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ABSTRACT

A weaving loom that includes means designed
for the drawing-in of threads, for the insertion of
picks, and for the formation of a weaving shed, so as
to render possible the formation of a continuous angle
or corner by a thread during weaving. The loom
preferably also includes a vertical offset sgystem, so
that it 1is possible to weave a three-dimensional
surface structure, the threads of which are continuous
between the faces and at the level of the edges. This
loom 1s designed particularly for the manufacture of
continuous trihedral <corners that are used as

reinforcements for composite structures.
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A CONTINUOUS—-ANGLE WEAVING SYSTEM

DESCRIPTION

TECHNICAL FIELD

P
p—

The invention concerns the field of

weaving, 1in particular of technical textiles 1in which

at Jleast one weft thread of the fabric forms a

—
P

continuous angle, in relief for example.

More generally, the invention relates to a

P

system that allows the drawing-in of several strips and

the weaving 1in parallel of these strips, preferably

P
s

using the same weft thread. The different elements of

the loom are optimised so as to reduce 1ts size, and to

facilitate the different stages of weaving.

The system according to the invention 1s

particularly designed for three-dimensional surfacic

weaving used to create structures extracted from

hexahedra, 1in particular from trihedral corners, woven

g
—

continuously between the different edges.

PRIOR ART

Weaving has been employed since ancilent

times for making fabrics based on filbres organised 1n

the form of threads. Despite mechanisation and

-

automation of the process or of 1ts use for textiles

F
-

known as “technical”, for example as reinforcements of

composite materials, the current weaving process 1s

based on the same bases as back then and, as such, has

undergone minimal evolution.
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In fact, all woven  textiles comprise

interlacing of threads divided into two categories: the

“warp threads” are threads parallel to the selvedges of

the fabric, and they are interlocked, according to a

P
pa—

layout known as “weave”, with a perpendicular series of

F
—

“weft threads”. The simplest weave consists  of

alternation 1n which each weft thread PasSsSes

P
o

successively above and below a warp thread, with offset

from one weft to the other (“plain weave”).

To carry out weaving 1, such as i1llustrated

in figure 1, the warp threads 2 are first rolled up on
the same support, “the loom beam” 3, parallel to one

another and over a width which will correspond to the

[
)

abric 1; a Y“warp creel” 1s used to

width of the

facilitate this operation 1n the case of fragile

materials, but has considerable bulk. The weft thread 4

will be passed between the warp threads 2, each passage

iy
p—

corresponding to a “pick”. According to the type of

pick wvector, the web 2’ of warp threads 2 can be

prepared (for example by dressing) so as to 1ncrease

1ts mechanical resistance, especially to friction.

P

The passage of each pick 1s facilitated by

making a “weaving shed” 5 in the web 27, that 1is, by
ralsing or lowering certailn warp threads 2 relative to
each other, such that an angular passing space 5 1is
created. To create the weaving shed 5, the warp threads

2 are returned to healds 6 which will undergo movement

perpendicular to the web 2’ coming from the loom beam

3. Different mechanisms (frame, Jacguard) create the

weaving sheds according to the required weave.
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The insertion of the pick

using different processes. A convent

4 can be done

fr——
—

ional form of

P

method involves the projection, across the strip, of a

shuttle 7, a tool that holds a bobbin 8, with the

P

latter containing a spooling of a cer

F
p—

tain length o:

weft thread 4. However, this passage generates

F

friction. Although the application of

brings about an increase 1n mechanical

size sometimes

strength, this

solution cannot be adopted for all textiles and, 1n

strength composite structures.

Other systems for passage oO:

F

particular, not for the reinforcing threads of high-

- the pick have

thus been developed. In particular, fluid jets (water

i

or gas) can carry the thread to the other side of the

strip. It 1s also possible to use a rapil

— -~
— —

er, oOr even Two

rapiers each extending over half of the strip, where

one rapler grasps the weft thread so as to send 1t to

the middle of the strip and so to the

these solutions only allow the passage 03

other. However

F
p—

a finite and

short length of thread. It happens though, that 1in

P
—

certain uses, continuity o©of the weft thread 1is

important.
Finally, each time that a
through the weaving shed, a comb 9, 1

which are held the warp threads 2,

plick 1s passed

n the teeth of

beats 1t down

against the already formed fabric 1, during which the

heddles © are operated to create another weaving shed 5

that agailn depends on the current weave.

of warp threads to be woven 1i1s lengthy.

—_—

’-0

It 1s clear that preparation of the strip

In particular,

the 1nsertion of the warp threads 2 into the heddles 6
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has to Dbe effected with precision, as does the
positioning of the comb 9. These stages can also

generate damage to the thread 2 due to rubbing, which

is particularly problematic 1n the <case of carbon

fibres. Moreover, the presence of the heddles 6 and

-

combs 9 1mplies a weaving device of considerable

vertical dimensions, which 1s particularly unfavourable

to technical textiles for example, where only a short

and finite length of fabric 1 is achieved.

For example, 1n the aeronautical field,

composite structures are developed to replace normally

p—

metallic elements of boxed structures (likewlse known

under the name “box”). However, for the Jjunctions,

“reinforcing corners” (or “corner fittings”) are

necessary, whereof the geometry seems simple: a classic

corner fitting 10, i1llustrated in figure Z2A, comprises

for example three bidimensional walls 12, 14, 1leo,

F
=

substantially flat, forming a corner cube angle (o:

“demi-cube” type).
So—called “three-dimensional” weaving

methods have certainly been developed, 1n which the

prosheath resulting from the weaving operation includes

P

an 1nterlacing of threads arranged 1n three directions

in space. In particular, Aerotiss® methods are used to

weave glass fibres and multi-layer 1interlaced carbon

all

i)

that can be used to create the leading edge skin o:

aircraft, amongst other things. For parts of more
complex shape, Dbralding can be used, which enables
parts to be created directly 1in hollow shapes on an

appropriate mandrel.
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Like most of the three—-dimensional shapes

with two-dimensional walls however, a strengthened box-

corner textile preform can be created on the existing

machines only from a “flattened” version of the walls

'

and by means of a sewing 10z between at least two faces

14, 1lo.

Now, a sewing 1s an element apart, fragile

 d

to a degree, which gives rise to problems of mechanical

strength that are incompatible with  aeronautics.

Moreover, since continuity of the fibres along the

different planes 1is not guaranteed, the strengthening

function 1is not fully achieved. As a result, the box

corners, even with boxed composite structures, are

manufactured from a metal medium.

Furthermore, complex stresses can suggest

thread continuity in other woven parts, 1ncluding a

thread forming an angle within the fabric, that 1s a

thread that i1s parallel to one edge of the pilece over a

certain 1length, and parallel to another edge over a

consecutive 1length. This continuity can be fundamental

ﬁ

for the composite reilnforcing of technical textiles,

and 1n particular 1n aeronautics.

It thus appears that the weaving looms can

be improved, in particular regarding their use for the

gy

creation of technical textiles.

PRESENTATION OF THE INVENTION

The invention proposes a device that 1is

designed to create structures that have a multiplicity

I

O faces that are orthogonal to each other and
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connected along at least three edges continuously, such
as trihedral corners without sewing, for example.

More generally, the 1nvention relates to a
weaving loom used for 1nsertion of thread to form an
angle within the piece to be woven.

P

The loom of the 1nvention thus 1ncludes

first and second means used to 1insert threads to form

two strips that c¢ross each other, first and second

means to form weaving sheds 1n the two strips, first

and second means to beat the picks into the two strips,

P

using combs that are attached to each other for

example.

g P

Since the formation of one of the strips 1is

p——
p—

effected during the weaving of the other, one of the

two means of drawing—-in at least, and preferably both,

1s open, and composed of hooks. One of the two weaving-

shed formation systems, and preferably both, 1s also

open, meaning that 1t 1ncludes open thread-manipulation

elements. In order to reduce the size, the offset of

the threads to form the weaving shed is advantageously

effected by means of a rod attached to the manipulation

elements, preferably the drawing—-in hooks, which pivots

about an axis and allows movement of the threads when a

pressure 1s exerted upon 1t. A system switching between

two contact positions on the rod advantageously allows

the formation of the weaving shed, namely a rest

position in which an 1nitilalisation axle presses on all

of the rods 1in order to align them, and an operating

position i1n which selected thrust elements press in the

grom—

fset certain

other direction on certalin rods so as to o

hooks 1n relation to the others. Switching 1s
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preferably effected about the same pivoting axilis as the

rods.

in addition, the pick 18 inserted

e

continuously between the two strips, and the loom of

the invention includes a spool that is able to contain

-y = -

a winding of weft thread of su:

ficient length. The loom

is equipped with means that are used to receive the
spool during its 1insertion at the corner between the
two strips, preferably a receptacle equlpped with

——

temporary holding means that can also include means for

guiding the spool in order to ensure insertion without

friction.

The pick 1s advantageously 1nserted 1n a

o

manner that 1s directed by temporary attachment of the

spool to insertion rapilers that determine a weaving

direction 1n each strip. The holding receptacle of the

spool 1is then advantageously mounted so that 1t turns

to orient 1ts opening 1n the direction of each rapier

employed.

—
mal

In order to effect three—dimensional

surfacic weaving, the loom can be eqguipped with means

)

allowing the offsetting of a woven surface 1n relation

to the strips, such as a mobile frame for example, 1n a

direction perpendicular to the loom structure.

In order to compensate for the different
tractions and 1n particular to allow the weaving of
non—-stretchable carbon-type threads, the drawing-in

hooks are advantageously associated with tensioning

F

means, of the spring type, working individually and/or

collectively.
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It 1s possible to arrange to weave a third

side of a strip, that 1s a second (or even third)
corner, by providing a spool-receiving sheath,
accompanied where appropriate by an 1nsertion rapler.
Drawing—-1in hooks on one or two other sides of the loom

structure can also be provided.

SHORT DESCRIPTION OF THE DRAWINGS

i

Other characteristics and advantages of the

invention will emerge more clearly on reading the

description that follows and with reference to the

appended drawings, which are provided for 1illustrative

purposes only and are 1n no way limiting.

-Figure 1, described previously,
schematically 1llustrates a conventional weaving

method.

-Figure 2 schematically represents a woven

fold to form a box corner.

~Figure 3 represents a weaving loom

according to one embodiment of the invention.

-Figure 4 shows a weaving-shed formation

system preferably wused 1in a loom according to the

invention.

P
p—

~-Figures 5A to 5H 1llustrate a method of

three-dimensional surfacic weaving with a loom

according to the i1nvention.

DETALILED PRESENTATION OF PARTICULAR EMBODIMENTS

According to the invention, it is possible

to manufacture a woven fold 10 in three dimensions with

F

continuity of threads between each adjacent face 12,
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14, 16 of the fold

F

formation of one or

. In particular, this allows the

more corners with no process other

than the weaving. More generally, even for a "flat”

weave, the weaving

P
p—

the 1nvention allows the

loom o

p—

insertion into the weft of a thread that makes an angle

between two parts of the thread respectively parallel

to the two edges of the fabric.

To this end, a weft thread 1inserted into a

weave strip must be

directions, and the

' el

capable of beiling 1inserted 1in two

refore two weave strips must be

capable of being formed at the same time.

The weaving loom 20 according to the

invention therefore

includes, on two adjacent sides of

P

1ts structure 22, preferably orthogonal to each other,

two means of drawing—-in the thread, with at least one

of the two being open so as to form the corresponding

strip at the same time as the weave (see Figure 3).

1.

As a conseguence, the first strip 24A can,

as one would expect,

first side 22A and t

be woven by a weft

be stretched between the opposing

hird side 22C of the structure, to

thread. On a second side 22B, the

loom structure 1includes hooks 26B used to pass a thread

28 around 1n order

During the weaving

to form a secondary strip 24B.

-

of the primary strip 24A, the

primary weft threads 28 are extended so as to pass

around the hooks 2Z26R

, and thus form a second strip 24B

F

that forms a closed angle 30, of 90° for example if the

weave 1s orthogonal,

level of the woven

wilth the first strip 24A at the

plece 32. It will be possible to

weave this angle 30 continuously with a single weft

thread. In particular, when the first face 32 has been
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10

woven, the secondary weft thread 34, 1nstead of being

attached to a hook, can be used to weave the secondary

strip formed 24B, with the 1initial weft threads 28 then

working as warp threads.

The primary strip 24A 1s advantageously put

in place by means of the same system of strip formation

—

with hooks 26A. The opening of thilis system also allows

continuity of the warp threads forming the strip 24A,

which 1s particularly advantageous 1n the case of

weaving fibres used to reinforce composite structures,

such as carbon or aramid fibre for example.

The hooks 206A, 26B are preferably
assoclated individually with a loop tensioning system

36A, 36B used to work threads 28 that are not very

stretchable. A regulation system 38 for collective

—

tensioning of the threads can also ensure the tension

r7

function of

of the fabric 32. The “reserve of threads

P

the beam or of the creel 1s replaced by a tension

regulation device for the collective threads 38 which

p—
P

has an X,Y backward ot

F
e

fset that 1s sufficient for the

dimensions of the final preform.

Thus, according to the 1invention, the

e

initial drawling—-1in warp threads 1is effected, manually

p—

for example, 1n a first series of open frames 22A,

including attachment hooks 2Z6A, where appropriate, on

each side 22A, 22C. The weaving of this strip 24A

F

allows the formation of the first face 32. Similar to

conventional two—-dimensional weaving, the method

includes the insertion of weft thread 28 into the first

F

series of threads 24A put 1n place on the loom 20,

which work in warp (primary warp threads). To this end,
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11

the loom 20 includes a first weaving—-shed formation

system, which can be conventional or, preferably, will

be identical to that of the second strip and described

later.

P

Parallel to the weaving of the first face

—

32, which 1s effected according to a customary

technigue and with a plain weave for example,

a second

P

strip 24B 1is formed. In the case where the weave of the

F
—
—

1rst

face 32 1s orthogonal, this second strip 24B 1is,

in particular, perpendicular to the first face 32. To

this end, the weft threads 28 used for the first face

32 traverse the strip Z24A and make a loop at the level

=

of their respective hooks 26B, and then again traverse

the frames 1in the other direction. Depending on the

shapes wanted, it is possible to tighten these primary

weft threads on the structure 272 at a fourth side 22D

opposite to the second side 22B, and advantageously

itself also fitted with open drawing—in hooks providing

fll—-

continuity of the thread (thus forming a fourth strip

24D), or to take up the weaving directly 1n the other

iy,

direction at the opposite edge of the woven piece 32.

Thus, a plane fabric 32 1s obtsa

ined by

e g

virtue of the system of open frames, Jjointly with

drawlng—in 1in a second system of frames 22B with the

threads used 1n weft (or picks) 28, meaning that a face

32 1s woven while doing the drawing—-in weft threads 28

which will be used in warp 1in a following phase to

insert secondary weft threads 34.

Since the secondary strip 24B 1s intended

to be woven, a weaving shed must be capable of

opened Dbetween the threads 28. The loom

p—

O

belng

pr—
—

f the
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12

invention 1includes a second weaving-shed formation

system 40 traversing the strip 24B, parallel to the

—

second edge 22B of the structure for example. The

weaving shed formation system 40 1s preferably totally

P

open in order to simplify the formation of the strip

24B. It can also be heddles 1n two separable parts, the

first part being open during the drawing-in of the

strip and being closed by the second part when the

strip forms, 1in order to carry on as usual.

F

The opening of the weaving shed preferably

occurs without any frame or Jacguard mechanism, for a

size less than that 1mposed by this type of system. The

selection of the threads 28, and therefore thelr

vertical movement, occurs by virtue of a tilt system,

preferably acting directly on the hooks 26B. The

p—

weaving—shed formation system of the primary strip 24A

also advantageously functions by tilting, acting

directly on the drawlng—-in hooks  26A. This 1is

particularly suiltable for a small size such as 1is found

in weaving unlits assoclated with a tilt system for the

F

prosheathion of composite structures.

To this end, as 1illustrated in Figure /4,

all

1)

the hooks 26 are each attached to one end o:

operating rod 42, and the other end 44 of the rod 42 is

coupled to the tensioning system 36, 38, for example.

Between the two ends 26, 44 of the rod 1is

located an axle 46 that allows pivoting of the

operating rod 42 by a thrust exerted on one part of the

latter, 1n order to ralise or lower the hook 26. The

P

rods 42 are advantageously gulded by means of a ramp
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13

48, which can form the edge 22 of the loom structure

20.

In order to tilt the hook 26 wupward or

downward, a tilt system 50 preferably presses onto one

or the other part of the rod 42. Thus, the tilt system
50 includes an initialisation axle 52 that operates all

the rods 42 together 1in order to align them, thus

creating an initial position of the hooks 2o,

preferably in a down position that corresponds to the

F

plane of the strip 24 of warp threads.

The tilt system 50 also 1ncludes a device

54, which selects the hooks 26° that must rise

according to the weave to be created, and then raises

them to form the weaving shed 56 by pressing on the

other part of the corresponding operating rod 42. The
selector device 54 can thus 1nclude thrust elements 58

that are able to assume two positions, according to

their method of operation, retractable for example.

During the formation of the weaving shed 56, the
selector device 54 activates the elements 58, and as a

consequence, the latter exert a pressure on their rod

42, to raise the hooks 26’. The selection 1s then

modified according to the weave to be created, by

i,

mechanical or electronic selection of the thrust

elements 58.

The i1initialisation axle 52 and the thrust

ﬁ
—

elements 58 are linked by means such as operation of

the activated thrust elements 58, which leads to a

wilithdrawal of the initialisation axle 52. In

P

particular, this coupling 1itself also functions by
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14

tilting, and 1includes an oscillating lever 50 pivoting
about the same axle 46 as the manipulating rods 42.
The kinematics are thus composed of two

principal movements, namely a positive rotation around

the tilting axle 46 of the weaving-shed formation

systems 1n order to open the weaving shed 56, and a

negative rotation around axle 46, closing the weaving

shed.

a) The selection system 54 of the hooks 26

1s 1n the up position, the descent axle 52 1s 1n the

down position. The hooks 26 are therefore 1in the

1nitial position (the down position).

b) A positive rotation of the oscillating
lever 50 allows the selection system 54, 58 to select

the hooks 267 and to raise them. The hooks 26’ then

pivot, pressing on the ramp 48 in the up position. The

weaving shed 56 1s thus opened, and a weft thread can

then be 1nserted and woven.

c) The weaving shed 56 can now re—close. To

this end, the descent axle 52 driven by the barapier

arm 50 1n 1ts negative rotation lowers the raised hooks

206’7 . Therefore, all the hooks 26 are now 1in their
initial position (the down position), and the weaving
shed 1s closed.

Certainly, according to this illustrated

embodlment, the weaving sheds 56 are formed by an even

p—
g

numper of warp threads 28, but thilis presents no problem

for the technical textiles, and 1in particular the

reinforcements for composite structures. The system 40

would however be adaptable for an odd weave, for

example by making a loop about two consecutive hooks 26
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15

during the drawing-in. It would also be possible to

couple the operating rods 42 to other manipulation

o gt

elements of the threads, for example a series of hooks

placed about each thread 28 within strip 24.

P

By virtue of the weaving loom 20 according

to the 1nvention, when the first face 32 has been

woven, then weaving occurs simultaneously on the two

strips <created 24A, 24B (primary warp threads and

secondary  warp threads), wlth a non—rectilinear

e~

insertion of the weft thread 34.

In order to ensure the continuity of the

F

secondary weft thread 34 during the formation of the

corner 30, the pick must include a sufficient length of

thread. Conventionally, the weft thread 34 is in the

—

form of a winding about a spool 60. Means are provided

on the loom 20 1n order to allow a temporary placement

p—
—

of the spool 60 of weft thread 34 between the two

strips 24A, 24B, 1n order to be able to selectively

—
—

operate the means of insertion in the first 24A or the

second strip 24B. In particular, the placement means 62

include a cylindrical receptacle designed for the size

of the spool 60, that is a sheath 62 in which the spool

o0 can be placed in a temporary manner. The sheath 62

1s advantageously equipped with suitable retention

means, such as a clamp coupled to a stitch for example.

The sheath 62 can also be equipped with guidance means

used to avoid friction or impact between the spool 60

and the walls of the sheath 62 during insertion. for

example, the spool 60 is equipped with a pointed

appendage (unitary or added) at the end entering into

the sheath 62, which itself is equipped with an orifice
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16

of complementary shape, opening through or not, used

for progressive readjustment of the position of the

spool 60 by the guidance of the appendage 1into the

orifice.

The sheath 62 1s placed in the structure

L.

first and second sides 22A, 22B and the

22, between the

strips 24A, 24B. Since the pick 34 1s 1nserted 1n a

predetermined direction 1n each strip 24, the sheath 62

1s advantageously mounted 1n a rotary manner, and 1ts

— p—

opening can face 1in both directions of insertion of the

pick 34.

The 1insertion of the pick 34 1s preferably

pr—. e
ha—

effected by means of a directioconal rapier 64 1n each

strip 24. Each rapier 64 then 1ncludes the means

allowing 1t to couple 1n a temporary manner to the

spool 60, and to place 1t 1n the sheath 62 when 1t

reaches 1t, thus allowing the transfer of the spool 60

from one rapier to the other (multiple pick insertion

1)

the threads can be

system). Thus, continulty o:
guaranteed, while also avoiding damage to the threads

constituting the weaving shed. For the weaving, the

first rapler 64A carrying the spool 60 1s inserted into

the open weaving shed, orthogonally to the strip 24A

o e
v

for example. Once arrived at the end of the strip of

warp threads 24A, the rapler ©64A then deposits the

spool ©0 1n the sheath 62, and then comes out of the

weaving shed empty, to return to the initial position.

The weaving shed formation system then re-closes, and

where appropriate a tamping comb is used, forming the

fabric. The sheath o2 turns toward the second

direction, perpendicular to the other strip 24B, and an
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empty rapler ©4B comes to fetch the spool 60 to pass

‘through the second weaving shed.

This transfer 1s used to direct the thread

L o

and therefore the weave along a certain angle. O0Of

> course, depending on the number of strips 24 to be

woven on the loom, 1t 1s possible to form several such
corners 30. There are then as many sheaths 62 as there
are angles 30 to be created. This technigue 1s used to

P

ensure continuity of the threads while also ensuring a

10 high directivity of the weave, and minimising friction

between the threads.

pr—

Parallel to the weaving of the corner 30,

P

"set of the woven

P

1t 1s advantageous to proceed to an o

face 32 1n a direction that includes a component 727

15 normal to the X,Y plane of the strips. For example, a

pr—

lowering of the woven surface 32 1in relation to the

strips 24A, 24B allows the pick 34 to be placed so as

to form an angle 30 above this surface 32, and to form

a three-dimensional piece that includes a first wall 32

p—

20 and two preforms of walls, making a corner. The device

F

1s then used to weave a fold of trihedral angular form

directly according to the desired three-dimensional

profile, 1n accordance with Figure 2 for example, with

continuility of the threads between the faces 12, 14, 16

25 and at the edges 10z.
To this end, the loom 20 then includes the

F

means 6b to effect this offset. In particular, the

pr——
prems-

fected on threads stretched 1into a

weaving 1s e

structure 22, which remains fixed, but that includes a

30 mobile shaping frame 66 that offsets the woven preform

by pressing onto the first face 32 in order to ensure
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P

the formation of the corner 30, the tensioning of the

fabric, and the “marking” of the edges. The mobile

P

frame o606 preferably corresponds to the surface of the

first woven face 32, but i1t could be limited to a zone

P

adjacent to the edges of this face, or even only to the

edges along which the secondary weft threads 34 pass.

The frame 06 causes the fabric to be railsed

simultaneously with the advance of the weaving in the 7

direction, 1n order to achieve optimal placement of the
threads 34 working in direction 7 during the weaving.
As 1llustrated 1n Figure 5, the weave,

F

using a loom of the invention, 1s preferably created in

the followlng manner:

1. In a first stage, as presented above and

1llustrated in Figure 3, there is the formation of the

P
p—

first strip 24A, weaving of the first face 32 parallel

—

to the drawing-in of the second strip 24B. The pick 28

can be 1nserted Dby the first rapier system 64A or
manually. The pick 28 can be continuous with the warp

threads or not.

2. The weaving shed 56A of the first strip
24A opens (Figure 5A).

3. The first rapier 64A, holding at its end

the spool 60 of secondary weft thread 34, is inserted

into the weaving shed 56A. It 1s possible that the

secondary weft thread 34 may be unitary with the

primary weft thread 28. Once the weaving shed has been

traversed, the rapier 64A inserts the spool 60 into the

first sheath 62 and releases it after the sheath 62 has

clamped the spool 60 (Figure 5B).
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4. The first rapier ©64A comes out of the

weaving shed 56A, which closes. During this time, the

sheath 62 does a rotation in the direction of the

P
—

second rapler 4B, and the second series of frames open

a weaving shed 56B 1in the second strip Z24B (Figure 5C).

5. The second rapier ©64B 1s 1nserted into

the second weaving shed 52B to go and fetch the spool

60 that 1s fixed there (Figure 5D).
6. The sheath 62 releases the spool 60 and

the rapler 64B remerges from the weaving shed 56B with

the spool 60. The weaving shed 56B can then close and

the strip 24B reforms. Then comes tamping o©f the pick

*

34 1nserted on each side of the woven face 32, with the

) .

7. For the creation of a three-dimensional

p

formation of an angle 30 (Figure 5!

L]

'

corner, there 1s a thrust by the mobile frame 66 in

order to offset the first face 32 vertically (Figure

OF) .

3. The procedure 1s then repeated, with

opening of a weaving shed 56B’ in the second strip 24B,

P

insertion of the second rapiler 64B to deposit the spool

P

060 1n the sheath, and withdrawal of this rapilier so that

the sheath 62 1s turned toward the first rapier 64A

(Figure 5G); and so on.

The secondary weft threads 34 are thus

inserted 1in a non-rectilinear manner, along direction X

—

and then along Y, allowing creation of the orthogonal

o

faces; the reserves of threads X and Y combined with

the collective tension regulation systems are used to

_

ply the material for the composition of these faces.

d

sSup
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It is preferable that the tamping comb of

cach secondary pick 34 should be unitary for the

F

different faces, so as to proceed when all of angle 30

-

has been completed. Thus, the parallel orientation of

the weft threads 34 1n relation to the first face 32 1s
optimised.
We thus obtain a corner 70, i1llustrated 1in

Figure 5H, whose thread 72 can be continuous, by virtue

of a non-rectilinear 1nsertlion and a drawling-—-in 1n open

frames 22A, 22B during the weaving phase. This 1is

particularly advantageous since the existing three-

dimensional machines <create only “volumic” shapes

T1

(cubic, cylindrical, etc.) or profiled (T, H, E,...).

P

Here, 1t concerns the manufacture of three-dimensional

shapes 70 with two-dimensional walls. Moreover, this

system meets the reguirement in terms of continuity of

thread 72. In additilon, the movement along the 7 axis

P

allows one to mould to the shapes of the three-

P
pr—

facilitating 1its

dimensiocnal fold 10, thus greatly

creation, with this occurring during its weaving phase.

In particular, the device 1is designed for

the creation of box corners according to Figure 2, in

P

which the dimensions of the piece 10 are of the order

of 400 mm x 220 mm x 200 mm, or even 800 x 220 «x

200 mm’. The carbon thread used advantageously 1ncludes

petween 06,000 and 24,000 filaments, and preferably

12,000. The 1deal mass per unit area of each fold 1is

200 g/m* to 1200 g/m°, and preferably 600 g/m?. A

g
p—

trihedral angle 70 thus created allows the formation o:

a box corner 10 after I1mpregnation with a resin. The

volumic ratio of the fibres within the total volume of
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the finished pilece 1s advantageously 55 to 60%. The

preform can preferably be superposed upon other

—

preforms of the same nature, advantageously with an

angulation between theilr threads, so as to optimise the

strength of the final piece 10 in relation to the

P

directions of the mechanical stresses in the composite

part.
Although described with a triple-rectangle

trihedral corner 70, other options can be envisaged. In

particular, 1t 1is possible to offset the first face 32

R

obliquely so as to form faces that are not orthogonal

-
pis

to each other. It 1s also possible not to effect a

right-angle weave on the first face 32.
Again, 1t 1s possible to create a structure

with several <corners, Dbased in particular on a

hexahedron, and including four or five faces. In this

case, the aforementilioned stages 5 and 6 are repeated as

many tilimes as there are angles 30 (and therefore
sheaths 62) until the spool reached the last rapier or
until 1t has done a complete sequence, where stage 7 is

-

then engaged. If a complete sequence (four picks passéd

apbout the face 32) has been completed, it is possible

elther to retrieve the spool 60 with the first rapier

64A, so that the shuttle 60 continues to turn, passing

from one rapler to the next, or like a “conventional”
arrival at the 1last rapier, to trigger a reverse

passage to the spool, so that the spool is transmitted

from sheath to sheath by the rapiers until it reaches

its i1nitial position.

The loom of the invention 1s therefore

—

particularly suitable for the weaving of reinforcements
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for composite structures, with a wview to 1including

optimisation that allows smaller size while also

P

allowing the weaving of threads to form angles or

corners, in  three dimensions  where appropriate.

S5 However, other applications can equally well Dbe

envisaged, and 1n particular, each of the elements

F

making up the loom of the invention <can be used

-

independently of each other.
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CLAIMS

1. A weaving loom used for the weaving of a
fabric in the weft of which at least one thread forms
an angle , with the loom structure forming a frame with
four sides that include:

-first means of drawing-in of threads on
the first side to form a first strip between the first
and the third sides;

-second means for the drawing-in of threads
on the second side to form a second strip between the
second side and a fourth edge, composed of open hooks
around which the threads form a loop;

-a first weaving-shed formation system on
the first strip at the level of the first side;

-a second weaving-shed formation system on
the second strip at the 1level of the second side,
including open elements for manipulating the threads;

-a spool used to contailn a winding of weft
thread intended to weave the strips;

-a receptacle located between the first and
second sides, and the first and second strips, used to

hold the spool; and

-a first and a second pick-tamping comb

traversing the first and second strips.

2. A loom according to claim 1, in which
the elements for manipulating the threads of the second
weaving-shed formation system are drawing-in hooks
extended by operating rods, with each rod pivoting

about an axle.
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extended by operating rods, with each rod pivoting

about an axle.

3. A loom according to claim 2, 1n which
the second weaving-shed formation system includes means
for putting selective pressure on the rods, switching
between a rest position and an operating position so
that, in the operating position, certain drawlng-in
hooks are  offset in relation to the others,

perpendicularly to the strip.

4. A loom according to claim 3, in which
the means for putting selective pressure tilt about the
same axle as the operating rods and 1include an
initialisation axle that is able to exert a thrust on
all the rods in order to align them, and selection

means that are able to exert an opposite pressure on

certain rods to form the weaving shed.

5. A loom according to any one of claims 1
to 4, in which the first drawing-in system 1s composed

of open hooks around which the threads form a loop.

6. A loom according to claim 5, in which
the first weaving-shed formation system is of a similar

nature to the second weaving-shed formation system.

7. A loom according to any one of claims 1
to 6, in which the drawing-in hooks are associated with

tensioning means.
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8. A loom according to any one of claims 1
to 7, including first and second means to move the
spool across the first and second strips along first

and second directions, and to place i1t into the sheath.

9. A loom according to c¢laim 8, 1n which
the sheath includes an opening for reception of the
spool, and rotates between two positions in which the
opening 18 directed along the first and the second

directions respectively.

10. A loom according to claim 9, 1in which
the spool 1includes an appendage of pointed shape, and
the sheath includes, on 1ts face opposite to the
reception opening, an orifice complementary to the
appendage so as to guide the spool during 1its

insertion.

11. A loom according to any one of claims 8
to 10, 1in which the means to move the spool include
first and second rapiers that are attached to the spool
in a removable manner, and the sheath includes means so
that it i1is able to hold the spool, in a removable

manriex .,

12. A loom according to any one of claims 1
to 11, which also 1includes means to move a woven part

of the first strip in a direction (Z) orthogonal to the

strips.
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13. A loom according to any one of claims 1
to 12, 1in which the first and second combs are attached

to each other.

14. A loom according to any one of claims 1
to 13, that also includes third drawing-in hooks on the
side opposite to the second side, to form the fourth

edge.

15. A loom according to any one of claims 1
to 14, that includes a second sheath opposite to the
first, 1n relation to one of the first and second
strips, and a third rapler for insertion of the spool

and pointing toward the second sheath.



CA 02667262 2014-04-02

Wik S\i
¢ AR &

;\\\\\\\ A\", <
AT
f‘!' \l\l\\‘e&\‘\ \\

Y. '\\&

\n

N




CA 02667262 2009-04-22

54

o0

AWM,

—
42

4
L]
26




62

62

248

64B

CA 02667262 2009-04-22

3/6




CA 02667262 2009-04-22

4/6

64A

64B

64 A




CA 02667262 2009-04-22

5/6

64A

A

24

ON
O

248

648

FIG. SE

O\
©

648

24B

FIG.5F



......

CA 02667262 2009-04-22

6/6

N
©

o6B’

64B

FIG.5G

22A

; N

) Aw

Y % M «M
wxﬂwf

. . s

A M MMA .mw w‘oﬁgvm.nﬁaﬁﬁ.— Ev..uvm.,x.g 3&.9.2_3.;?5 ...33.9?._4&&5#— }is\\..»_.n.e
| G % % ",
% ; MJWJK\I( G _ K?xov&s’x&fx_ c«.glg—v;ft)..(}(\\ — _ .a./v\

62

228

PrECIIER
: vaa!r 1
, . . . e e V) ST IO EYTIVTECITERTORCEE PYCTIV I SITRe T h’ik)w«/ﬁvef “
M@anﬁ' — %,

-~ . haaan G e bl I B 2 R ETTSTRTFARRYIVRYY RYYTITTITINRORreN ™

% %, ;
AW .‘.vr — % .

. i# R 2N SIUUY OTPEIRETELIIEN i A e







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - abstract drawing

