1 Woven structure and panel or vessel including such structure This
invention relates to a woven structure ;and a part equi pped with such a
structure. More specifically, it is a flexible vessel conprising such a
structure and formng an inflatable reservoir. W are famliar with

infl atable cushions for the lifting of aircraft designed to facilitate the
operation of pulling out of mud and recovering commercial and mlitary
aircraft that havBRa@nsugﬁwawm9ph@ﬂprvﬁédﬁuﬁw%ygSwﬁegewbm%hions enabl e
airport rescue teans confronted with an aircraft which has gone off the
runway to lift and then tow it quickly and safely, avoiding any additional

damage. FigéH@erdionneMbes o & @58n Stewdi@An@h pan eqﬁipgécawh kidhtd fgicauehi on of a
former design. This cushion typically consists of two woven walls (1, 2),
coat ed fd\iompwlﬁ@albmtn%ﬁeﬁhéw cUpEERg s 2 sthetusgyeisiophingldése woven
walI's (1, @) @re.linked by an extra layer, 3, made of rubber. These walls
(1, 2) are af'so 1 nked t oget her by pol yam de threads (4), which, once
tautened by inflation of the cushion, are parallel and spaced at regul ar
intervals. These t hreads (4€@are_of identjcal length in order to keep walls
(1, 2) paVaeredamigivathanlaieble quphiensstgn the Lifiing phyyrosefedesignedite fasiiteed to the

aircraft i hi i A Thi S i
particulellt%5 c%##ﬁggﬁﬂ§§$ﬁ%§gﬁgpShgﬁﬁﬁyﬁgkggﬁgﬁ??§§| e ng?g?kﬁﬁzh as an

ai rcraft thathgvé &cidentallgriele thetronswwi d structural damage (Fig. 2). However,
air may be lost fromthese lifting cushions due to a manufacturing defect
or nmay appear over tinme at rupture points (6) in the structure of the

lifting cpahl QRhidA® nfI@HPIR: reRIAUERSS dHnifde et QFiBEASai PN WaRMIHas f r oM poor
vul cani zation or fromslippage of the extra rubber layer (3), prior to
vul cani zaononif thorunway to lift and then tow it quickly and safely, avoiding any additional

damage.

Figure 1 shows a cross-section of an aircraft lifting cushion of a former design. This
cushion typically consists of two woven walls (1, 2), coated for water tightness and
heat vulcanized. The edges of these woven walls (1, 2) are linked by an extra layer, 3,

made of rubber.

These walls (1, 2) are also linked together by polyamide threads (4), which, once

tautened by inflation of the cushion, are parallel and spaced at regular intervals.

These threads (4) are of identical length in order to keep walls (1, 2) parallel. This
ensures that equal lifting pressure is applied to the aircraft structure beneath which the

cushion is placed.

This is particularly critical for example when lifting fragile parts, such as an aircraft

wing (5), in order to avoid structural damage (Fig. 2).

However, air may be lost from these lifting cushions due to a manufacturing defect or
may appear over time at rupture points (6) in the structure of the lifting cushion. For
example, manufacturing defects may result from poor vulcanization or from slippage

of the extra rubber layer (3), prior to vulcanization.



Such defects lead to an uneven lifting force on the aircraft structure and
may be responsible for secondary danage2 There is thus an urgent need for
an inflatable cushion made in one piece so that it has increased stress
resi stance. As a general rule, nunmerous woven articles of conplex form such
as pouffes filled with polystyrene balls, arnthair covers, etc, are nmade up
of initially separate pieces of fabric which are then joined together, for
exanple, by sewing, to give the article its finished form However, these
articl es Hashedeflays ed tcnart imeven Hftoerfbaicronghe sictraft atrusezliand ssydte t hese j oi ns.
Premat ure wear.?f the article in these zones may result, for exanple, in
the articlePsih ﬁ&fiS?%OnéﬁlinJ@%?- In short, time required to assenbl e these
articles of conplex formcan be relatively long and require qualified
operators, making the article expensive. The aimof this invention is

t her ef or eThere af thes amurgicatreed fforf anbinflatablicobhips maidenp) end picqetse thiatdikps and node
of operation, in one piece, giving it nechanical properties superior to

t hose of H‘rcée\?is‘?i}séreﬁﬁg\g\ﬁ? F¢icles made by assenbling initially separate
parts by sewing or gluing them or by a conbination thereof Another aim of
the invention is to create a one-piece wven structure with a_conpl ex shape
such as aAgergcairl Bie, BYMErREs veoaEn 8Risks of gprplex dorma sladips pouHemiilted

resi stance,:for [ . .t j : jer craf t
fusel age SupdelieR AR Hhcfii EARERIC FePhRRID FHitaRy AR BB chti on
rel at es t éabgicwehieinarstthiengbined tageter, for egngile, lbyastvitgmo give ére andgdle gs1 i nked
together hy at | east one unattached linking thread. 3 According to the

i nvent i onfinished fogWgt h vari ati on between two consecutive sinkers of the said
at | east one linking thread, 'each of said sinkers corresponding to a riser
per weft yarn of a different wall, is continuous on at |east a portion of

t he sai d Blowestnithesé articles halve, bg tdebnition, a deatawegtypichmal/voraknesstahtesti r ecti on of

the weft. . .
joins,

Premature wear of the article in these zones may result, for example, in the article

losing its stuffing.

In short, time required to assemble these articles of complex form can be relatively

long and require qualified operators, making the article expensive,

The aim of this invention is therefore to offer a piece of fabric which is simple in its
design and mode of operation, in one piece, giving it mechanical properties superior
to those of previous known articles made by assembling initially separate parts by

sewing or gluing them, or by a combination thereof.

Another aim of the invention is to create a one-piece woven structure with a complex
shape such as a conical or cylindrical shape, with increased mechanical resistance for
the creation of composite pieces such as radomes, aircraft fuselage sections, ship

hulls, or furniture.

To that effect, the invention relates to a woven structure comprising at least two

woven walls linked together by at least one unattached linking thread.



Each of these two sinkers belongs to the basic weave of a different wall or
sheet. In other words, as each of these3two sinkers corresponds to a |inked
riser or linking thread, per the weft yamof a different wall, these walls
are linked together by the linking thread. The two woven walls are
therefore |inked together by supplenentary warp yans. This woven structure
can be closed or at |east partially open. The opening can be placed at any
poi nt on the woven structure, i.e. at at least one of its extremties, the
cor r espongicogrdagoeshoinveltasethedtlgsh tdratief besverntwbeomgeytdierseketsaget her or

i ndeed the result of the preifence o[} gn ,&p.e in% in at | east .one of the

wal | s. Théhedirhatdeasbones!inking thyged, ench o paid Fukers LarePrnding L0 e PeSt r uct ur e
can be an)@e?tgﬁaﬁ?of S R bvall SYUBHEhuohE 65 8184k @MportiinfdTRRDsai@stiuctdde id-, H or |
shape, once dny unnecessary warp yans have been cut. ' Continuous

vari at i on'the dizatien thit vidme andiloi iatthodirécsionnf flerwafand does present any junps
or stages. By 'unattached linking thread', we nean that this thread is not
attached after the weaving of each of these walls to Iink them but the
opposi te Bk 8ethese two diketd 136185 tHRtHAsic RRaVWEbE 2 Oiffctdie sRllWp YRRt MAl | s during
their manufacture. The linking thread therefore forns an integral part of

t he weave otffer wioedst esocashlof thegntvposinkesneordspprdsito Fhiakegbyiess os HipkiBEur e t hus

obt ai ned i,s_of a sinal.e piege,. i i i fd . .cal

r esi stancé}“f’%&’gfrrtz‘g .ﬁ%?ﬁ'ﬂf%dﬁn%@é?/éerlg@s? f%lg eu‘!rvgeugce{(;‘rglhge e?%ﬁg‘% nlélgpi ece or,
on the comhkiabYhrchd Cithddeodidvesallt aretha@efoat inkddtogdther baoupplesientact ure i s of
one piece', we nean that this structure is nonobl ock and made froma single
mat er i al . WRFReY&##88-.p and weft yarn used, however, can be of a different form
ie. nmonostrand or nultistrand yarn, flat yarn, yarn nmade of tw sted fibres,
sinmple or rotor yarn, and be of different thicknesses or dianeters. These
yarns canThfsorowxatmtre k@ teaidsod or pdbase partinlly ppéry die dpsnipptarcopyl ene,

pol yet hyl ene yarns, starch-based bi odegradabl e plastic or oxy- radabl e
pl astic yapiﬁ | atny Pl on ?j}éfOYff“oSr‘ﬁ“e%%gﬁ' ?tiaghe@éfoﬁroafbﬁ%ief{%?mﬁfé%gﬁ‘? silica,

aram d, eEGrresponding edges of these walls therefore not being joined together or indeed the

result of the presence of an opening in at least one of the walls,

The advantage is that the division/section of this woven structure can be any shape,
circular, square, rectangular, diamond, a T, U, L, H or I shape, once any unnecessary

warp yarns have been cut.

‘Continuous variation’, means that the variation is uniform and does present any

jumps or stages.

By ‘unattached linking thread’, we mean that this thread is not attached after the
weaving of each of these walls to link them, but the opposite in fact — it is inserted

into the weft of these woven walls during their manufacture.

The linking thread therefore forms an integral part of the weave of the two walls on

portions thereof.

The woven structure thus obtained is of a single piece, which gives it increased

mechanical resistance to stress.



The walls can also be of different sizes and/or different shapes dependi ng
on the application envisaged for the wovgn structure. Thus, and purely as
an exanpl e, when manufacturing an aircraft wing with a biconvex symetri cal
profile, we could use a woven structure made up of a convex upper wall, a
flat mddle wall and a convex |ower wall symetrical to the upper wall in
relation to the mddle wall. To obtain a wwng with an even, convex profile,
these walls will have convex portions to forma convex extrados, with a

si npl e curvigs wolvad sthtdrechn Be ittt ohdhiead®s on Be @ataSSinchidesiefamedtl s are
joined at their extremties to formthe | eading edge and the trailing edge
of the wi ngatermpls. density and conposition of the |inking threads, once the
structure has hardened, provide support for the upper and | ower walls and
the mechanical rigidity the wing needs in order to bear stress.

Advant ageomsftiie wolrers stictie i4isfonk asecal) weapedn, that thisddhetusenid meonbblwek  wal | .
These wal | s are superinposed, with at |east one linking thread |inking the
sai d uppera¥daads fam e sigls watgral. dpe Wéa%%nda“f%’fgaf@ﬁdw? ’ﬁpeg“ﬁtjert ?ﬂ”&%&d)f @ nki ng
the sal d | @WefenPRELMoRo Rl Sy nfdtidn3AS YoM AaQfand BEAPmEdd SttARdl Second

l'i nking threads w present a rength variati o between two consecutive

si nkers, efilwhs,sfmpiher sodyasi,rod bs of diffeesp dndinegses or diamictas. per weft yarn of
a different wall, which is continuous on at |east a portion of the
structure in the direction of the warp, and/or in the direction of the
veft. 5 Thist P¥eRthD TodxamplEbatsifor, PoRreWa 8Blyainides ol BropQl¥RE,i Si ng at

| east one woven upper wall and one woven | ower wall which are |inked

t oget her hplethyleresyaron starnhabased hiededradablaplasticiraxd-degmdalle #lastic t o t he

invention, the said at .l east ane Linking.thr .25 several floating
portions i HER 8T H?W%B}afl%ﬁoglfc O%Oél ﬂ\-}\]?g?% & gclztﬁ’ %&qtﬁfégaég%%gfl’ieg%s correspondi ng
to the said at |least one linking thread |inked on the one hand by at | east
two warp threads fromthe upper wall and on the other by at |east two warp

t hreads f o wals gapwdse braafidifierprt sizep gadioy,differant shnpss densediserndhg i ng

portions i i I tion of the said woven structure in
the di rectalijgﬁgﬁtdn%ﬁ'gg\?\%e%gog%h&‘g@&\esﬁga he link between the two woven walls
i s obtained through suppl ementary picks. and not through extra warp threads

as previousgly described. In different individual Mﬁgé of crgating this
woven st r utttir @19 REely afen FXemRleolRen RETWRHAPS SYPLAEL JELE WHA 2wi t h numer ous

possi bl e tlﬁ&&ﬂ%ﬁ@*m?@ﬂ??ﬂ@%@@%}%e Aot 18 o WGt ERdge @Y 6F LasgEx Pr essure,

at | east the mjori engt hs between two consecutive sinkers of
t hese | i nkippgr thil,cafis reiddlesval birgh ccandx e ekl syquneirieal tothejuppegurthr | y, t he

wel |'s and/ig rl“ellelgicl)’]nkéor}ge Enq{l&g %ll%g og%gnea \Q\fflngd‘iwv{tﬂ Sh %\rr]én, gg]%\%g(ip%(ljf%lb, these
walls will have convex portions to form a convex extrados, with a simple curve, flat
to form a flat intrados. Of course, these walls are joined at their extremities to form
the leading edge and the trailing edge of the wing. The density and composition of the
linking threads, once the structure has hardened, provide support for the upper and

lower walls and the mechanical rigidity the wing needs in order to bear stress.

Advantageously, this structure has an upper, a middle and a lower wall. These walls
are superimposed, with at least one linking thread linking the said upper and middle
walls and at least a second linking thread linking the said lower and middle walls. At
least one of these first and second linking threads will present a length variation
between two consecutive sinkers, each of the said sinkers corresponding to a riser per
weft yarn of a different wall, which is continuous on at least a portion of the structure

in the direction of the warp, and/or in the direction of the weft.



An advantage is that the linking threads can be nade fromdifferent
materials so that the woven structure has zones of different mechanica

resi stance. For illustrative purposes, we can thus generate a breaking zone
in the woven structure with linking threads of a weaker |evel of resistance
than the structure's other linking threads and therefore a rupture point
which is lower than that of the other linking threads. Application of a
pressure greater than the maxi mum pressure threshold recommended, when

i nfl ati ng Ehefihexiibh alsbiréibienth 4 @sesnvamctupacemprismg dtHest v eovatuppet ur e,
could lead to breakage of these ]ipking threads of |ower resistance,

al | owi ng t¥l %ﬁé)rn&tvmveflgo“’% walkyyhich gee linded tgether by gilepst ope pagitaches) o
pressure tlm(g%h&legd_has been exceeded and that he nust intervene in order to
halt inflation of the reservoir. This breaking zone thus offers a sinple
and efficient neans of control and safety, in order to ensure that no

secondary da e C be caused to, a,structural part of | an whi ch has
Ce s ne AR G BRefRS T i O e B arretts R, v

cont i nuougleafindPértiofiPin tRE BREMioh ol URIEH, lsh PRI tiordicolBARIdRAB Of these
wal | s can include an orifice. The woven structure can al so i nclude an

orifice anle fait #hleast pagylinking threadtlinked en gherpngthand by et lgastiwe Rvasmdeagad/ or

weft thre f | east one.aof .these walls is di,ffer r engt h of
the warp fiom e Phet P8 ot uliontel B2 MR i Rerirt St T el 1Y
Thi s coul dheeerp@hifigidn of tHes€RaagortidiB s Editinvetd 6n frawa: dbbitiehent weaves.
These wal | s can have as a base a plain weave or . a twll weave. The wall

that will theesaidywewst gctusf imthe daegiosd dhewaPand@rnelle a surface reli ef
conposed of projections and hollows to allow it to grip the ground.

The link between the two woven walls is obtained through supplementary picks. and

not through extra warp threads as previously described.

In different individual ways of creating this woven structure, each with its own
individual advantages and with numerous possible technical combinations:
- As the linking threads are under pressure, at least the majority of the lengths
between two consecutive sinkers of these linking threads are straight and
spaced regularly or irregularly,

- the walls and/or linking threads are made of different materials,

An advantage is that the linking threads can be made from different materials so that

the woven structure has zones of different mechanical resistance.

For illustrative purposes, we can thus generate a breaking zone in the woven structure
with linking threads of a weaker level of resistance than the structure’s other linking
threads and therefore a rupture point which is lower than that of the other linking
threads.

Application of a pressure greater than the maximum pressure threshold recommended,
when inflating a flexible lifting reservoir made from this woven structure, could lead

to breakage of these linking threads of lower resistance, allowing the operator to



Alternatively, a first wall can have a surface relief made up of holl ows,
whi |l st a second wall of the woven structure has projections designed to
work in conjunction with the hollows in the first wall so as to prevent
possi bl e slippage of one structure in relation to the other structure when
they are |linked together. These projections and holl ows can be,

respect | Ye‘lriyuaiiﬁalcﬁreé’t'iy,ft}?erﬁt:@thhﬂﬂﬁ Qi@ BrosHod hdd ﬂeeﬁkﬁa&%aéfﬁrp%ﬁ%es these
i ndentations can result froma horieyconb weave. Mdre genera , as the

wal | s havemuast iitdeyand wairdengahelt itfltioh efiielmsseofoit. he war p t hreads and/ or weft
threads can be different - one of these walls being | onger. - as the
woven structure conprises at | east one lateral wall linking these walls, at

the | east FeBre@tink ROKEhWRLTBAGiAFlc Wad bffichine aldanPéfoRlrsicAd safetf, e sane
time in at | east one of these walls and in the said lateral wall, the said

t hr eads bedrfi] te shtrntheliso sqcandasy dapage das e grusPdrio f geueiiahpartref fpldne t he

woven str : I | east .parti.al Ly. cl d. The continuity of the warp
and/ or V\/e?(t%1 hr gg?gﬁ%ﬁ%l?vlvay(;rwaﬁ%r] lsgf\émgkll@ég‘pper, | ower and lateral walls

ensures the nechlrid alls fresithérapatn@ius bhgotupper woven structure. - The
density of_the Ii,nki“?%_threads is greater than 1 thread/ 10cn® 7 However
this i nkifigPerheRdsadisinugrasen ehlsast one ehihespoprilceniiprlydeeulisgedhs or t he

woven struyghin i i i n therefore vary from one

t hr ead/ 10cnﬂvlét gtrgée{\;ﬁeefcgh aﬁéﬁﬁ@%ﬁ‘?ﬁé%?g%% 8%&% li nking threads are

fl exi bl e For i |-thedéngh bf thepuwmpsheadd dnede wdfnthirangs bhatdeas oar & thésesen from
the group c ri.sin nofil ament yans, nulti-fjlanment , sinple or

rot or yam‘?’ﬁ(}gﬁglﬂeﬁgﬂt gr‘é?ﬁ‘h eé"d’gﬁb‘?@%%f”@ﬁ’ WW%%‘?&/W ‘éf?@ggﬂfd? flexible

metal lic yamRstveR) drtiRhia@wslls: |- €. each including a core yamand a sheath
made from thernoplastic material and comnbinations of these el enents.

By "flat y&intoukberadevadpioodxamplexwhandbelwals bagtdifferspi wemseetThese r et ched or

unstretched,, the full transversal section.of which is full and noticeably
constant atbRgaT Pavedtsd base f‘é’ff‘é‘ﬂ WFaYesorc?\}gfﬁﬂ} “Sh(fare, rectangle, flat circle

and nodi f iTed velUBAEWIN b 18 GbARBILN A tHebr&lRIRRn aldo- e Baifig rENef opposi te
sides in the formof a convex arc, the two others being straight, equal and
par al | el . composed of projections and hollows to allow it to grip the ground.

Alternatively, a first wall can have a surface relief made up of hollows, whilst a

second wall of the woven structure has projections designed to work in conjunction

with the hollows in the first wall so as to prevent possible slippage of one structure in

relation to the other structure when they are linked together.

These projections and hollows can be, respectively, male or female indentations. For

illustrative purposes these indentations can result from a honeycomb weave.

More generally, as the walls have an identical weave, the lengths of the warp threads

and/or weft threads can be different — one of these walls being longer.

- as the woven structure comprises at least one lateral wall linking these walls,

at the least some of these warp and or weft threads are placed at the same time in at

least one of these walls and in the said lateral wall, the said threads being continuous.

In this particular manufacturing method, the woven structure is at least partially

closed. The continuity of the warp and/or weft threads on all or

part of the upper, lower and lateral walls ensures the mechanical resistance of the

upper woven structure.

- The density of the linking threads is greater than 1 thread/10cm?2,



These flat yans could al so be hollow and present, for illustrative

purposes, a flattened tubular section. 7 The invention also relates to
a flexible vessel. According to the invention, this vessel conprises a
structure as previously descri bed. Preferably, this structure is

wat er proof To achieve this, the walls may have been coated with a

wat er pr oof i : TV ri : -
pol yur et haPnIg% gééélgk }rlg%lig] it}gﬁ?(?%er%?h%géédﬁxgsewggZabg%gflglgﬁng%? gﬁ?fo :Ehreepr oof
PVC- based waterdtakturddihisgirding thfdad tdaldiey can shurdoreusedfromameexanpl e, to lift

a plane whjch S Left the ru , th essel will include a selvedge, a
zone desi gﬁ&&dﬂgcméﬁ?ﬁ%’efﬂ?m‘,‘&fﬂ%& &Mthen the vessel is under pressure,
and a flat centrgk i akR@ thiehds WY figkipR i ncl ude handles to allow for the
renoval of this cushion. The invention also relates to a panel

conpri si ngfatillistrative puwposeal thesedjpdiirerthegads arefchosen drven thearewr comgsetedi ng t o
t he i nvention lt heste t wo V\.ﬁl_l‘ arg f or med lb% a srt ralrjgsturr% sul hdirzlas t hat
descri bed rB?%Qﬁ goet >>/.Elrns8111Jll 19 ‘%ﬂ}?f“ YEPS SHRP'E PF [REQIAE S SR & pp%d in a
har dened rggidmerdied EbRA! fiMGhdhs, fiéxibleendthinkyaas tdMitddarmnd.d BecH hr eads
maki ng up the walls having been pre-inpregnated, the woven structure is

pol yner i ze@¢luding a corqmn apdaphasth made Bomihemeplasiqmaterigh @9 npregnat ed with
a thernoseft i r iCc resin and, in particular, a thernostable
t her nopl as %ﬂ%&@ﬁﬁ%@%@%ﬁé %rh%se of the polyetherimde (PEl),

pol yet her et her c@§ i@ afrPERhea a poldyearaxtaded HAYjughanspinnest, sRetchadkod zat i on
operations are processes well known within the inc?ustry, so they will not
be descri bEgireighsds thednll trapgvepial sechan of whichpigdll gng BRticephly sopstant ¢lon8ur poses,

the resin i‘ésréﬁ)ﬂ%cnlgﬁgtg?%g@%lpo M@?&?gﬁ@ﬁm ciftle hﬂlﬂﬁgﬁﬁkﬁ'@qﬁr%f d Resin

i nfusion (LRI ess. course, we s try to keep the
fl oati ng pecthingubs inkhdpee- ild. hikving twh ppmsge sidesinght fator éfrageoniex prol theer i zat i on
process. Thus we

process oft"”ior?ﬁli’eéﬁﬁ%{?!g ﬁ@gwgfmﬁﬁaﬁ‘%@% 'ﬁ]-he voven structure during the
These flat yarns could also be hollow and present, for illustrative purposes, a flattened
tubular section.

The invention also relates to a flexible vessel. According to the invention, this
vessel comprises a structure as previously described.

Preferably, this structure is waterproof. To achieve this, the walls may have
been coated with a waterproof material such as a polyvinyl chloride (PVC)-based or
polyurethane-based material, or, even better, a plasticized, fireproof PVC-based
material.

Being an inflatable cushion used, for example, to lift a plane which has left the
runway, the vessel will include a selvedge, a zone designed to form a circular shape
when the vessel is under pressure, and a flat central area. [t may also include handles
to allow for the removal of this cushion.

The invention also relates to a panel comprising at least two walls spaced apart

from one another.

According to the invention, these two walls are formed by a structure such as that

described previously.



The panel of this invention presents, advantageously, good nechani cal
properties in the plane of each wall bu® also in a direction perpendicul ar
to these walls due to the linking threads that |ink these walls. The
invention relates to a ship equipped with at | east one panel as previously
described. The invention relates to an aircraft equipped wth at |east one
panel as | | > ' : orm part of
t he fusel gglg\(%@'ijfﬁ%h% aneﬁrgr%gﬁ1 R%@‘?Bé‘fﬁga %%%QHE%SHQIA%C T gkliyggg}rllé; ion al so
rel at es t dinkimgithteeds and the theeatle makinghipxhe nells bohngbeea pseatprégniateddthed t h

pol ystyrene beads, furniture, a foamor down-filled blanket, etc. According
to the i nVEWEP SHUCHIRIIEPIYRETF conpri ses a structure as previously
described. The P‘o%@dﬁﬁﬁl&ﬂhés@'ﬂ%é‘c&caﬁ‘%%regﬁﬂﬁé@la'téﬁ,wﬁl@aﬁ&hnﬁmﬁga&t ured
article equi pped with a structure as previously described. The invention

wi |l be dézemoblastid resinang, id gedichlap a themadstableibermaplaske resppariied thdsawi ngs,

I n which: ~fiqure 1 is.a SSrsSectipn view |1 ft:.049. Lon of a
f or mer deQFBﬁ%"Eﬁﬂb"WE%(@@\B&W& 3 %%ffc tfmqsi(?ﬁgﬁ OEB(ESIH‘{E}%}]@E@% Figure |
pl aced ungghiliche Wi ng of an aircraft which has left the runway for the
purpose of lifting it; 9 Figure 3 shows, in perspective, a panel_according
to the pr&pbiaigahemencariions pirgraeessrsdvdl binovrewithipdhs indpstryrsgthes willi s a
Cross-sect]| ' I = AaXi. S : dto
Cross ¢ ugg%%asgeé@egl 229 k}g?eg we éél?ﬁieﬁn&{, PRy PRV RRSHVHFEPESs URE

resin transfer moulding process (RTM) or indeed the Liquid Resin infusion (LRI)

moulding process.

Of course, we shall try to keep the floating portions of the linking threads straight
during the polymerization process. Thus we will avoid compressing the woven
structure during the process of impregnating this with a resin.

The panel of this invention presents, advantageously, good mechanical
properties in the plane of each wall but also in a direction perpendicular to these walls
due to the linking threads that link these walls.

The invention relates to a ship equipped with at least one panel as previously
described.

The invention relates to an aircraft equipped with at least one panel as previously
described. The said at least one panel can form part of the fuselage of the planc or
indeed the radome,

The invention also relates to an interior or exterior fixture such as a seat filled
with polystyrene beads, furniture, a foam or down-filled blanket, etc.
According to the invention, this fixture comprises a structure as previously described.
The invention relates, more generally, to any manufactured article equipped with a
structure as previously described.
The invention will be described in more detail with reference to the appended
drawings, in which:
~figure 1 is a cross-section view of a lifting cushion of a former design;
-figure 2 shows a stack of lifting cushions from Figure 1 placed under the wing of an

aircraft which has left the runway for the purpose of lifting it;



Figure 5 is a schematic representation of the | ength variation between
consecutive sinkers of a linking thread f the woven structure of Figure 4
in the direction of the warp; Figure 6 is a schematic representation of the
weave of the woven structure of Figure 4; Figure 7 is a schematic
representation of a tenple used in the manufacture of the woven structure

of Figure @04 p. I j rding to
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Figure 4 is a cross-section of the woven structure 10 used for the manufacture of the
panel of Figure 3. The woven structure 10 is a single piece and is made up from
threads made from carbon fibre.

This woven structure 10 comprises two woven walls 11 and 12 that are connected by
linking threads, 12. The upper wall, 11, is slanted and forms an angle in relation to the
lower wall, 12, which is horizontal.

These two walls, 11 and 12, are continuous and flat. They are connected at each end
by a woven portion, 14 and 15, designed to present a rounded shape or a noticeably
rounded shape form after polymerization so that the panel forms a closed object.
These two walls, 11 and 12, present a plain weave 1 to 1 with a number of warp

threads greater than 10 threads/cm and a number of weft threads greater than 6

threads/cm so as to provide suitable waterproofing of the woven structure.

Figure 5 shows the length variation (axis Y, 16} of a linking thread between two
consecutive sinkers in the direction of the warp, which is here in the length of the
panel (axis X 17).

As each of these two sinkers corresponds to a riser, or a linking thread linked by a

weft yarn from a different wall, these walls are linked to each other. Between these



This length variation (AL) in the direction of the warp, is therefore
calculated by finding the difference betMeen the | engths of two floating
portions of the sane linking thread i Mmedi ately follow ng one another in
the warp direction. FromFigure 5 it can be seen that the length variation
of a linking thread, 13 between two consecutive sinkers in the direction of
the warp %o%@ﬁsééﬁ%ﬁ?é“siﬂ&&é{Q%@é&eg%&r?'{i%i&i@ﬂh?éaﬂ!‘h,'ié ﬂ@atil{q/%%:e.?{h' S variation

is therefore progressive - 1.e. ous and regqgul ar. Te generally,
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[ kevi so, "o BriePdatial S SAa HieRRsRaroiBE welh & PR ERRRYEEH Mads 1 n the
di recti on fRfdiddthe WatdeRe belifeWRld len¥Bs SOM 1 GRRY pbRANE 8NTHeRMAN FinRing
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correspon ower yer an yar ns
nunbered Belamd 4 correspond to the warp yarns of the upper layer. This
| ength, thus pul]led fromthe linking thread and the dj stance geparating t he

upper and YYOHBT SIBYEneoustt rea RS Viabls DV Ry eI PSR4 al |11 Phe wal | s of
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said at | east dne nki ng threa 't nking thread yla IS pulled to
t he ri ght béiegdinked ot t¢ drefiasicivecave nbthe dipperdaydrhel . \Webar Ingkizptheseamad nor nal
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to the lower layer, we cease the weaving and introduce into the weaving zone a rod,
19, known as a temple, in order to pull only
the said at least one linking thread, 13. The length of the linking thread, thus pulled,
is placed above the upper layer, 11.

Of course it would be possible to proceed systematically and pull the linking thread
under the lower layer after having inserted it into this layer and prior to linking it to
the basic weave of the upper layer.

In figure 4, we can see that the fabric course 21 of the weaving corresponds
schematically to the replacement of a pick, i.e. a weaving phase, by the introduction
into the weaving zone of the temple to pull the linking threads numbered 5 and 6,

each opposite a vertical column. The warp yarns numbered 1 and 3 correspond to the



These linking threads 13 are therefore pulled to the top of (or
symmetrically, beneath) the two |ayers fotm ng the upper (11) and | ower
(12) walls of the woven structure and they are therefore placed in the
external portion of the woven structure. These linking threads are then
returned into the woven structure, by spacing the |layers apart from each

other. Theyparh fdddr R ﬁﬁ}@é?&%g% B BEVARS 9GS Hﬁmﬁ&%@%g)%nd %ﬁﬁ‘gsgyoﬁﬁ td %‘ét si des,

a rugged surface or networ vertical ~ grooves eac signed to
recei ve a wankyamgp ¢ftheappesdayehat the |inking threads cannot slip on the
of the said at |east one

f f.ih d (19) . dur.i t 1] .
ki ¢ b deret difsghed Fonre B Ba bisa ol BE s e Radh e
transl ati ogdRwar h9ElszenRt&ond BNBe ﬁi%ﬂanceé?e?araﬁh@ el AlE oFthe firdal BRIVBY 1 at

here, the rod has a uniformdi aneter an oes not present a surface relief
(Fig.7). Witustwe ahs poind wheregheneovadls archlinkgd by sheofaid hidesspoenliskingict ure a
parti cul ar sgﬁpe, the rod will include a surface relief on the side

i ncl udi ng E € fough surface or the network of grooves, this relief

constit uti OgcetheiliiRingNhred yias pllddab theride laatH, eid ©shplyis tdigowdlftonat t he
| evel of the linking threads thusjgulled. O course, it may be necessary to

. y be
change t hethe gvpgr@srepsarhnarmal manyipeiyranidbeworen wWaks is rememeg voRl d8ds in

order grad : i ving of the woven structure, the
final forn@%#L%ﬁﬁg%agﬁﬁ%hﬁgggﬁggﬁgbgﬁhﬁgathe invention relates to a process
for the wetvdsadinbingahirehdsald art Werdfareepudlel knkedop ob@k banmbirically,ivekeanig) t hr ead.
According to the inventjon, 12 the weaving of these layers is started
by inserti 'ﬁ?@ tWﬂfqyefSﬁeHB@githe m?laﬁni lqwqrélf)wail[@rofz&he VR SUYRRIGRIdy yarn
or suppl engpy afeythBeffe pMbddinGhd BREmAT pdrles 8t e bidten SORSAEL Uti ng the said

l'i nki ng thrg%d, b?kﬁﬁﬁgre(?ﬁsergﬁﬁg Hﬁe sa?d at Ie%st one |inking thread

i nt o t he bisise Imkiag¢hrefidstdne theecanchel dytethe wheenvstaaeiung byfspadiesthellayeey s i s
paused, c) we then ult the at |east one linking thread fromthe side of

t he second*EyEY F§H1'8%¢ ng at | east a portion of the pulled | ength outside

of the whotie do@rMBhrBsntshBS 8dJantgE S harHEe, lonMe8 &1 its sides, a rugged surface or
network of vertical grooves (20) each designed to receive a linking thread so that the
linking threads cannot slip on the surface of the rod (19) during the pulling phase of
the said at least one linking thread.
It also has the advantage of being mobile when in translation on a horizontal plane
(21, 22).
The walls 11, 12 being flat here, the rod has a uniform diameter and does not present
a surface relief (Fig.7). When we wish to give one of the walls of the woven structure
a particular shape, the rod will include a surface relief on the side including the rough
surface
or the network of grooves, this relief constituting an imprint of the relief to be
conferred on the wall at the level of the linking threads thus pulled. Of course, it may
be necessary to change the temple between the pulling phases of the linking threads in
order gradually construct, during the weaving of the woven structure, the final form of

this wall.

More generally, the invention relates to a process for the weaving of at least two

layers linked together by a linking thread. According to the invention,



d) then weaving of the layers is resunmed by inserting the said at |east one
linking thread into the basic weave of th& second | ayer, - before each new
insertion of the said at |east one linking thread into the basic weave of
one of these layers, the following cycle is repeated: e) the weaving of the
| ayers is paused, f) the said at |east one linking thread is pulled by

placi ng at | e3Siedd0fkic?hel leag?r%tiﬁg{bh&d@l £RgHiRg ie}g% HedfsiwdifE ool € 1 of red

by these two layers t I's (tHus pu engt h bel ng capabl e of
bei ng pl aced abbuselayer ddd¢astnegyarplyem onsapplemgniafy pitle witty@ther bEthesumed by
inserting the sfaid at | east one |inki nﬂ{t read into the basic weave of the

said |ayer. Theldfth fonsyulee thysaidiipkingtiisatead i s achi eved using a gri pping

devi ce, whi chy)Crub iRRring (BEBAIR aBRafIBY 1Ak Yhid8S hkd MR hadit wRals StiRe Of
needl es equi pped with a hook at the end, each of these needl es being

capabl e of pul | sesgndlagemtficevdaving aighashlavges is Phss@ needl es are activated by

el ectromagnets or .a _hydraul.i,c or ppgumatic @i ston. .Th are e ited to
transl at fonald s kil B Rhnd BRIRE b Golidh B gt hetal® el

creation of conjleshg et lehaesrivn dheepullsdiiangtiaoskseEl bl teuwialle finded byn t he
manuf acture of aircraft, for exanple fusel ages or portions of fusel age such
as aircraft w n@escopyernthusliskete. It is also possible to produce propeller

e uor 3, Py RMLB P A BB SR GBS R B g
cont ai ners, f| otendeéfito the Ha3icGuddvihBS the second layer,
' - before each new insertion of the said at least one linking
thread into the basic weave of one of these layers, the
following cycle is repeated:
e) the weaving of the layers is paused,
f) the said at least one linking thread is pulled by placing at least a portion of the
pulled length outside of the whole formed by these two layers thus linked, this
(thus pulled) length being capable of being placed above or below,
g) then, weaving of the layers is resumed by inserting the said at least one linking

thread into the basic weave of the said layer.

The pulling of the linking thread is achieved using a gripping device, which could be
a temple as previously described or a group of needles equipped with a hook at the
end, each of these needles being capable of pulling a single linking thread. These
needles are activated by electromagnets or a hydraulic or pneumatic piston. They are

more suited to translational movements.

The invention process can be applied in the creation of composite pieces of sheet
metal and structural parts in the manufacture of aircraf, for example
fuselages or portions of fuselage such as aircraft wings or the radome. It is also

possible to produce propeller reservoirs or reservoir skirts.

Shipping applications can also be considered, for illustrative purposes, such as the

creation of ship hulls, containers, {loats etc.



1 . A woven structure conprising at |east two woven walls (11, 12) attached
to each other by at |east one |inking thilead (13), characterized by the
fact that the length variation between two consecutive sinkers of the said
at |east one linking thread (13), each of the sinkers corresponding
attached to a riser per weft yarn of a different wall, is continuous on at

| east a portion of the said structurg ifyq¢ he direction of the warp and/or
in the direction of the weft. 2. Structure as per claiml, characterized by
the fact that it conprises an upper wall (11), a mddle wall and a | ower

wal | (12), the said walls being superjnmposed, with at. I t.a first linking
hread T nki g SAVGE SR FORPGRIE hrranaipie "USE ! A2E8Bhe € nui ng
thread |inking dbgofR} By bR oA inkhe Hread\@bl, ShardbtetifrBy @B €acPthat e fi rst
and second linking threads presenting a | ength variation between two
consecutive si nikegts vadatizn etwedndwoziodsesiikeesiskes ol the pof @l legstionea ri ser per
weft yarn of a different | 1 i.ch.i.s. continuou ortion of
the said str uctlfﬂkéng tr]?ﬁtaﬁé\f\%i’ Fﬂecgtvglyé% %?ketr Ehvt %ndf%agfb gﬁ&} 1!r(ljeataﬁlstee]‘ﬂ ?rlroecti on of

the weft. 3. A weyesnifauetferes: wANR tditingowdton s &skt DpativhvLihespider wal |
(11) and one woven lower wall (12) connected. together by ﬁlt | east one
unat t ached | i nkitiigturinghe diraction of b werpenflioein b dimeligngfithe Wstt t he said at

| east one |iRgki r i i t in the
dirocton of ot kit 88fer chilty PIoRBADkHA AN AL it RRERASSBUMIBRS o d ot
| east one | i nkiwgl {in),eadiddlEyall bnk e tbvoan walle 1 D)) ¢hermaitiwhlys txting east two war p

threads fromthe upper || and on the other by at.least two fromthe | ower
wal |, the Iengtﬁﬁ‘PVérPP%t‘teﬁgW”Bft lepdt astl%{?ﬁ“gqrtﬁat[’{eﬁé_h PEiTBRYPRES 2RO Y RUous on
at least a portyan B af MasSAleboPYSinSthkdialitkeng He 618 16 &qalingiadielf the weft
and/or the warp. 4. Structure as per any one of clains 1 to 3,

charact eri zed byalishat iEast bn¢ bfithe ingtrand hecosd lidking kieads nresentidg a deh@h ar e under
pressure, at least .the majority of the |engths. between t consecutive
sinkers of the €4RET E‘?{W%@_{‘Y%g@éﬁ@t‘(ﬁﬁ“ﬁﬁgﬁaﬂ’Pg%}&ﬁtaldrs %eﬁ i near and
spaced either regulndhodb alrisePBdH vdft Yam of a fFISA L], 3HiddEE camihuone of
clains Ito 4, characterized by the fact that the |ength of the warp threads

and/ or the wef tondilesatis pationtf theaeid ssmetuss intthe disggtion of shepipsand{aring o) j s
di fferent fromthhﬁ. écqngtoqtofwge warp threads and/or the weft threads of
the other walls ‘f geetp ). }ée rTucture as per claimb5, characterized by the

fact that the, saiwbveskinsctidlombrisingay kastdntereeh uppawesl (17) ast onect ure as
per any one of claims 1 to 6, characterized by the fact th%‘é iihe. said walls
(11, 12) are eiVvoen lewet valliol connaqid-teessthar iyt ieastoneginatipghsd dnking her  any

of claims 1 to éﬁ:ea& ??sp?‘&{a?a[&@rﬁ‘éd lB% thd'Bof @&the Bal af REs1IAL UnRinblkresd € 1S of
u I | to 7

one piece. 9. ruc e as per any one of clalns , Characterized by
the fact that t(18) masaitinglséerd fibatia@ portiods orthe diedtiomkdfrlge whttcsagh 0i3) are
made from dif T e oS codbsyonding to the said at least one linking thread (13) linked

on the one hand by at least two warp threads from the upper wall and on the

other by at least two from the lower wall, the length variation of the said

floating portions is continuous on at least a portion of the said woven structure

in the direction of the weft and/or the warp.

4. Structure as per any one of claims 1 to 3, characterized by the fact that when

the said linking threads (13) are under pressure, at least the majority of the

lengths between two consecutive sinkers of the said linking threads (13) are

straight rectilinear and spaced either regularly or irregularly.

5. Structure as per any one of claims 1 to 4, characterized by the fact that the

length of the warp threads and/or the weft threads of at least one of the said



10. Structure as in per any one of clainms Ito 9, characterizsed by the fact
that the said linking threads (13) are dHosen fromthe group containing
nonofil ament yarns, nulti-filament yarns, yarns including aggl onerat ed
fibres, flat yans, flexible netallic yanms and conbi nati ons of these

el ements. 11. Structure as per any one of clainms 1 to 10, characterized by

the fact that t | v LSl I |1
(14, 18) 11 ki ne e Sar B Gl R G SRR R I e BB PN & ar
and/ or the wef tthichdsefdke ather phikc@d, BX). t he sane tinme in at | east one of the

said walls (11, 12) and in the said | ateral Il (14, 19), the I d threads
bei ng contin oﬁmcé‘ﬁ’ ayper|clymy), éh%fé%féqe,g bé’ﬁ]%ﬁmgﬁ@%ﬁ %aalgyvaﬂlﬁé“fi that it
conprises a st et YirRrGs wRglesany one of clains 1 to 11. 13. Vessel as per

claim 12, characterized by the fact that the said structure is nore
wat er proof . . 714tnivessad pasnpene ol diims1i3to 6 bisarauerizadbydhdiact thet thastidt hat it

conpri ses a selv zone,designed to forma circular shape when the
vessel is put dﬁg%?brlgggﬁreéthﬁrn nﬁ“‘l"f‘ﬁtorélglﬁ"tcf)%tlmug}l%a to forman inflatable
cushi on. 15. g Paieictus@aPdr ah 8f dhinhR&L 7, hEravvalitadl Bae et epaitle shidom each
other, characterized by the fact that the said two walls (11, 12) are

formed froma strpetereis of eme piege. any one of claims 1 to 11. 16. A ship
e PP, 1 SipbGaek, RRSP3Rely A5nRtct, ey P i o poed
fixture charactweilis7ed Ry addier thatihkinpaliread (16D afermadesir@n diffaredtmiaerdds. per any
one of clains 1 to 11. | ) )
10. Structure as in per any one of claims 1 to 9, characterizsed by the fact that the
said linking threads (13) are chosen from the group containing monofilament
yarns, multi-filament yarns, yarns including agglomerated fibres, flat yarns,
flexible metallic yarns and combinations of these elements.
11. Structure as per any one of claims 1 to 10, characterized by the fact that the
said woven structure comprising at least one lateral wall (14, 15) linking the
said walls (11, 12), at least some of the said warp and/or the weft threads are
placed at the same time in at least one of the said walls (11, 12) and in the said
lateral wall (14, 15), the said threads being continuous.
12. A flexible vessel, characterized by the fact that it comprises a structure as per
any one of claims 1 to 11.
13. Vessel as per claim 12, characterized by the fact that the said structure is more
waterproof..
14. Vessel as per claim 13, characterized by the fact that it comprises a selvedge, a
zone designed to form a circular shape when the vessel is put under pressure
and a flat central area to form an inflatable cushion.
15. Panel comprising at least two walls spaced apart from each other,
characterized by the fact that the said two walls (11, 12} are formed from a
structure as per any one of claims 1 to 11.
16. A ship equipped with at least one panel as per claim 15.
17. An aircraft equipped with at least one panel as per claim 15.

18. An internal or external fixture characterized by the fact that it comprises a

structure as per any one of claims 1 to 11.



