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Description

[0001] The current invention relates to a method for
making a woven sailcloth, a woven sailcloth, a sail made
from woven sailcloth and a laminated sailcloth made from
woven sailcloth.

Description of related art

[0002] A woven sailcloth has traditionally been woven
from yarns made from one single fibre material such as
nylon or polyester. Although yarns or fibres of different
thicknesses, but of the same material, are often used in
a woven sailcloth, yarns of different fibre materials are
rarely mixed in a woven sailcloth.
[0003] While both polyester and nylon are generally
suitable fibres for a woven sailcloth they have some lim-
itations when used in high performance or large yacht
applications where their strength-to-weight ratio is often
considered too low to meet the requirements.
[0004] Some attempts have been made where yarns
made from other fibre materials with better strength-to-
weight ratio than nylon or polyester were introduced in
woven sailcloth, but such attempts have only been mod-
erately successful. This is due to some compromises
which have partly offset the advantages of using yarn or
fibres of such materials.
[0005] Due to their low strength-to-weight ratio, woven
sailcloth is therefore considered less than ideal for large
yacht applications in general and is rarely used for high
performance applications except for specialty sails such
as spinnakers.

Desired qualities of a woven sailcloth

[0006] Among the desired and most important qualities
of a woven sailcloth intended for high performance and
large yacht applications are low weight and high stretch
resistance.
[0007] A low weight sailcloth will reduce the final weight
of the sail made from the sailcloth and thus cause less
heel of the sailboat due to the weight of the sail itself.
Furthermore a lighter sail will fill with air faster and under
lighter wind pressure and will thus also be useful in lighter
wind conditions.
[0008] A sailcloth with a high stretch resistance will al-
low a sail made from such sailcloth to better maintain its
designed shape under wind pressure and thus improve
the performance of the sail.
[0009] Furthermore, for a specific application, a lighter
sailcloth with high stretch resistance per weight unit can
replace a heavier sailcloth with lower stretch resistance
per weight unit and consequently lower the total weight
of the sail without sacrificing its desired stretch resist-
ance. Higher stretch resistance per weight unit is there-
fore a desirable characteristic of a sailcloth as it can in-
directly lower the weight of a sail by allowing a particular
sail to be made from a lower weight sailcloth.

[0010] For simplicity, stretch resistance of a sailcloth
is generally measured in three independent directions as
shown in figure 1.

1. Warp direction (also called the machine direction),
see arrow A
2. Weft direction (a 90 degree angle to the warp di-
rection), see arrow B
3. Bias direction (a 45 degree angle to both the warp
and the weft direction), see arrow C

[0011] Due to the nature of weaving it is not possible
to obtain the same high stretch resistance in all three of
the above mentioned independent directions. While the
stretch resistance in the warp and the weft directions
comes from the yarns running in those directions, this is
not the case for the bias direction as there are no yarns
running in this direction. The stretch resistance in the
bias direction of a sailcloth comes from the mechanical
friction in the intersections between the warp yarns and
the weft yarns. The warp and the weft yarns have a nat-
ural 90 degree angle to each other when the sailcloth is
in a relaxed state. When stretching a woven sailcloth in
its bias direction, the warp and the weft yarns will have
to reposition themselves in relation to each other and the
more intersections between warp and weft yarns per area
unit, and the higher the friction is in each intersection,
the more resistance to stretch the sailcloth will have in
its bias direction.
[0012] Increasing the bias direction stretch resistance
can be done in several ways:

1. Using finer yarns and thus increasing the number
of yarn intersections per unit area.

2. Weaving a denser weave, and thus increasing the
number of yarn intersections and the mechanical fric-
tion within each of these, the latter due to higher ten-
sion on the yarns within the woven cloth.

3. Shrinking the woven sailcloth, by causing the
length of the yarns to decrease, thereby increasing
the density of the weave.

[0013] Shrinking the woven sailcloth is a typical way
to increase the density of a sailcloth beyond what is ob-
tainable from weaving techniques alone. The shrinking
is traditionally done by applying heat to the woven sail-
cloth. This is known as "heat-setting". Depending on the
yarn material used, the yarns in the sailcloth can shrink
as much as 20% in both the warp and the weft direction
although most yarns will shrink less that that.
[0014] However, even a combination of all the above
mentioned three methods will not be sufficient to give the
sailcloth its desired strength in its bias direction. The bias
direction is therefore further strengthened by applying a
resin or adhesive that fills the gaps between the warp
and weft yarns and helps to keep the warp and weft yarns
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in the same relative position to each other. The stretch
resistance in the bias direction is therefore increased.
Still, the stretch resistance in the bias direction will not
reach that of the warp and weft directions and the bias
direction is therefore often a weak point of a woven sail-
cloth.

improving the desired qualities of a woven sailcloth

[0015] Traditionally a woven sail cloth has been made
from Polyester (typically Polyethylene terephthalate)
yarns. Among many other desirable qualities, polyester
yarns have a good ability to shrink and are therefore a
suitable fibre for a woven sailcloth with good stretch re-
sistance in its bias direction.
[0016] However, polyester itself has a fairly low stretch
resistance per weight unit. A woven sailcloth from poly-
ester fibre is therefore not particularly suitable for high
performance applications where low weight and high
stretch resistance in the warp or weft direction of the sail-
cloth is desired.
[0017] An obvious way to improve the stretch resist-
ance of a woven sailcloth would be to replace the poly-
ester yarns, fully or partly, with yarns having a higher
stretch resistance per weight unit than polyester. Such
yarns could be made from fibres such as aromatic polya-
mide (commonly known as Aramids), sold under trade
names such as Kevlar, Twaron and Technora, or UH-
MWPE, sold under trade names such as Spectra and
Dyneema, or they could be made from fibres such as
Carbon or Vectran; an aromatic polyester produced by
Kuraray Co, or from PBO sold under the trade name Zy-
lon. Other fibres could also be used as will be known to
the person skilled in the art.
[0018] While having a higher stretch resistance than
that of polyester, these fibres also have much lower
shrinking abilities than polyester. When exposed to heat
they either shrink very little or not at all. A woven sail cloth
made entirely from any of the fibres mentioned above
will therefore not be able to shrink by heat-setting and
won’t thereby gain increased stretch resistance in its bias
direction. The increased stretch resistance in its warp
and weft directions, in comparison to woven polyester
sailcloth, is therefore obtained at the expense of the
stretch resistance in its bias direction which will often be
lower than that of woven and shrunken polyester sail-
cloth. For this reason, attempts to make woven sailcloth
entirely from any of the above mentioned fibres have
largely been abandoned.
[0019] Attempts (see for example US patent #
5.304.414) have been made to weave a sailcloth partly
from polyester yarns and partly from yarns having a high-
er stretch resistance than polyester, such as the fibres
mentioned above. In such a sailcloth, hereafter referred
to as a hybrid sailcloth, the polyester yarns have typically
been replaced by a different yarn in a repetitive manner,
such as every 5th, every 8th or every nth yarn, in either
its warp direction, its weft direction or both, being re-

placed by a low stretch yarn made from other fibres than
polyester. While the stretch resistance of a hybrid sail-
cloth can be increased in its warp or weft direction, in
comparison to a woven polyester sailcloth, problems will
occur when trying to increase stretch resistance in its
bias direction by shrinking it. While the polyester yarns
will shrink when exposed to heat, the low stretch yarns,
such as the ones mentioned above, will either shrink very
little or not at all. This means that when the woven hybrid
sailcloth is heat-set, the polyester yarns will shrink more
than the low-stretch yarns made from other fibres than
polyester. In the shrunken sailcloth, the low-stretch yarns
will consequently have less tension in the weave than
the polyester yarns due to the low-stretch yarns being
longer than the polyester yarns.
[0020] When applying load to such a hybrid and
shrunken sailcloth, i.e. from wind force, the low-stretch
yarns will not bear any load as they are longer than the
polyester yarns and consequently not under tension. The
polyester yarns will bear the entire load and consequently
stretch, while the low-stretch yarns will first need to
straighten before their stretch resistance can support the
woven sailcloth.
[0021] Only when the polyester yarns have stretched
sufficiently for the low-stretch yarns to have been
straightened completely, will the low-stretch yarns start
bearing the loads applied to the sailcloth. The initial
stretch resistance of the hybrid sailcloth, after shrinking
it, will therefore not be any better than that of an all-pol-
yester sailcloth. It may in fact be worse as the amount of
polyester yarns will be lower than in an all-polyester sail-
cloth. In addition, as polyester yarns, and consequently
the hybrid sailcloth, can shrink as much as 15% the sail-
cloth could have stretched beyond recovery before the
low-stretch yarns even came into effect.
[0022] If, on the other hand, the hybrid sailcloth is not
shrunk the stretch resistance in the warp or weft direction
will be improved by the introduction of low-stretch yarns
but only at the expense of the stretch resistance in the
bias direction which will not be any better than that of any
other sailcloth, made from polyester or other yarns, that
has not been shrunk.
[0023] Methods have been developed which attempt
to strike a balance between these two extremes. In patent
IE 940003 by Colin Appleyard the polyester yarns are
pre-shrunk in a way so as to allow them to shrink when
the woven sailcloth is heat-set, although not to shrink as
much as they would otherwise have done, had they not
been pre-shrunk. Still, they will shrink more than the low-
stretch yarns being used in the same direction of the sail-
cloth. This method allows a hybrid sailcloth to obtain
some improvement of the bias direction stretch resist-
ance by shrinkage, while accepting some difference in
tension between the polyester yarns and the low-stretch
yarns, and consequently some compromise on stretch
resistance of the weft and / or the warp direction.
[0024] Another problem with hybrid sailcloth relates
specifically to yarns made from Ultra high molecular
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weight polyethylene (UHMWPE) fibres such as Spectra
or Dyneema fibres. These yarns are advantageous since
they have a high modulus of elasticity as well as a high
tensile strength while they are not as sensitive to UV light
as other fibres having a high modulus of elasticity, except
for carbon fibre. While these yarns in many ways would
be ideal for weaving a hybrid sailcloth they have a melting
point of around 150 degree Celsius and may become
permanently damaged at temperatures of around 100
degrees celsius. Polyester shrinks at temperatures of
around 150 degrees celcius or higher which effectively
means that an attempt to heat-set a hybrid sailcloth con-
taining both polyester yarns and UHMWPE yarns will re-
sult in the UHMWPE yarns melting or being permanently
damaged.
[0025] A woven sailcloth according to the preamble of
claim 7 is known from US 2003/0111128 A1.

Summary of prior art

[0026] In a woven hybrid sailcloth, where two or more
yarns, having different heat-shrinking abilities, are mixed
in one single direction of the sailcloth, there is a trade-
off between, on one hand, its bias direction stretch re-
sistance, and on the other hand its warp and weft direc-
tion stretch resistance. The bias direction stretch resist-
ance of such a sailcloth can be improved by heat-setting,
only at the expense of the warp and weft direction stretch
resistance. This trade-off will be referred to as the stretch
resistance trade-off of a hybrid sailcloth.
[0027] Moreover, a hybrid sailcloth where one yarn is
made from UHMWPE fibres, cannot be shrunk using tra-
ditional heat-setting as this technique does not allow pol-
yester, or other known yarns with good shrinking ability,
to shrink without melting or damaging the UHMWPE
yarns.

Summary of the invention

[0028] It is therefore a first aspect of the current inven-
tion to provide a method of making a hybrid shrunken
sailcloth, which has high stretch resistance in the warp,
weft and bias directions.
[0029] Another aspect of the current invention is to pro-
vide a method of making a hybrid shrunken sailcloth,
where one of the yarns is made of UHMWPE fibres.
[0030] The above mentioned aspects are provided in
part by a method according to claim.
[0031] By exposing the woven sailcloth to a chemical
solution according to the invention, it is possible to cause
the fibres in the first direction to shrink more than the
fibres in the second direction. This gives many possibil-
ities to adjust the properties of the resulting sailcloth as
will be discussed below.
[0032] It should be noted that in the method as dis-
closed above, a distinction is to be made between "sets
of yams" and "types of yarns". The phrase "a set of yarns"
is used to describe a set which could comprise one or

more different types of yarns. A type of yarn is meant to
describe a yarn of a particular chemical composition and
with a particular set of properties, for example two non
limiting examples are PET yarns and Dyneema yarns. It
should also be noted that the first and second type of
yarn could be of the same chemical composition but hav-
ing different properties. For example, one of the yarns
could be pre-shrunk while the other is not, thus having
different properties, even though they both have the
same chemical composition.
[0033] Furthermore it should be noted that that the
phrase "the first type of yarn shrinks more than the sec-
ond type of yam" as used for example in current claims
1 and 7, should be interpreted as describing the shrink-
age properties of the yarns themselves without reference
to the shrinkage of the yarns in the actual woven sailcloth.
The actual shrinkage of the yarns in the actual woven
sailcloth will be affected by many factors for example the
type of weave used and the properties of the other yarns
used in the weave.
[0034] It should be noted that the term "chemical so-
lution" as used in this specification should be understood
as encompassing chemical solutions and other forms of
chemicals in liquid form. The terms "chemical solution",
"chemical shrinking solution", "chemical shrinking agent"
and "mixture of chemical shrinking agents" are therefore
used interchangeably in this specification. For example,
a chemical shrinking solution according to example 1 be-
low is Dichloromethane. From a purely dictionary defini-
tion, dichloromethane is a solvent and is not a chemical.
However according to the current specification, it should
be considered to be included in the term "chemical solu-
tion". In most cases, some form of chemical solution will
be used, therefore the term chemical solution has been
used in the claims.
[0035] In one particular embodiment of the above
method, the first type of yarn could have a different chem-
ical composition than the second type of yarn.
[0036] According to the invention the yarns which are
arranged along the first direction could be selected such
that their actual longitudinal shrinkages in the woven sail-
cloth are within 3% of each other and the yarns which
are arranged along the second direction could be select-
ed such that their actual longitudinal shrinkages in the
woven sailcloth are within 3% of each other. It should be
noted that, here reference is made to the actual shrinkage
in the woven sailcloth. For example, a yarn could have
a shrinkage of 10% when exposed to a particular chem-
ical solution when free of a weave, but when integrated
in a weave only have a shrinkage of for example 5% since
the weave will prevent the yarn from shrinking the full
10%.
[0037] In order to increase the strength of the sail along
a particular direction, the second set of yarns could at
least partially comprise a type of yarn made at least par-
tially from a fibre which is considered to have a high mod-
ulus of elasticity. As non-limiting examples, such fibres
could be chosen from the group of Kevlar, Twaron, Tech-
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nora, Vectran, Carbon, Zylon, UHMWPE, Spectra or
Dyneema fibres. It should be noted that fibres which are
considered to have a high modulus of elasticity, for the
purpose of the present specification, are fibres with an
initial specific modulus of elasticity, of over 400 grams/
denier. The initial specific modulus of elasticity shall here
be defined as the initial elastic modulus per mass density
of the fibre, prior to any pre-stretching, heat treatment or
other treatment intended to adjust the modulus of elas-
ticity of the fibre. Fibres having an initial specific modulus
of elasticity of 400 grams per denier or higher will there-
fore be referred to as high modulus fibres and yarns made
from such fibres will be referred to as high modulus yarns
in this specification.
[0038] The invention also relates to a woven sailcloth
according to claim 7.
[0039] It should also be noted that the actual weave
which is used in the woven sailcloth will have an effect
on the amount of shrinkage along the longitudinal direc-
tions of the first and second set of yarns. The tighter the
weave, the less the yarns will actually shrink in the lon-
gitudinal direction. However, the yarns will still attempt
to shrink thereby increasing the tension in the yarns.
[0040] In one particular embodiment of such a sailcloth
the first type of yarn is a polyester or nylon yarn and the
second type of yarn is a yarn with a high modulus of
elasticity; the second set of yarns further comprises a
third type of yarn which is a polyester or a nylon yarn. In
said embodiment the first type of yarn has been shrunken
in its longitudinal direction after the weaving process was
complete whereas the third type of yarn has not been
shrunken.
[0041] In another particular embodiment of such a sail-
cloth, the second type of yarn is UHMWPE yarn, for ex-
ample Dyneema or Spectra, and the first type of yarn has
been shrunken after the completion of the weaving proc-
ess.
[0042] The invention also relates to a laminated sail-
cloth where one of the layers of the laminated sailcloth
could be a woven sailcloth according to the current in-
vention.
[0043] The invention also relates to a sail made at least
partially from a sailcloth according to the current inven-
tion. In this case, the sailcloth could be arranged such
that the second set of yarns are arranged essentially par-
allel to one of the estimated main load directions of the
sail.
[0044] It should be emphasized that the term "compris-
es/comprising/comprised of" when used in this specifi-
cation is taken to specify the presence of stated features,
integers, steps or components but does not preclude the
presence or addition of one or more other features, inte-
gers, steps, components or groups thereof. For example,
in the description and the claims an example is presented
of a laminated sailcloth where "one" layer of the laminated
sailcloth is a woven sailcloth. However, this should be
understood as "at least one" layer. Any number of layers
of woven sailcloth should be included within the scope

of the current invention.

Brief description of the drawings

[0045] In the following, the invention will be described
in greater detail with reference to embodiments shown
by the enclosed figures. It should be emphasized that
the embodiments shown are used for example purposes
only and should not be used to limit the scope of the
invention.

Figure 1 shows a schematic view of a piece of sail-
cloth,

Figure 2 shows a schematic view of a radial cut sail,

Figure 3 shows a schematic view of a cross cut sail,

Figure 4 shows a schematic view of a first embodi-
ment of a sailcloth made according to the current
invention,

Figure 5 shows a close-up schematic view of the
area marked by V in figure 4.

Figure 6 shows a schematic view of a second em-
bodiment of a sailcloth made according to the current
invention,

Figure 7 shows a close-up schematic view of the
area marked by VII in figure 6.

Figure 8 shows a schematic view of a third embod-
iment of a sailcloth made according to the current
invention.

Figure 9 shows a close-up schematic view of the
area marked by IX in figure 8.

Detailed description of the embodiments

[0046] A sailcloth can be cut into sail panels and sub-
sequently assembled into a sail in several different ways.
The most common of these being cross-cut sail panels
(see figure 3) and radial-cut sail panels (see figure 2).
These two different techniques have been developed in
response to the nature of weaving which allows a woven
sailcloth to have higher stretch resistance in one of either
the warp direction or the weft direction, at the expense
of the stretch resistance of the other.
[0047] A sailcloth intended for a radial-cut sail should
ideally have higher stretch resistance in its warp direction
as the panels are subsequently assembled into a sail in
such a way that the highest loads of the sail are aligned
with the warp direction of the sailcloth. This is shown in
figure 2 which shows a radial cut sail 2, being assembled
of a number of panels 3. A dashed line 4 represents a
perceived load line to which the warp yarns of the radial
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cut panels are approximately aligned. The warp yarns in
the panels are identified with arrows D.
[0048] Likewise, a sailcloth intended for cross-cut sail
panels should have higher stretch resistance in its weft
direction as the panels are subsequently assembled into
a sail in such a way that the highest loads of the sail are
aligned with the weft direction of the sailcloth. Figure 3
shows a cross cut sail 10 made from a number of panels
11. As in figure 2, a perceived load line, to which the weft
yarns of the sail panels are approximately aligned, is
shown with a dotted line 12. The arrows E on the panels
11 show the weft direction of the sail cloth.
[0049] In the following, the direction of a woven sail-
cloth where higher stretch resistance is desired, whether
its warp or its weft direction, will be called the "main load-
bearing direction" of the sailcloth. The direction perpen-
dicular to the main load bearing direction of a woven sail-
cloth, whether its warp or its weft direction, will be called
the stabilising direction. The stabilising direction will also
be load-bearing, as will any other direction of the sailcloth
including the bias direction, but not to the same extent
as the main load-bearing direction.
[0050] Under the present invention a sailcloth is wo-
ven, using traditional weaving methods. Where applica-
ble, traditional techniques for improving the bias direction
stretch resistance such as weaving a denser weave or
using finer yarns could also be used. The bias direction
stretch resistance is then further improved by shrinking
the woven sailcloth, using a new technique under which
the woven sailcloth is shrunk by exposing it to a chemical
shrinking agent or a mixture of chemical shrinking agents.
[0051] This chemical shrinking technique has some
noticeable advantages over traditional heat-setting
methods. Most important are the following:

1. The chemical shrinking process can take place at
low temperatures, such as between 20 and 50 de-
grees Celsius. This process can there-fore shrink a
woven sailcloth containing UHMWPE yarns, such as
Dyneema or Spectra, without damaging or melting
the UHMWPE yarns or other yarns unable to resist
the high temperatures associated with traditional
heat-setting. For example, in one application of the
present invention a sailcloth containing polyester
yarns and UHMWPE yarns could be shrunken at 25
degrees Celsius without damaging the UHMWPE
yarns.

2. A chemical shrinking agent may shrink a yarn
made from a specific fibre material while not shrink-
ing other yarns made from different fibre materials,
even if these other yarn types in question would
shrink if exposed to another chemical shrinking
agent or mix of such chemical shrinking agents, and
even if all said yarns types would shrink if exposed
to traditional heat-setting. For example, in one ap-
plication of the present invention a sailcloth contain-
ing 2 different types of polyester yarns, Polyethylene

terephthalate (PET) and Polyethylene naphthalate
(PEN) are shrunken using a specific chemical shrink-
ing agent that will shrink only the PET yarns and not
the PEN yarns even though both yarn types would
shrink if heat-set. By using a different shrinking agent
we would be able to shrink only the PEN yarns and
not the PET yarns. The chemical shrinking process
is therefore more precise than heat-setting in the
sense that a specific yarn type can be a shrinkable
yarn using one chemical shrinking agent while the
same yarn type may be non-shrinkable when using
a different chemical shrinking agent. By using a spe-
cific chemical shrinking agent, with ability to shrink
one yarn type but not another, it is therefore possible
to mix these two yarn types in a hybrid woven sail-
cloth and shrink one of them while not the other, even
though both yarn types would shrink if exposed to
traditional heat-setting techniques. Traditional heat-
setting, on the other hand, does not offer such pos-
sibilities for selective shrinkage of specific yarns.
Heat-setting has to be done at a temperature which
will effectively shrink a yarn type where shrinkage is
desired and the process will also shrink any other
yarn type able to shrink at, or below, that specific
temperature, if used in the same woven cloth.

3. The chemical shrinking process is controllable in
the sense that the effectiveness of a given chemical
shrinking agent, or mix of chemical shrinking agents,
may be controlled by adjusting the strength of the
solution used or by adding certain additives to the
shrinking solution which will enhance the effective-
ness of the shrinking agent. Using these techniques,
the chemical shrinking process is able to shrink cer-
tain yarn types more than can safely be obtained by
heat-setting, without the heat damaging the yarns.
For example, in one application of the present inven-
tion we shrink a woven sailcloth, made entirely from
nylon yarns, 25% in the warp direction and 10% in
the weft direction, without the yarns being damaged
or loosing their tensile strength. In a traditional heat-
setting process, the temperatures and exposure time
needed to cause a similar shrinkage to the woven
sailcloth may have caused the yarns to become brit-
tle or could otherwise have damaged the yarns of
the sailcloth. The increased shrinkage which is ob-
tainable under this new chemical shrinking tech-
nique may, in addition to further improving the stretch
resistance in the bias direction of the sailcloth, also
increase the modulus of elasticity of the yarns, thus
increasing the stretch resistance of the warp and weft
directions of the woven sailcloth beyond what could
be obtained with traditional heat-setting.

[0052] After chemically shrinking the woven sailcloth,
it can be further finished using traditional finishing proc-
esses such as applying a polymeric resin or a resinous
adhesive to further strengthen its bias direction stretch
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resistance and to reduce its air permissibility.
[0053] In the present invention, a hybrid sailcloth is wo-
ven from at least 2 different yarn types, i.e. yarns of dif-
ferent chemical compositions or yarns of identical chem-
ical composition but with different properties. The yarns
used for the main load bearing direction of the hybrid
sailcloth will differ from those used for the stabilising di-
rection by their ability to shrink when exposed to a par-
ticular chemical solution. It should be noted that accord-
ing to the current specification, a yarn’s "ability to shrink"
or its "shrinkage" should be understood as referring to
its ability to shrink along its longitudinal direction. For
example, a yarn with a shrinkability or a shrinkage of 10%
should be under-stood as a yarn which when exposed
to a particular chemical solution would decrease in length
10%. It should also be noted that different combinations
of yarns and chemical solutions will require different proc-
ess variables in order to achieve its required shrinkability.
For example, the period of time in which the yarn is ex-
posed to a chemical solution and the temperature at
which the exposure takes place will have an effect on the
shrinkability of the yarn. Therefore, when assessing the
"shrinkability" of a particular yarn, the chemical solution
to which it is exposed, the temperature at which it is ex-
posed and the length of time in which the exposure takes
place should be considered.
[0054] The stabilising direction of the woven sailcloth
will consist of yarns with high shrinking ability, such as
5%-40% shrinkage and preferably between 10% and
15% shrinkage, when exposed to a specific chemical
shrinking solution chosen to shrink the woven sailcloth,
while the main load-bearing direction of this sailcloth will
consist of yarns with low shrinking ability, such as 0% -
5% shrinkage, when the woven sailcloth is subsequently
exposed to said chemical shrinking solution. Further-
more, all yarns used for the stabilizing direction should
preferably have identical shrinking ability, when exposed
to said shrinking solution, so as to allow uniform shrinking
of all yarns in the stabilising direction of the sailcloth.
Similarly, in some applications of the invention the yarns
used for the main load-bearing direction should ideally
have identical shrinking ability so as to allow uniform, but
low, shrinking of the load-bearing direction of the sailcloth
but in other applications, due to the stretch resistance
trade-off of a hybrid sailcloth, it may be desirable to allow
differential shrinkage of the main load-bearing direction
yarns in return for further improved bias direction stretch
resistance.
[0055] Yarns used for the stabilising direction can be
any yarn with an adequate ability to shrink when exposed
to the chosen chemical shrinking solution, for example:

a. yarns made from polyester fibre such as Polyeth-
ylene terephthalate (PET), sold under various trade
names such as Dacron, or Polyethylene naphthalate
(PEN), sold under the trade name Pentec, or yarns
made from polyamide (Nylon), or any other yarn with
an adequate ability to shrink when exposed to a cho-

sen chemical shrinking solution.

b. any combination of the above mentioned yarns as
long as they all have high and identical, or only in-
significant difference in, shrinking ability, when ex-
posed to the chosen chemical shrinking solution.
As will be understood by those skilled in the art, a
difference in shrinking ability between 2 types of
yarns used in combination in the stabilising direction
can be considered insignificant if the yarns do not
cause significant differential shrinkage of the woven
sailcloth in its stabilising direction when exposed to
the chemical shrinking solution, i.e. due to the den-
sity of the woven sailcloth limiting the potential
shrinkage of the yarns to below the shrinking ability
of both yarns or due to one yarn having high shrinking
ability but low shrinking force.

[0056] Yarns used for the main load-bearing direction
can be any yarn with low shrinking ability, when exposed
to the chosen chemical shrinking solution, such as:

Yarns made from low-stretch fibres such as aromatic
polyamide, sold under trade names such as Kevlar,
Twaron and Technora, or from Vectran; an aromatic
polyester produced by Kuraray Co, or from carbon
fibre or from PBO, sold the trade name Zylon.

Yarns made from low-stretch fibres with low melting
point such as Ultra high molecular weight polyethyl-
ene (UHMWPE), sold under the trade names Spec-
tra and Dyneema.

Yarns made from polyester fibre, such as Polyethyl-
ene terephthalate (PET), or Polyethylene naphtha-
late (PEN), or yarns made from polyamide (nylon)
fibre, for as long as they will have low shrinking ability
when exposed to the chemical shrinking solution
chosen for shrinking the yarns used for the stabilizing
direction of the woven sailcloth, even though such
yarns can have high shrinking ability when exposed
to a different chemical shrinking solution.

Yarns which normally have high shrinking ability
when exposed to the chosen chemical shrinking so-
lution, such as Polyethylene terephthalate (PET),
Polyethylene naphthalate (PEN), or nylon yarns, but
which have been pre-shrunk, prior to weaving, so
that no additional shrinkage, or only low shrinkage,
will occur when exposed to the chosen chemical
shrinking solution.

Any combination of the above mentioned yarns, as
long as any differential shrinking ability, when ex-
posed to the chosen chemical shrinking solution, is
considered and found desirable or acceptable for the
application.
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[0057] Under the present invention, the hybrid sailcloth
is woven in a traditional way, using, where applicable,
traditional means of improving the stretch resistance in
the bias direction, such as using finer yarns and weaving
a denser weave. After weaving, the sailcloth should ide-
ally be washed in a mild detergent in order to remove
various oils and residues from the yarn spinning and the
weaving processes which may otherwise reduce the ef-
ficiency of the chemical shrinking agent or mixture of
chemical shrinking agents. After drying the sailcloth at
low temperatures, so as not to cause any shrinkage of
the yarns, the cloth should be led through a bath of the
chosen chemical shrinking solution. To secure uniform
shrinkage of the sailcloth it may be advantageous to use
a forced application technique, such as a mechanical
padding technique or a pressurised application tech-
nique, to work the chemical shrinking solution well into
the sailcloth. In order to control the shrinkage of the sail-
cloth, the concentration and temperature of the chemical
shrinking solution may be varied, as may also the time
of exposure to the chemical shrinking solution. For prac-
tical purposes, the woven sailcloth should be exposed to
the shrinking solution for up to 30 minutes and ideally
between 10 seconds and 2 minutes.
[0058] After exposure to the shrinking agent, the sail-
cloth should either be rinsed in water or, if necessary,
the shrinking solution should be chemically neutralised.
The washing, shrinking, rinsing, and drying processes
can be done in separate steps or they can be part of a
continuous line set-up. Most importantly, all these pro-
cedures should preferably be done with the woven sail-
cloth running flat over rollers so as not to cause any un-
intended tension that may damage the cloth or cause
uneven shrinkage of the sailcloth. Depending on the par-
ticular application of the sailcloth, i.e. whether it will be
intended for radial-cut or for cross-cut sail panels, it may
be advantageous to apply tension to the sailcloth during
the shrinking process, either in its warp or its weft direc-
tion.
[0059] The shrunken sailcloth can subsequently be fur-
ther finished, using traditional finishing methods such as
application of a polymeric resin or a resinous adhesive
to further support the sailcloth.
[0060] It should be noted that a chemical shrinking
agent for the yarns used in the stabilising direction of the
sailcloth could in principle be added to the finishing resin
in which case the shrinking and finishing steps could be
combined into one single integrated step.
[0061] In the following, three specific examples are de-
scribed which show different embodiments of the method
according to the invention. These examples are just for
example purposes and should not be used to limit the
scope of protection as specified in the claims.

Example 1

[0062] In one application of the present invention, a
sailcloth 20, shown in figures 4 and 5, intended for radial-

cut sail panels and suitable for large yachts are made.
As the sailcloth will be intended for radial-cut sail panels
its main load-bearing direction will be the warp direction
A whereas its weft direction B will be the stabilising di-
rection which will subsequently be chemically shrunk. For
this stabilising direction we will use yarns 21 made from
polyester (PET) fibres as these are shrinkable when ex-
posed to specific chemical shrinking agents. For the warp
direction we will entirely use yarns 22 made from UH-
MWPE fibres, in this case Spectra fibres, due to their
high tensile strength and high modulus of elasticity.
[0063] The sailcloth is woven as a plain but dense
weave, using Spectra yarns of 275 Denier (30.52 Tex),
for the warp direction and polyester (PET) yarns of 500
Denier (55.5 Tex), such as Diolen 57T, supplied by Polya-
mide High Performance GmbH, for the weft direction.
The cloth will be woven while maintaining a high tension
on the warp fibres so as to minimize their crimp. After
weaving, the cloth is then washed in a detergent to re-
move oils and other residues from the yarn spinning and
weaving processes which may hamper the chemical
shrinking agent in shrinking the polyester yarns sufficient-
ly. The cloth is subsequently rinsed in water and dried at
low temperature so as not to cause any damage to the
UHMWPE yarns or any shrinkage of the polyester yarns.
The woven sailcloth is now fed through a series of rollers
leading it through a bath where it will be submerged into
the chosen chemical shrinking solution for a period of
time of between 1 to 2 minutes. The chemical shrinking
solution is applied to the woven cloth by either a mechan-
ical padding technique or by a pressurised system, so
as to ensure an even distribution of the shrinking solution
throughout the sailcloth and an even shrinkage of the
sailcloth. Furthermore, the sailcloth should ideally be
shrunk under some tension applied to its warp direction,
in order to avoid crimp of the warp fibres when the weft
fibres are shrunk. Such tension will be applied to the sail-
cloth by a system of adjustable friction applied to the roll-
ers leading the cloth in and out of the shrinking bath.
Such a system of applied friction may also be used to
further stretch the warp yarns, prior to shrinking, in order
to straighten the warp fibres further, beyond what can be
obtained from weaving techniques. Straighter warp yarns
will further increase the stretch resistance of the warp
direction as the warp fibres would otherwise straighten
when load is applied to the finished sail.
[0064] The chemical shrinking agent used in this par-
ticular example is Dichloromethane which is a known
shrinking agent for certain polyesters such as Polyethyl-
ene terephthalate (PET). Other chemical shrinking
agents, such as other halogenated aliphatic hydrocar-
bons, for example ethylene dichloride, chloroform, tetra-
chloroethane and methylene dichloride could likewise be
used and may cause different shrinkage of the PET
yarns. Also trichloroacetic acid could be of interest as a
shrinking agent due to its water solubility. Different chem-
ical solutions suitable for shrinking certain types of fibres
are disclosed in US 3,853,462 and in US 3,228,745.
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When immersed into a bath of Dichloromethane, the pol-
yester yarns used in the weft direction will shrink while
the Spectra yarns used in the warp direction will be left
unaffected by the shrinking agent, causing the woven
hybrid sailcloth to shrink uniformly in its weft direction but
not in its warp direction. In laboratory experiments, Pol-
yester (PET) yarns were shrunk 13% in its longitudinal
direction when exposed to Dichloromethane for about 1
minute, which normally would be considered sufficient.
However, if additional shrinkage is desired, or if less than
ideal shrinkage is obtainable in the actual production set-
up, the shrinking ability of the chemical shrinking solution
can be improved by adding an acidic organic component
to the shrinking solution, such as hexaflouroisopropanol
which is a solvent for polyester. In laboratory experiments
the shrinkage of polyester yarns was increased from 13%
to 16% by adding 1% by weight of hexaflouroisopropanol
to the shrinking solution. By increasing the amount of
hexaflouroisopropanol up to 10% per weight of the
shrinking solution, shrinkage of the polyester (PET) yarns
can be increased even further. When shrinking the woven
sailcloth, other factors, such as the density of the weave
and the tension of the various yarns in the weave, will
also influence the amount of shrinkage that can be ob-
tained from a given shrinking solution. Therefore, the ide-
al composition of the chemical shrinking solution can best
be decided upon after testing one or more compositions
on the specific sailcloth it is desired to shrink. In this par-
ticular application, using the yarns specified above, as a
starting point, a shrinking solution consisting of 97% by
weight of Dichloromethane and 3% by weight of hexa-
flouroisopropanol is used but one may increase the
amount of hexaflouroisopropanol in the solution up to 6%
by weight, in order to shrink the sailcloth at least 8%, and
ideally 10-15%, in its weft direction.
[0065] In this application of the present invention, the
sailcloth is shrunk only in its stabilising direction, while
the main load-bearing direction is not shrunk. The bias
direction stretch resistance is thus improved, due to the
higher density of the sailcloth, without causing different
tension in yarns running in one single direction and con-
sequently without adversely affecting the warp or weft
direction stretch resistance. Furthermore, one of the ad-
vantages of the present invention is illustrated, as the
sailcloth is shrunk without damaging or melting the Spec-
tra yarns. Had the woven sailcloth, made in this applica-
tion of the invention, been shrunk using traditional heat-
setting technique, the Spectra yarns would have either
melted or been severely damaged in the process.
[0066] After shrinking, rinsing and drying the sailcloth,
it can be further finished like any other woven sailcloth,
by applying a resin or adhesive that will fill the gaps be-
tween the warp and weft yarns and further improve the
bias direction stretch resistance as well as minimising
the porosity of the of the sailcloth.

Example 2

[0067] In another application of the present invention,
a sailcloth 30, see figures 6 and 7, suitable for medium
sized yachts and intended for cross-cut sail panels are
made, using the new chemical shrinking technique. As
the sailcloth will be intended for cross-cut sail panels, its
main load-bearing direction will this time be the weft di-
rection B while its stabilising direction will this time be the
warp direction A of the sailcloth. For the stabilising direc-
tion we will again use yarns 31 made from polyester
(PET) fibres, namely Diolen T57 of 280 dtex, as these
will shrink sufficiently when exposed to the chosen chem-
ical shrinking solution. For the weft direction we will use
Dyneema yarns 32 of 400 denier (44.4 Tex), due to their
high tensile strength and high modulus of elasticity, but
this time mixed with yarns 33 made from polyester (PEN)
fibres. For this specific applications we will use Pentec
yarns of 500 denier (55.5 Tex) and the mix will be 1
Dyneema yarn for every 4 Pentec yarns. The sailcloth
will be woven as a plain but dense weave, but without
the high tension in the warp yarns as was the case in the
prior example. After weaving, the sailcloth will be washed
and dried, then led through a bath of the chosen shrinking
solution. The sailcloth should ideally be shrunk with only
little tension being put on its warp direction as this direc-
tion of the sailcloth is intended to shrink when exposed
to the shrinking solution. Instead, it may be advantageous
to apply tension to the weft direction of the cloth so as to
avoid crimp in the weft yarns when the cloth is being
shrunk. This can be done by using readily available ma-
chinery well known to those skilled in the art of sailcloth
manufacturing.
[0068] As in example 1, the chemical shrinking agent
will be Dichloromethane while other chemical shrinking
agents may be equally useful and may shrink the sailcloth
more or less than will Dichloromethane. When immersed
into a bath of Dichloromethane, the polyester (PET) yarns
used in the warp direction of the sailcloth will shrink while
neither the Dyneema yarns, nor the polyester (PEN)
yarns used in the weft direction will shrink, causing the
woven hybrid sailcloth to shrink uniformly in its warp di-
rection but not in its weft direction.
[0069] As in the previous example, the shrinkage of
the PET yarns can be enhanced by adding a solvent for
polyester, such as hexaflouroisopropanol, to the shrink-
ing solution. In the present application we will use, as a
starting point, a shrinking solution consisting of 97% by
weight of Dichloromethane and 3% by weight of hexa-
flouroisopropanol but we may increase the amount of
hexaflouroisopropanol in the solution in order to shrink
the sailcloth at least 8% and ideally 10-15% in its warp
direction. As in example 1, the shrunken sailcloth can be
further finished, using traditional finishing methods such
as application of a resinous adhesive to further increase
the bias direction stretch resistance of the sailcloth.
[0070] In this application of the invention, the bias di-
rection stretch resistance is improved, due to the higher
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density of the sailcloth, without adversely affecting the
warp or weft direction stretch resistance. Also, the shrink-
ing of the sailcloth is done without damaging or melting
the Dyneema (UHMWPE) yarns. Furthermore, another
advantage of the present invention is illustrated in this
example, as Polyethylene terephthalate (PET) yarns are
shrunk considerably without affecting or shrinking the
Polyethylene naphthalate (PEN) yarns. This would not
be possible using traditional heat-setting techniques as
the temperature needed to shrink the one yarn would
also shrink the other. The stretch resistance trade-off,
which would be present under traditional heat-setting,
does not apply to this example, simply because the two
yarns used in the weft direction, while having different
shrinking abilities when heat-set, have no shrinking abil-
ities when exposed to the chosen shrinking solution.

Other applications of the invention

[0071] The woven sailcloth manufactured under the
present invention will be suitable for any yacht sail where
high stretch resistance combined with low weight is de-
sirable. The woven sailcloth can be readily cut into sail
panels and assembled to sails.
[0072] It should be noted that the term "woven sail-
cloth" when used in the current specification should be
clear to the person skilled in the art of sailmaking and
should be limited to woven cloths which are suitable for
use in sails for sailboats. While it could be argued that
all woven cloths could be used as a sailcloth in some
form or the other, it should also be acknowledged that a
cloth which is designed to be used in a sail, has a set of
properties which make it especially suitable for use in
sails. Therefore, while many woven cloths could in some
form be used as a sailcloth, only some woven cloths
would be considered as suitable for use as a sailcloth. It
is maintained that the person skilled in the art of sail mak-
ing can distinguish between woven cloths which are suit-
able for use in sails and those which are not.
[0073] Another application would be to use the sailcloth
in a lighter version, as manufactured under the present
invention, as load-bearing, supporting, protecting or sta-
bilising layers in laminated sailcloth, whether used out-
side or between the laminating films. Light woven layers
of traditional construction are already being used in lam-
inated sailcloth and it is likely that the advantages of the
present invention will also find their way to this area of
sailcloth manufacturing. In particular it will be noted that
a woven sailcloth according to the current invention could
be used as a main load bearing layer of a laminate sail.
In current laminate sails, woven layers are used to give
stabilization and protection to the different layers of the
sail, but the main loads are born by specifically placed
yarns in the laminate of the sail. When using a sailcloth
according to the current invention, the main load bearing
direction of the woven sailcloth could be arranged in the
direction of a main load direction of the sail and thereby
contribute significantly to the strength of the sail. This

would allow the yarn count of the specifically placed yarns
to be decreased and allow thinner laminate sails to be
made with lower yarn count, especially at the corners of
the sail. In another embodiment of a laminate sail, two
or more layers of woven sailcloth according to the inven-
tion are used, the main load bearing directions of the two
or more layers of woven sailcloth being arranged along
two or more different load directions of the sail.
[0074] While the above description has specifically
mentioned sails for yachts, the sailcloth according to the
current invention can also be used for other purposes,
for example awnings, parachutes, paragliders, kites, etc.

Claims

1. A method of making a woven sailcloth (30) compris-
ing the steps of:

- providing a first set of yarns (31), comprising
at least partially a first type of yarn (31),
- providing a second set of yarns (32,33), com-
prising at least partially a second type of yarn
(32),
- weaving the first set of yarns and the second
set of yarns such that the first set of yarns are
arranged along a first direction and the second
set of yarns are arranged along a second direc-
tion which is different from the first direction and
such that all the yarns arranged along the first
direction come from the first set of yarns and all
the yarns arranged along the second direction
come from the second set of yarns, character-
ized in that the method further comprises the
step of
- exposing the woven sailcloth to a chemical so-
lution which has the property of shrinking the
first type of yarn (31) in its longitudinal direction
more than the second type of yarn (32) when
said woven sailcloth is exposed to said chemical
solution and where the types of yarns which
make up the first set of yarns are chosen such
that the difference in the actual longitudinal
shrinkage of the yarns which make up the first
set of yarns in the woven sailcloth is less than
3% and where the types of yarns which make
up the second set of yarns are chosen such that
the difference in the actual longitudinal shrink-
age of the yarns which make up the second set
of yarns in the woven sailcloth is less than 3%
when said woven sailcloth is exposed to said
chemical solution.

2. A method according to claim 1, characterized in
that the yarns which make up the first set of yarns
(31) have a longitudinal shrinkability of between 5%
and 40% when exposed to said chemical solution
and in that the yarns which make up the second set
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of yarns (32,33) have a longitudinal shrinkability of
between 0% and 5% when exposed to said chemical
solution.

3. A method according to claim 1 or 2, characterized
in that the actual longitudinal shrinkage of the first
set of yarns (31) is at least twice that of the second
set of yarns (32,33).

4. A method according to any one of claims 1 - 3, char-
acterized in that the first type of yarn (31) has a
different chemical composition than the second type
of yarn (32).

5. A method according to any one of claims 1-4, char-
acterized in that the second set of yarns (32,33) at
least partially comprises a type of yarn (32) made at
least partially from a fibre which is considered to have
a high modulus of elasticity.

6. A method according to claim 5, characterized in
that the fibres with a high modulus of elasticity (32)
are chosen from the group of Kevlar, Twaron, Tech-
nora, Vectran, Carbon, Zylon, UHMWPE, Spectra or
Dyneema fibres.

7. A woven sailcloth (30) comprising a first set of yarns
(31) arranged in a first direction and a second set of
yarns (32,33) arranged in a second direction which
is different from the first direction and where all the
yarns arranged along the first direction come from
the first set of yarns and all the yarns arranged along
the second direction come from the second set of
yarns, and where the first set of yarns comprises at
least partially a first type of yarn (31) and the second
set of yarns comprises at least partially a second
type of yarn (32) and where the first and second set
of yarns are woven together, characterized in that
the woven sailcloth has been exposed to a chemical
solution after the weaving process was complete
which caused the first type of yarn to shrink in its
longitudinal direction more than the second type of
yarn in its longitudinal direction and where the differ-
ence in the actual longitudinal shrinkage of the yarns
which make up the first set of yarns in the woven
sailcloth is less than 3% and where the difference in
the actual longitudinal shrinkage of the yarns which
make up the second set of yarns in the woven sail-
cloth is less than 3%.

8. A woven sailcloth (30) according to claim 7, charac-
terized in that the first set of yarns (31) have shrunk-
en more in their longitudinal direction than the sec-
ond set of yarns (32,33).

9. A woven sailcloth (30) according to any one of claims
7 - 8, characterized in that the first type of yarn (31)
is a polyester or nylon yarn and the second type of

yarn (32) is a yarn with a high modulus of elasticity
and where the second set of yarns (32,33) further
comprises a third type of yarn (33) which is a poly-
ester or a nylon yarn and in that the first type of yarns
(31) have been shrunken in their longitudinal direc-
tion after the weaving process was complete and in
that the third type of yarn (33) has not been shrunk-
en.

10. A woven sailcloth (30) according to claim 9, charac-
terized in that the yarn (32) with a high modulus of
elasticity is made at least partially from fibres chosen
from the group of Kevlar, Twaron, Technora, Vec-
tran, Carbon, Zylon or UHMWPE such as Spectra
or Dyneema.

11. A woven sailcloth (30) according to any one of claims
7 - 10, characterized in that the second type of yarn
(32) is UHMWPE yarn, such as Dyneema or Spectra,
and in that the first set of yarns (31) have been
shrunken after the completion of the weaving proc-
ess.

12. A laminated sailcloth where one of the layers of the
laminated sailcloth is a woven sailcloth (30) accord-
ing to any one of claims 7-11.

13. A sail made at least partially from a sailcloth (30)
according to any one of claims 7-12.

14. A sail according to claim 13, characterized in that
the sailcloth (30) is arranged such that the second
set of yarns (32,33) is arranged essentially parallel
to one of the estimated main load bearing directions
of the sail.

Patentansprüche

1. Verfahren zum Herstellen eines gewebten Segel-
tuchs (30), das die Schritte umfasst:

- Bereitstellen eines ersten Garnesatzes (31),
der zumindest teilweise eine erste Garnart (31)
umfasst,
- Bereitstellen eines zweiten Garnesatzes (32,
33), der zumindest teilweise eine zweite Garnart
(32) umfasst,
- Verweben des ersten Garnesatzes mit dem
zweiten Garnesatz, so dass der erste Garnesatz
entlang einer ersten Richtung angeordnet wird
und der zweite Garnesatz entlang einer zweiten
Richtung angeordnet wird, die sich von der er-
sten Richtung unterscheidet, und all die Garne,
die entlang der zweiten Richtung angeordnet
werden, aus dem zweiten Garnesatz stammen,
dadurch gekennzeichnet, dass das Verfahren
außerdem den Schritt umfasst:
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- Aussetzen des gewebten Segeltuchs gegen-
über einer chemischen Lösung, die die Eigen-
schaft aufweist, die erste Garnart (31) entlang
ihrer Längsrichtung stärker zu schrumpfen als
die zweite Garnart (32), wenn das gewebte Se-
geltuch der chemischen Lösung ausgesetzt
wird, wobei die Garnarten, die den ersten Gar-
nesatz bilden, derart ausgewählt sind, dass der
Unterschied in der tatsächlichen Längs-
schrumpfung der Garne, die den ersten Garne-
satz in dem gewebten Segeltuch bilden, kleiner
als 3% ist, und wobei die Garnarten, die den
zweiten Garnesatz bilden, derart ausgewählt
sind, dass der Unterschied in der tatsächlichen
Längsschrumpfung der Garnarten, die den
zweiten Garnesatz in dem gewebten Segeltuch
bilden, kleiner als 3% ist, wenn das gewebte Se-
geltuch der chemischen Lösung ausgesetzt
wird.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Garne, die den ersten Garnesatz
(31) bilden, eine Längsschrumpfbarkeit von zwi-
schen 5% und 40% aufweisen, wenn sie der chemi-
schen Lösung ausgesetzt werden, und dadurch,
dass die Garne, die den zweiten Garnesatz (32,33)
bilden, eine Längsschrumpfbarkeit von zwischen 0%
und 5% aufweisen, wenn sie der chemischen Lö-
sung ausgesetzt werden.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die tatsächliche Längs-
schrumpfung des ersten Garnesatzes (31) minde-
stens zweimal so groß ist wie die des zweiten Gar-
nesatzes (32, 33).

4. Verfahren nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass die erste Garnart (31)
eine andere chemische Zusammensetzung aufweist
als die zweite Garnart (32).

5. Verfahren nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, dass der zweite Garnesatz
(32, 33) zumindest teilweise eine Garnart umfasst,
die zumindest teilweise aus einer Faser hergestellt
wurde, bei der davon ausgegangen wird, dass sie
einen hohen Elastizitätsmodul aufweist.

6. Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Fasern mit einem hohen Elasti-
zitätsmodul (32) aus der Gruppe Kevlarfasern, Twa-
ronfasern, Technorafasern, Vectranfasern, Kohlefa-
sern, Zylonfasern, UHMWPE-Fasern, Spectrafa-
sern oder Dyneemafasern ausgewählt wurden.

7. Gewebtes Segeltuch (30), das einen ersten Garne-
satz (31), der in eine erste Richtung angeordnet ist,
und einen zweiten Garnesatz (32, 33), der in eine

zweite Richtung angeordnet ist, die sich von der er-
sten Richtung unterscheidet, wobei all die Garne,
die entlang der ersten Richtung angeordnet sind, aus
dem ersten Garnesatz stammen, und all die Garne,
die entlang der zweiten Richtung angeordnet sind,
aus dem zweiten Garnesatz stammen, und wobei
der erste Garnesatz zumindest teilweise eine erste
Garnart (31) umfasst und wobei der zweite Garne-
satz zumindest teilweise eine zweite Garnart (32)
umfasst, und wobei der erste und der zweite Garne-
satz miteinander verwoben sind, dadurch gekenn-
zeichnet, dass das gewobene Segeltuch, nachdem
der Webprozess abgeschlossen worden war, einer
chemischen Lösung gegenüber ausgesetzt worden
ist, was verursacht hat, dass die erste Garnart in
ihrer Längsrichtung stärker als die zweite Garnart in
ihrer Längsrichtung geschrumpft ist, und wobei der
Unterschied in der tatsächlichen Längsschrumpfung
der Garne, die den ersten Garnesatz in dem geweb-
ten Segeltuch bilden, kleiner als 3% ist, und wobei
der Unterschied in der tatsächlichen Längsschrump-
fung der Garne, die den zweiten Garnesatz in dem
gewebten Segeltuch bilden, kleiner als 3% ist.

8. Gewebtes Segeltuch (30) nach Anspruch 7, da-
durch gekennzeichnet, dass der erste Garnesatz
(31) in seiner Längsrichtung stärker geschrumpft ist
als der zweite Garnesatz (32, 33).

9. Gewebtes Segeltuch (30) nach einem der Ansprü-
che 7 oder 8, dadurch gekennzeichnet, dass die
erste Garnart (31) ein Polyestergarn oder ein Nylon-
garn ist und die zweite Garnart (32) ein Garn mit
einem hohen Elastizitätsmodul ist, und wobei der
zweite Garnesatz (32, 33) zusätzlich eine dritte
Garnart umfasst, die ein Polyestergarn oder ein Ny-
longarn ist, und dadurch, dass die erste Garnart (31),
nachdem der Webprozess abgeschlossen worden
war, in ihrer Längsrichtung geschrumpft worden ist,
und dadurch, dass die dritte Garnart (33) nicht ge-
schrumpft worden ist.

10. Gewebtes Segeltuch (30) nach Anspruch 9, da-
durch gekennzeichnet, dass das Garn (32) mit ei-
nem hohen Elastizitätsmodul zumindest teilweise
aus Fasern gefertigt ist, die aus der Gruppe Kevlar-
fasern, Twaronfasern, Technorafasern, Vectranfa-
sern, Kohlefasern, Zylonfasern oder UHMWPE, wie
beispielsweise Spectra oder Dyneema, ausgewählt
sind.

11. Gewebtes Segeltuch (30) nach einem der Ansprü-
che 7 bis 10, dadurch gekennzeichnet, dass die
zweite Garnart (32) UHMWPE-Garn, wie beispiels-
weise Dyneemagarn oder Spectragarn, ist, und da-
durch, dass der erste Garnesatz (31) nach dem Ab-
schließen des Webprozesses geschrumpft wurde.
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12. Laminiertes Segeltuch, bei dem eine der Schichten
des laminierten Segeltuchs ein gewebtes Segeltuch
(30) nach einem der Ansprüche 7 bis 11 ist.

13. Segel, das zumindest teilweise aus einem Segeltuch
(30) nach einem der Ansprüche 7 bis 12 gefertigt ist.

14. Segel nach Anspruch 13, dadurch gekennzeich-
net, dass das Segeltuch (30) derart angeordnet ist,
dass der zweite Garnesatz (32, 33) im Wesentlichen
parallel zu einer erwarteten Hauptlastrichtung des
Segels angeordnet ist.

Revendications

1. Procédé de fabrication d’une toile à voile tissée (30),
comprenant les étapes consistant à :

- fournir un premier jeu de fils (31) comprenant
au moins en partie un premier type de fil (31),
- fournir un deuxième jeu de fils (32, 33) com-
prenant au moins en partie un deuxième type
de fil (32),
- tisser le premier jeu de fils et le deuxième jeu
de fils de sorte que le premier jeu de fils soit
aménagé dans une première direction et le
deuxième jeu de fils dans une deuxième direc-
tion qui est différente de la première direction et
de sorte que tous les fils aménagés dans la pre-
mière direction viennent du premier jeu de fils
et que tous les fils aménagés dans la deuxième
direction viennent du deuxième jeu de fils, ca-
ractérisé en ce que le procédé comprend en
outre l’étape consistant à :
- exposer la toile à voile tissée à une solution
chimique qui a la propriété de contracter le pre-
mier type de fil (31) dans sa direction longitudi-
nale plus que le deuxième type de fil (32) lorsque
ladite toile à voile tissée est exposée à ladite
solution chimique, et dans lequel les types de
fils qui constituent le premier jeu de fils sont choi-
sis de sorte que la différence de contraction lon-
gitudinale réelle des fils qui constituent le pre-
mier jeu de fils de la toile à voile tissée soit in-
férieure à 3 % et les types de fils qui constituent
le deuxième jeu de fils sont choisis de sorte que
la différence de contraction longitudinale réelle
des fils qui constituent le deuxième jeu de fils
de la toile à voile tissée soit inférieure à 3 %
lorsque ladite toile à voile tissée est exposée à
ladite solution chimique.

2. Procédé selon la revendication 1, caractérisé en ce
que les fils qui constituent le premier jeu de fils (31)
ont une capacité de contraction longitudinale entre
5 % et 40 % lorsqu’ils sont exposés à ladite solution
chimique et les fils qui constituent le deuxième jeu

de fils (32, 33) ont une capacité de contraction entre
0 % et 5 % lorsqu’ils sont exposés à ladite solution
chimique.

3. Procédé selon la revendication 1 ou la revendication
2, caractérisé en ce que la contraction longitudinale
réelle du premier jeu de fils (31) est d’au moins deux
fois celle du deuxième jeu de fils (32, 33).

4. Procédé selon l’une quelconque des revendications
1 à 3, caractérisé en ce que le premier type de fil
(31) a une composition chimique différente de celle
du deuxième type de fil (32).

5. Procédé selon l’une quelconque des revendications
1 à 4, caractérisé en ce que le deuxième jeu de fils
(31) comprend au moins en partie un type de fil (32)
constitué au moins en partie d’une fibre qui est con-
sidéré comme ayant un module d’élasticité élevé.

6. Procédé selon la revendication 5, caractérisé en ce
que les fibres ayant un module d’élasticité élevé (32)
sont choisies dans le groupe des fibres Kevlar, Twa-
ron, Technora, Vectran, Carbon, Zylon, UHMWPE,
Spectra ou Dyneema.

7. Toile à voile tissée (30) comprenant un premier jeu
de fils (31) aménagé dans une première direction et
un deuxième jeu de fils (32, 33) aménagé dans une
deuxième direction qui est différente de la première
direction, dans laquelle tous les fils aménagés dans
la première direction viennent du premier jeu de fils
et tous les fils aménagés dans la deuxième direction
viennent du deuxième jeu de fils, dans lequel le pre-
mier jeu de fils comprend au moins en partie un pre-
mier type de fil (31) et le deuxième jeu de fils com-
prend au moins en partie un deuxième type de fil
(32) et dans lequel les premier et deuxième jeux de
fils sont tissés conjointement, caractérisée en ce
que la toile à voile tissée a été exposée à une solution
chimique après avoir terminé le processus de tissa-
ge qui a amené le premier type de fil à se contracter
dans sa direction longitudinale plus que le deuxième
type de fil dans sa direction longitudinale et dans
laquelle la différence de contraction longitudinale
réelle des fils qui constituent le premier jeu de fils de
la toile à voile tissée est inférieure à 3 % et la diffé-
rence de contraction longitudinale réelle des fils qui
constituent le deuxième jeu de fils de la toile à voile
tissée est inférieure à 3 %.

8. Toile à voile tissée (30) selon la revendication 7, ca-
ractérisée en ce que le premier jeu de fils (31) s’est
contracté plus dans sa direction longitudinale que le
second jeu de fils (32, 33).

9. Toile à voile tissée (30) selon l’une quelconque des
revendication 7 et 8, caractérisée en ce que le pre-
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mier type de fil (31) est un fil de polyester ou de Nylon
et le deuxième type de fil (32) est un fil avec un mo-
dule d’élasticité élevé, en ce que le deuxième jeu
de fils (32, 33) comprend en outre un troisième type
de fil (33) qui est un fil de polyester ou de Nylon, en
ce que les premiers types de fils (31) ont été con-
tractés dans leur direction longitudinale après avoir
terminé le processus de tissage et en ce que les
troisièmes types de fils (33) n’ont pas été contractés.

10. Toile à voile tissée (30) selon la revendication 9, ca-
ractérisée en ce que le fil (32) ayant un module
d’élasticité élevé est constitué en moins en partie de
fibres choisies dans le groupe des fibres Kevlar,
Twaron, Technora, Vectran, Carbon, Zylon ou UH-
MWPE, notamment Spectra ou Dyneema.

11. Toile à voile tissée (30) selon l’une quelconque des
revendications 7 à 10, caractérisée en ce que le
deuxième type de fil (32) est un fil de UHMWPE,
notamment Dyneema ou Spectra, et en ce que le
premier jeu de fils (31) a été contracté après la fin
du processus de tissage.

12. Toile à voile laminée, dans laquelle l’une des cou-
ches de la toile à voile laminée est une toile à voile
tissée (30) selon l’une quelconque des revendica-
tions 7 à 11.

13. Voile fabriquée au moins en partie d’une toile à voile
(30) selon l’une quelconque des revendications 7 à
12.

14. Voile selon la revendication 13, caractérisée en ce
que la toile à voile (30) est aménagée de sorte que
le deuxième jeu de fils (32, 33) soit aménagé de ma-
nière essentiellement parallèle à l’une des directions
porteuses de charges principales estimées de la voi-
le.
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