EP 2 740 824 B1

(19)

Europdisches
Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 740 824 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: D04C 1/06 (2006.07) D04C 3/20 (2006.01)
25.09.2019 Bulletin 2019/39 D04C 3/40 (200697

(21) Application number: 12196166.8

(22) Date of filing: 07.12.2012

(54) Triaxial textile armature, process for producing triaxial textile armatures and composite material

part

Dreiachsige textile Armierungen, Verfahren zur Herstellung von dreiachsigen textilen Armierungen und

Verbundmaterialteil

Armature textile triaxiale, procédé de production d’armatures textiles triaxiales et piece en matériau

composite

(84)

(43)

(73)

Designated Contracting States:

AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Designated Extension States:

BA ME

Date of publication of application:
11.06.2014 Bulletin 2014/24

Proprietor: Vostech B.V.
6181 MP Elsloo (NL)

(72) Inventor: Cahuzac, Georges
33110 Le Bouscat (FR)

(74) Representative: Veldman-Dijkers, Cornelia G. C.
Ab Ovo Patents B.V.
Platz 1 Limbricht
6141 AT Sittard-Geleen (NL)

(56) References cited:
FR-A1-2884836 US-A-2788700
US-B1- 6 495 227

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 740 824 B1
Description

[0001] The present invention relates to the domain of composite materials that are constituted by a textile armature,
or long fiber reinforcement, impregnated with a resin named matrix. That invention is a new type of armature and its
manufacturing process that allows obtaining low cost parts with complex shapes, open or closed, with high mechanical
performances (value). That invention is more precisely a new type of textile architecture that is a triaxial braid with a
majority of the yarns in the longitudinal direction and a constant thickness. For obtaining from those braids high perform-
ance composite materials, it's necessary that the yarns in the three directions have minimal fiber crimp and create few
internal voids by their crossing. That is the result achieved by that invention.

[0002] We can give as an example of the prior art the fabric QISOTM from the A&P company. That triaxial fabric
obtained by braiding on a regular braiding machine is said ISO as it has the same amount of fiber in the three directions,
0°, +60° and -60°. But the geometrical analysis shows that it's impossible to recover continuously the fabric surface at
the same time by the oblique or bias yarns at + or - 60° and by the axial yarns at 0°.

[0003] The reason for that is the crossing of the bias yarns between two axial yarns.

[0004] The geometrical analysis of that crossing shows that if we want to cover all the surface by the bias yarns,
without any void between two bias yarns, it is necessary to create a void between two axial yarns as big as their own
width, that is to say that it is possible to recover only half part of the surface by the axial yarns. Hence, to have the same
amount of fibers in the three directions, it's necessary to double the thickness of those axial yarns. The surface of such
a fabric is made by alternate ribbons holding two layers of bias yarns and ribbons holding fourth layers, the two bias
yarns and two axial yarns. Therefore that fiber architecture is not optimized and a part made by many layers of such a
fabric will not have a fiber volume ratio high enough for making aeronautical parts. Such a fabric is manufactured on a
regular braiding machine that produces textile architectures not good enough for making high performance composite
materials.

[0005] The invention resolves that problem because it allows manufacturing triaxial braids with a constant thickness
and a majority of fiber in the axial direction while keeping all the other advantages of the braiding process that creates
at high speed in-shape parts, by introducing in the center of the braiding machine a mandrel that is covered by the yarns.
That way of making parts is often named overbraiding.

[0006] A previous try to resolve that problem can be found in the French patent No. 2 753 993 of Georges CAHUZAC
that creates a high quality fiber architecture. That textile armature holds layers of axial yarns disposed in quincunxes
and linked two by two by the bias yarns. The first axial layer is linked with the second layer by the bias yarns with one
orientation while the second layer is linked with the third one by the bias yarns with the other orientation. That textile
armature is well done but is not symmetrical into its thickness and that can create some deformation during the polym-
erization with shrinkage of the resin matrix.

[0007] Its manufacturing process consists in using a braiding machine that has notched wheels disposed in quincunxes
inside a cylinder. The path of the moving bobbins holding the bias yarns is obtained by the combination of the rotation
of those notched wheels with the changing of angle of guiding needles. That mechanism is complex and could block
the functioning if not correctly tuned. The gears that are disposed in quincunxes under a cylinder are difficult to machine
correctly. This braiding machine is expensive to build and uneasy to tune.

[0008] Another example of prior art is given in the French patent No 2 804 133 that describes a circular multilayer
braiding machine that is made with fourth concentric rows of notched wheels and their gears. All the wheels have fourth
notches. Fixed parts with crossed paths are disposed between each two wheels to give the required paths for the bobbin
carriers. The axial yarns are introduced inside tubes disposed in the center of each wheel. This braiding machine has
areliable functioning, butcannot do a high quality fiber armature because the bias yarn crossings create a fiber architecture
holding many axial voids in which it is impossible to insert yarns. But the mechanical characteristics of a composite
material part depends of the way in which the yarns are well disposed in accordance with the efforts (strengths), without
any yarn bending and without creating by their crossing voids filled only by resin, decreasing the fiber volume ratio of
such a part and creating yarn bending during compaction.

[0009] That problem was solved in the English patent GB 8234187 or EP 0113196 in which is described a multilayer
braiding machine that holds rows of tubes between the rows of notched wheels in order of inserting the axial yarns
necessary to fill these voids. That machine has notched wheels that are not adjacent and are disposed on two different
levels. The difference in rotational speed between each row allows the functioning of that machine only with few bobbin
carriers, and with stops between two wheels. In reality, that braiding machine cannot work because there will be always
a blocking step reached after some rotations.

[0010] Another example of prior art is given in the French patent No. FR2884836 invented by Georges CAHUZAC.
The described multilayer textile armature allows the realization of good quality parts. Its manufacturing process consists
in using a very special type of braiding machine in which the bobbins carriers move sequentially in zigzag, which is a
limitation in the braiding speed. The simultaneously deposition of all the yarn layers of a part compensates that slowing
butit’s a less flexible process than a speedy deposition of some independent layers with optimized braiding for each one.
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[0011] Our new textile armature for making composite material parts is based on using braiding machines with two
rows of notched wheels known at least from the XIXth century since we can find a description of an improvement of
such a machine in the US patent No. 886825 of May 5th 1908. A more recent example of such braiding machines can
be found in the French patent No. 1.105.915 of May 20th 1954 from Arthur CROSSLEY and Henri Morton CROSSLEY
in which are described two braiding machines, one with two rows of notched wheels and one with three rows of notched
wheels. But the using of those braiding machines was fallen into disuse, if they ever have been built, and their tremendous
interest for making armatures for composite material parts was not seen until today.

[0012] Our present invention comprises a high quality tri-axial textile armature, very useful to manufacture cheaply
lengthy parts directly in shape, in order of remediating at a lack in the range of existing processes. An armature in
accordance with this invention has three fiber orientations, the first one axial and the two others making a angle, by
example +60° and -60°, with the axial direction, in which those bias yarns do not cross each other during getting through
the layer of axial yarns, but get it through in their respective odd and even intervals. The +60° yarns pass through the
axial yarn layer in each odd interval while the -60° yarn passes through it in each even interval. The quality of those
armatures is improved by adding little axial yarns on the upper and lower side of those intervals to obtain armatures with
three layers of axial yarns, in which the central layer yarns are bigger than the side layer axial yarns. Those armatures
have a remarkably constant thickness and all their yarns have very smooth paths.

[0013] The axial yarns in the central layer can have a round or elliptic cross section but more preferably the cross
section of the axial yarns has a flattened cross section. This flattened cross section is needed to create a layer that has
a minimum thickness and a maximum strength. The size of the cross section of the axial yarns of the central layer in a
direction basically perpendicular to the thickness is at least twice the size of the cross section in the same direction of
the axial yarns of the side layer or the bias yarns. It is noted that all kinds of cross sections can be applied.

[0014] The process to manufacture those armatures in accordance with this invention is a braiding process, that is to
say a process that moves the yarn bobbins by the way of rotating adjacent wheels exchanging each other’s their bobbin
carriers.

[0015] A braiding machine for making an armature in accordance with this invention has to be built with two circum-
ferential rows of adjacent wheels and three rows of tubes for introducing the axial yarns. The tubes of the external and
internal rows are situated at the center of the notched wheels, while the tubes of the central row are situated at or near
the crossing of the diagonals linking the axes of fourth adjacent wheels. Those braiding machines can be built within
two ways of disposing the rotating wheels. The first way is in disposing the two rows of wheels on a disk. The second
way is in disposing the two rows of wheels inside a cylindrical or spherical ring. In the both cases the yarns are laid on
a central mandrel after leaning on a fixed ring surrounding it.

[0016] The annexed figures will help to better understand how this invention can be made.

[0017] Thefigure 1is aview of a braid made in accordance with prior art. Inside that braid the axial yarns are separated
by spaces equal or larger than their own width to allow the passing of the bias yarns through the axial yarns while there
are crossing each other’s into those same spaces. The composite material part obtained by laying many of such braids
can’t be a high quality part because each braided layer has not a constant thickness.

[0018] The figure 2 is a schematic view of the disposition of the notched rotating wheels into a braiding machine made
in the prior art for making armatures of composite material parts. That machine has only one row of notched wheels that
are making by their rotations the bobbins carriers holding the bias yarns moving into opposite directions along two
crossed paths. Those yarns are forming the braid around a central mandrel. The axial yarns are passing through the
center of each notched wheel and are placed into the braid as shown on figure 1.

[0019] The figure 3 shows a first example of armature in accordance to the invention. The bias yarns 2 passes over
two axial yarns 1a then passes under two axial yarns 1a. The bias yarns 3 also passes over and under two axial yarns
1a but their passing through the layer of yarns 1a are shifted of one interval with that of the bias yarns 2. One can say
that this armature is characterized by the getting of the bias yarns 2, constituting a first direction, through the layer of
axial yarns 1a in their intervals said even and the getting of the bias yarns 3, constituting the second direction, through
that layer of axial yarns 1a in their intervals said odd.

[0020] In this armature, those axial yarn 1a intervals can be smaller than in the armature showed figure 1 because
the bias yarns 2 and 3 get through the layer of yarns 1a in separated intervals and the yarns 2 never cross the yarns 3
in those intervals. The unit cell that characterizes this fibre architecture is made of one layer of four axial yarns linked
by two sets of N crossed bias yarns, N being an even number, equal to two on this figure.

[0021] The figure 4 shows a second example of armature in accordance with this invention. Axial yarns 1b were
introduced over and under the intervals between the axial yarns 1a for improving the continuity of thickness of this
armature. The unit cell that characterizes this fibre architecture is made by 12 axial yarns disposed on three layers, with
the yarns 1a of the central layer in quincunxes with the yarns 1b of the side layers, linked by two crossed sets of N yarns,
N being an even number, equal to two for the armature shown on this figure 3. Each bias yarn 2 or 3 get over 6 and
under 6 axial yarns 1a and 1b while crossing 2*N yarns 3 or 2 of the other set of bias yarns. The created armature is
suitable for making high performance composite material because its thickness is uniform and have a majority of the
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yarns in the axial direction. The armature shown on figure 4 has the sections of the yarns 1a of the central layer roughly
two times bigger than the ones of yarns 1b of the side layers. As the place for each central axial yarn is two times larger
and two times thicker than the one of the side axial yarn, its section can be usually chosen between two times and four
times bigger than the section of the side axial yarns in order to improve the thickness homogeneity of that armature.
[0022] The figure 5 shows a third example of the armature object of the invention. The N number of each set of bias
yarns was doubled by comparison with the figure 4, therefore it is equal to four. That allows having an armature in which
the wideness of the bias yarns 2 or 3 is the same as the one of the side axial yarns 1b for an angle of 60°.

[0023] The figure 5a shows a fourth example of the armature object of this invention. The N number of each set of
bias yarns has been increased to six. That allows having an armature in which the width of the bias yarns 2 or 3 is the
same that the one of the side axial yarns 1b for an angle of 45°.

[0024] The figure 6 shows a section view of another example of armature in accordance with this invention in which
a thick central layer is obtained by using as axial yarns 1a a light density product, by example a foam in order of creating
an armature suitable for making the center part of a sandwich structure usable for impregnating by resin infusion. The
bias yarns have in that armature the right positioning to carry the shear loads between the skins, the same positioning
that we can find in the French patent Nb. 2.918.599.

[0025] The figure 7 shows a flat sketch of the disposition of the two rows of notched wheels 4 and of the three rows
of tubes 5 and 6 in which are introduced the axial yarns 1a and 1b for making armatures in accordance with this invention.
Each wheel has four notches as in any regular braiding machine. The tubes 5 in which the axial yarns 1b of the side
layers are introduced are situated at the center of each notched wheel while the tubes 6 in which the axial yarns 1a of
the central layer are introduced are situated near the crossing of the diagonals linking the axes of fourth adjacent wheels.
All those wheels 4 are linked with gears 14 not shown on that sketch but visible on figure 10. Each bobbin carrier 9 is
guided by grooves 7 and 8 machined into a plate situated between the wheels and the gears. When all the wheels are
rotating, the bobbin carriers charged with the bias yarns 2 are moving to the right side guided by the grooves 7 while
the bobbin carriers charged with the bias yarns 3 are moving to the left side guided by the grooves 8. Their guiding
grooves are machined in such a way to allow the using of bobbins as big as possible as passing in the center between
the tubes 5 and 6. By introducing axial yarns only into the central row of tubes 6, the armature visible on figure 3 is
obtained. By introducing yarns into the three rows of tubes, the armatures visible on figure 4 or 5 are braided. For avoiding
that the bobbin carriers collide during braiding, their number is limited at two on each trajectory going from one wheel
to the following four. Hence the armature visible on figure 5a is not doable by using wheels with four notches.

[0026] The figure 7a shows the same sketch on which the number of notches on each wheels has been decreased
to three. The number of bobbin carriers 9 can be increased to three on each trajectory without colliding. Hence the
armature visible on figure 5a is doable by using wheels with only three notches.

[0027] It's interesting to note that when the number of notches is even on the two rows of wheels, it's possible to put
only two bobbin carriers on each trajectory of eight notches. When the number of notches of the wheels is odd on the
two rows, it's possible to put a bobbin carriers each two notches. And when the number of notches is odd on a row and
even on the other one, it's possible to put a bobbin carrier each three notches.

[0028] The figure 8 shows such a disposition of wheels on the internal row that have four notches, and wheels of the
external row that have 5 notches. Hence it's possible to put three bobbin carriers on each trajectory of 9 notches.
[0029] The figure 9 shows a general front view of a braiding machine able to make the armature object of this invention.
Its notched wheels are disposed on a vertical disk 13. That vertical disposition is usely named at horizontal axe. That
disposition is convenient for intruding a mandrel 10 that will be covered by the yarns.

[0030] The figure 10 is the side view of that braiding machine showing the gears 14 driving the wheels 4, the plate 15
in which the guiding grooves are machined. and the path of the yarns from the ends of the tubes 5 and 6 to the mandrel
10 on which they create the armature 12 after sliding inside the ring 11.

[0031] Thefigure 11 shows the side view of a braiding machine made by disposing the two rows of wheels symmetrically
inside a big ring. The surface on which the bobbin carriers move is a spherical surface.

[0032] The figure 12 shows a braiding machine with its lower part installed into a pit for keeping the area of braid
armature formation at a height convenient for the operators or for making easier the introduction of a great length mandrel
into the center of that braiding machine. The created braid goes on a tensile apparatus 17 that makes the braid 12
moving at a constant speed and winds it on a drum 18. We will describe a first example of braiding machine built for
making armatures in accordance with this invention and also some examples of armatures manufactured on it.

[0033] That braiding machine, shown sketchily on the figures 9 and 10, is mainly constituted by two rows of 28 notched
wheels 4. That number N is a multiple of 4 so those braids will have a integer number of unit cells. The wheels of the
internal row have 4 notches while the wheels of the external row have 5 notches. Those three numbers are chosen in
accordance with the formula that link the diameters of the wheels on two concentrical rows with their number N:
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Dext/Dint=(1+sin(PI/N))/(1-sin(PI/N)),

in which Dext is the diameter of a wheel in the outer row of wheels, Dint is the diameter of a wheel in the inner row of
wheels and N is the number of notched wheels per row.

[0034] As N=28, that ratio is equal at 1.25216 that is very close of 1.25 the ratio 5/4 of the numbers of notches.
[0035] Those notched wheels are linked with gears 14 that are also in that ratio of 1.25 between their two rows. The
diameter of the wheels of the internal row is 160 mm and the diameter of the ones of the external row is 200 mm. That
machine can receive 84 bobbin carriers maximum. As the number of notches is even on the internal row of wheels and
odd on the external row, it's possible to put a bobbin carrier each three notches. Each path corresponding to the unit
cell, that is to say covering the distance between five axial yarns in four steps), is made of 4+5=9 notches and can
receive three bobbin carriers without colliding.

[0036] As the bobbins and the bobbins carriers are usual components of braiding machines, they are not described
in that patent.

[0037] A mandrel 10 is situated in the machine center. Its shape can be the internal shape of the required part. So,
its shape can be other than round, rectangular by example, have a variable size or a curvature to braid a fuselage frame
by example. It can move to pull the braid or be fixed and the braid slides on it to be wounded around a drum (see figure
12). A cutting mechanism can be placed between the mandrel 10 and the drum 18 to wind on it a flat triaxial fabric.
[0038] A ring 11 surrounds the mandrel 10 and help to facilitate the formation of the braided armature 12. It is linked
at the machine frame 16 by some rods not shown here. The tuning of the mandrel speed, or of the sliding speed of the
braid on it when the mandrel does not move, with the rotation speed of the wheels adjusts as required the angle of the
bias yarns with the axial yarns.

[0039] That braiding machine allows braiding an armature with three layers of 28 axial sites of yarns but, as we can
put into the central layer two to four yarns, that braid has the equivalent of 112 to 168 axial yarns.

[0040] The armature created by this braiding machine is similar at the one shown on the figure 5. When braiding
around a mandrel of 200 mm of diameter, using as braiding yarn 50K carbon yarn from SGL and putting four axial yarns
in the center tubes, that braiding process produces triaxial armatures with the following features: with braiding a 45°
braiding angle and a fiber volume ratio of 60%, a thickness of 1.5 mm, 59% of axial fibers and 41% of bias yarn, with a
60° braiding angle, a thickness of 1.7 mm , 50% of axial fibers and bias fibers. That triaxial armature will be produced
at a rate of 320 Kg/hour for a 45° braiding angle, 220 Kg/hour for a 60° braiding angle.

[0041] We will describe a second example of bigger braiding machine and also some examples of armatures manu-
factured on it.

[0042] That big size braiding machine, visible figure 12, has two rows of 144 wheels. That number is a multiple of four
so the number of unit cell is integer. Each wheel has only three notches, because it’s possible to put more bobbin carriers
without colliding than if we had used more regular wheels with four notches. When the number of notches is odd on the
both rows of wheels, it is possible to put on a unit cell trajectory of 6 notch intervals a bobbin each two intervals, and so
we can put three bobbin carriers on each trajectory. As there are four paths per unit cell, the number of bobbins carriers
is 3*4=12 each four wheels or 144/4*12=432. The number of tubes for introducing the axial yarns is the same: 144*3=432.
[0043] The internal wheel diameter is 200 mm and the external wheel diameter is 208.9 mm. The ratio (1+sin(PI/N)/(1-
sin(PI/N) =1,0446 is enough close of 1 for keeping the change of speed, when the bobbin carriers pass from one row
of wheels at the other one, at an acceptable value. The diameter of the bobbin carriers is 110 mm and the diameter of
their bobbins is 80 mm. The external diameter of that braiding machine is 10 m. It will be useful to install it partially into
a pit to facilitate the operator work.

[0044] The braided armature will have the equivalent of 576 to 864 axial yarns depending of the number of yarns put
in each tube of the central row.

[0045] When braiding around a mandrel of 1 m of diameter, using as braiding yarn 50K carbon yarn from SGL and
putting four axial yarns in the center tubes, that braiding process produces triaxial armatures with the following features:
with a 45° braiding angle, for a fiber volume ratio of 60%, a thickness of 1.52 mm, 59% of axial fibers and 41% of bias
fibers, with a 60° braiding angle, a thickness of 1.78 mm, 50% of axial fibers and bias fibers. That triaxial armature will
be produced at a rate of 1600 Kg/hour for a 45° braiding angle, 1100 Kg/hour for a 60° braiding angle.

[0046] By comparison with the actual processes for making composite material parts, this new process will allow
manufacturing in-shape reinforcement for composite parts, often named preforms, cheaper than any other process as
all the yarns in three directions are wrapped together on the mandrel. By comparison with the fiber placement, the fiber
laying rate is so much higher that it is a sure bet to use this new process. And the price of the raw material is also cheaper
as that process uses only dry fiber without all the troubles generated when using pre-impregnated yarns. When used
into a manual laying-up process, the using of fabrics with the equivalent of four layers of yarns, two axial and two bias
ones, decreases the part laying-up time. By comparison with multiaxial fabrics, or non-crimp-fabrics, it allows the reali-
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zation of closed in-shape parts. It is also well known that interlock textile architectures are better against delaminating
and for shock absorbing.

[0047] This process is well suited in the aeronautic world for making jet motor fan blades, helicopter or plane blades
and for any type of lengthy part as fuselage frames, stiffeners, and frames of ultra light aircraft. Those new armatures
will be convenient for making bike-, motorcycle-, car- or truck frames, and also their in-shape recovering panels. They
can also be used for making mechanical parts as torque shafts due to the high rigidity in flexion and torsion allowed by
the high quality of their fiber architecture.

[0048] Those armatures are obtained with a closed shape, but it is easy to axially cut them to obtain flat triaxial fabrics
then bent them to obtain any kind of profiles. This process will be in the future a very important process for making
cheaply high quality composite parts with a large range of applications.

Claims

1. Triaxial textile armature for making a high quality composite material comprising one single central layer of axial
yarns (1a), cross-linked by bias yarns (2, 3) extending in a first and a second direction, characterized in that the
bias yarns (2, 3) pass alternatively over two axial yarns (1a) of the single central layer and then pass under two axial
yarns (1a) of the central layer, the passing through the central layer of axial yarns (1a) being separated by one
interval between axial yarns (1a) of the central layer in order to prevent the bias yarns (2) extending in the first
direction and the bias yarns (3) extending in the second direction from passing through the central layer of axial
yarns (1a) in the same interval, the bias yarns (2) extending in the first direction passing through the central layer
of axial yarns (1a) in even intervals between axial yarns (1a) of the central layer, and the bias yarns (3) extending
in the second direction passing through the central layer of axial yarns (1a) in odd intervals.

2. Triaxial textile armature according to claim 1, characterized in that the axial yarns (1a) have a cross section size
that has at least twice the size of the cross section of the bias yarns (2, 3).

3. Triaxialtextile armature according to claim 1 or 2, characterized in that the high quality composite material comprises
the single central layer of axial yarns (1a) and two side layers of axial yarns (1b), wherein the side layers of axial
yarns (1b) are placed on opposite sides with regard to the central layer of axial yarns (1a), the single central axial
and the side axial layers (1a, 1b) being cross-linked by the bias yarns (2, 3) extending in the first and the second
direction, wherein an elementary pattern is formed of twelve axial yarns (1a, 1b) arranged in three layers, wherein
the axial yarns (1a) of the central layer are placed in quincunxes with regard to the axial yarns (1b) of the side layers,
linked by two crossed sets of N bias yarns (2, 3) each, wherein each bias yarn (2, 3) extending in one of the first
and the second direction passes alternatively over six axial yarns (1a, 1b) and under six axial yarns (1a, 1b) while
crossing 2*N yarns (2, 3) extending in the other of the first and the second direction.

4. Triaxial textile armature according to claim 3, characterized in that the central layer of yarns (1a) comprises axial
yarns (1a) that have a cross section size that has at least twice the size of the cross section of the axial yarns (1b)
of the side layers.

5. Triaxial textile armatures according to one of the preceding claims characterized in that the yarns (1a) of the central
layer comprise a material having a low specific density, the specific density of the material being in the range of 20
kg/m3 and 300 kg/m3.

6. Process for producing triaxial textile armatures according to claim 1 or 2, using in a braiding process a braiding
machine comprising two adjacent circular rows of notched wheels (4) that move yarn bobbins charged with bias
yarns (2, 3) by exchanging each other’s bobbin carriers (9), and two circular rows of tubes (5) for introducing axial
yarns (1b) at a rotation axis of each notched wheel (4), wherein central tubes (6) are placed near the intersection
of the diagonals of the figure formed by the axes of rotation of four adjacent notched wheels (4) and wherein only
axial yarns (1a) are introduced into these central tubes (6).

7. Process according to claims 6, characterized by using a braiding machine in which the two adjacent rows of notched
wheels (4) are placed concentrically on a disk (13).

8. Process according to claim 6 or 7, characterized by using a braiding machine in which the number of notches of
the wheels (4) differs between the two rows in order to achieve a same peripheral speed, the ratio of the number
of notches of the wheels between an external and an internal row being equal to the ratio between the diameter of
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wheels (4) in the external row and the diameter of the wheels in the internal row.

Process according to one of the preceding claims 6-8, characterized by using a braiding machine in which the two
adjacent ranges of N notched wheels (4) are disposed symmetrically inside or outside a cylindrical or spherical ring.

Process according to one of the preceding claims 6-9, characterized by using a braiding machine in which the
number of notches of the wheels (4) is three on the two rows.

Process for producing triaxial textile armatures according to claim 4, using in a braiding process a braiding machine
comprising two adjacent circular rows of notched wheels (4) that move yarn bobbins charged with bias yarns (2, 3)
by exchanging each other’s bobbin carriers (9), and three circular rows of tubes (5, 6) for introducing axial yarns
(1a, 1b), comprising central tubes (6) and side tubes (5) and, wherein every central tube (6) is placed near the
intersection of the diagonals of the figure formed by the axes of rotation of four adjacent notched wheels (4), wherein
the side tubes (5) are located at rotation axes of the notched wheels (4) and wherein all axial yarns (1a) that are
introduced into the central tube (6) are at least twice as big in cross-sectional size than the axial yarns (1b) that are
introduced into the side tubes (5).

Process according to claims 11, characterized by using a braiding machine in which the two adjacent rows of
notched wheels (4) are placed concentrically on a disk (13).

Process according to claim 11 or 12, characterized by using a braiding machine in which the number of notches
of the wheels (4) differs between the two rows in order to achieve a same peripheral speed, the ratio of the number
of notches of the wheels between an external and an internal row being equal to the ratio between the diameter of
wheels (4) in the external row and the diameter of the wheels in the internal row.

Process according to claim 11, 12 or 13, characterized by using a braiding machine in which the two adjacent
ranges of N notched wheels (4) are disposed symmetrically inside or outside a cylindrical or spherical ring.

Composite material part, in particular automotive and/or aeronautic construction parts such as girders, A-pillars, B-
pillars, C-pillars, motor suspension parts, strengthening or reinforcement beams, comprising at least a triaxial textile
armature according to one of the claims 1 to 5 together with a resinous or plastic material.

Patentanspriiche

1.

Dreiachsige Textilarmierung zum Herstellen eines hochwertigen Verbundmaterials, mit einer einzelnen mittleren
Lage Axialfaden (1a), die durch Schragfaden (2, 3), welche sichin einer ersten und einer zweiten Richtung erstrecken,
querverbunden sind, dadurch gekennzeichnet, dass die Schragfaden (2, 3) abwechselnd Uber zwei Axialfaden
(1a) der einzelnen mittleren Lage verlaufen und dann unter zwei Axialfaden (1a) der mittleren Lage verlaufen, wobei
der Verlauf durch die mittlere Lage Axialfaden (1a) durch einen Abstand zwischen den Axialfaden (1a) der mittleren
Lage getrennt ist, um zu verhindern, dass die Schragfaden (2), die sich in der ersten Richtung erstrecken, und die
Schragfaden (3), die sich in der zweiten Richtung erstrecken, in demselben Abstand durch die mittlere Lage Axial-
faden (1a) verlaufen, wobei die Schragfaden (2), die sich in der ersten Richtung erstrecken, durch die mittlere Lage
Axialfaden (1a) in geradzahligen Abstdnden zwischen Axialfaden (1a) der mittleren Lage verlaufen und die Schrag-
faden (3), die sich in der zweiten Richtung erstrecken, durch die mittlere Lage Axialfaden (1a) in ungeradzahligen
Abstanden verlaufen.

Dreiachsige Textilarmierung gemaR Anspruch 1, dadurch gekennzeichnet, dass die Axialfaden (1a) eine Quer-
schnittsgréRe haben, die mindestens die zweifache GroRe des Querschnitts der Schragfaden (2, 3) betragt.

Dreiachsige Textilarmierung gemaR Anspruch 1 oder 2, dadurch gekennzeichnet, dass das hochwertige Ver-
bundmaterial die einzelne mittlere Lage Axialfaden (1a) und zwei Seitenlagen Axialfaden (1b) aufweist, wobei die
Seitenlagen Axialfaden (1b) in Bezug auf die mittlere Lage Axialfaden (1a) auf gegenuberliegenden Seiten platziert
sind, die einzelne mittlere Axiallage und die seitlichen Axiallagen (1a, 1b) durch die Schragfaden (2, 3), die sich in
der ersten und der zweiten Richtung erstrecken, querverbunden sind, wobei ein Elementarmuster aus zwolf Axial-
faden (1a, 1b) gebildet ist, die in drei Lagen angeordnet sind, wobei die Axialfaden (1a) der mittleren Lage in Bezug
auf die Axialfaden (1b) der Seitenlagen in Quincunxen platziert sind, die durch zwei sich Uberkreuzende Mengen
aus jeweils N Schragfaden (2, 3) verbunden sind, wobei jeder Schragfaden (2, 3), der sich in einer von der ersten
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und der zweiten Richtung erstreckt, abwechselnd Uber sechs Axialfdden (1a, 1b) und unter sechs Axialfaden (1a,
1b) verlauft, wahrend er 2*N Faden (2, 3) Uberkreuzt, die sich in der anderen von der ersten und der zweiten Richtung
erstrecken.

Dreiachsige Textilarmierung gemaR Anspruch 3, dadurch gekennzeichnet, dass die mittlere Lage Faden (1a)
Axialfaden (1a) mit einer QuerschnittsgréfRe aufweist, die mindestens die zweifache Gréfe des Querschnitts der
Axialfaden (1b) der Seitenlagen hat.

Dreiachsige Textilarmierungen geman einem der vorstehenden Anspriiche, dadurch gekennzeichnet, dass die
Faden (1a) der mittleren Lage ein Material mit einer niedrigen spezifischen Dichte aufweisen, wobei die spezifische
Dichte des Materials im Bereich von 20 kg/m3 und 300 kg/m3 liegt.

Verfahren zur Herstellung von dreiachsigen Textilarmierungen gemafR Anspruch 1 oder 2, wobei in einem Flecht-
verfahren eine Flechtmaschine verwendet wird, die zwei benachbarte kreisférmige Reihen von mit Aussparungen
versehenen Radern, die mit Schragfaden (2, 3) geladene Fadenspulen durch wechselseitigen Austausch ihrer
Spulentrager (9) bewegen, und zwei kreisformige Reihen Réhren (5) zum Einfiihren von Axialfaden (1b) an einer
Rotationsachse eines jeden mit Aussparungen versehenen Rads (4) aufweist, wobei mittlere Réhren (6) nahe dem
Schnittpunkt der Diagonalen der Figur platziert sind, die durch die Rotationsachsen von vier benachbarten mit
Aussparungen versehenen Radern (4) gebildet ist, und wobei nur Axialfadden (1a) in diese mittleren Rohren (6)
eingeflhrt sind.

Verfahren gemal Anspruch 6, gekennzeichnet durch die Verwendung einer Flechtmaschine, bei der die zwei
benachbarten Reihen von mit Aussparungen versehenen Radern (4) konzentrisch auf einer Scheibe (13) platziert
sind.

Verfahren gemaR Anspruch 6 oder 7, gekennzeichnet durch die Verwendung einer Flechtmaschine, bei der die
Zahl der Aussparungen der Rader (4) sich zwischen den zwei Reihen unterscheidet, um eine gleiche Umfangsge-
schwindigkeit zu erreichen, wobei das Verhaltnis der Zahl der Aussparungen der Rader zwischen einer dufleren
und einer inneren Reihe gleich dem Verhaltnis zwischen dem Durchmesser der Rader (4) in der dufReren Reihe
und dem Durchmesser der Rader in der inneren Reihe ist.

Verfahren gemaf einem der vorstehenden Anspriiche 6 - 8, gekennzeichnet durch die Verwendung einer Flecht-
maschine, bei der die zwei benachbarten Bereiche von N mit Aussparungen versehenen Radern (4) symmetrisch
innerhalb oder auBerhalb eines zylindrischen oder kugeligen Rings angeordnet sind.

Verfahren gemaf einem der vorstehenden Anspriiche 6 - 9, gekennzeichnet durch die Verwendung einer Flecht-
maschine, bei der die Zahl der Aussparungen der Rader (4) auf den zwei Reihen drei betragt.

Verfahren zur Herstellung von dreiachsigen Textilarmierungen gemaf Anspruch 4, wobei in einem Flechtverfahren
eine Flechtmaschine verwendet wird, die zwei benachbarte kreisformige Reihen von mit Aussparungen versehenen
Radern (4) aufweist, die mit Schragfaden (2, 3) geladene Fadenspulen durch wechselseitigen Austausch ihrer
Spulentrager (9) bewegen, und drei kreisformige Reihen Réhren (5, 6) zum Einfiihren von Axialfaden (1a, 1b), die
mittlere Réhren (6) und seitliche Réhren (5) aufweisen, und wobei jede mittlere Rohre (6) nahe dem Schnittpunkt
der Diagonalen der Figur platziert ist, die durch die Rotationsachsen von vier benachbarten mit Aussparungen
versehenen Radern (4) gebildet ist, wobei die seitlichen Réhren (5) an Rotationsachsen der mit Aussparungen
versehenen Rader (4) angeordnet sind, und wobei alle Axialfaden (1a), die in die mittlere Réhre (6) eingefiihrt sind,
mindestens die zweifache QuerschnittsgroRe der Axialfaden (1b) haben, die in die seitlichen Réhren (5) eingefuhrt
sind.

Verfahren gemal Anspruch 11, gekennzeichnet durch die Verwendung einer Flechtmaschine, bei der die zwei
benachbarten Reihen von mit Aussparungen versehenen Radern (4) konzentrisch auf einer Scheibe (13) platziert
sind.

Verfahren gemaf Anspruch 11 oder 12, gekennzeichnet durch die Verwendung einer Flechtmaschine, bei der
die Zahl der Aussparungen der Rader (4) sich zwischen den zwei Reihen unterscheidet, um eine gleiche Umfangs-
geschwindigkeit zu erreichen, wobei das Verhaltnis der Zahl der Aussparungen der Rader zwischen einer dufReren
und einer inneren Reihe gleich dem Verhaltnis zwischen dem Durchmesser der Rader (4) in der duReren Reihe
und dem Durchmesser der Rader in der inneren Reihe ist.
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Verfahren gemafl Anspruch 11, 12 oder 13, gekennzeichnet durch die Verwendung einer Flechtmaschine, bei
der die zwei benachbarten Bereiche von N mit Aussparungen versehenen Radern (4) symmetrisch innerhalb oder
aullerhalb eines zylindrischen oder kugeligen Rings angeordnet sind.

Verbundmaterialteil, insbesondere kraftfahrzeugtechnische und/oder luftfahrttechnische Bauteile wie etwa Trager,
A-Saulen, B-Saulen, C-Saulen, Motoraufhdngungsteile, versteifende oder Verstarkungs-Unterzlige, das mindestens
eine dreiachsige Textilarmierung gemaf einem der Anspriiche 1 bis 5 zusammen mit einem Harz- oder Kunststoff-
material aufweist.

Revendications

Armature textile triaxiale pour réaliser un matériau composite de grande qualité comprenant une couche centrale
unique de fils axiaux (1a), réticulés par des fils en biais (2, 3) s’étendant dans une premiére et une seconde direction,
caractérisée en ce que les fils en biais (2, 3) passent en alternance sur deux fils axiaux (1a) de la couche centrale
unique puis passent sous deux fils axiaux (1a) de la couche centrale, le passage a travers la couche centrale de
fils axiaux (1a) étant séparé par un intervalle entre des fils axiaux (1a) de la couche centrale afin d’empécher les
fils en biais (2) s’étendant dans la premiére direction et les fils en biais (3) s’étendant dans la seconde direction de
passer a travers la couche centrale de fils axiaux (1a) dans le méme intervalle, les fils en biais (2) s’étendant dans
la premiéere direction passant a travers la couche centrale de fils axiaux (1a) dans des intervalles pairs entre des
fils axiaux (1a) de la couche centrale, et les fils en biais (3) s’étendant dans la seconde direction passant a travers
la couche centrale de fils axiaux (1a) dans des intervalles impairs.

Armature textile triaxiale selon la revendication 1, caractérisée en ce que les fils axiaux (1a) ont une dimension
de section transversale qui a au moins deux fois la dimension de la section transversale des fils en biais (2, 3).

Armature textile triaxiale selon la revendication 1 ou 2, caractérisée en ce que le matériau composite de grande
qualité comprend la couche centrale unique de fils axiaux (1a) et deux couches de cété de fils axiaux (1b), dans
laquelle les couches de c6té de fils axiaux (1b) sont placées sur des cotés opposés par rapport a la couche centrale
de fils axiaux (1a), la couche centrale unique et les couches axiales de cété (1a, 1b) étant réticulées par les fils en
biais (2, 3) s’étendant dans la premiére et la seconde direction, dans laquelle un motif élémentaire est formé de
douze fils axiaux (1a, 1b) agencés en trois couches, dans laquelle les fils axiaux (1a) de la couche centrale sont
placés en quinconce par rapport aux fils axiaux (1b) des couches de cbté, liés par deux ensembles croisés de N
fils en biais (2, 3) chacun, dans laquelle chaque fil en biais (2, 3) s’étendant dans 'une de la premiére et de la
seconde direction passe en alternance sur six fils axiaux (1a, 1b) et sous six fils axiaux (1a, 1b) tout en croisant
2*N fils (2, 3) s’étendant dans I'autre de la premiere et de la seconde direction.

Armature textile triaxiale selon la revendication 3, caractérisée en ce que la couche centrale de fils (1a) comprend
des fils axiaux (1a) qui ont une dimension de section transversale qui a au moins deux fois la dimension de la section
transversale des fils axiaux (1b) des couches de coté.

Armature textile triaxiale selon I'une des revendications précédentes, caractérisée en ce que les fils (1a) de la
couche centrale comprennent un matériau ayant une masse volumique spécifique faible, la masse volumique spé-
cifiqgue du matériau étant dans la plage de 20 kg/m3 et 300 kg/m3.

Procédé de production d’armatures textiles triaxiales selon la revendication 1 ou 2, utilisant dans un procédé de
tressage une machine a tresser comprenant deux rangées circulaires adjacentes de roues a encoches (4) qui
déplacent des bobines de fil chargées de fils en biais (2, 3) en s’échangeant leurs porte-bobines (9), et deux rangées
circulaires de tubes (5) pour introduire des fils axiaux (1b) au niveau d’'un axe de rotation de chaque roue a encoches
(4), dans lequel des tubes centraux (6) sont placés prés de I'intersection des diagonales de la figure formée par les
axes de rotation de quatre roues a encoches (4) adjacentes et dans lequel seuls des fils axiaux (1a) sont introduits
dans ces tubes centraux (6).

Procédé selon larevendication 6, caractérisé par |'utilisation d’'une machine atresser dans laquelle les deux rangées
adjacentes de roues a encoches (4) sont placées de fagon concentrique sur un disque (13).

Procédé selon la revendication 6 ou 7, caractérisé par I'utilisation d’'une machine a tresser dans laquelle le nombre
d’encoches des roues (4) differe entre les deux rangées afin d’atteindre une méme vitesse périphérique, le rapport
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du nombre d’encoches des roues entre une rangée externe et interne étant égal au rapport entre le diametre de
roues (4) dans la rangée externe et le diameétre des roues dans la rangée interne.

Procédé selon I'une des revendications 6 a 8 précédentes, caractérisé par I'utilisation d’'une machine a tresser
dans laquelle les deux plages adjacentes de N roues a encoches (4) sont disposées de fagon symétrique a l'intérieur
ou a I'extérieur d’'une bague cylindrique ou sphérique.

Procédé selon I'une des revendications 6 a 9 précédentes, caractérisé par I'utilisation d’'une machine a tresser
dans laquelle le nombre d’encoches des roues (4) est de trois sur les deux rangées.

Procédé de production d’armatures textiles triaxiales selon la revendication 4, utilisant dans un procédé de tressage
une machine a tresser comprenant deux rangées circulaires adjacentes de roues a encoches (4) qui déplacent des
bobines de fil chargées de fils en biais (2, 3) s’échangeant leurs porte-bobines (9), et trois rangées circulaires de
tubes (5, 6) pour introduire des fils axiaux (1a, 1b) comprenant des tubes centraux (6) et des tubes de cété (5) et,
dans lequel chaque tube central (6) est placé prés de I'intersection des diagonales de la figure formée par les axes
de rotation de quatre roues a encoches (4) adjacentes, dans lequel les tubes de cbté (5) sont situés au niveau
d’axes de rotation des roues a encoches (4) et dans lequel tous les fils axiaux (1a) qui sont introduits dans le tube
central (6) ont une dimension de section transversale au moins deux fois plus grande que celle des fils axiaux (1b)
qui sont introduits dans les tubes de coté (5).

Procédé selon la revendication 11, caractérisé par I'utilisation d’'une machine a tresser dans laquelle les deux
rangées adjacentes de roues a encoches (4) sont placées de fagon concentrique sur un disque (13).

Procédé selon la revendication 11 ou 12, caractérisé par I'utilisation d'une machine a tresser dans laquelle le
nombre d’encoches des roues (4) differe entre les deux rangées afin d’atteindre une méme vitesse périphérique,
le rapport du nombre d’encoches des roues entre une rangée externe et interne étant égal au rapport entre le
diameétre de roues (4) dans la rangée externe et le diamétre des roues dans la rangée interne.

Procédé selon la revendication 11, 12 ou 13, caractérisé par I'utilisation d’'une machine a tresser dans laquelle les
deux plages adjacentes de N roues a encoches (4) sont disposées de fagon symétrique a I'intérieur ou a I'extérieur
d’'une bague cylindrique ou sphérique.

Piece en matériau composite, notamment piéces de construction automobile et/ou aéronautique telles que des
poutrelles, des montants avant, des montants milieu, des montants arriére, des piéces de suspension de moteur,
des poutres de renfort ou de renforcement, comprenant au moins une armature textile triaxiale selon l'une des
revendications 1 a 5 conjointement a un matériau résineux ou plastique.
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