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METHOD AND MACHINE FOR
MANUFACTURING A CORD-REINFORCED
ELASTOMER COMPOSITION BAND

FIELD OF THE INVENTION

[0001] The present invention is directed to a method of
manufacturing a cord-reinforced elastomer composition
band, and to a method of manufacturing a tire comprising
one or more bands manufactured in accordance with said
method and/or its steps. Furthermore, the present invention
is directed to a machine for manufacturing cord-reinforced
elastomer composition bands, and also to a use of such a
machine in a method, such as one of the above-mentioned
methods, for manufacturing a cord-reinforced elastomer
composition band and/or a tire comprising such a band.

BACKGROUND OF THE INVENTION

[0002] Many tire types include tire components compris-
ing cord-reinforced elastomer composition bands. Typically,
such bands are manufactured with a calendar unit in which
a plurality of cords is coated from two sides with flat milled
sheets of rubber material. While such processes have been
refined over the past decades, room for improvement
remains for manufacturing advanced cord-reinforced elas-
tomer composition bands.

SUMMARY OF THE INVENTION

[0003] In a first aspect, the present invention is directed to
a method of manufacturing a cord-reinforced elastomer
composition band, wherein the method comprises steps of
providing multiple parallel cords and starting extruding at
least one elastomer composition onto the parallel cords in a
first zone to form a first end portion of the cord-reinforced
elastomer composition band. Furthermore, and still in accor-
dance with the first aspect, the method comprises the steps
of further extruding the elastomer composition onto the
parallel cords in the first zone while moving the first end
portion of the cord-reinforced band in parallel to the cords
and away from the first zone, and holding the parallel cords
at a constant distance relative to one another in a second
zone which is adjacent and downstream the first end portion
and which moves with the first end portion of the cord-
reinforced band in parallel to the cords and away from the
first zone.

[0004] In asecond aspect, the present invention is directed
to a method of manufacturing a tire including the steps
according to the first aspect.

[0005] In a third aspect, the present invention is directed
to a machine for manufacturing an elastomer composition
band reinforced by multiple parallel cords, wherein the
machine comprises an elongated channel for forming the
band; a first cord guide for slidingly guiding the cords in
parallel and spaced apart from each other into the channel;
at least one die for extruding the elastomer composition into
the channel to cover the cords; and a second cord guide for
guiding the cords in parallel and spaced apart from each
other, wherein the second cord guide is adapted to slide
through and along the elongated channel.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The invention will be described by way of example
and with reference to the accompanying drawings in which:
[0007] FIG. 1 is a schematic cross-section of a machine for
manufacturing cord-reinforced elastomer composition
bands according to a preferred embodiment of the invention;
[0008] FIG. 2 is a cross-section of the machine of FIG. 1,
particularly in the plane A-A as indicated in FIG. 1;
[0009] FIG. 3 is another cross-section of the machine of
FIG. 1, particularly in the plane B-B as indicated in FIG. 1;
[0010] FIG. 4a is another schematic cross-section of
another machine for manufacturing a cord-reinforced elas-
tomer composition band, in accordance with another
embodiment of the present invention;

[0011] FIG. 45 is a schematic cross-section of a first cord
guiding means of the machine shown in FIG. 4a;

[0012] FIG. 4c¢ is a schematic cross-section of the second,
slidable cord guiding means of the machine shown in FIG.
da;

[0013] FIG. 5 is a schematic cross-section of the same
machine as shown in FIG. 4a with cords held by the cord
guiding means;

[0014] FIG. 6 is a schematic cross-section of the same
machine as shown in FIGS. 44 and 5, wherein an elastomer
composition has been extruded into a channel of the
machine between the first cord guiding means and the
second cord guiding means;

[0015] FIG. 7 is again a schematic cross-section of the
same machine as already shown in FIGS. 4qa, 5, and 6,
wherein the second cord guiding means has left the channel;
[0016] FIG. 8 is another schematic cross-section of the
same machine as shown in FIGS. 4a, 5, 6, and 7, wherein the
second cord guiding means has been removed from the
cords and/or the cord reinforced band;

[0017] FIG. 9 is a diagram showing volume fractions of
cords (VE, in percent) against a cord diameter (D, in
millimeters) for a cubic packing of cords (cp) and a hex-
agonal packing of cords (hp), obtained in accordance with
embodiments of the present invention;

[0018] FIG. 10 is a schematic sideview of a non-pneu-
matic tire comprising a shearband with one or more cord-
reinforced elastomer composition bands manufactured in
accordance with an embodiment of the present invention;
and

[0019] FIG. 11 is a schematic cross-section of a pneumatic
tire comprising one or more cord-reinforced elastomer com-
position bands or plies manufactured in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] According to the first aspect, the invention is
directed to the method of manufacturing a cord-reinforced
elastomer composition band. Said method comprises the
steps of providing multiple parallel cords, and (starting)
extruding at least one elastomer composition onto the par-
allel cords in a first zone (or, in other words, an extrusion
zone or elastomer composition extrusion zone), to form a
first end portion of the cord-reinforced elastomer composi-
tion band. Furthermore, the method comprises the steps of
further extruding (or continuing extruding) the elastomer
composition onto the parallel cords in the first zone while
moving the first end portion of the cord-reinforced elastomer
composition band in parallel to the cords and away from the
first zone, and holding the parallel cords at a constant
distance relative to one another (or particularly spaced apart
from one another) in a second zone which is adjacent and/or
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downstream (such as with respect to the direction of mov-
ing) the first end portion and which moves with the first end
portion of the cord-reinforced elastomer composition band
in parallel to the cords and away from the first zone. Thus,
the method allows holding and/or guiding the cords in both,
the first zone and the second zone so as to keep the cords at
a determined distance with respect to one another, particu-
larly during the elastomer composition extrusion. This
allows for manufacturing high quality cord-reinforced elas-
tomer composition bands with an accurate positioning of the
cords. Moreover, the inventive method allows making bands
with a dense packing of cords, or, in other words a high-
volume fraction of cords, whereas this is more difficult with
prior art methods.

[0021] In one embodiment, the parallel cords are arranged
in and/or form at least one plane of parallel cords (prefer-
ably, being spaced apart from each other in the at least one
plane), and wherein the elastomer composition is optionally
extruded onto each side of said plane.

[0022] In another embodiment, the parallel cords are
arranged in and/or form at least two parallel planes. Pref-
erably, (neighboring) cords are spaced apart from one
another within said planes. In particular, in a case of multiple
planes of parallel cords, or in other words, layers of parallel
cords, the present method allows a defined relative position-
ing of cords and holding said position during extrusion.

[0023] In still another embodiment, the at least two par-
allel planes comprise a first plane and second plane, trans-
versely displaced or offset with respect to each other, and
wherein cords of the first plane are arranged between the
cords of the second plane, viewed in a cross section per-
pendicular to the parallel cords. In other words, the cords of
the first plane are shifted relative to the cords of the second
plane in a direction perpendicular to the cords. The cords of
both, preferably all, planes are parallel to one another.

[0024] In still another embodiment, the cords move
through and along a channel, and wherein the elastomer
composition is optionally extruded onto the cords and/or
into the channel in the first zone to define the outer shape of
the band. Preferably, the channel has one or more walls
encasing a circumference and/or outer sides of the band
perpendicular to an elongated extension of the band and/or
the cords.

[0025] In still another embodiment, the parallel cords are
held at a constant distance relative to one another in the
second zone by at least one cord guiding means moving with
the first end portion away from the first zone. In other words,
said cord guiding means moves downstream.

[0026] In still another embodiment, the cords (and, e.g.,
also the band) move through and along a channel and
wherein the elastomer composition is extruded onto the
cords and into the channel in the first zone to define the outer
shape of the band, and wherein the cord guiding means is
slidingly moving through the channel together with and
downstream of the first end portion. Optionally, the cord
guiding means contacts the walls of the channel, e.g.,
contacts the walls of the channel, avoiding passing of
elastomer composition between the cord guiding means and
the walls of the channel. It is also possible to mention that
the cord guiding means slides along the channel in sealed
contact with the walls, such as sealed against passing of the
elastomer composition.
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[0027] In still another embodiment, the cords are ten-
sioned in a direction in parallel to the extension of the
channel and/or the direction of movement of the cord
guiding means.

[0028] In still another embodiment, the cord guiding
means is removed after the first end portion has moved out
of an end or end portion of the channel which is preferably
essentially opposite to the first zone. In particular, once the
first end portion of the cord-reinforced elastomer composi-
tion band has left the channel, the cords are held in fixed
positions relative to one another in said end portion so that
the cord guiding means is not needed anymore.

[0029] In still another embodiment, the elastomer compo-
sition is a rubber composition and/or the cords are selected
from one or more of textile cords, steel cords, glass fiber
cords, and carbon material cords.

[0030] In still another embodiment, the band has one or
more of 1) a thickness within a range of 0.5 mm to 10 mm,
ii) a width within a range of 4 mm to 400 mm, iii) cords
having a (maximum) diameter within a range of 0.1 mm to
2 mm, and iv) an essentially rectangular cross-section per-
pendicular to the (elongated extension of the) cords.

[0031] According to the second aspect, the invention is
directed to a method of manufacturing a tire comprising
multiple tire components including the step of applying at
least one band manufactured according to the above-men-
tioned first aspect and/or one or more of its embodiments. In
other words, the method according to the second aspect
includes the method steps of said first aspect and/or of one
or more of its embodiments. Manufacturing a tire with bands
manufactured as described herein above makes the manu-
facturing process more reliable and allows to provide high
quality cord-reinforced bands in tires, particularly with
determined relative positions of the cords and/or densely
packed cords.

[0032] Inone embodiment, the band is applied (to the tire)
as at least one of a belt ply, an overlay ply, an overlay ply
strip, a carcass ply, and a layer of a shearband. The terms
band and ply may be used interchangeably herein.

[0033] In another embodiment, the tire is a non-pneumatic
tire comprising a (circumferential) tread band having a
circumferential tread portion and a circumferential shear-
band carrying the tread portion, a (circumferential) hub
portion, and a (circumferential) supporting portion (e.g.,
comprising a plurality of spokes) supporting the tread band
on the hub portion. Optionally, the shearband comprises a
plurality of stacked circumferential elastomer composition
layers, wherein at least one of the layers consists of the
cord-reinforced elastomer composition band. Optionally,
some of the (radially) stacked circumferential elastomer
composition layers are cord-reinforced and some others are
not.

[0034] In the third aspect of the present invention, the
invention is directed to a machine for manufacturing an
elastomer composition band reinforced by multiple parallel
cords, the machine comprising an elongated channel for
forming the band; a first cord guide (or guiding means) for
slidingly guiding the cords in parallel and spaced apart from
one another into the channel; at least one die (or die portion)
for extruding the elastomer composition into the channel to
cover the cords; and a second cord guide (or guiding means)
for guiding the cords in parallel and spaced apart from one
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another, wherein the second cord guide (and optionally the
elongated channel) is adapted to slide through and along the
elongated channel.

[0035] Thus, similar to the above-mentioned methods, the
machine allows manufacturing cord-reinforced elastomer
composition bands which have a defined positioning of
cords relative to one another. Also, the provision of the cord
guides allows high volume fractions of cords if desired.
Touching of neighboring cords can be avoided more easily.
[0036] In one embodiment, the elongated channel has a
first end portion and a second end portion opposite to the
first end portion, and wherein the first cord guide is provided
at the first end portion. Preferably, the channel is straight
and/or formed by one or more walls of the machine for
forming a circumference or cross-section of the band, e.g.,
viewed perpendicularly to the elongated direction of the
elongated channel and/or an elongated extension of the
cords. For instance, the cords extend in parallel to the walls
through the channel. Optionally, the machine comprises a
body or body portion comprising said walls and/or said
channel. It is noted that the term band shall not be under-
stood as being limited to a ring-shaped or closed band. For
instance, another suitable or alternative term for band is
strip.

[0037] In another embodiment, the first cord guide forms
at least a portion of the die, or die portion, for extruding the
elastomer composition into the elongated channel and onto
the cords.

[0038] In still another embodiment, the second cord guide
clamps or holds the cords against movement, particularly in
a direction in parallel to the channel or the cords.

[0039] In still another embodiment, the cords are ten-
sioned by cord tensioning means such as arrange upstream
the first cord guide and/or downstream the second cord
guide. Optionally, the cords may be held upstream the first
cord guide by one or more coils, and/or downstream the
second cord guide by at least one coil.

[0040] In still another embodiment, the elongated channel
and the second cord guide are configured to allow the second
cord guide to slide from the first end portion of the channel
to the second end portion of the channel and out of the
second end portion of the elongated channel. As mentioned
above, optionally, the second cord guide is in sealed contact
with the walls of the channel.

[0041] In still another embodiment, the elongated channel
has one or more of i) an essentially rectangular cross-section
perpendicular to its direction of elongation, ii) a height
within a range of 0.5 mm to 10 mm, iii) a width within a
range of 4 mm to 400 mm, and iv) a length within a range
of 10 cm to 2 m. Thus, the channel can define an outer shape
of the band, particularly perpendicular to the direction of
elongation of the band.

[0042] In still another embodiment, one or more of the first
cord guide and the second cord guide comprises a plurality
of parallel cord guiding channels for guiding the cords in
parallel and spaced from each other, wherein each of the
cord guiding channels optionally has a diameter within a
range of 0.2 mm to 2 mm, or preferably 0.3 mm to 2 mm,
or 0.4 mm to 2 mm, or 0.5 mm to 2 mm.

[0043] Instill another embodiment, the cord guiding chan-
nels extend in a direction parallel to the elongated direction
of the elongated channel.

[0044] In still another embodiment, the cord guiding chan-
nels are arranged and/or packed in one or more of a
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hexagonal pattern and an interlaced pattern, such as viewed
in a plane perpendicular to the elongated direction of the
elongated channel and/or perpendicular to the extension of
the cords.

[0045] In still another embodiment, the first cord guide is
connected with the channel or mounted to the channel.

[0046] Instill another embodiment, the cord guiding chan-
nels of the first cord guide and the cord guiding channels of
the second cord guide are arranged for holding the cords
extending between the first cord guide and the second cord
guide in parallel to one another. In other words, said cord
guides and/or cord guiding channels restrict the movement
of the cords in directions perpendicular to the direction of
elongation of the cords and/or the elongated channel.

[0047] In another preferred embodiment, the elastomer
composition is a rubber composition. Optionally, said elas-
tomer composition (such as the rubber composition) com-
prises one or more of rubber (such as comprising one or
more of natural rubber, synthetic polyisoprene, butadiene
rubber, styrene-butadiene rubber, and butyl rubber), a filler
(such as comprising one or more of carbon black and silica),
resin (such as a hydrocarbon resin selected from one or more
of coumarone-indene resins, petroleum hydrocarbon resins,
terpene resins, styrene/alphamethylstyrene resins, terpene
phenol resins, rosin derived resins and copolymers and/or
mixtures thereof), accelerators, antidegradants, oils, liquid
diene-based polymers, coupling agents (such as carbon
black coupling agents and/or silanes), sulfur donors, and
sulfur. Liquid means herein that a material is in a liquid state
at 23° C. The composition may be a sulfur-curable rubber
composition. Optionally, elastomer compositions, such as
rubber compositions may comprise fibers.

[0048] In still another embodiment, the elastomer compo-
sition or rubber composition comprises 100 phr of rubber
comprising one or more of natural rubber, synthetic poly-
isoprene, polybutadiene rubber, and styrene butadiene rub-
ber. Preferably, the composition comprises at least 50 phr of
natural rubber (such as from 50 phr to 100 phr of natural
rubber), and optionally up to 50 phr (e.g., 5 phr to 50 phr)
of polybutadiene rubber and/or styrene butadiene rubber.
Additionally, the elastomer or rubber composition comprises
a filler, preferably comprising carbon black and/or silica. For
instance, such filler may be within a range of 20 phr to 150
phr, preferably within a range of 30 phr to 90 phr. Preferably,
such a filler comprises predominantly carbon black. The
elastomer or rubber composition may further comprise from
1 phr to 40 phr of resin, preferably including a phenolic
resin. Moreover, the elastomer or rubber composition may
comprise from 1 phr to 30 phr of oil, preferably from 1 phr
to 20 phr of oil. Finally, the elastomer or rubber composition
may typically comprise from 1 phr to 15 phr of antidegrad-
ant(s), from 0.5 phr to 10 phr of accelerator(s), from 0.1 phr
to 10 phr of zinc oxide, and from 0.5 phr to 10 phr of sulfur.
Further ingredients may also be present.

[0049] In still another embodiment, the rubber composi-
tion comprises predominantly natural rubber and/or syn-
thetic polyisoprene, such as from 55 phr to 95 phr of natural
rubber and/or synthetic polyisoprene, from 5 phr to 45 phr
of styrene butadiene rubber, from 40 phr to 60 phr of a filler,
e.g., selected from one or more of carbon black and silica
(preferably, predominantly carbon black), from 5 phr to 30
phr of oil, and up to 10 phr of resin (e.g., one or more of
those mentioned above).
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[0050] In still another embodiment, one or more of the
cords comprise or consist of one or more of textile material,
glass fiber material, carbon fiber material, boron fiber mate-
rial, basalt fiber material, plant-based material, and combi-
nations of these materials. Optionally, multiple cords com-
prise different materials and/or are hybrid cords of such
different materials. Optionally, said plant-based material
comprises one or more of cotton, hemp, flax, sisal, and bast.
[0051] In still another embodiment, one or more of the
cords comprise or consist of metal, such as steel or brass-
coated steel.

[0052] In still another embodiment, one or more of the
cords comprise or consist of a textile material selected from
one or more of polyester (preferably PET), polyamide
(preferably, one or more of PA-6, PA-6,6, e.g., Nylon™,
aromatic polyamide/aramid), and rayon. Optionally, one or
more of these materials may be recycled materials. Option-
ally, multiple cords comprise different materials and/or are
hybrid cords of such different materials.

[0053] In still another embodiment, one or more of the
cords are monofilament or multifilament cords.

[0054] In still another embodiment, one or more of the
cords have a (maximum) diameter (measured perpendicular
to the extension of the cord) within a range of 0.1 mm to 2
mm, preferably 0.1 mm to 1 mm, or even more preferably
0.2 mm (or 0.3 mm, or even 0.4 mm) to 0.9 mm.

[0055] In still another aspect, the present invention is
directed to a use of the machine according to the afore-
mentioned aspect, or one or more of its embodiments, for
manufacturing a cord-reinforced elastomer composition
band and/or a tire comprising such a band, optionally in
accordance with a method disclosed herein.

[0056] FIG. 1 shows a first preferred embodiment of a
machine 100 for manufacturing a cord-reinforced elastomer
composition band 300. In particular, the machine 100 com-
prises a first cord guide 110, a second cord guide 130
slidable in an elongated channel 140 of a body portion 120
of the machine 100. In particular, the channel 140 may be
formed by one or more walls of the body portion 120 and/or
the machine 100. The channel 140 preferably has an essen-
tially rectangular cross-section, perpendicular to a direction
of the elongation of the channel 140. In FIG. 1, the channel
140 is elongated in a (length) direction 1. A width is shown
in direction w, and a thickness is indicated in direction t.
Furthermore, a plurality of cords 200 is guided and/or held
by the first cord guide 110 and the second cord guide 130,
wherein the cords 200 extend in parallel to one another
through the elongated channel 140. In order to form the
cord-reinforced elastomer composition band 300, an elasto-
mer composition 303 is extrudable or extruded onto the
cords 200 into the channel 140, as, e.g., here via a die 150
which is formed in the present non-limiting embodiment by
slots formed between portions of the first cord guide 110 and
portions of the body portion 120 of the machine 100, for
feeding and/or injecting the elastomer composition 303 onto
the cords 200. In other words, the machine 100 includes at
least one die 150 for extruding the elastomer composition
303 onto the cords 200 so as to form a portion of the
cord-reinforced elastomer composition band 300. In particu-
lar, the die 150, or, in other words, a die portion, may include
one or more slot-shaped openings or nozzles for extruding
and/or injecting the elastomer composition 303 into the
channel 140 and/or onto the cords 200. The slots, slot-
shaped openings or nozzles preferably extend in parallel to
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one or more planes of the cords 200. Upon injection of the
elastomer composition 303 onto the cords 200, the second
cord guide 130 slides within the channel 140 away from the
stationary first cord guide 110. Such a movement may for
instance be triggered by one or more of an extrusion of
elastomer composition 303 into the channel 140, pulling of
the cords 200 away from the first cord guide 110 in parallel
to the channel 140, and/or driving the second cord guide 130
away from the first cord guide 110 through the channel 140.
Still with respect to FIG. 1, after having started extrusion of
the elastomer composition, and sliding of the second cord
guide 130, a first end portion 301 of the cord-reinforced
elastomer composition band 300 is formed adjacent to the
second sliding cord guide 130, wherein the band 300 and/or
its first end portion 301 moves along the channel 140, here,
in this example, in a right-hand direction.

[0057] FIG. 2 shows the cross-section A-A of the machine
100 as indicated in FIG. 1. The corresponding directions t,
w, and I are shown for the sake of better comprehensibility.
As visible in FIG. 2, the elastomer composition 303 is fed
through two slots of dies 150, formed by the cord guide 110
and the body portion 120 of the machine 100. The cord guide
110 comprises a plurality of cord guiding channels 111
extending in the length direction 1, wherein each cord
guiding channel 111 holds and/or guides one of the cords
200.

[0058] FIG. 3 shows the cross-section B-B of the machine
100 as indicated in FIG. 1. The corresponding directions t,
w, and | are again indicated. As visible in FIG. 3, the second
cord guide 130 is arranged within the elongated channel 140
formed by the body portion 120, wherein the cord guide 130
comprises a plurality of cord guiding channels 131 elon-
gated in the length direction 1. Each of the cord guiding
channels 131 comprises, or in other words, guides, and/or
holds, one of the cords 200. Preferably, elongated cord
guiding channels 131 of the second cord guide 130 and
elongated cord guiding channels 111 of the first cord guide
110 (not shown in FIG. 3) guiding the same cord 200, extend
along a preferably common, straight line and/or in parallel
to the elongated channel 140.

[0059] FIG. 4a schematically shows another preferred
embodiment of the present invention, with the purpose of
demonstrating preferred method steps in accordance with an
embodiment of the present invention. The machine 10 for
manufacturing a cord-reinforced elastomer composition
band comprises a first cord guiding means 11 having a
plurality of parallel cord guiding channels 1, and a second
cord guiding means 13 having a plurality of parallel cord
guiding channels 3 which are (straightly) aligned with
corresponding cord guiding channels 1 of the first cord
guiding means 11. The first cord guiding means 11 is
stationarily connected with a body portion 12 of the machine
10, which comprises the elongated channel 14 for forming
the cord-reinforced elastomer composition band. The second
cord guiding means 13 is adapted to slide within the channel,
particularly in contact with walls surrounding and/or form-
ing the channel 14. Furthermore, a first zone Z1, along the
length direction 1, is indicated, in which cords may be held
in parallel by the first cord guiding means and/or an elas-
tomer composition is extrudable into the channel 14. As in
the previous embodiment, a length direction 1, a width
direction w, and a thickness direction t are indicated for
improved comprehensibility herein. Reference signs used in
FIG. 4a are also used in FIGS. 5, 6, 7, and 8, where
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appropriate, and wherein FIGS. 5, 6, 7, and 8 show also the
machine 10 or features or members thereof.

[0060] FIG. 45 shows a cross-section of the first cord
guiding means 11 in a plane perpendicular to the length
direction 1. The depicted cord guiding channels 1 have a
circular cross-section for receiving, holding and/or guiding
the cords. In particular, cords can slidingly move in the
guiding channels 1 but are restricted with respect to move-
ment perpendicular and/or transverse to the length direction
1. As mentioned above, the length direction I can also be
considered herein as a direction of elongation.

[0061] FIG. 4¢ shows a cross-section of the second cord
guiding means 13 comprising elongated cord guiding chan-
nels 3 (elongated in the length direction 1) and having a
circular cross-section for receiving, holding and/or guiding
the cords, particularly the same cords as held by the first cord
guiding means. Preferably, the elongated cord guiding chan-
nels 3 are arranged in parallel and/or are aligned with
corresponding channels of the first cord guiding means,
preferably such as to hold cords held by both cord guiding
means in parallel with respect to one another.

[0062] FIG. 5 shows again the machine 10, already shown
in FIG. 4a, wherein multiple cords 20 have been inserted
into the cord guiding means 11, 13 (or their respective cord
guiding channels) and are held in parallel to one another and
to the elongated direction or length direction 1 of the channel
14. The second cord guiding means 13 is still in the same
position adjacent or close to the first cord guiding means 11
and holds the cords 20 in a second zone Z2 along the length
direction 1.

[0063] FIG. 6 still shows the machine 10 in a state in
which an elastomer composition 33, preferably a rubber
composition, has been extruded into one end portion of the
channel 14, e.g., in the first zone Z1, and the second cord
guiding means 13 has been moved in parallel to the channel
14 away from the first cord guiding means 11 and/or away
from the first zone Z1. In particular, the cords 20 are held by
the second cord guiding means 13 in the second zone 72,
which moves together with a first end portion 31 of the
formed cord-reinforced elastomer composition band 30
through the channel 14. Thus, the cords 20 are held at
defined distances with respect to one another at the first end
portion 31 of the band 30 by the second cord guiding means
13 (in the second zone Z2), which is adjacent (and in contact
with) the first end portion 31 of the band 30, while the
extruded band 30 and the second cord guiding means 13
slide along the channel 14, particularly away from the first
zone 71 and/or the first cord guiding means 11.

[0064] FIG. 7 shows a state in which the band 30 has been
further extruded such that the first end portion 31 of the band
30 has left already an opening of the channel 14 (or end
portion of the channel 14) opposite to the first cord guiding
means 11 and/or the first zone Z1, where the elastomer
composition 33 is extruded or fed into the channel 14.
Optionally, the second cord guiding means 13 may be
removed from the cords 20. For such a purpose, it would be
possible that the cord guiding means 13 comprises multiple
removable parts, and/or the cords 20 may be cut downstream
the cord guiding means 13 as the extrusion of the band 30
may be (e.g., only) driven by the extrusion of the elastomer
composition 33 into the channel 14, and wherein the elas-
tomer composition 33 holds the cords 20 in place at least in
the end portion 31 of the band 30. In particular, the elastomer
composition 33 may cool while moving through the channel
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14 so that it is in a solid state upon leaving the channel 14.
Depending on one or more of the elastomer composition 33
used, the length of the channel 14, the thickness and/or width
of the band 30, the number and/or diameter of cords 20,
extrusion speed, a person skilled in the art can optionally
provide further cooling means along portions of the channel
14 ensuring a (sufficient) solidification of the cord-rein-
forced elastomer composition band when exiting the channel
14, if desired. As another option, downstream the first zone
71, a further curing zone may be provided which heats up
the elastomer composition (e.g., pre-cures the elastomer
composition, for instance a sulfur-curable rubber composi-
tion), such as upstream a further cooling zone comprising
cooling means. Cooling may for instance be provided, if
deemed desirable, by water cooling means. However, typi-
cally, cooling of the cord-reinforced elastomer composition
band 30 takes place without additional cooling means.
[0065] FIG. 8 shows a situation in which the band 30 is
further extruded in a self-sustaining process, particularly as
the solidified end portion 31 of the cord-reinforced elasto-
mer composition band 30 holds the cords 20 in place,
together with the first cord guiding means 11, particularly
against movement perpendicular to the length direction 1.
[0066] A machine, such as one of the machines 10 and
100, or one of the methods disclosed herein, allows an
improved parallel holding of cords during manufacturing a
cord-reinforced elastomer composition band. Due to such an
improved manufacturing machine and/or process, it is pos-
sible to provide such bands with a denser cord packing, or
in other words with a higher volume fraction than with other
state of the art machines and/or methods for making cord-
reinforced elastomer composition bands.

[0067] FIG. 9 shows in such a context a comparison of two
different cord packings perpendicular to an elongated direc-
tion of a cord-reinforced elastomer composition band. In
particular, the diagram of FIG. 9 shows a volume fraction
VF, in percent against a cord diameter D, in millimeters for
two different cord packing types, i.e. a hexagonal, interlaced
cord packing, hp, and a cubic cord packing, cp. As visible in
the corresponding graphs, the hexagonal cord packing hp
allows higher volume fractions of cords than with the cubic
cord packing cp. Thus, such a hexagonal, interlaced cord
packing hp can provide a higher cord density and thereby
different or improved band properties by the inclusion of
more cords in the volume of the band.

[0068] FIG. 10 shows a schematic sideview of a non-
pneumatic tire 500 comprising a circumferential tread band
510 including a radially outer circumferential tread portion
511 and a circumferential shearband 512 carrying the tread
portion 511. Furthermore, the tire 500 comprises a circum-
ferential hub portion 560, and a circumferential connecting
or supporting structure 540 which supports the tread band
510 on the hub portion 560. The supporting structure 540
comprises a plurality of spokes 530 extending between the
hub portion 560 and the tread band 510. In one embodiment,
the shearband 512 comprises or consists of one or more
cord-reinforced elastomer composition bands manufactured
with one of the afore-mentioned methods and/or machines.
[0069] FIG. 11 shows a schematic cross-section of a
pneumatic tire 600, wherein said tire 600 comprises a tread
portion 610, two sidewalls 640 and two bead portions
comprising each an apex 670 and a bead 680. Furthermore,
the tire comprises a carcass ply 620, a plurality of belt plies
621, 622, 623, 624 (in the present example four belt plies),
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as well as an overlay ply 625 covering the plurality of belt
plies 621, 622, 623, 624, which are arranged radially
between the tread portion 610 and the carcass ply 620 in a
crown portion of the tire 600. In accordance with an embodi-
ment of the present invention, one or more of the carcass ply
620, the belt plies 621, 622, 623, 624, and the overlay ply
625 comprise or consist of one or more cord-reinforced
elastomer composition bands manufactured with one of the
afore-mentioned methods and/or machines. Moreover, it is
possible that the overlay ply 625 is formed by a ply strip
which may also consist of a cord-reinforced elastomer
composition band manufactured with one of the afore-
mentioned methods and/or machines.

[0070] Variations in the present invention are possible in
light of the description of it provided herein. While certain
representative embodiments and details have been shown for
the purpose of illustrating the subject invention, it will be
apparent to those skilled in this art that various changes and
modifications can be made therein without departing from
the scope of the subject invention. It is, therefore, to be
understood that changes can be made in the particular
embodiments described which will be within the full
intended scope of the invention as defined by the following
appended claims.

What is claimed is:

1. A method of manufacturing a cord-reinforced elastomer
composition band, the method comprising steps of:

Providing multiple parallel cords;

Starting extruding at least one elastomer composition onto
the parallel cords in a first zone to form a first end
portion of the cord-reinforced elastomer composition
band;

Further extruding the elastomer composition onto the
parallel cords in the first zone while moving the first
end portion of the cord-reinforced elastomer composi-
tion band in parallel to the cords and away from the first
zone; and

Holding the parallel cords at a constant distance relative
to one another in a second zone which is adjacent and
downstream the first end portion and which moves with
the first end portion of the cord-reinforced elastomer
composition band in parallel to the cords and away
from the first zone.

2. The method according to claim 1, wherein the parallel
cords are arranged in a plane and wherein the elastomer
composition is extruded onto each side of said plane.

3. The method according to claim 1, wherein the parallel
cords are arranged in at least two parallel planes.

4. The method according to claim 3, wherein the at least
two parallel planes comprise a first plane and second plane,
which are transversely displaced with respect to each other,
and wherein cords of the first plane are arranged between the
cords of the second plane, viewed in a cross section per-
pendicular to the parallel cords.

5. The method according to claim 1, wherein the cords
move through and along a channel and wherein the elasto-
mer composition is extruded onto the cords and into the
channel in the first zone to define an outer shape of the band.

6. The method according to claim 1, wherein the parallel
cords are held at a constant distance relative to one another
in the second zone by at least one cord guiding means
moving with the first end portion away from the first zone.

7. The method according to claim 6, wherein the cords
move through and along a channel and wherein the elasto-
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mer composition is extruded onto the cords and into the
channel in the first zone to define an outer shape of the band,
and wherein the cord guiding means slidingly moves
through the channel together with and downstream of the
first end portion.

8. The method according to claim 7, wherein the cord
guiding means is removed after the first end portion has
moved out of an end of the channel which is essentially
opposite to the first zone.

9. The method according to claim 1, wherein the elasto-
mer composition is a rubber composition and wherein the
cords are selected from one or more of textile cords, steel
cords, glass fiber cords, and carbon material cords.

10. The method according to claim 1, wherein the band
has one or more of i) a thickness within a range of 0.5 mm
to 10 mm, ii) a width within a range of 4 mm to 400 mm,
iii) cords having a diameter within a range of 0.3 mm to 2
mm, and iv) an essentially rectangular cross-section perpen-
dicular to the cords.

11. A method of manufacturing a tire comprising multiple
tire components including the step of applying at least one
band and manufacturing this band including the steps
according to claim 1 before applying the band.

12. The method according to claim 11, wherein the band
is applied as at least one of a belt ply, an overlay ply, an
overlay ply strip, a carcass ply, and a layer of a shearband.

13. The method according to claim 12, wherein the tire is
a non-pneumatic tire comprising a

tread band having a circumferential tread portion and a

circumferential shearband carrying the tread portion,

a hub portion, and

a supporting portion supporting the tread band on the hub

portion, and

wherein the shearband comprises a plurality of stacked

circumferential layers and wherein at least one of the
layers consists of the band.

14. A machine for manufacturing an elastomer composi-
tion band reinforced by multiple parallel cords, the machine
comprising:

an elongated channel for forming the band,

a first cord guide for slidingly guiding the cords in parallel

and spaced apart from one another into the channel,
at least one die for extruding the elastomer composition
into the channel to cover the cords; and

a second cord guide for guiding the cords in parallel and

spaced apart from one another, wherein the second cord
guide is adapted to slide through and along the elon-
gated channel.

15. The machine according to claim 14, wherein the
elongated channel has a first end portion and a second end
portion opposite to the first end portion, and wherein the first
cord guide is provided at the first end portion.

16. The machine according to claim 15, wherein the first
cord guide forms at least a portion of the die for extruding
the elastomer composition into the elongated channel and
onto the cords.

17. The machine according to claim 15, wherein the
elongated channel and the second cord guide are configured
to allow the second cord guide to slide from the first end
portion of the channel to the second end portion of the
channel and out of the second end portion of the elongated
channel.

18. The machine according to claim 14, wherein the
elongated channel has one or more of i) an essentially
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rectangular cross-section perpendicular to its elongation, ii)
a height within a range of 0.5 mm to 10 mm, iii) a width
within a range of 4 mm to 400 mm, and iv) a length within
a range of 10 cm to 2 m.

19. The machine according to claim 14, wherein one or
more of the first cord guide and the second cord guide
comprises a plurality of parallel cord guiding channels for
guiding the cords in parallel and spaced apart from each
other, wherein the cord guiding channels have a diameter
within a range of 0.3 mm to 2 mm.

20. The machine according to claim 19, wherein the cord
guiding channels of the first cord guide and the cord guiding
channels of the second cord guide are arranged for holding
the cords extending between the first cord guide and the
second cord guide in parallel to one another.
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