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Inteqrated unit for forming, filling and closing containers

Technical field

The present invention relates to an integrated unit for forming, filling
and closing containers, which is built as a single machine. Furthermore, the
invention also relates to a transportable botiling plant comprising a freight
container in which the integrated unit is provided.

Background art

Bottling plants, in particular transportable bottling plants adapted for
producing drinking water bottles, are for example known from
WO 2011/095464 A1 and FR 2 859 200 A1.

WO 2011/095464 A1 discloses an automated single machine capable
of blowing the bottle out of a preform and to fill and cap the bottle, which is
presented as fitting into a transportable Norm ISO 668 ISO freight container.
The bottling plant shown in Fig. 1 comprises one closed loop transport unit
running from station to station, which stations in sequence insert a PET
preform, heat the preform, verify the temperature of the heated preform, blow
the PET bottle, irradiate the bottle with UV light, fill the bottle, close off the
bottle, eject the filled and sealed bottle, upon which the carriers are returned
back to the preform insertion station. Alternatively as shown in Fig. 10, the
plant comprises an additional return loop by which improperly heated preforms
are not discarded but are returned back to the entry into the heating station.
The freight container comprising the plant is accessible through a single double
door on one of the smaller sides of the freight container, and further contains
an air conditioning unit in order to assure an optimal processing stability. The
closed loop unit, even in its most simple form of Fig. 1, occupies a substantial
amount of the space inside the freight container, and leaves little room for extra
equipment.

WO 2011/095464 A1 has the disadvantage that it is difficult to maintain
the high hygienic standards with which the space containing the bottling plant,
also called the bottling room, and thus all equipment contained therein, is
expected to comply. This, because the processes of heating preforms, forming
bottles from the preforms, and filling and closing the bottles are performed in
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the single bottling room and relatively close to each other such that
contaminants may easily spread between the different stations of the bottling
plant. Furthermore, the use of the single closed loop transport unit running
from station to station, and optionally the use of the additional return loop,
further contributes to the spreading of contaminants between the different
stations. The bottling plant of WO 2011/095464 A1 also has the disadvantage
that not all the stations are easily accessible for maintenance or for repair in
case of malfunction.

FR 2 859 200 A1 discloses a bottling plant having different stations for
heating preforms, forming bottles from the preforms, and filling and closing the
bottles, which stations are arranged consecutively along a single linear
transport system for transporting the preforms and the bottles.

The bottling plant of FR2 859 200 A1 has the disadvantage that
contaminants may easily spread between the different stations of the bottling
plant via the single transport system, which poses a problem for the hygienic
use of the bottling plant. The bottling plant also has an extensive size, certainly
lengthwise along the direction of the linear transport system, and is therefore
unsuitable for use as a transportable bottling plant.

Other types of bottling plants are the so-called synchroblock devices
from manufacturers such as Krones®, KHS® or Sidel®, which comprise
independent units for heating preforms, forming bottles from the preforms, and
filling and closing the bottles. These independent units are each controlled by a
different central processing unit, and the operation of the different independent
units needs to be synchronised with each other. To handle an overflow of
preforms or bottles from one of the independent units to the next independent
unit, the independent units are often provided with a buffer zone, i.e.
intermediate storage, where the preforms or bottles are stored until the
independent unit is ready for processing them. The synchroblock devices have
the disadvantage that they are extensive in size, first because they are aimed
at producing large quantities of bottles and not designed for being scaled
down, and second because of the requirement of the buffer zones for storing
an overflow of bottles and preforms in order to synchronise the different
independent units of the synchroblock devices. Another disadvantage of the
synchroblock devices is that the different independent units of the
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synchroblock devices are linked by transport systems for preforms and bottles,
which may easily spread contaminants from one independent unit to the other.
Another common disadvantage of the bottling plants of the state of the
art, described above, is that they are not energy efficient.

Disclosure of the invention

It is an aim of the present invention to provide an integrated and
compact unit, built as a single machine, for forming, filling and closing
containers wherein the hygienic separation between the modules of the
container forming process and the modules of the container filling/closing
process is guaranteed.

This aim is achieved according to the invention with an integrated unit
for forming, filling and closing containers showing the technical characteristics
of the characterising part of the first claim.

Therefore, the invention provides an integrated unit for forming, filling
and closing containers, for example bottles. The integrated unit comprises a
cabinet. The cabinet has an input opening sized for inputting thermoplastic
container preforms. The cabinet has an exit opening sized for outputting filled
and closed containers. The integrated unit comprises a first compartment, zone
or area in the cabinet adjacent to the input opening. In the first compartment
there is mounted a preform receiving module for receiving thermoplastic
container preforms via the input opening. In the first compartment there is
mounted a preform heating module for heating the preforms. In the first
compartment there is provided a first transport system for transporting the
preforms through the first compartment. The integrated unit comprises a
second compartment, zone or area adjacent to the first compartment. In the
second compartment there is mounted a container forming module for forming
containers from the heated preforms in a mould. In the second compartment
there is optionally provided a second transport system for transporting the
preforms and the containers formed from the preforms through the second
compartment. The integrated unit comprises a third compartment, zone or area
in the cabinet adjacent to the second compartment and adjacent to the exit
opening. In the third compartment there is mounted a container filling module
for filling the containers, which are formed in the second compartment, with a
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fluent product. In the third compartment there is mounted a container closing
module for closing the filled containers with a container closure, such as a cap.
In the third compartment there is provided a third transport system for
transporting the containers through the third compartment. The integrated unit
comprises a first transfer module for transferring preforms from the first
compartment to the second compartment. The integrated unit comprises a
second transfer module for transferring containers from the second
compartment to the third compartment. The integrated unit comprises an air
pressure control system. The integrated unit comprises a separation wall
according to a first configuration or a separation wall according to a second
configuration. In the first configuration the separation wall is arranged between
the first compartment and the second compartment. In the first configuration
the separation wall has a transfer opening which is sized for allowing passage
of preforms from the first compartment to the second compartment. In the first
configuration the first transfer module is mounted at the transfer opening for
transferring preforms from the first compartment to the second compartment
via the transfer opening in the separation wall. In the first configuration the air
pressure control system is provided for elevating the air pressure in the second
compartment, and preferably the air pressure in the second compartment and
the third compartment, with respect to the air pressure in the first compartment.
In the second configuration the separation wall is arranged between the
second compartment and the third compartment. In the second configuration
the separation wall has a transfer opening which is sized for allowing passage
of containers from the second compartment to the third compartment. In the
second configuration the second transfer module is mounted at the transfer
opening for transferring containers from the second compartment to the third
compartment via the transfer opening in the separation wall. In the second
configuration the air pressure control system is provided for elevating the air
pressure in the third compartment with respect to the air pressure in the
second compartment, and preferably with respect to the air pressure in the first
compartment and the second compartment. The integrated unit comprises a
container output module mounted at the exit opening. The container output
module is provided for outputting containers filled and closed in the third
compartment out of the cabinet via the exit opening. The integrated unit
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comprises a single central processing unit. The central processing unit is
operatively connected to the different components to be operated of the
integrated unit, such as the modules and systems of the integrated unit. The
central processing unit is provided for controlling the operation of the
components to be operated of the integrated unit. The integrated unit
comprises a human machine interface. The human machine interface is
operatively connected to the central processing unit. The human machine
interface is provided for enabling a user to control the operation of the
components to be operated of the integrated unit by means of the central
processing unit.

The inventors have found that the separation of the compartment by
means of the separation wall is beneficial for preventing contaminants from
spreading between the compartments, which contaminants may for example
deteriorate the quality of the fluent product with which the containers are filled.
Most beneficial is the prevention of contaminants being spread from the
preform receiving module in the first compartment to the process of filling the
containers in the third compartment, since the process of filling the containers
is the most critical with regards to hygiene because then the fluent product is in
contact with the ambient air in the third compartment, since contaminants may
enter the first compartment together via the input opening together with the
preforms and the heating of the preforms may stimulate bacterial growth and
thus increase contaminants. This separation is achieved by both the separation
wall in the first configuration and the separation wall in the second
configuration. The separation wall in the second configuration has the further
advantage that also the process of forming the containers is separated from
the process of filling the containers.

Therefore, the division of the integrated unit in the different
compartments allows for a close and compact arrangement of the different
modules contributing to the process of forming, filling and closing the
containers, without being concerned with contaminants spreading between the
different modules. Thereby, a compact integrated unit for forming, filling and
closing containers is provided.

One or more of the compartments having an elevated air pressure with

respect to the air pressure in other compartments and thus also with respect to
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the air pressure at the exterior of the cabinet offers the advantage that airborne
contaminants in the compartments with lower pressure and at the exterior of
the cabinet are prevented from entering the one or more compartments with
elevated pressure, for example via the transfer opening in the separation wall
and/or via the exit opening of the cabinet, and it also offers the advantage that
possible airborne contaminants in the one or more compartments with elevated
pressure are removed from the one or more compartments with elevated
pressure, for example via the transfer opening in the separation wall and/or via
the exit opening of the cabinet. Thereby, contributing to the hygiene of the
process of filling the containers in the third compartment, and allowing for an
even more compact design of the integrated unit according to the present
invention.

It should be clear that in an embodiment of the integrated unit according
to the present invention the air pressure control system may also be provided
for elevating the air pressure in the first compartment with respect to the air
pressure at the exterior of the cabinet. This offers the advantage that airborne
contaminants at the exterior of the cabinet are prevented from entering the first
compartment through for example the input opening. Thereby, contributing to
the hygiene in the first compartment, and allowing for an even more compact
design of the integrated unit according to the present invention.

Preferably, the first transfer module and the second transfer module
form a non-continuous transport element between their respective
compartments, i.e. the transfer modules are provided in such a way that they
form no direct link between the modules and transport systems in their
respective compartments via which contaminants may spread, for example by
means of contact contamination.

The single central control unit is beneficial for synchronising the
operation of the different independent modules of the integrated unit, and
thereby provide a continuous production process. The human machine
interface offers the advantage that a user may operate and monitor the
integrated unit from a single location.

In an embodiment of the integrated unit according to the present

invention the first transport system comprises a chain-linked carrier system
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provided for transporting preforms from the preform receiving module through
the preform heating module.

The inventors have found the chain-linked carrier system a beneficial
means for continuously feeding a plurality of preforms through the preform
heating module. This allows for a compact design of the preform heating
module.

The chain-linked carrier system also offers the advantage that it may
easily be driven by a drive motor via a single drive shaft which takes up little
space in the first compartment, and thus allows for a compact design of the
integrated unit.

In an embodiment of the integrated unit according to the present
invention the third transport system comprises a rotatable container carrying
wheel for transporting containers along the container filling module and the
container closing module and for releasing closed and filled containers to the
container output module.

The inventors have found the rotatable container carrying wheel to be a
beneficial means to provide in a compact arrangement of the container filling
module and the container closing module, by arranging them close to each
other at the circumference of the rotatable container carrying wheel. Hereby,
the rotatable container carrying wheel combines the function of transporting
containers through the container filling module, transporting containers from
the container filling module to the container closing module, transporting
containers through the container closing module and transporting containers
further towards the container output module, thereby eliminating the need for
providing separate transport elements for each of these functions. As such, the
rotatable container carrying wheel further contributes to the compact design of
the integrated unit according to an embodiment of the present invention.

The rotatable carrying wheel also offers the advantage that it may
easily be driven by a drive motor via a drive shaft which takes up little space in
the third compartment, and thus allows for a compact design of the integrated
unit.

In an embodiment of the integrated unit according to the present
invention the third transport system comprises delay means for delaying
transport of the containers to the container filling module a for predetermined
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time period. Preferably, the delay means comprise a further rotatable container
carrying wheel driven by the rotation of the rotatable container carrying wheel.

The delay means offer the advantage that the containers transferred
from the second compartment to the third compartment by means of the first
transfer module have, by selecting the predetermined time period, sufficient
time to cool down before being provided to the container filling module. This
prevents the containers from being deformed during the process of filling the
containers.

Using the further rotatable container carrying wheel driven by the
rotation of the rotatable container carrying wheel offers the advantage that no
additional driving means have to be provided for driving the further container
carrying wheel, which improves the energy efficiency and reduces the cost of
the integrated unit.

In an embodiment of the integrated unit according to the present
invention at least one of the first transfer module and the second transfer
module comprises a rotatable gripping device.

The inventors have found the rotatable gripping device to be a
beneficial means for preventing direct contact between the modules and
transport systems of the different compartments via which contaminants may
spread between the different compartments, for example by means of contact
contamination. As such the rotatable gripping device forms a non-continuous
transport element between the compartments. The use of the rotatable
gripping device thus contributes to the hygiene of the processes in the different
compartments, and as such also allows a compact design of the integrated
unit.

The inventors have also found the rotatable gripping device to be a
compact means for providing in the transportation of preforms or containers
between the different compartments, which only takes up little space. Thereby
further contributing to the compact design of the integrated unit according to an
embodiment of the present invention.

The rotatable gripping device also offers the advantage that it may
easily be driven by a drive motor via a drive shaft which takes up little space in
the compartment or any other space in which the rotatable gripping device is
arranged, and thus allows for a compact design of the integrated unit.
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In an embodiment of the integrated unit according to the present
invention the cabinet further comprises a fourth compartment above or below
the first compartment, the second compartment and the third compartment.
Preferably, the fourth compartment is below the first compartment, the second
compartment and the third compartment. The fourth compartment is separated
from the first compartment, from the second compartment and from the third
compartment. At least one of the first transport system, if present, the second
transport system, the third transport system, the first transfer module and the
second transfer module is driven by at least one drive motor mounted in the
fourth compartment.

The fourth compartment comprising the at least one drive motor and
being separated from the first compartment, from the second compartment and
from the third compartment, offers the advantage that contaminants, such as
for example exhaust gases or engine oil from the at least one drive motor, are
prevented from spreading from the at least one drive motor into the first
compartment, into the second compartment and/or into the third compartment.
The fourth compartment is thus beneficial for separating necessary but
possibly contaminant spreading components from the processes in the first
compartment, the second compartment and the third compartment. Thereby,
the use of the fourth compariment further contributes to the hygiene of the
integrated unit according to an embodiment of the present invention.

Providing the at least one drive motor, or any other components which
do not necessarily have to be arranged in the first compartment, the second
compartment or the third compartment, in the fourth compartment offers the
advantage that the at least one drive motor may be accessed without thereby
introducing any contaminants in the first compartment, the second
compartment and/or the third compartment.

Positioning the fourth compartment above or below the first
compartment, the second compartment and the third compartment offers the
advantage that the modules and/or the transport systems in the first
compartment, the second compartment and the third compartment which are
driven by the at least one drive motor in the fourth compartment are easily
accessible, for example via a drive shaft extending in the first compartment, the

second compartment or in the third compartment.
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Positioning the fourth compartment below the first compartment, the
second compartment and the third compartment offers the advantage that the
at least one drive motor in the fourth compartment is very easily accessible for
maintenance, and that the centre of mass of the integrated unit is lowered
which makes the integrated unit more stable.

In an embodiment of the integrated unit according to the present
invention the at least one drive motor in the fourth compartment drives the at
least one of the first transport system, if present, the second transport system,
the third transport system, the first transfer module and the second transfer
module via a drive shaft extending into the compartment, selected from the first
compartment, the second compartment and the third compariment, housing
the at least one of the first transport system, if present, the second transport
system, the third transport system, the first transfer module and the second
transfer module being driven by the at least one drive motor.

The inventors have found the drive shaft to be a simple and efficient
means for driving the modules and/or the transport systems in the first
compartment, the second compartment and/or in the third compartment by
means of the at least one drive motor, which only takes up a limited amount of
space in the first compartment, the second compartment and/or the third
compartment. Thereby, thus further contributing to the compact design of the
integrated unit according to an embodiment of the present invention.

Furthermore, the inventors have found the drive shaft to be a hygienic
means for driving the modules and/or the transport systems in the first
compartment, the second compartment and the third compartment by means
of the at least one drive motor, which limits the amount of contaminants that
may be spread from the fourth compartment on the one hand towards the first
compartment, the second compartment and/or the third compartment on the
other hand, for example because the drive shaft only requires a small entry
opening from the fourth compartment into the first compartment, the second
compartment and/or the third compartment. Thereby, thus further contributing
to the hygiene of the integrated unit according to an embodiment of the present
invention.

In an embodiment of the integrated unit according to the present
invention the drive shaft is surrounded by a sleeve in the compartment,
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selected from the first compartment, the second compartment and the third
compartment, housing the at least one of the first transport system, if present,
the second transport system, the third transport system, the first transfer
module and the second transfer module being driven by the at least one drive
motor.

The sleeve surrounding the drive shaft is beneficial for preventing
contaminants on the drive shaft from spreading into the first compartment, the
second compartment and/or into the third compartment, and thus contributes to
the hygiene of the integrated unit according to an embodiment of the present
invention.

In an embodiment of the integrated unit according to the present
invention the preform receiving module, the preform heating module, the
container forming module, the container filling module, the container closing
module, the first transport system, if present, the second transport system, the
third transport system, the first transfer module and the second transfer module
are mounted on a support plate. The first transport system, if present, the
second transport system, the third transport system, the first transfer module
and the second transfer module are provided for transporting the preforms and
the containers through the first compartment, through the second compartment
and through the third compartment at a predetermined height above the
support plate.

Providing the transport systems and the transfer modules such that
preforms and the containers are transported through the first compartment,
through the second compartment and through the third compartment at a
predetermined height above the support plate, is beneficial for keeping the
transport systems and the container transfer modules compact in size, since
they do not have to be provided for transporting the preforms and the
containers in a vertical direction, but only in a plane determined by the
predetermined height above the support plate.

Transporting the preforms and the containers through the first
compartment and the second compartment at a predetermined height above
the support plate also offers the advantage that the integrated unit may readily
be adapted for processing containers of different sizes, and more specifically
different heights.



10

15

20

25

30

WO 2017/162274 PCT/EP2016/056251

12

The predetermined height is preferably chosen that containers up to a
certain maximum size may be transported through the first compartment,
through the second compartment and through the third compartment without
contacting the support plate.

In an embodiment of the integrated unit according to the present
invention the support plate separates the fourth compartment from the first
compartment, from the second compartment and from the third compartment.

Using the support plate as the separation between the fourth
compartment on the one hand and the first compartment, the second
compartment and the third compartment on the other hand offers the
advantage that no additional means have to be provided to provide in the
separation between the fourth compartment on the one hand and the first
compartment, the second compartment and the third compartment on the other
hand, such that a more compact design of the integrated unit according to an
embodiment of the present invention may be achieved.

In an embodiment of the integrated unit according to the present
invention the third compartment is provided with a sump at the bottom. The
sump is provided for collecting spilt fluent product and for draining the spilt
fluent product out of the third compartment.

Providing the third compartment with a sump at the bottom for draining
any fluent product spilt during the process of filling the containers out of the
third compartment, is beneficial for preventing the spilt fluent product from
introducing any contaminants into the third compartment over time. As such,
the sump contributes to the hygiene of the integrated unit according to an
embodiment of the present invention.

In an embodiment of the integrated unit according to the present
invention the integrated unit further comprises a disinfection module. The
disinfection module is provided for disinfecting at least a neck part of the
preforms and/or containers. Preferably, the disinfection module is provided for
disinfecting by means of ultraviolet radiation. Preferably, the disinfection
module is arranged at the preform receiving module provided for disinfecting at
least a neck part of the preforms.

The disinfection module is beneficial for removing possible
contaminants on at least a neck part of the preforms and/or containers.



10

15

20

25

30

WO 2017/162274 PCT/EP2016/056251

13
Thereby preventing contaminants from spreading throughout the cabinet. The
disinfection module thus further contributes to the hygiene of the integrated unit
according to an embodiment of the present invention.

In an embodiment of the integrated unit according to the present
invention the integrated unit is provided with an air cooling system. The air
cooling system comprises a heat exchanger. The air cooling system is
provided for extracting heated air from the preform heating module. The air
cooling system is provided for cooling the extracted heated air by passing the
extracted heated air through the heat exchanger. The air cooling system is
provided for providing the cooled air to the integrated unit for further use.

The air cooling system offers the advantage that heated air from the
preform heating module may be cooled and reused in the integrated unit,
thereby reducing the need for fresh air from the exterior of the integrated unit to
be supplied to the integrated unit, which fresh air might introduce contaminants
into the integrated unit. The air cooling system is thus beneficial for the hygiene
of the integrated unit according to an embodiment of the present invention. The
use of the heat exchanger, specifically, is beneficial for the energy efficiency of
the integrated unit.

In an embodiment of the integrated unit according to the present
invention the air cooling system is provided such that the fluent product for
filling the containers is used as the cooling liquid in the heat exchanger, to
which cooling liquid the extracted air emits its heat in the heat exchanger when
being cooled.

This offers the advantage that no separate cooling liquid has to be
provided, which is beneficial for the compact design of the integrated unit
according to an embodiment of the present invention.

In an embodiment of the integrated unit according to the present
invention the cabinet is substantially beam shaped. Preferably, the cabinet is
beam shaped. The cabinet has a width in the range from 1,0m to 1,4 m.
Preferably, the cabinet has a width in the range from 1,1 m to 1,3 m. More
preferably, the cabinet has a width of approximately 1,2 m. Even more
preferably, the cabinet has a width of 1,2 m. The cabinet has a length in the
range from 2,4 m to 2,8 m. Preferably, the cabinet has a length in the range
from 2,5 m to 2,7 m. More preferably, the cabinet has a length of approximately
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2,6 m. Even more preferably, the cabinet has a length of 2,6 m. The cabinet
has a height in the range from 1,7 m to 2,1 m. Preferably, the cabinet has a
height in the range from 1,8 m to 2,0 m. More preferably, the cabinet has a
height of approximately 1,9 m. Even more preferably, the cabinet has a height
of 1,9 m.

The cabinet of the integrated unit according to an embodiment of the
present invention being substantially beam shaped with the dimensions as
described above offers the advantage that the integrated unit may easily be
integrated in a freight container, for example for forming a transportable
botiling plant. These dimensions of the cabinet allow sufficient space to be left
around the integrated unit in the freight container, such that a person operating
the integrated unit may easily move around the integrated unit.

Furthermore, these dimensions of the cabinet allow the integrated unit
to be positioned in such a way in a freight container that a minimum distance of
60 cm is available between the side wall of the freight container and the
integrated unit, at least in the area from the position from where a person
would operate the integrated unit towards the exit of the integrated unit, such
that, in case of a medical emergency with a person inside the freight container,
still sufficient space is available for at least one further person to enter the
freight container and to evacuate the person with the medical emergency.

In an embodiment of the integrated unit according to the present
invention the preform receiving module, the preform heating module, the
container forming module, the container filling module, the container closing
module, the container output module, the first transport system, if present, the
second transport system, the third transport system, the first transfer module
and the second transfer module are arranged such that they are readily
accessible by a user from one side of the cabinet.

Arranging the modules and transport systems of the integrated unit in
such a way offers the advantage that may quickly access the different modules
and transport systems of the integrated unit, without thereby being hindered.
This is beneficial for maintenance and repair of the modules and transport
systems of the integrated unit or in case of problems in the processes
performed by the integrated unit, such as forming, filing and closing the

containers.
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In an embodiment of the integrated unit according to the present
invention the operation of the first transport system, if present, the second
transport system, the third transport system, the first transfer module, the
second transfer module, and optionally the container output module are
synchronised with respect to each other. Preferably, the operation of the first
transport system, if present, the second transport system, the third transport
system, the first transfer module, the second transfer module, and optionally
the container output module are synchronised with respect to each other by
means of the central processing unit.

The synchronised operation of the transport systems, the transfer
modules, and optionally the container output module is beneficial for enabling a
continuous supply of preforms, container closures, fluent product, etc. and a
continuous output of filled and closed containers without interruptions. As, such
the lead time of the preforms and the containers through the integrated unit is
limited as much as possible, thereby further preventing the possibility of
contamination of the preforms and containers while being processed in the
integrated unit.

This embodiment also allows the integrated unit to be arranged for
being operated without any intermediate storage for storing an overflow of
preforms or containers between the processing thereof in the different modules
of the integrated unit. The absence of such intermediate storage offers the
advantage that the integrated unit may be made more compact. The absence
of the intermediate storage is also beneficial for the hygienic operation of the
integrated unit, since as such any contamination between preforms or
containers which might occur in an intermediate storage is prevented.

In an embodiment of the integrated unit according to the present
invention the integrated unit further comprises a quality monitoring module.
The quality monitoring module is provided for monitoring the quality of
preforms and/or containers. The quality monitoring module is provided for
instructing, either directly or via the central processing unit, at least one of the
first transport system, if present, the second transport system, the third
transport system, the first transfer module and the second transfer module to
eject preforms or containers if their quality is insufficient. Preferably, the quality
monitoring module is provided for instructing, either directly or via the central
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processing unit, at least one of the first transfer module and the second
transfer module to eject preforms or containers if their quality is insufficient.

Providing the integrated unit with the quality monitoring module offers
the advantage that defective preforms and containers are removed, such that
they may not cause problems in the processes performed by the different
modules of the integrated unit. Such problems might for example be the
spillage of fluent product during the process of filling the containers, which
might cause contamination in the third compartment, or preforms not being
formed correctly or getting stuck in the mould during the process of forming the
containers. This embodiment is thus beneficial for a continuous and efficient
operation of the integrated unit.

The transfer modules being provided for ejecting the preforms and/or
the containers, is beneficial in case of problems in one or more of the modules,
since as such an overflow of preforms and/or containers may be ejected as
long as the problem in the one or more of the modules is not solved, without
thereby having to interrupt any of the processes still going on in any of the
other modules of the integrated unit. This also prevents that for such cases
some kind of intermediate storage for the overflow of preforms and/or
containers needs to be provided.

For preforms the quality monitoring module may for example be any
kind of suitable temperature sensor known by the skilled person, which
monitors if the temperature of the preform is sufficient for forming a container
from the preform in the mould, for example by blow moulding.

For containers the quality monitoring module may for example be any
kind of suitable pressurising device known by the skilled person in combination
with any kind of suitable pressure sensor known by the skilled person, which
pressure sensor monitors if there are no leaks in the container when it is
pressurised by the pressurising device.

For containers the quality monitoring device may for example also be
any kind of suitable imaging device known by the skilled person, which
monitors if the shape of the container has the desired shape.

In an embodiment of the integrated unit according to the present
invention the container output module comprises a transport belt system

through the exit opening.
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The transport belt system may be a single transport belt extending from
the third transport system through the exit opening towards the exterior of the
cabinet. The transport belt system may also be a plurality of transport belts
arranged for passing the containers between the different transport belts,
wherein a first set of transport belts is arranged from the second transport
system up till the exit opening and a second set of transport belts continues at
the exterior of the cabinet from the exit opening. This offers the advantage that
there is no direct contact between the first set of transport belts arranged in the
third compartment and the second set of transport belts arranged at the
exterior of the cabinet, such that contaminants are prevented from spreading
from the exterior of the cabinet to the third compartment and vice versa via the
transport belts.

The use of the transport belt system through the exit opening as the
container output module offers the advantage that no direct contact between
the third transport system transporting the containers out of the container
closing module and the container output module is necessary, which is
beneficial for preventing contaminants from spreading from the container
output module to the third transport system, the container closing module and
the container filling module in the third compartment. The filled and closed
containers, when leaving the container closing module, only need to be
positioned above the transport belt system by the third transport system and
subsequently dropped onto the transport belt system. The use of the transport
belt system as the container output module also has the additional advantage
that the transport belt system may easily be cleaned and/or disinfected if
required. As such, the transport belt system further contributes to the hygiene
of the integrated unit according to an embodiment of the present invention.

The transport belt system also offers the advantage that it may easily
be driven by a drive motor arranged at the exterior of the cabinet, thereby
eliminating the spreading of any contaminants by the drive motor into the third
compartment, which contributes to the hygiene of the integrated unit according
to an embodiment of the present invention.

In an embodiment of the integrated unit according to the present
invention the transport belt system of the container output module is adjustable
in height for adapting the integrated unit to different container sizes.
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Providing the transport belt system of the container output module such
that the height of the transport belt system is adjustable, offers the advantage
that independent of the size of the containers, the transport belt system may
always positioned in such a way that containers are dropped off stably on the
transport belt system. The transport belt system may thus be adapted to
minimise the drop height of the containers on the transport band, and thereby
preventing the containers from falling off the transport band on the floor of the
third compartment, from where the containers are difficult to recover without
contaminating the third compartment.

In an embodiment of the integrated unit according to the present
invention the mould of the container forming module is exchangeable for
adapting the integrated unit to different container sizes.

Providing the container forming module in such a way that the mould for
forming the containers is exchangeable, offers the advantage that the
integrated unit may be converted quickly and easily for forming containers of
different sizes and/or shapes. This offers the advantage that there need not to
be provided different designs of the integrated unit for forming containers of
different sizes and/or shapes, but that only a single design of the integrated
unit needs to be provided which may readily be adapted to different container
sizes and/or shapes by merely exchanging the mould of the container forming
module.

In an embodiment of the integrated unit according to the present
invention the air pressure control system is provided for maintaining a pressure
difference between compartments in the range from 0.1 atm to 0.2 atm.

The inventors have found the pressure difference between the
compartments being in the range from 0.1 atm to 0.2 atm to be an optimal
balance between on the one hand being sufficient for achieving the effect of
preventing any airborne contaminants from entering the compartment with the
elevated air pressure and the effect of removing any possible airborne
contaminants in the compartment with the elevated air pressure out of said
compartment, and on the other hand reducing the energy usage of the air
pressure control system.

If, in an embodiment of the integrated unit according to the present
invention the air pressure control system would also be provided for elevating
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the air pressure in the first compartment with respect to the air pressure at the
exterior of the cabinet, the air pressure control system would preferably also be
provided for maintaining a pressure difference between the exterior of the
cabinet and the first compartment in the range from 0.1 atm to 0.2 atm with the
same advantages as described above.

In an embodiment of the integrated unit according to the present
invention the integrated unit further comprises a container labelling module
adjacent to the exit opening. Preferably, the container labelling module is
arranged at the outside of the cabinet. The container labelling unit is provided
for putting labels on filled and closed containers being outputted out of the
cabinet via the exit opening.

Arranging the container labelling module at the outside of the cabinet
offers the advantage that in such a way the container labelling module is
prevented from spreading contaminants into the cabinet, and especially into
the third compartment of the cabinet.

In an embodiment of the integrated unit according to the present
invention the integrated unit comprises a further separation wall according to a
configuration different from the configuration of the separation wall.

The use of the further separation wall in addition to the separation wall
offers a separation between the first compartment, the second compartment
and the third compartment for preventing contaminants from spreading
between said compartments, as already discussed above, which is beneficial
for the hygiene of the integrated unit according to an embodiment of the
present invention.

In an embodiment of the integrated unit according to the present
invention the integrated unit comprises the separation wall according to the first
configuration. The container forming module is integrated with the container
filling module such that the fluent product for filling the containers is also used
for forming the containers from the heated preforms in the mould of the
container forming module.

The integration of the container forming module and the container filling
module offers the advantage that the integrated unit can be made more
compact, and also offers the advantage that no additional fluid (i.e. liquid or
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gas) has to be provided for forming the containers from the heated preforms in
the mould, for example by means of blow moulding.

The use of the fluent product instead of a gas for blow moulding the
containers in the mould, also offers the advantage that no compressor is
required for compressing the gas, which increases the energy efficiency and
cost of the integrated unit.

It should be clear to the skilled person that with the integration of the
container forming module and the container filling module also the second
compartment and the third compartment can be integrated in a single
compartment.

The integrated unit according to any one of the preceding claims,
wherein the integrated unit comprises a ventilation system for the preform
heating module, the ventilation system being provided for passing air from the
exterior of the cabinet via the preform heating module and for extracting the air
after heating in the preform heating module back to the exterior of the cabinet,
the ventilation system comprising an air filter for filtering contaminants out of
the air before entering the cabinet.

The ventilation system comprising the air filter are a beneficial means
for preventing heat from being built up inside the cabinet without introducing
contaminants inside the cabinet.

In this way the preform heating module can beneficially be cooled by
using fresh air from the exterior of the cabinet, without requiring more energy
consuming devices for cooling the preform heating module.

The ventilation system of the integrated unit also offers the advantage
that it also may be used for cooling a neck part of the preforms in the preform
heating module, thereby aiding in preventing possible deformations of the neck
part of the preforms by overheating of said neck part.

The invention further provides a transportable bottling plant comprising
a freight container in which the integrated unit according to an embodiment of
the present invention is provided.
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Brief description of the drawings

The invention will be further elucidated by means of the following
description and the appended figures.

Figure 1 shows a perspective view of an integrated unit according to an
embodiment of the present invention.

Figure 2 shows a perspective view on a stripped down version of the
integrated unit of Figure 1.

Figure 3 shows a top view of the integrated unit of Figure 1.

Figure 4 shows a front view of the integrated unit of Figure 1.

Figure 5 shows a cross section of the integrated unit of Figure 1 along
line A-A shown in Figure 3.

Figure 6 shows a cross section of the integrated unit of Figure 1 along
line B-B shown in Figure 5.

Figure 7 shows a preform providing unit for use with the integrated unit
according to an embodiment of the present invention.

Modes for carrying out the invention

The present invention will be described with respect to particular
embodiments and with reference to certain drawings but the invention is not
limited thereto but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn on scale for illustrative purposes.
The dimensions and the relative dimensions do not necessarily correspond to
actual reductions to practice of the invention.

Furthermore, the terms first, second, third and the like in the description
and in the claims, are used for distinguishing between similar elements and not
necessarily for describing a sequential or chronological order. The terms are
interchangeable under appropriate circumstances and the embodiments of the
invention can operate in other sequences than described or illustrated herein.

Moreover, the terms top, bottom, over, under and the like in the
description and the claims are used for descriptive purposes and not
necessarily for describing relative positions. The terms so used are
interchangeable under appropriate circumstances and the embodiments of the
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invention described herein can operate in other orientations than described or
illustrated herein.

The term “comprising”, used in the claims, should not be interpreted as
being restricted to the means listed thereafter; it does not exclude other
elements or steps. It needs to be interpreted as specifying the presence of the
stated features, integers, steps or components as referred to, but does not
preclude the presence or addition of one or more other features, integers,
steps or components, or groups thereof. Thus, the scope of the expression “a
device comprising means A and B” should not be limited to devices consisting
only of components A and B. It means that with respect to the present
invention, the only relevant components of the device are A and B.

As used herein, with a “freight container” is meant an intermodal
container compliant with the dimensional requirements for an ISO 668
standard 20-foot freight container. The height of such a freight container is
typically 8 or 8.6 feet.

As used herein, with “container” is meant to include all kinds of hollow
article suitable for use as a recipient, irrespective of its size and dimensions, in
particular the relative proportions of a body part, provided for receiving a
content, which may be any liquid or fluent product, and a neck part, delimiting
an access opening for the filling, i.e. the placing of the content inside the body
part, and typically also for the emptying, i.e. for extracting the content from the
body part. The term “container” in a more narrow meaning is meant to include
the recipients more commonly addressed as bottles, i.e. whereby the neck part
is distinctly narrower than the body part, but also pots of which the neck part is
hardly narrower than the body part.

As used herein, with “pbottling plant” is meant to include any plant in
which a container, as defined above, is produced from a preform and
subsequently filled with a liquid or fluent product, including but not limited to
water, sodas, wine, vegetable oils such as cooking oil, mineral oils such as
motor oil, detergents, cleaning products, soft drinks, foods such as sauces,
powders, such as milk powder, coffee powder, herbs or spices, chemical and
pharmaceutical products, etc.
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Figures 1-6 show an integrated unit for forming, filling and closing
containers 1 according to an embodiment of the present invention, which is
shown from different viewpoints. Figures 1 and 2 show the integrated unit in a
perspective view. In Figure 1 some side panels of the integrated unit are
removed to show the interior of the integrated unit. In Figure 2 some exterior
components of the integrated unit are removed to provide a better view on the
interior of the integrated unit. Figures 3 and 4 respectively show a top view and
a front view of the integrated unit. Figures 5 and 6 each show a cross section
through the integrated unit. The cross section of Figure 5 is taken along line A-
A shown in Figure 3, and the cross section of Figure 6 is taken along line B-B
shown in Figure 5.

The integrated unit comprises a cabinet 3 in which the main modules
for forming, filling and closing the containers 1 are integrated. The cabinet 3 is
provided with an input opening 4 which is sized for inputting thermoplastic
container preforms 2 into the cabinet 3, and with an exit opening 5 which is
sized for outputting filled and closed containers 1 out of the cabinet 3.

The cabinet 3 of the integrated unit comprises a first compartment 6
containing the modules for heating preforms 2, a second compartment 7
containing the modules for forming containers 1 and a third compartment 8
comprising the modules for filing and closing the containers 1. In this
embodiment, the second compartment 7 and the third compartment 8 are
separated from each other by means of a separation wall 10 according to a
second configuration of the separation wall 10, but the separation wall may
also be located between the first compartment 6 and the second compartment
7 according to a first configuration (not shown). The separation wall 10 has a
transfer opening 11 which is sized for allowing containers 1 formed in the
second compartment 7 to be passed to the third compartment 9. This division
offers the advantage that the processes for heating the preforms 2 and for
forming the containers 1, which have less strict hygienic requirements, are
separated from the processes for filling and closing the containers 1, which
have more strict hygienic requirements, such that the risk of contaminants
spreading between the different modules is strongly reduced. This is certainly
advantageous when constructing a compact integrated unit where the different
modules have to be positioned as close as possible with respect to each other.
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The hygienic separation between the different modules and thus processes is
even further enhanced by elevating the air pressure in the third compartment 8
with respect to the air pressure in the second compartment 7 and the first
compartment 6 by means of an air pressure control system, such that airborne
contaminants entering the third compartment 8 are blown back out of the third
compartment 8.

The first compartment 6 is located in the cabinet 3 adjacent to the input
opening 4. In the first compartment 6 there is mounted a preform receiving
module 14 and a preform heating module 15. The first compartment 6 is also
provided with a first transport system 21 for transporting the preforms 2
through the first compartment 6.

The preform receiving module 14 is provided for receiving the preforms
2 which are inserted into the cabinet 3 via the input opening 4. Here, the
preforms 2 are inserted into the cabinet 3 from a separate preform providing
unit 36 arranged at the exterior of the cabinet 3 near the input opening 4. An
example of such a preform providing unit 36 is shown in Figure 7. The preform
receiving module 14 is further provided for delivering these preforms 2 to the
first transport system 21 for further transportation through the first compartment
6. In this embodiment the preform receiving module 14 is provided by means of
two parallel and downward inclined gliding rails, but may be provided by any
other suitable means known by the skilled person.

The preform heating module 15 is provided for heating the preforms 2
by means of an heating oven. In this embodiment, the heating oven is provided
with infrared lamps 16 for heating the preforms 2. Furthermore, the heating
oven is provided with a heat shield of a ceramic material which is arranged for
protecting the neck part of the preforms 2 from getting heated, which could
cause undesired deformations of the neck part of the preforms 2 and the
containers 1 formed from the preforms 2.

The preforms 2 are transported through the heating oven by means of a
chain-linked carrier system 21, which forms part of the first transport system
21. The chain-linked carrier system 21 is driven by a drive motor 32 via a drive
shaft 33. The chain-linked carrier system 21 comprises a plurality of carrier
elements 22 which are each provided for carrying a preform 2, thereby
supporting it at the neck part. The chain-linked carrier system 21 is arranged
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such that preforms 2 carried by adjacent carrier elements 22 are located at a
distance of approximately 63 mm from each other when passing through the
heating oven. In this way five to six preforms 2 may be heated simultaneously
in the heating oven at any time, without requiring a large number of infrared
lamps 16, which improves the energy efficiency of the preform heating module
15 and thus of the integrated unit.

The heated preforms 2 exiting the heating oven are taken off the chain-
linked carrier system 21 and transported to the container forming module 17 in
the second compartment 7 of the integrated unit by means of a first rotatable
gripping device 23 which forms part of a first transfer module 23 of the
integrated unit for transferring preforms 2 from the first compartment 6 to the
second compartment 7. The first rotatable gripping device 23 comprises a
rotatable arm 24 which is at one end attached to a drive shaft 33 connected to
a drive motor 32 for driving the rotatable arm 24. At the opposite end the
rotatable arm 24 is provided with a clamp part 25 provided for gripping the
preforms 2 at the neck part. The benefit of using such a rotatable arm 24 is that
there is no direct connection between the preform heating module 15 and the
container forming module 17 via which contaminants may spread between
those modules.

Optionally, the integrated unit may be provided with a preform quality
monitoring module (not shown) arranged between the preform heating module
15 and the container forming module 17 and provided for monitoring the quality
of a preform 2 which is passed from the preform heating module 15 to the
container forming module 17 with the first rotatable gripping device 23. The
preform quality monitoring module may for example comprise a temperature
sensor for monitoring the temperature of the preform 2 or an imaging system or
optical scanning system for optically inspecting the shape or physical
properties of the preform 2. Preferably, the preform quality monitoring module
is provided for instructing the first rotatable gripping device 23 to release the
preform 2 and drop it on the floor of the first compartment 6, such that the
defect preform 2 is not used in the further processes for forming, filling and
closing containers 1 where it might cause problems.

The container forming module 17 in the second compartment 7
comprises a mould 18 for forming containers 1 from the heated preforms 2 by
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means of blow moulding. Preferably, the mould 18 is a replaceable mould 18
such that the integrated unit may readily be adapted for forming containers 1 of
different sizes and/or shapes.

At the transfer opening 11 there is mounted a second transfer module
28, which is provided for taking the container 1 formed in the mould 18 of the
container forming module 17 out of the mould 18 and transporting said
container 1 through the transfer opening 11 to the third compartment 8. In this
embodiment, the second transfer module 28 comprises a second rotatable
gripping device 28. The second rotatable gripping device 28 is arranged
similarly to the first rotatable gripping device 23, thus having a rotatable arm 29
which is at one end attached to a drive shaft 33 connected to a drive motor 32
for driving the rotatable arm 29. At the opposite end the rotatable arm 29 is
provided with a clamp part 30 for gripping the containers 1 at the neck part.
This has the advantage that there is no direct connection between the second
compartment 7 and the third compartment 8 via which contaminants may
spread between those compartments.

The third compartment 8 is located in the cabinet 3 adjacent to the
second compartment 7 and adjacent to the exit opening 5. In the third
compartment 8 there is mounted a container filling module 19 and a container
closing module 20. The third compartment 8 is also provided with a third
transport system 26 for transporting the containers 1 through the third
compartment 8.

The container filling module 19 is provided for filling the containers 1,
which have been formed in the second compartment 7, with a fluent product.
At the bottom of the third compartment 8 there is arranged a sump 13 which is
provided for collecting fluent product spilled by the container filling module 19
and for removing said spilt fluent product out of the third compartment 8 via a
drain. The container closing module 20 is provided for closing the filled
containers 1 with a container closure, such as for example caps and more
specifically screw caps provided for being screwed onto the neck part of the
containers 1.

In this embodiment, the container filling module 19 and the container
closing module 20 are arranged at the circumference of a rotatable container
carrying wheel 26, which forms part of the third transport system 26. The
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rotatable carrying wheel is driven by a drive motor 32 via a drive shaft 33. The
rotatable carrying wheel 26 is provided at its circumference with equidistantly
spaced recesses 27 in which containers 1 may be positioned with their neck
part.

Containers 1, which have been filled with a fluent product by the
container filling module 19 and which have been closed with a container
closure by the container closing module 20, are released by the third transport
system 26 onto the container output module 31 which is provided for
transporting containers 1 out of the cabinet 3 via the exit opening 5. In this
embodiment, the container output module 31 comprises a transport belt
system 31 with a single transport belt 31 extending from the third transport
system 26 to the exterior of the cabinet 3 via the exit opening 5. Preferably, the
transport belt system 31 is adjustable in height, such that the container output
module 31 is readily adaptable for receiving containers 1 of different sizes from
the third transport system 26. At the exterior of the cabinet 3 there is arranged
a separate container labelling unit 44 along the transport belt system 31. The
container labelling unit 44 is provided for putting labels on the filled and closed
containers 1 exiting the cabinet 3 of the integrated unit.

Optionally, the integrated unit may also be provided with a disinfection
module (not shown) arranged at the third transport system 26 before the
container filling module 19. The disinfection module is provided for disinfecting
at least a neck part of the containers 1 transferred to the third transport system
26 by the second transfer module 28. The disinfection module may for example
comprise a source of ultraviolet radiation for disinfecting at least the neck part
of the containers 1.

Optionally, the integrated unit may be provided with a container quality
monitoring module (not shown) arranged at the second transfer module 28
between the container forming module 17 and the third transport system 26 or
the container filling module 19 and provided for monitoring the quality of a
container 1 which is passed from the container forming module 17 to
respectively the third transport system 26 or the container filling module 19 with
the second transfer module 28. The container quality monitoring module may
for example comprise the combination of a pressurising device and

temperature sensor, which is provided for pressuring the container 1 and
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simultaneously monitoring the pressure inside the container 1 to detect
leakages in the container 1. The container quality monitoring module may for
example also comprise an imaging system or optical scanning system for
optically inspecting the shape or physical properties of the container 1.
Preferably the container quality monitoring module is provided for instructing
the second transfer module 28 to release the container 1 and drop it on the
floor of the second compartment 7 or the floor of the third compartment 8, such
that the defect container 1 is not used in the further processes for filling and
closing containers 1 where it might cause problems.

The integrated unit is provided with a single central processing unit
which is operatively connected to the different modules and systems of the
integrated unit, such as the preform receiving module 14, the preform heating
module 15, the container forming module 17, the container filling module 19,
the container closing module 20, the container output module 31, the first
transport system 21, the third transport system 26, the first transfer module 23,
the second transfer module 28 and the air pressure control system, but not
limited thereto. The central processing unit is provided for controlling the
operation of the different modules and systems of the integrated unit. This is,
for example, beneficial for synchronising the operation of the different modules
and systems of the integrated unit with respect to each other, such that a
smooth flow of preforms 2 and containers 1 through the integrated unit may be
achieved. As such, the integrated unit may be operated without requiring any
buffer zones for storing any abundant preforms 2 or containers 1 between the
different modules. An example of such a synchronisation between systems and
modules of the integrated unit is synchronising the motion of the second
rotatable gripping device 28 to the rotation of the rotatable carrying wheel 26
such that rotatable arm 29 of the second rotatable gripping device 28 always
positions the preforms 2 in the recesses 27 of the rotatable carrying wheel 26.

Furthermore, the integrated unit is provided at the exterior of the
cabinet with a human machine interface 35, which is operatively connected to
the central processing unit. In this way, a user of the integrated unit may easily
control the operation of the integrated unit from a single location which is
beneficial for the ease of use of the integrated unit.
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To further improve the ease of use, and more specifically the
maintainability, of the integrated unit, the modules and the systems of the
integrated unit are arranged in such a way that they are readily accessible from
a single side of the cabinet 3 of the integrated unit, as for example can be seen
in Figure 3.

In this embodiment, the cabinet 3 of the integrated unit also comprises
a fourth compartment 9 besides the first compartiment 6, the second
compartment 7 and the third compartment 8. The fourth compartment 9 is
arranged below the first compartment 6, the second compartment 7 and the
third compartment 8. The fourth compartment 9 is separated from the first
compartment 6, the second compartment 7 and the third compartment 8 by
means of a support plate 12 on which the different modules and systems in the
first compartment 6, the second compartment 7 and the third compartment 8
are mounted. The fourth compartment 9 is provided for housing components of
the integrated unit which are less hygienic and may cause contamination inside
the first compartment 6, the second compartment 7 and the third compartment
8. Such components may for example be the drive motors 32 which drive the
different modules and systems mounted in the first compartment 6, the second
compartment 7 and the third compartment 8 via drive shafts 33. To prevent
contaminants spreading from the fourth compartment 9 into the first
compartment 6, the second compartment 7 and the third compartment 8, the
drive shafts 33 extending from the fourth compartment 9 into the first
compartment 6, the second compartment 7, and the third compartment 8 are
surrounded by sleeves 34.

In this embodiment, the first transport system 21, the third transport
system 26 and the second transfer module 28 are provided in such a way that
the preforms 2 and containers 1 are transported through the first compartment
6, the second compartment 7 and the third compartment 8 with their neck part
substantially arranged in the same plane, indicated by line N in Figure 5, which
plane is located at a predetermined height above the support plate 12. In this
way, there is sufficient space available below said plane for transporting
preforms 2 and, more importantly, containers 1 of different sizes through the
first compartment 6, the second compartment 7 and the third compartment 8.
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In this embodiment, the integrated unit comprises a further cabinet left
of the cabinet 3 housing a power source for powering the different modules
and systems of the integrated unit, but it should be clear to the skilled person
that in alternative embodiments the integrated unit may also be provided for
being connected to external power sources.

Figure 7 shows a preform providing unit 36 which may be used together
with the integrated unit according to an embodiment of the present invention,
but also with any other kind of container forming device which forms containers
1 from preforms 2. The preform providing unit 36 may be separate from the
integrated unit, but can also be integrated with the integrated unit, for example
by fixing it against the cabinet 3 at the input opening 4.

The preform providing unit 36 comprises a preform storage
compartment 37 (preform buffer, preform hopper or preform bin), a preform
elevator 38 and a preform orienter 39 (preform sorter or preform aligner).

Preforms 2 are provided in the preform storage compartment 37 from
which the preforms 2 are lifted upwards in a vertical direction by means of the
preform elevator 38. Therefore, the preform elevator 38 is provided with an
elevator belt 42 having protruding elements or fingers 43 which grab the
preforms 2, preferably at their neck part. At the top of the preform elevator 38,
the preforms 2 are transferred from the elevator belt 42 towards the preform
orienter 39 by means of a cam 40 which guides the preforms 2 from the
elevator belt 42 towards the preform orienter 39. The cam 40 is provided with
cut-outs 41 through which the fingers 43 of the preform elevator 38 can pass
without contacting the cam 40. From, the preform orienter 39, the preforms 2
are then transported towards the input opening 4 of the cabinet 3 of the
integrated unit.

The preform providing unit 36 is arranged such that the preform storage
compartment 37 and the preform orienter 39 are arranged on the same side of
the preform elevator 38. This arrangement offers the advantage allows a
compact design of the preform providing unit 36 and of an integrated unit with
the preform providing unit 36 integrated in it, and is thus beneficial for space
saving.

The preform elevator 38 being mounted vertically also contributes to a
compact design of the preform providing unit 36 and of an integrated unit with
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the preform providing unit 36 integrated in it, and is thus beneficial for space

saving.
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Claims
1. An integrated unit for forming, filling and closing containers (1), the
integrated unit comprising:

— a cabinet (3) with an input opening (4) sized for inputting thermoplastic
container preforms (2) and an exit opening (5) sized for outputting filled and
closed containers (1);

— a first compartment (6) in the cabinet (3) adjacent to the input opening (4),
in which a preform receiving module (14) is mounted for receiving thermoplastic
container preforms (2) via the input opening (4), in which a preform heating
module (15) is mounted for heating the preforms (2), and in which a first transport
system (21) is provided for transporting the preforms (2) through the first
compartment (6);

— a second compartment (7) in the cabinet (3) adjacent to the first
compartment (6), in which a container forming module (17) is mounted for
forming containers (1) from the heated preforms (2) in a mould (18), and in which
optionally a second transport system is provided for transporting the preforms (2)
and the containers (1) formed from the preforms (2) through the second
compartment (7);

— a third compartment (8) in the cabinet (3) adjacent to the second
compartment (7) and adjacent to the exit opening (5), in which a container filling
module (19) is mounted for filling the containers (1) which are formed in the
second compartment (7) with a fluent product, in which a container closing
module (20) is mounted for closing the filled containers (1) with a container
closure, and in which a third transport system (26) is provided for transporting the
containers (1) through the third compartment (8);

— a first transfer module (23) for transferring preforms (2) from the first
compartment (6) to the second compartment (7);

— a second transfer module (28) for transferring containers (1) from the
second compartment (7) to the third compartment (8);

— an air pressure control system;

— a separation wall (10) according to a first configuration or a second
configuration, wherein in the first configuration the separation wall (10) is
arranged between the first compartment (6) and the second compartment (7), the
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separation wall (10) has a transfer opening (11) which is sized for allowing
passage of preforms (2) from the first compartment (6) to the second
compartment (7), the first transfer module (23) is mounted at the transfer opening
(11) for transferring preforms (2) from the first compartment (6) to the second
compartment (7) via the transfer opening (11) in the separation wall (10) and the
air pressure control system is provided for elevating the air pressure in the
second compartment (7) with respect to the air pressure in the first compartment
(6), and wherein in the second configuration the separation wall (10) is arranged
between the second compartment (7) and the third compartment (8), the
separation wall (10) has a transfer opening (11) which is sized for allowing
passage of containers (1) from the second compartment (7) to the third
compartment (8), the second transfer module (28) is mounted at the transfer
opening (11) for transferring containers (1) from the second compartment (7) to
the third compartment (8) via the transfer opening (11) in the separation wall (10)
and the air pressure control system is provided for elevating the air pressure in
the third compartment (8) with respect to the air pressure in the second
compartment (7);

— a container output module (31) mounted at the exit opening (5) for
outputting containers (1) filled and closed in the third compartment (8) out of the
cabinet (3) via the exit opening (5);

— a single central processing unit, operatively connected to the modules and
systems of the integrated unit, and provided for controlling the operation of the
modules and systems of the integrated unit; and

— a human machine interface (35), operatively connected to the central
processing unit, and provided for enabling a user to control the operation of the
modules and systems of the integrated unit by means of the central processing
unit.

2. The integrated unit according to claim 1, wherein the first transport
system (21) comprises a chain-linked carrier system (21) provided for
transporting preforms (2) from the preform receiving module (14) through the
preform heating module (15).

3. The integrated unit according to claim 1 or 2, wherein the third
transport system (26) comprises a rotatable container carrying wheel (26) for
transporting containers (1) along the container filling module (19) and the
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container closing module (20) and for releasing closed and filled containers (1) to
the container output module (31).

4. The integrated unit according to any one of the preceding claims,
wherein the third transport system comprises delay means for delaying transport
of the containers (1) to the container filling module (19) for a predetermined time
period, wherein, in combination with the preceding claim, the delay means
preferably comprise a further rotatable container carrying wheel driven by the
rotation of the rotatable container carrying wheel (26).

5. The integrated unit according to any one of the preceding claims,
wherein at least one of the first transfer module (23) and the second transfer
module (28) comprises a rotatable gripping device (23, 28).

6. The integrated unit according to any one of the preceding claims,
wherein the cabinet (3) further comprises a fourth compartment (9) above or
below, preferably below, the first compartment (6), the second compartment (7)
and the third compartment (8) and separated from the first compartment (6), the
second compartment (7) and the third compartment (8), and wherein at least one
of the first transport system (21), if present, the second transport system, the third
transport system (26), the first transfer module (23) and the second transfer
module (28) is driven by at least one drive motor (32) mounted in the fourth
compartment (9).

7. The integrated unit according to the preceding claim, wherein the at
least one drive motor (32) in the fourth compartment (9) drives the at least one of
the first transport system (21), if present the second transport system, the third
transport system (26), the first transfer module (23) and the second transfer
module (28) via a drive shaft (33) extending into the compartment, selected from
the first compartment (6), the second compartment (7) and the third compartment
(8), housing the at least one of the first transport system (21), if present the
second transport system, the third transport system (26), the first transfer module
(23) and the second transfer module (28) being driven by the at least one drive
motor (32).

8. The integrated unit according to the preceding claim, wherein the drive
shaft (33) is surrounded by a sleeve (34) in the compartment, selected from the
first compartment (6), the second compartment (7) and the third compartment (8)
housing the at least one of the first transport system (21), if present the second
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transport system, the third transport system (26), the first transfer module (23)
and the second transfer module (28) being driven by the at least one drive motor
(32).

9. The integrated unit according to any one of the preceding claims,
wherein the preform receiving module (14), the preform heating module (15), the
container forming module (17), the container filling module (19), the container
closing module (20), the first transport system (21), if present, the second
transport system, the third transport system (26), the first transfer module (23)
and the second transfer module (28) are mounted on a support plate (12), and
wherein the first transport system (21), if present, the second transport system,
the third transport system (26), the first transfer module (23) and the second
transfer module (28) are provided for transporting the preforms (2) and the
containers (1) through the first compartment (6), through the second
compartment (7) and through the third compartment (8) at a predetermined
height above the support plate (12).

10. The integrated unit according to the preceding claim at least in
combination with claim 6, wherein the support plate (12) separates the fourth
compartment (9) from the first compartment (6), from the second compartment
(7) and from the third compartment (8).

11. The integrated unit according to any one of the preceding claims,
wherein the third compartment (8) is provided with a sump (13) at the bottom, the
sump (13) being provided for collecting spilt fluent product and for draining the
spilt fluent product out of the third compartment (8).

12. The integrated unit according to any one of the preceding claims,
wherein the integrated unit further comprises a disinfection module for
disinfecting, preferably by means of ultraviolet radiation, at least a neck part of
the preforms (2) and/or containers (1).

13. The integrated unit according to any one of the preceding claims,
wherein the integrated unit is provided with an air cooling system comprising a
heat exchanger, wherein the air cooling system is provided for extracting heated
air from the preform heating module (15), for cooling the extracted heated air by
passing the extracted heated air through the heat exchanger, and for providing
the cooled air to the integrated unit for further use.
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14. The integrated unit according to any one of the preceding claims,
wherein the cabinet (3) is substantially beam shaped, preferably beam shaped,
wherein the cabinet (3) has a width in the range from 1,0 m to 1,4 m, preferably a
width in the range from 1,1 m to 1,3 m, more preferably a width of approximately
1,2 m and even more preferably a width of 1,2 m, wherein the cabinet (3) has a
length in the range from 2,4 m to 2,8 m, preferably a length in the range from
2,5m to 2,7 m, more preferably a length of approximately 2,6 m and even more
preferably a length of 2,6 m, and wherein the cabinet (3) has a height in the
range from 1,7 m to 2,1 m, preferably a height in the range from 1,8 m to 2,0 m,
more preferably a height of approximately 1,9 m and even more preferably a
height of 1,9 m.

15. The integrated unit according to any one of the preceding claims,
wherein the preform receiving module (14), the preform heating module (15), the
container forming module (17), the container filling module (19), the container
closing module (20), the container output module (31), the first transport system
(21), if present, the second transport system, the third transport system (26), the
first transfer module (23) and the second transfer module (28) are arranged such
that they are readily accessible by a user from one side of the cabinet (3).

16. The integrated unit according to any one of the preceding claims,
wherein the operation of the first transport system (21), if present, the second
transport system, the third transport system (26), the first transfer module (23),
the second transfer module (28) and optionally the container output module (31)
are synchronised with respect to each other, preferably by means of the central
processing unit.

17. The integrated unit according to any one of the preceding claims,
wherein the integrated unit further comprises a quality monitoring module for
monitoring the quality of preforms (2) and/or containers (1), wherein the quality
monitoring module is provided for instructing at least one of the first transport
system (21), if present, the second transport system, the third transport system
(26), the first transfer module (23) and the second transfer module (28) either
directly or via the central processing unit, to eject preforms (2) or containers (1) if
their quality is insufficient.
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18. The integrated unit according to any one of the preceding claims,
wherein the integrated unit comprises a further separation wall according to a
configuration different from the configuration of the separation wall (10).

19. The integrated unit according to any one of the claims 1-17, wherein
the integrated unit comprises the separation wall (10) according to the first
configuration, and wherein the container forming (17) module is integrated with
the container filling module (19) such that the fluent product for filling the
containers (1) is also used for forming the containers (1) from the heated
preforms (2) in the mould (18) of the container forming module (17).

20. The integrated unit according to any one of the preceding claims,
wherein the integrated unit comprises a ventilation system for the preform heating
module (15), the ventilation system being provided for passing air from the
exterior of the cabinet (3) via the preform heating module (15) and for extracting
the air after heating in the preform heating module (15) back to the exterior of the
cabinet (3), the ventilation system comprising an air filter for filtering
contaminants out of the air before entering the cabinet (3).

21. A transportable bottling plant comprising a freight container in which
the integrated unit according to any one of the preceding claims is provided.
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