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Description

1. Technical field

[0001] The present invention relates to a shoe upper
comprising a woven portion with an integrally woven
stitching yarn and methods for production thereof.

2. Prior art

[0002] Knitting offers a great amount of flexibility for
varying the stiffness and elasticity of a shoe upper by
varying local yarn content and knit structure. Therefore,
a knitted shoe upper allows for a good fit and conforma-
tion to a wearer’s foot. However, for demanding applica-
tions, such as running, playing football, or a number of
other sports activities, the knit requires extra reinforce-
ment, for example from tape, a heel counter, or an ex-
ternal cage system, which adds to the complexity and
cost of the production process. For this reason, woven
materials are an alternative for such applications be-
cause they have a lighter weight and higher tensile
strength than knits.
[0003] Unfortunately, conventional weaving tech-
niques do not offer the same flexibility for engineering a
fabric as knitting. For a woven material produced on a
conventional loom, the woven fabric may be engineered
primarily by altering warp and weft yarns. The technical
limitations resulting from compatibility issues of different
materials on a warp beam are more severe than for knit-
ting. A further important limitation is that any engineering
based on introducing different warp or weft yarns is done
in a strictly linear fashion. Therefore, reinforcement, for
example by using stronger yarns, can only be achieved
along the warp (0°) or weft (90°) direction and therefore
woven materials are often unstable along a "bias direc-
tion" substantially along +/- 45° to the warp direction.
[0004] Therefore, in conventional weaving, the me-
chanical properties of the textile are governed by the in-
teraction of the warp and weft yarns and the stability of
the fabric is governed by the sum total of frictional contact
of warp and weft yarns. This relationship limits the sta-
bility of certain open structures as well as the range of
achievable differences between traditionally engineered
zones since typically most zones on a single textile will
have similar densities and common warp yarns.
[0005] It is known that additional yarns can be incor-
porated in a second process step, for example by em-
broidery, after the weaving. However, this method re-
quires additional handling and is therefore time-consum-
ing. Furthermore, the accuracy and reproducibility in add-
ing the additional yarn is naturally limited in this method.
[0006] It is also known that conventional weaving tech-
niques, such as, for example, a Jacquard loom, can be
used to form intricate patterns on a woven fabric. How-
ever, these techniques are technically complex, produce
waste yarns at the back of the fabric, and increase the
area weight of the fabric significantly.

[0007] Therefore, a problem addressed in the present
invention is to provide a light-weight, woven portion for
a shoe upper that provides sufficient stability for demand-
ing applications, that can be produced in a simple, accu-
rate, and reproducible way and that can be engineered
in a more flexible way than conventional woven fabric. A
further problem addressed in the present invention is to
increase the stability of woven fabric used for shoe up-
pers along directions significantly different to the warp
and weft direction.
[0008] The US 2014/0173932 discloses a shoe upper
that is formed as a substantially planar woven article with
varied functional zones and lockout strands integrated
therein. The lockout strands may be integrally incorpo-
rated with the woven shoe upper to provide functional
characteristics that differ from those characteristics pro-
vided by the woven upper.
[0009] Further prior art is disclosed in DE 10 2015 205
751 A1, DE 37 88 697 T2, DE 10 2013 208 251 A1, DE
10 2010 007 048 A1, DE 10 2012 200 835 B3 and DE
10 2010 026 609 B3.
[0010] US 2016/309843 A1 discloses a loom for weav-
ing a fabric with two types of tissue, a shoe upper woven
using the loom, and a shoe including such a shoe upper.
The loom includes a first heddle stack formed by arrang-
ing a plurality of first heddles in one or more rows, and a
second heddle stack formed by arranging a plurality of
second heddles in one or more rows.
[0011] It is a further object of the present invention to
provide a shoe upper utilising a woven portion with spe-
cific engineered zones created by an integrated one-step
weaving process.

3. Summary of the invention

[0012] The invention concerns a shoe upper compris-
ing a woven portion, wherein the woven portion compris-
es: a plurality of warp yarns; a plurality of weft yarns; at
least one stitching yarn, wherein the stitching yarn is in-
tegrally woven into the fabric during the weaving process
by laterally displacing the stitching yarn substantially
along the weft direction and moving the stitching yarn in
and out of at least one open reed gap in a reed.
[0013] The woven portion may be only a component
for the upper, such as a tongue or a vamp, or it may make
up substantially the entire upper. This shoe upper can
be generally light-weight and durable. The upper can be
engineered to have desired performance requirements
concerning, for example, stretch, durability, support, hap-
tic, etc. The properties of specific regions can be engi-
neered by locally incorporating at least one stitching yarn
during the weaving process without increasing the weight
of the upper significantly.
[0014] The displacement of the stitching yarn is in a
direction substantially parallel to the weft yarns, which
effects that two subsequent interlacing points between
the weft yarns and the stitching yarn may occur diagonally
from each other. The stitching yarns are separate from
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the warp yarns and are controlled individually or as a
group by needle eyelets. The stitching yarn feeder is able
to move laterally between weaving cycles. The action of
the feeding needles is "non-orthogonal", meaning that
the stitching yarn is able to change direction, i.e. change
the angle it makes with the warp and weft direction. The
feeding needles are controlled electronically or via a me-
chanical cam or dobby system. A displacement mecha-
nism provides sufficient lateral displacement to cover at
least a half width of a shoe upper, typically up to 10 cm.
Since the stitching yarn is added during the weaving, the
process has a reduced complexity compared to a two-
step process where a stitching yarn is incorporated in a
second step either manually or by a machine. In conven-
tional weaving, the reed is closed at the top and the yarns
are not free to leave the read through either vertical or
horizontal movement. For the present invention, an open
reed is required, wherein the reed has openings at the
top where the stitching yarn can move out of the reed
and re-enter at a different lateral position within the reed.
[0015] It is possible that in some regions of the shoe
upper, the stitching yarns run in a linear, warp-wise di-
rection.
[0016] Compared to the two-step process, the stitching
yarn can be arranged in a more accurate and reproduc-
ible manner. Since a needle is not required for incorpo-
rating the stitching yarn, there is also less risk of damage
to the warp or weft yarns which could be damaged by a
needle in a second step comprising an embroidery proc-
ess.
[0017] The present invention allows for a full digital de-
sign and customization of an upper at the development
stage, allowing for mechanical properties, design, size,
and fit to be determined at this early creation stage.
[0018] In conventional weaving techniques, incorpo-
rating a complex pattern would result in waste yarns at
the back of the woven fabric and hence an increased
average area weight of the fabric. The reason for this is
that with conventional techniques, a localized pattern can
only be created by moving a yarn to the top of the weave
at those positions where it is supposed to show and hiding
said yarn at the back of the weave over the whole length
or width of the weave in those positions where it is not
supposed to be visible. The present invention prevents
waste yarns at the back of the fabric as the stitching yarn
allows localized patterns to be incorporated into a textile
without the need to hide the yarn at the back of the textile
in portions of the fabric where it is not supposed to be
visible. As a consequence, the average area weight of
the woven fabric may be reduced, thereby improving the
performance of the shoe upper. Note that with the present
invention, the area weight of the fabric may also be en-
gineered to vary locally (the area weight in regions com-
prising the stitching yarn may be higher than in regions
without the stitching yarn) more specifically than with con-
ventional methods, thus allowing reinforcement regions
to be engineered into some portions of the fabric while
keeping other portions more lightweight.

[0019] The stitching yarn can have a tensile modulus
greater than the tensile modulus of the warp yarns and/or
the weft yarns. By using an elastic material for the warp
and / or weft yarns and a less elastic material for the
stitching yarn, the upper may have a good and comfort-
able fit but still provides the required level of support in
regions where increased support is required due to the
presence of the less elastic stitching yarn.
[0020] The stitching yarn may comprise a meltable
component. The stitching yarn can be either coated or
comprised entirely of low temperature melt, typically with
melting temperatures between 40° and 200°C. By melt-
ing the meltable component, it is possible to locally fix
the structure permanently, for example to prevent unrav-
elling during further processing or when the shoe is worn.
In particular, the use of a yarn comprising a meltable
component enables the additional stiffness that is intro-
duced by the stitching yarn to be spread over a whole
region rather than just along the stitching yarn. The step
of melting the meltable component can be conducted in
a 2-D form, for example with a stent frame heat setting,
or in a 3-D form, or when the upper is arranged on a last.
This has the advantage that the shoe upper obtains a
shape specific to the mold or lasting geometry.
[0021] It is also possible that melt yarns are incorpo-
rated into the woven portion outside of the boundary of
a normal 2-D shoe upper. Therefore, when it 2-D upper
is lasted to bring it to a 3-D form, these excess melt yarns
could be used to close the shoe upper around the last.
[0022] The stitching yarn may be located in a midfoot
region of the shoe. Typically, the midfoot region requires
an increased level of support, for example for running or
playing football. Therefore, a stitching yarn that is located
in the midfoot region of the upper, may facilitate the re-
quired level of support, without adding much weight to
the upper.
[0023] In one aspect of the invention, the stitching yarn
is located within 2 cm from at least one lace eyelet. The
region around the lace eyelet is subject to increased wear
and tear in normal everyday use of a shoe. Therefore,
by incorporating the at least one stitching yarn in the area
around the lace eyelets it is possible to add support locally
in this area as required but without increasing the weight
of the upper significantly.
[0024] In another aspect of the invention, the stitching
yarn is located around a heel counter. The region around
the heel counter requires additional support in normal
everyday use of a shoe. Therefore, by incorporating the
at least one stitching yarn in the area around the heel
counter it is possible to add support locally in this area
as required but without increasing the weight of the upper
significantly.
[0025] The stitching yarn may additionally be located
in a sole region of the shoe upper. When a shoe com-
prising a midsole and an upper is formed, a sole region
of the shoe upper is at the interface between the midsole
and the upper. Incorporating the at least one stitching
yarn in a sole region of the upper is functional as it in-
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creases the stability in this area and reduces the risk of
the upper detaching from the midsole or tearing at this
point.
[0026] In particular, in combination with the use of a
meltable component, the meltable component could be
melted, partly or fully, such as to facilitate a strong bond
to be formed between the midsole and the upper. For
example, the midsole could be a football plate comprising
thermoplastic polyurethane and the meltable component
in the stitching yarn could comprise thermoplastic poly-
urethane. Therefore, a particularly strong bond would be
formed between the midsole and the upper without the
use of any additional adhesive. Connecting the midsole
and the upper may comprise activating at least one por-
tion of a first connection surface by providing heat energy
without contact, for example by infrared radiation and
connecting the midsole with the upper by joining the con-
nection surfaces of the midsole and the upper. This proc-
ess is sometimes called infrared welding.
[0027] The woven portion may comprise at least a first
and a second stitching yarn, wherein the second stitching
yarn is incorporated substantially parallel to the first
stitching yarn. The first or the second stitching yarn or
both the first and the second stitching yarn may have the
properties of the "at least one stitching yarn" described
herein. Substantially parallel in this context means par-
allel within +/- 10 degrees to allow for manufacturing im-
perfections. In many cases, it may not be sufficient to
include a single stitching yarn. By incorporating a second
stitching yarn that is substantially parallel to the first
stitching yarn, the effect of incorporating the first stitching
yarn is enhanced by the second stitching yarn and thus
a greater amount of stiffness can be achieved.
[0028] According to the invention, at least one stitching
yarn makes an angle of between 30° and 60° with the
warp or weft yarns between at least two different inter-
lacing points. A conventional woven fabric is most stable
along the warp (0°) or weft (90°) directions. Woven ma-
terials are often unstable along a "bias direction" sub-
stantially along +/- 45° to the warp direction. If the stitch-
ing yarn is added at an angle of between 30° and 60° to
the warp direction, the mechanical properties in this an-
gular range reflect the properties of the stitching yarn.
Therefore, for example, by using a strong stitching yarn
it is possible to add support that reduces strains when
mechanical stresses, or forces, are present at an angle
of between approximately 30° and 60° to the warp direc-
tion. It is also possible to engineer a woven portion that
is "locked" by the stitching yarn and has only very little
elasticity in a specific direction or region. Furthermore,
by arranging the stitching yarn at such angles, it is pos-
sible for the stitching yarn to follow the natural contours
of a shoe upper to improve the fit and aesthetic aspects
of the upper.
[0029] Said two interlacing points may be located in a
midfoot region of the upper. As disclosed herein, when
the stitching yarn makes an angle of between 30° and
60° with the warp or weft yarns, it is possible to engineer

additional support against distortions in this direction.
The midfoot region of an upper is frequently subject to
the large stresses and forces in a range of directions
during physical activity. Therefore, it is often preferable
that additional support is provided in the midfoot region
of the upper, especially along the frequently weakest di-
rections of the fabric.
[0030] Said two interlacing points may be located with-
in 2 cm from at least one lace eyelet. The region around
the lace eyelets is often subject to large stresses and
forces in a range of directions during physical activity.
Therefore, it is preferable to engineer additional support
for the region around the lace eyelets by incorporating
the stitching yarn at an angle of between 30° and 60°
with the warp yarns or weft yarns.
[0031] The shoe upper may further comprise a rein-
forcement region comprising: a. at least one stitching
yarn along a first direction; b. the stitching yarn then
changes to a second direction, which is at an angle of at
least 30 degrees to the first direction; c. the stitching yarn
then changes to a third direction which is at an angle of
at least 30 degrees to the second direction; and d. the
stitching yarn then changes to a fourth direction which is
at an angle of less than 30 degrees to the first direction.
In other words, the reinforcement region comprises at
least one stitching yarn that starts off along a first direction
and follows a zigzag path before it returns approximately
back to the first direction. The advantageous effect is that
specific regions where additional strength is required can
be reinforced without the need to incorporate a different
type of yarn. This type of reinforcement region is not pos-
sible in conventional weaving.
[0032] At least one stitching yarn may be a lacing yarn,
wherein a lacing yarn extends beyond the edge of the
woven portion and is configured to be moveable within
the woven portion. The lacing yarn may be a strand and
/ or a ribbon.
[0033] An advantage of incorporating a stitching yarn
that is configured as a lacing yarn, is that the speed of
production of the upper may be increased significantly
as in conventional shoe manufacturing the step of lacing
an upper is still manual and thus time consuming and
expensive. Another advantage of incorporating a stitch-
ing yarn that is a lacing yarn is that much more elaborate
and effective lacing systems can be developed.
[0034] The lacing yarn can be configured to be move-
able within the woven portion for example by having a
relatively small number of points at which it is interwoven
with the warp and weft yarns. The lacing yarn may be
chosen from a stronger material such as high-tenacity
polyester or nylon to prevent tearing. The lacing yarn can
be provided to extend beyond the edge of the woven
portion for example by interweaving the lacing yarn in a
sheet from which the woven portion is later cut but ex-
tending the lacing yarn beyond the edges of the woven
portion in the sheet.
[0035] The lacing yarn may change direction in a rip-
stop region, which has a similar function as a lacing eye-
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let. A ripstop region can be formed using any method
known in the art and may comprise tear-resistant yarn
such as high tenacity polyester or nylon. This way, the
lacing yarn may be used to adjust the fit of the upper
without risking tearing the upper in those regions, where
the pulling force on the upper exerted by the lacing yarn
would be greatest.
[0036] There may be two or more lacing yarns instead
of just one lacing yarn. This way, it is easier to design a
lacing system as the two or more lacing yarns may be
connected.
[0037] At least one lacing yarn may comprise a melt-
able component. The meltable component can be acti-
vated by heat so that the lacing yarn can be fixedly at-
tached to the warp and weft yarns at a desired end point
of the lacing yarn. Alternatively or additionally, two lacing
yarns may be fixedly attached to each other by activating
the meltable component at a chosen connection point.
[0038] At least one stitching yarn and/or one weft yarn
and/or one warp yarn may be dissolvable in a solvent.
This way it is possible to create gaps, i.e. areas that pro-
vide improved ventilation and flexibility, in the woven por-
tion. It is not feasible to create these gaps in conventional
weaving, as the warp and weft yarns will slide across
each other to close any gaps. Here, the dissolvable yarn
keeps a space clear from non-dissolvable yarns during
weaving. After weaving, the dissolvable yarn is dissolved
and a gap is created. This process may include fixing the
woven portion before dissolving the dissolvable yarns,
for example by melting selected melt yarns in order to
improve the stability of the gap. The dissolvable yarn may
be dissolved prior to lasting of the upper or it may be
dissolved after lasting of the upper. Dissolving the dis-
solvable yarn may be performed prior to sale or after sale
of the shoe, i.e. it is also possible that the decision wheth-
er or not to dissolve the dissolvable yarns is left up to the
customer.
[0039] Dissolving the dissolvable yarn may be done at
temperatures of 70° - 100° C to increase the solubility of
the dissolvable yarn in the solvent.
[0040] The solvent may be water. Water is non-toxic
and safe to use even on a large scale. A water-dissolv-
able yarn could comprise poly(vinyl alcohol), which has
the advantage that it is not toxic and has a high solubility
in water.
[0041] However, many combinations of dissolvable
yarn and solvent are suitable. It is only important that the
dissolvable yarn is soluble in the solvent. The solvent
may be an ionic liquid or an organic solvent, depending
on the material of the dissolvable yarn. For example, al-
ternatively, the dissolvable yarn may comprise polyc-
aprolactone for which a suitable solvent would be chlo-
roform or dichloromethane, or a mixture of both. Alterna-
tively, the dissolvable yarn could be made from nylon for
which a suitable solvent would be acetic acid.
[0042] The warp yarns and/or the weft yarns may con-
tain a volume fraction of at least 0.1% of elastane. Pref-
erably, the warp yarns and/or the weft yarns contain a

volume fraction of between 0.1 and 30%, more preferably
the warp yarns and/or the weft yarns contain a volume
fraction of between 0.5 and 20%. By incorporating a sig-
nificant volume fraction of elastane, the upper conforms
well to a wearer’s foot and the upper can be lightweight
and comfortable to wear. In particular, the basic fabric
formed by the warp and weft yarns has an inherent
amount of stretch and elasticity, deforming and recover-
ing from strains of up to 20% in at least one direction.
The person skilled in the art will recognize that this value
is significantly higher than for conventional woven or knit-
ted fabric, which typically experience irreversible dam-
age at strains of about 4% or higher. However, the basic
fabric formed by the warp and weft yarns may also have
no inherent elasticity.
[0043] A base fabric, comprising the warp yarns and
the weft yarns but excluding the stitching yarn(s), of the
woven portion may have a mass of 15-700 grams per
square meter, more preferably between 50 and 350
grams per square meter. A lightweight fabric improves
the performance and wearing comfort of the upper. The
mass per unit area (also known as area weight) of the
woven portion comprising the warp yarns and the weft
yarns, but excluding the stitching yarn may be measured
by cutting out a portion of the fabric that does not com-
prise a stitching yarn, weighing said portion and normal-
izing the measured weight (or mass) by the area of the
cut-out portion. Of course, an analogous procedure al-
lows measuring the area weight of portions of the fabric
that also comprise the stitching yarn.
[0044] At least one stitching yarn may have a tensile
modulus of at least 3 GPa. A stitching yarn with a tensile
modulus of at least 3 GPa facilitates a preferred level of
support in areas where additional support is required dur-
ing physical activity without being too constricting for a
wearer’s foot which would deteriorate the wearing com-
fort.
[0045] At least one stitching yarn may comprise high-
tenacity polyester. High-tenacity polyester is a light-
weight and durable material with a low elasticity that is
particularly suitable for regions of the upper that require
additional support.
[0046] At least one stitching yarn may comprise a
polyamide material. Polyamide materials are particularly
lightweight and particularly durable with a low elasticity
that is suitable for regions of the upper that require ad-
ditional support.
[0047] The stitching yarn may comprise carbon fibre.
Carbon fibre materials are particularly lightweight and
durable with a low elasticity that is suitable for regions of
the upper that require additional support.
[0048] The stitching yarns may provide unique benefits
such as cooling or warming, they may be electrically con-
ductive, for example for safety purposes, they may pro-
vide the upper with auxetic properties.
[0049] A plurality of stitching yarns may be incorporat-
ed at a density of at least 1 stitching yarn end per cm
along the weft direction. It is found that, in order to locally
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engineer the properties of the shoe upper, the density of
the stitching yarns does not need to be high. Preferably
this density is at least 1 stitching yarn end per cm along
the weft direction. More preferably this density is at least
2 stitching yarn ends per cm along the weft direction. At
this density, the stiffness of the stretched woven portion
is increased significantly at strains of 20% to 30%. The
stitching yarns may be integrated in large numbers over
a great width or in small numbers over a narrow width.
[0050] The weaving may comprise at least two stitch-
ing axes. The stitching axis is given by the physical di-
rection of the displacement means that facilitates the lat-
eral displacement of the stitching yarn. For a single-axis
arrangement, the displacement of the stitching yarn is
preferably in a direction substantially parallel to the weft
yarns. However, a stitching axis may be parallel to the
weft or warp direction, or it may not be parallel to either
the weft or warp direction. The second stitching axis may
be parallel to the first stitching axis, or it may not be par-
allel to the first stitching axis. Using a second stitching
axis allows for more complex stitching patterns to be in-
corporated into the woven portion which improves the
extent to which the woven portions’ properties can be
engineered.
[0051] The invention further concerns a method of
making a woven portion for a shoe upper, comprising:
providing a plurality of warp yarns and a plurality of weft
yarns; interweaving the plurality of weft yarns and the
plurality of warp yarns; providing at least one stitching
yarn, arranged substantially parallel to the warp yarns;
and simultaneously interweaving the stitching yarn dur-
ing the weaving process by laterally displacing the stitch-
ing yarn substantially along the weft direction and moving
the stitching yarn in and out of at least one open reed
gap in a reed.
[0052] This shoe upper can be generally light-weight
and durable. The upper can be engineered to have de-
sired performance requirements concerning, for exam-
ple, stretch, durability, support, haptic, etc. The proper-
ties of specific regions can be engineered by locally in-
corporating at least one stitching yarn during the weaving
process without increasing the weight of the upper sig-
nificantly.
[0053] The displacement of the stitching yarn is in a
direction substantially parallel to the weft yarns, which
effects that two subsequent interlacing points between
the weft yarns and the stitching yarn may occur diagonally
from each other. The stitching yarns are separate from
the warp yarns and are controlled individually or as a
group by needles eyelets. The stitching yarn feeder is
able to move laterally between weaving cycles. The ac-
tion of the feeding needles is "non-orthogonal", meaning
that the stitching yarn is able to change direction, i.e.
change the angle it makes with the warp and weft direc-
tion. The feeding needles are controlled electronically or
via a mechanical cam or dobby system. A displacement
mechanism provides sufficient lateral displacement to
cover at least a half width of a shoe upper, typically up

to 10 cm. Since the stitching yarn is added during the
weaving, the process has a reduced complexity com-
pared to a two-step process where a stitching yarn is
incorporated in a second step either manually or by a
machine. In conventional weaving, the reed is closed at
the top and the yarns are not free to leave the read
through either vertical or horizontal movement. For the
present invention, an open reed is required, wherein the
reed has openings at the top where the stitching yarn
can move out of the reed and re-enter at a different lateral
position within the reed.
[0054] It is possible that in some regions of the shoe
upper, the stitching yarns run in a linear, warp-wise di-
rection.
[0055] Compared to the two-step process, the stitching
yarn can be arranged in a more accurate and reproduc-
ible manner. Since a needle is not required for incorpo-
rating the stitching yarn, there is also less risk of damage
to the warp or weft yarns which could be damaged by a
needle in a second step comprising an embroidery proc-
ess.
[0056] The present invention allows for a full digital de-
sign and customization of an upper at the development
stage, allowing for mechanical properties, design, size,
and fit to be determined at this early creation stage.
[0057] In conventional weaving techniques, incorpo-
rating a complex pattern would result in waste yarns at
the back of the woven fabric and hence an increased
average area weight of the fabric. The reason for this is
that with conventional techniques, a localized pattern can
only be created by moving a yarn to the top of the weave
at those positions where it is supposed to show and hiding
said yarn at the back of the weave over the whole length
or width of the weave in those positions where it is not
supposed to be visible. The present method prevents
waste yarns at the back of the fabric as the stitching yarn
allows localized patterns to be incorporated into a textile
without the need to hide the yarn at the back of the textile
in portions of the fabric where it is not supposed to be
visible. As a consequence, the average area weight of
the woven fabric may be reduced, thereby improving the
performance of the shoe upper. Note that with the present
method, the area weight of the fabric may also be engi-
neered to vary locally (the area weight in regions com-
prising the stitching yarn may be higher than in regions
without the stitching yarn) more specifically than with con-
ventional methods, thus allowing, for example, reinforce-
ment regions to be engineered into some portions of the
fabric while keeping other portions more lightweight.
[0058] An additional benefit of the present method is
that the stitching yarn can be used to crimp the edge of
the woven sheet to prevent fraying. Part of the woven
sheet is cut after weaving to form the woven portion, ei-
ther manually or automatically via conventional cutting
or laser cutting. The shoe is then formed via a lasting and
finishing process. One of the major hurdles in using wo-
ven materials, for example Leno-type woven fabric, for
producing shoe uppers is the unravelling of material dur-
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ing handling. This method allows for open woven struc-
tures without the need for glues or adhesives, such as
melt yarns, to prevent unravelling during handling.
[0059] The reed may comprise at least two groups of
reed gaps, wherein a reed gap of the first group is at least
partially covered by an insertion bevel, and wherein a
reed gap of the second group is not covered by an inser-
tion bevel. One problem of using an open reed is that the
stitching yarn may get stuck at the top of the reed gap
during insertion into the reed gap. This can be prevented
by using an insertion bevel which guides the stitching
yarn into the intended reed gap and blocks neighboring
reed gaps.
[0060] The stitching yarn may comprise a meltable
component. The stitching yarn can be either coated or
comprised entirely of low temperature melt, typically with
melting temperatures between 40° and 200°C. By melt-
ing the meltable component, it is possible to locally fix
the structure permanently, for example to prevent unrav-
elling during further processing or when the shoe is worn.
In particular, the use of a yarn comprising a meltable
component enables the additional stiffness that is intro-
duced by the stitching yarn to be spread over a whole
region rather than just along the stitching yarn. The step
of melting the meltable component can be conducted in
a 2-D form, for example with a stent frame heat setting,
or in a 3-D form, or when the upper is arranged on a last.
This has the advantage that the shoe upper obtains a
shape specific to the mold or lasting geometry.
[0061] It is also possible that melt yarns are incorpo-
rated into the woven portion outside of the boundary of
a normal 2-D shoe upper. Therefore, when it 2-D upper
is lasted to bring it to a 3-D form, these excess melt yarns
could be used to close the shoe upper around the last.
[0062] The stitching yarn can have a tensile modulus
greater than the tensile modulus of the warp yarns and/or
the weft yarns. By using an elastic material for the warp
and / or weft yarns and a less elastic material for the
stitching yarn, the upper may have a good and comfort-
able fit but still provides the required level of support in
regions where increased support is required due to the
presence of the less elastic stitching yarn.
[0063] The stitching yarn may be located in a midfoot
region of the shoe. Typically, the midfoot region requires
an increased level of support, for example for running or
playing football. Therefore, a stitching yarn that is located
in the midfoot region of the upper, may facilitate the re-
quired level of support, without adding much weight to
the upper.
[0064] In one aspect of the invention, the stitching yarn
is located within 2 cm from at least one lace eyelet. The
region around the lace eyelet is subject to increased wear
and tear in normal everyday use of a shoe. Therefore,
by incorporating the at least one stitching yarn in the area
around the lace eyelets it is possible to add support locally
in this area as required but without increasing the weight
of the upper significantly.
[0065] In another aspect of the invention, the stitching

yarn is located around a heel counter. The region around
the heel counter requires additional support in normal
everyday use of a shoe. Therefore, by incorporating the
at least one stitching yarn in the area around the heel
counter it is possible to add support locally in this area
as required but without increasing the weight of the upper
significantly.
[0066] The stitching yarn may additionally be located
in a sole region of the shoe upper. When a shoe com-
prising a midsole and an upper is formed, a sole region
of the shoe upper is at the interface between the midsole
and the upper. Incorporating the at least one stitching
yarn in a sole region of the upper is functional as it in-
creases the stability in this area and reduces the risk of
the upper detaching from the midsole or tearing at this
point. In particular, in combination with the use of a melt-
able component, the meltable component could be melt-
ed, partly or fully, such as to facilitate a strong bond to
be formed between the midsole and the upper. For ex-
ample, the midsole could be a football plate comprising
thermoplastic polyurethane and the meltable component
in the stitching yarn could comprise thermoplastic poly-
urethane. Therefore, a particularly strong bond would be
formed between the midsole and the upper without the
use of any additional adhesive. Connecting the midsole
and the upper may comprise activating at least one por-
tion of a first connection surface by providing heat energy
without contact, for example by infrared radiation and
connecting the midsole with the upper by joining the con-
nection surfaces of the midsole and the upper. This proc-
ess is sometimes called infrared welding.
[0067] The method may comprise providing at least a
first and a second stitching yarn, wherein the second
stitching yarn is interwoven substantially parallel to the
first stitching yarn. The first or the second stitching yarn
or both the first and the second stitching yarn may have
the properties of the "at least one stitching yarn" de-
scribed herein. Substantially parallel in this context
means parallel within +/- 10 degrees to allow for manu-
facturing imperfections. In many cases, it may not be
sufficient to include a single stitching yarn. By incorpo-
rating a second stitching yarn that is substantially parallel
to the first stitching yarn, the effect of incorporating the
first stitching yarn is enhanced by the second stitching
yarn and thus a greater amount of stiffness can be
achieved.
[0068] According to the invention, at least one stitching
yarn makes an angle of between 30° and 60° with the
warp or weft yarns between at least two different inter-
lacing points. A conventional woven fabric is most stable
along the warp (0°) or weft (90°) directions. Woven ma-
terials are often unstable along a "bias direction" sub-
stantially along +/- 45° to the warp direction. If the stitch-
ing yarn is added at an angle of between 30° and 60° to
the warp direction, the mechanical properties in this an-
gular range reflect the properties of the stitching yarn.
Therefore, for example, by using a strong stitching yarn
it is possible to add support that reduces strains when
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mechanical stresses, or forces, are present at an angle
of between approximately 30° and 60° to the warp direc-
tion. It is also possible to engineer a woven portion that
is "locked" by the stitching yarn and has only very little
elasticity in a specific direction or region. Furthermore,
by arranging the stitching yarn at such angles, it is pos-
sible for the stitching yarn to follow the natural contours
of a shoe upper to improve the fit and aesthetic aspects
of the upper.
[0069] Said two interlacing points may be located in a
midfoot region of the upper. As disclosed herein, when
the stitching yarn makes an angle of between 30° and
60° with the warp or weft yarns, it is possible to engineer
additional support against distortions in this direction.
The midfoot region of an upper is frequently subject to
the large stresses and forces in a range of directions
during physical activity. Therefore, it is often preferable
that additional support is provided in the midfoot region
of the upper, especially along the frequently weakest di-
rections of the fabric.
[0070] Said two interlacing points may be located with-
in 2 cm from at least one lace eyelet. The region around
the lace eyelets is often subject to large stresses and
forces in a range of directions during physical activity.
Therefore, it is preferable to engineer additional support
for the region around the lace eyelets by incorporating
the stitching yarn at an angle of between 30° and 60°
with the warp yarns or weft yarns.
[0071] The method may further comprise forming a re-
inforcement region comprising: a. stitching at least one
stitching yarn along a first direction; b. changing the di-
rection of the stitching yarn to a second direction, which
is at an angle of at least 30 degrees to the first direction;
c. changing the direction of the stitching yarn to a third
direction which is at an angle of at least 30 degrees to
the second direction; and d. changing the direction of the
stitching yarn to a fourth direction which is at an angle of
less than 30 degrees to the first direction. In other words,
the reinforcement region comprises at least one stitching
yarn that starts off along a first direction and follows a
zigzag path before it returns approximately back to the
first direction. The advantageous effect is that specific
regions where additional strength is required can be re-
inforced without the need to incorporate a different type
of yarn. This type of reinforcement region is not possible
in conventional weaving.
[0072] The method may further comprise configuring
at least one stitching yarn as a lacing yarn, comprising:
extending at least one stitching yarn beyond the edge of
the woven portion and configuring said stitching yarn to
be moveable within the woven portion. The lacing yarn
may be a strand and / or a ribbon.
[0073] An advantage of incorporating a stitching yarn
that is configured as a lacing yarn into the woven portion,
is that the speed of production of the upper may be in-
creased significantly as in conventional shoe manufac-
turing the step of lacing an upper is still manual and thus
time consuming and expensive. Another advantage of

incorporating a stitching yarn that is a lacing yarn is that
much more elaborate and effective lacing systems can
be developed.
[0074] The lacing yarn can be configured to be move-
able within the woven portion for example by having a
relatively small number of points at which it is interwoven
with the warp and weft yarns. The lacing yarn may be
chosen from a stronger material such as high-tenacity
polyester or nylon to prevent tearing. The lacing yarn can
be provided to extend beyond the edge of the woven
portion for example by interweaving the lacing yarn in a
sheet from which the woven portion is later cut but ex-
tending the lacing yarn beyond the edges of the woven
portion in the sheet.
[0075] The lacing yarn may be interwoven such that it
changes direction in a ripstop region, which has a similar
function as a lacing eyelet. A ripstop region can be formed
using any method known in the art and may comprise
tear-resistant yarn such as high tenacity polyester or ny-
lon. This way, the lacing yarn may be used to adjust the
fit of the upper without risking tearing the upper in those
regions, where the pulling force on the upper exerted by
the lacing yarn would be greatest.
[0076] There may be two or more lacing yarns instead
of just one lacing yarn. This way, it is easier to design a
lacing system as the two or more lacing yarns may be
connected.
[0077] At least one lacing yarn may comprise a melt-
able component and the method may further comprise
melting the meltable component so that the lacing yarn
can be fixedly attached to the warp and weft yarns at a
desired end point of the lacing yarn. Alternatively or ad-
ditionally, two lacing yarns may be fixedly attached to
each other by activating the meltable component at a
chosen connection point.
[0078] Providing a plurality of warp and weft yarns, and
at least one stitching yarn may comprise providing at least
one stitching yarn and/or one weft yarn and/or one warp
yarn that is dissolvable in a solvent and dissolving the
dissolvable warp, weft, and/or stitching yarn in the sol-
vent. This way it is possible to create gaps, i.e. areas that
provide improved ventilation and flexibility, in the woven
portion. It is not feasible to create these gaps in conven-
tional weaving, as the warp and weft yarns will slide
across each other to close any gaps. Here, the dissolv-
able yarn keeps a space clear from non-dissolvable yarns
during weaving. After weaving, the dissolvable yarn is
dissolved and a gap is created. This process may include
fixing the woven portion before dissolving the dissolvable
yarns, for example by melting selected melt yarns in order
to improve the stability of the gap. The dissolvable yarn
may be dissolved prior to lasting of the upper or it may
be dissolved after lasting of the upper. Dissolving the
dissolvable yarn may be performed prior to sale or after
sale of the shoe, i.e. it is also possible that the decision
whether or not to dissolve the dissolvable yarns is left up
to the customer.
[0079] Dissolving the dissolvable yarn may be done at
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temperatures of 70° - 100° C to increase the solubility of
the dissolvable yarn in the solvent.
[0080] The solvent may be water. Water is non-toxic
and safe to use even on a large scale. A water-dissolv-
able yarn could comprise poly(vinyl alcohol), which has
the advantage that it is not toxic and has a high solubility
in water.
[0081] However, many combinations of dissolvable
yarn and solvent are suitable. It is only important that the
dissolvable yarn is soluble in the solvent. The solvent
may be an ionic liquid or an organic solvent, depending
on the material of the dissolvable yarn. For example, al-
ternatively, the dissolvable yarn may comprise polyc-
aprolactone for which a suitable solvent would be chlo-
roform or dichloromethane, or a mixture of both. Alterna-
tively, the dissolvable yarn could be made from nylon for
which a suitable solvent would be acetic acid.
[0082] The warp yarns and/or the weft yarns may con-
tain a volume fraction of at least 0.1% of elastane. Pref-
erably, the warp yarns and/or the weft yarns contain a
volume fraction of between 0.1 and 30%, more preferably
the warp yarns and/or the weft yarns contain a volume
fraction of between 0.5 and 20%. By incorporating a sig-
nificant volume fraction of elastane, the upper conforms
well to a wearer’s foot and the upper can be lightweight
and comfortable to wear. In particular, the basic fabric
formed by the warp and weft yarns has an inherent
amount of stretch and elasticity, deforming and recover-
ing from strains of up to 20% in at least one direction.
The person skilled in the art will recognize that this value
is significantly higher than for conventional woven or knit-
ted fabric, which typically experience irreversible dam-
age at strains of about 4% or higher. However, the basic
fabric formed by the warp and weft yarns may also have
no inherent elasticity.
[0083] A base fabric, comprising the warp yarns and
the weft yarns, but excluding the stitching yarn(s), of the
woven portion may have a mass of 15-700 grams per
square meter, more preferably between 50 and 350
grams per square meter. A lightweight fabric improves
the performance and wearing comfort of the upper. The
mass per unit area (also known as area weight) of the
woven portion comprising the warp yarns and the weft
yarns, but excluding the stitching yarn may be measured
by cutting out a portion of the fabric that does not com-
prise a stitching yarn, weighing said portion and normal-
izing the measured weight (or mass) by the area of the
cut-out portion. Of course, an analogous procedure al-
lows measuring the area weight of portions of the fabric
that also comprise the stitching yarn.
[0084] At least one stitching yarn may have a tensile
modulus of at least 3 GPa. A stitching yarn with a tensile
modulus of at least 3 GPa facilitates a preferred level of
support in areas where additional support is required dur-
ing physical activity without being too constricting for a
wearer’s foot which would deteriorate the wearing com-
fort.
[0085] At least one stitching yarn may comprise high-

tenacity polyester. High-tenacity polyester is a light-
weight and durable material with a low elasticity that is
particularly suitable for regions of the upper that require
additional support.
[0086] At least one stitching yarn may comprise a
polyamide material. Polyamide materials are particularly
lightweight and particularly durable with a low elasticity
that is suitable for regions of the upper that require ad-
ditional support.
[0087] At least one stitching yarn may comprise carbon
fibre. Carbon fibre materials are particularly lightweight
and durable with a low elasticity that is suitable for regions
of the upper that require additional support.
[0088] The stitching yarns may provide unique benefits
such as cooling or warming, they may be electrically con-
ductive, for example for safety purposes, they may pro-
vide the upper with auxetic properties.
[0089] A plurality of stitching yarns may be incorporat-
ed at a density of at least 1 stitching yarn end per cm
along the weft direction. It is found that, in order to locally
engineer the properties of the shoe upper, the density of
the stitching yarns does not need to be high. Preferably
this density is at least 1 stitching yarn end per cm along
the weft direction. More preferably this density is at least
2 stitching yarn ends per cm along the weft direction. At
this density, the stiffness of the stretched woven portion
is increased significantly at strains of 20% to 30%. The
stitching yarns may be integrated in large numbers over
a great width or in small numbers over a narrow width.
[0090] The weaving may comprise at least two stitch-
ing axes. The stitching axis is given by the physical di-
rection of the displacement means that facilitates the lat-
eral displacement of the stitching yarn. For a single-axis
arrangement, the displacement of the stitching yarn is
preferably in a direction substantially parallel to the weft
yarns. However, a stitching axis may be parallel to the
weft or warp direction, or it may not be parallel to either
the weft or warp direction. The second stitching axis may
be parallel to the first stitching axis, or it may not be par-
allel to the first stitching axis. Using a second stitching
axis allows for more complex stitching patterns to be in-
corporated into the woven portion which improves the
extent to which the woven portions’ properties can be
engineered.

4. Short description of the figures

[0091] The present invention will be described in more
detail with reference to the accompanying figures in the
following. These figures show:

Fig. 1: Schematic of an exemplary weaving ap-
paratus which can be used in the context
of the present invention;

Fig. 2: Schematic of an exemplary weaving ma-
chine which can be used in the context
of the present invention;

Figs. 3A, B: Exemplary reinforced woven portions ac-
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cording to the present invention;
Fig. 4: Exemplary woven portion with a rein-

forcement region and a dissolvable yarn
according to the present invention;

Fig. 5A, B: Exemplary woven sheets comprising a
stitching yarn comprising a meltable
component for a shoe upper according to
the present invention; and

Fig. 6A-C: Exemplary woven sheets and woven por-
tions comprising a lacing yarn according
to the invention.

5. Detailed description of preferred embodiments

[0092] Fig. 1 shows an exemplary embodiment of a
weaving apparatus 10 suitable for producing a woven
sheet 20 from which a woven portion can be cut for a
shoe upper according to a method of the present inven-
tion. A first set of warp yarns 11a is raised by a reed 18.
An alignment mechanism 13 containing a needle eyelet
14 allows two stitching yarns 15 to be raised or lowered
along a substantially vertical direction 16. The needle
can enter and leave the open reed gaps 19 in the reed.
When a weft (not shown in Fig. 1) is inserted at a weft
insertion port the weaving apparatus 10 therefore allows
simultaneous weaving of the weft and the warp yarns
and stitching of the stitching yarns. It is evident to the
person skilled in the art, that there could also only be a
single alignment mechanism 13 providing a single stitch-
ing yarn 15, or there could be several alignment mech-
anisms arranged in a group containing several stitching
yarns 15. The present invention merely requires that
there is at least one stitching yarn 15.
[0093] Since the stitching yarn 15 is added during the
weaving, the process has a reduced complexity com-
pared to a two-step process where a stitching yarn is
incorporated in a second step either manually or by a
machine. In conventional weaving, the reed 18 is closed
at the top and the yarns are not free to leave the read
through either vertical or horizontal movement. For the
present invention, an open reed is required, wherein the
reed has openings 19 at the top where the stitching yarn
15 can move out of the reed and re-enter at a different
lateral position within the reed.
[0094] It is possible that in some regions of the shoe
upper, the stitching yarns 15 run in a linear, warp-wise
direction.
[0095] Compared to the two-step process, the stitching
yarn 15 can be arranged in a more accurate and repro-
ducible manner. Since a needle is not required for incor-
porating the stitching yarn, there is also less risk of dam-
age to the warp or weft yarns which could be damaged
by a needle in a second step comprising an embroidery
process.
[0096] In conventional weaving techniques, incorpo-
rating a complex pattern would result in waste yarns at
the back of the woven fabric and hence an increased
average area weight of the fabric. The reason for this is

that with conventional techniques, a localized pattern can
only be created by moving a yarn to the top of the weave
at those positions where it is supposed to show and hiding
said yarn at the back of the weave over the whole length
or width of the weave in those positions where it is not
supposed to be visible. The present method prevents
waste yarns at the back of the fabric as the stitching yarn
allows localized patterns to be incorporated into a textile
without the need to hide the yarn at the back of the textile
in portions of the fabric where it is not supposed to be
visible. As a consequence, the average area weight of
the woven fabric may be reduced, thereby improving the
performance of the shoe upper. Note that with the present
method, the area weight of the fabric may also be engi-
neered to vary locally (the area weight in regions com-
prising the stitching yarn may be higher than in regions
without the stitching yarn) more specifically than with con-
ventional methods, thus allowing reinforcement regions
to be engineered into some portions of the fabric while
keeping other portions more lightweight.
[0097] An additional benefit of the present method is
that the stitching yarn can be used to crimp the edge of
the woven sheet to prevent fraying. Part of the woven
sheet is cut after weaving, either manually or automati-
cally via conventional cutting or laser cutting. The shoe
is then formed via a lasting and finishing process. One
of the major hurdles in using woven materials, for exam-
ple Leno-type woven fabric, for producing shoe uppers
is the unravelling of material during handling. This meth-
od allows for open woven structures without the need for
glues or adhesives, such as melt yarns, to prevent un-
ravelling during handling.
[0098] The reed may comprise at least two groups of
reed gaps, wherein a reed gap of the first group is at least
partially covered by an insertion bevel, and wherein a
reed gap of the second group is not covered by an inser-
tion bevel. One problem of using an open reed is that the
stitching yarn may get stuck at the top of the reed gap
during insertion into the reed gap. This can be prevented
by using an insertion bevel which guides the stitching
yarn into the intended reed gap and blocks neighboring
reed gaps.
[0099] The stitching yarns 15 can have a tensile mod-
ulus greater than the tensile modulus of the warp yarns
11a and 11b and/or the weft yarns. By using an elastic
material for the warp and / or weft yarns and a less elastic
material for the stitching yarn 15, an upper comprising
the woven portion has a good and comfortable fit but still
provides the required level of support in regions where
increased support is required due to the presence of the
less elastic stitching yarns 15.
[0100] A displacement mechanism (see Fig. 2) allows
for the lateral displacement of the alignment mechanism
13 substantially along the weft direction 17. Therefore,
two subsequent interlacing points between the weft yarns
and the stitching yarn may occur diagonally from each
other. A conventional woven fabric is most stable along
the warp (0°) or weft (90°) directions. Woven materials
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are often unstable along a bias direction substantially
along +/- 45° to the warp direction. If the stitching yarn is
added at an angle of between 30° and 60° to the warp
direction, the mechanical properties in this angular range
reflect the properties of the stitching yarn. Therefore, for
example, by using a strong stitching yarn it is possible to
add support that reduces strains when mechanical
stresses, or forces, are present at an angle of between
approximately 30° and 60° to the warp direction. The
weaving apparatus 10 therefore allows a woven portion
to be produced that is significantly more stable along a
bias direction than a conventional woven fabric. It is also
possible to engineer a woven portion that is "locked" by
the stitching yarn and has only very little elasticity in a
specific direction or region. Furthermore, by arranging
the stitching yarn at such angles, it is possible for the
stitching yarn to follow the natural contours of a shoe
upper to improve the fit and aesthetic aspects of the up-
per.
[0101] The warp yarns 11a, 11b and/or the weft yarns
contain a volume fraction of at least 0.5% of elastane.
By incorporating a significant volume fraction of elastane,
an upper comprising the woven portion conforms well to
a wearer’s foot and the upper is lightweight and comfort-
able to wear. In particular, the basic fabric formed by the
warp and weft yarns has an inherent amount of stretch
and elasticity, deforming and recovering from strains of
up to 20% in at least one direction. The person skilled in
the art will recognize that this value is significantly higher
than for conventional woven or knitted fabric, which typ-
ically experience irreversible damage at strains of about
4% or higher.
[0102] A base fabric, comprising the warp yarns 11a,
11b and the weft yarns, but excluding the stitching yarns
15, of the woven portion has a mass of 15-700 grams
per square meter.
[0103] A lightweight woven portion improves the per-
formance and wearing comfort of the upper.
[0104] The stitching yarns 15 have a tensile modulus
of at least 3 GPa. A stitching yarn 15 with a tensile mod-
ulus of at least 3 GPa facilitates a preferred level of sup-
port in areas where additional support is required during
physical activity without being too constricting for a wear-
er’s foot which would deteriorate the wearing comfort.
[0105] The stitching yarns 15 may comprise high-te-
nacity polyester, polyamide, and / or carbon fibre. It is
possible that some stitching yarns comprise one of these
materials and some other stitching yarns comprise an-
other one of these materials. It is also possible that one
stitching yarn comprises a composition of two or all of
these materials. These materials are particularly light-
weight and particularly durable with a low elasticity that
is suitable for regions of the woven portion that require
additional support.
[0106] The stitching yarns 15 are incorporated at a
density of at least 1 stitching yarn end per cm along the
weft direction. It is found that, in order to locally engineer
the properties of the woven portion, the density of the

stitching yarns does not need to be high. Preferably this
density is at least 1 stitching yarn end per cm along the
weft direction. More preferably this density is at least 2
stitching yarn ends per cm along the weft direction. At
this density, the stiffness of the stretched woven portion
is increased significantly at strains of 20% to 30%. The
stitching yarns may be integrated in large numbers over
a great width or in small numbers over a narrow width.
[0107] Some or all of the stitching yarns 15 may com-
prise a meltable component (not shown in the figures).
The stitching yarns can be either coated or comprised
entirely of low temperature melt, typically with melting
temperatures between 40° and 200°C. By melting the
meltable component, it is possible to locally fix the struc-
ture permanently, for example to prevent unravelling dur-
ing further processing or when the shoe is worn.
[0108] Fig. 2 shows an exemplary weaving machine
21 suitable for producing a woven sheet 20 from which
a woven portion can be cut for a shoe upper according
to a method of the present invention. Yarn packages are
stored on spools 22 for the warp yarns, the weft yarns,
and / or the stitching yarns. An alignment mechanism 13
provides the stitching yarns 15. The displacement mech-
anism 23 facilitates the lateral displacement of the align-
ment mechanism 13 along a direction substantially par-
allel to the weft direction 17. Typically, the displacement
mechanism 23 allows for up to 10 cm of lateral displace-
ment. This range of motion is sufficient to cover the half
width of a shoe upper in order to engineer areas of the
woven portion. It is also possible that the displacement
mechanism 23 allows for a greater range of lateral dis-
placement. The displacement mechanism 23 further al-
lows a dipping motion along a substantially vertical di-
rection 16 to insert and remove the alignment mechanism
13 into and out of the open reed gaps 19.
[0109] Fig. 3A shows an exemplary embodiment of a
woven sheet 20a for a woven portion 34 comprising two
stitching yarns 15a of a first type. The stitching yarns 15a
are located in a part of the woven sheet 20a that will be
cut to form a woven portion 34 for a midfoot region of the
shoe upper. The woven sheet 20a also comprises a cut-
away region 32 which will not form part of the woven
portion of the shoe upper. Typically, the midfoot region
requires an increased level of support, for example for
running or playing football. Therefore, a stitching yarn
that is located in the midfoot region of the upper, may
facilitate the required level of support, without adding
much weight to the upper.
[0110] The stitching yarns 15a make an angle of be-
tween 30° and 60° with the direction 35 of the warp yarns
between several different interlacing points. A conven-
tional woven fabric is most stable along the warp (0°) or
weft (90°) directions. Woven materials are often unstable
along a "bias direction" substantially along +/- 45° to the
warp direction. If the stitching yarn is added at an angle
of between 30° and 60° to the warp direction, the me-
chanical properties in this angular range reflect the prop-
erties of the stitching yarn. Therefore, for example, by
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using a strong stitching yarn it is possible to add support
that reduces strains when mechanical stresses, or forc-
es, are present at an angle of between approximately
30° and 60° to the warp direction. It is also possible to
engineer a woven portion that is "locked" by the stitching
yarn and has only very little elasticity in a specific direction
or region. Furthermore, by arranging the stitching yarn
at such angles, it is possible for the stitching yarn to follow
the natural contours of a shoe upper to improve the fit
and aesthetic aspects of the upper.
[0111] These interlacing points are located in an area
of the woven portion 34 that will be located in a midfoot
region of the upper. As disclosed herein, when the stitch-
ing yarn makes an angle of between 30° and 60° with
the warp or weft yarns, it is possible to engineer additional
support against distortions in this direction. The midfoot
region of an upper is frequently subject to the large stress-
es and forces in a range of directions during physical
activity. Therefore, it is often preferable that additional
support is provided in the midfoot region of the upper,
especially along the frequently weakest directions of the
fabric.
[0112] Fig. 3B shows an exemplary embodiment of a
woven sheet 20b for a woven portion 34 comprising two
stitching yarns 15a of a first type and two stitching yarns
15b of a second type. The stitching yarns of the first type
15a are located in a part of the woven portion 34 that will
be located in a midfoot area of the shoe upper. The woven
sheet 20b also comprises a cut-away region 32 that will
not form part of the woven portion of the shoe upper.
[0113] The stitching yarns 15b of the second type are
located close to, and within 2 cm from, several lace eye-
lets 33. The region around the lace eyelets is subject to
increased wear and tear in normal everyday use of a
shoe. Therefore, by incorporating the stitching yarns 15b
of the second type in the area around the lace eyelets it
is possible to add support locally in this area as required
but without increasing the weight of the upper significant-
ly. The stitching yarns 15a of the first type may have a
different composition and/or tensile modulus than the
stitching yarns 15b of the second type. For example, it
is preferable to have very stiff stitching yarns 15b of a
second type with a very high tensile modulus around the
lace eyelets where no elasticity is required, whereas the
stitching yarns 15a of the first type could be more elastic
and have a lower tensile modulus to allow for a certain
degree of flexibility in the midfoot region.
[0114] The stitching yarns 15a and 15b make an angle
of between 30° and 60° with the direction 35 of the warp
yarns between several different interlacing points. This
is in order to add support that reduces strains when me-
chanical stresses, or forces, are present at an angle of
between approximately 30° and 60° to the warp direction.
These stresses are often present in the midfoot region
and the region around the lace eyelets 33 during physical
exercise.
[0115] The woven sheets 20a and 20b comprise a re-
inforcement region 36, comprising: a. at least one stitch-

ing yarn 15 along a first direction; b. the stitching yarn 15
then changes to a second direction, which is at an angle
of at least 30 degrees to the first direction; c. the stitching
yarn 15 then changes to a third direction which is at an
angle of at least 30 degrees to the second direction; and
d. the stitching yarn 15 then changes to a fourth direction
which is at an angle of less than 30 degrees to the first
direction. In other words, the reinforcement region 36
comprises at least one stitching yarn 15 that starts off
along a first direction and follows a zigzag path before it
returns approximately back to the first direction. The ad-
vantageous effect is that specific regions where addition-
al strength is required can be reinforced without the need
to incorporate a different type of yarn. This type of rein-
forcement region is not possible in conventional weaving.
[0116] Fig. 4 shows an exemplary embodiment of a
woven sheet 20c for a woven portion 34 comprising sev-
eral stitching yarns 15a, 15b, 15c, 15d of four different
types. The stitching yarns 15a, 15b, 15c, 15d are located
in a part of the woven portion 34 that will be located in a
midfoot region of the shoe upper. The woven sheet 20c
also comprises a cut-away region 32 which will not form
part of the woven portion. The stitching yarns of one type
may have a different composition and/or tensile modulus
than the stitching yarns of another type.
[0117] The woven sheet 20c comprises a reinforce-
ment region 36, comprising: a. at least one stitching yarn
15 along a first direction; b. the stitching yarn 15 then
changes to a second direction, which is at an angle of at
least 30 degrees to the first direction; c. the stitching yarn
15 then changes to a third direction which is at an angle
of at least 30 degrees to the second direction; and d. the
stitching yarn 15 then changes to a fourth direction which
is at an angle of less than 30 degrees to the first direction.
In other words, the reinforcement region 36 comprises
at least one stitching yarn 15 that starts off along a first
direction and follows a zigzag path before it returns ap-
proximately back to the first direction. The advantageous
effect is that specific regions where additional strength
is required can be reinforced without the need to incor-
porate a different type of yarn. This type of reinforcement
region is not possible in conventional weaving.
[0118] The woven sheet 20c comprises two stitching
yarns 41 that are dissolvable in a solvent. This way it is
possible to create gaps, i.e. areas that provide improved
ventilation and flexibility, in the woven portion. It is not
feasible to create these gaps in conventional weaving,
as the warp and weft yarns will slide across each other
to close any gaps. Here, the dissolvable yarns 41 keep
a space clear from non-dissolvable yarns during weav-
ing. After weaving, the dissolvable yarns are dissolved
and a gap is created. This process may include fixing the
woven portion before dissolving the dissolvable yarns,
for example by melting selected melt yarns in order to
improve the stability of the gap. The dissolvable yarns
may be dissolved prior to lasting of the upper or they may
be dissolved after lasting of the upper. Dissolving the
dissolvable yarns may be performed prior to sale or after
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sale of the shoe, i.e. it is also possible that the decision
whether or not to dissolve the dissolvable yarns is left up
to the customer.
[0119] While in this example two stitching yarns are
dissolvable in a solvent, it is to be understood that a stitch-
ing yarn, a warp yarn, and/or a weft yarn may be dissolv-
able in a solvent. There may be one or more than one
dissolvable yarn.
[0120] Dissolving the dissolvable yarns 41 may be
done at temperatures of 70° - 100° C to increase the
solubility of the dissolvable yarns 41 in the solvent.
[0121] In this example, the solvent is water. Water is
non-toxic and safe to use even on a large scale. The
exemplary water-dissolvable yarn 41 comprises poly(vi-
nyl alcohol), which has the advantage that it is not toxic
and has a high solubility in water.
[0122] However, many combinations of dissolvable
yarn and solvent are suitable. It is only important that the
dissolvable yarn is soluble in the solvent. The solvent
may be an ionic liquid or an organic solvent, depending
on the material of the dissolvable yarn. For example, al-
ternatively, the dissolvable yarn may comprise polyc-
aprolactone for which a suitable solvent would be chlo-
roform or dichloromethane, or a mixture of both. Alterna-
tively, the dissolvable yarn could be made from nylon for
which a suitable solvent would be acetic acid.
[0123] The woven sheet 20a, 20b, 20c shown in Figs
3A, 3B, 4 can be produced, for example, using the weav-
ing apparatus shown in Fig. 1 or the weaving machine
shown in Fig. 2. A shoe upper is then formed by cutting
a woven portion 34 from the woven sheet 20a, 20b, 20c
for manual or automated shoe make-up using conven-
tional cutting or laser cutting. The shoe is then formed
via a lasting and finishing process. A shoe upper accord-
ing to the present invention can be manufactured using
a reduced number of reinforcements steps.
[0124] Fig. 5A shows an exemplary embodiment of a
woven sheet 20d comprising stitching yarns 15 which
comprise a meltable component. Fig. 5A shows the wo-
ven sheet with the warp direction 17 and the weft direction
35. The woven sheet 20d shows an exemplary embodi-
ment of incorporating the stitching yarns in order to rein-
force the midfoot region of an upper.
[0125] Fig. 5B shows an exemplary embodiment of a
woven sheet 20e comprising stitching yarns 15 which
comprise a meltable component. Fig. 5B shows the wo-
ven sheet with the warp direction 17 and the weft direction
35. The woven sheet 20e shows an exemplary embodi-
ment of incorporating the stitching yarns in order to rein-
force the heel counter region of an upper.
[0126] The woven sheets 20d and 20e comprise at
least a first 15 and a second 15 stitching yarn, wherein
the second stitching yarn 15 is incorporated substantially
parallel to the first stitching yarn 15. The first 15 or the
second 15 stitching yarn or both the first 15 and the sec-
ond 15 stitching yarn may have the properties of the "at
least one stitching yarn" 15 described herein. Substan-
tially parallel in this context means parallel within +/- 10

degrees to allow for manufacturing imperfections. In
many cases, it may not be sufficient to include a single
stitching yarn. By incorporating a second stitching yarn
that is substantially parallel to the first stitching yarn, the
effect of incorporating the first stitching yarn is enhanced
by the second stitching yarn and thus a greater amount
of stiffness can be achieved.
[0127] The stitching yarns 15 can be either coated or
comprised entirely of low temperature melt, typically with
melting temperatures between 40° and 200°C. By melt-
ing the meltable component, it is possible to locally fix
the structure permanently, for example to prevent unrav-
elling during further processing or when the shoe is worn.
In particular, the use of a yarn comprising a meltable
component enables the additional stiffness that is intro-
duced by the stitching yarn to be spread over a whole
region rather than just along the stitching yarn 15. The
step of melting the meltable component can be conduct-
ed in a 2-D form, for example with a stent frame heat
setting, or in a 3-D form, or when the upper is arranged
on a last. This has the advantage that the shoe upper
obtains a shape specific to the mold or lasting geometry.
[0128] It is also possible that melt yarns 15 are incor-
porated into the woven sheet outside of the boundary of
a normal 2-D shoe upper, i.e. outside the woven portion
that will become part of the upper. Therefore, when it 2-
D upper is lasted to bring it to a 3-D form, these excess
melt yarns 15 could be used to close the shoe upper
around the last.
[0129] The woven sheets 20d and 20e comprise a re-
inforcement region 36, comprising: a. at least one stitch-
ing yarn 15 along a first direction; b. the stitching yarn 15
then changes to a second direction, which is at an angle
of at least 30 degrees to the first direction; c. the stitching
yarn 15 then changes to a third direction which is at an
angle of at least 30 degrees to the second direction; and
d. the stitching yarn 15 then changes to a fourth direction
which is at an angle of less than 30 degrees to the first
direction. In other words, the reinforcement region 36
comprises at least one stitching yarn 15 that starts off
along a first direction and follows a zigzag path before it
returns approximately back to the first direction. The ad-
vantageous effect is that specific regions where addition-
al strength is required can be reinforced without the need
to incorporate a different type of yarn. This type of rein-
forcement region is not possible in conventional weaving.
[0130] The woven sheets 20d and 20e shown in Figs.
5A and 5B can be produced, for example, using the weav-
ing apparatus shown in Fig. 1 or the weaving machine
shown in Fig. 2. A shoe upper is then formed by cutting
a woven portion from the woven sheet 20d, 20e for man-
ual or automated shoe make-up using conventional cut-
ting or laser cutting. The shoe is then formed via a lasting
and finishing process. A shoe upper according to the
present invention can be manufactured using a reduced
number of reinforcements steps.
[0131] Figs. 6A-C show exemplary woven sheets 20f,g
and woven portions 34 for a shoe upper according to the
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present invention.
[0132] Fig. 6A shows an exemplary woven sheet 20f
comprising a woven portion 34 with the boundary at which
the woven portion is to be cut indicated by a solid line.
The exemplary woven portion comprises two stitching
yarns 61a,b that are lacing yarns, wherein the lacing
yarns 61a,b extend beyond the edge of the woven portion
34 and are configured to be moveable within the woven
portion 34. The lacing yarns 61a and 61b may be a strand
and / or a ribbon.
[0133] An advantage of incorporating stitching yarns
61a,b that are configured as lacing yarns is that the speed
of production of the upper may be increased significantly
as in conventional shoe manufacturing the step of lacing
an upper is still manual and thus time consuming and
expensive. Another advantage of incorporating stitching
yarns 61a,b that are lacing yarns is that much more elab-
orate and effective lacing systems can be developed.
[0134] The lacing yarns 61a,b are configured to be
moveable within the woven portion by having a relatively
small number of points at which the lacing yarns 61a,b
are interwoven with the warp and weft yarns forming the
base fabric 62. The exemplary lacing yarns 61a,b are
chosen from a stronger material such as high-tenacity
polyester or nylon to prevent tearing. The lacing yarns
61a,b are provided to extend beyond the edge of the
woven portion 34 by interweaving the lacing yarns 61a,b
in the sheet 20f from which the woven portion 34 is later
cut but extending the lacing yarns 61a,b beyond the edg-
es of the woven portion 34 in the sheet 20f. In this exam-
ple, the lacing yarns 61a,b are straight between two sub-
sequent woven portions. At the exemplary "loose" point
64 the lacing yarns are not attached to the base fabric
62. At the exemplary fixing point 63 the lacing yarns 61a,b
are attached to the base fabric 62. Thus the lacing yarns
61a,b may be removed from the base fabric 62 easily by
disconnecting them only at a single point, for example
by cutting.
[0135] In this example, there are two lacing yarns 61a
and 61b. The advantage of having two lacing yarns is
that it is easier to make a lacing system as the two lacing
yarns may be connected. However, there may be only
one lacing yarn, or there may be more than two lacing
yarns.
[0136] In this example, both lacing yarns 61a and 61b
comprise a meltable component and the method further
comprises melting the meltable component so that the
lacing yarn can be fixedly attached to the warp and weft
yarns at a desired end point 65 of the lacing yarns 61a
and 61b. Additionally, in this example, the two lacing
yarns 61a and 61b are fixedly attached to each other by
activating the meltable component at a chosen connec-
tion point 65. However, only one lacing yarn may com-
prise a meltable component or no lacing yarn may com-
prise a meltable component and the lacing yarn or lacing
yarns may be attached by any other suitable means to
each other or to the base fabric.
[0137] Fig. 6B shows a similar woven sheet 20g for the

production of a woven portion 34 comprising two lacing
yarns 61a and 61b. The lacing yarns 61a,b are provided
to extend beyond the edge of the woven portion 34 by
interweaving the lacing yarns 61a,b in the sheet 20g from
which the woven portion 34 is later cut but extending the
lacing yarns 61a,b beyond the edges of the woven portion
34 in the sheet 20f. In this example, the lacing yarns
61a,b are not straight between subsequent woven por-
tions that are to be cut from the woven sheet 20g. This
allows the space between subsequent woven portions
to be used more effectively. At the exemplary "loose"
point 64 the lacing yarns are not attached to the base
fabric 62. At the exemplary fixing point 63 the lacing yarns
61a,b are attached to the base fabric 62. Thus the lacing
yarns 61a,b may be removed from the base fabric 62
easily by disconnecting them only at a single point, for
example by cutting.
[0138] In this example, lacing yarn 61a comprise a
meltable component while lacing yarn 61b does not and
the method further comprises melting the meltable com-
ponent in lacing yarn 61a so that the lacing yarn 61a can
be fixedly attached to the warp and weft yarns at a desired
end point 65 of the lacing yarn 61a. The melting of the
meltable component of lacing yarn 61a at end point 65
also effects that the two lacing yarns 61a and 61b are
fixedly attached to each other by activating the meltable
component at a chosen connection point 65.
[0139] Fig. 6C shows an example of part of a woven
portion 34 comprising two lacing yarns 61a and 61b. In
this example, the lacing yarns 61a and 61b change di-
rection in a ripstop region 66, which has a similar function
as a lacing eyelet. The ripstop region 66 comprises tear-
resistant yarn such as high tenacity polyester or nylon
and can be formed using any technique known in the art.
This way, the lacing yarns 61a and 61b may be used to
adjust the fit of the upper without risking tearing the upper
in those regions, where the pulling force on the upper
exerted by the lacing yarns 61a and 61b would be great-
est.
[0140] The woven sheets 20f and 20g shown in Figs.
6A and 6B can be produced, for example, using the weav-
ing apparatus shown in Fig. 1 or the weaving machine
shown in Fig. 2. A shoe upper is then formed by cutting
a woven portion 34 as shown in Figs. 6A-C from the wo-
ven sheet 20f, 20g for manual or automated shoe make-
up using conventional cutting or laser cutting. The shoe
is then formed via a lasting and finishing process. The
woven portion 34 may be a portion of an upper, such as
for example a tongue or vamp, or it may form substantially
all of the upper.

Reference signs:

[0141]

10: weaving apparatus
11a: raised warp yarns
11b: lowered warp yarns
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12: weft insertion point
13: alignment mechanism
14: needle eyelet
15: stitching yarn
16: vertical direction
17: weft direction
18: reed
19: open reed gap
20: woven sheet
21: weaving machine
22: spool
23: displacement device
32: cut-away region
33: lace eyelets
34: woven portion
35: warp direction
36: reinforcement region
41: dissolvable yarn
61: lacing yarn
62: base fabric
63: fixing point
64: loose point
65: connection point
66: ripstop region

Claims

1. Shoe upper comprising a woven portion, wherein the
woven portion comprises:

a. a plurality of warp yarns;
b. a plurality of weft yarns;
c. at least one stitching yarn (15), wherein the
stitching yarn (15) is integrally woven into the
fabric during the weaving process by laterally
displacing the stitching yarn (15) substantially
along the weft direction (17) and moving the
stitching yarn (15) in and out of at least one open
reed gap (19) in a reed (18),

wherein at least one stitching yarn (15) makes an
angle of between 30° and 60° with the warp or weft
yarns between at least two different interlacing
points;
and wherein the stitching yarn (15) is located within
2 cm from at least one lace eyelet and/or around a
heel counter.

2. Shoe upper according to claim 1, wherein said two
interlacing points are located in a midfoot region of
the upper and / or wherein said two interlacing points
are located within 2 cm from at least one lace eyelet.

3. Shoe upper according to one of claims 1 or 2, where-
in at least one stitching yarn (41) and/or one weft
yarn and/or one warp yarn is dissolvable in a solvent,
wherein:

the dissolvable stitching yarn (41) and/or weft
yarn and/or warp yarn comprises poly(vinyl al-
cohol) and the solvent is water, or
the dissolvable stitching yarn (41) and/or one
weft yarn and/or one warp yarn comprises poly-
caprolactone and the solvent comprises chloro-
form or dichloromethane, or
the dissolvable stitching yarn (41) and/or one
weft yarn and/or one warp yarn is made from
nylon and the solvent is acetic acid.

4. Shoe upper according to one of claims 1 to 3, wherein
the warp yarns and/or the weft yarns contain a vol-
ume fraction of at least 0.1% of elastane.

5. Shoe upper according to one of claims 1 to 4, wherein
a base fabric (62), comprising the warp yarns and
the weft yarns, but excluding the stitching yarn(s)
(15), of the woven portion (34) has a mass of 15-700
grams per square meter.

6. Shoe upper according to one of claims 1 to 5, wherein
at least one stitching yarn (15) comprises carbon fi-
bre.

7. Shoe upper according to one of claims 1 to 6, wherein
a plurality of stitching yarns (15) is incorporated at a
density of at least 1 stitching yarn end per cm along
the weft direction (17).

8. Method of making a woven portion for a shoe upper,
comprising:

a. providing a plurality of warp yarns and a plu-
rality of weft yarns;
b. interweaving the plurality of weft yarns and
the plurality of warp yarns;
c. providing at least one stitching yarn (15), ar-
ranged substantially parallel to the warp yarns;
d. simultaneously interweaving the stitching
yarn (15) during the weaving process by laterally
displacing the stitching yarn (15) substantially
along the weft direction (17) and moving the
stitching yarn (15) in and out of at least one open
reed gap (19) in a reed (18),

wherein at least one stitching yarn (15) is interwoven
at an angle of between 30° and 60° with the warp or
weft yarns between at least two different interlacing
points, and
wherein the stitching yarn (15) is located within 2 cm
from at least one lace eyelet and/or around a heel
counter.

9. Method according to the claim 8, wherein said two
interlacing points are located in a midfoot region of
the shoe and / or wherein said two interlacing points
are located within 2 cm from at least one lace eyelet.

27 28 



EP 3 453 791 B1

16

5

10

15

20

25

30

35

40

45

50

55

10. Method according to one of claims 8 or 9, wherein
providing a plurality of warp and weft yarns, and at
least one stitching yarn comprises providing at least
one stitching yarn (41) and/or one weft yarn and/or
one warp yarn that is dissolvable in a solvent and
dissolving the dissolvable warp, weft, and/or stitch-
ing yarn (41) in the solvent, wherein:

the dissolvable stitching yarn (41) and/or weft
yarn and/or warp yarn comprises poly(vinyl al-
cohol) and the solvent is water, or
the dissolvable stitching yarn (41) and/or one
weft yarn and/or one warp yarn comprises poly-
caprolactone and the solvent comprises chloro-
form or dichloromethane, or
the dissolvable stitching yarn (41) and/or one
weft yarn and/or one warp yarn is made from
nylon and the solvent is acetic acid.

11. Method according to one of the claims 8 to 10, where-
in the warp yarns and/or the weft yarns contain a
volume fraction of at least 0.1% of elastane.

12. Method according to one of claims 8 to 11, wherein
a base fabric (62), comprising the warp yarns and
the weft yarns, but excluding the stitching yarn(s)
(15), of the woven portion (34) has a mass of 15-700
grams per square meter.

13. Method according to one of claims 8 to 12, wherein
at least one stitching yarn (15) comprises carbon fi-
bre.

Patentansprüche

1. Schuhoberteil, umfassend einen gewebten Ab-
schnitt, wobei der gewebte Abschnitt umfasst:

a. eine Vielzahl von Kettfäden;
b. eine Vielzahl von Schussfäden;
c. mindestens einen Nähfaden (15), wobei der
Nähfaden (15) während des Webvorgangs
durch seitliches Verschieben des Nähfadens
(15) im Wesentlichen entlang der Schussrich-
tung (17) und Bewegen des Nähfadens (15) in
und aus mindestens einem offenen Webblatt-
spalt (19) in einem Webblatt (18) integral in das
Gewebe gewebt ist,

wobei mindestens ein Nähfaden (15) einen Winkel
zwischen 30° und 60° mit den Kett- oder Schussfä-
den zwischen mindestens zwei verschiedenen Ver-
knüpfungspunkten bildet;
und wobei sich der Nähfaden (15) innerhalb von 2
cm von mindestens einer Schnürsenkelöse
und/oder um eine Fersenkappe befindet.

2. Schuhoberteil nach Anspruch 1, wobei sich die zwei
Verknüpfungspunkte in einem Mittelfußbereich des
Schuhoberteils befinden und/oder wobei sich die
zwei Verknüpfungspunkte innerhalb von 2 cm von
mindestens einer Schnürsenkelöse befinden.

3. Schuhoberteil nach einem der Ansprüche 1 oder 2,
wobei mindestens ein Nähfaden (41) und/oder ein
Schussfaden und/oder ein Kettfaden in einem Lö-
sungsmittel löslich ist, wobei:

der lösliche Nähfaden (41) und/oder Schussfa-
den und/oder Kettfaden Poly(vinylalkohol) um-
fasst und das Lösungsmittel Wasser ist, oder
der lösliche Nähfaden (41) und/oder Schussfa-
den und/oder Kettfaden Polycaprolacton um-
fasst und das Lösungsmittel Chloroform oder Di-
chlormethan umfasst, oder
der lösliche Nähfaden (41) und/oder Schussfa-
den und/oder Kettfaden aus Nylon hergestellt
ist und das Lösungsmittel Essigsäure ist.

4. Schuhoberteil nach einem der Ansprüche 1 bis 3,
wobei die Kettfäden und/oder Schussfäden einen
Volumenanteil von mindestens 0,1 % Elastan ent-
halten.

5. Schuhoberteil nach einem der Ansprüche 1 bis 4,
wobei ein Grundstoff (62), umfassend die Kettfäden
und die Schussfäden, jedoch ohne den Nähfa-
den/die Nähfäden (15), des gewebten Abschnitts
(34) eine Masse von 15-700 Gramm pro Quadrat-
meter hat.

6. Schuhoberteil nach einem der Ansprüche 1 bis 5,
wobei mindestens ein Nähfaden (15) Kohlenstofffa-
ser umfasst.

7. Schuhoberteil nach einem der Ansprüche 1 bis 6,
wobei eine Vielzahl von Nähfäden (15) mit einer
Dichte von mindestens 1 Nähfadenende pro cm ent-
lang der Schussrichtung (17) eingearbeitet ist.

8. Verfahren zur Herstellung eines gewebten Ab-
schnitts für ein Schuhoberteil, umfassend:

a. Bereitstellen einer Vielzahl von Kettfäden und
einer Vielzahl von Schussfäden;
b. Verweben der Vielzahl von Schussfäden und
der Vielzahl von Kettfäden;
c. Bereitstellen mindestens eines Nähfadens
(15), der im Wesentlichen parallel zu den Kett-
fäden angeordnet ist;
d. gleichzeitiges Verweben des Nähfadens (15)
während des Webvorgangs durch seitliches
Verschieben des Nähfadens (15) im Wesentli-
chen entlang der Schussrichtung (17) und Be-
wegen des Nähfadens (15) in und aus mindes-
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tens einem offenen Webblattspalt (19) in einem
Webblatt (18),

wobei mindestens ein Nähfaden (15) in einem Win-
kel zwischen 30° und 60° mit den Kett- oder Schuss-
fäden zwischen mindestens zwei verschiedenen
Verknüpfungspunkten verwebt wird, und
wobei sich der Nähfaden (15) innerhalb von 2 cm
von mindestens einer Schnürsenkelöse und/oder
um eine Fersenkappe befindet.

9. Verfahren nach Anspruch 8, wobei sich die zwei Ver-
knüpfungspunkte in einem Mittelfußbereich des
Schuhs befinden und/oder wobei sich die zwei Ver-
knüpfungspunkte innerhalb von 2 cm von mindes-
tens einer Schnürsenkelöse befinden.

10. Verfahren nach einem der Ansprüche 8 oder 9, wo-
bei Bereitstellen einer Vielzahl von Kett- und Schuss-
fäden und mindestens eines Nähfadens Bereitstel-
len mindestens eines Nähfadens (41) und/oder
Schussfadens und/oder Kettfadens umfasst, der in
einem Lösungsmittel löslich ist und Lösen des lösli-
chen Kett-, Schuss- und/oder Nähfaden (41) im Lö-
sungsmittel, wobei:

der lösliche Nähfaden (41) und/oder Schussfa-
den und/oder Kettfaden Poly(vinylalkohol) um-
fasst und das Lösungsmittel Wasser ist, oder
der lösliche Nähfaden (41) und/oder Schussfa-
den und/oder Kettfaden Polycaprolacton um-
fasst und das Lösungsmittel Chloroform oder Di-
chlormethan umfasst, oder
der lösliche Nähfaden (41) und/oder Schussfa-
den und/oder Kettfaden aus Nylon hergestellt
ist und das Lösungsmittel Essigsäure ist.

11. Verfahren nach einem der Ansprüche 8 bis 10, wobei
die Kettfäden und/oder Schussfäden einen Volu-
menanteil von mindestens 0,1 % Elastan enthalten.

12. Verfahren nach einem der Ansprüche 8 bis 11, wobei
ein Grundstoff (62), umfassend die Kettfäden und
die Schussfäden, jedoch ohne den Nähfaden/die
Nähfäden (15), des gewebten Abschnitts (34) eine
Masse von 15-700 Gramm pro Quadratmeter hat.

13. Verfahren nach einem der Ansprüche 8 bis 12, wobei
mindestens ein Nähfaden (15) Kohlenstofffaser um-
fasst.

Revendications

1. Tige de chaussure comprenant une partie tissée,
dans laquelle la partie tissée comprend :

a. une pluralité de fils de chaîne ;

b. une pluralité de fils de trame ;
c. au moins un fil de piqûre (15), dans lequel le
fil de piqûre (15) est tissé incorporé dans le tissu
pendant le processus de tissage par déplace-
ment latéral du fil de piqûre (15) substantielle-
ment le long de la direction de trame (17) et dé-
placement du fil de piqûre (15) à l’intérieur et à
l’extérieur d’au moins un intervalle ouvert de pei-
gne (19) dans un peigne (18),

dans lequel au moins un fil de piqûre (15) forme un
angle compris entre 30° et 60° avec les fils de chaîne
ou de trame entre au moins deux points de liage
différents ;
et dans lequel le fil de piqûre (15) est situé à moins
de 2 cm d’au moins un œillet de laçage et/ou autour
d’un contrefort.

2. Tige de chaussure selon la revendication 1, dans
laquelle lesdits deux points de liage sont situés dans
une région médiane du pied de la tige et/ou dans
laquelle lesdits deux points de liage sont situés à
moins de 2 cm d’au moins un œillet de laçage.

3. Tige de chaussure selon l’une des revendications 1
ou 2, dans laquelle au moins un fil de piqûre (41)
et/ou un fil de trame et/ou un fil de chaîne peut être
dissous dans un solvant, dans laquelle :

le fil de piqûre (41) et/ou le fil de trame et/ou le
fil de chaîne solubles comprennent un alcool po-
lyvinylique, et le solvant est l’eau, ou
le fil de piqûre (41) et/ou un fil de trame et/ou un
fil de chaîne solubles comprennent un polyca-
prolactone, et le solvant comprend du chlorofor-
me ou du dichlorométhane, ou
le fil de piqûre (41) et ou un fil de trame et/ou un
fil de chaîne solubles sont faits de nylon, et le
solvant est l’acide acétique.

4. Tige de chaussure selon l’une des revendications 1
à 3, dans laquelle les fils de chaîne et/ou les fils de
trame contiennent une fraction volumique d’au
moins 0,1 % d’élasthanne.

5. Tige de chaussure selon l’une des revendications 1
à 4, dans laquelle un tissu de base (62), comprenant
les fils de chaîne et les fils de trame, mais non com-
pris le(s) fil(s) de piqûre (15), de la partie tissée (34)
présente une masse de 15 à 700 grammes par mètre
carré.

6. Tige de chaussure selon l’une des revendications 1
à 5, dans laquelle au moins un fil de piqûre (15) com-
prend une fibre de carbone.

7. Tige de chaussure selon l’une des revendications 1
à 6, dans laquelle une pluralité de fils de piqûre (15)
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sont incorporés avec une densité d’au moins un fil
de piqûre par cm suivant la direction de trame (17).

8. Procédé de fabrication d’une partie tissée pour une
tige de chaussure, comprenant :

a. l’obtention d’une pluralité de fils de chaîne et
d’une pluralité de fils de trame ;
b. l’imbrication de la pluralité de fils de trame et
de la pluralité de fils de chaîne ;
c. l’obtention d’au moins un fil de piqûre (15),
disposé substantiellement parallèlement aux fils
de chaîne ;
d. l’imbrication simultanée du fil de piqûre (15)
pendant le processus de tissage par déplace-
ment latéral du fil de piqûre (15) substantielle-
ment le long de la direction de trame (17) et dé-
placement du fil de piqûre (15) à l’intérieur et à
l’extérieur d’au moins un intervalle ouvert de pei-
gne (19) dans un peigne (18),

dans lequel au moins un fil de piqûre (15) est entre-
lacé sous un angle compris entre 30° et 60° avec les
fils de chaîne ou de trame entre au moins deux points
de liage différents ;
et dans lequel le fil de piqûre (15) est situé à moins
de 2 cm d’au moins un œillet de laçage et/ou autour
d’un contrefort.

9. Procédé selon la revendication 8, dans lequel lesdits
deux points de liage sont situés dans une région mé-
diane du pied de la tige et/ou dans laquelle lesdits
deux points de liage sont situés à moins de 2 cm
d’au moins un œillet de laçage.

10. Procédé selon l’une des revendications 8 ou 9, dans
lequel l’obtention d’une pluralité de fils de chaîne ou
de trame, et d’au moins un fil de piqûre, comprend
l’obtention d’au moins un fil de piqûre (41) et/ou d’au
moins un fil de trame et/ou d’un fil de chaîne qui
peuvent être dissous dans un solvant, et la dissolu-
tion du fil de chaîne, de trame et/ou de piqûre (41)
dans le solvant, dans lequel :

le fil de piqûre (41) et/ou le fil de trame et/ou le
fil de chaîne solubles comprennent un alcool po-
lyvinylique, et le solvant est l’eau, ou
le fil de piqûre (41) et/ou un fil de trame et/ou un
fil de chaîne solubles comprennent un polyca-
prolactone, et le solvant comprend du chlorofor-
me ou du dichlorométhane, ou
le fil de piqûre (41) et ou un fil de trame et/ou un
fil de chaîne solubles sont faits de nylon, et le
solvant est l’acide acétique.

11. Procédé selon l’une des revendications 8 à 10, dans
laquelle les fils de chaîne et/ou les fils de trame con-
tiennent une fraction volumique d’au moins 0,1 %

d’élasthanne.

12. Procédé selon l’une des revendications 8 à 11, dans
laquelle un tissu de base (62), comprenant les fils
de chaîne et les fils de trame, mais non compris le(s)
fil(s) de piqûre (15), de la partie tissée (34) présente
une masse de 15 à 700 grammes par mètre carré.

13. Procédé selon l’une des revendications 8 à 12, dans
laquelle au moins un fil de piqûre (15) comprend une
fibre de carbone.
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