, so as to allow the injection of fresh
processing fluid 9 directly in tank 5a (step 35 of Figure
3).

Preferably, drainage valve 14 1is set in the closed
configuration when inlet valve 8 is in the open
configuration.

In addition, once inlet wvalve 8 1is set in the open
configuration, control unit 11 preferably keeps inlet wvalve
8 in such open configuration as long as temperature t 1is
higher than upper threshold t* and until level 1 is greater
than hysteresis level threshold 1** of the desired level
range (step 35 of Figure 6). In other words, if temperature
t becomes lower than upper threshold t*, control unit 11
sets inlet valve 8 back in the closed configuration, even if
level 1 is lower than hysteresis level threshold 1**,.

In addition, preferably, control unit 11 sets drainage
valve 14 in the open configuration only if level 1 is greater
than hysteresis level threshold 1** (step 33 of Figure 6).

As a consequence, i1f temperature t is higher than the
upper threshold t* and level 1 is higher than lower threshold
1* but lower than hysteresis level threshold 1**, control
unit 11 keeps drainage valve 14 in the closed configuration
and sets inlet valve 8 in the open configuration as long as
temperature t i1s higher than upper threshold t* and until
level 1 1is greater than hysteresis level threshold 1**.

Therefore, 1f temperature t Dbecomes lower than upper
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threshold t* while fresh processing fluid 9 1is injected
trough inlet wvalve 8, control unit 11 sets inlet wvalve 8
back in the closed configuration, even if level 1 is lower
than hysteresis level threshold 1**.

Alternatively or in addition, control wunit 11 sets
drainage valve 14 in the open configuration only 1if a
predetermined amount of time has passed since drainage valve
14 was set in the closed configuration.

In one embodiment, machine 1 detects periodically (e.g.
every two seconds) level 1 of the processing fluid 6 inside
tank 5c¢ (step 32) independently of the determination of
temperature t (step 30).

Machine 1 also performs periodically (e.g. every 5
minutes) the detection of biochemical gquality indicator k of
processing fluid 6 by means of biochemical gquality detector
15 (step 36) and the comparison between the detected
biochemical quality indicator k and the desired biochemical
guality range Ak by means of control unit 11 (step 37)
(Figures 4 and 7).

In detail, the detection of biochemical quality
indicator k (step 36) may be carried out independently of
the determination of temperature t (step 30).

If the detected Dbiochemical quality indicator k 1is
outside the desired biochemical gquality range Ak, machine 1
performs the detection of level 1 inside tank 5c by means of
level sensor 13 (step 32) and the comparison between the

detected level 1 and the desired level range by means of
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control unit 11 (step 33) (Figures 4 and 7).

In detail, if biochemical quality indicator k is outside
the desired biochemical gquality range Ak and level 1 is
higher than the lower threshold 1* of the desired level
range, control unit 11 controls drainage valve 14 in the
open configuration, so as to discharge at least part of
processing fluid 6 from tank 5c (step 34 of Figure 4).

Preferably, once drainage valve 14 is set in the open
configuration, control unit 11 keeps drainage valve 14 in
such open configuration until level 1 is lower than lower
threshold 1* (step 34 of Figure 7).

Subsequently, control unit 11 controls inlet valve 8 in
the open configuration, so as to allow the injection of fresh
processing fluid 9 directly in tank 5a (step 35 of Figures
4 and 7).

Preferably, once inlet wvalve 8 1is set in the open
configuration, control unit 11 keeps inlet wvalve 8 in such
open configuration as long as biochemical quality indicator
k is outside desired biochemical quality range Ak and until
level 1 is greater than hysteresis level threshold 1**, which
is greater than lower threshold 1* (step 35 of Figure 7). In
other words, i1f biochemical quality indicator k moves within
desired biochemical gquality range Ak while fresh processing
fluid 9 is injected trough inlet wvalve 8, control unit 11
sets inlet valve 8 back in the closed configuration, even if

level 1 is lower than hysteresis level threshold 1**,.
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If, on the contrary, biochemical quality indicator k is
outside the desired biochemical quality range Ak and level
1 is lower than the lower threshold 1* of the desired level
range, control unit 11 controls inlet valve 8 in the open
configuration, so as to allow the injection of fresh
processing fluid 9 directly in tank 5a (step 35 of Figure
4) .

In addition, even more preferably, control unit 11 sets
drainage valve 14 in the open configuration only if level 1
is greater than hysteresis level threshold 1** (step 33 of
Figure 7).

As a consequence, if biochemical quality indicator k is
outside desired biochemical quality range Ak and level 1 is
higher than lower threshold 1* but lower than hysteresis
level threshold 1**, control unit 11 is configured to keep
drainage valve 14 in the closed configuration and to set
inlet wvalve 8 in the open configuration as long as
biochemical guality indicator k is outside desired
biochemical quality range Ak and until level 1 is greater
than hysteresis level threshold 1**, Therefore, if
biochemical quality indicator k moves within desired
biochemical quality range Ak while fresh processing fluid 9
is injected through inlet valve 8, control unit 11 sets inlet
valve 8 back in the closed configuration, even if level 1 is
lower than hysteresis level threshold 1**.

Alternatively or in addition, control wunit 11 sets

drainage valve 14 in the open configuration only 1if a
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predetermined amount of time has passed since drainage valve
14 was set in the closed configuration.

In the embodiment shown in Figures 5 and 8, machine 1
also performs the detection of biochemical quality indicator
k of processing fluid 6 (step 36) and the comparison between
the detected biochemical quality indicator k and the desired
biochemical quality range Ak (step 37) every time machine 1
performs the determination of temperature t (step 30).

Preferably, in the embodiment shown in Figures 5 and 8,
the detection of biochemical quality indicator k (step 36)
is carried out after the determination of temperature t (step
30) and the comparison between temperature t and the desired
temperature range (step 31). Even more preferably, the
detection of biochemical quality indicator k (step 36) 1is
carried out if temperature t is within the desired
temperature range (step 31) (Figures 5 and 8).

In detail, if temperature t is within the desired
temperature range (step 31), biochemical gquality indicator
k is outside desired biochemical quality range Ak and level
1 is higher than the lower threshold 1* of the desired level
range, control unit 11 controls drainage valve 14 in the
open configuration, so as to discharge at least part of
processing fluid 6 from tank 5c (step 34 of Figure 5).

Preferably, once drainage valve 14 is set in the open
configuration, control unit 11 keeps drainage valve 14 in
such open configuration until level 1 is lower than lower

threshold 1* (step 34 of Figure 8).
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Subsequently, control unit 11 controls inlet valve 8 in
the open configuration, so as to allow the injection of fresh
processing fluid 9 directly in tank 5a (step 35 of Figures
5 and 8).

If, on the contrary, temperature t is within the desired
temperature range (step 31), biochemical gquality indicator
k is outside the desired biochemical quality range Ak and
level 1 is lower than the lower threshold 1* of the desired
level range, control unit 11 controls inlet valve 8 in the
open configuration, so as to allow the injection of fresh
processing fluid 9 directly in tank 5a (step 35) (Figure 5).

Preferably, once inlet wvalve 8 1s set in the open
configuration, control unit 11 keeps inlet wvalve 8 in such
open configuration as long as biochemical quality indicator
k is outside desired biochemical quality range Ak and until
level 1 is greater than hysteresis level threshold 1** (step
35 of Figure 8). In other words, 1f biochemical quality
indicator k moves within desired biochemical quality range
Ak while fresh processing fluid 9 is injected through inlet
valve 8, contrcl unit 11 sets inlet wvalve 8 back in the
closed configuration, even if level 1 is lower than
hysteresis level threshold 1**,

In addition, preferably, control unit 11 sets drainage
valve 14 in the open configuration only if level 1 is greater
than hysteresis level threshold 1** (step 33 of Figure 8).

As a consequence, if biochemical quality indicator k is

outside the desired biochemical quality range Ak and level
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1 is higher than lower threshold 1* but lower than hysteresis
level threshold 1**, control unit 11 keeps drainage valve 14
in the closed configuration and sets inlet wvalve 8 in the
open configuration as long as biochemical quality indicator
k is outside the desired biochemical quality range Ak and
until level 1 is greater than hysteresis level threshold
1**, In other words, if biochemical gquality indicator k moves
within desired biochemical quality range Ak while fresh
processing fluid 9 is injected through inlet valve 8, control
unit 11 sets inlet valve 8 back in the closed configuration,
even 1f level 1 is lower than hysteresis level threshold
1**,

Alternatively or in addition, control wunit 11 sets
drainage valve 14 in the open configuration only 1if a
predetermined amount of time has passed since drainage valve
14 was set in the closed configuration.

The advantages of the control method, control system
100 and method for retrofitting according to the present
invention will be clear from the above description.

In particular, since control unit 11 is configured to
control drainage valve 14 to discharge at least part of
processing fluid 6 from tank 5c, it is possible to control
temperature t in an efficient manner, while minimizing the
waste of processing fluid 6.

In fact, before injecting fresh processing fluid 9 in

tank 5a, some processing fluid 6 is drained through drainage
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valve 14, 1if the detected level 1 is higher than the lower
threshold 1* or the hysteresis level threshold 1** of the
desired level range. In this case, the mass and the thermal
inertia of processing fluid 6 inside tanks b5a, 5b, 5c 1is
reduced, before any injection of fresh processing fluid 9.
Therefore, the amount of fresh processing fluid 9 that needs
be injected for the purpose of obtaining a given variation
of temperature t is lower than in the known machines
discussed in the introductory part of the ©present
description.

Furthermore, since the drainage of processing fluid 6
is carried out before the injection of fresh processing fluid
9 if the detected level 1 is higher than the lower threshold
1*, the Dbiochemical quality of processing fluid 6 1is
improved. In fact, the fresh processing fluid 9 injected
after the drainage mixes with processing fluid 6 having a
lower mass than before the drainage.

In addition, since the drainage of processing fluid 6
and the injection of fresh processing fluid 9 may be carried
out also on the basis of the detected biochemical quality
indicator k, the biochemical gquality of processing fluid 6
can be even more accurately controlled during the operation
of machine 1. In detail, the detection of biochemical quality
indicator k may be carried out in concomitance with the

determination of temperature t or independently of it (e.g.
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periodically) .

Furthermore, since the drainage of processing fluid 6
and/or the injection of fresh processing fluid 9 may be
carried out as soon as the biochemical quality indicator k
is outside the desired biochemical quality range Ak, the
complete substitution of processing fluid 6 with fresh
processing fluid 9 is required very infrequently or not at
all.

The Applicant has also observed that when drainage valve
14 is adapted to allow or prevent the drainage of processing
fluid 6 from the downstream—most tank 5c, the reduction of
temperature t is particularly efficient.

In fact, when some fluid is discharged from tank b5c,
processing fluid 6 inside tank 5c mixes with some processing
fluid 6 from tanks 5b and/or 5a and processing fluid 6 inside
tank 5b mixes with some processing fluid 6 from tank b5a.

Since the temperature of processing fluid 6 is higher
inside tank 5b than inside tank 5a and the temperature of
processing fluid 6 is higher inside tank 5c than inside tank
5b, this may be sufficient to bring temperature t within the
desired temperature range (i.e. below upper threshold t¥*).
Otherwise, temperature t will still be detected to be outside
the desired temperature range.

The reduction of temperature t is even more efficient
when inlet valve 8 injects fresh processing fluid 9 directly

in the upstream-most collection tank 5a.
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The discussed solution may also be easily fitted (with
a so called "retrofit" operation) to existing machines, by:
arranging inlet valve 8 at machine 1, preferably so as to be
adapted to inject fresh processing fluid 9 directly in
collection tank 5a; arranging temperature sensor 12 and/or
biochemical quality detector 15 at heating zone 2; arranging
level sensor 13 in collection tank 5a, 5b, 5c; arranging
drainage valve 14 in collection tank 5a, 5b, 5c, preferably
in collection tank 5c; operatively connecting level sensor
13, temperature sensor 12 and/or Dbiochemical quality
detector 15 to control unit 11; configuring control unit 11
to set drainage wvalve 14 in the open configuration if
temperature t is outside the desired temperature range and/or
biochemical gquality indicator k 1s outside the desired
biochemical quality range and level 1 is within the desired
level range; and configuring control unit 11 to set inlet
valve 8 in the open configuration if temperature t is outside
the desired temperature range and/or biochemical quality
indicator k is outside the desired biochemical gquality range
and level 1 is outside the desired level range.

Furthermore, since control unit 11 is ©preferably
configured to keep inlet wvalve 8 in the open configuration
as long as temperature t is higher than upper threshold t~*
and until level 1 is greater than hysteresis level threshold

1** and control unit 11 is configured to set drainage valve
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14 in the open configuration only if level 1 is greater than
hysteresis level threshold 1**, damage to drainage valve 14
and inlet valve 8 caused by the rapid switching between the
respective open and closed configurations is avoided.

Since alternatively or in addition, control unit 11 is
configured to set drainage valve 14 in the open configuration
only if a predetermined amount of time has passed since
drainage valve 14 was set in the closed configuration, damage
to drainage valve 14 and inlet valve 8 is even less likely.

Finally, it is apparent that modifications and variants
not departing from the scope of protection of the claims may
be made to control method and system according to the present
invention.

In particular, the claimed control method and system
may be applied also to heat treatment zone 3 or to cooling
zone 4.

In addition, machine 1 may comprise more than one inlet
valve 8 and/or more than one drainage valve 14. For example,
machine 1 may comprise an inlet valve 8 and/or a drainage
valve 14 for each collection tank 5a, 5b, b5c.

Furthermore, heating zone 2 may comprise a plurality of
temperature sensors 12, each arranged at a respective
collection tank 5a, 5b, 5c. Accordingly, control unit 11 may
be operatively connected to the plurality of temperature

sensors 12 and configured to compare the temperature detected
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by each of the temperature sensors 12 with a respective
desired temperature range.

Similarly, heating zone 2 may comprise a plurality of
biochemical quality detectors 15, each arranged at a
respective collection tank 5a, 5b, 5c. Accordingly, control
unit 11 may be operatively connected to the plurality of
biochemical quality detectors 15 and configured to compare
the biochemical quality indicator k detected by each of the
biochemical quality detectors 15 with a respective desired

biochemical gquality range.
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CLAIMS
l1.— A control method for controlling a machine (1) for
the temperature processing of containers (10) of food

products; said machine (1) comprising a control unit (11)
and at least one temperature-processing zone (2, 3, 4), where
the containers (10) are processed by injecting a processing
fluid (6) on them; the temperature-processing zone (2, 3, 4)
comprising, in turn:

- at least one collection tank (5a, 5b, 5c) for storing
said processing fluid (6); and

— an injection assembly (7a, 7b, 7c¢) for injecting said
processing fluid (6) from said at least one collection tank
(5a, 5b, 5c) onto said containers (10);

said method being characterized by comprising the steps
of:

i) determining a temperature (t) of said processing
fluid (6) by means of a temperature sensor (12) of said
machine (1) and/or a temperature (t) of said containers (10);

ii) comparing the temperature (t) determined at said
step 1) with a desired temperature range by means of said
control unit (11);

iii) detecting a level (1) of said processing fluid (6)
inside said at least one collection tank (5a, 5b, 5c) by
means of a level sensor (13) of said machine (1);

iv) comparing the level (1) detected at said step iii)
with a desired level range by means of said control unit

(11);
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v) controlling by means of said control unit (11) a
drainage valve (14) of said at least one collection tank
(5a, 5b, 5c) to discharge at least part of the processing
fluid (6) from said at least one collection tank (5a, b5b,
5¢), if the temperature (t) determined at step i) is outside
said desired temperature range and the level (1) detected at
step iii) is within said desired level range; and

vi) controlling by means of said control unit (11) an
inlet valve (8) of said machine (1) to allow the injection
of fresh processing fluid (9) from outside said machine (1)
in said at least one collection tank (5a, 5b, 5c¢), if the
temperature (t) determined at step i) is outside said desired
temperature range and the level (1) detected at step iii) is
outside said desired level range.

2.— The control method according to claim 1,
characterized in that during said step v) said control unit
(11) controls said drainage valve (14) to discharge at least
part of the processing fluid (6) from said at least one
collection tank (5a, 5b, 5c), 1f the temperature (t)
determined at step 1) is higher than an upper temperature
threshold (t*) of said desired temperature range and the
level (1) detected at step iii) is higher than a lower level
threshold (1*; 1**) of said desired level range; and in that
during said step vi) said control unit (11) controls said
inlet wvalve (8) to allow the injection of fresh processing
fluid (9) from outside said machine (1) in said at least one

collection tank (5a, 5b, 5c), if the temperature (t)
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determined at step 1) is higher than said upper temperature
threshold (t*) and the level (1) detected at step iii) 1is
lower than said lower level threshold (1*; 1**).

3.— The control method according to claim 2,
characterized in that during said step v) said control unit
(11) controls said drainage valve (14) to discharge at least
part of the processing fluid (6) from said at least one
collection tank (5a, 5b, 5c), 1f the temperature (t)
determined at step 1) is higher than said upper temperature
threshold (t*) of said desired temperature range and the
level (1) detected at step i1ii) is higher than an hysteresis
level threshold (1**) of said desired level range; said
hysteresis level threshold (1**) Dbeing greater than said
lower level threshold (1*); and in that during said step vi)
said control unit (11l) controls said inlet valve (8) to allow
the injection of fresh processing fluid (9) from outside
said machine (1) in said at least one collection tank (5a,
5b, 5c¢) if the temperature (t) determined at step i) 1is
higher than said upper temperature threshold (t*) of said
desired temperature range and the level (1) detected at step
iii) is lower than said hysteresis level threshold (1**).

4.— The control method according to claim 3,
characterized in said step v) comprises the step wvii) of
controlling said drainage valve (14) by means of said control
unit (1l1) to discharge the processing fluid (6) from said at
least one collection tank (5a, 5b, 5c¢) until said level (1)

is lower than said lower level threshold (1*); and in that
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said step vi) comprises the step viii) of controlling said
inlet wvalve (8) by means of said control unit (11) to allow
the injection of fresh processing fluid (9) from outside
said machine (1) in said at least one collection tank (5a,
5b, 5c) until said level (1) is higher than said hysteresis
level threshold (1**).

5.- The control method according to claim 4,
characterized by comprising the further steps of:

ix) preventing by means of said control unit (11) said
drainage valve (l1l4) from discharging processing fluid (6)
from said at least one collection tank (5a, 5b, 5c¢), if
during said step vii) said temperature (t) of said processing
fluid (6) and/or said temperature (t) of said containers
(10) becomes lower than said upper temperature threshold
(t*);

X) preventing by means of said control unit (11) said
inlet wvalve (8) from allowing the injection of fresh
processing fluid (9) in said at least one collection tank
(5a, 5b, 5c), 1if during said step viii) said temperature (t)
of said processing fluid (6) and/or said temperature (t) of
said containers (10) becomes lower than said upper
temperature threshold (t*).

6.— The control method according to claims 1 to 5,
characterized in that said step v) comprises the further
step xi) of controlling by means of said control unit (11)
a drainage valve (14) of a downstream-most collection tank

(5c) of said temperature-processing zone (2, 3, 4) according
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to a movement path (P) of said containers (1) along said
machine (1), to discharge at least part of the processing
fluid (6) from said downstream—most collection tank (5c);
said temperature-processing zone (2, 3, 4) comprising a
plurality of said collection tanks (5a, 5b, 5c), each being
in fluidic communication with the other tanks (5a, 5b, 5c)
of the same temperature-processing zone (2, 3, 4).

7.— The control method according to claim o,
characterized in that said step vi) comprises the further
step xii) of controlling by means of said control unit (11)
said inlet wvalve (8) to allow the injection of fresh
processing fluid (9) directly in an upstream-most collection
tank (5a) of said temperature-processing zone (2, 3, 4)
according to said movement path (P).

8.— The control method according to any one of the
foregoing claims, characterized by comprising the further
steps of:

x1ii) detecting a biochemical quality indicator (k) of
said processing fluid (6) by means of a biochemical quality
detector (15) of said machine (1); and

xiv) comparing the biochemical gquality indicator (k)
detected at said step xiii) with a desired biochemical
quality range (Ak) by means of said control unit (11);

xv) controlling by means of said control unit (11) said
drainage valve (14) to discharge at least part of the
processing fluid (6) from said at least one collection tank

(5a, 5b, 5c¢), 1f the biochemical gquality indicator (k)



10

15

20

25

WO 2022/136122 PCT/EP2021/086265
36

detected at step xiii) is outside said desired biochemical
quality range (Ak) and the level (1) detected at step iii)
is within said desired 1level range; and subsequently
controlling by means of said control unit (11) said inlet
valve (8) to allow the injection of fresh processing fluid
(9) in said at least one collection tank (5a, b5b, 5c¢); and

xvi) controlling by means of said control unit (11)
said inlet wvalve (8) to allow the injection of fresh
processing fluid (9) in said at least one collection tank
(5a, 5b, 5c), if the biochemical quality indicator (k)
detected at step xiii) is outside said desired biochemical
quality range (Ak) and the level (1) detected at step iii)
is outside said desired level range.

9.— The control method according to claim 8,
characterized in that said steps xv) and xvi) are carried
out if the temperature (t) determined at step i) is within
said desired temperature range.

10.— Method for retrofitting a machine (1) for the
temperature processing of containers (10) for food products;
said machine (1) comprising at least one temperature-
processing zone (2, 3, 4), where the containers (10) are
processed by injecting a processing fluid (6) on them; said
temperature processing-zone (2, 3, 4) comprising:

- at least one collection tank (5a, 5b, 5c) for storing
said processing fluid (6); and

— an injection assembly (7a, 7b, 7c¢) for injecting said

processing fluid (6) from said at least one collection tank
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(5a, 5b, 5c) onto said containers (10);

said method being characterized by comprising the steps
of:

xvii) arranging at said machine (1) an inlet valve (8)
controllable in an open configuration, in which it allows
the inlet of fresh processing fluid (9) from outside said
machine (1), or in a closed configuration, in which it
prevents fresh processing fluid (9) from being inlet inside
said machine (1);

xviii) arranging at said temperature processing-zone
(2, 3, 4) a temperature sensor (1l2) adapted to detect a
temperature (t) of the processing fluid (6);

xix) arranging inside said at least one collection tank
(5a, 5b, 5c) a level sensor (13) adapted to detect a level
(1) of the processing fluid (6) inside said at least one
collection tank (5a, 5b, 5¢);

Xx) arranging at said at least one collection tank (ba,
5b, 5c¢) a drainage valve (14), which is controllable in an
open configuration, in which it allows the drainage of at
least part of the processing fluid (6) from said at least
one collection tank (5a, 5b, 5¢), or 1in a closed
configuration, in which it prevents the drainage of the
processing fluid (6) from said at least one collection tank
(5a, 5b, b5c);

xx1) operatively connecting said temperature sensor
(12) and said level sensor (13) to a control unit (11) of

said machine (1);
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xxii) configuring said control unit (11) to set said
drainage valve (14) 1in the open configuration if the
temperature (t) of the processing fluid (6) and/or a
temperature (t) of said containers (10) is outside a desired
temperature range and said level (1) 1is within a desired
level range; and configuring said control unit (11) to set
said inlet wvalve (8) in said open configuration if the
temperature (t) of the processing fluid (6) and/or the
temperature (t) of said containers (10) 1is outside said
desired temperature range and said level (1) is outside said
desired level range.

11.— A control method for controlling a machine (1) for
the temperature processing of containers (10) of food
products; said machine (1) comprising a control unit (11),
at least one temperature-processing zone (2, 3, 4), where
the containers (10) are processed by injecting a processing
fluid (6) on them; the temperature-processing zone (2, 3, 4)
comprising, in turn:

- at least one collection tank (5a, 5b, 5c) for storing
said processing fluid (6); and

— an injection assembly (7a, 7b, 7c¢) for injecting said
processing fluid (6) from said at least one collection tank
(5a, 5b, 5c) onto said containers (10);

said method being characterized by comprising the steps
of:

i) detecting a biochemical quality indicator (k) of

said processing fluid (6) by means of a biochemical quality
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detector (15) of said machine (1);

ii) comparing the biochemical quality indicator (k)
detected at said step i) with a desired biochemical quality
range (Ak) by means of said control unit (11);

iii) detecting a level (1) of said processing fluid (6)
inside said at least one collection tank (5a, 5b, 5c) by
means of a level sensor (13) of said machine (1);

iv) comparing the level (1) detected at said step iii)
with a desired level range by means of said control unit
(11);

v) controlling by means of said control unit (11) a
drainage valve (14) of said at least one collection tank
(5a, 5b, 5c) to discharge at least part of the processing
fluid (6) from said at least one collection tank (5a, b5b,
5c¢), 1f the biochemical quality indicator (k) detected at
step 1) 1is outside said desired biochemical quality range
(Ak) and the level (1) detected at step iii) is within said
desired level range; and subsegquently controlling by means
of said control unit (11) an inlet valve (8) of said machine
(1) to allow the injection of fresh processing fluid (9)
from outside said machine (1) in said at least one collection
tank (5a, 5b, 5c); and

vi) controlling by means of said control unit (11) an
inlet valve (8) of said machine (1) to allow the injection
of fresh processing fluid (9) from outside said machine (1)
in said at least one collection tank (5a, 5b, 5c¢), if the

biochemical gquality indicator (k) detected at step i) 1is
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outside said desired biochemical quality range (Ak) and the
level (1) detected at step 1ii) is outside said desired level
range.

12.— A control system (100) for controlling a machine
(1) for the temperature processing of containers (10) of
food products; said machine (1) comprising at least one
temperature—-processing zone (2, 3, 4), where containers (10)
are processed by injecting a processing fluid (6) on them;
said temperature-processing zone (2, 3, 4) comprising, in
turn:

- at least one collection tank (5a, 5b, 5c) for storing
said processing fluid (6);

— an injection assembly (7a, 7b, 7c¢) for injecting said
processing fluid (6) from said at least one collection tank
(5a, 5b, 5c¢) onto said containers (10); and

- an inlet wvalve (8) controllable in an open
configuration, in which it allows the inlet of a fresh
processing fluid (9) from outside said machine (1), or in a
closed configuration, in which it prevents fresh processing
fluid (9) from being inlet inside said machine (1);

salid temperature-processing zone (2, 3, 4) further
comprising:

- a temperature sensor (1l2) adapted to detect a
temperature (t) of said processing fluid (6);

— a level sensor (13) adapted to detect a level (1) of
the processing fluid (6) inside said at least one collection

tank (5a, 5b, 5c); and
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— a drainage valve (14) controllable in an open
configuration, in which it allows the drainage of at least
part of the processing fluid (6) from said at least one
collection tank (5a, 5b, 5c¢), or in a closed configuration,
in which it prevents the drainage of the processing fluid
(6) from said at least one collection tank (5a, 5b, 5c¢);

said control system (100) comprising a control unit
(11) operatively connected to said machine (1);

said control unit (11) being configured to compare the
temperature (t) determined by said temperature sensor (12)
and/or a temperature (t) of said containers (10) with a
desired temperature range and compare the level (1) detected
by said level sensor (13) with a desired level range;

characterized in that said control wunit (11) 1is
configured to set, in use, said drainage valve (14) in said
open configuration if the temperature (t) of the processing
fluid (6) and/or the temperature (t) of said containers (10)
is outside said desired temperature range and the level (1)
is within said desired level range;

said control unit (11) being further configured to set,
in use, said inlet wvalve (8) in said open configuration if
the temperature (t) of the processing fluid (6) and/or the
temperature (t) of said containers (10) 1is outside said
desired temperature range and the level (1) is outside said
desired level range.

13.— The control system according to claim 12

characterized in that said control unit (11) is configured
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to set, in use, said drainage valve (l14) in said open
configuration if the temperature (t) of the processing fluid
(6) and/or the temperature (t) of said containers (10) 1is
higher than an upper temperature threshold (t*) of said
desired temperature range and the level (1) is higher than
a lower level threshold (1*, 1**) of said desired level
range;

said control unit (11l) being further configured to set,
in use, said inlet valve (8) in said open configuration if
the temperature (t) of the processing fluid (6) and/or the
temperature (t) of said containers (10) is higher than said
upper temperature threshold (t*) and the level (1) is lower
than said lower level threshold (1*, 1*%*).

14.- The control system according to claim 13,
characterized in that said control unit (11) is configured
to set, in use, said drainage valve (l14) in said open
configuration if the temperature (t) of the processing fluid
(6) and/or the temperature (t) of said containers (10) 1is
higher than an upper temperature threshold (t*) of said
desired temperature range and the level (1) is higher than
an hysteresis level threshold (1**) of said desired level
range; saild hysteresis level threshold (1**) being greater
than said lower level threshold (1%*);

said control unit (11) being further configured to set,
in use, said inlet wvalve (8) in said open configuration if
the temperature (t) of the processing fluid (6) and/or the

temperature (t) of said containers (10) is higher than said
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upper temperature threshold (t*) and the level (1) is lower
than said hysteresis level threshold (1**).

15.— The control system according to claim 14,
characterized in that said control unit (11) is configured
to keep said drainage valve (14) in said open configuration
until, in use, said level (1) lower than said lower level
threshold (1*) unless, in use, said temperature (t) of said
processing fluid (6) and/or said temperature (t) of said
containers (10) becomes lower than said upper temperature
threshold (t*);

and in that said control unit (11) is configured to
keep said inlet valve (8) in said open configuration until,
in use, said level (l) is greater than said hysteresis level
threshold (1**) unless, in use, said temperature (t) of said
processing fluid (6) and/or said temperature (t) of said
containers (10) becomes lower than said upper temperature
threshold (t*).

16.—- The control system according to claims 12 to 15
wherein said temperature-processing zone (2, 3, 4) comprises
a plurality of collection tanks (5a, 5b, 5c); each tank (5a,
5b, 5c¢) being in fluidic communication with the other tanks
(5a, 5b, 5c) of the same temperature-processing zone (2, 3,
4);

characterized in that said control unit (11) is further
configured to control said drainage valve (14) of the
downstream-most collection tank (5c) of said temperature-

processing zone (2, 3, 4) according to a movement path (P)
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of said containers (10) along said machine (1).

17.- The control system according to claim 16,
characterized in that said control wunit (11) is further
configured to set said inlet wvalve (8) in said open
configuration, so as to allow the injection of fresh
processing fluid (9) directly in the upstream-most
collection tank (5a) of said temperature-processing zone (2,
3, 4) according to said movement path (P).

18.—- The control system according to claims 12 to 17,
wherein said temperature-processing zone (2, 3, 4) further
comprises a biochemical quality detector (15), which 1is
adapted to detect a biochemical gquality indicator (k) of
saild processing fluid (6);

characterized in that said control unit (11) is further
configured to compare, 1in use, said biochemical quality
indicator (k) with a desired biochemical quality range (Ak).

19.— A machine (1) for the temperature processing of
containers (10) for food products comprising at least one
temperature-processing zone (2, 3, 4), where the containers
(10) are processed by injecting a processing fluid (6) on
them; said temperature processing-zone (2, 3, 4) comprising:

- at least one collection tank (5a, 5b, 5c) for storing
said processing fluid (6);

— an injection assembly (7a, 7b, 7c¢) for injecting said
processing fluid (6) from said at least one collection tank
(5a, 5b, 5c¢) onto said containers (10); and

- an inlet wvalve (8) controllable in an open
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configuration, in which it allows the inlet of fresh
processing fluid (9) from outside said machine (1), or in a
closed configuration, in which it prevents fresh processing
fluid (9) from being inlet inside said machine (1);

salid temperature-processing zone (2, 3, 4) further
comprising:

- a temperature sensor (1l2) adapted to detect a
temperature (t) of the processing fluid (6);

— a level sensor (13) adapted to detect a level of the
processing fluid (6) inside said at least one collection
tank (5a, 5b, 5c); and

— a drainage valve (14) controllable in an open
configuration, in which it allows the drainage of at least
part of the processing fluid (6) from said at least one
collection tank (5a, 5b, 5c¢), or in a closed configuration,
in which it prevents the drainage of the processing fluid
(6) from said at least one collection tank (5a, 5b, 5c);

characterized by comprising a control system (100)

according to any one of claims 12 to 18.
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