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ABSTRACT OF THE DISCLOSURE

Fabric having warp and weft yarns where filaments in the yarns freely move
relatively to each other. The basis weight of the fabric is related to the thickness
standard deviation of a stack of three identical fabrics deposited on each other. For
basis weights greater than or equal to 40 g/m? and less than 100 g/m?, the thickness
standard deviation is less than or equal to 35 um. For basis weights greater than or
equal to 100 g/m? and less than or equal to 160 g/m?, the thickness standard
deviation is less than or equal to 50 um. For basis weights greater than 160 g/m? and
less than or equal to 200 g/m?, the thickness standard deviation is less than or equal
to 60 pm. For basis weights greater than 200 g/m? and less than or equal to
400 g/m?, the thickness standard deviation is less than or equal to 90 pm.
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FABRIC IN PARTICULAR MADE OF CARBON
YARNS HAVING LOW THICKNESS VARIABILITY
COMBINED WITH A SPECIFIC BASIS WEIGHT
RANGE

The present invention relates to the technical field of machines allowing
homogenization of the thickness of fibrous sheets and/or spreading of such
fibrous sheets, in order to obtain lower basis weights. In particular, the
invention relates to a method and to a machine allowing homogenization of
the thickness of such sheets, as well as to fabrics which may be obtained by
applying such a method.

In the field of composite materials, the applicant was interested in
proposing textile fabric sheets having a thickness as homogenous as
possible, so as to obtaln parts wrth controlled final mechanical properties. In
the case of fabncs conventronally consisting of an interlacing of warp yarns
and of weft yarns, thela‘tt'er"rs ‘-p‘artrcularly diffi cult.

The reinforcements for a composite are exclusively used with addition
of resin with different methods. The geometry of the final composrte part
therefore directly results from the thrcknesses of the rernforcement used It
is then clear that the use of thinner reinforcements will provrde lighter
composite parts and also more performrng since they have their fibres better
oriented with less ripples. A fact which is less obvious but also true is that
these reinforcements, being also used in a sometimes significant stack, it bis
necessary to reduce to a minimum their variations in thickness in order to
make the geometry of the obtained composite part more reliable and robust.
As the individual variabilities of the folds will gradually add up, a great
variability in thlckness of the rernforcement will inevitably cause a strong
variability in thrckness |n thé’ f‘nal part during the use of methods such as
vacuum infusion. .

Various documents are interested in spreading of fabrics, without
however mentioning the impact which may have the spreadmg applred on
the thickness and in partrcular on the thickness devratrons whrch have the

obtained spread textlle sheets Mention may be made of documents us
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4,932,107, US 5,732,748, EP 670 921, W02005/095689 and WO 94/12708.
It is important to note that a tissue does not leave a weaving machine with
homogenous thickness and openness factor on its width. Indeed, the actual
principle of weaving mduces a shrmkage phenomenon well known to one
skilled in the art. Thls shtlnkage is a reduction in the width of the warp sheet
before and after weavmg It is due to the interlacing action of the warp and
weft yarns. The latter cover a shorter final distance because of their ripples
over and under the warp yarns. The result of this is a reduction in the width
of the sheet upon leaving the comb of a weaving machine. As this e’,.hrinkage
is related to the. ripples of the weft yarns, it is not homogenous over the
width of the fabric by the fact that the weft yarns are more free, close to the
edges and less held by iess numerous neighbouring warp yarns. As they are
less blocked and more free, these edge of yarns therefore ripple more, the
result of this is then a larger thickness and generally a larger openness
factor. The thickness difference between the edges and the medium
increases with the basis weight of the fabric. |

It should ,ellso benoteadthat the vover—t‘.hickness phenomenon of the
edges is very locally enhanced by the use of generally thermoplastic selvage
yarns used on the edges of the fabric for blocking the last warp yarns.

All the fabrics proposed in the prior art, which are spread out after their
weaving, because of the applied spreading technique necessa'ﬁly have
significant thlckness varlatlon In particular, in document US 4, 932 107, no
mention of any W|dth of the fabric, of the average width of the warp and
weft yarns after spreading and of homogeneity of the openness factor on the
fabric. Now, all these elements determine the more or less homogenous
thickness of the fabric obtained after spreading. If the examples proposed in
this patent are considered, if a tension of 200g/cm is applied on a fabric with
a width of 1.5m, the value of the tension on the roller will be
150x200 30,000 i.e. 30 OOOg ThIS value is sufficient for generating flexure
of the rollers preventmg the obtamlng of a parallelism between the axes of
the rollers and therefore a homogeneous pressure on the fabric, because of
a higher pressure on the edges. There results a fimitation of the width of the
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fabric to be processed in connection with the diameter of the“‘rolle“rs and of
their length. In order to attempt to circumvent this difficulty, an increase in
the diameter of the rollers may be contemplated for limiting flexure, but in
this case, the inertia of the latter will then become significant and the energy
required for obtaining the amplitude and the frequency will increase in
proportion. Moreover, it may be noted that patent US 4,932,107 applied in
its example 3B, 2 rollers with the diameter of 125 mm with a single upper
vibrating roller with a dlameter of 60 mm, which on the one hand does not
give the possibility of obtalnmg satlsfactory spreading and on the other hand
homogenization of the thlckness In a more general way, all the technigues
for spreading fabrics described in the prior art do not give the possibility of
adapting to the initial differences in thickness which the fabric has and
therefore do not give the possibility of obtaining satisfactory soreading and
homogenlzatlon of the thlckness | o

There also eX|st fabncs made in two steps the first step belng the
formation of sheets with low basis weight consolidated via a polymenc
binder, and then producing the interlacing for forming a fabric. Such fabrics
because of the preliminary consolidation of the sheets provide lesser
possibilities in terms of deformability during their applications. Further, the
polymeric binders used may not be compatible with the sheet of
requlrements under hygrothermal stress of the final composite part.

In a more .generajl__fcontext, mentlon may be made of documents US
2007/066171 and US 2004/142618 which describe fabrics of reinforcing
yarns, in dry form, without any data being provided on thetr thickness
variation, which as indicated earlier is implicitly lmportant taklng lnto
account the avallable methods for makmg such fabrics. ,

In this context the |nvent|on proposes to react to the problems
mentioned above and encountered in the prior art and to provide a novel
method and a novel machine giving the possibility of simply controlling the
thickness of the obtained textile sheet following a spreading operation, so as

to obtain a low thickness variability, and this even on large widths of sheet.
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In this context, the invention describes a method for spreading a textile
sheet mcludnng at least Warp;yarns according to which:

- the sheet'is caused ‘to*run between at least two rotary rollers, the
axes of which extend parallel with each other and are substantially
perpendicular to the running direction of the sheet,

- the sheet is passed under pressure between at Ieastidn‘e‘z‘pressur'e
generator for the rollers driven into axial oscillation and opposed in p’hase. |

According to the. inVention, a pressure generatot for the rollers is
produced with ‘adjustable pressure values along said generator for spreading
the sheet with low thickness variability. |

Within the scope of the invention, it is also possible to ensure the
application of a uniform pressure on the sheet so as to obtain a uniform
thickness regardless of the width of the sheet. The rollers thus modulate the
applied pressure between the centre and the ends of the sheet, by taking
into account the dlﬁerent thtcknesses of the sheet so as to apply a uniform
pressure on the material along the pressure generator. Typlcally, the
pressure applied at the centre of the sheet is greater than that applled on rts
edges so as to take into account the upper thickness of the,she;e_t on tts
edges with respect to its central portion. _ - | _ .

Accordmg to a preferred embodiment, one of the rollers is made to be
flexible and the other one rigid and localized supports distributed along the
axis of the roller are exerted on this flexible roller, substantlally
perpendicularly to its axis and with adjustable values for producing the
generator with adjustable pressure values. The flexible roller may thus
position itself automatically without any stress and thereby modulate the
pressure apphed on the sheet In thls case, preferably, the method inter alia
consists of adJustlng th% posltldn of the localized supports along the axis of
the flexible roller and/or dlstrlbutlng the localized supports regularly along
the axis of the flexible roller. ‘,

According to a preferred embodiment which may be combined\ with the
previous one, the method inter alia consists of distributing;the 1"_'l'dca!ized

supports at most over the whole width of the textile sheet.
: t !
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According to another preferred embodiment which may be combined
with the previous ones, the method /nter alia consists of causing the textile
sheet to pass over the periphery of the flexible roller between two pressure

generators with adjustable localized pressure values of both rigid rollers

synchronously -driven in‘ tatlon and in oscillation. In this case, preferably,

the method consusts of Causmg' the textile sheet to pass between 1/6 and 1/3
of the periphery of the flexible roIIer It is thus possible to do without the
applied tension on the running textile sheet. Further, this facrhtates obtammg
an adjustable pressure on the textile sheet, all along both pressure
generators, between the textile sheet and the rigid rollers,»g‘iven“t’hat this
method for the 'paSSinq- of the textile sheet which no ldnger covers the
rollers, as in patent US }4,932,107, thus allows addition of a series of rigid
supports to both rigid rollers thereby avoiding any flexure of the latter. On
the other hand, this passing method also facilitates the positioning of the
localized supports on the flexible roller.

According to another preferred embodiment which may be combined
with the preceding ones, the method comprises the heating of the textile
sheet during its passmg;between the pressure generator(s).

According to another p'referred embodiment which may be combined
with the previous ones, the method consists of bringing as a textile sheet, a
fabric including warp yarns and weft yarns each consisting of .a set of
filaments which may freely move relatively to each other vr/ithin' séid nyar‘n,
the spreading being produced on the warp yarns and on the weft yarns

The present |nvent|on also descrlbes a machine for spreading a textile
fabric consisting of at least warp yarns, including:

- at least two rotary rollers, the axes of which extend parallel with
each other and perpendicularly to a pressure generator, delimited between
both rollers,

- a rotation motor—drive for at least one roller,

- and a system for drlvmg the roIIers in axial oscillation with phase

opposrtron
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According  to th;é invention, the machine includes a system for
producing the pressure generator with adjustable pressure values distributed
along said generator, for spreading the textile fabric with low thickness
variability. '

The machine, according to the invention, comprises either one, or even

~ all the features below when they do not exclude one from the other:

- the system for}producrng the pressure generator includes from

among rotary rollers afleXIble roller and a series of localized supports with
adjustable pressure, dlstrlbuted along the axis of the flexible roller and acting
on the flexible roller supported by at least one rigid roller,

- the localized supports are equipped with a device for adJustlng their
position along the axis of the flexible roller, B

- the localized supports exert their pressure on the flexible roller via
rolling members with axial dlsplacement

- the ﬂeXIble roller delimits with two rigid rollers, the axes of which
extend parallel with each other, two pressure generators with adjustable
localized pressure values, both of these generators being separated between
1/6 and 1/3 of the periphery of the flexible roller,

- the rollers have a dlameter comprised between 30 mm and 60 mm,

- the machlne lncludes for each rigid roller a series of rigid supports
each including a cradle attached to a cha55|s and havmg two supporting
branches each equipped with a rolllng member for a rigid roller, having a
rotary movement and a translational movement along the axis of the rigid
rollers, . _ -

- the system for drlvmg the rollers into axial oscillation and in phase
opposition includes a - motor synchronously driving by means of a
transmission, two camshafts shifted by 180°, one of which acts on one of the
ends of the flexible roller and the other one acts on one of the ends of the
rigid roller(s), the other end of the rollers being urged by an elastic‘system,"
this gives the possibility of ensuring perfect control of the amplitude and of
the operation, in phase opposntlon between the flexible roller and both l’lgld

rollers
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- the machine includes a system for lifting the flexible roller, the ends
of which are provided with plates on which acts the elastic. system‘and on
the other one of which acts the camshaft, i

- the machine ",inc;ludes a system for heating the textile sheet upon
passing the textile sheet between the pressure generators.

Such a method and such a machine make it thus possible to access the
fabrics, object of the invention.

Actually, the object of the invention is fabrics consisting of warp yarns
and of weft yarns, having a low thickness variation, characterized by either
one of the combinations of the following characteristics:

- a basis werghti.g‘:‘ eater than or equal to 409/m and less than

100g/m* and a thlckness standard deviation measured on a stack of three
identical fabrics deposited on each other and along the same direction which
is less than or equal to 35um, | 4

- a basis weight greater than or equal to 100g/m? and‘iesé than or
equal to 160g/m and a thickness standard deviation measured ona stack of
three identical fabrrcs deposrted on each other and along the same direction
which is less than or equal to 50um,

- a basis weight greater than 160g/m’ and less than or equal to
200g/m? and a thickness standard deviation measured on a stack of three
identical fabrics deposited on each other and along the same direction which
is less than or equal to 60um, or

- a basis werght greater than 200g/m? and less than or equal to
400g/m’ and a thlckness stand,ard deviation measured on a stack of three
identical fabrics deposrted on each other and along the same direction which
is less than or equal to 90um. |

In the fabrics according to the invention, the warp yarns and/or the
weft yarns consist of a set of filaments, said filaments may freely move
relatively to each’ other wrthrn a same yarn. This is why the fabrics accordrng
to the mventro_n may be obtarned by means of the method according to the
invention. Unlike prior techniqnes, the method according to the invention

provides access to such fabrics having such a combination of features.
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Obtaining such fabrics with a width of at least 100cm, notably with a width
from 100 to 200cm |s possxble The fabncs according to the invenfion may
therefore have 'a great width ‘and a very great length, for example
approximately equivalent to the length of the available yarns, i.e. several
hundred or thousands of meters. ,

The fabrics proposed within the scope of the invention, because of thelr
lower thickness varlablhty, will give comp05|te parts with a better controlled
geometry and w1l| lead to a more robust global manufacturing method.

By thickness standard deviation, is meant the quadratic average of the

deviations to the mean, i.e.:

B .
V/;g(a, - %)

with: , v
LA '
n = number of values of'measurements of the thickness of the stack of three

identical fabrics and oriented in the same direction, i.e. the warp yarns on
the one hand, and the weft yarns on the other hand are oriented in the same
direction within the stack, ‘ | ; o

xi = a measurement kv‘albe of the thickness of the stack of the'thre‘e i.dentical
fabrics, . 3 |

X= arithmetic mean of the thickness measurements of the stack of three
identical fabrics.

As the measured fabric unit folds become so thin, it appeared to be
more representative to measure the thickness standard deviation on a stack
of 3 folds.

Within the scope of the mventnon the standard deviation may be
obtained on a stack of thre _;',folds of a same fabric deposited on each other
and oriented in the same direction and placed under a pressure of 972mbars
+/- 3mbars, and notably from 25 one-off thickness measurements
distributed over a surface of 305 x 305 mm, with for example one of the

B
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sides of the square which extends parallel to the warp yarns of the fabric.
The method described in the examples may be used.

Advantageously, the fabrics defined within the scope of the invention
consist of warp yarns identical with each other and weft yarns identical with
each other, and preferably warp yarns and weft yarns which are all identical.
In partlcular the fabrlcs def ned W|th|n the scope of the invention consist of,
preferably by at Ieast 99% by mass, or even exclusively consist of multi—
filament remforcement yarns notably glass, carbon or aramfde yarns, carbon
yarns being preferred. As examples of fabrics according to the invention,
mention may be made of those having an architecture of the web type
otherwise called taffeta, twill, a basket weave, or satin. ' |

In particular the invention relates to:

- fabrics which have a basis weight greater than or equal to 40g/m?
and less than IOOg/m a thickness standard deviation measured on a stack
of three identical fabrics deposited on each other and along the same
direction which is less than or equal to 35um and an average openness
factor from 0 to 1%. Advantageously, such fabrics have a vari‘ability of
openness factor from 0 to 1% Within the scope of the invention, the
obtained spreadlng glveg“'the pOSSIblhty of obtalnmg such fabrics with yarns,
and in partlcular carboi’ yarns havmg a tlter from 200 to 3,500 Tex, and
preferably from 200 to 800 Tex, »

- fabrics which have a basis weight greater than or equal to 100g/m?
and less than or equal to 160g/m?, a thickness standard deviation measured
on a stack of three identical fabrics deposited on each other andalbng the
same direction which is ieés than or equal to 50um and an average openness
factor from 0 to 0.5%. Advantageously, such fabrics have a variability of
openness factor of at most 0.5%. Within the scope of the invention, the
obtained spreading gives the possibility of obtaining such fabrics with yarns,
and in particular carbon yarns, having a titer from 200 to 3,500 Tex, and
preferably from 400 to 1,700 Tex,

- fabrlcs whlch rl1ave ax,bas:s weight greater than 160g/m’ and less
than or equal to 200 g/m

a thickness standard deviation measured on a
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stack of three identical fabrics deposited on each other and.‘along the same
direction which is less than or equal to 60um and an average openness
factor from 0 to 0. S% Advantageously, such fabrics have a variability of
openness factor of at most 0.5%. Within the scope of the invention, the
obtained spreading gives the possibility of obtaining such fabrics with yarns,
and in particular carbon yarns, having a titer from 200 to 3,500 Tex, and
preferably from 400 to 1,700 Tex,

- fabrics which have a basis weight greater than 200g/m? and less
than or equal to 4009/m a th|ckness standard deviation measured on a
stack of three ldentlcal fabrlcs deposnted on each other and along the same
direction which |s less than or equal to 90pm and an average openness
factor from 0 to 0.1%. Advantageously, such fabrics have an openness factor
variability of at most 0.1%. Within the scope of the invention, the obtained
spreading gives the possibility of obtaining such fabncs with yarns and i
particular carbon yarns, havmg a titer from 200 to 3, 500 Tex and preferably
from 800 to 1,700 Tex. |

The openness factor may be defined as the ratio between the surface
area not occupied by the material and the observed total surface area, the
observation of which may be made from the top of the fabric with an
illumination from below the latter. The openness factor (OF) is expressed in
percentages. For example it may be measured according to the method
described in the exam‘ples, s o

By openness factor vanabllity, is meant the maximum difference in
absolute value obtained between a measured openness factor and the
average openness factor. The variability is therefore expressed in % like the
openness factor. o . _'

The average openness factor may be obtamed for example from 60
openness factor measurements distributed over a surface of 305 x 915 mm
of fabric. The distribution may, for example, be achieved, by distributing 1/3
of the openness factor measurements over a first third of the‘width of the

fabric, 1/3 of the openness factor measurements on the second third of the

CA 02900478 2015-08-06
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fabric width corresponding to its central portion and 1/3 of the openness factor
measurements on the third portion of the fabric width.

By average openness factor, is meant the arithmetic mean of the 60 measured
openness factor (OF) values.

Mean openness factor = (OF1 + OF2 + OF3 + ... + OF60)/60

According to one aspect of the present invention, there is provided a fabric
consisting of warp and weft yarns, comprising one of the combinations of following
characteristics: a basis weight greater than or equal to 40 g/m2 and less than
100 g/m2 and a thickness standard deviation measured on a stack of three identical
fabrics deposited on each other and along the same direction which is less than or
equal to 35 um, a basis weight greater than or equal to 100 g/m?2 and less than or
equal to 160 g/m2 and a thickness standard deviation measured on a stack of three
identical fabrics deposited on each other and along the same direction which is less
than or equal to 50 um, a basis weight greater than 160 g/m?2 and less than or equal
to 200 g/m2 and a thickness standard deviation measured on a stack of three
identical fabrics deposited on each other and along the same direction which is less
than or equal to 60 um, or a basis weight greater than 200 g/m2 and less than or
equal to 400 g/m2 and a thickness standard deviation measured on a stack of three
identical fabrics deposited on each other and along the same direction which is less
than or equal to 90 um, and wherein the warp yarns and/or the weft yarns consist of
a set of filaments wherein the warp yarns and weft yarns are neither impregnated
nor coated nor associated with any polymeric binder so that the filaments within each
warp yarn and weft yarn are adapted to freely move relatively to the others within
said yarn.

The detailed description which follows, with reference to the appended Figures
allows the invention to be better understood.

Fig. 1 is a schematic front view of a spreading machine according to the
invention.

CA 2900478 2020-01-10
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Fig. 2 is a transverse sectional view of the spreading machine illustrated in
Fig. 1.

Fig. 3 is a schematic front view of a spreading machine according to the
invention, in the raised position of the flexible roller.

Figs. 4A and 4B are planar views of an example of a fabric illustrated before
and after spreading, respectively.

Fig. 5 is a view giving the possibility of schematically illustrating the spreading
principle applied by the spreading machine according to the invention.

Figs. 1 to 3 schematically illustrate an exemplary embodiment of a spreading
machine 1 according to the invention, adapted for spreading with a low thickness
variability, a textile sheet 2 including at least warp yarns 3. Conventionally, by textile
sheet, is meant a sheet material consisting of yarns and by warp yarns, yarns
extending along the running axis of the sheet on the machine. The textile sheets may
be one—directional or fabrics. In the example illustrated in Figs. 4A and 4B, the
sheet 2 is a fabric including warp yarns 3 and weft yarns 4, each warp 3 and weft 4
yarn consisting of a set of filaments t. According to a preferred embodiment, the
spreading machine 1 according to the invention, is placed at the outlet of a weaving
machine and at the inlet of a system for winding up the sheet. It may also be
provided that the sheet to be spread out is from an unwinding system and which is
not directly positioned in line with a weaving machine.

CA 2900478 2020-01-10
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The spreading machine 1 includes at least one first 5 and one second 6
rotary rollers and in the illustrated example, a third rotary roller 7. The rotary
rollers 5, 6 and 7 have axes A extending, parallel with each other, and
perpendicularly to the running direction f1 of the sheet 2 or perpendicularly
to the warp yarns. 3. T‘he ﬁrst roller .5 and the second roller 6 delimit
between them a first pressure generator G1 for the sheet 2 passing between
the first and second rollers 5, 6. Also, in the example illustrated in the
drawings, the first roller 5 and the third roller 7 delimit between. them a
second pressure generator G2 for the sheet 2 passing between tbe‘ "ﬂrst and
third rollers 5, 7. Of course, the length of the rollers is adapted to the width
of the sheet 2 to be spread out, so as to have a greater length than the
width of the sheet 2. Typically, the length of the rollers is comprised
between 1m and 2m.

According to an advantageous feature of the invention, the rollers 5, 6
and 7 are positioned in such a way that both pressure generators G1 and
G2 are separated between 1/6 and 1/3 of the periphery of the first roller 5.
In other words, the sh ot %'5,19 in contact wrth the first roller 5 exclusively
between 1/6 and 1/3 of |ts oer;phery

Accordlng to a preferred alternative embodiment, the secono 6 and
third 7 rollers are positioned side by side in a horizontal plane, while the Frst
roller 5 is positioned in the mrddle and above the second 6 and. third 7 roller.

The spreadlng machlne 1 accordlng to the mventlon also includes a
motor drive 10 for ensunng synchronous driving into rotat|on around thelr
axes A and along a same direction of rotation, second 6 and third Z rollers.
In the illustrated example, the motor—drive 10 includes an electric motor 11
controlied for synchronously controlling the speed of rotation of the second 6
and third 7 rollers. The output shaft of the electric motor 11 cooperates with
a transmission belt 12 which drives into rotation pulleys 13 supported by
shafts 14 mounted so. as to be ﬂaxually secured to the first end of the second
6 and third 7 rollers : S

In the rllustrated example 'the first roller 5 is not drrven into rotation by

the motor—drive 10. The first roller 5 is driven into rotatlon by the running

CA 02900478 2015-08-06
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force of the slje‘et‘z arjd_ by the rollers 6, 7. Of course, it is poesible to
envision that the motor—drive 10 also drives into rotation the first roller 5.
The spreading machine 1 according to the invention also includes a
system 15 for driving the rollers 5, 6 and 7 into axial oscillation each along
its axis A. More specifically, the driving system 15 allows axial oscillation of
the first roller 5 in phase opposition with respect to the second and third
rollers 6 and 7 which are perfectly synchronlzed in axial oscillation. In the

example ||Iustrated in

B drawmgs the driving system 15 includes an
electric motor 16 synchronously driving, by means of a transmission 17 such
as a belt, first 19 and second 20 camshafts giving the possibility of exerting
an axial force on the rollers. As this clearly emerges from Fig. 1, the cams of
the camshafts 19 and 20 are angularly shifted from each other'b»'yv'a value
equal to 180°. | ‘ |

The first camshaft ‘i’9 acts on the second end of the ﬂr'stlroller 5 and
more speciﬁcalily, on the transverse face of a shaft 21 axially extending from
the first roller 5. According to an advantageous alternative embodiment, the
first camshaft 19 acts on the shaft 21, via a plate 21a borne by the shaft
21. Thus, even when the first roller 5 is moved vertically, the camshaft 19
continues to exert an aXIaI force on the shaft 21, as this will be explained in
more detail in the contlnHanog\ of- the descrlptlon

The second camshaft 20, acts on the second end of the second roller 6
and in the 1llustrated example, of the third roller 7 also. According to thls
illustrated alternative, the second and third rollers 6 and 7 are axially
equipped, at their second end, with shafts 22 in contact, through their
transverse face, with the camshaft 20 which ensures synchronized axial
oscillation of the second and third rollers 6 and 7. ThUs, the 'second and
third rollers 6 and 7 havea perfectly synchronized axial oscillation.

The first ends of the first, second and third rollers 5, 6 and 7 are urged
by an elastic system 25 which will compensate for the action exerted by the
camshafts 19, 20 on the second ends of the first, second and third rollers 5,
6 and 7. In the illustrated exemplary embodiment, the elastic system 25
includes stacks of BelleVIIIe washers lnterposed between a support 28 on the
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one hand, and éach shaft 1% and a shaft 29 on the other hand extending
axially from the first end of the first roller 5. According to an advantageous
alternative embodiment, a stack of Belleville spring washers. 25 acts on the
shaft 29 via a plate 29a borne by the shaft 29. Thus, even when"the first
roller 5 is mo_yed vertically, the stack of Belleville spring washers 25
continues to exert an axial force on the shaft 29 as this will be explained in
more detail in the continuation of the description.

The driving system 15 as described above, gives the possibility of
ensuring perfect control of the amplitude of operation in phase opposition
between the first roller 5 on the one hand and the second and third rollers 6,
7 on the other hand. Moreover, this solution gives the possibility of
guaranteeing the’ deswed movement of the rollers in spite of wear
phenomena due to suppressxon of the mechanical play between camshafts
and the rollers. \

Of course, the axial vibration frequency is adjustable, for example, from
5 to 50Hz via the adjustment of the electric motor 16 Typlcally, the
amplitude of the axial oscHIatuon of the rollers is of the order of 0.5 mm. |

The spreading machme 1 also includes for the second and third rollers
6 and 7, a series of rioid supports 31 giving the possibility of suoporting
without any flexure, the rollers while allowing their movements of rotation
and oscillation. In the illustrated example, each rigid support 31 includes a
fork or a cradle 32 rigidly attached to a chassis 33 preferably rigidly
anchored to the ground. Each fork or cradle 32 thus has two supporting
branches 34 each equped wnth a rolling member 35 for a roller 6, 7, which
may both recelve the movement of rotatxon and the movement of oscillation.
In the example |Ilustrated in F|g 1 four rigid supports 31 support the
rollers. Of course, the number of rigid supports 31 may be different notably
depending on the length of the rollers. \ o )

According to the invention the spreading maChine 1 includé’s}’ a ‘:systern‘
40 for producing the r"rst pressure generator G1 and in the lllustrated
example also the second pressure generator G2, with adjustable pressure

values dlstnbuted along the generator(s), for spreading the sheet 2 with low
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thickness variability. In other words, the system 40 allows modulation of the
pressure at will, along, these pressure generators G1, G2 in order to apply
uniform pressure on the sheet whrle taking .into account initial thickness
differences of the sheet with view to spreading the sheet with a low
thickness variability.

According to a preferred embodiment, the system 40 includes as a first
roller B, a flexibie roller and a series of localized supports 42‘withraajfustable
pressure, spread along the axis of the flexible roller '5 and actihg* on the
flexible roller 5. As this rhore specifically emerges from Fig. 2, the first roller
5 is mounted in a flexible way along its axis A in the sense that it is free of
any guiding bearing at both of its ends.

The flexible roller 5 may thus position itself automatically, without any
stress, between the two other rollers 6 and 7. Conversely, the second and
third rollers 6 and 7 are rigid since they are supported without any flexure
by the chassns 33 Each loc
flexible roller 5 vra rolllng members 43 with axial displacement. Thus each

l_rzed support 42 exerts its pressure on the

localized support 42 is able to exert a substantially vertical pressure force
perpendicular to the axis of the flexible roller 5 while_z accepting the
movement of rotation and axial oscillation of the flexible rollersl For
example, each Iocahzed support 42 is a pressure actuator 44, the rod of
which is equrpped wrth a rolling member 43, Each pressure actuator 44 is
connected to -a control unit not shown but known per se, a!lowrng
adjustment of the pressure exerted on the flexible roller 5. In the example
illustrated in Fig. 1, the spreading machine 1 includes four pressure
actuators. Of course, the number of pressure actuators 44 may be different.

According to an advantageous alternative embodiment, the Iocahzed
supports 42 are equrpped with. a devrce 46 for adjusting their posrtron along
the axis of the ﬂexrbtle roller 5. Thus the localized supports 42 may be
moved rndependently of each other along the axis of the flexible roIIer 5 s0
as to be able to exert their pressure force in all the selected locations of the
sheet 2. In the illustrated example, the actuators 44 are sl‘idabl'_y;rnounted

along a gantry 45 overhanging from a distance the flexible 'rOIIer"-»'\S'. Each
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actuator 44 is placed in 2 fixed position by means of a system for locking the
body of the actuator on the frame, not shown, but of all types known per se.
According to an advantageous alternative embodiment, the spreading
machine 1 according to the invention includes a system 48 for raising the
flexible rolier 5 in order to allow operations for placing the sheet 2 between
the flexible roller 5 and the rigid rollers 6, 7. In the illustrated example, the
raising system 48 mcludes two actuators 49 attached through their bodies

onto the gantry 45 and the rods 49a of which act on the shafts 21 and 29
extending from both ends of the flexible roller 5. It should be noted that the

elastic system 25 acts on the shaft 29 of the flexible roller 5 while the
camshaft 19 continues to exert an axial force on the shaft 21, evenduring
operations for raising the flexible roller 5 because of the presence‘-of the end
plates 21a and 29a, as Hlustrated in Fig. 3. o
According to an advantageous embodiment characteristic, the
spreading machine according to the invention includes a system 51 for
heating the sheet and the rollers during the passing of the sheet between
the pressure generators. The heating system 51 includes a nozzle 52 for
supplying the hot air produced by a hot air production unit not shown but
known per se. ThlS supp1y nozzle 52 opens between both rigid rollers 6 and
7 by directing the hot arr, ﬂow towards the flexible roller 5 along its portion
located between both pressure generators G1 and G2. Typrcally, a heatrng
unit of the Leister type is used for ensuring heating of the sheet 2 and of the
rollers up to a temperature of 80°C. R
In the foregorng description, the spreading machrne 1 rncludes a
flexible roller 5. and two ngrd rollers 6, 7 defining two pressure generators
G1, G2. Of course, the spreadlng machine 1 according to the invention may
have a similar voperation by applying a single rigid roller 6 denning with the
flexible roller 5, a single pressure generator G1. Moreover, the spreading
machine 1 described above, includes as localized supports 42, actuators
exerting a pressure force on the flexible roller 5. Other solutions may be
contemplated with_' vieyyl_j to pro_docing pressure generators with adjustable

pressure values.
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The spreading machine 1 according to the invention is particularly
adapted for spreading warp yarns 3 and also weft yarns 4 when the,_“sheet 2
is a fabric. | |

The application of a spreading method dlrectly results from the
foregoing description. .. ‘: " '

According to the methdd for spreading a sheet 2: |

- the sheet 2 is caused to run between at least two rotary rollers 5, 6-
7, the axes A of which extend parallel with each other and are substantially
perpendicular to the running direction of the sheet,

- the sheet under pressure is passed between at least one pressure
generator G1 of the rollers driven into axial oscillation and in phased

oppoabon

- and at least one pressure generator G1 of the rollers 5, 6-7 is
produced with adjustable pressure values along said generator so as to
spread the sheet 2 with a low thickness variability. .

It should be understood that it is thus possible to modulate the
pressure between the centre and the edges of the sheet 2 so that the
flexible roller 5 applles a ‘uniform pressure on the sheet 2 taking into account
the thickness differences of the sheet. Of course, it may be contemplated
that the pressures be identical along the contact generator.

During this spreading operation, the sheet 2 is maintained under
tension with a substantially constant small value, by means of suitable
systems for tenSlonlng the sheet 2, located on its travel, upstream and
downstream, from the pressure rollers and designed for compensating the
forces which may for example appear upstream, at the outlet of the weaving
machine and dowr\stream, at the winder of the sheet. _

According to a preferred alternative embodiment, one of the rollers 5 is
made flexible and the other one 6-7 made rigid and, locallzed supports 42
distributed along the axns of the roller and with adjustable values are exerted
on this flexible roller substantlally perpendicularty to its axis in order to

produce the generator wnth adjustable pressure value. Thus, different
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pressure values are exerted ln dlfferent locations of the pressure generator in
order to ensure proper spreadlng of the yarns of the sheet 2.

According to an advantageous feature of the invention, the method
consists of adjusting the position of the localized supports 42 along the axis
of the flexible rolier so as to selectively choose the locations where the
pressures are to be applied. For example, it is possnble to dlstnbute the
localized supports 42 in a regular way .along the axis of the flexible roller.
However, the adjustment consists of distributing the localized supports 42 at
most over the whole width of the sheet 2. Indeed, regardless of the Iengt’h
of the sheet, the localized supports 42 should always act inside the delimited
area overhanging the width of the sheet 2. In other words, the localized
supports 42 should not act on an area of the flexible roller which is never in
contact with the sheet 2 According to a preferred exemplary embodiment,
the position of the actli?torsﬁwhlch are close to the edges of the sheet are
positioned so as to be at @ ‘distance of at least 50 mm from these edges.
Typically, the actuators which are close to the edges of the sheet are
positioned so as to be at a distance of 150 mm from these edges The
actuators located between both of these actuators close to the edges are
positioned so that all the actuators are regularly spaced apart For example
the number of actuators is selected 'so that the distance between two
neighbouring actuators is of at least 300 mm. According to a preferred
embodiment alternative, the sheet 2 is caused to pass over the periphery of
the flexible roller 5 between two pressure generators G1, G2 with adjustable
localized pressure values. Both of these generators are delimited between
the flexible roller 5 and two driven rigid rollers 6, 7, synchronously, in
rotation and in ,os‘c‘illatt%h‘.ﬂ @g\@antageously, the sheet 2 is caused to pass
over the flexible roller 5,;bet\‘/v

en 1/6 and 1/3 of the periphery of the flexible
roller 5.

According to a feature of the invention, the sheet 2 and the roIIers are
heated during its passing between the pressure generator(s). :

It emerges from. the foregoing description that the mvent:on glves the

possibility of spreadlng the warp yarns of a one—dlrecttonal sheet of warp
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yarns or interlaced warp yarns and/or weft yarns of a fabric. The spread out
textile sheets will, at least, partly be formed of reinforcing fibres of the
carbon, glass or aramide type which conventionally consists of a set of
filaments extending along the direction of the yarn.

Advantageously, WLthm the :scope of the invention, the textile sheet to
i

warp yarns, or a fabric consrstxng of interlacing of warp yarns and weft

be spread out will elther-exc uswely consist of a one—directional sheet of
yarns. Of course, in every case, the yarns are not secured to each other by
any binder or mechanical binding method of the sewing or knitting type
which would hamper their displacement relatively to each other and would
not allow them'to be spread out. In the case of a fabric, the warp yarns and
the weft yarns are only held together by the weaving. In particular, in the
case of a textile sheet consisting of a one—directional sheet of warp yarns,
the latter will consist of carbon, glass or aramide yarns. In the case of a
fabric consisting of an interlacing of warp yarns and weft yarns, it is either
possible to spread out the weft yarns exclusively which, in this case, will be

interlaced with yarns. playrng the role of a support such as yarns in a

thermoplastic matenal !opht" spread out both the warp yarns and the weft
yarns. In every case, the yarns lntended to be spread out in the method
according to the invention consist of a set of filaments which may freely
move relatively to each other, and in particular of carbon yarns. Such yarns
may initially have a circular section or preferably rectangular sectxon but at
the outlet of the method accordlng to the lnventlon they WI” have a
rectangular section followmg the applrcatron of pressure forces. In order to
allow their spreadlng out, the yarns to be spread out and therefore the
constitutive yarns of the fabrics according to the invention, will neither be
impregnated, nor coated, nor associated with any polymeric binder which
would hamper free displacement of the filaments relatively to each other.
The yarns to be spread out are nevertheless most often characterized by a
mass standard smng Ievel 'WhICh may represent at most 2% of their mass.

A carbon yarh con5|sts of a set of filaments and generally includes from

1,000 to 80,000 filaments, advantageously from 12,000 to 24,000 filaments.
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More preferably, within the scope; of the invention, carbon fibres ef 1 to 24K,
for example, 3K, 6K, 12K or 24K, and preferentially 12 and 24K are used.
The carbon yarhs present within one—directional sheets, have a titer.of 60 to
3,800 Tex, and preferentially from 400 to 900 tex. The one-directional sheet
may be produced with any type of carbon yarns, for example high resistance
(HR) yarns for which the tensile modulus is comprised between 220 and
241GPa and the tensile breaking stress of which is comprised between 3,450
and 4, 830MPa yarns of mtermeduate modulus (IM) for which the tensile
modulus is comprlsed betWeen 290 and 297GPa and the' tensile breaking
stress of which is comprlsed between 3,450 and 6,200MPa and high modulus
(HM) yarns, for which the tensile modulus is comprised between 345 and
448GPa and for which the tensile breaking stress is comprised between
3,450 and 5,520Pa (according to the “ASM Handbook”, ISBN, O—8Zi§70—703¥
9, ASM International 2001). . o

Fig. 4A schemat|cally shows a fabric before its spreading out con5|st|ng
of an mterlacmg of warp yarns and weft yarns with a slightly different width
because of the weaving. These may notably be 3K carbon yarns. Each of the
warp yarns and weft yarns consist of a set of filaments. Initially, the
openness factor of the textile fabric is 4%.

Fig. 4B lllustrates the fabric obtained after applying the spreading
method accordlng to trle ,’|nvent|0n This fabrlc has an OF level of 0% and
warp and weft yarns of dlffereht width. '

Within the scope of the invention, it is possible that the textile sheet
before being subject to the method éccording to the invention has a zero or
non-zero openness factor. When initially the openness factor |s non zero,
applying the method accordmg to the mventlon causes a. reductlon of the
openness factor WhICh accompanles the obtaining of homogenlzatlon of the
thickness of the textile sheet. Whether initially the openness factor is zero or
non-zero, applying the method according to the invention céuses a reduction
in the thickness of the fabric by homogenization of the thickness of the yarns
making it up.
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The mventIOn ist not Ilmlted to the described and illustrated examples
since diverse modifi catlons may be provuded thereto without departmg from
its scope. ]

Examples of carbon yarn fabrics obtained by means of"th_e« .r\nethod

according to the invention are described in the examples hereafter:

MEASUREMENT METHODS USED

Measurements of the thicknesses

The following equipment is used:

» Vacuum pump from Leybold systems vacuum pump with reference
501902

> Three—dimensional machine Tesa “micro—hite DCC 3D”

> A glazed plate ln toughened glass with a thickness of 8 mm

> A vacuum cover ﬂJm '\f\‘/lth ref, 818260F 205°C Nylon 6, green from the
supplier Umeco, Aerovac.

> Bidim. AB1060HA 380gsm 200°C polyester, non—compressed rated

thickness 6 mm, supplier Umeco Aerovac. )

PC with the software PC-Dmis V42

A ball sensor @3 Wlth a maximum trigger of 0.06N

A cutting wheel of the Robuso type

YV V VY

A cutting template 305x305 mm

Connection for a vacuum pump

\74

\«/7

A vacuum gasket SM5130 from the supplier Umeco Aerovac.

Description of the measurement
> Put the glass platejthh the stack of three pieces of a same fabric, as
well as the envxronment |n the order from bottom to top:
o bidim (a felt known to one skilled in the art)
o stack of fabrics in the same direction, with the warp yarns
extendmg in the direction parallel to an edge of the square }'
.of 305, X 305 mm

o’ vacuum'cover
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Check the vacuum level (a vacuum of less than 15mbars).

» Establish a pressure reduced by a minimum of 15mbars in the
vacuum cover, so as to place the stack under a pressure of 972mbars
+/- 3mbars.

» Dimensional stabliization 6f the stack of fabrics under reduced
pressure has to be attained.

» Leave the stack under this reduced pressure for at least 30 minutes
before taking the points.

» Take a physical point on the table in a manual mode {(white point on
the top left of the table) by means of the joystick (joy on the stick),
validate and then switch to automatic mode (awto on the stick):

» Switch to automatic mode and wait till the measurement is made.

The program proceeds with taking 25 measurement points by means
of its triggering sensor.

The measurement of 25 « blank » points is repeated i.e. without the
stack of the three fabrics in order to medsure the thickness of the vacuum
cover and of the glass.

Thus by a differential altitide measurement in between, with or without
a stack, we have a thickness average on 25 points, on the stack.

Openness factor measurements

The openness factors were measured according to the following
method.

The device consists of a camera of the brand SONYm(modeI SSC-
DC58AP), equipped with a 10x objective and with a luminous table of the
brand WaldmannT,MmodeI W LP3 NR,101381 230V 50Hz 2x15W. The sample
to. be measured is laid on the luminous table, the camera is attached a
bracket, and positioned at 29cm from the sample, then the sharpness is
adjusted.

The measurement width is determined according to the textile fabric to
be analysed, by means of the ring (zoom), and of a ruler: 10 cm for open
textile fabrics (OF>2%), 1.17 cm for not very open textile sheets (OF<2%).

CA 2900478 2020-01-10
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By means of the diaphragm and of a contro! photograph, the luminosity
is adjusted so as to obtain an OF value corresponding to the one given on
the control photograph.

The contrast measurement software package VideometT,M from Scion
Image (Scion Corporation, USA) is used. After capturing the image, the latter
is processed in the following way: by means of a tool, 8 maximum surface
area is defined corresponding to the selected calibration, for example, for
10cm - 70 holes, and including an integer number of patterns. An elementary
surface in the textile sense of the term, i.e. a surface which describes the
geometry of the fabric by repetition is then selected.

The light of the luminous table passing through the apertures of the
fabric, the OF as a percentage is defined by a hundred multiplied by the ratio
between the white surface area divided by the total surface area of the
elementary pattern: 100* (white surface/elementary surface).

It should be noted that the adjustment of the luminosity is important
since diffusion phenomena may modify the apparent size of the holes and
therefore the OF. An intermediate luminosity will be retained, so that no too
significant saturation or diffusion phenomenon is visible.

The fabrics with a width of 127cm having basis weights, thickness
standard deviations, openness factor, openness factor variability and shown
in Table 2 below were able to be obtained by means of the method
according to the invention, by using the parameters as defined in Table 1.

The machine used complies with Figs. 1 and 2, with rollers of a
diameter of 60 mm and a length of 1,700 mm, the actuators being spaced
apart by 320 mm, the two located at the ends being distant from the edge of
the fabric by 155 mm. Table 1 gives as an example, for the fabrics shown in
Table 2, the pressure force of the 4 pressure actuators 44 (No. 1 to 4)
taken from one edge to the other of the fabric, with a running speed of the
textile sheet (mm/min), a frequency (Hz) and a temperature (°C). According
to these exemplary embodiments, more significant forces are applied in the
central area of the fabric 2 allowing good spreading of the fabric 2, by

CA 2900478 2020-01-10
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P iy
compensating for the thickness difference existing initially between the
centre and the edges of the fabric, as illustrated in Fig. 5. |

The AS4 3K yarns provided by Hexcel Corporation (Sta':mford USA) are
high breaking stress resistance yarns of 4,433 Mpa, of a tensne modulus of
231GPa having a t|ter of 200 Tex with filaments of 7.1 microns.

The AS4 12K yarns provided by Hexcel Corporation (Stamford USA) are
high breaking stress resistance yarns of 4,433 Mpa, of tensilemodulus of
231GPa having a titer of 800 Tex with filaments of 7.1 microns.

The AS7 12K yarns provided by Hexcel Corporation (Stamford, USA) are
high breaking stress resistance yarns of 4,830 Mpa, of tensile modulus of
241GPa and having a titer of 800. Tex with filaments of 6.9 microns.

The IM7 6K yarns‘provided by Hexcel Corporation (Stamford, USA) are
yarns with an intermec‘iiatebreaking stress modulus of 5,310 Mpa, of a
tensile modulus of 276 Gpa and having a titer of 223 Texl\.Nith filaments of
5.2 microns.

The IM7 12K yamns provnded by Hexcel Corporation (Stamford USA) are
yarns with an lntermedlate breaking stress module of 5,670 Mpa, of a tensrle
modulus of 276 Gpa and having a titer of 446 Tex with filaments of 5.2
microns. | |

As an example, the tissue of 199 g/m? with AS4 3K before spreading
has an average openness factor of 10.5% (12.5% on the edges of the fabric,
6.5% on the centre of the tabric) i.e. a variation of 6% of the openness
factor between centre and edge and an average thickness of 0.191 mm
(0.201 mm on the edges of the fabrlc 0. 187 mm on the centre of the fabric)
ie. a 12% thrckness varlatlon between centre and edge. The thlckness
standard deviation of the stack of three folds of the non-spread fabnc is
0.055 mm.

After spreading out the openness factor of this same fabric passes to
0.1% on average i.e. a 99% reduct|on as compared with the non—spread
out fabric, with a maxrmum variation of 0.5% which moreover is not due to
an increase in the values on the edges, the average openness factor of the

edges and of the centre being equal to 0.1%. A large portion of the
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measured openness factors are close to 0%, and a small population above

0.1% up to 0.5% |n rare cases, inducing an average at 0.1% with a

maximum variat|on of O,S%WThe thlckness of the fabric after spreading is
0.177 mm, i.e. reduced by 8% as compared with the non—spread fabric. The
standard deviation of the stack of three folds of the spread Yabric is
0.030 mm, i.e. a 45% gain as compared with the non-spread fabric. This
information is gathered in Table 3 hereafter. L

As an another example a tissue of 75 g/m2 in AS4C 3K will have an
average openness factor before spreading of 45%, and an average openness
factor after spreading of 0.8%, i.e. a 98% gain.

In every case, the application of the method according to the invention
causes a significant reduction in the standard deviation of the thickness, of
the average thickness, of the openness factor and of its variability. In
particular, regardless of the basns ‘weight of the fabric and the yarn used, by
applying the method ac;cokdlng to the jnvention, the gain in thickness
standard devnatlon of 3 folds under the pressure of 972mbars is equal at

least to 20%, and in most cases is greater than 30%.
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CLAIMS:

1. A fabric consisting of warp and weft yarns, comprising one of the
combinations of following characteristics:

- a basis weight greater than or equal to 40 g/m2 and less than 100 g/m2 and
a thickness standard deviation measured on a stack of three identical fabrics
deposited on each other and along the same direction which is less than or equal to
35 um,

- a basis weight greater than or equal to 100 g/m2 and less than or equal to
160 g/m2 and a thickness standard deviation measured on a stack of three identical
fabrics deposited on each other and along the same direction which is less than or
equal to 50 pm,

- a basis weight greater than 160 g/m2 and less than or equal to 200 g/m?2
and a thickness standard deviation measured on a stack of three identical fabrics
deposited on each other and along the same direction which is less than or equal to
60 um, or

- a basis weight greater than 200 g/m2 and less than or equal to 400 g/m2
and a thickness standard deviation measured on a stack of three identical fabrics
deposited on each other and along the same direction which is less than or equal to
90 pm,

and wherein the warp yarns and/or the weft yarns consist of a set of filaments
wherein the warp yarns and weft yarns are neither impregnated nor coated nor
associated with any polymeric binder so that the filaments within each warp yarn and
weft yarn are adapted to freely move relatively to the others within said yarn.

2. The fabric according to claim 1, wherein the fabric consists of warp yarns
identical with each other and of weft yarns identical with each other.

3. The fabric according to claim 2, wherein the warp yarns are identical to the
weft yarns.
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4. The fabric according to any one of claims 1 to 3, wherein the warp yarns and
the weft yarns comprise carbon yarns.

5. The fabric according to claim 4, wherein the fabric consists, by at least 99%
by mass, of the carbon yarns.

6. The fabric according to claim 4, wherein the fabric exclusively consists of the
carbon yarns.

7. The fabric according to any one of claims 1 to 6, wherein the fabric has a
basis weight greater than or equal to 40 g/m2 and less than 100 g/m2, a thickness
standard deviation measured on a stack of three identical fabrics deposited on each
other and along the same direction which is less than or equal to 35 um and an
average openness factor from 0 to 1%.

8. The fabric according to claim 7, wherein the fabric has an openness factor
variability of at most 1%.

9, The fabric according to claim 7 or claim 8, wherein the fabric consists of yarns
having a titer from 200 to 3,500 Tex.

10.  The fabric according to claim 9, wherein the titer of the yarns is from 200 to
1,700 Tex.

11. The fabric according to any one of claims 1 to 6, wherein the fabric has a
basis weight greater than or equal to 100 g/m2 and less than or equal to 160 g/m?, a
thickness standard deviation measured on a stack of three identical fabrics deposited
on each other and along the same direction which is less than or equal to 50 pm and
an average openness factor from 0 to 0.5%.

12. The fabric according to claim 11, wherein the fabric has an openness factor
variability of at most 0.5%.

13. The fabric according to any one of claims 1 to 6, wherein the fabric has a
basis weight greater than 160 g/m2 and less than or equal to 200 g/m2, a thickness
standard deviation measured on a stack of three identical fabrics deposited on each
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other and along the same direction which is less than or equal to 60 um and an
average openness factor from 0 to 0.5%.

14. The fabric according to claim 13, wherein the fabric has an openness factor
variability of at most 0.5%.

15.  The fabric according to any one of claims 11 to 14, wherein the fabric consists
of yarns having a titer from 200 to 3,500 Tex.

16. The fabric according to claim 15, wherein the titer of the yarns is from 400 to
1,700 Tex.

17. The fabric according to any one of claims 1 to 6, wherein the fabric has a
basis weight greater than 200 g/m2 and less than or equal to 400 g/mz2, a thickness
standard deviation measured on a stack of three identical fabrics deposited on each
other and along the same direction which is less than or equal to 90 um and an
average openness factor from 0 to 0.1%.

18.  The fabric according to claim 17, wherein the fabric has an openness factor
variability of at most 0.1%.

19. The fabric according to claim 17 or claim 18, wherein the fabric consists of
yarns having a titer from 200 to 3,500 Tex.

20.  The fabric according to claim 19, wherein the titer of the yarns is from 800 to
1,700 Tex.

21. The fabric according to any one of claims 7 to 20, wherein the average
openness factor and the openness factor variability are measured by conducting 60
openness factor measurements distributed over a surface of 305 x 915 mm of fabric.

22. The fabric according to any one of claims 1 to 21, wherein the fabric has a
width of at least 100 cm.

23. The fabric according to claim 22, wherein the width of the fabric is from 100
to 200 cm.
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24. The fabric according to any one of claims 1 to 23, wherein the thickness
standard deviation is measured on a stack of three identical fabrics deposited on
each other and oriented in the same direction and placed under a pressure of
972 mbar +/- 3 mbar by conducting 25 point measurements distributed over a
surface of 305 x 305 mm.

25. The fabric according to any one of claims 1 to 24, wherein the fabric has an
architecture of the web, twill, basket weave or satin type.
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