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reinforcement composite

(67)  The present invention relates to a multilayer,
multiaxial woven fabric, a manufacturing process and the
use of said fabric for a reinforcement composite. This
woven fabric is formed from a structure of at least two
layers joined to one another, being joined by a warp -

Ps

Multi-axial multilayer woven fabric, process for its manufacture and use of such fabric for a

weft process, with the orientation of the weft yarns of
adjacent cloths (10, 11, 12) superimposed at different
angles with respect to the warp yarns (15) to form stacked
layers, wherein the rebonding of the different stacked
layers is done with weft yarns (13, 14) of the cloths (10,
11, 12) themselves.
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Description

[0001] The present invention relates to a multilayer,
multiaxial woven fabric that has been designed to be the
reinforcement base material acting like an inner core or
framework of a reinforcement composite, i.e., a synthetic,
multilayer, high performance composite, based on the
mentioned fabric and one or several resins which are
particularly for use in the aeronautics industry, wind pow-
er generation industry, in construction, etc., and particu-
larly resistant to multidirectional stresses, delamination,
impact and breaking. The fabric can be made from any
type of fiber that adapts to the conditions required for its
final application.

[0002] In a second aspect, the invention also relates
to a manufacturing process for manufacturing the men-
tioned multilayer, multiaxial woven fabric.

[0003] The invention also provides a use of the men-
tioned multilayer, multiaxial woven fabric to form a rein-
forcement composite.

State of the Art

[0004] The following can be mentioned as background
of the invention:

® The classic double cloth fabric with angles of the
weft with respect to the warp yarn being 0° and 90°;
@ Stacked fabric structures formed by several layers
of fabric joined to one another by needling, stitching
or resinating.

[0005] Patent EP 441719 B1, relating to a multilayer
flexible structure resistant to shear action comprising two
layers of fabric retaining a reinforcement element provid-
ing increased resistance between such layers, said two
layers of fabric being joined to one another by means of
a layer of a material having a modulus of elasticity with
respect to a shear stress is also known in the state of the
art, wherein said reinforcement element increasing the
resistance consists of a weft knitting structure based on
parts which maintain freedom of movement without
breaking under the action forces exerted parallel to the
surface thereof.

[0006] Patent application WO 0377692 discloses a
cut-resistant fabric which comprises at least two layers
and/or two directions of individual elements, at least one
individual element of which is a reinforcement element
comprising a reinforcement fiber and said elements are
notinterwoven, rather they only have an indirect connec-
tion created by chemical, plastic or rubber elements, or
by connecting elements which are weaker than the rein-
forcement element.

[0007] Patent application CN 201511560 discloses a
triaxial fabric used for a composite applied to the blades
of a generator, wherein adjacent layers are stacked to
form an integral structure, and wherein a first layer of
yarn is in a direction of 0 degrees, and it is the base layer
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on which a second layer of yarn is arranged at + 45°
which is based on the base layer and the third layer is a
layer of yarn at -45°, the three layers being stitched to-
gether to form said triaxial structure.

[0008] Inturn, patentapplication WO 2011/033145 dis-
closes a double cloth fabric comprising a first cloth woven
with yarns with a first composition (intimate mixture of
meta-aramid and para-aramid fibers) and a second cloth
with a second composition of the same fibers, both cloths
being joined to one another by means of linking stitches
(preferably warp yarns of the first cloth or of the second
cloth) with a concentration comprised between 5 and 50
linking stitches/cmZ, said stitches being produced from
the yarns that are an intimate mixture of meta-aramid
fibers and para-aramid fibers and the para-aramid yarn
of the second layer being arranged in warp and/or weft,
preferably in warp and weft.

[0009] Unlike the mentioned background documents,
the invention proposes another linking configuration be-
tween the various layers forming it which allows stacking
a high number of layers, providing a core that is highly
resistant to multidirectional stresses and therefore hav-
ing properties that are quite favorable for a reinforcement
composite in which it is integrated after the conventional
resinating step.

Brief Description of the Invention

[0010] The invention proposes a woven structure and
amanufacturing process based on technical yarns, form-
ing a woven structure of several cloths joined to one an-
other by a warp-weft process at different angles of the
weft yarns with respectto the warp yarns, forming several
stacked layers.

[0011] The objective of the invention is to manufacture
composites based on said multilayer, multiaxial fabric
that are more resistant to multidirectional stresses, par-
ticularly resistant to delamination and impacts. Known
composites tend to peel when these types of stresses
are applied, particularly when a certain threshold is ex-
ceeded. The fabrics of the invention are comparatively
much more resistant due to the special multiaxial rebond-
ing defining them.

[0012] Technical yarns such as carbon fiber, glass fib-
er, polyester, and polyvinyl alcohol type yarns, as well
as combinations thereof, and yarns with various rectan-
gular or planar sections, as well as yarns with a circular
section, are used to prepare the mentioned woven struc-
ture.

[0013] The new woven structure consists of a fabric
similar to that which is already known as double cloth
fabric but with the innovation that it includes wefts with
angles with respect to the warp (understood as being 0°)
of = 0, i.e. with an angle 8 having in principle any value,
to be chosen according to the features of the fabric as
the core of a composite.

[0014] The proposed woven structure is obtained from
rebonding with wefts of the adjacent cloths themselves.
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They are joined correlatively, i.e., a first cloth is joined
with a second cloth, the second cloth with a third cloth,
etc. It is not necessary to use auxiliary yarns or other
methods for joining cloths such as needling or stitching,
which is advantageous because the multilayer, multiaxial
fabric obtained does not experience external aggres-
sions and it maintains its structure intact, without destroy-
ing the fibers. The rebonding is performed at the same
time as weaving using weft yarns of the adjacent cloths
in forming stacked layers. This process allows rebonding
between layers at different angles, i.e., one layer at 90°,
the nextlayer at45° (or a different orientation), etc., which
is neither provided for nor suggested in the aforemen-
tioned fabrics applied for the described purpose.

[0015] Therefore, in the stacked cloths some cloths
adopt a direction of the conventional warp and weft yarns
(0°, 90°) and others (0°, + 6) or (0°, - 0).

[0016] This arrangement provides a multiaxial shed
providing high resistance to stresses in multiple direc-
tions that can be applied in the final composite, formed
from a plurality of cloths joined to one another, forming
a stack of layers.

[0017] Tomanufacture the multilayer, multiaxialwoven
fabric described, the warp yarns are placed in a warp
unwinder, each cloth with its corresponding yarn, a layer
being obtained by joining two cloths with the weft yarns
of both. Then the yarns are passed through a multilayer
mechanism which selects the layers to form the shed.
The layers are then woven by means of a mechanism
which allows multiaxial rebonding according to the pre-
viously explained structure. The layers fmally pass
through a fabric regulator and the multilayer, multiaxial
fabric is finally collected and will subsequently move on
to a conventional resinating step to form a composite.
[0018] Although the manufacturing process for manu-
facturing the multilayer, multiaxial fabric involves greater
difficulty, it allows stacking many more layers than in a
conventional fabric (more than 3 and up to a number of
14-20).

Brief Description of the Drawing

[0019] Sole Figure 1 of the drawings schematically
shows an embodiment of a multilayer, multiaxial woven
fabric according to the principles of this invention.

Description of an Embodiment

[0020] The attached Figure 1 shows an embodiment
of a multiaxial woven fabric, comprising in this case three
cloths 10, 11 and 12 woven according to a known warp
- weft process, determining three stacked layers which
are rebonded from wefts of the cloths themselves, the
cloths being correlatively joined to one another, showing
that the orientation of the weft yarns of each layer with
respect to the warp yarns is different from the previous
one, specifically being arranged from top to bottom at
135°, 104° and 45° with respect to a reference orientation
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of 0°.

[0021] In order to understand the proposal of this in-
vention, it must be taken into account that a layer in this
specification will be considered as the set of two adjacent
cloths 10, 11 linked by the weft yarns of both.

[0022] Therefore, in the example shown in Figure 1,
rebonding yarns 13 comprise weft yarns of cloth 10 and
of cloth 11 and rebonding yarns 14 integrate weft yarns
of cloths 11 and 12. The cloths 10, 11 and 12 forming
the stacked layers have been drawn separated from one
another for better understanding of the proposal provid-
ing, as indicated, a fabric suitable for obtaining a com-
posite or composite structure that is very resistant to
multidirectional stresses, particularly resistant to delam-
ination and to impacts.

[0023] The invention also provides that in addition to
obtaining the rebonding yarns from the weft yarns 13, 14
of two adjacent cloths to form a layer, additional weft
yarns are complementarily used.

[0024] As indicated, the woven structure is obtained
from technical yarns, for example carbon fiber yarns,
glass fiber yarns or yarns of another suitable nature, pro-
vided that the material of the technical yarn is not a de-
termining factor of the fabric structure or of the manufac-
turing process

[0025] The manufacturing process for manufacturing
a multilayer, multiaxial woven fabric according to the in-
vention comprises the following steps:

- placing the warp yarns in a warp unwinder, each lay-
er with its corresponding yarn;

- arranging the warp yarns through a multilayer mech-
anism which selects the layers to form the shed;

- weaving the layers by means of a mechanism which
makes multiaxial rebonding possible, with certain se-
lected orientations of the weft yarns with respect to
the warp yarns of the layers.

[0026] Allthe mentioned devices, such as the unwind-
er, the multilayer mechanism and the fabric regulator,
are of a conventional structure in weaving.

[0027] The layers thus obtained are then passed
through a fabric regulator and the multilayer, multiaxial
fabric is then collected and will subsequently move on to
a resinating process to obtain a composite.

[0028] The invention thus proposes using a multilayer,
multiaxial woven fabric for a reinforcement composite
comprising a woven structure in the form of several layers
joined to one another by a warp-weft process, with the
weft yarns of the layers oriented at different angles with
respect to the warp yarns.

Claims
1. A multilayer, multiaxial woven fabric formed from a

structure of at least two layers joined to one another,
characterized in that said joining is obtained by a
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warp - weft process, with the orientation of the weft
yarns of cloths (10, 11, 12) superimposed at different
angles with respect to the warp yarns (15).

The multilayer, multiaxial woven fabric according to
claim 1, characterized in that the different stacked
layers are rebonded with weft yarns (13, 14) of the
cloths (10, 11, 12) themselves.

The multilayer, multiaxial woven fabric according to
any one of the preceding claims, characterized in
that the cloths (10, 11, 12) are correlatively joined
to one another to form the stacked layers of the fab-
ric.

The multilayer, multiaxial woven fabric according to
any one of the preceding claims, characterized in
that it comprises more than three layers.

The multilayer, multiaxial woven fabric according to
claim 4, characterized in that it comprises 4 to 12
layers.

The multilayer, multiaxial woven fabric according to
any one of the preceding claims, characterized in
that the yarns of the woven structure are technical
yarns chosen from a group comprising carbon fiber,
glass fiber, polyester, and polyvinyl alcohol, as well
as combinations thereof.

The multilayer, multiaxial woven fabric according to
claim 6, characterized in that the yarn section is
planar or circular.

A manufacturing process for manufacturing a multi-
layer, multiaxial woven fabric comprising the follow-
ing steps:

- placing the warp yarns (15) in a warp unwinder,
each layer with its corresponding yarn;

- arranging the warp yarns (15) through a mul-
tilayer mechanism which selects the layers to
form the shed;

- weaving the layers by means of a mechanism
providing multiaxial rebonding by means of ori-
enting the weftyarns (13, 14) of the woven cloths
(10, 11, 12) at different angles with respect to
the warp yarns.

The manufacturing process for manufacturing a mul-
tilayer, multiaxial woven fabric according to claim 6,
characterized in that the layers obtained are
passed through a fabric regulator and the multilayer,
multiaxial fabric is collected.

Use of a multilayer, multiaxial woven fabric for a re-
inforcement composite comprising a woven struc-
ture in the form of several cloths joined to one another
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1.

12.

forming several superimposed layers by a warp-weft
process, with the weft yarns of the cloths joining the
layersto one another and oriented at different angles
with respect to the warp yarns.

Use according to claim 9, characterized in that the
rebonding of two cloths to form a layer is done with
wefts of the cloths (10, 11, 12) themselves.

Use according to claim 10, characterized in that
the rebonding of the cloths (10, 11, 12) to form a
layer is done with weft yarns in addition to those of
the cloths (10, 11, 12) themselves.



EP 2 610 375 A1




EP 2 610 375 A1

D)

Européisches
Patentamt
European
Patent Office

Office européen
des brevets

n

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 11 38 0109

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of g?f; g’nve;r:tv;i:ll;sir;gi::tion, where appropriate, Ee;le;;nt gkgf%?_ﬁénogp%lj THE
X WO 92/14876 Al (BONAS MACHINE CO [GB]) 1-3,11, | INV.
3 September 1992 (1992-09-03) 12 DO3D11/00
* page 5, lines 4-22; claim 1; figures DO3D13/00
1-11 * DO3D15/00
* page 1, lines 7,8 *
X EP 1 731 298 Al (TOYOTA JIDOSHOKKI KK 1-10,12
[JP]) 13 December 2006 (2006-12-13)
* paragraph [0025]; claim 1; figures 1-16
*
X JP 10 077540 A (TORAY INDUSTRIES) 1,3
24 March 1998 (1998-03-24)
* abstract; figure 1 *
X WO 96/10666 Al (LOCKHEED CORP [US]) 1
11 April 1996 (1996-04-11)
* figures 4,5 *
X WO 2010/004284 Al (GRIFFITH TEXTILE MACH (1,2
LTD [GB]; GRIFFITH JOHN DALTON [GB]) TECHNICAL FIELDS
14 January 2010 (2010-01-14) Po
* claims 1-3; figures 1-9 * DO3D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Munich

15 May 2012

Iamandi, Daniela

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document




EP 2 610 375 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 11 38 0109

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

15-05-2012
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9214876 Al 03-09-1992 AT 153711 T 15-06-1997
AU 663073 B2 28-09-1995
AU 1241592 A 15-09-1992
BR 9205639 A 24-05-1994
CA 2103802 Al 16-08-1992
DE 69220043 D1 03-07-1997
DE 69220043 T2 05-02-1998
EP 0571461 Al 01-12-1993
GB 2268193 A 05-01-1994
JP HO6504593 A 26-05-1994
us 5431193 A 11-67-1995
WO 9214876 Al 03-09-1992

EP 1731298 Al 13-12-2006 CN 1876916 A 13-12-2006
EP 1731298 Al 13-12-2006
JP 4424263 B2 03-03-2010
JP 2006341565 A 21-12-2006
TW 1314098 B 01-09-2009
US 2007202295 Al 30-08-2007

JP 10077540 A 24-03-1998  NONE

WO 9610666 Al 11-04-1996 AU 716786 B2 09-03-2000
AU 2430995 A 26-04-1996
BR 9508863 A 11-11-1997
CA 2195548 Al 11-04-1996
CN 1168703 A 24-12-1997
DE 69528467 D1 07-11-2002
DE 69528467 T2 06-02-2003
EP 0784717 Al 23-07-1997
HK 1000584 Al 28-02-2003
JP H16510766 A 20-10-1998
KR 100256720 Bl 15-05-2000
NZ 285263 A 24-09-1998
RU 2126468 C1 20-02-1999
WO 9610666 Al 11-04-1996

WO 2010004284 Al 14-01-2010  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 2 610 375 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« EP 441719 B1[0005] « CN 201511560 [0007]
* WO 0377692 A [0006] * WO 2011033145 A [0008]



	bibliography
	description
	claims
	drawings
	search report

