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(57) Abstract:

An extrusion- or pultrusion device (1) for forming a profile product (2) in a production
direction (Y), said device comprising:

-a rotating die (3) having two opposite first and second side walls (5, 6) and an outer
circumferential surface (4) there between, wherein the rotating die (3) comprises a first side
portion (23) in connection to the first side wall and a second side portion (25) in connection to
the second side wall (6) and a mid-portion (22) extending between the first and second side
portions (23, 25), wherein the first and/or second side portions (23, 25) comprises an recess
(29) extending in a radial direction (R) with an extension being less than a radial extension of
at least a part of the mid-portion (22).
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ABSTRACT

An extrusion- or pultrusion device (1) for forming a profile product (2) in a production
direction (Y), said device comprising:

-a rotating die (3) having two opposite first and second side walls (5, 6) and an outer
circumferential surface (4) there between, wherein the rotating die (3) comprises a first side
portion (23) in connection to the first side wall and a second side portion (25) in connection to
the second side wall (6) and a mid-portion (22) extending between the first and second side
portions (23, 25), wherein the first and/or second side portions (23, 25) comprises an recess
(29) extending in a radial direction (R) with an extension being less than a radial extension of
at least a part of the mid-portion (22).
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AN EXTRUSION AND/OR PULTRUSION DEVICE AND METHOD
TECHNICAL FIELD

The invention relates to an extrusion and /or pultrusion device for forming a profile product in

a production direction, said device comprising:

-a rotating die, extending in a radial direction and a width direction, having two opposite first
and second side walls and an outer circumferential surface extending in the width direction
there between, wherein the rotating die comprises a first side portion in connection to the
first side wall and a second side portion in connection to the second side wall and a mid-

portion extending between the first and second side portions,
and

-a profile definition zone having a longitudinal direction coinciding with the production
direction, a height direction and a width direction being perpendicular to the height direction,
comprising a through channel comprising a first channel section followed by a second channel
section downstream the first channel section with reference to the production direction,
wherein the rotating die is rotatable about an axis extending across the production direction
and arranged to allow the outer circumferential surface to, while the rotating die rotates,

exert a pressure onto a surface of the material when fed through the profile definition zone
-the first channel section is circumferentially delimited by one or more walls
and wherein
- the second channel section is circumferentially delimited by
-the circumferential surface of the rotating die and
-a channel portion comprising
-a counter-bearing opposite the rotating die and

-opposing first and second channel portion side walls between the rotating die and the

counter-bearing
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The invention also relates to a method for producing a profile product by use of such a device.
BACKGROUND ART

In the field of extrusion and/or pultrusion devices it is known using a rotating die immediately
downstream a more traditional extrusion and/or pultrusion device using fixed or static walls.
This type of extrusion with a rotating die is hereinafter referred to as 3D-extrusion and relates
to that the rotating die operates in a pressurized zone in connection to the more traditional
extrusion and/or pultrusion portion of the device, which differs 3D-extrusion from
calendaring. The combination of the static walls in the first channel section and a rotating die
in the second channel section gives the benefit of producing a profile product at a very high
speed with maintained high quality of shape and imprint. It is thus an effective and relatively
cheap production method that can be used for most materials that can be formed by use of

extrusion, i.e. everything from e.g. plastic to aluminium.
SUMMARY OF THE INVENTION

With reference to background art, there is however a need for an improved leakage
protection at a portion of the device where the first and second side walls of the rotating die

meets the opposing first and second channel portion side walls in the second channel section.

The invention relates to an extrusion and/ or pultrusion device for forming a profile product in

a production direction, said device comprising:

-a rotating die, extending in a radial direction and a width direction, having two opposite first
and second side walls and an outer circumferential surface extending in the width direction
there between, wherein the rotating die comprises a first side portion in connection to the
first side wall and a second side portion in connection to the second side wall and a mid-

portion extending between the first and second side portions,
and

-a profile definition zone having a longitudinal direction coinciding with the production
direction, a height direction and a width direction being perpendicular to the height direction,
comprising a through channel comprising a first channel section followed by a second channel

section downstream the first channel section with reference to the production direction,
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wherein the rotating die is rotatable about an axis extending across the production direction
and arranged to allow the outer circumferential surface to, while the rotating die rotates,

exert a pressure onto a surface of the material when fed through the profile definition zone,
wherein

-the first channel section is circumferentially delimited by one or more walls

and wherein

- the second channel section is circumferentially delimited by

-the circumferential surface of the rotating die and

-a channel portion comprising

-a counter-bearing opposite the rotating die and

-opposing first and second channel portion side walls between the rotating die and the

counter-bearing,

wherein the first and/or second side portions comprises one or more recesses extending in
the width direction, the rotation direction, i.e. the circumferential direction being
perpendicular to the width direction and the radial direction. The recess has a radial extension

being smaller than a radial extension of at least a part of the mid-portion. .

In order to more easily explain the device, a cylindrical coordinate system has been used for
the rotating die and an orthogonal Cartesian coordinate system for a three-dimensional space
for the device in general. The rotating die therefore is described as having a width direction
from end to end coinciding with a centre line, i.e. rotation axis, about which the rotating die
rotates, and a thickness in a radial direction being orthogonal to the width direction. The outer
circumferential surface further extends about the axis in a rotation direction being
perpendicular to the width direction. Here rotation symmetric refers to a symmetrical
disposition about the rotating axis or a rotational balanced disposition of the matter in the
rotating die. The device in general, i.e. e.g. the profile definition zone, the first and second
channel sections, is described as having a width direction, a height direction and a longitudinal

direction, where the longitudinal direction coincides with the general production direction.
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The rotating die is arranged to be rotatable about the axis and the axis can be directly or

indirectly stored in and rotatably coupled to the first and second channel portion side walls.

With reference to the above described coordinate systems it should be noted that the axis of
the rotating die can be arranged perpendicular to the longitudinal direction, i.e. to the

production direction of the device in general, or can be arranged at an angle.

According to one example, the axis of the rotating die is directed substantially perpendicular
to the production direction with the outer circumferential surface extending across the

production direction in a width direction thereof.

According to one example, the axis of the rotating die coincide with the width direction of the
device in general and the width direction of the rotating die coincide with the width direction
of the device in general. The longitudinal direction coincide with the production direction, i.e.

the main direction along which the material travels during production.

According to one example, the axis of the rotating die does not coincide with the width
direction of the device in general, but the axis of the rotating die and the width direction of
the rotating die is arranged at an angle being less or more than 90° to the longitudinal
direction. However, the axis of the rotating die is arranged such that the outer circumferential

surface extends across the production direction in a width direction thereof.

With reference to either one of the two examples above, the normal to the axis of the rotating
die coincides with the height direction of the device in general. Here, the normal coincides
with the radial direction of the rotating die. Here, the axis of the rotating die is directed
perpendicular to the normal of the production direction regardless of whether the axis of the
rotating die coincide or not with the width direction of the device in general. However,
according to one example the normal to the axis of the rotating die can be arranged at an
angle to the height direction of the device in general. However, the axis of the rotating die is
arranged such that the outer circumferential surface extends across the production direction

in a width direction thereof, but at an angle to the production direction.

One advantage with the device is that the recess or recesses create a space with decreased
pressure in the first and/or second side portions compared to other parts of the rotating die

positioned axially, i.e. in the width direction, closer to a centre of the rotating die compared to
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the recess or recesses. The decreased pressure reduces and/or removes the problem with
leakage where the first and second side walls of the rotating die meets the opposing first and
second channel portion side walls in the second channel section since the material that is
processed can flow towards the first and second side walls but the decrease in pressure on the
material inherently slows down the flow. Dependent on design, the material flow can be
stopped before reaching the first and second side walls of the rotating die or may be allowed
to flow at a controlled rate to hit the first and second channel portion side walls but with a
predetermined tolerance between the first and second side walls of the rotating die and the
first and second channel portion side walls that hinders leakage. The tolerance depends also
on what material that is worked, a more fluid material demands a small tolerance, i.e. a small
distance between the rotating die and the first and second channel portion side walls, and a
less fluid material can allow for a greater tolerance, i.e. a larger distance. The flow of material
is also dependent on the shape and form of the rotating die and the position of the rotation
die with relation to the shape and form of the first channel section. For example, a rotating die
that is radially thicker in the middle than on the sides will create a larger pressure centrally
and thus a greater flow towards the first and second side walls of the rotating die compared to

a rotating die that is radially smaller in the middle than on the sides.

Hence, the first and second side walls are positioned in relation to the first and second
channel portion side walls such that the first and second side walls are rotatably connected to
the first and second channel portion side walls with a tolerance arranged dependent on

product material and the geometrical relation between the first and second channel sections.

Hence, the size of the recesses depends on a number of parameters and need to be designed
dependent on, for example, the material to be processed, the shape and form of the rotating
die and the relationship between the shape and form of the first channel section and the

second channel section.

The size of the recess, i.e. the extension in the width direction, the rotation direction, i.e. the
circumferential direction being perpendicular to the width direction and depth of the recess,
gives the size of the space into which the material can flow and therefore gives the possibility
to determine how much the pressure should be reduced in the recess, compared to at least a

portion of the mid-portion. The rule is that the greater the space the more the pressure



10

15

20

25

543 401

decreases, but also the shape of the recess has an impact on gradient of the pressure
difference. For example, a step, i.e. 90° drop, gives a more immediate pressure drop than a

slanted surface.

It should be noted that one of or both the first and second side portions comprises a recess.
According to one example, the recess is an annular recess, i.e. extending circumferentially
about the rotational axis. According to one example, the first and/or second side portions
comprises one or more recesses not being annular but arranged as one ore many single
recesses. Each single recess has an extension in the width direction, the rotation direction, i.e.
the circumferential direction being perpendicular to the width direction, and the radial
direction. The single recesses can have similar or different shape and are advantageously. The
single recesses can be arranged in different patterns extending circumferentially about the
rotational axis. The single recesses can be arranged in one single line of recesses extending
circumferentially about the rotational axis or can be arranged as two or more lines of recesses
arranged next to each other in the width direction. The two or more lines of recesses can be
arranged such that one or more recesses are arranged next to each other in the width
direction or offset to each other in the circumferential direction. The different lines of single

recesses can have same or different number of recesses.

It should be noted that the first and/or the second side portions could comprise the recess in

different ways.

According to one example, the first and/or second side portions comprise only the recess or
recesses in the first and second side portions. Here, there is a transition from the mid-portion
to the recess coinciding with the transition from the mid-portion to each of the first and

second side portions.

According to another example, the first and second side portions comprises the recess or
recesses and a first additional portion extending in the width direction of the rotating die.
According to one example, the recess is arranged directly adjacent the mid-portion and there
is a transition from the mid-portion to the recess coinciding with the transition from the mid-
portion to each of the first and second side portions. The first additional portion thus extends

between the recess and the first and/or second side wall respectively of the rotating die. The
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first additional portion could for example comprise a flange portion according to one example

described below or a portion having the same radial extension as the mid-portion.

According to one example, the recess or recesses are arranged at a distance from the mid-
portion with a second additional portion extending in the width direction of the rotating die
between the mid portion and the recess and there is a transition from the mid-portion to the
recess not-coinciding with the transition from the mid-portion to each of the first and second
side portions, but a transition between the second additional portion and the recess. The
second additional portion is in some aspects different from similar aspects of the mid-portion,
for example the second additional portion could be textured or non-textured or be of a

different material than the mid-portion.

According to one example, the first and/or the second side portions comprise a combination

of the above described recess and first and second additional portions.

According to one example, the recess or recesses follow the contour of the mid-portion, i.e.
has the same geometrical shape or form but with different radial extension. One advantage is

a uniform general shape of the profile product.

According to one example, the recesses or recesses are rotation symmetric about an axis of
the rotating die. One advantage is less oscillation problems when the rotating die rotates at a

high speed.

Hence, the recess is either an indentation in the rotating die or a portion of the rotating die

having a lesser radial extension compared to other parts of the rotating die.

According to one example, the one or more walls define a first cross-section at the end of the
first channel section and wherein the second channel section defines a second cross-section at
a position where the distance between the circumferential surface and the counter-bearing is
at a minimum. As stated above, the geometry of the first channel section is different from the
second channel section such that the material passing through the first channel section
changes form when entering the second channel section. The changing of form is essential for
increasing or maintaining the pressure level to such an extent that it will overcome the
internal resistance (shear stresses) of the material, fast enough, for the material to saturate

the second cross section, including an imprint of the rotating die.
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According to one example, the minimum distance in the height direction between the
circumferential surface and the counter-bearing in the second cross-section is less than a
maximum distance in the height direction in the first cross-section. This has the advantage
that the material entering the second channel section will be compressed in the second
channel section such that the pressure is increased or maintained to such level that the
material will transform fast enough to saturate the second channel section, including the

imprint of the rotating die.

Hence, the pressure is increased or maintained to such level that the material will transform
fast enough to saturate the second channel section, including an imprint of the rotating die.
The pressure is achieved by a combination of an imprint depth of a pattern in the
circumferential surface and a Poisson effect and/or a combination of the shape transition due
to the geometrical shape difference between the first and second cross-sections and the

Poisson effect.

The local pressure reduction can be achieved with use of additional strategies in combination

with the above described recess or recesses.

The local pressure reduction is achieved in connection to the first and/or second side portions
due to the geometrical difference in the first and second channel sections and a wake effect

downstream the first channel section in connection to the first and/or second side portions.

According to one example, the first channel section comprises a third side portion extending in
the width direction, wherein the third side portion is arranged in relation to the first side
portion such that a pressure in the material to be extruded is less in connection to the first

side portion than in connection to the third side portion,
and/or

wherein the first channel section comprises a fourth side portion extending in the width
direction, wherein the fourth side portion is arranged in relation to the second side portion
such that a pressure in the material to be extruded is less in connection to the second side
portion than in connection to the fourth side portion. One advantage is that third and fourth

side portions creates a wake effect and thus a local pressure decrease downstream the third
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and fourth side portions that further decreases the local pressure in the first and second side

portions of the rotating die.

According one example, the first channel section comprises leeward means in connection to
the third and/or fourth side portions arranged to decrease the space of the first channel

section in the height direction being perpendicular to the width direction.

According one example the first channel section comprises leeward means in connection to
the third and/or fourth side portions arranged to decrease the space of the first channel

section in the width direction. A combination of leeward means are also possible.

According to one example, the leeward means is an elevation facing into the through channel.
The elevation can be arranged from top to bottom in the first channel section, or can be
arranged as a part or several parts along the distance between the top to bottom of the first
channel section. The leeward means are advantageously positioned in connection to the first

and second side portions of the rotating die.

One advantage with the leeward means is that the third and fourth side portions further
decreases the local pressure in connection to the recesses in the first and second side portions

of the rotating die.

According to a further anti-leakage strategy that can be combined with the above described
strategies, the first side portion comprises a first flange portion extending in the width
direction and the radial direction with an extension in the radial direction exceeding the radial
extension of at least a part of the mid-portion and wherein the second side portion comprises
a second flange portion extending in the width direction and the radial direction with an
extension in the radial directon exceeding the radial extension of at least a part of the mid-
portion. One advantage is that the flange portions physically hinder the material from flowing
all the way to the first and second side walls of the rotating die and thus the first and second
channel portion side walls. In this example embodiment, the recess or recesses are
advantageously positioned in close connection to the flange portions and decreases pressure
locally to further reduce the flow of material towards the first and second channel portion side

walls.
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According to one example, the first flange portion comprises a first outer circumferential
surface delimiting the first flange portion in the rotational direction and wherein the second
flange portion comprises a second outer circumferential surface delimiting the second flange

portion in the rotational direction.

According to one example, the first and second outer circumferential surfaces follow the
contour of the mid-portion, i.e. has the same geometrical shape or form but with different

radial extension. One advantage is a uniform general shape of the profile product.

According to one example, the first and/or second outer circumferential surfaces are arranged
in an undulating manner, i.e. the first and/or second flange portions are arranged with a
cogwheel like shape. According to one example, the first and/or second outer circumferential
surfaces are arranged with a smooth annular shape, i.e. the first and/or second flange portions

are arranged with a circular or oval shape.

According to one example, the first and second flange portions are rotation symmetric about
an axis of the rotating die. One advantage is less oscillation problems when the rotating die

rotates at a high speed.

According to one example, the second channel section is arranged in relation to the first
channel section with a predetermined second distance between the radially outermost
portion of the circumferential surface of the rotating die and the counter-bearing in the
channel portion being less than a predetermined first distance between the most far apart
portions of the first channel section taken in a height direction coinciding with the radial

direction,
and/or wherein:

the second channel section is arranged in relation to the first channel section with a
predetermined fourth distance between the innermost narrowest portions of the channel
portion in the width direction being greater than a predetermined third distance between side
walls in the first channel section taken in the width direction at the exit area from the first

channel section.

10
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One advantage is that the narrower first channel section creates a wake effect with decreased
pressure downstream in the first channel section and in connection to the first and second

side portions of the rotating die due to that the second channels section is broader.

According to one example, the circumferential surface comprises a textured portion. The
entire circumferential surface can be textured, but as an alternative only a portion can be

textured.

According to one example in connection to the example embodiment with flange portions
described above, the first side portion comprises a non-textured portion extending between
the first flange portion and the textured portion and wherein the second side portion
comprises a non-textured portion between the second flange portion and the textured

portion.

The non-textured portions advantageously have a radius less than a radius to an imprint depth

of the textured portion.

According to one example, the circumferential surface is non-textured or has a micro pattern
that leaves only an infinitesimal imprint on the profile product that can be visible or non-

visible for the human eye.

According to one example, the channel portion comprises a second rotating die arranged
opposite the first rotating die described above. The second rotating die can either replace the
counter-bearing in its entirety or can be a part of a static counter-bearing. The second rotating
die can be arranged in a similar way as the above described first rotating die to create same or
different patterns on two sides of the profile product. The second rotating die can comprise
recesses and/or flange portions that can be arranged to cooperate with recesses and/or flange

portions of the first rotating die.

According to one example, the channel portion comprises a third rotating die arranged at an
angle to the first rotating die. This rotating die replaces the opposing first or second channel
portion side wall entirely or partly. The third rotating die can be arranged together with only

the first rotating die or together with both the first and second rotating die.

11
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According to one example, the channel portion comprises a fourth rotating die arranged
opposite the third rotating die. The third rotating die can be arranged together with only the

first rotating die or together with both the first and second rotating die

The third and/or the fourth rotating die(s) can be arranged in a similar way as the above
described first rotating die to create same or different patterns on two sides of the profile
product. The second rotating die can comprise recesses and/or flange portions that can be

arranged to cooperate with recesses and/or flange portions of the first rotating die.

According to one example, two or more rotating dies are synchronised. This has the advantage
of feeding the material at the same speed. However, it could be possible to also use non-
synchronous rotating dies in order to create friction and/or a special pattern and/or to

compensate for material differences.

In all the above examples it is possible to use a combination of textured and non-textured

rotating dies.

The invention also refers to a method for producing a profile product by use of a device

according to any one of the preceding claims, wherein the method comprises

-feeding a material to the first channel section and forming the same in the first channel

section,

- feeding the material further to the second channel section and forming the same in the

second channel section.

The material that is fed into the device to form the profile product can be in the form of one
homogenous material or a mixture of two or more materials. The materials can be blended in
different ratios and may be blended into a homogeneous mix or a mix with gradients within
the material. One material can be a solid and another material can be mouldable, e.g. stone
bits and rubber. The material can also be a layered material comprising two or more layers of
same or different materials. The material may comprise one or more strings of solid material
that follow through the entire extrusion or pultrusion process, e.g. a wire or another

reinforcement material.

12
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At least a part of the material should be plastically deformable when subject to the pressure
applied in the first and/or second channel sections. Such materials are often denoted

viscoelastic and/or viscoplastic materials.

Furthermore, here extrusion relates to a process where a material is fed by pressure into the
first channel section to be formed in the first and second channel sections. Pultrusion relates
to where the material to be formed is fed to the device and drawn through the first and
second channel sections. It should be noted that the device can be arranged purely for

extrusion or purely for pultrusion or a combination of the two.

The device can be arranged for co extrusion with one or more inlet channels that connects to
the first channel section. Hence, one or more materials could be fed to the first channel
section via one channel, but two or more materials can be fed to the first channel section via
one inlet channel or a multiple channel inlets. The multiple inlet channels can be the same in
number as the number of materials or the multiple inlet channels can be less than the number

of materials if two or more materials are fed via one inlet channel.

It should be noted that the invention can be varied within the scope of the claims and that the

examples described above and below should not be seen as limiting for the invention.

For example, the first channel section could be circumferentially delimited by static walls or
could be arranged with one or more dynamic walls as long as the material can be extruded or
pultruded with the device according to the invention. Static walls has the advantage of being

cheap and robust.

According to one example, the first channel portions can be arranged centred with relation to
the second channels. This has the advantage that the flow of material entering the second

channel is evenly distributed. The first and second side portions can be arranged centred with
respect to the first channel section with the advantage of having a evenly distributed decrease

in pressure over the rotating die.

For example, the device could comprise several rotating devices arranged side by side, i.e. the
rotating device could comprise two or more rotating devices having a common rotating axel.
The different rotating devices could be arranged in separate second channels or could be

arranged in a common separate channel. The different rotating devices could have the same

13
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or different texture to create same or different patterns on the profile product. The profiled
product could thus comprise one or more strands of internal profiles running along the
production direction and being generated by the different rotating devices. The different
strands could be separable into separate products at predetermined separation lines that
could coincide with the separation of the different rotating devices. However, one separate
rotating die could comprise a pattern/texture that separates similar or different patterns such
that the profiled product comprises one or more strands of internal profiles running along the

production direction. Also here, the strands could be separable in the profiled product.

According to one example, one side portion, i.e. the first side portion or the second side
portion, comprise a flange but no recess, and the other side portion, i.e. the first side portion

or the second side portion, comprises a recess but no flange.

The first and second side walls are positioned in relation to the first and second channel
portion side walls such that the first and second side walls are rotatably connected to the first
and second channel portion side walls with the advantageous possibility of a greater
tolerance due to the leakage strategy where the width of the first channel section is, at least
along a portion of its length and at least along a portion of its height, less than a distance
between the two opposite side walls of the rotating die and/or the use of one or more
recesses and/or the use of one or more flange portions. Hence, the first channel section
should be at least smaller in width than a distance between the opposing first and second
channel portion side walls in the second channel section. The difference in width between the
first channel section and the second channel section depends on features of the first and
second side portions and tolerances between the rotating die and the respective opposing
first and second channel portion side walls. The width of the first channel section should be
less than a distance being the distance between the opposing first and second channel portion
side walls minus the sum of tolerances, i.e. the sum of the gap between the rotating die side
walls and the respective opposing first and second channel portion side walls in the second
channel section. If the first and second side portion comprises flange portions, see below for
further explanation, then the width of the first channel section is, at least along a portion of its
length and at least along a portion of its height, less than a distance between the two flange

portions.

14
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One advantage here is that local pressure reduction is achieved in connection to the first and
second outer edge portions due to the geometrical difference in the first and second channel

sections.

Furthermore, profile product refers to a product having a three dimensional form, i.e. length,
width and height. The profile product may have a cross-section taken in the width and height
plane being similar all along the length or may be different dependent on position in length.
The cross-section can have any suitable two dimensional shape, for example, round, oval,
elliptical, i.e. two sides, undulating, three or more sides or a combination of the same. One or
more sides may be patterned, i.e. textured with one or more patterns. The pattern/texture is

created by the rotating die.

The rotating die can be mounted onto an axis or can be arranged with an axis incorporated in

the rotating die body.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will below be described in connection to a number of drawings, wherein;

Fig. 1 schematically shows a cross-sectional side view of a device according to the invention;
Fig. 2 schematically shows a perspective back view and outlet of the device in figure 1;

Fig. 3 schematically shows a perspective back view and outlet of a device according to the

invention;

Fig. 4 schematically shows an enlarged view of a part of the device in figure 3;
Fig. 5 schematically shows a front view of one example of a rotary die;

Fig. 6 schematically shows a perspective view of the rotary die in figure 5;

Fig. 7 schematically shows a front view of one example of a rotary die;

Fig. 8 schematically shows a perspective view of the rotary die in figure 7;

Fig. 8a schematically shows a front view of one example of a rotary die;

Fig. 8b schematically shows a perspective view of the rotary die in figure 8a;

15
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Fig. 8c schematically shows a front view of one example of a rotary die;
Fig. 8d schematically shows a perspective view of the rotary die in figure 8c;

Fig. 9 schematically shows a view from below along section A-A in figure 1 of a device

according to the invention;
Fig. 10 schematically shows an enlarged view of a part of the device in figure 9;

Fig. 11 schematically shows a view from below along section A-A in figure 1 of a device

according to one example of the invention;
Fig. 12 schematically shows an enlarged view of a part of the device in figure 11;

Fig. 13 schematically shows a view from below along section A-A in figure 1 of a device

according to one example of the invention;

Fig. 14 schematically shows a front view of an assembly of rotary dies including three rotary

dies;
Fig. 15 schematically shows a perspective view of an assembly according to figure 14;

Fig. 16 schematically shows a front view of an assembly of rotary dies including four rotary

dies, and wherein;
Fig. 17 schematically shows a perspective view of an assembly according to figure 16,

Fig. 18 schematically shows a flow chart of a method for producing a profile product by use of

a device according to what has been described in connection to figures 1-17.
DETAILED DESCRIPTION

The invention will below be described in connection to a number of drawings. Same features

will be denoted with like numbers in all the drawings.

Here, front view with inlet and back view with outlet are used as an orientation for the reader
with regard to production direction where material to be worked is inserted into the inlet and

a profile product is shaped in the device and then exits the device via the outlet.
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In some drawings, the production direction is denoted PD with an arrow pointing in the

production direction.

Fig. 1 schematically shows a cross-sectional side view of a device according to the invention
and fig. 2 schematically shows a perspective view of the device in figure 1. Figures 1 and 2
show an extrusion- or pultrusion device 1 for extrusion- or pultrusion of a material for forming

a profile product 2 in a production direction Y, said device comprising:

-a rotating die 3, extending in a radial R direction and a width direction X, having two opposite
first and second side walls 5, 6 and an outer circumferential surface 4 extending in the width
direction X there between, wherein the rotating die 3 comprises a first side portion 23 in
connection to the first side wall 5 and a second side portion 25 in connection to the second

side wall 6 and a mid-portion 22 extending between the first and second side portions 23, 25,
and

-a profile definition zone 7 having a longitudinal direction Y coinciding with the production
direction Y, a height direction Z and a width direction X being perpendicular to the height
direction Z, comprising a through channel 8 comprising a first channel section 9 followed by a
second channel section 10 downstream the first channel section 9 with reference to the
production direction, wherein the rotating die 3 is rotatable about an axis extending across
the production direction Y and arranged to allow the outer circumferential surface 4 to, while
the rotating die 3 rotates, exert a pressure onto a surface of the material when fed through

the profile definition zone 7,

-the first channel section 9 is circumferentially delimited by one or more walls 11
and wherein

- the second channel section 10 is circumferentially delimited by

-the circumferential surface 4 of the rotating die 3 and

-a channel portion 13 comprising

-a counter-bearing 14 opposite the rotating die 3 and
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-opposing first and second channel portion side walls 15, 16 between the rotating die 3 and

the counter-bearing 14.

Figure 1 shows that the first and/or second side portions 23, 25 comprises one or more
recesses 29 extending at least in the width direction X and the radial direction R, the recess 29
having a radial extension being smaller than a radial extension of at least a part of the mid-
portion 22. Figures 1-18 show that the both the first and second side portions 23, 25
comprises an annular recess. According to one example, not shown, only one of the first or
second side portions 23, 25 comprises a recess. In figures 1-18, the recesses are annular
recesses, i.e. extending circumferentially about the rotational axis. According to one example,
not shown, the first and/or second side portions comprises one or more recesses not being
annular but arranged as one ore many single recesses. Each single recess has an extension in
the width direction, the rotation direction, i.e. the circumferential direction being
perpendicular to the width direction, and the radial direction. The single recesses can have
similar or different shape and are advantageously. The single recesses can be arranged in
different patterns extending circumferentially about the rotational axis. The single recesses
can be arranged in one single line of recesses extending circumferentially about the rotational
axis or can be arranged as two or more lines of recesses arranged next to each other in the
width direction. The two or more lines of recesses can be arranged such that one or more are
arranged next to each other in the width direction or offset to each other in the
circumferential direction. The different lines of single recesses can have same or different

number of recesses.

The recesses 29 has a depth dependent on the material, design of rotating die, geometric
shape of the first and second channel section, and can vary between anything from one or
more parts of a millimetre to a couple of centimetres, as long as the local pressure is
decreased enough to ensure prevention of leakage due to that the flow speed in the material

is lowered.

Fig. 3 schematically shows a front view of a device according to the invention and fig. 4

schematically shows an enlarged view of a part of the device in figure 3.

Fig. 5 schematically shows a front view of one example of a rotary die, and fig. 6 schematically

shows a perspective view of the rotary die in figure 5. In figures 5 and 6, the mid-portion 22 of
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the rotary die is larger in diameter than the recesses 29 in the first and second side portions
23, 25. Infigure 5, the recess 29 has a lesser radial extension compared to other parts of the
rotating die 3 and a smooth transition from the mid-portion 22 to the recess 29 and a
continuous smooth curvature from the mid-portion 22 throughout the recess 29 to the
respective first side wall 5 and second side wall 6. Figures 8a and 8b show an example where
the recess 29 is arranged in the form of a step function. Figures 8c and 8d show that the recess
29 is arranged in the form of an indentation, i.e. an annular concave recess. Any combination
is possible as long as the desired local pressure reduction compared to at least a part of the

mid portion is achieved.

Fig. 7 schematically shows a front view of another example of a rotary die and fig. 8
schematically shows a perspective view of the rotary die in figure 7. In figures 7 and 8, the
mid-portion 22 of the rotary die has a portion that is lesser in diameter than the annular
recesses 29 in the first and second side portions 23, 25 but other portions of the mid portion
22 has a greater diameter than the annular recesses 29 in the first and second side portions

23, 25.

In figures 1-8 it is shown that both the first and second side portions 23, 25 comprises annular
recesses 29, but according to a different example (not shown) only one of the first and second

side portions 23, 25 could comprise an annular recess 29.

Figures 1-8 show that at least a part/portion of the mid portion 22 has a diameter, i.e. an
extension in the radial direction, being greater than the diameter, i.e. the extension in the
radial direction, of the annular recess 29. One advantage of this difference in diameter is that
material flowing in a direction towards the first side wall 5 and the second side wall 6 will lose
momentum and speed due to the decrease in pressure in the annular recesses 29 in the first

and second side portions 23, 25.

In figures 1-8 the recesses 29 follow the contour of the mid-portion 22 which has the
advantage of an even pressure decrease in that area. However, in another example not
shown) it is possible to have annular recesses with varying diameter different from the mid-
portion, or annular recesses being rotation symmetric when the mid-portion has non-rotation

symmetric portions.
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Figures 1-8 show that the recesses 29 are rotation symmetric about an axis of the rotating die

3, but as stated above, other design is possible.

Fig. 8a schematically shows a front view of one example of a rotary die and fig. 8b
schematically shows a perspective view of the rotary die in figure 8a. Figures 8a and 8b show
that the recesses 29 are arranged as indentations as mentioned above. In figures 8a and 8b
the indentation is in the form of a 90° step, but the step can be arranged as an angled portion
as depicted in figures 5-8 but can have an arc shape as depicted in figures 8c and 8d. The angle
of the angled portion can be between 1-90 degrees compared to the first side wall 5 and
second side wall 6 respectively, with a radial decrease towards the first side wall 5 and second

side wall 6 respectively.

Fig. 8c schematically shows a front view of one example of a rotary die and fig. 8d
schematically shows a perspective view of the rotary die in figure 8c. In figures 8c and 8d, the
recesses or indentations 29 are annular concave surfaces that gives a local pressure decrease

with reference to the adjacent mid-portion 22.

Figure 1 shows that walls 11 are static and define a first cross-section 12 at the end of the first
channel section 9 and wherein the second channel section 10 defines a second cross-section
17 at a position where the distance D2 between the circumferential surface 4 and the counter-
bearing 14 is at a minimum, and wherein the geometry of the first channel section 9 is
different from the second channel section 10 such that the material passing through the first

channel section 9 changes form when entering the second channel section 10.

The minimum distance D2 in the height direction Z between the circumferential surface 4 and
the counter-bearing 14 in the second cross-section 17 is less than a maximum distance D1 in
the height direction in the first cross-section 12. This has the advantage of forcing the material
to change form and start flowing in various directions dependent on the shape and form of

the rotating die 3 and shape and form of the counter-bearing 14 opposite the rotating die 3.

The pressure is increased or maintained to such level that the material will transform fast

enough to saturate the second channel section, including an imprint of the rotating die
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As stated in connection to the description of figs 1-5, the local pressure reduction is achieved
in connection to the first and/or second side portions 23, 25 due to the geometrical difference

in the first and second channel sections 9, 10 and especially due to the recesses.

Figures 9-13 show other strategies for local pressure reduction in combination with the

recess(s) described in connection to figures 1-8.

Fig. 9 schematically shows view from below along section A-A in figure 1 with no flange
portions but recesses of a device according to the invention and fig. 10 schematically shows an
enlarged view of a part of the device in figure 9. Fig. 11 schematically shows a view from
below along section A-A in figure 1 with no flange portions but recesses of a device according
to one example of the invention and fig. 12 schematically shows an enlarged view of a part of

the device in figure 11.

In figures 9-13 the first channel section 9 comprises a third side portion 24 extending in the
width direction X, wherein the third side portion 24 is arranged in relation to the first side
portion 23 such that a pressure in the material to be extruded is less in connection to the first

side portion 23 than in connection to the third side portion 24,
and/or

wherein the first channel section 9 comprises a fourth side portion 26 extending in the width
direction X, wherein the fourth side portion 26 is arranged in relation to the second side
portion 25 such that a pressure in the material to be extruded is less in connection to the

second side portion 25 than in connection to the fourth side portion 26.

Figures 9-13 shows that the first channel section 9 comprises leeward means 27 in connection
to the third and/or fourth side portions 24, 26 arranged to decrease the space of the first
channel section 9 in the height direction Z being perpendicular to the width direction X and
wherein the first channel section 9 comprises leeward means 28 in connection to the third
and/or fourth side portions 24, 26 arranged to decrease the space of the first channel section

9 in the width direction X.

As is shown in figures 9-13, the leeward means 27, 28 comprises elevations facing into the

through channel 8.
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Fig. 13 schematically shows a view from below along section A-A in figure 1 of a device
according to one example of the invention. In figure 13 the first side portion 23 comprises a
first flange portion 18 extending in a radial direction R with an extension exceeding the radial
extension of at least a part of the mid-portion 22 and wherein the second side portion 25
comprises a second flange portion 19 extending in the radial direction with an extension

exceeding the radial extension of at least a part of the mid-portion 22.

The first flange portion 18 and the second flange portion 19 are arranged to prevent
movement of the material outside the rotating die 3 in a direction towards the opposing first

and second channel portion side walls 15, 16.

The first flange portion 18 comprises a first outer circumferential surface 18 delimiting the first
flange portion 18 in the rotational direction R and wherein the second flange portion 19
comprises a second outer circumferential surface 21 delimiting the second flange portion 19 in
the rotational direction, wherein the first and second outer circumferential surfaces 20, 21 are
arranged at an angle being between 1-90 degrees compared to the first side wall 5 and
second side wall 6 respectively, with a radial increase towards the first side wall 5 and second

side wall 6 respectively.

In figure 13, the first and second outer circumferential surfaces 20, 21 follow the contour of
the mid-portion 22 and that the first and second flange portions 18, 19 are rotation symmetric
about an axis of the rotating die 3. Dependent on design and type of profile product to be
produced the flange portions 18, 19, can have different shape and be arranged non-symmetric

as long as the flange portions 18, 19 effectively hinders movement of the material.

Figure 13 shows that the rotating die comprises annular recesses according to figures 1-12
arranged in connection to the first and second flange portions 18, 19. This has the advantage
of further hindering movement of material due to pressure reduction, which has been

discussed in connection to figures 1-8.

With reference to figures 1-13, the second channel section 10 is advantageously arranged in
relation to the first channel section 9 with a predetermined second distance D2, shown in
figure 1, between the radially outermost portion of the circumferential surface 4 of the

rotating die 3 and an the counter-bearing 14 in the channel portion 13 being less than a
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predetermined first distance D1, shown in figure 1, between the most far apart portions of the

first channel section 9 taken in a height direction Z coinciding with the radial direction,
and/or wherein:

the second channel section 10 is arranged in relation to the first channel section 9 with a
predetermined fourth distance D4, shown in figures 9, 11 and 13 between the innermost
narrowest portions of the channel portion 13 in the width direction X being greater than a
predetermined third distance D3, shown in figures 9, 11 and 13 between side walls in the first
channel section taken in the width direction X at the exit area from the first channel. This
change in both height and width forces the material to reform and the narrower first channel
section gives a locally decreased pressure when entering the channel section since the first

and second side portions are in the wake, i.e. behind the side walls in the first channel.

Furthermore, with reference to figures 1-13 the first and second side walls 5, 6 are positioned
in relation to the first and second channel portion side walls 15, 16 such that the first and
second side walls 5, 6 are rotatably connected to the first and second channel portion side
walls 15, 16 with a tolerance arranged dependent on product material and the geometrical

relation between the first and second channel sections 9, 10

The circumferential surface 4 may comprises a textured portion 30 that can cover all the
rotating die but the annular recess portion, or the first side portion 4 comprises a non-
textured portion 31 extending between the first flange portion 18 and the textured portion 30
and wherein the second side portion 25 comprises a non-textured portion 32 between the

second flange portion 19 and the textured portion 30.

The non-textured portions 31, 32 advantageously has a radius less than a radius to an imprint

depth of the textured portion 30, especially in the annular recess 19 portion.

However according to one example (not shown), the circumferential surface 4 can be non-
textured but with a smooth surface or a micro-patterned surface. The non-textured rotating

die can have a shape being cylindrical or undulating.

In figures 9, 11 and 13 the width D3 of the first channel section 9 is, at least along a portion of
its length and at least along a portion of its height, less than a distance D4 between the two

opposite side walls 5, 6 of the rotating die 3. Hence, the first channel section 9 should be at
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least smaller in width than a distance between the opposing first and second channel portion
side walls 15, 16 in the second channel section 10. The difference in width between the first
channel section 9 and the second channel section 10 depends on features of the first and
second side portions 23, 25 and tolerance between the rotating die 3 and the respective
opposing first and second channel portion side walls 15, 16. The width D3 of the first channel
section 9 should be less than a distance D4 being the distance between the opposing first and
second channel portion side walls 15, 16 minus the sum of tolerances, i.e. the sum of the gap
between the rotating die side walls 5, 6 and the respective opposing first and second channel
portion side walls 15, 16 in the second channel section 10. If the first and second side portion
comprises flange portions 18, 19, see below for further explanation, then the width D3 of the
first channel section 9 is, at least along a portion of its length and at least along a portion of its

height, less than a distance D4 between the two flange portions 18, 19.

One advantage is that a local pressure reduction is achieved in connection to the first and
second outer edge portions 5, 6 due to the geometrical difference in the first and second
channel sections 9, 10. The local pressure reduction reduces the flow speed of the material
and this removes leakage problems between the first side wall 5 and the first and the first
channel portion side wall 15; and between the second side wall 6 and the second channel
portion side wall 16. This will be explained further below and also in combination with
additional leakage reducing or eliminating strategies. Figure 1 shows one example of an
additional leakage preventing strategy and figure 5 shows another example of leakage
protection strategies. The different examples can be combined, which is explained further

above and below.

Fig. 14 schematically shows a front view of an assembly of rotary dies 3 including three rotary
dies, 3, 33, 34 and fig. 15 schematically shows a perspective view of an assembly according to
figure 14. With references to figures 1-13, the channel portion 13 comprises a second rotating
die 33 arranged opposite the first rotating die 3 replacing the counter-bearing 14 in figures 1-
13. The second rotating 33 die can either replace the counter-bearing 14 in its entirety or can
be a part of a static counter-bearing 14 (not shown). The second rotating 33 die can be
arranged in a similar way as the above described first rotating die 3 to create same or different

patterns on two sides of the profile product. The second rotating die 33 can comprise recesses
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and/or flange portions that can be arranged to cooperate with recesses 29 and/or flange

portions 18, 19 of the first rotating die 3.

According to one example shown in figures 14 and 15, the channel portion 13 (shown in
figures 1-13) comprises a third rotating die 34 arranged at an angle to the first rotating die.
This rotating die replaces the opposing first or second channel portion side wall 15, 16 entirely
or partly. The third rotating die 34 can be arranged together with only the first rotating die or
together with both the first and second rotating die. Hence, the above described arrangement
with a first rotating die 3 and a second opposing rotating die 33 can be assembled without the

third rotating die 34.

Fig. 16 schematically shows a front view of an assembly of rotary dies including four rotary
dies, and wherein and fig. 17 schematically shows a perspective view of an assembly according
to figure 16. Figures 16 and 17 shows that channel portion 13 (shown in figures 1-13)
comprises a fourth rotating die 35 arranged opposite the third rotating die 34. The fourth
rotating die 34 can as an alternative be arranged together with only the first rotating die 3 or

together with both the first and second rotating die 3, 33.

The third and/or the fourth rotating die(s) 34, 35 can be arranged in a similar way as the above
described first rotating die 3 to create same or different patterns on two sides of the profile
product. The third and/or fourth rotating dies 34, 35 can comprise recesses and/or flange
portions that can be arranged to cooperate with recesses 29 and/or flange portions 18, 19 of

the first rotating die 3.

According to one example, two or more rotating dies are synchronised. This has the advantage
of feeding the material at the same speed. However, it could be possible to also use non-
synchronous rotating dies in order to create friction and/or a special pattern and/or to

compensate for material differences.

The device can be arranged with a combination of textured and non-textured rotating dies 3;

33; 34; 35.

Figure 18 schematically shows a flow chart of a method for producing a profile product by use
of a device according to what has been described in connection to figures 1-17, wherein the

method comprises
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the step shown in Box 101

-feeding a material to the first channel section and forming the same in the first channel

section,
And the step shown in Box 102

- feeding the material further to the second channel section and forming the same in the

second channel section.

The figures that show the first and second flange portions 18, 19 show that, the first and/or
second outer circumferential surfaces 20, 21 are arranged with a smooth annular shape, i.e.
the first and/or second flange portions are arranged with a circular or oval shape, but
according to another example the first and/or second outer circumferential surfaces are
arranged in an undulating manner, i.e. the first and/or second flange portions are arranged

with a cogwheel like shape.

26



10

15

20

25

543 401

CLAIMS

1. An extrusion- and/or pultrusion device (1) for forming a profile product (2) in a production
direction (Y), said device comprising:

-a rotating die (3), extending in a radial (R) direction and a width direction (X), having two
opposite first and second side walls (5, 6) and an outer circumferential surface (4) extending in
the width direction (X) there between, wherein the rotating die (3) comprises a first side
portion (23) in connection to the first side wall (5) and a second side portion (25) in connection
to the second side wall (6) and a mid-portion (22) extending between the first and second side
portions (23, 25),

and

-a profile definition zone (7) having a longitudinal direction (Y) coinciding with the production
direction (Y), a height direction (Z) and the width direction (X) being perpendicular to the
height direction (Z), comprising a through channel (8) comprising a first channel section (9)
followed by a second channel section (10) downstream the first channel section (9) with
reference to the production direction (Y),

wherein the rotating die (3) is rotatable about an axis extending across the production
direction (Y) and arranged to allow the outer circumferential surface (4) to, while the rotating
die (3) rotates, exert a pressure onto a surface of a material when fed through the profile
definition zone (7),

wherein;
-the first channel section (9) is circumferentially delimited by one or more walls (11)
and wherein
- the second channel section (10) is circumferentially delimited by
-the circumferential surface (4) of the rotating die (3) and
-a channel portion (13) comprising
-a counter-bearing (14) opposite the rotating die (3) and

-opposing first and second channel portion side walls (15, 16)
between the rotating die (3) and the counter-bearing (14)

characterized in that
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the first and/or second side portions (23, 25) comprises one or more recesses (29) extending
at least in the width direction (X) and the radial direction (R), the recess (29) having a radial
extension being smaller than a radial extension of at least a part of the mid-portion (22).

2. A device (1) according to claim 1, wherein the recess or recess (29) follow the contour of the
mid-portion (22).

3. A device (1) according to any one of claims 1-2, wherein the recess or recesses (29) are
rotationally symmetrical arranged about an axis of the rotating die (3).

4. A device (1) according to any one of claims 1-3, wherein the recess (29) is either an
indentation in the rotating die (3) or a portion of the rotating die (3) having a lesser radial
extension compared to other parts of the rotating die.

5. A device (1) according to any one of claims 1-4, wherein the one or more walls (11) define a
first cross-section (12) at the end of the first channel section (9) and wherein the second
channel section (10) defines a second cross-section (17) at a position where the distance
between the circumferential surface (4) and the counter-bearing (14) is at a minimum, and
wherein the geometry of the first channel section (9) is different from the second channel
section (10) such that the material passing through the first channel section (9) changes form
when entering the second channel section (10).

6. A device (1) according to claim 5, wherein the minimum distance in the height direction (Z)
between the circumferential surface (4) and the counter-bearing (14) in the second cross-
section (17) is less than a maximum distance in the height direction in the first cross-section
(12).

7. A device (1) according to any one of claims 4-6, wherein the geometrical difference in the

first and second channel sections (9, 10) is arranged to give a pressure in the second channel
section (10) being increased or maintained to such level that the material will transform fast
enough to saturate the second channel section, including an imprint of the rotating die.

8. A device according to any one of claims 4-7, wherein local pressure reduction is achieved in
connection to the first and/or second side portions (23, 25) due to the geometrical difference
in the first and second channel sections (9, 10).

9. A device (1) according to any one of the preceding claims, wherein the first channel section
(9) comprises a third side portion (24) extending in the width direction (X), wherein the third
side portion (24) is arranged in relation to the first side portion (23) such that a pressure in the
material to be extruded is less in connection to the first side portion (23) than in connection to
the third side portion (24),

and/or
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wherein the first channel section (9) comprises a fourth side portion (26) extending in the
width direction (X), wherein the fourth side portion (26) is arranged in relation to the second
side portion (25) such that a pressure in the material to be extruded is less in connection to
the second side portion (25) than in connection to the fourth side portion (26).

10. A device (1) according to claim 9, wherein the first channel section (9) comprises leeward
means (27) in connection to the third and/or fourth side portions (24, 26) arranged to
decrease the space of the first channel section (9) in the height direction (Z) being
perpendicular to the width direction (X).

11. A device (1) according to claim 9 or 10, wherein the first channel section (9) comprises
leeward means (28) in connection to the third and/or fourth side portions (24, 26) arranged to
decrease the space of the first channel section (9) in the width direction (X).

12. A device (1) according to claim 10 or 11, wherein the leeward means (27, 28) is an
elevation facing into the through channel (8).

13. A device (1) according to any one of the preceding claims, wherein the first side portion
(23) comprises a first flange portion (18) extending in the radial direction (R) with an extension
exceeding the radial extension of at least a part of the mid-portion (22) and wherein the
second side portion (25) comprises a second flange portion (19) extending in the radial
direction with an extension exceeding the radial extension of at least a part of the mid-portion
(22).

14. A device (1) according to claim 13, wherein the first flange portion (18) comprises a first
outer circumferential surface (20) delimiting the first flange portion (18) in the rotational
direction (R) and wherein the second flange portion (19) comprises a second outer
circumferential surface (21) delimiting the second flange portion (19) in the rotational
direction.

15. A device (1) according to claim 13 or 14, wherein the first and second outer circumferential
surfaces (20, 21) follow the contour of the mid-portion (22).

16. A device (1) according to any one of claims 13-15, wherein the first and second flange
portions (18, 19) are rotationally symmetrical about an axis of the rotating die (3).

17. A device (1) according to any one of the preceding claims, wherein the second channel
section (10) is arranged in relation to the first channel section (9) with a predetermined
second distance (D2) between the radially outermost portion of the circumferential surface (4)
of the rotating die (3) and the counter-bearing (14) in the channel portion (13) being less than
a predetermined first distance (D1) between the most far apart portions of the first channel
section (9) taken in a height direction (Z) coinciding with the radial direction (R),

and/or wherein:
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the second channel section (10) is arranged in relation to the first channel section (9) with a
predetermined fourth distance (D4) between the innermost narrowest portions of the channel
portion (13) in the width direction (X) being greater than a predetermined third distance (D3),
between side walls in the first channel taken in the width direction (X) at the exit area from
the first channel section (9).

18. A device according to any one of the preceding claims, wherein the first and second side
walls (5, 6) are positioned in relation to the first and second channel portion side walls (15, 16)
such that the first and second side walls (5, 6) are rotatably connected to the first and second
channel portion side walls (15, 16) with a tolerance arranged dependent on product material
and the geometrical relation between the first and second channel sections (9, 10)

19. A device (1) according to any one of the preceding claims, wherein the circumferential
surface (4) comprises a textured portion (30).

20. A device (1) according to claim 19 and any one of claims 13-16, wherein the first side
portion (23) comprises a non-textured portion (31) extending between the first flange portion
(18) and the textured portion (30) and wherein the second side portion (25) comprises a non-
textured portion (32) between the second flange portion (19) and the textured portion (30).

21. A device (1) according to claim 20, wherein the non-textured portions (31, 32) have a
radius less than a radius to an imprint depth of the textured portion 30.

22. A device (1) according to any one of claims 1-18, wherein the circumferential surface (4) is
non-textured.

23. A device (1) according to any one of the preceding claims, wherein the channel portion
(13) comprises a second rotating die (33) arranged opposite the first rotating die (3) partly or
wholly replacing the counter-bearing (14).

24. A device (1) according to any one of the preceding claims, wherein the channel portion
(13) comprises a third rotating die (34) arranged at an angle to the first rotating die (3).

25. A device (1) according to claim 24, wherein the channel portion (13) comprises a fourth

rotating die (35) arranged opposite the third rotating die (34).

26. A device according to any one of claims 23-25, wherein two or more rotating dies (3; 33; 34;

35) are synchronised.

27. A device according to any one of the preceding claims 23-26, comprising a combination of

textured and non-textured rotating dies (3; 33; 34; 35).

28. A device (1) according to any one of the preceding claims, wherein the first channel section

(9) is circumferentially delimited by static walls (11).
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29. A device (1) according to any one of the preceding claims, wherein the recess (29) is an
annular recess (29) extending in the width direction (X) and the radial direction (R), the
recess (29) having a radial extension being smaller than a radial extension of at least a part

of the mid-portion (22).

30. A method for producing a profile product (2) by use of a device (1) according to any one of

the preceding claims, wherein the method comprises

-feeding a material to the first channel section (9) and forming the same in the first channel

section (9),

- feeding the material further to the second channel section (10) and forming the same in the

second channel section (10).
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I foljande bilaga finns en §versitining av patentkraven (ill svenska.
Observera att det é@r patentkravens lydelse pa engelska som giller.

A Swedish translation of the patent claims is enclosed. Please note
that only the English claims have legal effect.
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PATENTKRAV

En extruderings- och/eller pultrusionsanordning (1) for att bilda en
profilprodukt (2) i en produktionsriktning (Y), vilken anordning innefattar en
roterande form (3), strackande sig i en radiell (R) riktning och en breddriktning
(X), med tva motstdende férsta och andra sidovaggar (5, 6) och en yttre
periferiyta (4) som stracker sig i breddriktningen (X) dar emellan, varvid den
roterande formen (3) innefattar en forsta sidodel (23) i anslutning till den
férsta sidovaggen (5) och en andra sidodel (25) i anslutning till den andra
sidovaggen (6) och en mittdel (22) som stracker sig mellan de férsta och
andra sidodelarna (23, 25), och en profildefinitionszon (7) med en
l&ngdriktning (Y) som sammanfaller med produktionsriktningen (Y), en
hojdriktning (Z) och breddriktningen (X) ar vinkelratt mot hojdriktningen (2),
innefattande en genomgaende kanal (8) innefattande en forsta kanalsektion
(9) f6ljt av en andra kanalsektion (10) nedstrdms den férsta kanalsektionen
(9) relativt produktionsriktningen (Y), varvid den roterande formen (3) ar
roterbar kring en axel som stracker sig dver produktionsriktningen (Y) och ar
anordnad att tillata den yttre periferiytan (4) att, medan den roterande formen
(3) roterar, utéva ett tryck pa en yta av ett material nar det matas genom
profildefinitionszonen (7), varvid den forsta kanalsektionen (9) avgransas
perifert av en eller flera vaggar (11) och varvid den andra kanalsektionen (10)
avgransas perifert av periferiytan (4) hos den roterande formen (3) och en
kanaldel (13) innefattande ett stddlager (14) mittemot den roterande formen
(3) och motsatta sidovaggar av férsta och andra kanalpartiet (15, 16) mellan
den roterande formen (3) och stodlagret (14),

kannetecknad av

att de forsta och/eller andra sidodelarna (23, 25) innefattar ett eller flera urtag
(29) som stracker sig atminstone i breddriktningen (X) och den radiella
riktningen (R), varvid urtaget (29) har en radiell férlangning som ar mindre an

en radiell férlangning av atminstone en del av mittpartiet (22).

Anordningen (1) enligt krav 1, varvid urtaget eller urtagen (29) foljer konturen
av mittpartiet (22).
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Anordningen (1) enligt nagot av kraven 1-2, varvid urtaget eller urtagen (29)

ar rotationssymmetriska anordnade kring en axel hos den roterande formen

(3)-

Anordningen (1) enligt ndgot av kraven 1-3, varvid urtaget (29) antingen ar en
férdjupning i den roterande formen (3) eller en del av den roterande formen
(3) med en mindre radiell utstrackning jamfért med andra delar av den

roterande formen.

Anordningen (1) enligt nagot av kraven 1-4, varvid en eller flera vaggar (11)
definierar ett forsta tvarsnitt (12) i slutet av den forsta kanalsektionen (9) och
varvid den andra kanalsektionen (10) definierar ett andra tvarsnitt (17) vid ett
lage dar avstandet mellan periferiytan (4) och stédlagret (14) ar minst, och
varvid den forsta kanalsektions (9) geometri &r annorlunda fran den andra
kanalsektionen (10) sa att materialet som passerar genom den forsta

kanalsektionen (9) andrar form nar det gar in i den andra kanalsektionen (10).

Anordningen (1) enligt krav 5, varvid det minsta avstandet i hojdriktningen (2)
mellan periferiytan (4) och stodlagret (14) i det andra tvarsnittet (17) ar

mindre an ett maximalt avstand i hojdriktningen i det forsta tvarsnittet (12).

Anordningen (1) enligt nagot av kraven 4-6, varvid den geometriska
skillnaden i den forsta och andra kanalsektionen (9, 10) ar anordnad att ge ett
tryck i den andra kanalsektionen (10) som 6kas eller uppratthalls till en sadan
niva att materialet férvandlas tillrackligt snabbt for att matta den andra

kanalsektionen, inklusive ett intryck av den roterande formen.

Anordningen (1) enligt nagot av kraven 4-7, varvid lokal tryckreduktion
uppnas i anslutning till den forsta och/eller andra sidodelen (23, 25) pa grund

av den geometriska skillnaden i den forsta och andra kanalsektionen (9, 10).
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Anordningen (1) enligt nagot av de féregdende kraven, varvid den forsta
kanalsektionen (9) innefattar en tredje sidodel (24) som stracker sig i
breddriktningen (X), varvid den tredje sidodelen (24) &r anordnad i
forhallande till den férsta sidodelen (23) sa att ett tryck i materialet som ska
strangsprutas ar mindre i anslutning till den forsta sidodelen (23) an i
anslutning till de tredje sidodelen (24), och/eller varvid den forsta
kanalsektionen (9) innefattar en fjarde sidodel (26) som stracker sig i
breddriktningen (X), varvid den fjarde sidodelen (26) &r anordnad i
forhallande till den andra sidodelen (25) sa att ett tryck i materialet som ska
strangsprutas ar mindre i anslutning till den andra sidodelen (25) én i

anslutning till den fjarde sidodelen (26).

Anordningen (1) enligt krav 9, varvid den forsta kanalsektionen (9) innefattar
nedstroms organ (27) i anslutning till den tredje och/eller fjarde sidodelen (24,
26) anordnad att minska utrymmet for den fOrsta kanalsektionen (9) i

hojdriktningen (Z) vinkelratt mot breddriktningen (X).

Anordningen (1) enligt krav 9 eller 10, varvid den forsta kanalsektionen (9)
innefattar nedstroms organ (28) i anslutning till den tredje och/eller fjarde
sidodelen (24, 26) anordnad att minska utrymmet for den forsta

kanalsektionen (9) i breddriktningen (X).

Anordningen (1) enligt krav 10 eller 11, varvid organet (27, 28) nedstroms ar

en upphdjning som ar riktad in i den genomgaende kanalen (8).

Anordningen (1) enligt nagot av de féregdende kraven, varvid den forsta
sidodelen (23) innefattar ett forsta flansparti (18) som stracker sig i radiell
riktning (R) med en forlangning som Overskrider den radiella férlangningen av
atminstone en del av mittpartiet (22) och varvid den andra sidodelen (25)
innefattar ett andra flansparti (19) som stracker sig i radiell riktning med en
férlangning som Overskrider den radiella férlangningen av atminstone en del

av mittpartiet (22) .
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Anordningen (1) enligt krav 13, varvid det forsta flanspartiet (18) innefattar en
férsta yttre omkretsyta (20) som avgransar det forsta flanspartiet (18) i
rotationsriktningen (R) och varvid det andra flanspartiet (19) innefattar en
andra yttre omkretsyta (21) som avgransar det andra flanspartiet (19) i

rotationsriktningen.

Anordningen (1) enligt krav 13 eller 14, varvid de forsta och andra yttre

omkretsytorna (20, 21) foljer konturen hos mittpartiet (22).

Anordningen (1) enligt nagot av kraven 13-15, varvid de férsta och andra
flanspartierna (18, 19) ar rotationssymmetriska kring en axel hos den

roterande formen (3).

Anordningen (1) enligt nagot av de féregdende kraven, varvid den andra
kanalsektionen (10) ar anordnad i férhallande till den férsta kanalsektionen
(9) med ett forutbestdmt andra avstand (D2) mellan det radiellt yttersta partiet
av periferiytan (4) pa den roterande formen (3) och stédlagret (14) i
kanaldelen (13) ar mindre an ett férutbestamt férsta avstand (D1) mellan de
mest avlagsna delarna av den forsta kanalsektionen (9) taget i en hojdriktning
(Z) som sammanfaller med radiell riktning (R), och/eller varvid den andra
kanalsektionen (10) ar anordnad i férhallande till den forsta kanalsektionen
(9) med ett forutbestamt fjarde avstand (D4) mellan de innersta smalaste
delarna av kanaldelen (13) i breddriktningen (X) som ar stdrre an ett
forutbestamt tredje avstand (D3) mellan sidovaggar i den forsta kanalen

tagen i breddriktningen (X) vid utloppsomradet fran den forsta kanalsektionen

9).

Anordningen (1) enligt nagot av de féregaende kraven, varvid de forsta och
andra sidovaggarna (5, 6) ar placerade i forhallande till det férsta och det
andra kanalpartiets sidovaggar (15, 16) sa att de férsta och andra
sidovaggarna (5, 6) ar roterbart forbundna med kanalpartiets sidovaggar (15,
16) med en tolerans anordnad beroende pa produktmaterial och det

geometriska férhallandet mellan de férsta och andra kanalsektionerna (9, 10).
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Anordningen (1) enligt nagot av de féregaende kraven, varvid periferiytan (4)

innefattar en strukturerad del (30).

Anordningen (1) enligt krav 19 och nagot av kraven 13-16, varvid den forsta
sidodelen (23) innefattar ett parti (31) utan struktur som stracker sig mellan
det forsta flanspartiet (18) och partiet (30) med struktur och varvid den andra
sidodelen (25) innefattar en del (32) utan struktur mellan det andra
flanspartiet (19) och delen (30) med struktur.

Anordningen (1) enligt krav 20, varvid delarna (31, 32) utan struktur har en

radie mindre @n en radie till ett intryckningsdjup for partiet (30) med struktur.

Anordningen (1) enligt nagot av kraven 1-18, varvid periferiytan (4) ar utan

struktur.

Anordningen (1) enligt nagot av de féregaende kraven, varvid kanaldelen (13)
innefattar en andra roterande form (33) anordnad mittemot den forsta

roterande formen (3) som delvis eller helt ersatter stodlagret (14).

Anordningen (1) enligt nagot av de féregaende kraven, varvid kanaldelen (13)
innefattar en tredje roterande form (34) anordnad i en vinkel mot den forsta

roterande formen (3).

Anordningen (1) enligt krav 24, varvid kanaldelen (13) innefattar en fjarde

roterande form (35) anordnad mittemot den tredje roterande formen (34).

Anordningen (1) enligt nagot av kraven 23-25, varvid tva eller flera roterande

former (3, 33, 34, 35) ar synkroniserade.

Anordningen (1) enligt nagot av kraven 23-26, innefattande en kombination

av roterande former (3; 33; 34; 35) med struktur och utan struktur.

Anordningen (1) enligt nagot av de féregdende kraven, varvid den forsta

kanalsektionen (9) ar periferiellt avgransad av statiska vaggar (11).
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Anordningen (1) enligt nagot av de féregdende kraven, varvid urtaget (29) ar
ett ringformat urtag (29) som stracker sig i breddriktningen (X) och den
radiella riktningen (R), varvid urtaget (29) har en radiell utstrackning som ar
mindre an den radiella utstrackningen hos atminstone en del av mittpartiet
(22).

Ett férfarande for framstélining av en profilprodukt (2) med anvandning av en
anordning (1) enligt nagot av de féregadende kraven, varvid férfarandet
innefattar matning av ett material till den férsta kanalsektionen (9) och
formandet av det i den forsta kanalsektionen (9), och mata materialet vidare
till den andra kanalsektionen (10) och forma detsamma i den andra

kanalsektionen (10).
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