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SYSTEM AND METHOD FOR TRANSPORTING PACKAGING CONTAINERS

Technical Field

There present invention relates to a transportation system, and in particular to a

transportation system suitable for use in machines packaging liquids or semi-liquids.

Technical Background

Within the field of packaging of liquids into packaging containers, in particular liquid
and semi-liquid food products into packaging containers it is common practice to use one of
two techniques. The first one is to use a conveyor system in which the packaging container is
placed in a slot of a conveyor and is intermittently moved forward. In each stop position an
action can take place, such as sterilization of the packaging container, filling of the packaging
container, sealing of the packaging container, folding of the packaging container, etc. This
technique is commonly used when filling beverage into packages made of a paper laminate,
such as the Tetra Rex container and the Tetra Top container by the present applicant. The
second technique involves grabbing a packaging container by its neck ring, in the case of a
PET-bottle, and enabling it to follow a continuous motion through a filling machine, where
the forwarding of the packaging container is ensured by star wheels and handovers between
such star wheels during critical portions of the filling process. Within the present context the
process of packaging liquids or semi-liquids generally involves the actual step of filling a
product into the packaging container as well as closing the packaging container to the
atmosphere, since this is a crucial part of the filling process. Further, sterilization of the
packaging container may also form part of the filling process since that is also a key part of
ensuring a reliable end product. The area of packaging food products will also include final

folding and other operations generally being performed in a packaging machine.

Summary of the Invention

The present invention, and the embodiments thereof, aims at providing a
transportation system enabling reliable transport of packaging container through an entire
filling process. The system is cost efficient and reliable and ensure delicate positioning of the
packaging containers. Further, the system is particularly adapted for continuous filling
process, where the packaging container is moving continuously through a filling machine and
through each of the processing steps performed.

For the achievement of some or all of the effects stated above the present invention
provides a transportation system for transporting packaging containers through a series of

processing steps, comprising an endless conveyor following a path including guide elements
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and at least one drive element, wherein base elements are distributed along the length of the
endless conveyor and releasably arranged in positions that are continuously adjustable along
the length of the conveyor.

The feature that the base elements are continuously adjustable along the length of the
conveyor is an enabler for an important aspect of the present invention, since it enables for
the base elements to be positioned freely around the length of the endless conveyor. There are
embodiments where a specific base element is used to close a loop forming the endless
conveyor, and this particular base element will not have a continuously adjustable position as
such, rather it will be fixed to the location of the junction. Still, for all practical purposes the
position of this single fixed element may be considered as continuously adjustable within the
purposes of the present invention since it will not pose any practical limitation in regard of
how the remaining base elements may be positioned. It may be important to know that in
operation the base elements are fixedly or rigidly arranged in relation to the endless
conveyor, which is needed since the tolerances are very small.

The inventive device (and method) allows for the endless conveyor to be arranged
along its path, be tensioned to the tension expected during use (while in its use-position),
after which the base elements are arranged in the correct position down to fractions of a
millimetre. This may be ever so important when the operational conditions include
temperatures of 60-80 °C or even more.

According to one or more embodiments the drive element comprises recesses for
receiving the base elements, and wherein the base elements are design to engage the recesses
for transfer of a propelling force from the drive element to the transportation system via the
base elements.

In several preferred embodiments the position of the base elements is matched to the
recesses, i.¢. the base elements are actively positioned such that their position will match with
the recesses in particular in terms of pitch (distance between adjacent base
clements/recesses). Details are presented in relation to embodiments of the inventive method.
This will enable positional tolerances as low as the tolerances available for the tool
machining the recesses in guide elements or drive elements, meaning fractions of mm:s, both
for the pitch, i.e. the distance between adjacent base elements, as well as for the absolute
position of a base element. In particular embodiment the tolerances are as low as 0.01 mm
since the tool making the machining of the recesses of the drive- and or guide elements may
have a precision of 0.001 degrees. A suitable tolerance may be about 0.5 mm, yet there are
embodiments where the performance may benefit from being 0.5-0.1 mm, and even lower
than 0.1 mm. There are several applications where the importance of a detailed positioning
cannot be overrated, such as during application of a print onto the packaging container,
application of a label onto the packaging container, arrangement of an opening device onto a

packaging container, folding portions of the packaging container. Even if not required in any
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packaging machine presently, the increased precision provided by the present disclosure may
be used to incorporate further operations in a packaging machine, operations that are enabled
by the extreme precision.

To even further improve the positioning the drive elements and guide elements may
comprise a recess for positioning of the endless conveyor or the two or more endless
conveyors. In this way a vertical positioning of the base elements may be controlled to a high
degree as well. Using two endless conveyors arranged in parallel, one on top of the other, will
provide an even more improved stability in a length direction of the endless conveyors, due to
the multiple attachment points of the base element. This will be visualized in the detailed
description.

In one or more embodiments it is preferred that the drive element is a drive wheel, and
in other embodiments the guide elements may comprise guide wheels too.

In order to reduce the number of components or functional elements it is preferred
that recesses of the guide wheels and drive wheel are used to position the base element and
thereby any packaging container associated therewith in relation to a processing step such as
filling (align with filling nozzle), handovers (aligning with another conveyor or handover
unit), etc.

In one or several embodiments it is preferred that the base element has a two part
construction, which two parts may clamp onto the endless conveyor by tightening of
attachment means, such as screws, bolts, eccentric levers etc.

In many preferred embodiments there are two endless conveyors onto which the base
elements are arranged, thus providing an increased stability.

Furthermore, it may in one or more embodiments be preferred that the base element
comprises gripper means, or a coupling means for the arrangement of gripper means, such
that gripper means may be used to grip the packaging containers during transport thereof.

Such gripper means may in one or several embodiments be provided with guide
means, such as pins, flanges etc arranged to cooperate with corresponding guide means of an
exterior frame such that increase stability is obtained along the entire or part of the path. Such
“corresponding guide” means may consist of cam tracks, grooves, ledges, ctc. or a
combination thereof.

Furthermore, the gripper means may be hingedly attached to the base element for
allowing the gripper means to pivot in at least one direction, e.g. in a plane perpendicular to a
transportation direction. In other embodiments the gripper means may be allowed to pivot
more freely.

While the guide wheels may provided as separate units it is preferred that the drive
wheel forms part of a filler carousel, in that it apart from providing the drive to the
transportation system also servers the purpose of aligning the base elements, and any

associated gripper means and packaging container in relation to a filling nozzle. The concept
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of dual-purpose or triple-purpose elements is appealing from a simplicity viewpoint, and
since the filling carousel generally would be the component of the filling machine having the
largest number of recesses the transferred driving force would be distributed over the largest
possible length of the transportation system.

According to another aspect of the present invention it may also relate to a method of
arranging base elements on an endless conveyor. The method comprises the steps of:

Arranging an endless conveyor along a path over at least a drive wheel, the drive
wheel having fixed recesses for receiving the base elements during operation,

arranging base elements along the endless conveyor in the positions of the fixed
recesses,

forwarding the drive wheel so that unoccupied fixed recesses appear,

arranging base elements in the positions of the fixed recesses,

repeating the above until base elements are arranged along the entire length of the
endless conveyor.

The tolerances during filling are extremely small, and during handovers the tolerances
may be even smaller. The inventive method according to the present aspect of the invention
cancels out several manufacturing tolerances by calibrating the arrangement directly in
relation to the machine in which the transportation system is to be used. Reconnecting to the
description of embodiments of the inventive device it should be apparent from the above
description that a single base element having a fixed position will not introduce a practical
limitation, however that particular base element should be the first one to be arranged in a
recess.

In one or more embodiments the endless conveyor leaves the filling wheel in a
tangential direction in relation to a circumference of the filling wheel.

By allowing for the endless conveyor to leave the filling wheel in a tangential
direction any packaging containers being carried by the base elements will experience a
transition from a state where there is a centripetal acceleration (before leaving the filling
wheel) to a state with no acceleration forces (when having left the filling wheel). This will
minimize product splashing out of the filled packaging container. This is a significant
advantage as compared to existing systems where in some cases packaging containers leaves
the filling wheel by being transferred to the carriers of another star wheel, thus experiencing a
momentary switch from acceleration in one direction to acceleration in an essentially
opposite direction. That approach results in splashing for packages being filled through the
neck, and is expected to do even more so for packages being filled through an open bottom
end since that opening is generally much larger.

In theory it would, by using the system of the present invention, be possible to allow
for the packaging container (the endless conveyor) to leave the filling wheel along a curve

shaped to “catch” the displaced fluid inside the packaging container to reduce splashing even
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further. Though being a possibility such a solution would be dependent on the speed of the
endless conveyor, the product being filled and what not, and as such it is to be regarded as an
unnecessarily complicated solution.

After having left the filling wheel in a tangential direction it is preferred that the
endless conveyor travels along a rectilinear path until reaching a sealing unit in which the
packaging containers are sealed. After the sealing step the risk of splashing is eliminated.

In one or more embodiments the base elements may comprise a coupling portion,
such that they may receive a gripper means in a releasable coupling. The presence of a
coupling portion enables a versatile use of various gripper means, ¢.g. to accommodate
transport of packaging containers of various sizes, packaging containers gripped in a sleeve
portion or in a neck portion (such as below a neck ring) etc. In relation to previous
embodiments for which it is preferred that the base elements allow for left turns as well as
right turns it may be preferred to locate the coupling portion near an upper or a lower end of
the base element such that engagement between the base element and a drive wheel or a
guide wheel is not hampered.

In one or more embodiments the coupling portion enables a hinged coupling between
the base element and gripper means. A more specific example would be that a gripper
element comprises a base element being attachable to the endless conveyor, and a gripper
segment being hingedly attached to the base element, wherein the gripper segment comprises
the gripper means used to grip the packaging container.

By using this arrangement it is possible to introduce a degree of freedom for the
gripper means. A direct effect of this may be that it is possible to lean the gripper means and
thereby an associated packaging container during various processing steps. For example, it
may be possible to lean the packaging container radially inwards during filling to adjust for a
centripetal effect. It will then be possible to fill the packaging container as if it was filled in a
stationary filler (with a slightly increased gravitation), resulting in less splashing and
foaming. In related embodiments it is preferred that the pivoting motion is limited to a plane
orthogonal to the transportation direction. This will be discussed in further detail in the
detailed description of embodiments.

Though there are several advantages with having a two part gripper (comprising a
base element and a gripper means) the present invention does not exclude the use of a single
element serving both purposes of attaching to the endless conveyor and gripping packaging
containers. To conform to the terminology used thus far, in such embodiments the base
element may be said to provide both purposes, i.e. such a combined element will have any
characteristic of a base element as described in the present application, and adding to this it
will have the ability to grip a packaging container. It is to be understood that the base element
and the gripper element are functional elements, and each of them may comprise a number of

components necessary in order for them to perform their function. One example
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For the purposes of this embodiment guide means, ¢.g. guide pins, of the gripper
element may cooperate with one or more cam curves so as to guide the inclination during
filling. In one or more associated embodiments the cam curves may be shifted in a vertical
position (in a reference system where the filling wheel rotates in a horizontal plane). This
may be used to readily vary the inclination during filling so as to accommodate the
inclination to a rotational speed of the filling wheel. E.g. the radially outer cam curve could
be shifted upwards in relation to the radially inner cam curve, resulting in an inclination
radially inwards (i.e. a banked turn). During filling this may be particularly desirable, yet the
functionality may be used in other turns too, so as to cancel out or minimize acceleration in
lateral directions e.g. for a filled packaging container.

In one or more embodiments the transportation system picks up the packaging
containers after a sterilization device, in the sense that packaging containers are arranged in
the transportation system after having being handled in a sterilization device. The
transportation system then remains in contact with the packaging containers until the
packaging containers are securely sealed, after which the packaging containers may be
forwarded for further processing and the transportation system is guided back to the
beginning (being an endless construction).

In other embodiments the transportation system may include a segment prior to the
sterilization device as well, such that the transportation system delivers the packaging
containers at one end of the sterilization device and picks them up again at another end of the
sterilization device.

In one or more embodiments the transportation system is arranged to transport
packaging containers from a sterilization device, through a filling device and a sealing device
before handing the packaging devices over to further processing.

In one or several embodiments it is preferred that the transportation system is adapted
to follow curvatures to the left and to the right, i.e. adapted to follow a guide wheel in a left
turn and a right turn. Features making this possible is that the endless conveyor is flexible,
and that the gripper element, and in particular the base element thereof, is symmetrical in its
appearance and behaviour during left turns as well as right turns. This is not crucial, since the
guide wheels may be designed differently depending on if they are to provide a left turn or a
right turn, and also there are embodiments with e.g. only two wheels resulting in turns in only
one direction, However, if not prevented by other requirements there are advantages with
having a uniform design. One embodiment will be exemplified in the detailed description.

In one or more embodiments the endless conveyor comprises a length of flexible line
the ends of which is connected to each other by means of a coupling element. It is preferred
that the coupling element allows for an adjustable coupling, such that an effective length of

the endless conveyor is adjustable to compensate for changes in the effective length due to
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¢.g. changes in tension or wear, as well as allowing for fine tuning of tension in the endless
COnveyor.

In one or more embodiments the endless conveyor comprises a flexible metal wire in
a plastic casing. In one example the flexible metal wire is a stainless steel, multi-thread wire
having a 2-mm diameter and the casing is a polyester elastomer having a hardness of 55°
Shore D and a diameter of 9.5 mm and in other embodiments it may be a Polyurethane
clastomer. All materials should be FDA approved (or corresponding approval) where
required. This type of transportation will provide an endless conveyor with adequate strength
still having an exterior well suited for applications within the food industry. The particular
type of endless conveyor has several beneficial features, yet there are numerous others that
could be used as well, depending on the type of application.

Although various aspects of the invention are set out in the accompanying
independent claims, other aspects of the invention may include any combination of features
from the described embodiments and/or the accompanying dependent claims with the
features of the independent claims, and not only the combinations explicitly set out in the

accompanying claims.

Brief Description of the Drawings

Fig. 1 is a schematic plan view of a first embodiment of the present invention.

Fig. 2 is a detailed perspective view of a second embodiment of the present invention.

Fig. 3 is an exploded view of a connector arrangement involving a connector element.

Figs. 4A and B schematically illustrates packaging containers carried by the
transportation system according to a variation which may be used in any embodiment of the

present invention.

Detailed Description of Embodiments

The schematic plan view of Fig. 1 illustrates a basic layout of a transportation system
100 according to a first embodiment of the present invention, as arranged in a filling
machine. There is a pick-up position I where packaging containers are introduced to the
transportation system 100, and from there to packaging containers are transported to a filling
location II in the present embodiment a filling carousel. In area II the drive wheel acting as a
drive element is shown, yet as will be discussed later, one filling station of the filling carousel
is arranged for and aligned with each recess. After leaving the filling carousel in a tangential
direction relative to the circumference of the drive wheel (and thus the filling carousel) the
packaging containers are transported to a sealing location III after which they are handed
over to subsequent handling.

For these purposes an endless conveyor 102 extends along a closed path, guided by

guide elements in the form of guide wheels 104 and drive elements in the form of drive
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wheels 106 (in the present embodiment only one drive wheel is used, and it will guide the
transportation system as well as driving/propelling it). Base elements 108 are distributed
along the circumference of the endless conveyor 102, and the base element 108 may in turn
have attachment positions/coupling arrangements 110 (Fig. 2) for attachment of auxiliary
equipment.

The drive wheel(s) 106 as well as the guide wheels 104 are provided with recesses
(fixed recesses) 112 fitting matingly with the base elements 108, as well as one or more
circumferential groove (not shown in Fig. 1) accommodating the endless conveyor 102.
Typical processing steps for packaging containers being located by the base elements 108
may be that they are sterilized, that they are filled, and that they are sealed, just to mention a
few. The present construction, with the base elements 108 fitting matingly in the recesses 112
enable delicate positioning of the base elements 108 and therefore of any packaging device
directly or indirectly supported by the base elements 108, which is a particular advantage
during the processing steps mentioned above. One example to further elucidate this is that the
drive wheel 106 may preferably be rigidly connected to the filling carousel, concentrically
therewith. This will result in that the position of the base elements in relation to a filling
station during filling is perfect at all times. Since the recesses 112 already are used/desired for
positioning purposes they may also be used for propelling purposes. The entire transportation
system 100 may be driven by a drive wheel 106 acting on the base elements 108, the same
wheel 106 that already serves the purpose of positioning the base elements 108, e.g. during
filling. In this way there is no necessity for additional drive means. The drive wheel 106 may
be driven by any suitable motor depending on load and speed, and be directly connected to a
drive or connected via a set of gears, a belt or other similar means. The drive wheel 106 will
transfer a propelling force to the transportation system 100 via the base elements 108, acting
as gears, i.c. each individual base element will act as a single gear when it engages with a
recess of a drive wheel or corresponding arrangement. In order to minimize concentration of
loads it may be preferred to include the drive on the wheel having the largest diameter, which
for the illustrated filling system is the wheel 106 associated with a filling carousel. The layout
of the filling carousel is not disclosed in detail in Fig. 1 yet there several examples of filling
carousels available in prior art and since the present invention does not relate to details of
filling systems etc, any such detailed information are considered superfluous.

The distance between adjacent base elements 108 (centre-to-centre or “CC”) is
referred to as the pitch. It is noticeable that the pitch has to be constant around the length of
the endless conveyor 102, and it is also noticeable that the length of the endless conveyor 102
has to be an integer number times the pitch, if not, it would not be possible for the base
elements 108 to be arranged with a constant CC distance, and the base elements 108 would
not match with the recesses 112.
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The use of recesses 112 has in itself several advantages. For example the timing and
calibration of the system is very straightforward. Any processing performed (such as
sterilization, heating, filling, folding, handovers etc) may be calibrated in relation to the
recesses, even if packages of course may be included at some stage during fine tuning. Once
the calibration is performed the operation will run smoothly as long as the base elements 108
are positioned by means of the recesses 112. This works the other way too, starting with an
endless conveyor 102 without any base elements 108 there is no need for a delicate
calibration procedure and additional timing belts, since the system itself will provide for this
in the following way: When first attaching the base elements 108 to the endless conveyor 102
the drive wheel 106 (having the largest amount of recesses) or any other guide wheel 104
may be used as a template. This is more readily understood from observing the slightly more
detailed view of Fig. 2. The endless conveyor 102 may be arranged in its path in the machine,
and there may be a circumferential groove 114 in the drive wheel 106 for positioning it.
Thereafter the base elements 108 are arranged one by one and are positioned by the recesses
112 and tightened to the endless conveyor 102 as they are positioned by a recess. In this way
the firstly arranged base element 108 will determine the position of all the rest and by
gradually forwarding the endless conveyor 102 in the wheel 104/106 the process may be
repeated until the entire conveyor 102 is occupied by base elements 108. A practical way of
performing this operation is to first arrange some base elements 108 slidably on the endless
conveyer and then gradually forwarding the endless conveyor and arrange and tighten the
base-clements 108 as they are arranged in the recesses of the wheel 104/106. 1t is readily
appreciated that the effective length of the endless conveyor is crucial, and thus the
positioning of guide elements (wheel(s)) and drive elements (wheel(s)) is delicate as well.
However, these parameters are readily calculated and once that is settled the otherwise
delicate and critical calibration is more or less automatically achieved.

In a specific embodiment the process in the following: the raw material for the endless
conveyor is cut into the correct length, and in the ends the rubber or plastic sheath is removed
such that the inner wire or cord is exposed. T-connectors 128 (see Fig. 3) are thread onto the
wire and welded in place. The T-connectors 128 are arranged in a base element 108 having a
particular design such that it may receive the T-connectors, this base element may be referred
to as a connector element 116 as showed in Fig. 4 and if the length of the endless conveyor
needs to be adjusted, C-shims 130 (C-shaped shims) are interposed in the most obvious
manner. The connector element 116 is then assembled, and thus an endless conveyor is
formed, which conveyor is arranged in the path in the packaging machine and completed with
the remaining base elements 108. During repairs or maintenance, or for any other reason, it
may be preferable to arrange the endless conveyor in its path before the free ends of the

conveyer are joined.
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The length of the endless conveyor 102 is readily calculated, and it could in practice
be manufactured as a closed loop, yet due to practical reasons it is preferred that it comprises
a connector element 116. By having a connector element 116 connecting the free ends of a
conveyor thus forming an endless conveyor 102 it is also possible to include a tensioning
function, such that the effective length of the endless conveyor 102 may be finely tuned, ¢.g.
in the already described manner. By changing the effective length of the endless conveyor
102 the tension in it may be changed, and by balancing the length a predetermined pressure
may be achieved. In practice the length of the endless conveyor, or rather, the length of its
path is not a variable parameter since this length is fixed by the pitch (to be described)

The resulting endless conveyor 102 with base elements 108 will constitute a timing
belt of its own, in that synchronisation between the conveyor and the wheels, as well as
between the wheels, will be predictable and constant. Simply put the present solution results
in zero drift between moving components coupled to the same drive. If for some reason it is
not desired to utilize the drive wheel or the guide wheels as templates, there may be provided
a separate template of linear (or curved) design to be used for installation purposes only. Such
separate template should preferably have a number of recesses for positioning of base
elements 108, the higher number the better.

Though Fig. 3 actually illustrates a connector element 116 it may be used for
describing some beneficial features of any base element 108. Apart from the fact that the
regular base element does not have to accommodate the T-connectors 108 it may have a very
similar design. It may comprise two or more parts 118 and 120 which are removably attached
to eachother (by means of screws 136 in the view of Fig. 3, yet other means may used
instead). Through-holes 138 are arranged for accommodation of the endless conveyor 102.
By arranging each through-hole 138 in such a way that they have a partition in longitudinal
direction they will be accessible in such a way that the endless conveyor may be arranged
therein without being thread into place, i.e. without the necessity of having a free end to pass
through the through hole. In the illustrated embodiment each through-hole 138 is split along a
longitudinal centre-plane (longitudinal referring to the length direction of the through-hole,
1.e. corresponding to the longitudinal direction of the endless conveyor as it is arranged in the
through-hole), leaving semi-cylindrical grooves in the each of the parts 118, 120. When the
base elements are attached to each other the grooves will be in an opposing relationship,
defining the through-hole 138. The dimension of the through hole is such that when the two
parts of the base element are assembled they will clamp the endless conveyor between them,
thus attaching the base element 108 to the same.

Referring back to the arrangement of the endless conveyor in its path, one or more of
the guide wheels 104 may be movably arranged. All guide wheels are obviously movably
arranged in that they are free to rotate to fulfil their purpose, yet at least one may be arranged

to allow for a shift in a lateral direction to facilitate assembly and disassembly of the
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transportation system, and this is what movable refers to in the present context. It should be
emphasized that the position of the guide wheels 104 during operation is, however, a high-
precision position since that position will determine the path length for the endless conveyer,
which in turn is delicately set by the said pitch. Therefore, moving the movable guide wheel
104 involves no fine tuning. The movable guide wheel is shifted to a position enabling for the
endless conveyor to be arranged along its path, and after that the movable guide wheel is
moved back to a fixed position. This fixed position may be ensured by means of stop
elements in any suitable way known to the skilled person given the task and well acquainted
with similar tasks.

In practice, a desired length of the endless conveyer is determined by calculating the
required path length. Given the desired tension in the endless conveyor during operation
(such as 500 N) the associated elongation may be calculated from specification documents
for the material used for the endless conveyor. Knowing this, and knowing the length
occupied by the connector element 116 (where applicable) and related components a suitable
length of endless conveyor is prepared and drawn around its path. For embodiment where the
endless conveyor is not provided as a closed loop, its ends are joined at the connector element
116. After this the connector element is adjusted (e.g. using shims) until the correct tension is
achieved. Since the endless conveyor follows the correct path its length will be perfectly
tuned, and since the base elements 108 may be arranged and attached after the tuning of the
endless conveyor their position will not be affected.

A possible design of the base element 108 is shown in Fig. 2. By providing a base
element 108 in the overall shape of a solid cylinder formed from two pieces 118, 120 it may
be readily clamped (bolted and held by friction) onto the endless conveyor 102. The design is
more readily understood from the view of Fig. 4, although the interior of the connector
element 116 may slightly different from the regular base element to fit the connectors 128,
the overall construction is the same. The resulting base element 108 will be symmetrically
arranged onto the endless conveyor 102 allowing full compatibility with guide wheels 104
guiding it to the left or to the right. In the present example the endless conveyor 102
comprises two elements 102A and 102B ensuring adequate stability for the base element 108
in a length (or longitudinal) direction of the endless conveyor102 since the two attachment
points of the endless conveyor to the base element 108 will prevent it from tilting in said
length direction. The present base element 108 has beneficial features in its circular cross
section and non-complex design, though there are obviously other ways of designing such
base elements.

Referring to the schematic view of Figs. 4A and 4B it is there shown coupling means,
or a coupling arrangement 110 for attaching auxiliary equipment to the base elements 108
(this is also shown in Fig. 2). Such auxiliary devices most often include gripper elements for

positioning of packaging containers, though other devices are not excluded. In the present
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embodiment the transportation system 100 grips packaging containers in a first end of a
filling machine, and maintains the grip until the packaging containers are released in a second
end of the filling machine. This continuous grip provides superior control of the filling
process. The exact layout of the gripper elements are not essential for appreciation of the
advantages of the present invention according to one or more embodiments thercof. The
drawings as such illustrates packaging containers 132 in the process of being filled, i.e. while
they are moving along a circular arc of a carousel filler, which explains the behaviour of a
liquid level 134, to be explained in more detail once the basic components and their function
have been described. In the present embodiment the coupling means 110 are illustrated by a
circle, while in the embodiment of Fig. 2 it is provided by a threaded opening, to which
auxiliary equipment such as a gripper element 126, may be screwed. The coupling means 110
may obviously be more or less complicated. Any gripper element 126 may comprise guide
means 124, e.g. guide pins or guide flanges which may be used to secure a position or
inclination of the gripper element 126. As mentioned earlier, the use of two or more endless
conveyors may stabilize the base element 108 in a longitudinal direction as already
mentioned, yet a tilt in a lateral direction should also be avoided, in particular when the base
element 108 carries a filled packaging container having a significant weight. The packaging
container is schematically indicated at reference numeral 132, with the liquid level of the
filled product indicated by 134. For the purpose of lateral stability there is also a guide
arrangement 122A, 122B, shown as a cam track in Fig. 2 and more schematically in Figs. 4A
and 4B. The cam track 122A,B or a set of cam tracks may also be used to activate a function
of the gripper element 124. Such a function is not part of the present invention but for the
sake of completeness it may consist of two cam tracks running in parallel, each guiding a cam
(or a pin) coupled to a function of the gripper element 124. By diverging or converging the
cam tracks a relative motion may be effected, in turn resulting in an operation. For example,
an action may be to open and close the gripper element to release or grip a packaging
container. It is preferred, or it at least has associated advantages, that the coupling means 110
are arranged at one of the ends (the top or bottom end in the embodiment shown in Fig. 2) of
the base element 108. This position enables for the auxiliary equipment to be located above
or below the base element 108, and at least outside of the portion of the base element
engaging the guide means or drive means during operation of the transportation system, such
that it is not in the way. Further, it is also preferred that the auxiliary equipment is located on
the same side of the base element as the coupling means, such that neither the auxiliary
equipment nor any part of the coupling interferes with the engagement between the base
clement 108 and any guiding means (e.g, the recesses 112 or the cam tracks 122A,B) during
left turns or right turns. In practice, it is foreseeable to have a system where only left turns, or
only right turns, are used, and therefore this preference is tied to the present embodiments

rather than being an absolute necessity.
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A particular use of the guide system (e.g. the guide pins and the cam tracks) may be
used in relation to the filling step. In the system illustrated in Fig. 1 and Fig. 2 filling is
performed in a filling carousel in the area marked with I, where filling nozzles (not shown)
are arranged in several positions around a circumference of the filling carousel. The general
technique is commonly used in e.g. bottle filling and details will not be disclosed in any
further detail. In the specific embodiment each filling nozzle will be aligned with a recess
112, in the sense that when a packaging container is gripped and transported through the
filling carousel its opening will be aligned in a proper way in relation to the filling nozzle
such that adequate filling may be performed.

For a carousel filler centripetal forces may be an issue in that the product to be filled
will at some point be unconstraint (i.e. not bound by a centripetal force) as it leaves the
nozzle, and in the unconstraint state it will follow the direction of the tangent as would any
physical body leaving a constraint rotational motion. Depending on the rotational speed,
distance to the packaging container etc. the point of impact relative to the packaging
container may vary. The nozzle may be perfectly aligned with the packaging container for
symmetrical filling with minimized generation of splash and foam when the filling carousel
does not rotate or rotates at a first speed. However, as the rotational speed is altered (starts to
rotate or rotates at a second speed different from the first speed) the filling pattern may be
distorted, resulting in increased splashing and foaming. This may also depend on the product
to be filled, in that the settings for a first product may not be optimal for a second product.
The present transportation system enables for this problem to be solved with relative ease. By
using the guide system (122A,B) (pins and cam track, or other cam/cam follower system) it is
possible to adjust the inclination of the gripper element 124 as illustrated in Fig. 4B. If there
is one cam track on either side of the endless conveyer as it follows the filling carousel (e.g.
one cam track on a radial inside and one cam track on the radial outside) these cam tracks
may be arranged on different heights in a direction perpendicular to the plane of travel of the
endless conveyor 102, and the gripper element may be coupled with a hinged coupling 110 to
the base element 108, resulting in that the gripper element will assume an inclined position
relative to the horizon. The height of the cam tracks 122A,B may even be variable. The
variation may be performed by a hydraulic system, a guide/servomotor system or any other
suitable way obvious for a skilled person given the task. The inclination of a packaging
container carried by the gripper element may thus be adjusted to account for the centripetal
forces, such that in the reference system of the packaging container the product to be filled
falls essentially straight down into the container (or in any other way suitable for the
achievement of a particular filling pattern). In the view of Fig. 4B this is illustrated by the
symmetric liquid level 134.

Continuing with the filling process, and also referring to the inertia of the product

filled into the packaging containers, it may be preferred to avoid or at least minimize positive
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or negative accelerations (retardations) in order to minimize splashing. To accomplish this, it
may in one or more embodiments such as the one illustrated in Fig. 1 be preferred that the
packaging containers leaves the filling carousel in a tangential direction in relation to the
circle they are following during filling, since this is the direction that the filled product would
like to follow of left unconstraint. The advantage of such a path may increase with the size of
the opening through which the packages have been filled. Inclination of the packaging
containers to compensate for centripetal forces are not necessary for all products and at all
speeds, yet in an embodiment where the packaging containers have been inclined to account
for e.g. centripetal forces the cam tracks may be arranged to gradually and smoothly decrease
the inclination as the packaging containers 134 leave the filling carousel.

In Fig. 1 it is evident that at each given time there are a certain number of unoccupied
filling stations, using the term fillings station to define a position in which a packaging
container may be filled (a recess 112 and corresponding nozzle etc.). There will be a certain
number of “dead” filling stations, since some room is required to allow for the transport
system to enter and exit the filling carousel (see area II in Fig. 1). From an efficiency
standpoint it is preferable to minimize the number of unoccupied filling stations to maximize
the use of the device. Allowing for the transportation system, the endless conveyor 102 and
associated base elements 108 to leave the filling carousel at a sharper angle or following a
curve could reduce the number of unoccupied filling stations, and even if that may be
preferred for some embodiments the use of a tangential exit as shown in Fig. 1 area II enables
higher rotational speed of the filling carousel, which in turn is beneficial for the efficiency of
the filling machine as a whole. In the present embodiments a tangential exit has been
preferred.

Once having left the filling carousel in a tangential direction the transport system, and
thus any packaging containers arranged therein, follows a rectilinear path to a sealing station
(area III in Fig. 1) where the packaging containers are sealed. For bottles of various types
sealing may comprise the arrangement of a cap (capping) or a cork in the open end, and for
paper based packaging containers it may comprise arranging a transversal seal of the open
end of the packaging containers. After being sealed the packaging containers may be
removed from the transportation system, and the transportation system may follow its path
back to the pick-up position for receiving new packaging containers. In the general approach
the packaging containers are handed over to a consecutive transportation system for further
handling, such as folding (in the case of packaging containers formed from packaging
laminate), packaging into secondary packages (e.g. cartons or crates) etc. The consecutive
transportation system may be of the same kind as the inventive one, or of any embodiments
thereof, and the reason for performing a handover may be that the level of hygiene may be

higher inside a filling machine than what is needed after the packaging containers have been
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sealed, and it may therefore be preferred to isolate the filling machine to the highest possible
extent.

During this handover, as well as the handover during pickup the gripper means may
be controlled by cams or servomotors to perform a releasing or a gripping motion, depending
on the situation. The inventive system allows for the handovers to be mechanically timed,
resulting in a continuous and predictable performance with high reliability.

While the invention has been described with reference to one or more preferred
embodiments, which embodiments have been set forth in considerable detail for the purposes
of making a complete disclosure of the invention, such embodiments are merely exemplary
and are not intended to be limiting or represent an exhaustive enumeration of all aspects of
the invention. The scope of the invention, therefore, shall be defined solely by the following
claims. Further, it will be apparent to those of skill in the art that numerous changes may be

made in such details without departing from the spirit and the principles of the invention.
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CLAIMS

1. A transportation system (100) for transporting packaging containers through a
series of processing steps, comprising at least one endless conveyor (102) following a path
including guide elements (104) and at least one drive element (106), and base elements (108)
distributed along the length of the endless conveyor, wherein the base elements are releasably

arranged in positions that are continuously adjustable along the length of the conveyor (102),
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wherein in an operational position the base elements are rigidly attached to the endless

CONnveyor.

2. The transportation system of claim 1, wherein the at least one drive element

comprises recesses for receiving base elements.

3. The transportation system of claim 2, wherein the position of the base elements is
matched with the position of the recesses as the base elements are arranged on the endless

COnveyor.
4. The transportation system of any preceding claim, wherein each base element is
arranged symmetrically on the endless conveyor so that a centreline of the base element

intersects with a centreline of the endless conveyor.

5. The transportation system of any preceding claim, wherein the endless conveyor

comprises two endless wires arranged at a distance from eachother in a vertical plane.

6. The transportation system of any preceding claim, wherein the drive element

comprises a recess for receiving the endless conveyor.

7. The transportation system of claim 1, 2 or 3, wherein a propelling force is

transferred to the endless conveyor from the drive elements via the base elements.

9. The transportation system of any preceding claim, wherein the base element

comprises a gripper means for gripping packaging containers.

10. The transportation system of any preceding claim, wherein the base elements

comprises a coupling portion for coupling of a separate gripper means to the base element.
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11. The transportation system of claim 5 or 6, wherein the base element or the gripper
means comprises guide means arranged to cooperate with an associated guide arrangement

along at least a portion of the path of the endless conveyor.

12. The transportation system of claim 11, wherein the guide means comprises guide

pins arranged to follow guide arrangements in the form of cam tracks.

13. The transportation system, of claim 11 or 12, wherein the guide arrangement is

arranged to incline the gripper portion during a step of filling.

14. The transportation system of any preceding claim, wherein the processing steps

includes sterilization, filling and sealing.

15. The transportation system of any preceding claim, wherein an effective path
length (L) of the endless conveyor is an integer number (N) of the pitch (P) between adjacent

base elements; L=NxP.

16. The transportation system of any preceding claim, wherein the pitch is constant

over the full extension of the endless conveyor.

17. The transportation system of any preceding claim, wherein the pitch and an
absolute position of each base element along the length of the endless conveyor has a

tolerance of about +/-0.5 mm, preferably 0.1-0.5 mm.

18. A method for arranging a transportation system for packaging containers in a
machine for processing packaging containers, comprising the steps of:

arranging at least one endless conveyor following a path through the machine, the
path including a guide arrangement having recesses,

consecutively arranging base elements or at least a portion thereof in the recesses and

attaching the base elements to the endless conveyor using the guide arrangements for

obtaining a correct pitch between adjacent base elements.

19. The method of claim 18, wherein the guide arrangement is provided by a guide
wheel or a drive wheel and further comprising the step of forwarding the guide wheel or drive
wheel to expose unoccupied recesses and arrange base elements therein for subsequent

attachment to the endless conveyor.
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20. The method of claim 18 or 19, further comprising the step of applying a tension in

the endless conveyor prior to attaching the base elements.

21. The method of any preceding claim 18-20, further comprising the step of utilizing
an engagement between the base elements and the recesses to transfer a drive force from the

drive wheel to the transportation system.

22. The method of any preceding claim 18-21, further comprising the step of
preparing the at least one endless conveyor by joining the ends of a length of conveyor by

means of a connector element acting as base element.

23. The method of any preceding claim 18-22, further comprising the step of

arranging gripper elements to the base elements.
24. The method of any preceding claim 18-23, comprising the step of arranging two

endless conveyors, and wherein a tension in the endless conveyors prior to arranging the base

clements thereto is the tension used in operation of the transportation system
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