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(57) Abrégée/Abstract:
The invention concerns a method whereby a first filborous web formed by substantially unidirectional elements is brought (by device
300) and raised (by shuttle 322) alternately in one direction and in the other between coaxial outer (100) and inner (200) circular

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 5




CA 2626545 A1 200/7/05/03

ey 2 620 545
13) A1

(57) Abrege(suite)/Abstract(continued):
crowns, while being maintained at sald crowns by picots (102, 202), and a second fibrous web formed by substantially

unidirectional elements and deposited (by device 400) in a circumferential direction between said outer and Iinner crowns, the
transverse and circumferential annular webs are bound together by a binding device (500) and are driven In rotation about the axis
of the outer and inner crowns by completing three full cycles to obtain a thick annular fibrous structure having layers formed by the

transverse web which alternate and are bound to layers formed by the circumferential web.
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ABSTRACT

A first fiber sheet made up of substantially
unidirectional elements, 1s brought (by device 300) and
laid (by shuttle 322) in alternation in one direction and
1n the opposite directilion between coaxial outer (100)
and inner (200) circular rings with the sheets being held
by pegs (102, 202) at said rings; and a second fiber
sheet made up of substantially unidirectional elements is
deposited (by device 400) 1in a circumferential direction

between said outer and i1nner rings, the transverse and

circumferential annular sheets are bonded together by a

bonding device (500) and are driven in rotation about the

axls of the outer and 1nner rings so as to perform a

F

plurality of complete revolutions i1in order to obtain a

thick annular fiber structure having layers made up by

the transverse sheet alternating with and bonded to

layers made up by the circumferential sheet.

Figure 1.
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FABRICATING THREE-DIMENSIONAL ANNULAR FIBER STRUCTURES

Background of the invention

The invention relates to fabricating three-

dimensional annular fiber structures.

A particular field of the invention is fabricating

thick annular fiber preforms for constituting the fiber

reinforcement of annular parts made of composite

material, 1n particular brake disks, such as disks made

of carbon/carbon (C/C) material for airplane brakes.

One usual process for making annular fiber preforms
conslists 1n superposing and bonding together two-

dimensional plies to build up plates from which the

preforms are cut out. Such a process, as described for
example 1in US patents Nos. 4 790 052 and 5 792 715,

presents the manifest drawback of wastling a large amount

of material, which drawback 1s particularly penalizing

when the fibers are relatively expensive, as is the case

for carbon fibers or carbon precursor fibers.

Various proposals have been made to avoid that

drawback and to obtain a fiber structure directly in a

shape that 1s as close as possible to the desired annular

shape. Thus, proposals are made 1n US patents
Nos. 6 009 0604 and 5 662 855 to make preforms by

superposing and bonding together layers formed by braids

that have been wound flat to form a helix. US patents
Nos. © 303 3593 and 6 367 130 propose using a helical
cloth wound 1n superposed turns that are bonded together.
Those techniques require a fiber fabric (braid or
helical cloth) to be made that i1s an intermediate product

between the varns or tows of fiber and the annular

preform that 1s to be made.

In order to avoid that intermediate step, patent

document WO 98/49382 proposes forming a disordered mass

(Y |

of fibers on an annular support and bonding the fibers
together by needling. Nevertheless, that document is

silent about the means that need to be used in practice
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in order to obtain an annular preform that 1is

satisfactory, at least 1n terms of uniformity, for use in
certain applications where requirements concerning
uniformity are very high, as are requirements concerning

quality control of mechanical properties, as applies in

particular when the preform 1s for use as an airplane

brake disk preform.

US patent document 2005/0172465 proposes forming an

-

annular preform by regular and controlled deposition of

short fibers on a rotary annular turntable with

progressive needling. It 1s thus possible to obtain a

preform that 1s uniform, but at the cost of passing via

an 1lntermediate step of obtaining short fibers.

Object and summary of the invention

In one of 1ts aspects, the 1nvention seeks to

provide a method enabling an annular fiber structure to

be fabricated directly from commercially available varns

or tows, thereby limiting textile operations so as to

reduce the cost of fabrication as much as possible.
This object 1s achleved by a method comprising the

steps consisting in:

')

providing a first fiber sheet made up of
substantially unidirectional elements;

forming a transverse, first annular sheet by
laying the first fiber sheet in alternation in one
direction and 1n the opposite direction between coaxial
outer and 1inner cilrcular rings, with the sheet being held
at said rings;

providing a second fiber sheet made up of

substantially unidirectional elements;

forming a circumferential, second annular sheet by
depositing the second fiber sheet in a circumferential
direction between sailid outer and inner rings;

bonding the transverse and circumferential annular

sheets to each other; and
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driving the transverse and circumferential annular

sheets 1n rotation about the axis of the outer and 1nner

rings so as to execute a plurality of complete
revolutions in order to obtain directly from said ’
substantially unidirectional elements a thick annular

fiber structure having layers made up by the transverse

sheet alternating with and bonded to layers made up by

the circumferential sheet.

The first fiber sheet, and also the second fiber
sheet, can be constituted by yarns, or tows, or indeed

slivers obtained by spreading out a tow, or a plurality

of such slivers that are juxtaposed. It 1s thus possible

to obtain an annular fiber structure directly from vyarns
or tows wilith practically no wastage.
According to a feature of the i1invention, the first

fiber sheet i1s laid while reducing its width between the

outer ring and the inner ring, and the circumferential

sheet 1s formed with density that decreases between the

outer ring and the inner ring. Advantageously, the

transverse annular sheet 1s laid 1in such a manner as to

give it density that is substantially constant along any

one circumference. It 1is thus possible to obtain a fiber
structure that 1s substantially homogeneous, with the

increase 1n the density of the transverse sheet due to

the first fiber sheet narrowing towards the inner ring

P

being compensated by a decrease 1in the density of the

circumferential sheet.

According to another feature of the method, the

_ B

fiber sheet i1s laid 1n such a manner that the fiber

first

g—

elements of the transverse annular sheet form an angle

lying in the range 45° to 75° with a tangent to the
circumferential direction at the middle circumference of

the transverse annular sheet. Preferably, this angle 1is

about 60°, thus producing a fiber structure, including
the circumferential sheet, 1n which the fiber elements
intersect 1in three directions forming between them angles
of about 60°.
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Advantageously, the annular transverse sheet is held
at the outer and inner rings by means of pegs carried by
sald rings.

Also advantageously, the transverse and

circumferential annular sheets are driven 1n rotation via

the outer and inner rings.

B

c method, the

T W

According to another feature of th
transverse and circumferential annular sheets are formed

on a horizontal annular support which i1s disposed between

the outer and 1nner rings and which 1s lowered

progressively as the annular fiber structure 1s built up.

After the structure has been formed, it can then be

disengaged by relative vertical displacement between the
annular support and the outer and inner rings.

Advantageously, the bonding between the transverse

and circumferential annular sheets 1s performed

progressively while they are being deposited, with this
bonding being performed by needling, for example.
According to another feature of the method, the
circumferential annular sheet 1s deposited after the
transverse annular sheet has been laid and i1mmediately

before the sheets are bonded together.

In another of 1ts aspects, the i1nvention also seeks

to provide an 1installation suitable for implementing the

method.
This object 1s achieved by an installation

comprlsing:

a device for bringing a first fiber sheet and
laying 1t on an annular support alternately in one
direction and 1n the opposite direction between outer and

inner coaxlal circular rings situated on either side of

the annular support so as to form a transverse, first

annular sheet;

members for holding the transverse annular sheet

at the outer and i1nner rings:

a device for bringing a second annular sheet onto

the annular support and depositing 1t 1n the
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clrcumferential direction between the outer and inner
rings so as to form a circumferential, second annular
sheet;

a device for bonding the transverse and
circumferential annular sheets together; and

a device for driving the transverse and

circumferential annular sheets in rotation about the axis

of the outer and inner rings.

Advantageously, the device for bringing and laying

B

the first fiber sheet comprises:

a device for feeding the first fiber sheet;

a shuttle-forming member that is movable 1in
translation 1n reciprocation between a position situated
beyond the outer ring and a position situated within the

g~

inner ring and capable of acting on the first fiber sheet

to bring 1t towards the inner ring while reducing the

width of the sheet. Preferably, the shuttle-forming

member presents a curved portion for bearing against the

first fiber sheet to bring i1t to the inner ring while
giving 1t curvature at the 1nner ring that corresponds to
the curvature of the inner ring.

Also advantageously, the members for holding the

transverse sheet are pegs carried by the outer and inner

rings.

According to another feature of the installation, 1t

further comprises presser members in the form of movable

curved bars for contributing to engage the first fiber

sheet on the pegs by pressing on the first fiber sheet.

Advantageously, the rotary drive device comprises

the outer and inner rings.

Also advantageously, the annular support is movable
vertically.

According to another feature of the installation,
the bonding device 1s a needling device disposed

immedirately downstream from the device for bringing the

second fiber sheet onto the support.
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Brief description of the drawlngs

The invention can be better understood on reading

.

following description given by way of non-limiting

—t

the
indication and with reference to the accompanying
drawings, 1n which:

Figure 1 1s a highly diagrammatic general

perspective view showling an embodiment of an installation

enabling a method in accordance with the invention to be

implemented;

F

FFigure 2 1s a highly diagrammatic plan view of the

Figure 1 installation;

Figure 3 1s a fragmentary view 1in perspective and
in section showing the Figure 1 installation;

Flgure 4 1s a highly diagrammatic fragmentary view

of the Figure 1 1nstallation showing more particularly

the feed and laying device for forming a transverse
sheet;

Figure 5 shows how slivers constituting the
transverse sheet are fed;

Flgure 6 1s a highly diagrammatic fragmentary view

gt

from above of the Figure 1 installation showing the

transverse sheet being formed;
Figures 7A to 7G show successive steps in the

laying process enabling the transverse sheet to be

formed;

P

Figure 8 1s a fragmentary view of the resulting

transverse sheet;

Figures 9 and 9A are highly diagrammatic

ot

fragmentary views showing more particularly the feed and

deposition device enabling a circumferential sheet to be

formed; and

Figures 10A to 10C are highly diagrammatic

fragmentary views showing an annular fiber structure at

two stages of 1ts fabrication and then while it is being

removed after 1t has been fabricated.
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Detailed description of embodiments of the invention

The installation shown 1in Figure 1 comprises two
horizontal circular rings having a common vertical axis
A, namely an outer ring 100 and an inner ring 200 with a
horizontal annular tray or support 150 extending between
the two rings.

The outer ring 100 carries a circular row of pegs

102, there being several tens of pegs. The pegs 102

extend vertically upwards from a top surface of the ring
100 in the i1mmediate vicinity of i1ts 1nner edge.
Similarly, the inner ring 200 carries a circular row of

pegs 202, there being several tens of pegs 202. The pegs

202 extend vertically upwards from the top surface of the

ring 200 in the immediate vicinity of its outer edge.
The top surfaces of the rings 100 and 200 lie
substantially in the same horizontal plane.

The rings 100 and 200 are rotated synchronously

about the axis A. Rotary drive may be 1mplemented by

means of wheels 106, 206 acting by friction against an
outer side surface of the ring 100 and an 1nner side
surface of the ring 200, respectively. The wheels 1060,
206 are driven by respective motors, or by the same motor

via a transmission, where such drive means are not shown.

In a variant, the rings 100, 200 may be driven in

rotation by gearwheels meshing with ring gears formed
along the outer and 1nner side edges of the rings 100 and
200 respectively. Wheels (such as 108 for the ring 100)

and running tracks (not shown) guide and support the

rings 100 and 200 relative to a maln structure 110 of the
installation.
The annular tray 150 is non-rotary, but 1t 1is

movable vertically, beiling supported by the vertical rods

152 of actuators 154 (Figure 3), e.g. of three actuators.

The actuators are synchronized so as to keep the tray

substantially horilzontal.

The Figure 1 1installation further comprises: a

device 300 for feeding and laving a first fiber sheet for
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forming a transverse sheet extending between the rings

100 and 200; a device 400 for feeding and depositing a

second fiber sheet for forming a circumferential sheet
extending between the rings 100 and 200; and a device 500

for interconnecting the transverse and circumferential

sheets. The feed and deposition device 400 is disposed

downstream from the feed and laying device 300 and

immediately upstream from the bonding device 500, the

terms "upstream”" and "downstream" beling used herein

relative to the direction of rotation of the rings 100

and 200 (arrows F).

The feed and laying device 300 (Figures 4 to 6)

receives a plurality of slivers 302 (Figures 5, 6) formed

by spreading out respective tows. FEach sliver passes
over a series of tensioning rollers 303 and over a puller
device with a motor-drive wheel 304, the tensioning
rollers and the puller device being mounted on a plate
305. Each sliver then passes over a roller 306
constituting a tension regulator, the roller 306 being
freely movable 1n a vertical slot 307 formed in the plate

=

305. Such a feed device 1s well known 1n i1tself.

Two rows of rollers 314, 316 are mounted in a frame
318 supported by the main structure 110 and receiving the

slivers 302 under tension so as to unite them in order to

form a fiber sheet 320 by juxtaposing the slivers
(Figure ©). The rollers of the superposed rows 314, 316

are disposed 1n alternating or staggered manner, and the

rows 314, 316 extend along a circular arc centered on the

axls A so as to facilitate laying the sheet 320 over an

annular sector.

The feed and laying device 300 further comprises a
laying member or shuttle 322 that is movable in

translation 1n a direction that 1s preferably

substantially radial in both directions between a rear
position situated outside the outer ring 100 and a front

position situated inside the inner ring 200. On its path
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between 1ts rear and front positions, the shuttle 322
passes over the rings 100 and 200.

On 1ts path from the rear position towards the front
position, the shuttle 322 guides the sheet 320 so as to
bring 1t to the inner ring 200 while narrowing the sheet
sO as to 1mpart the shape of an annular sector to the

segment of sheet that extends between the rings 100 and

200. For this purpose, the shuttle 322 is formed by a

bar having a central portion 324 that is curved with

curvature that corresponds to the curvature of the inner

g—

end of a segment of sheet. 1In other words, the central

portion 324 1s in the form of a circular arc centered on

the axis A when the shuttle 322 is in its front position.
The central portion 324 1is connected to the ends 326 and

328 of the shuttle by curved portions that retain a

generally convex shape for the inside of the shuttle that

1s suitable for ensuring that the sheet 320 is narrowed.

The ends 326, 328 of the shuttle are connected to
respective arms 330 and 332 which are secured on blocks
334, 336 that are movable in translation along slideways
338, 340 carried by the main structure 110. The blocks
334, 330 are moved synchronously along the slideways 338,
340 by drive means (not shown) such as actuators, or
cables, or belts driven by motors.

The feed and laying device 300 further comprises two
presser members 342, 344, respectively an outer member

ﬁ

and an inher member, each in the form of a horizontal

curved bar. The presser members or curved bars 342, 344

are designed to engage the ends of each fiber sheet

segment 106 laid between the rings 100 and 200 on the

—
—

pegs 102, 202. The bar 342 extends over an arc of a

clrcle centered on the axis A and situated immediately

outside the row of pegs 102. The bar 342 is of a length

that 1s not less than and that is preferably greater than

ﬁ

the length of the outer end of a segment of the laid

fiber sheet 106. The bar 344 extends over an arc of a

circle centered on the axis A and situated immediately
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inside the row of pegs 202. The bar 344 1s of a length

that 1is not less than and that 1s preferably greater than

the length of the inner end of a segment of the laid
fiber sheet 106. The bars 344, 346 are substantially

semicircular 1n section, each having its plane side

facing the corresponding pegs 102, 202.
At theilr upstream ends, the bars 342, 344 are
carried by brackets 346, 348. The bracket 346 has a

horizontal portion extending over the ring 100 and

P

connected on the outside of the ring to a vertical

portion extending downwards to below the level of the

tray 150. The bracket 348 has a horizontal portion
extending over the ring 200 and it 1s connected on the
inside of the ring to a vertical portion extending
downwards to beneath the level of the tray 150. The bars

342, 344 are movable vertically and also in pivoting

about the axis A, as described 1n greater detail below.

For this purpose, the brackets 346, 348 may be driven by
a rotary-linear actuator.

The laying of the fiber sheet 320 by means of the
shuttle 322 and the bars 342, 344 is described below with

reference to Figures 7A to 7G and 8.

In Figure 7A, a segment 360 of the sheet 320 has
been laid and engaged on the pegs 102 and 202 by means of
the bars 342, 344, the shuttle 322 being in its rear
position.

The shuttle 322 1s then moved towards its front

position, taking the sheet 320 towards the inner ring

200, passing over the bar 342 (Figure 7B). The shuttle
322 bears via 1ts inner side against the sheet 320 and
causes the sheet to become progressively narrower,
reducing 1ts width while also giving it the desired
curvature at the 1nside end 362b of the newly delivered
segment of sheet 362.

The bars 342, 344 are moved successively in rotation

1n the upstream direction so as to become completely

disengaged from under the segment 362 so that the sheet
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320 is tightened close against the pegs 102 under the

effect of the tension in the sheet, after which the bars

are moved upwards and then downstream (this 1s the

situation shown in Figure 6) so as to be above the

segment 362

(Figure 7C) and finally the bars are moved

downwards to engage the segment 362 on the pegs 102, 202,

being pressed against the inner and outer rings

(Figure 7D).

The shuttle 3272 1s then moved towards 1ts rear

position.

Under the effect of the tension exerted on the

slivers making up the sheet 320,

the sheet winds around

i,

the bar 344 and a new segment 364 of sheet extends

ﬁ

between the inner and outer rings (Figure 7E).

The bars 342, 344 are again

moved 1n succession 1n

rotation upstream so as to be completely disengaged from

beneath the segment 364 so that the sheet 320 1s

tightened close around the pegs 202 under the effect of

C

1ts tension, and the bars are then moved upwards, and

then downstresz

(Figure 7F),

segment 364 on the pegs 102, 202

back 1n the same con:

m so as to be placed above the segment 364

and finally downwards so as to engage the

(Figure 7G). This 1is

figuration as 1in Figure 7A, and the

process can be continued 1n the same way.

The sheet 320 1s laid while also driving the rings

100 and 200 in rotation.

continuous.

The rotary movement may be

Care 1s then taken to ensure that the bars

342, 344 are of a length that 1s
them to press against the entire width of the sheet while

sufficient to enable

engagling 1t against the pegs 102, 202. It would also be

possible for the rings 100 and 200 to be caused to turn

discontinuously, for example stopping while the bars 322,

344 are acting agalnst the sheet 320.

p—

By the effect of the rings 100, 200 turning, the

segments 360, 362, 364 of the sheet 320 that are laid in

succession cross one another in the manner shown 1in

Figure 8.

The rotary movement o:

f the rings 100, 200 and

the movement 1n translation of the shuttle 322 are
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preferably selected in such a manner that for a given
width of sheet 320, the successive outer ends such as
360a and 362a and the successive inner ends such as 362b,
304 of the sheet segments are juxtaposed. This produces
a transverse sheet 3066 extending between the rings 100
and 200 and presenting density that 1s substantially

constant ailong any given circumference, but with density

that 1ncreases between the outer ring 100 and the inner

ring 200. It 1s also preferable to ensure that the width
of the sheet 1s such that the slivers 302 of the

successively-laid sheet segments form an angle a lying in

the range 45° to 75° relative to a tangent to the

circumferential direction at the middle circumference.
More preferably, this angle a is about 60°, as shown in

Figure 8.

The feed and deposition device 400 (Figure 9)

pl—

recelves a plurality of

slivers 402 each formed by
spreading a tow. The slivers 402 pass over tensioner and

preparation devices (not shown) analogous to those shown

in Figure 5, and then over deflector rollers 406, and

they are guided to be above and close to the top surface

of the tray 150 by guides 408, 410. As shown in section

and on a larger scale in Figure 9A, the guides 408, 410

P

are 1n the form of combs, each defining a row of passages

aligned 1n a direction that is substantially radial
petween the rings 100 and 200. The guides 408, 410 are

disposed close to each other with the passages of the

gulde 408 being interposed (or staggered) relative to the

passages of the guide 410. The slivers coming out of the

guldes 408, 410 are juxtaposed so as to form a

circumferential sheet 420 extending between the rings 100
and 200. The slivers 402 reach the guides 408, 410 in a

direction that 1s vertical or that slopes relative to the

tray 150. The guides 408, 410 and the passages they
1nclude are given a curved shape so that the slivers 402
leave the guides substantially tangentially relative to

the horizontal. The guides 408, 410 have passages of
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wildth corresponding to the widths of the slivers 402.
They thus serve to control width and positioning of the

slivers 402 that make up the circumferential sheet 420.

Since the device 400 is located downstream from the
device 300, the circumferential sheet 420 is deposited on

top of the transverse sheet 360 on the tray 150 between

the rings 100, 200. In the configuration shown in

Figure 8 where the elements (slivers 302) of the sheet

360 form an angle of about 60° relative to the tangent to

the circumferential direction at the middle

circumference, adding the circumferential sheet provides

elements (slivers 402) which, at that level also form an

P

angle of 60° relative to the elements of the sheet 360,

which means that after the sheets have been bonded

together the reinforcing elements are in a configuration
of 3 x 60° approximately.

The sheet 420 1s advantageously given density that
decreases between the outer ring 100 and the inner ring

200 so as to compensate for the increase in density of
the sheet 360 and obtain an overall sheet 360 plus 420 of

density that 1s substantially uniform across its entire

width. For this purpose, the sheet 420 may be formed

with slivers having the same width but coming from cables
of decreasing weights between the outer and inner rings,
or with slivers coming from cables having the same weight

but of increasing width (greater spreading) as shown in

Figure 9, or by using a combination of those two

techniques.

The bonding device 500 is advantageously constituted

py a needling device. It comprises a needling head 502
which 1s driven with reciprocating vertical motion, e.g.

py a crank type mechanism (not shown). The head 502

carries a plurality of barbed needles 504 that serve to
pond together the sheets 360 and 420 by taking hold of

fibers and moving them in a vertical direction (Z

direction), 1n well-known manner.
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The needling head extends over a ring sector. The

F

portion of the tray 150 situated under the needling head

presents perforations 156 1n regilister with the needles
504 so that the needles can pass through the perforations
without damaging the tray, the needles being distributed
so as to obtaln a substantilially uniform density of

needling between the outer and inner edges.

The disposition of the bonding device 500

immedliately downstream from the device 400 enables the

sheet 420 to be secured i1mmediately after it has been

deposited and limits any risk of the sheet 420 becoming

disorganized prior to being secured to the sheet 360.

This disposition 1s therefore preferred, but not

necessary. It 1s possible to envisage depositing the
circumferential sheet before forming the transverse
sheet.

As the rings 100, 200 turn, a fiber structure is
built up, being formed by superposed layers constituted
in alternation by the transverse sheet 360 and by the
circumferential sheet 420 that themselves are wound in
superposed and 1nterleaved helixes. Needling is

performed with the needles penetrating through more than

two layers so that the newly-formed portions of the

sheets 360 and 420 are bonded not only to each other, but

also to the underlying portion of the annular fiber

structure that 1s being built up.

In order to obtain substantially uniform bonding

throughout the thickness of the fiber structure, it is
deslrable to ensure that the penetration depth of the
needles 1s substantially constant. For this purpose, as
the fiber structure is built up, the support tray 150 is

-

moved downwards. At the beginning of formation of the

fiber structure, the support tray 150 is at a horizontal
level situated close to the tops of the pegs 102, 202

(Figure 10A). Thereafter, the support tray 150 is moved
downwards (Figure 10B) with the transverse and

circumferential sheets continuing to be formed at
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substantially the same horizontal level. The penetratilion
depth of the needles corresponds to more than two layers,
with the needles passing through the perforations 156 1in
the tray at the beginning of the process, and
subsequently, once the fiber structure has reached a
certain thickness, the needles no longer reach the bottom

layer of the structure.
It should be observed that the technique of bonding

together the fiber layers by needling as their
superposition 1s being built up on a support, with the
support being lowered progressively so as to conserve a
substantially constant penetration depth for the needles,

P

is 1tself well known. Thus, 1n the present

circumstances, 1t 1s possible for the tray 150 to be
lowered in compliance with a relationship similar to that

described 1n above-mentioned US patent No. 5 792 715, and

the penetration depth of the needles can be controlled in
the manner described 1n US patent No. 6 374 469. The
downward movement of the tray 150 can take place
continuously, or discontinuously with a downward step

g

being imposed after each complete rotation of the rings

100 and 200.
While the fiber structure that 1s being built up is

being subjected to bonding by needling, it is held
laterally 1n position by the successive turns of the

transverse sheet 360 belng engaged on the pegs 102, 202,

with the bars 342, 344 causing the fiber structure to

move down progressively along the pegs each time they are

pressed against the most recently laid segment of the

sheet 320. It 1s therefore necessary to ensure that the

pegs are of a height that 1s not less than, and that is
preferably a little taller than, the thickness of the

annular fiber structure that is to be made.

Once the thickness desired for the annular fiber
structure has been reached, the needling head 502 and the
guides 408, 410 are retracted, the shuttle 322 is taken

to 1ts rear position, the sheets 360 and 420 are cut, and
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the fiber structure is removed by raising the tray 150 so

as to disengage the pegs 102, 202 (Figure 10C). 1In a

variant, the fiber structure could be disengaged by
lowering the inner and outer rings 100 and 200, with the

tray 150 being held in the position 1t reaches at the end

of building up the fiber structure, for example.

In the above description, each sheet 320, 420 1is

described as being made by means of a plurality of

juxtaposed slivers obtained by spreading tows. In a

variant, one and/or the other of the sheets 320, 420

could be formed by spreading a single tow, or by an

o

assembly of unidirectional yarns or tows.

In other wvariant embodiments, the tows could be
spread, and the sheets could be positioned automatically,
by making use of automatic systems of the kind described
in US patents Nos. 6 684 564 and 6 690 987.

The nature of the fibers constituting the fiber

sheets 320 and 420 depends on the intended application.

When the annular fiber structures constitute preforms for

C/C composite brake disks, it is possible to use carbon

fibers or carbon precursor fibers, e.g. fibers of

preoxldized polvacrylonitrile. When using carbon

precursor fibers, a final transformation into carbon is

performed by heat treatment after the fiber structure has

been made.

Examples 1 to 4

A fiber structure for constituting an annular
preform for a C/C composite material brake disk and

having an outer diameter D, of 445 millimeters (mm) and an

-

inner diameter D, of 226 mm was made by superposing and

needling a transverse sheet and a circumferential sheet

obtalined as follows.

o~

Carbon tows were used made up of 50,000 filaments

(50 K) or 24,000 filaments (24 K) having respective
linear weights of 3.7 kilotex (kTex) and 1.6 kTex. The

number of tows which, after being spread, constitute the
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transverse sheet and the longitudinal sheet, and the
widths W of the slivers obtained by spreading the tows
were selected so as to obtain a preform having
substantially uniform density with the following
5 characteristics:
an angle a between the slivers forming the

transverse sheet and a tangent to the middle

circumference lying in the range 45° to 75°, and

preferably being about 60°; and

10 + a ratio R between the weight fraction represented

by the circumferential sheet and the weight fraction

represented by the transverse sheet of about 1/3:2/3.
Table 1 below gives various possible combinations

for obtalning the desired characteristics.
15

Table 1

Tows Sheet forming the Circumferential R a

used transverse sheet sheet

after lavyving

1 50 K 13 tows 9 tows 35:65 60 °

3.7 kTex | W at Dy = 25.9 mm W varying from

W at D; = 17.7 mm 8 mm at Do to

27 mm at D+

2 50 K 11 tows 7 tows 34:66 | 58.4°
3.7 kTex W at Dy = 22.6 mm W varying from
| W at D;y = 7.9 mm 10 mm at D, to
33 mm at Dj
3 50 K 20 tows 3 tows 32:68 | 54.3°
3.7 kTex !’W at Dy = 17.4 mm W varying from
W at Dy = 4.9 mm 8 mm at Dy to
_37 mm at Ds
58.4°

S —————— e —————— i

4 24 K 28 tows 18 tows 34:660

1.6 kTex W at Dy = 8.9 mm | W varying from

W at D; = 3.1 mm 4.7mmatDOto

11l mm at D4
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Examples 5 to 8

The procedure was the same as 1n Examples 1 to 4,
but with different inner and outer diameters, namely D, =

553 mm and D; = 289 mm.

Table 2 below gives various possible configurations

for obtaining the same desired characteristics for the

angle a and the ratio R as 1n Examples 1 to 4.

Table Z

Circumferential

Transverse sheet

sheet

17 tows 11 tows ii¥5:65 56.2°

W at Dy = 18.0 mm W varying from
Wat Dy = 6.1 mm 8 mm at Dy to

20 mm at Dy

14 tows 8 tows 32:68 75°

W at Dy = 21.8 mm W varying from

Wat Dy = 7.4 mm | 9 mm at D, to
29 mm at Dy

| 7 50 K 12 tows 12 tows 32:68 | 75°

3.7 kTex Wat Dy = 13.1 mm | W varying from

W at Di = 6.4 mm 7 mm at Dy to

23 mm at Di

18 tows 34:66 | 56.2°

28 tows

W at Dy = 10.9 mm | W varyving from

W at Dy = 3.7 mm 4 mm at Dy toO

12 mm at Di
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CLAIMS

1. A method of fabricating an annular fiber structure,

the method being characterized 1in that i1t comprises the

steps consisting in:

providing a first fiber sheet (320)made up of

substantially unildirectional elements (302);

forming a transverse, first annular sheet by
laying the first fiber sheet (320)in alternation in one
direction and 1in the opposite direction between coaxial
outer (100) and inner (200) circular rings, with the
sheet being held at said rings;

providing a second fiber sheet made up of

substantially unidirectional elements (402);

forming a circumferential, second annular sheet

(420) by deposliting the second fiber sheet in a

circumferential direction between sald outer and 1inner
rings;

bonding the transverse and circumferential annular

sheets to each other; and
driving the transverse and circumferential annular
sheets 1n rotation about the axis of the outer and 1nner

rings so as to execute a plurality of complete

revolutions in order to obtain directly from said

substantlially unidirectilional elements a thick annular

fiber structure having layers made up by the transverse

sheet alternating with and bonded to layers made up by

the clrcumferential sheet.

2. A method according to claim 1, characterized in that

the first fiber sheet (320) 1is laid while reducing its
width between the outer ring (100) and the inner ring
(200), and the circumferential sheet (420) is formed with
density that decreases between the outer ring and the

ilnner ring.

3. A method according to claim 1 or claim 2,

characterized 1n that the transverse annular sheet (320)
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1s laid 1n such a manner as to give 1t density that is

substantially constant along any one circumference.

4, A method according to any one of claims 1 to 3,
characterized in that the first fiber sheet (320) i1is laid

1n such a manner that the fiber elements of the

transverse annular sheet form an angle lying 1n the range

45° to 75° with a tangent to the circumferential

P

direction at the middle circumference of the transverse

annular sheet.

5. A method according to claim 4, characterized in that

said angle is about 60°.

6. A method according to any one of claims 1 to 5,

characterized 1n that the first fiber sheet (320) 1is

P

formed by a spread tow or a plurality of juxtaposed

spread tows (302).

7. A method according to any one of claims 1 to 6,

characterized 1n that the second fiber sheet (420) is

-

formed by a spread tow or a plurality of juxtaposed

spread tows (402).

8. A method according to any one of claims 1 to 7,
characterized 1n that the annular transverse sheet is

held at the outer (100) and inner (200) rings by means of

pegs (102, 202) carried by said rings.

9. A method according to claim 8, characterized in that

the transverse and circumferential sheets are driven in

rotation via the outer (100) and inner (200) rings.

P

10. A method according to any one of claims 1 to 9,

characterized 1n that the transverse and circumferential

annular sheets are formed on a horizontal annular support

(150) which i1s disposed between the outer (100) and inner
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(200) rings and which i1s lowered progressively as the

annular fiber structure is bullt up.

11. A method according to claim 10, characterized 1n that
after the annular fiber structure has been formed, 1t 1s
disengaged by relative vertical displacement between the

annular support (150) and the outer (100) and inner (200)

rings.

12. A method according to any one of claims 1 to 11,
characterized in that the bonding between the transverse
and circumferential annular sheets is performed

progressively while they are being deposited.

13. A method according to any one of claims 1 to 12,

characterized 1n that the bonding between the transverse

and circumferential annular sheets 1s obtained by

needling.

14. A method according to any one of claims 1 to 13,
characterized in that the circumferential annular sheet

is deposited after the transverse annular sheet has been

laid and immediately before the sheets are bonded

together.

15. An installation for fabricating a thick annular fiber

i

structure having layers made up by a fibrous transverse

sheet alternating with and bonded to layers made up by a

circumferential fibrous sheet, the i1nstallation being

characterized 1n that 1t comprilses:

a device (300, 322) for bringing a first fiber

sheet (320) and laying 1t on an annular support (150)

alternately in one direction and 1n the opposite

direction between outer (100) and inner (200) coaxial

circular rings situated on either side of the annular

support so as to form a transverse, first annular sheet;
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members (102, 202) for hoiding the transverse
annular sheet at the outer and inner rings;

a device (400) for bringing a second annular sheet
(420) onto the annular support (150) and depositing it in

the circumferential direction between the outer and inner

rings so as to form a cilrcumferential, second annular

sheet;

a device (500) for bonding the transverse and

circumferential annular sheets together; and

a device (106, 206) for driving the transverse and

clrcumferential annular sheets 1n rotation about the axis

y—
i

.
Odn—

the outer and inner rings.

16. An installation according to claim 15, characterized

in that the device for bringing and laying the first

fiber sheet comprises:

a device (300) for feeding the first fiber sheet;
and

a shuttle-forming member (322) that is movable in
translation 1n reciprocation between a position situated
beyond the outer ring (100) and a position situated

within the inner ring (200) and capable of acting on the

first fiber sheet to bring 1t towards the inner ring

while reducing the width of the sheet.

17. An 1installation according to claim 16, characterized

in that the shuttle-forming member (322) presents a

curved portion for bearing against the first fiber sheet
(320) to bring it to the inner ring (200) while giving it
curvature at the inner ring that corresponds to the

curvature of the 1nner ring.

18. An installation according to any one of claims 15 to

17, characterized 1n that the members for holding the

transverse sheet are pegs (102, 202) carried by the outer

(100) and inner (200) rings.
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19. An installation according to claim 18, characterized

in that it further comprises presser members in the form

P

of movable curved bars (342,

engage the first fiber sheet

344) for contributing to
(320) on the pegs (102, 202)

by pressing on the first fiber sheet.

20. An installation accordilng

19, characterized in that the

comprises the outer (100) and

21. An 1installs

tion according

20, characterized in that the

movable vertically.

22. An installation according

21, characterized in that the

to any one of claims 15 to
rotary drive device
inner (200) rings.

P

to any one of claims 15 to

annular support (150) 1s

to any one of claims 15 to

bonding device (500) 1s a

needling device disposed immediately downstream from the

device

(400)

onto the support (150).

for bringing the second fiber sheet (420)
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