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Mould and method for moulding double curved elements of elastomeric material.

The present invention relates to a mould and a method for moulding double curved
elemeants of elastomeric material, and an elastomeric element being moulided in the

mould according to the preamble of the enclosed claims.

Background of the invention.

A tire for a vehicle comprises in general plies; beads; bells; sidewalls; shoulders;
tread; and sipes and grooves. Sidewalls are the area of rubber that runs from the
bead ¢ the treads and gives the tire lateral stability, and treads are the area of the
tire where the rubber meets the road, providing both a cushion and grip. Sipes and
grooves are patterns of the tire tread that allow the tire to disperse water, snow and
mud. Sipes are the smaller grooves or cuts to give extra grip, which is especially

important in a tire made for snow and ice.

A tire for bicycles comprises similarly a casing, covered by a rubber and provided
with a bead for attachment to a rim. The bicycle tire casing provides the necessary
resistance against strefching to cortain the internal air pressure while remaining
flexible enough to conform to the ground surface. The tread is a part of the tire that
touches the ground during regular use, as described above. The profile of the tread
is curved both laterally across the tire, a crosswise are, and longitudinally along the
circumference of the tire, maiching the shape of the casing inside it and allowing the
tire o roll to the side as the bicycle leans for turning or balancing. The sidewalls of
the casing, i.e. the part on each side extending between the tread and the bead are
not being intended o contact the ground. This part of the tire may be referred o as a

side of the tire.

One bicycle may be used for different purposes, and thus several types of treads
might be desirable for instance to get improved grip on rough surfaces, andfor to
reduce rolling resistance on smooth surfaces. Further, if the bicycle is used during
winter, the tread shouid be provided with spikes, to prevent slipping or skidding.

Replaceable tire treads are known for instance from EP 3423296 and from Retyre™,
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Such treads have double curvature; they are curved laterally to cover the whole
iread area of a bicycle tire and to extend from one sidewail across the tread and to
the other sidewall, and they are curved longitudinally to fit onto circumference of the
tire or wheel Even if the tire tread is a longitudinal element, and even if it may be
stretched to fit onto the tire, it will not give a sufficiently close fit unless it is moulded

in a curve corresponding to the tire.

Methods for moulding and curing of elastomeric materials in mouids to make
elastomeric products such as tires and tire treads, are well known. Typically, a
material to be cured is placed in a mould and subjected to pressure and/or heat until
a predetermined amount of cross-linking between molecules has been achieved.
The cured article is then removed from the mould. A traditional way to manufacture
tire freads for retreading of car tires is 1o use a flat mould, containing profrusions and
recesses {0 form tread patierns extending longitudinally and laterally on the tread.
However, when the flat tread is attached 1o a round tire, the tread patiern deforms
and grooves extending laterally across the tread will open or expand, which will

affect the road grip of the tread.

When manufacturing tires, it is traditionally used round moulds utilizing an
expandabile rubber airbag as the inner element of the mould {o press the material
into the protrusions and recesses of an outer metal element, to create sipes and
grooves in the tire. This gives less precision in the casting process and a higher rate
of defects, and the expanding airbag has a low pressure of about 1,3 MPa. Further,
the outer element of a round mould is commonly comprised of two seclions
separated longitudinally in the centre of the tread. When these sections are
separated, demoulding defects such as tearing may occur. The production normally

takes 11 distinct steps where 5 are manual.

US 8,632,715 describes a flat mould and a method for moulding tire treads, wherein
a tread is moulded in a substantially flat or planar manner while still being able to

obtain the desired dimensions of the tread patiern when the tire tread is mounied
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onto a tire. The moulded tire treads are, however, only curved longitudinally and will
riot fit close onto a tire having a laterally curved tread, such as a bicycle or motorbike

tire.

A skilled person would acknowledge that elastomeric materials are elastic, meaning
that even if a tire tread is not a perfect fit, it may be stretched while mounting and will
behave as a perfect fit. However, stretching requires great strength and a user may
not be able to mount the tire tread. Further, the sipes and grooves will be disturbed
by the stretching, and the grip of the tire tread may be changed. Further, if a carcass

is part of the tire tread, streiching will not be possible.

Based on the above, there is an object of the present invention {o provide a mould
and a method for moulding longitudinal, double curved elemeants of elastomeric

materials, without the above said disadvantages.

Further, there is an object to provide a mould and a method for moulding such
glements having a precise size and thickness, and further that the elements should

have a precise curvature in two directions.

Even further, there is an object that the mould should be flat on the outside, that the
mould could be arranged on a plane surface, and that the length of the mould can be
chosen both shorter and longer than the desired element. To improve the efficiency
of the moulding process, it is a further object that more treads shouid be moulded

simultaneously, preferably in the same mould.

Even further, there is an object to provide a mould and a method for moulding such
elements {0 be used as tires or tire ireads, having a precise pattern on at least one

surface.

Finally, there is an object that the mouid and method should be time and cost

efficient, less space demanding and safe and easy 1o operate for an operator.
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Summary of the invention

The above said objects of the invention is achieved by a mould and a method for
forming a longitudinal element of elastomeric material, according o the
characterizing part of the independent claims. A number of non-exhaustive
embodiments, variants or alternatives of the invention are defined by the

corresponding dependeant claims.

The invention relates to a mould for forming a longitudinal element of elastomeric
material, the mould comprises a housing including at least one inner longitudinal
cavity extending between at least two opposing main walls and two opposing edge
walls. The element is {0 be formed inside the cavity. The mouild is characterized in
that the main walls of the cavily have elevations extending and sloping both laterally
and longitudinally of the cavity, and depressions extending and sloping laterally and
longitudinally of the mould, wherein an elevation of one wall is opposite to a
depression of the other wall. The element being formed in the mould will be curved in

both lateral and longitudinal direction, which is also referred to as double curved.

By "longitudinal cavity” it is herein meant that the cavily is longer in one direction,
and when referring o "longitudinal” it is meant along the longest direction, and when
it is referred to "lateral” it is meant along the shortest direction, being perpendicular
to the longest direction. This definition of "longitudinal” and "lateral” applies both to

the cavity, and to an element being moulded therein.

The cavity also has a height which is defined by the distance between the main
walls, and whereby the thickness of the element to be moulded therein will be egual
to the height. The height may be constant, whereby the depressions and slevations
of the two main plates are opposite yet identical. in an aliernative embodiment, the
height is not constant, and the distance between the main walls are larger at the
lateral centre than at the lateral sides, and an element being moulded therein will be

thicker at the middie, for instance will a tire be thicker at the tire tread.
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The cavily is defined by the main walls and the edge walls being parts of the
housing. The cavity is limited in lateral direction by the edge walls, which are
arranged along the length of the cavity. The edge walls may be lower than the height
of the cavity, wherein any material added to the cavity may flow out of the cavity,
over the edge walls. In embodiments wherein the housing comprises a number of
cavities arranged adjacent to each other; the edge wall will be the separation
between the cavities. However, if the edge wall is lower than the height of the cavity,
then the elements moulded in the cavilies will be connected, and needs (o be
separated from each other after the moulding, preferably in the recess created by the

adge wall.

The cavity or cavities may be closed inside the housing, and in such case the

cavities are limited in longitudinal direction by two end walls.

By "extending and sloping both laterally and longitudinally” it is in the context of this
application meant that each elevations/depressions have a slope both in lateral and

longitudinal direction.

By "depression” it is in the context of this application meant a form being concave,
that is the wall is moving out of the cavity, and by "elevation” it is meant a form being
convey, that is the wall is moving into the cavity. The elevations and depressions of
one main wall is opposite to the elevations and deprassions of the other main wall,
meaning that when one wall moves into the cavily, as an elevation, the opposing part
of the opposite wall is moving out of the cavity, as a depression, and vice versa, this

will give the cavily a wavy shape.

Any depressions in an element formed in a cavity in such a mould, may be turned or
inverted, and thereby the elevations and inverted depressions will bend the element
in longitudinal direction. The inverting is known for instance from US 8,632,715
mentioned above. Further, as the depressions and elevations also extend laterally {0
the mould, when the depressions are inveried, the element will also bend laterally.

The element will thus get a double curved shape, which improves the fit o a wheel
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having a curved tread, such as a bicycle tire. As said above, even if an elastic
glement may be stretched to fit, an element moulded to have the correct shape will
not be in a stretched mode, and therefore not have any inner tensions when
attached o a tire. Parts of an element moulded in a mould according to the invention
will be streiched or slightly deformed during the inverting process, but once the
depressions are completely inverted, any inner tensions of the element are so small

that they do not influence the performance of the element.

in a preferred embodiment, each elevation and depression have a gradual slope and
roundead top, leaving no sharp edges or corners. This will both ease the release of
the element from the mould and the inverting of the depressions to form the resulting

curvatures afier demoulding.

The slope of the elevations / depressions of the main walls will determing the
curvatures of a double curved moulded element after the depressions are inverted. A
lateral radius r of the moulded element, being the radius of a crosswise arch of the
eglement after the depressions are inverted, will, amongst others, be determined by
the slope of the elevations/ depressions of the main wall in lateral direction.
Correspondingly, a longitudinal radius R of the moulded element, being the radius of
a circle created by the element after the depressions are inverted, will, amongst
others, be determined by the slope of the elevations/depressions of the main wall in
ongitudinal direction. In a preferred embodiment, the average gradient of the
elevation and/or depression may be different in the longitudinal and lateral direction,

giving the element a different curve in longitudinal and lateral direction.

in a preferred embodiment, each lateral elevation and deprassion are symmetrical
along lateral plane, and each longitudinal elevation or depression are symmetrical
along a longitudinal plane. In the following the Iateral plane will also be referred {o as
an xy-plane, and the longitudinal plane as a yz-plane. As the elevations and
depressions are symmeitrical in the lateral plane, the top of the elevation or bottom of

deprassion will be centred in the lateral direction of the cavity.
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in a preferred embodiment, the form and size of the elevations and depressions are

identical, only extending in opposite directions of a given surface-plane of the mould,
hereinafter referred to as a O-plane or a xz-plane. The O-plane is having in average,

equal distance to both main walls. The O-plane is perpendicular {0 the longitudinal

and lateral plane.

in an alternative embodiment, the elevations and depressions are not identical, they
may have different shape, wavelength, average gradient and even different
amplitude at their extremity. The wavelength is defined as the longitudinal length
between the transition into the elevation or depression and the transition out of the
same elevation or depression. Amplitude is defined by the vertical distance from the
O-plane to the highest or lowest point of the elevation or depression, respectively. By
"extremity” of a depression or elevation it is herein meant at the top of an elevation
and bottom of a depression, that is when the gradient is 0. This may also be referred
{0 as minima or maxima, and thus the ampiitude will be the distanced from the G-

plane to the minima or maxima.

in an alternative embodiment, the elevations and depressions can be different as
long as the distance along the main wall surface between the edge walls is kept

constant and the amplitude is kept proportional to the wavelength.

in a preferred embodiment, the shape of the elevations and depressions of a mould
are calculated using an algorithm to create a point cloud. The shape is then imported
into a CAD- software where a series of interconnected models deform a tread
pattern to match the shape. Once these caiculations are performed, the shape of the
elevations and depressions, pattem of protrusions and recesses, and thickness of

tire or tire tread to be moulded are given, and the mould may be created.

A mould according to the invention is preferably also longitudinal, reflecting the
cavity or cavities inside the housing, however, depending on the number of cavities
inside the housing, the mould may also be square. in a preferred embodiment, the

outside of the housing is flat, meaning that the outside of the mould is shaped as a
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box. This means that the thickness of the walis of the housing varies according to the
depressions and elevations of the cavity, wherein the wall of the housing is thicker
when there is an elevation in the main wall of the cavity, and thinner when there is a

deprassion in the main wall of the cavity.

in a preferred embodiment, the elevations and depressions of the main walls in the
cavity are arranged aiternating along the length of the main walls, more preferred
adjacent to each other, leaving no flat area between. A longitudinal cross section of
the mould along the yz-plane, will in such an embodiment show the cavity having the
form of a wave, more preferred a sine wave. In order to arrange several elements
being mouldad in the mould, after one another, it is preferred that the ends of the
main walls correspond to the beginnings of the main walls, to achieve a continuous

wave in the longitudinal direction.

The main walls also have elevations and depressions in lateral direction, and may in
an alternative embodiment have several elevations and depressions arranged
alternating in the lateral direction. In a preferred embodiment however, a main wall
only comprise one depression or elevation in lateral direction, and in such
embodiment, a iateral cross section along the xy-plane wili show the cavity formed
as a convex or concave arch, or a straight line if the cross section is taken in the

fransition between a depression and an elevation.

The depression(s) and/or elevation(s) may be arranged along the whole length and
width of the main walls. Alternatively, both main walls may include a planar surface
at the least one side of the depressions and elevations, along the edge wall. This will
give the moulded element a flat part along the longitudinal edge, without depressions

and elevations.

in a preferred embodiment of the invention, the cavity in the mould has & length
corresponding to the circumference of a circle having the longitudinal radius R of an

element mouided in the mould, once the depressions are inverted. Thereby, an
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element moulided in such a mould will fit to a wheel of the given size, and extend

along the whole circumference of the whesl.

in another preferred embodiment, the housing comprises at least two parts which
may be moved in relation {o each other, {o create access to the cavity or cavities
inside the housing. The two parts may for instance move between an open position
and a closed position, wherein the element is to be moulded in the cavity when the
parts are in closed position. Alternatively, material o mould the element is added
while the parts are in closed position, and the element is removed when the parts are
in open position. In vet ancther embodiment, the parts are arranged on conveyers,
wherein the parts are separated at the end of at least one of the conveyers. The
conveyors may be identical or different, but the mould must be in closed position
sufficiently long for the material to set in the cavity. The time will thus also depend on
the chosen material. Preferred materiais are elastomeric materials such as rubber or

thermopilastic elastomers (TRPEs).

in a preferred embodiment, at least one of the main walls of the cavity has
protrusions and recesses (o mould a pattern of grooves, knobs and sipes in the
element to improve the performance of the element when in use. The protrusions
and recesses are in addition to the elevations and depressions. The protrusions and
recesses may create any pattern and have any shape, unique or repeated, graduaily
sioped or steep, thick or thin as desired by the manufacturer. The preferred pattem
of protrusions and recesses depends on the intended use of the tire tread. In an
alternative embodiment, spikes, gravel, electronic components such as sensors, light
gtc, fibres, weavings, wires or the similar may also be added in the mould to be

moulded into the element to provide specific characteristics.

The protrusions and recesses may be in the whole or paris of the main wall. The
protrusions and recesses are preferably in longitudinal direction, centred crosswise,
giving grooves, knobs and sipes along the middie of the element being moulded,

more preferably along the tread. The parts of the main wall on the sides of the
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protrusions and recesses may comprise shapes to mould labels into the element,

such as size, recommended prassure, trademarks etfc.

The amplitude of the elavation in the main wall having the pattern of protrusions and

recesses may be lower than the ampiitude of the depression in the same main wall,

in an alternative embodiment, the main walls are identical and both have protrusions
and recesses, and thereby two elements may be moulded at the same time, one
element facing one main wall, and the other element facing the other main wall, the
elements must be separated after moulding. An inert sheet or the similar may be

added during moulding, to separate the elements once the material is set.

As described above, the cavity extends laterally between two opposing edge walls
protruding between the main walls in longitudinal direction of the mould. In one
embodiment, the height of the edge walls defines the height of the cavity, and thus
the thickness of the element to be moulded in the cavity of the mould. In another
embodiment, the height of the cavity is determined by other parts of the mould, such

as opposing parts of the housing.

in a more preferred embodiment, the distance between the edge walls across the
cavity, that is the width of the cavity, varies in relation to the position of the elevations
and depressions of the main walis, but the distance between the edge walls along
the surface of a main wall will be constant. In such an embodiment, the edge walls
are closer to each other at the bottom of a deprassion or top of an elevation of the
main walls, and further apart at the fransition between elevation and depression.
When the housing comprises several cavities, the edge wall between two adjacent

cavities may thus have thicker and thinner parts.

When a number of elevations and depressions are arranged after each other as
described above, the edge walls will curve continuously, giving wider and narrower
parts of the cavity. The lateral distance from one longifudinal edge of a main wall to

the other, following the curve of the main wall, should be equal at all times, meaning
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that a higher elevation of the main wall will give a shorter distance between the edge
walls at the same position. The same regards 1o a low depression. Whean the
depressions of a moulded element is inverted, and the element is double curved as
described above, the curving of the longitudinal edges will even out, and the side

edges of the element will appear as even.

Further, the cavity may be designed with sufficient space for adding a reinforcement
material along the whole element, such as a mesh or tire carcass, before the
element is moulded. The reinforcement material may be longer | both lateral and
longitudinal direction than the cavity, and thus protrude out of the cavity, between the
side edges, and possibly the end walis. The reinforcement material may be

previously coated with elastomeric material.

The mould is made of any convenient material sufficiently hard {o withstand the
pressure and temperature during the moulding of the tire or tire tread, and all other
forces acting on the mould during the process. Further it should be sufficiently hard
{0 create recesses and profrusions in at least one of the main walls, to create a
pattern on the moulded tire or tire tread. Finally, the mould should be used several
times, and thus the material must withstand wear and cleaning. A possible material

is plastic or metal, more preferably steel

The invention further relates {0 a method for forming a longitudinal double curved

element of elastomeric material, by using a mould as described above.

in a preferred embodiment, the mould comprises two parts, the method comprises
the following steps:

a) providing entrance to the cavity,

b} placing elastomeric material into the cavity through the entrance,

¢} moving the parts of the mould apart from each other, to provide exit from the
cavity, and

d) remove the element from the cavity.
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if the housing comprises more than one cavily, then method should comprise the

same steps but in relation {o all cavities.

in a preferred embodiment the method further comprises a step for pressurizing,
heating and/ or cooling the mould between step b) and ¢). In yet another preferred
ambodiment, the method may comprises a delay between step b) and ¢), the delay

is to allow the polymeric material to cure, or harden.

in an alternative method, the step for providing an entrance to the cavity, comprises
a step for moving the parts of the mould apart from each other, and the method
comprises an additional step betweaen step b} and ¢}, for moving the parts of the
mould towards each other, to close the cavity. This additional step must be
parformed before any steps for pressurizing, heating and/or cooling as mentioned
above. Such steps will be common when the element is to be moulded by press

moulding.

in an alternative method, the parts of the mould comprising the main walis and edge
walls are arranged on conveyors, and moved in relation {0 each other by running the
conveyors. In such an embodiment, the polymeric material may be added on one of
the parts, and then the other part is pressed upon, whereby excess material will be

forced out of the cavity.

in vet an alternative embodiment, the method comprises another step before andfor
after step b), for adding other materials, such as a mesh, tire carcass and/or inert

sheet to the mould.

if the main walls of the mould both comprises protrusions and recesses in order {o
mould two elements at the same time, then the method should further comprise
steps between step b) and ¢} for adding material to the lower main wall, adding an
inert sheet for separating the elements after moulding, and then adding more
material for moulding the second element. Then yet another step should be added

after step d) for removing the inert sheet, and separating the elemenis.
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The invention also relates (o a longitudinal element of elastomeric material, moulded
in a mould as described above, andfor by a method as described above. The
element will have elevations and depressions along its length and width, preferably
one elevation or depression in iateral direction, and alternatingly elevation and

depression in longitudinal direction.

The depressions of the element may be inverted {o curve the element in both
longitudinal and lateral direction. During for instance transportation and storage it
may however, be an advantage {o keep the deprassions non-inverted, as several tire

treads may be stacked on top of each other, and demand less space.

Upon usage, the depressions are forced upwards beyond the O-plane, until thay
flip/invert and become an elevation. The elevations and flipped/inverted depressions
will form the element and curve it both in longitudinal and lateral direction, having a
radius r in lateral direction and radius r in longitudinal direction. The length of an
glement according to the invention is preferably in proportion o the longitudinal slope
of the depressions and elevations, o make the element run along the circumference

of a circle having the radius R.

Reference throughout the specification to “one embodiment” or "an embodiment”
means that a particular feature, structure, or characteristic described in connection
with an embodiment is included in at least one embodiment of the subject matter
disclosed. Thus, the appearance of the phrases “in one embodiment” or "in an
embodiment” in various places throughout the specification is not necessarily refer-
ring to the same embodiment. Further, the particular fealures, structures or
characteristics may be combined in any suitable manner in one or more

ambodiments.

Example
The invention will now be described with the help of the enclosed figures, showing a

mould and an element in the form of a tire tread according to the present invention.
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The different parts of the figure are not necessarily in scale to each other, as the

figure is merely for illustrating the invention.

The invention will in the following be described with reference to the enclosed
figures, where

Figure 1a shows a part of a mould according o the present invention,

Figure 1b shows a part of ancther mould according to the present invention,

Figure 2 shows a segment of the mouid in Figure 1a, from above with contour lines,
Figure 3 shows a lateral cross section of another embodiment of a mouid according
to the prasent invention,

Figure 4 shows a longitudinal cross section of the mould shown in Fig. 3,

Figure 5 shows a cross section of the mould shown in Fig. 3 and 4, the cross section
is paraliel {o the top and bottom of the mould,

Figure 6 shows a segment of an element moulded in the mould shown in Fig. 3-5, in
perspective,

Figure 7 shows a segment of an element moulded in the mould shown in Fig. 1-5,
from a side, and

Figure 8 shows a segment of the element in Fig. 7, after depressions are inverted.

Figures 1a-5 show different embodiments of a mould for moulding a longitudinal
double curved element of elastomeric material, such as a tire tread, according to the
present invention. Figure 1b shows an embodiment for moulding several longitudinal
double curved elements simulianeously. Figures 6-8 show a tire tread being
moulded in a mould such as shown in Figuraes 1. For clanty reasons, identical or

similar parts of the mould are given the same reference number in all embodiments.

Al embodiments of the mould comprise a housing of two parts 1, 2, wherein the two
parts may be removed from each other. The housing has a flat base and top, and

ncludes a longitudinal cavity 3 extending between two opposing main walis 4, 5 and
two opposing edge walls 8, 7, wherein one main wall 4, 5 is arranged on each part 1,
2 of the housing, and thereby access to the cavity 3 is created by moving the parts 1,

2 away from each other. The main walls 4, 5 have elevations 8 and depressions 9
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extending both laterally and longitudinally of the cavily 3, wherein one elevation 8 or
depression 9 is arranged in lateral direction, and several elevations and depressions
are arranged alternating adjacent to each other in longitudinal direction. The
elevations 8 and depressions 8 of one main wall 3 is opposite (o the elevations 8 and
depressions 9 of the other wall 4, giving the cavity 3 between the main walls a wavy

shape in longitudinal direction.

in the shown embodiments, one of the main walls 4 have recesses and holes 10 to
create a pattern 30 on a tire fread 23 being moulded therein, wherein the pattern 30

will improve the grip once the tire tread 23 is mounied on a wheel,

Figure 1a and b shows a part 2 of the housing of the mould, removed from the other
part 1. The part is shown in perspective, with the main wall 4 facing upwards. The
main wall 4 of the shown part 2 includes protrusions and recesses, and will give give
the element a pattern 30 of grooves and sipes on one side, for a good grip once the
glement is mounted on a tire. The shown part in figure 1a has one cavity with three
glevations 8 and three depressions @ in longitudinal direction, each elevation and

depression extends along the whole lateral direction of the cavity.

The shown part in Figure 1b have three cavities, each having four elevations & and
four depressions 9 in longitudinal direction, each elevation and depression extends
along the whole lateral direction of the cavity. The cavities are separated from each
other by edge walls 6, the height of the edge walls 6 correspond in the shown
embodiment with the height of the cavily, and any elements formed therein will be

removed from the mould as separate elements.

Figure 2 shows a section of the mould in Figure 1, from above, and contour lines are
added to indicate the gradient of the slope of the elevation 8 and depression 8. As
can be seen from the contour lines, each elevation and depression has a slope in the
lateral direction as well as in the longitudinal direction. Depressions and elevations
are arranged alternating and adjacent to each other in longitudinal direction, and in

the transition from elevation {o depression and vice versa, there will be a transition
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line with no elevation in either direction. A transition line is indicated in Figure 2 as C-
C.

Further, in any longitudinal plane taken through a mould shown in the Figures, such
as indicated by A-A In Figure 2, each elevation and depression is symmetrical about
a line running through its highest or lowest point. Each elevation and depression is
aiso symmetrical about a line running through its highest or lowest point, in any
lateral plane taken through the mould, for instance as indicated by B-B in Figure 2.
The average gradient of the elevations and depressions is not identical in the
longitudinal and lateral direction, as the iateral and longitudinal curvature of the

glement o be moulded are not identical.

in the shown embodiment, the opposing edge walls 8, 7 of the cavity are closer to
each other at the bottom of a depression or at the top of an elevation of the main
walls, and further from each other at the transition between elevation and
depression. This is shown in Figure 1 as the walls 6, 7 curves along the longitudinal
direction. This is also shown in Figure 2, wherein the edges of the section are closer
along line B-B which is at the top/botftom of an elevation/depression than along line
C-C which is at a transition between an elevation/depression. As the distance
between the edge walls 8, 7 varies, the distance between the edge walls along the

surface of the main wall will be constant.

Figure 3 shows a lateral cross section of a mould, wherein the two parts 1, 2 of the
hiousing are arranged in relation to each other and encloses the cavity 3. A lateral
cross section is also referred {0 as a cross section in XY plane. Each elevation 8 or
deprassion 8 extends along the whole lateral direction of the cavity, that is from edge
wall 6 to edge wall 7, and thus the lateral cross section has the form of an arc. in
Figure 3 it is shown that the main wall 4 of part 2 has a number of recesses and

holes 10, to create g pattern on the tire tread.

Figure 4 shows a longitudinal cross section of a part of a mould, wherein the two

parts 1, 2 of the housing are arranged exploded, that is in distance to each other. A
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longitudinal cross section is also referred {0 as a cross section in YZ plane. As
several elevation 8 and depression 9 are arranged alternating and adjacent to each
other along the longitudinal direction of the cavity, the cross section has the form of

an wave.

Further on Figure 4, it is shown that the edge wall 8 is a part of a side wall 11 of one
part 2 of the housing. The other part 1 has a protruding flange 12, to be supported by
the side wall 11 once the mould is mounted. The height of the edge wall 6, and thus
the thickness of the cavity 3, will be given by the design of the side wall 11 and
flange 12, as will be obvious to a skilled person. When a tire tread should be
moulded in the mould, upper part 1 1s removed, elastomeric material is added, part 1
is replaced, and pressure is added on fop of part 1, until the flange 12 rest upon the

side wall 11.

Figure 5 shows a cross section along a 0 plane for the cavity, also referred {o as the
Xz plane. As the cavily has the form of an arc in lateral section, and a wave in the
tongitudinal section, a cross section in the xz plane shows an elevation 8 of one part
1 of the mould, (the upper part in Figure 5) as well as a depression @ of the other
part of the mouid 2, wherein the elevation 8 is arranged above |, and partly in, the

depression 9.

A tire tread 23 moulded in the cavity 3 of a mould according to figures 1 or 2 is
shown in Figures 6 and 7, wherein figure 6 shows a section of the tire tread 23 in
perspective from above, and Figure 7 shows the tire tread from one side. The tire
fread 23 will have a wavy form with elevations 28 and depressions 29 in longitudinal

direction, and a pattern 30 on one side.

When the tire tread is {0 be used, the depressions 29 should be pressed from the
lower side and upwards, as indicated by an arrow in Figure 7, until they are inverted.
Due to elastic properties of the material of the tire tread, this inverting procedure is
possible. A smail amount of strain energy may still be persistent after inverting,

mainly due to the fact that the article does not have zero thickness. Then the tire
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tread will curve as shown in Figure 8. For clarity reasons, the tire tread 23 in Figure 8

is shown with an even surface, that is without patterm 30.

Once the depressions 29 of the tire tread 23 are inverted, it will be double curved,
having a radius r in lateral direction, and radius R in longitudinal direction. The radiir
and R are determined among other things by the slope of the elevations and
depressions in lateral direction and longitudinal direction of the cavity. The gradient
of the slopes are indicated by the contour lines in Figure 2. As the distance between
the edge walls across the cavity varies, but the distance between the edge walls
atong the surface of the main walls is constant, the lateral distance from one edge of
the element to the other, once the depressions are inverted, is constant. This is

shown as a constant side edge 27, 27 in Figure 8.

As shown in Figure 7 and 8, any segment Ax with longitudinal length Z of the
element yields a corresponding segment Bx of the double curved element with angle

W after any depressions are inverted, where angle W and length Z is proportional.

in the shown figures, the shape of the elevations are identical to the depressions.
However, in an alternative embodiment, the shapes may be different, but the shape
of any elevation or depression may be such as to vield a segment of the desired
double curved shape, meaning that if a segment Ax is defined as between the
transition into an elevation or depression and the transition out of the same elevation
or depression, the segment would correspond o any segment Bx of a double curved
shape with Angle W proportional to longiudmal length Z of Ax. A double curved
shape with radius R can as such be obtained with elevations and depressions of
varying amplitudeas and wavelengths by adjusting the number of elevations and

depression on the element in total.

VWhen a mould as shown in Fig. 1-5 should be used to mould a tire tread as shown in
Fig 6-8, a part 1 of the housing is removed from part 2, to provide entrance o the
cavity 3. A suitable amount of elastomeric material is then be added to the cavity,

before the first part 1 is replaced, closing the access to the cavity. Once the cavity is
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closed, pressure should be added, preferably on fop of part 1, until the flange 12 of
part 1 is resting against the side wall 11 of the lower part 12. The pressure may be
about 16 MPa, preferably exerted by a hydraulic force. After a predetermined time,
part 1 is removed again to provide access {0 the cavity, and the moulded tire tread
may be removed. The curing or hardening time may for instance be about 5 - 13
minutes, depending on the elastomeric material. Even if the method 1s described
above with reference {0 one cavity, the same applies if the housing comprises more

cavities.

The example above is given to illustrate the invention and should not be used to

interpret the following claims limiting. The scope of the invention is not imited by the
example give above, but the following clams. Modifications and amendments of the
invention, being obvious to a person skilled in the art, should also be inciuded in the

scope of the invention.
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Claims

1. Mouid for a longitudinal element of elastomeric material, the moulid comprises a
housing including at least one longitudinal inner cavity extending between at least
two opposing main walls and two opposing edge walls, characterized in that

the main walls have elevations extending and sioping both laterally and longitudinally
of the cavity, and depressions extending and sloping both laterally and longitudinally
of the cavily, wherein an elevation of one wall is opposite to a depression of the

other wall.

2. Mould according to claim 1, wherein the elevations and depressions are arranged

alternating along the length of the mouid.

3. Mould according to claim 2, wherein the elevations and depressions are arranged

adjacent to each other.

4. Mouid according to any one of the preceding claims, wherein the main walls have
one elevation or depression in lateral direction and a numbaer of elevations and

depressions alternating in longitudinal direction.

5. Mould according to any one of preceding claims, wherein each elevation and/or

depression have a gradual slope and rounded top.

6. Mould according to any one of preceding claims, wherein the form and size of the
elevations and depressions are identical, only extending in opposite directions of the

mould.

7. Mould according to any one of the preceding claims, wherein the distance
batwean the edge walls across the cavity is smaller at the bottom of a depression or
at the top of an elevation of the main walls, and larger at the transiiion between
glevation and depression, and in that the distance between the adge walls along the

surface of a main wall is constant.
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8. Mould according to any one of the preceding claims, whearein the housing
comprises at least two parts which may be moved in relation to each other, to create

access to the cavity in the housing.

9. Method for forming a longitudinal element of elastomeric material, by using a
mould according to any one of claim 1-8, wherein the mould comprises at least two
parts, wherein the method comprises the following steps:

a) providing entrance to the cavity,

b} placing elastomeric material into the cavity,

¢} moving parts of the mould in relation to each other, to provide access (o the cavily,
and

d) remove the tire tread from the cavity.

10. Method according to claim 9, wherein the method further comprises a step for

pressurizing, heating and/or cooling the mould between siep b) and ¢).

11. Method according to claim 9 or 10, wherein the step a) comprises a step for
moving the parts of the mould apart from each cother, and the method further
comprises an additional step between step b) and ¢), for moving the parts of the

mould towards each other, o close the cavity.

12. Method according to any one of steps 9-11, wherein the method further

comprises a delay between step ¢) and d).

13. Longitudinal elastomeric element having at least one curvature in longitudinal
direction and one curvature in iateral direction, wherein the element is moulded in a

mould according to claims 1-8.
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