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PACKAGING MACHINE

TECHNICAL FIELD

The present invention relates to a packaging machine for producing sealed
packages of a food product from a web of packaging material; more specifically,
the present invention relates to a packaging machine incorporating an innovative
pressure roller to be used during a forming and sealing stage of the above-
mentioned packages.

BACKGROUND ART

As it is known, many food products, such as fruit juice, pasteurized or UHT
(ultra-high-temperature treated) milk, wine, tomato sauce, etc., are sold in packages
made of sterilized packaging material.

A typical example of this type of package is the parallelepiped-shaped
package for liquid or pourable food products known as Tetra Brik Aseptic
(registered trademark), which is made by folding and sealing laminated strip
packaging material.

The packaging material has a multilayer structure substantially comprising a
base layer for stiffness and strength, which may be defined by a layer of fibrous
material, e.g. paper, or mineral-filled polypropylene material; and a number of
layers of heat-seal plastic material, e.g. polyethylene film, covering both sides of
the base layer.

In the case of aseptic packages for long-storage products, such as UHT milk,
the packaging material also comprises a layer of gas- and light-barrier material, e.g.
aluminium foil or ethyl vinyl alcohol (EVOH) film, which is superimposed on a
layer of heat-seal plastic material, and is in turn covered with another layer of heat-
seal plastic material forming the inner face of the package eventually contacting the
food product.

As 1s known, packages of this sort are produced on fully automatic
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packaging machines, on which the tube is formed continuously from the web-fed
packaging material. More specifically, the web of packaging material is unwound
off a reel and fed through a station for applying a sealing strip of heat-seal plastic
material, and through an aseptic chamber on the packaging machine, where it is
sterilized, e.g. by applying a sterilizing agent such as hydrogen peroxide, which is
subsequently evaporated by heating, and/or by subjecting the packaging material to
radiation of appropriate wavelength and intensity.

The web of packaging material is then fed through an aseptic chamber,
where it is maintained in a sterile-air environment, and through a number of
forming assemblies which interact with the packaging material to fold it gradually
from strip form into a tube shape.

More specifically, a first portion of the sealing strip is applied to a first
longitudinal edge of the packaging material, on the face of the material eventually
forming the inside of the packages; and a second portion of the sealing strip
projects from the first longitudinal edge.

The forming assemblies are arranged in succession, and comprise respective
roller folding members defining a number of compulsory packaging material
passages varying gradually in section from a C shape to a substantially circular
shape.

On interacting with the folding members, the second longitudinal edge is
laid on the outside of the first longitudinal edge with respect to the axis of the tube
being formed. More specifically, the sealing strip is located entirely inside the tube,
and the face of the second longitudinal edge facing the axis of the tube is
superimposed partly on the second portion of the sealing strip, and partly on the
face of the first longitudinal edge located on the opposite side to the first portion of
the sealing strip.

Packaging machines of the above type are known in which the first and

second longitudinal edge are heat sealed to form a longitudinal seal along the tube,
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which is then filled with the sterilized or pasteurized food product, and is sealed
and cut along equally spaced cross sections to form pillow packs, which are then
folded mechanically to form respective parallelepiped-shaped packages.

More specifically, the heat-seal operation comprises a first heating step to
heat the second longitudinal edge without the sealing strip; and a second pressure
step to compress the sealing strip and the longitudinal edges.

The first heating step melts the polyethylene layer of the second longitudinal
edge, which transmits heat by conduction to the first longitudinal edge and the
sealing strip, so as to melt the polyethylene layer of the first longitudinal edge and
the heat-seal material of the sealing strip.

At the second pressure step, the tube is fed between a number of first rollers
outside the tube, and at least one second roller inside the tube.

More specifically, the first rollers define a compulsory circular passage for
the tube of packaging material, and have respective axes in a plane perpendicular to
the path of the tube.

The second roller has an axis parallel to the axis of a corresponding first
roller, and presses the sealing strip and the longitudinal edges of the packaging
material against the corresponding first roller, so that the heat-seal material of the
sealing strip and the polyethylene layers of the longitudinal edges blend completely
and form the molecular bonds defining the longitudinal seal of the tube.

More specifically, the second roller cooperates with a surface of uneven
thickness, that is, defining a step along the centreline of the sealing strip. The
second portion of the sealing strip, in fact, is superimposed directly on the inner
face of the second longitudinal edge, whereas the first longitudinal edge is
interposed between the inner face of the second longitudinal edge and the first
portion of the sealing strip, so the first portion is closer to the axis of the pressure
roller than the second portion.

Because of this difference in thickness, highly uneven pressure is exerted on
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the sealing strip. More specifically, pressure is maximum at the step, and is greater
on the first portion than the second portion of the sealing strip.

The danger therefore exists of the pressure on the second portion of the
sealing strip not being sufficient to seal the second portion completely to the face of
the second longitudinal edge inside the tube, thus resulting in a discontinuous
longitudinal seal.

A need is felt within the industry for a packaging machine provided with
pressure rollers capable of exerting sufficient pressure on the whole sealing strip to
ensure complete blending of the polyethylene, and thereby prevent the formation of
a discontinuous longitudinal seal.

It is an object of the present invention to provide a packaging machine
designed to achieve the above in a straightforward, low-cost manner.
DISCLOSURE OF THE INVENTION

According to the present invention, there is provided a packaging machine
for producing sealed packages of a food product from a web of packaging material,
as claimed in Claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Several preferred, non-limiting embodiments of the present invention will
be described by way of example with reference to the accompanying drawings, in
which:

Figure 1 shows a schematic view in perspective of a pourable food product
packaging machine in accordance with the present invention;

Figure 2 shows a larger-scale view of a number of operating stations of the
Figure 1 machine;

Figure 3 shows a view in perspective of a station of the Figure 1 and 2
machine comprising a pressure roller in accordance with the invention;

Figure 4 shows a section, with parts removed for clarity, along line IV-IV in

Figure 3;
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Figure 5 shows a much larger-scale section, with parts removed for clarity,
along line V-V in Figure 4;

Figure 6 shows a longitudinal section of the Figure 3 and 5 pressure roller;

Figure 6A shows a longitudinal section of an alternative embodiment of the
pressure roller of Figure 6;

Figures 7-9 show respective longitudinal sections of a second, third and
fourth embodiment of the Figure 3 and 5 pressure roller;

Figure 10 shows a view in perspective, with parts removed for clarity, of a
fifth embodiment of the Figure 3 and 5 pressure roller; and

Figure 11 shows a longitudinal section of a sixth embodiment of the Figure
3 and 5 pressure roller.

BEST MODE FOR CARRYING OUT THE INVENTION

Number 1 in Figure 1 indicates as a whole a packaging machine for
continuously producing scaled packages 2 of a food product from a web 3 of
packaging material, which is unwound off a reel 4 and fed along a forming path P.

Machine 1 preferably produces sealed packages 2 of a pourable food
product, such as pasteurized or UHT milk, fruit juice, wine, peas, beans, etc.

Machine 1 may also produce sealed packages 2 of a food product that is
pourable when producing packages 2, and sets after packages 2 are sealed. One
example of such a food product is a portion of cheese, that is melted when
producing packages 2, and sets after packages 2 are sealed.

The packaging material has a multilayer structure substantially comprising a
base layer for stiffness and strength, which may be defined by a layer of fibrous
material, e.g. paper, or mineral-filled polypropylene material, and a number of
layers of heat-seal plastic material, e.g. polyethylene film, covering both sides of
the base layer.

More specifically, web 3 is fed along path P by guide members 5, e.g.

rollers or similar, and successively through a number of work stations, of which are
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shown schematically: a station 6 for applying a sealing strip 9 (shown enlarged in
thickness in Figure 5 for the sake of clarity) to web 3; a forming station 7 for
forming a tube 10 of packaging material; and a station 8 for heat scaling a
longitudinal seal 14 along tube 10.

Machine 1 also comprises a fill device 12 for pouring the sterilized or
sterile-processed food product continuously into tube 10 of packaging material; and
a jaw-type forming assembly (not shown) for gripping, sealing, and cutting tube 10
along equally spaced cross sections to form a succession of packages 2.

More specifically, at station 6, a longitudinal edge 11, parallel to path P, of
web 3 is first heated, e.g. by air or induction, to melt the plastic layer. Web 3 has a
longitudinal edge 15 opposite edge 11 and also parallel to path P.

Next, a portion 16 (Figure 5) of strip 9 is first applied to the face of edge 11
eventually facing inwards of packages 2, while a further portion 17 of strip 9
projects from edge 11.

Finally, strip 9 is pressed onto longitudinal edge 11, e.g. by means of rollers
not shown.

More specifically, sealing strip 9 is made of heat-seal plastic material.

Strip 9 prevents edge 11 from absorbing the food product once tube 10 and
seal 14 of the tube are formed, and also provides for improving the gas-barrier
performance and physical strength of seal 14.

Station 7 comprises a number of forming assemblies 13 arranged
successively along path P, and which interact gradually with web 3 to fold it into
the form of tube 10.

More specifically, forming assemblies 13 comprise respective numbers of
rollers defining respective compulsory packaging material passages, the respective
sections of which vary gradually from a C shape to a substantially circular shape.

More specifically, the axes of the rollers in each forming assembly 13 lie in

a relative plane perpendicular to path P.
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As shown in Figure 5, forming assemblies 13 gradually form tube 10, so
that edge 15 is located outwards of edge 11 with respect to the axis of tube 10.
More specifically, when forming tube 10, strip 9 is located inside tube 10, and the
inner face of edge 15 is superimposed partly on portion 17 of strip 9, and partly on
the outer face of edge 11.

Station 8 comprises heating means (not shown) for heating edge 15 and
locally melting the polyethylene layer of edge 15. Heat is transmitted by conduction
from edge 15 to edge 11 and strip 9, so as to locally melt the polyethylene layer of
edge 11 and the heat-seal material of strip 9.

Station 8 also comprises a number of forming rollers 20, 21 defining a
compulsory circular passage for tube 10; and at least one roller 22 for pressing
portion 17 of strip 9, and portion 16 of strip 9 and edge 11 onto the face of edge 15
inside tube 10, so the polyethylene layers of edges 11, 15 and the heat-seal material
of strip 9 blend completely to form the molecular bonds defining seal 14 of tube 10.

More specifically, rollers 20, 21 are located outside tube 10, and pressure
roller 22 inside tube 10.

With reference to Figure 3, rollers 20, 21 are idle rollers, and have
respective axes A (only one shown in Figures 4 and 5) in a plane perpendicular to
path P. The circular passage defined by rollers 20, 21 has a diameter equal to the
final diameter of the longitudinally sealed tube 10.

Each roller 20, 21 is of minimum diameter in a respective central plane
perpendicular to respective axis A, and decreases in diameter from its axial ends
towards said central plane.

Pressure roller 22 is mounted idly, is positioned facing a corresponding
roller 21, and has an axis B parallel to axis A of corresponding roller 21.

More specifically, pressure roller 22 is smaller in length and diameter than
corresponding roller 21.

Pressure roller 22 (Figure 6) substantially comprises a body 30, and a core
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31 housed coaxially inside body 30.

More specifically, body 30 is made of elastically deformable material, e.g.
rubber.

Core 31 is made of more rigid material than body 30, e.g. a plastic polymer
material, and is preferably made of polyetheretherketone, i.e. a polymer known
commercially as "PEEK".

Body 30 and core 31 define an outer radial end surface 32 and an inner
radial end surface 33 respectively of pressure roller 22.

Body 30 is bounded radially inwards by a surface 35 opposite surface 32;
and core 31 is bounded radially outwards by a surface 34 opposite surface 33 and
cooperating with surface 35.

Surfaces 32, 33 preferably extend at a constant radial distance from axis B,
so that pressure roller 22 is in the form of a hollow cylinder.

Core 31 advantageously comprises a portion 40 and a portion 41, and the
radial distance between surfaces 33 and 34 at portion 40 is greater than the radial
distance between surfaces 33 and 34 at portion 41, i.e. portion 40 is radially thicker
than portion 41.

Portion 40 is located entirely on one side of a central plane Q perpendicular
to axis B of pressure roller 22, whereas portion 41 is intersected by plane Q.

Portions 40, 41 are cylindrical.

Core 31 comprises two opposite axial ends 25, 26 interposed radially
between surfaces 33, 34.

More specifically (Figure 6), core 31 comprises, from end 25 to end 26 :

- a cylindrical portion 42 and a shoulder 43;

- portion 40;

- a portion 45, in which the radial distance between surfaces 33 and 34
decreases; and

- portion 41.
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More specifically, surface 34 comprises a truncated-cone-shaped portion
defining radially outer portion 45.

From end 25 to end 26, the truncated-cone-shaped portion of surface 34
converges with respect to axis B.

As an alternative (illustrated in Figure 6A), surface 33 may extend at a
greater radial distance from axis B at end 26 than over the rest of core 31, which
advantageously enables defining univocally the mounting direction for pressure
roller 21 on packaging machine 1.

Body 30 comprises two opposite ends 27, 28 extending radially between
surfaces 32 and 35. More specifically, ends 25, 26 of core 31 project axially from
respective ends 27, 28 of body 30.

From end 27 to end 28, body 30 comprises a number of portions 50, 51, 52
surrounding respective portions 40, 45, 41 of core 31.

More specifically, portions 50 and 52 are cylindrical, and the radial
thickness of portion 50, i.e. the radial distance between surfaces 32 and 35, is
smaller than the radial thickness of portion 52.

From end 27 to end 28, the radial thickness of portion 51 increases.

Portions 50, 52 of body 30 cooperate respectively with portions 17, 16 of
strip 9 (Figure 5).

Because portion 17 is superimposed directly on the face of edge 15 inside
tube 10, whereas portion 16 is applied to edge 11 in turn superimposed on the inner
face of edge 15, pressure roller 22 presses against roller 21 a surface of sharply
uneven thickness, i.e. defining a step, which, in the example shown, is located
along a longitudinal centreline of the sealing strip. More specifically, the uneven
surface is thicker at portion 16 of strip 9, and thinner at portion 17 of strip 9.

Consequently, portion 50 (shown deformed in Figure 5) of body 30
cooperates with a surface thinner than that with which portion 52 of body 30

cooperates.
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As shown in Figures 3 and 4, pressure roller 22 is pushed against
corresponding roller 21 by elastic means. More specifically, the elastic means
comprise a leaf spring 55 having a first end fixed to device 12, and a second end,
opposite the first end, fixed to a supporting device 56 about which pressure roller
22 rotates about axis B.

In actual use, web 3 us unwound off reel 4 and fed along path P.

More specifically, web 3 is fed by guide members 5 along path P and
through successive stations 6, 7, 8.

At station 6, edge 11 is heated, and portion 16 of strip 9 is applied to the
face of edge 11 eventually facing inwards of packages 2. Once portion 16 is applied
to edge 11, portion 17 projects from edge 11.

Next, web 3 interacts gradually with forming assemblies 13, and is folded to
superimpose edges 11, 15 and form tube 10 not yet sealed longitudinally.

More specifically, forming assemblies 13 fold web 3 (Figure 5) so that strip
9 is located inside the as yet unsealed tube 10, edge 15 is located radially outwards
of edge 11 and portion 17 with respect to the axis of tube 10 still to be sealed
longitudinally, and edge 11 is located radially outwards of portion 16 of strip 9
(Figure 5).

At station 8, edge 15 is heated to melt the polyethylene layer, and heat is
transmitted by conduction from edge 15 to edge 11 and strip 9 to melt the
polyethylene layer of edge 11 and the heat-seal material of strip 9.

Next, tube 10 is fed through the circular passage defined by rollers 20, 21.
Edges 11, 15 and strip 9 are compressed between rollers 21, 22 to blend the
polyethylene layer of edges 11, 15 and the heat-seal material of strip 9, and so form
the molecular bonds defining seal 14 of the finished tube 10.

More specifically, seal 14 is formed by sealing to the inner face of edge 15
portion 17 of strip 9 and the face of edge 11 on the opposite side to portion 16.

When forming seal 14, portion 50 of body 30 presses portion 17 of strip 9
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onto the inner face of edge 15, while portion 52 of body 30 presses portion 16 and
edge 11 onto the inner face of edge 15.

Portions 50, 52 of body 30 therefore cooperate with respective portions of
different thickness of the same surface having a step, in the example shown, along
the centreline of strip 9. More specifically, portion 52 compresses a portion of said
surface thicker than the portion compressed by portion 50.

The longitudinally sealed tube 10 is filled continuously with the pourable
food product by device 12, and is then fed through the jaw-type forming assembly
(not shown) where it is gripped, sealed, and cut along equally spaced cross sections
to form a succession of packages 2.

Number 22.1 in Figure 7 indicates as a whole a different embodiment of the
pressure roller incorporated in packaging machine 1 in accordance with the present
invention.

Pressure roller 22.1 is similar to pressure roller 22, and is described below
only insofar as it differs from the latter, and using the same reference numbers,
where possible, for identical or corresponding parts of pressure rollers 22, 22.1.

More specifically, pressure roller 22.1 differs from pressure roller 22 in that
core 31.1 comprises an end portion 44 in which, from end 25, the radial distance
between surfaces 33 and 35 increases, with respect to axis B. Also, surface 34.1
comprises a truncated-cone-shaped portion defining radially outer end portion 44.

Accordingly, from end 25 to end 26, the truncated-cone-shaped portion of
surface 34.1 diverges with respect to axis B.

Further, body 30.1 comprises an end portion 49 surrounding end portion 44
of core 31.1. From end 27, the radial thickness of end portion 49 increases, with
respect to axis B.

Advantageously, end portion 49 of body 30.1 surrounding end portion 44 of
core 31.1 enables a better grasping of core 31.1 by body 30.1, thereby favouring, in

use, a greater reciprocal stability between cooperating surfaces 34.1 and 35 and,
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consequently, a longer lifetime.

Number 22.2 in Figure 8 indicates as a whole a further embodiment of the
pressure roller incorporated in packaging machine 1 in accordance with the present
invention. Pressure roller 22.2 is similar to pressure rollers 22, 22.1, and is
described below only insofar as it differs from them, and using the same reference
numbers, where possible, for identical or corresponding parts of pressure rollers 22,
22.1,22.2.

More specifically, pressure roller 22.2 differs from pressure roller 22.1 by
being hollow-barrel-shaped, i.e. surface 32.2 extends at increasing radial distances
with respect to axis B from end 27 to plane Q, and at decreasing radial distances
with respect to axis B from plane Q to end 28.

Advantageously, pressure roller 22.2 enables the pressure exerted by surface
32.2 to be distributed in any predetermined manner by appropriately varying the
radial dimensions of core 31.1 and body 30.2. The hollow-barrel-shape of body
30.2 makes pressure roller 22.2 particularly advantageous when incorporated in a
packaging machine intended for small-diameter tubes 10.

Number 22.3 in Figure 9 indicates as a whole a further embodiment of the
pressure roller incorporated in packaging machine 1 in accordance with the present
invention. Pressure roller 22.3 is similar to pressure rollers 22, 22.1, and 22.2 and is
described below only insofar as it differs from them, and using the same reference
numbers, where possible, for identical or corresponding parts of pressure rollers 22,
22.1,22.2.

Pressure roller 22.3 specifically differs from pressure roller 22.2 by core
31.3 comprising a barrel-shape portion 40.3, i.e. in which the radial distance
between surfaces 33 and 35.3 increases, with respect to axis B, from end 25 to a
plane R parallel to, and spaced apart from, plane Q; in particular, the radial distance
between surfaces 33 and 35.3 increases proportionally to the distance between

surface 32.2 and surface 33. Therefore, the thickness of portion 50.3 of body 30.3,
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which surrounds portion 40.3 of core 31.3, is constant between end 27 and plane R.
In other words, the radial distance between surface 34.3 and surface 32.2 is constant
from end 25 to plane R.

Advantageously, the packaging machine according to the invention
comprising pressure roller 22.3 enables the pressure exerted by surface 32.2 to be
distributed particularly homogeneously in view of a homogencously distributed
deformation of portion 50.3 of body 30.3.

Number 22.4 in Figure 10 indicates as a whole a further embodiment of the
pressure roller incorporated in packaging machine 1 in accordance with the present
invention. Pressure roller 22.4 is similar to the pressure rollers described above and
is described below only insofar as it differs from them, and using the same
reference numbers, where possible, for identical or corresponding parts of all
pressure rollers described thus far.

Pressure roller 22.4 differs from roller 22.1 by core 31.4 comprising a
cylindrical portion 46 interposed axially between portions 41 and 45; and a portion
47 increasing in thickness from end 25 to end 26. More specifically, portion 47 is
interposed axially between portion 46 and portion 41.

Body 30.4 differs from body 30.1 by comprising two portions 57, 58
surrounding respective portions 46, 47.

Finally, surface 33.4 differs from surface 33.1 by extending at a greater
radial distance from axis B at end 25 than at end 26.

Number 22.5 in Figure 11 indicates as a whole a further embodiment of the
pressure roller incorporated in packaging machine 1 in accordance with the present
invention. Pressure roller 22.5 is similar to the pressure rollers described above and
is described below only insofar as it differs from them, and using the same
reference numbers, where possible, for identical or corresponding parts of all
pressure rollers described thus far.

Pressure roller 22.5 differs from roller 22.3 by core 31.5 comprising a
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cylindrical portion 46.5 interposed axially between portions 41 and 40.3; and a
portion 47.5 decreasing in thickness from end 25 to end 26. More specifically,
portion 47.5 is interposed axially between portion 46.5 and portion 41.

Body 30.5 differs from body 30.3 by comprising two portions 57.5, 58.5
surrounding respective portions 46.5, 47.5.

A packaging machine in accordance with the invention which incorporates
pressure roller 22.5 is particularly suitable for small-diameter tubes 10 having a
two-stepped surface to be compressed, i.e. having three different portions extending
at three different radial distances from axis B.

The advantages of a packaging machine according to the present invention
incorporating any of the pressure rollers described above will be clear from the
above description.

In particular, core 31, 31.1, 31.3, 31.4, 31.5 made of rigid material is
radially thicker at portion 40 than at portion 41, and body 30 of clastically
deformable material is radially thicker at portion 52 than at portion 50.

In other words, the rigidity, radially with respect to axis B, of the portion of
roller 22, 22.1, 22.2, 223, 224, 22.5 comprising portions 40 and 50 is
predominantly determined by the rigidity of portion 40 of core 31, 31.1, 31.3, 31.4,
31.5 of rigid material. Similarly, the rigidity, radially with respect to axis B, of the
portion of roller 22, 22.1, 22.2, 22.3, 22.4, 22.5 comprising portions 41 and 52 is
predominantly determined by the rigidity of portion 52 of body 30, 30.2 of
clastically deformable material.

The portion of roller 22, 22.1, 22.2, 22.3, 22.4, 22.5 comprising portions 40
and 50 is therefore of greater rigidity, radially with respect to axis B, than the
portion of roller 22, 22.1, 22.2, 22.3, 22.4, 22.5 comprising portions 41 and 52.

Consequently, the portion of surface 32 cooperating with portion 17 of strip
9 deforms, radially with respect to axis B, to a lesser extent than the portion of

surface 32 cooperating with portion 16 of strip 9.
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The Applicant has observed that, because of this, the pressure exerted on
strip 9 is maximum at the step coinciding, in the example shown, with the
centreline of strip 9, and remains sufficiently high on both portions 16, 17 to ensure
complete formation of seal 14.

In other words, the greater rigidity of roller 22, 22.1, 22.2, 22.3, 22.4, 22.5
at portions 40, 50 compensates for portion 16 being superimposed on both edges
11, 15, and portion 17 only being superimposed on edge 15.

Moreover, the difference in radial thickness of portions 40, 41 of core 31,
31.1, 31.3, 31.4, 31.5 enables the rigidity of the portions of pressure roller 22.1,
22.2, 223, 22.4, 22.5 cooperating with portions 16, 17 of the strip to be varied
without altering the shape of surfaces 32, 32.2, 33, ic. the overall external
geometry of pressure roller 22, 22.1, 22.2,22.3,22.4, 22.5.

In other words, pressure roller 22, 22.1, 22.2, 22.3, 22.4, 22.5 enables the
pressure exerted by surface 32, 32.2 to be distributed in any predetermined manner
by appropriately varying the radial dimensions of core 31, 31.1, 31.3, 31.4, 31.5
and body 30, 30.1, 30.2, 30.3, 30.4, 30.5.

Pressure roller 22.1, 22.3 and 22.5 are particularly advantageous in the case
of a small-diameter tube 10.

That is, surface 32.2 is designed to operate without interfering with the inner
surface of tube 10, thus preventing the portions of surfaces 32.2 adjacent to ends
27, 28 from marking the inner surface of tube 10.

Finally, pressure roller 22.4 and 22.5 have a first rigidity at a first portion
comprising portions 40, 50; a second rigidity at a second portion comprising
portions 41, 52; and a third rigidity at a third portion comprising portions 46, 58.

Pressure roller 22.4 and 22.5 are therefore particularly advantageous for
compressing a two-stepped surface, i.e. having three different portions extending at
three different radial distances from axis B.

Clearly, changes may be made to a packaging machine incorporating
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pressure roller 22, 22.1, 22.2,22.3, 22.4, 22.5 as described herein without, however,
departing from the scope of the present invention.

In particular, a packaging machine which is to compress a sheet surface of
uneven thickness may incorporate any roller which, like pressure roller 22, 22.1,
22.2,22.3,22.4,22.5 , has two portions extending at different radial distances from
axis B .

Pressure roller 22, 22.1, 22.2, 22.3, 22.4, 22.5 may also define a laminating
cylinder considerably larger in length than in diameter, and cooperating with a
surface of constant thickness. In which case, the varying rigidity of pressure roller
22,22.1,22.2,22.3,22.4,22.5 along axis B provides for compensating deformation
of pressure roller 22, 22.1, 22.2, 22.3, 22.4, 22.5 and exerting even pressure on the
material.

Machine 1 may also comprise two or more pressure rollers 22, 22.1, 22.2,

223,224,225.
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CLAIMS

1) A packaging machine (1) for producing sealed packages (2) of a food
product from a web (3) of packaging material; said web (3) comprising a first and a
second longitudinal edge (11, 15) opposite each other;

said machine (1) comprising:

- forming means (13) defining a compulsory passage for said web (3), and
which keep said first and second longitudinal edge (11, 15) superimposed to form a
tube (10) of packaging material, and are located outside said tube (10); said first
and second longitudinal edge (11, 15) defining, when superimposed, a surface (11,
15) of uneven thickness facing inwards of said tube (10); and

- at least one pressure roller (22, 22.1, 22.2, 22.3, 22.4, 22.5) which is
located inside said tube (10) and presses said surface (11, 15) of uneven thickness
against said forming means (13) to form a longitudinal seal (14) of the tube (10);
characterized in that
said pressure roller (22, 22.1, 22.2, 22.3, 22.4, 22.5) comprises:

- a body (30, 30.1, 30.2, 30.3, 30.4, 30.5) made of clastically deformable
material for pressing said sheet material (9; 11; 15;); and

- a core (31, 31.1, 31.3, 31.4, 31.5) made of more rigid material than said
body housed inside said body (30.1, 30.2, 30.3, 30.4, 30.5) and angularly integral
therewith; said core (31, 31.1, 31.3, 31.4, 31.5) comprising a first end surface (34)
cooperating with said body (30.1, 30.2, 30.3, 30.4, 30.5), and a second end surface
(33) radially inner with respect to said first surface (34, 34.1, 34.2, 34.3, 34.4,
34.5);

said core (31, 31.1, 31.3, 31.4, 31.5) comprising at least a first portion (40,
40.3) and a second portion (41); the radial distance between said first and second
surface (34, 34.1, 34.2, 34.3, 34.4, 34.5; 33) at said first portion (40, 40.3) being

greater than at said second portion (41).
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2) A packaging machine as claimed in Claim 1, characterized by said
pressure roller (22, 22.1, 22.2, 22.3, 22.4, 22.5) comprising a central plane (Q)
crosswise to said axis (B); and in that at least one (40, 40.3) of said first and second
portions (40, 40.3; 41) extends on one side of said plane (Q).

3) A packaging machine as claimed in Claim 2, characterized in that said
first portion (40, 40.3) of said core (31, 31.1, 31.3, 31.4, 31.5) extends on said one
side of said plane (Q).

4) A packaging machine as claimed in any one of the foregoing Claims,
characterized in that said core (31, 31.1, 31.3, 31.4, 31.5) comprises a third portion
(45) interposed axially between said first and said second portion (40, 40.3; 41),
and at which the distance between said first and said second surface (34, 33) varies;
said first surface (34) being truncated-cone-shaped at said third portion (45).

5) A packaging machine as claimed in any one of the foregoing Claims,
characterized in that said second surface (33) extends at a constant distance from
said axis (B).

6) A packaging machine as claimed in any one of the foregoing Claims,
characterized in that said first and second portion (40, 41) are cylindrical.

7) A packaging machine as claimed in any one of Claims 1 to 5,
characterized in that at said first portion (40.3) the distance between said first and
said second surface (34.2, 34.3, 34.5; 33) varies; said first surface (34.2, 34.3, 34.5)
being barrel-shaped at said first portion (40.3).

8) A packaging machine as claimed in claim 7, characterized in that the
radial distance between said first surface (34.3, 34.5) and an outer radial surface
(32) of body (30.3, 30.5) is constant at said first portion (40.3).

9) A packaging machine as claimed in any one of the foregoing Claims,
characterized in that said core (31.4, 31.5) comprises a cylindrical further portion
(46) interposed axially between said first and second portion (40, 40.3; 41); the

radial distance between said first and second surface (34.4, 34.5; 33), measured at
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said further portion (46), differing from the radial distances between said first and
second surface (34.4, 34.5; 33), measured at said first and second portion (40, 40.3;
41).

10) A packaging machine as claimed in Claim 9, characterized in that said
core (31.4, 31.5) comprises a fourth portion (47) interposed axially between said
cylindrical further portion (46) and said second portion (41), and at which the
distance between said first and said second surface (34.4, 34.5; 33) varies; said first
surface (34.4, 34.5) being truncated-cone-shaped at said fourth portion (46).

11) A packaging machine as claimed in any one of the foregoing claims,
characterized by further comprising a station (6) for applying a first portion (16) of
a sealing strip (9) to a face of said first longitudinal edge (11) eventually defining
the inside of said packages (2);

said forming means (13) and said pressure roller (22, 22.1, 22.2, 22.3, 22 4,
22.5) keeping a second portion (17) of said sealing strip (9) superimposed on a face
of said second longitudinal edge (15) eventually defining the inside of said
packages (2), and keeping said first portion (16) of said sealing strip and said first
longitudinal edge (11) superimposed on said face of said second longitudinal edge
(15);

and in that said body (30, 30.1, 30.2, 30.3, 30.4, 30.5) of said pressure roller
(22, 22.1, 222,223, 22.4, 22.5) comprises a first body portion (50) and a second
body portion (52) radially surrounding said first portion (40) and said second
portion (41) of said core (31, 31.1, 31.3, 31.4, 31.5) respectively; said first body
portion (50) of said pressure roller (22, 22.1, 22.2, 22.3, 22.4, 22.5) pressing said
second portion (17) of said sealing strip and said second longitudinal edge (15)
against said forming means (13); and said second body portion (52) pressing said
first portion (16) of said sealing strip (9) and said first and second longitudinal edge
(11, 15) against said forming means (13).

12) A packaging machine as claimed in any one of the foregoing claims,
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characterized in that said forming means (13) comprise a number of forming rollers

(20, 21).
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