10

15

20

25

30

1 COMPOSI TE TOOL FOR MOULDI NG CYLI NDRI CAL PARTS

The present invention relates to a tool in a conposite
material for making a cylindrical part in a conposite

5 material. The invention also relates to a nethod for
maki ng such a tool. In the aeronautical field,

for only nentioning a single field of application,

carbon fiber conposite parts é&e i ncreasingly used for
obtaining nore and nore 10 |ightwei ght structures

wi t hout however abandoning rigidity and other required

char act ecONPOSSTE bnbor! BoR IMOUITIING YN NODRIRANEPARTS

whi ch have a nore pleasant aspect than a netal part

while providing fire resistance. The maki ng of such
conposThe puesent etpiensidi glelBS g5 €0 @i drwotlodhi agcomposite
Thhsel 09l | e hikehidRY &l SQ,P&GAIdAd BabBUl fh %hoebﬁkposme

bot h prOV|de t he usua] functlons of any tooling

r Bgkpréal he?%%f%%NenE&Qﬁ %ﬁaﬁﬁ%ﬂﬁﬁﬁwPPaP W§¢€P§n§€§ making
obutheaf toal . part and somet i mes mﬁthstand r at her

particul ar_t hernal qf gssyr g grsqﬁl as %P Cnin

whi ch 20 affké i o1V exanﬁ?‘ upon passﬁ’hg"\ ﬁ’t& gﬁ g a
agtivglavéield ofUsapplicatismal ¢anbals filber i aohpoaite parts

SB%%' %c%%%%tm@&a' YUK apgrmaghi-gi AYng" %@Héos'éﬁd more
Carbon fibers pre- |npregnate Wt h

eﬁé%PtW%éﬂhtb§tﬁBEFHFﬁ§ Wﬁtﬁo%upﬂw‘ég? e@PpRdoning rigidity

v"Hadtetheramequieédf@hakbbﬁepmspbee Bht Akt Bougbrt bbtaining

LA SFERCLARY $aYH0S] R S BERETAM Ll necan

noekd WblhEghrovx\dxm ufi:n‘fe txsAigignaeade i n carbon

fibersTRee hBSThEXRANSIRA bHmeB§Yté‘r i E frRfiil®s high
and practlcall¥bggre§ﬁlrable and fhis mainly because
te

oPTS61F18BI ERB iSwhPehiRgpehich Peyr L figi pe called a
repaild, shouMheibdtihe pebtidei schf nmkiedg fyhcoishealof any

pﬁ%iin otagly Wl hayoe '%%' NS, lgh*&‘%aﬁ“c%@' e?;%ofrn%q:rlcal

king originate ess om t hei r size and

dtpﬂﬁasan??ésof- nthanfinal BuEh M|Webd@te8r Aiffdstangmrather

tbardhﬁﬁuékﬂ t;MeelfnalZaQQaF@etﬁearegcyBEeél Bﬂlcht ﬁs thtose which
e part ecaLér?e e la

eonetrlc? é %erances

dBPENGPSRIYAS bRhatF I DRI RS gutoclave.

pol yneUszalipn optké ammuhisomadeylstrbngay dﬂnﬂﬂd lom sheet

tR%té&rHBLHfsanméBﬁiﬁfﬁé &P é%hﬁ%gfﬂé“ﬁ$d¥HL‘MAde in carbon
fibers pre-impregnated with epoxy resin by moulding in a
mould called the “master”, are used for this purpose.

Although the Invar technology is widely used in mass
production, it is nevertheless a fact that the unit cost of
such a mould is high. In return, toolings made in carbon
fibers are less expensive, but they are more fragile and
practically unrepairable, and this mainly because of
problems of leaks which subsist after their repair.

When the matter is of making cylindrical parts,
notably with 1large dimensions, the problems for their
making originate less from their size and from difficulties
in handling such moulds, but rather from the difficulty of
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5 its behaviour on its tooling. Indeed, the problens
resulting fromtherml expansion and shrinkage of the

resin are often not negligible. In such a

situation, only a machi ning approach woul d provide a
guarantee on the final tol erances of the part. 10

There are conposite naterials:yMich, nmoul ded and

pol ynmeri zed at a hi gh tenperat@ure and under high

pressure in an autoclave, may then be machined in

order to obtain the desired geonetry, while retaining
tQ&ataﬂUééfﬂ?Sené Emﬁamﬁéﬁgethﬁcii nabl@ﬁ&ﬁceé‘b&\ﬁv’@he part,
S mat eri. a urre the.15 ng

c§%§ HE®of R 5}1 etgendr ﬁgp% lﬁ?’atla {é Tha'h r(?gsutr}ée mould
cdn@nngodﬁubfppﬂ@merpgaymenrzau¢kﬂ1|andanah@®ookame strongly

Saegenaa%he&§£ %&%u%khr%h%ﬁm%ﬂé‘5&%&3&6”BECS®@$fﬁéd and on
si,nce ;FF structure to be made | s of Iarge i Mensi ons

amdSt hRChGEIRBEr i OB riddli rePRIMRT ar eTREF$t . BREooPERPLemS
exagpue;ngofemmntﬁérmél+éxpdhéidnndﬁa'ghndm&ﬁgbebfothe resin
tg% ngEegfnot & seldonrcondrtrons to be net.

her segnen é% 6% 6# tooling into several petals
for alEnmﬁnghr@nﬁmmuahmmmtrﬂ@hﬁnﬁdmh@keslm®|eppseach would

e?%@v‘i@é ea PEORL £BLd Con 21:51’1%S ﬂ ﬁfglc dAadrahckheckeghan QQt
this description, makjng osrte&%ﬂgy in car

0
fibers Pﬁﬁ?egﬁ%ﬁedCQWR??¥ﬁﬁ»qﬁq irlseq rhi RY lded and
ppetyseshzédobtng, hilygichtahmdatypeovame th@etisuddh pressure

f HﬂCt | Onacth Jclaa grrﬁaﬁésﬁﬁ)&lt 8' :rr%g:hllkgdt 9.81 ];él%eq: OI',O obtain

i nt'erest ere, Ilngs ou
athe fiﬁéhéﬁdsﬁfﬁmw‘-ﬂ‘h prlotie eetofining @heypr@qbyred seal for

dpRRshyi Blef fhaRS. phke . t@;@h’b%rsh@uhﬂ r'&la%@r@&léblr@qEQre the
be extracte fronrthe draped structure after

pBRYHERI z&h on® FuMARhSY 't heCRBRP %g Shoul ¥ ToRpAgAing  the
wtehpehetuequaneé dpt edsuee casndindi st fd ghredw gelfyoerization

h@hdgﬂgaﬁEEEiggngS@&g “masters” are all the more costly and
complex since the structure to be made is of large
dimensions and that geometrical requirements are strict. As
an example, tolerances of +/- 0.6 mm for a diameter of the
part of 4 m are not seldom conditions to be met. Further,
segmentation of tooling into several petals for allowing
removal from the mould makes this use even wmore
problematic.

As indicated at the beginning of this description,
making a composite part in carbon fibers impregnated with
epoxy resin requires high precision tooling, which should
provide the usual functions of any precision tooling. In
the field of interest here, the tooling should allow
draping of a stiffened skin with profiles of the Q type by
depositing fibers. The tooling should also be able to be
extracted from the draped structure after polymerization.
Further, the tooling should comply with the required
tolerances and should provide for holding stiffeners and
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3 their cores. Finally, the surface for depositing the
fibers should be | eakproof at roomtenperature and at

hi gh tenperature in an autoclave in order to be able

to place a vacuum bag during pol ynerization. The

tooling should also 5 allow attachnment of cauls or
counter-noul ds (caul plates) f,or the polynerization

phase. And finally, the toollﬁg shoul d wi thstand the

envi ronnent conditions of the nethod for making the

part. Moreover, a conposite tooling intended for

mekeng 8odds cyﬂ“irﬁwn}fi,altltearstuﬂﬂao@ ¢onpasbbei fBhgr thé fibers

shoul d.i ncl ude_ t.hernpco es, shoul d ha a cont
T e TR LR TR

i hespenseunyeih eagt Astoelpve eth forder i tri g alke to place a

r@QHhﬁl‘ﬁdeQr tdurl'?l% QR 1§fde QfzalRSnI. NVRRL 1185135 d Oshould also

oEose toolin whi ¢h _fulfils various conditions
paiey ﬁéFéPHB‘@FBré’farﬁf%ﬁ oIF | SOWRASS® TRl &Caul plates)
nﬁbﬁbl t;héiu@dlgnn@rﬁ.tacﬁbﬁn Iﬂ’iastehe nadl i APndIDym t e tooling

edgstructure .af ti
Jﬁgcgdo?" { Ialfll\(;en on | Slx%g o él\%e(foonc%lﬁ:lontso c{keithhe method
Cﬁﬂ90$akéngath¢lpar¢or making a cylindrical part in a

20 conpgsbbfe Bl & i @npddig el o%opﬁiglgmeéﬁ@éi&d £62 fRifing a
a mandrel on which thée cylindrical part w

feyidRdrical pRzdorHing t%orf\m%sm%eﬁﬁtsmahhesbfr%&d include
cohprinsesupl €} gﬁom&unhnmﬁuascaﬁhamto%umﬁacb fva s aamaximum

C%PQgﬁégQ' gctaL _gf th?nhoo'sho‘?ﬁ&h Q%tEB?aEQ"DB'&%QEéngths

I NC earlng ructure 1n f
ahgaHisR nf%um:er@rnmg ttHe Feiimgds Pagét-ur e, the t ool

furthefné ncddgydicty eealdHg rﬂﬁaeﬁtwﬁe&@dtbo ;%Q)pﬂié@e@oollng
at_the | dkglons bef ween th onents of t

THBL ol T iR KRt enEPBiL ERABS . Gaters Biter Stqre and
3@hirehhdri caldyy tas dedardiled, coopeisignt duainh wakchaoeiombeof the

e L L
fini shége pgbﬂ e¢t opd tHee nBWent e H sorAevesnpdidngs tool in
OobofpeBifget Mterial for making a cylindrical part in a
composite material, the tool being intended to form a
mandrel on which the cylindrical part will be formed.

According to the invention, the tool comprises a set
of components, each of which forms a cylindrical sector of
the tool, each of the components including a bearing
structure in fiber composite and a skin moulded on the
bearing structure, the tool further including sealing means
intended to be placed at the Jjunctions between the
components of the tool.

The tooling of the invention thus consists of a set of
mechanically assembled components and which may Dbe
disassembled component by component, according to a
specific sequence, Which allows removal of the finished
part from the mould. Each of the components of such a tool
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4 which are also called "tiles", is advantageously

made in the foll owm ng way: - a standard bearing
structure in carbon fiber conposite is made. This may

be achi eved according to a 5 standard net hod

consisting in wusing a standard extrudabl e foam and

paste "master" and machi ning; ,such a master is not

very expensive because does not need to be very

preci se; 10 baking the bearing structure in a vacuum

oven (therefore not in an autoclave) at a | ow

tﬁl‘TliJehafahtbe aQIfsgI E@aDIétﬁr “6514@@&/ 4ﬁ0adﬁa@ida@%ﬁsby aade in
c e.0 ost - baki ng providing high tenperature
s%ﬁ%ng?%}gﬂﬁn?rﬁé%éaring structure may be

sel f-stiféenetlasGarg bearing structure in carbon fiber

t@%b@éi@@d".{%cr‘ﬁ%é?' %&%Sﬁﬁéﬁubhn%&%\}é}iﬁt EQEoPé{iﬁ@eto a
tool1n anong these nechanical stresses, let us nore

paF??égﬁérm?tmecqws%t%%&nved by draping, during
t he pol ynenszadi oa | Bt2bdardut exdtavelabder i Mpadmndndig paste

oper at i Onsnmgé@eg“;&gcg 1 SRS -loxs@}[}geér: ggg;@@' ¥s ot very

t he tool; inTn car

pre-i npr egerpesive h kecapisxy deas n et a B&ed o be very
carbon fibgrscpse:-i npregnated with a polyim de,

not ably bisma| eimde, resin, of small 25 thickness

wi || be *noRRKERE ot e ePBREH A g AT URSe, 1Bak®d VAW oven
aut ocl ave (thewefmreandnonderinpr essur auaadlaten hiagh a low

tenper at Ur@e&r@e%&?{e % Qhlald) e orf?qtbiJC?q‘Sq%Ch?B:li%ed by
properties a e expecte&ahgnogenelty.o mat érial's.
The bearing syelet afebastoRakingspippiiéngi bagh temperature

strength;

e the bearing structure may be self-stiffened so as
to withstand mechanical stresses during
application of the tooling; among these mechanical
stresses, let us more particularly note those
involved by draping, during the polymerization in
an autoclave, during handling operations, and
during disassembly and reassembly of the tool;

- a skin in carbon fibers pre-impregnated with an
epoxy resin or a skin in carbon fibers pre-impregnated with
a polyimide, notably bismaleimide, resin, of small
thickness will be moulded on the bearing structure, baked
in the autoclave in vacuo and under pressure and at a high
temperature in order to obtain the required mechanical
properties and the expected homogeneity of materials. The
bearing structure allows this application.

- with reworking by re-machining the thereby achieved
skin, it is possible to obtain the desired geometry as well
as the integration of the components for obtaining the seal
at the interfaces.
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30- with reworking by re-machining the thereby
achieved skin, it is possible to obtain the desired
geonetry as well as the integration of the conponents

for obtaining the seal at the interfaces. 5 A
tooling made in the fashion described hereinbefore and
whi ch may be taken apart, tile by tile, according to a

speci fic sequence, allows renbval fromthe nould of

the finished part regardl ess of the dinensions of the
|atter. 5 Let us nore particularly note that the

nunbera otocDipENRALES Whi cthdTekeshibrd h@et Ol b Béréhtbefore

[ t] tirely.d d t he, di i f the

PR PBIER MaeDanEoBRT cePehr n Wahal Phas bonet FAFHGSE to 2

espécdfic heequrporentasllokise exeonyd br frembddieremould of the

dfz?ﬁié}@&?' paud ffé%ag!aﬂe%éﬂ%% gl Hﬁ&eﬁ@@ﬁ%étbf‘gtﬁ’ latter.
ti1les It | ect nunpe C

seven , an a rarily sel ected r o whi

t her efl?le iU bJCKE s THARIYhgReFSpr BRat erffieal number of
Thempohett ®n wifi dbhemhR¥enip orthies padlifdl agf y thei t dlvéntion
for, devel opnent -toolings, but it my al be _appl.ie

£ St By CBEBM a0 OB o RoE st psto MR el Hhen iy i e made
uged for marrhginhehsRihing| ovensevwintisg @peread¢lonsof the

aEmetS&ﬂ’é’:ilﬁé. Woheh SR8 rRdRHRRE Gl e it d Murther on
l[ifetinme of the toaling, for exanple as a result of

i ApRct O Ing SARHIRETSF BAneREVR HytMeSar . an  arbitrarily
288t e ot &d nguinibe t hwh $€h echerte oo di sreiy 0d hbang odDihihging or
ofr%Pgrénggiion, the latter may have the additiona

fRATUT €S %ereafter, consi dered separately or accordin

to al | Théeselethimre a0 wkpmsisn'v@néi@@nﬁiSn@tair@riwla@éyh%gtable

t BSrCarReNephent NHJHesg3, Do No: ShayCldke 2% idpplied for
carbon fiber conposi h

REP B e R nCRAF B pr 9PRRReg i ATAF SR bogiped Eor
resking the skanh adfldwee renponang sopeehudensa @id nrepairs
nEERDIRR ) TUATALEC I BuBRhY RS TREUERMERof che
chppbingr efprpesanai edasi 8 hresshbl ef nigpacts or of any type
of damage or by wear. .

According to the selected embodiment of the tooling of
the invention, the latter may have the additional features
hereafter, considered separately or according to all the
technically possible combinations: |

- each of the components includes a bearing structure
in carbon fiber composite;

- each of the components includes a skin in carbon
pre-impregnated with epoxy resin;

- each of the components includes a  skin in carbon
pre-impregnated with a polyimide structure resin;

- each of the components includes a skin in carbon
pre-impregnated with bismaleimide;

- each of the components includes a skin having
undergone after moulding and baking, machining providing
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each of the components includes a skin having

under gone after noul di ng and baki ng, machi ni ng

providing 6 the conmponent with predeterm ned

di mensi ons and the skin with a predeterm ned surface
condition; the sealing nmeans include O-ring gaskets;

t he seallng means include inflatable silicone O-ring 5
gasket s; t he tool COHDPISGS | eakproof inserts
intended to be placed at the junctions of the

conponents on the side of the skin. The object of the
iﬂM@nbbﬁapohénal SAtAc hgsﬁa@@twntlmem 181 e diosh d oandekingg skin

I t t Ki
cyt P8 efasRaE el rohBLEIBIAY Fie ¢ ool
conpri sitige sesalting maamwonanﬂgdee@ehlng ghskdtsorns a

cylindrigal seelf 1eql, flat blécsﬁ?igbﬁﬂet@—
the inventi on, ﬁu? dlboonFség a? ?5 [ east t ring
fBREBNF Ty st eps: maki ng a predet erm ned nunber

of conpofient Sod NCtoEhPlsds DEedkpKb T rirddirts iIhtférbﬁd to be

BIRERL 5 eve sui e BALOSORBIE DS e i o

t bees&kinmof each of the conponents, in order to
provi dgneaghiQfct e C&{@Oﬂ%&ﬂ&ﬁh @rs@@,beraem%ed with a

dimensions and the skin wth a predeterm ned surf

cBRBRPH ofor making arHeokiim FeGBPOSI et ﬁlétﬁaaﬁﬂngor making
CQnscﬁllmrfca:lonmd eip5 hasestessebs nefteadiign the tool

fLDgES: BIgs! TPr enated WLhLestD, and dePgs! Lot 8L OWme
cylindrical sector of the tool.

According to the invention, the method comprises at
least the following steps: '

- making a predetermined number  of components
including a bearing structure in fiber composite,

- moulding a skin on the bearing structure,

- baking the components,

- machining the skin of each of the components, in
order to provide each of the components with predetermined
dimensions and the skin with a predetermined surface
condition.

The skin sectors of the tooling consist of a composite
based on webs of carbon fibers pre-impregnated with resin
and deposited along a quasi-iso draping plane.

When pre-impregnation is accomplished with a tooling
resin, with the skin it is not possible to directly obtain
by moulding the required geometry tolerance and neither
allows any re-working by machining for guaranteeing a
satisfactory surface condition as regards the required
surface roughness and seal. For this reason, the skin is
covered with a (quasi-iso) layer in composite of the
Hextool® type from Hexcel, a composite material which has
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When pre-inpregnation is acconplished with a tooling

resin, with the skin it is not possible to directly

obtain by noul ding the required geonetry tol erance and

nei ther 30 all ows any re-working by machining for
guaranteeing a satisfactory surface condition as

regards the required surface ,Pughness and seal . For

this reason, the skin is covered with a (quasi-iso)

| ayer in conposite of the Hextool (r) type from Hexcel,

a conposite material which has 7 excellent

Céﬁd‘:éﬂ:l@:ﬁt sthsaatd i SteiISPREGH g0 ragpkage tboyghngss asdghness
sea xantageously,theskinisnademﬁth an

overtﬁlc hess, with 1-2 mmso that the finished rib

may beAdeampadenetlaft ertimaki ngkand i aspectmiadg a fwitdt an
pé{rértﬁbskﬁégg mended; 1 rﬁrﬁr@é StRht e SKi R &%e @ ridenay be
or der 10 I n pended draw ngs
séau@ﬁ@élfé?dfPEE?ésmﬁi{PI}gt ﬁé‘fie§l’tsﬂ°@crtéﬁ8v@| f%rrﬁé%mmlé% The

fﬁécdmﬁéﬁd@cmttmmmwtcﬁf athd idkes 6k b@othego@a&efh@f 10 mm.
|nvent£on fron1 eéﬁié%a 10 neans of this

Mor e part|CLﬁEH? séentHer efn CRFRETN ?ﬁe figures
déslgatvhtesithe mm\radn kindgmatpossifigre did ferestapdmponents

eSET 261 kN LCAMANGY SoPNERLY 18PNt fin NerBRMBN e thfie by
sequence, does the surface of the skins of dlfferent

cBARBAeREs tAif olsuMorse Rﬁrftlr%ll&rc}d’ celf pif t Seqpetherein
nehas ¥5tho e apsdigd EBﬂrtharsr)ihﬁgnﬂhlbnt Hits mnﬁdssélble to

S8k GORLELL 0 SR S 36, RR oA Bl B or
r Bhes sequence, does the surface of the skins of different
components cut the surface of the produced part. The means
to be applied for carrying out this mandrel removal
operation should of course be adapted to the use of the
tooling and to the required production rates.

As the performance of the seal of the tooling is

- essential as regards the quality of the part to be

produced, this seal is adapted to the concept of retained
cylindrical sectors for ensuring mandrel removal, as well
as to the method for making the part.

The solution proposed within the scope of the present
invention consists of using two O-ring gaskets positioned
at a distance from the skin of each of the components and
at different levels. With the solution of a dual O-ring
gasket, it is possible to continuously check the validity
of the seal barrier. Further, with this solution it is
possible to correct vacuum variations during the method for
producing the composite part.

Additionally, it is possible to use O-ring gaskets
full with Viton or silicone, since the latter are provided
for operating at high temperatures such as those provided

in an autoclave. However, because of the contemplated



10

15

20

25

30

As the performance of the seal of the tooling is
essential as regards the quality of the part to be 20
produced, this seal is adapted to the concept of
retained cylindrical sectors for ensuring mandre
renmoval, as well as to the nethod for making the part.
The sol ution proposed within the scope of the present
i nvention consists of using t O0-ring gaskets
positioned 25 at a distance fromthe skin of each of
the conponents and at different levels. Wth the

31@1 soniofia 1k91-dim@tga;$ieetseai1t bbSnpesgkb{redé@ at each
uousl £ eck the va lditg of -th i .
thﬁ? CRPTRCLARE 5OF LTFShF1 2 SYPORSFRFal | SOMRPTELS Par
vacuumlv:assl ate TS dudrcngishepn@ﬂtmblf@r t30 pesducinglatable
tQ?lf@Hﬁ°§'ffh%§%%§kets Additionally, it is possible

to use ring ets full with Viton or silicaone,
since The TabteFtapesploPrddndf GRsESEr AUGigatthe grpking of

teH@epawr €8s auéhlﬂﬁethgagk@tpvweéjus@ ap agt Qﬁbjiéd@t to the
However cont enp| at ed é ays

SEEFShre PRETURE urbP TS ot TBhS. Pl el B linidh {Reof the
opedati ofis 8f barmwakiamgt aunmsrﬁnblﬁﬂt(ﬂnnﬂnﬂuwmppmtthe other

FREnEN SyHRASORs 1 sl SHY eberabl & 0 slhakgni s | at(ﬁ‘ﬁee: these

silicon, O-ring gaskets. 5The nost stressed O-r %
gESREL LHORP ng TWRe THRUIRF oinflrtalils PaskREs| ﬁ’ﬁé’r an outer
gas&aétebe@&usesl tomi SmeBpibpectuded t herpree@ﬁipﬂe OfTHehegrooves

aut on the_one _hand., whi ch th rd .

b%?g §%§ tols §ﬁ% ect t%h%%%uu %%8%ﬁ %brgﬁ (fned in

\mpphsml@m time @rcﬂj@r obt5Carbuesketndde tfhlesraa 1es this is

g@?g?ég?gﬁ%?é%ﬁ ﬂﬂ@“éﬁ éﬂéé&u@@égaﬁi§kehﬁv&hﬁ@g@?psly, the
[

o BBVE SR R U E T (e TE TR GRAERrE RaBREREHT Of

i theppodetiof im xker not to weaken the skin, as this

i s i"%ﬁérﬁk%ddgu]Hﬁ%éégﬁfgega§§ét 2%&?%}%) a%?e requlred

Advant ageousl nner
beefhf ﬁ@t—’e‘élhgtt%ob*%s@ﬁ ety ey SlowEYSKar §hls use is

Tﬁ@}:“?ﬁtﬁ?tﬁtn{ahﬁlt akiR c&atsiﬁﬁttsn@r@ym&%usmgr Qﬂﬂlltilﬁél skin of
Sea or oolin e | nven V |

CEaehe Rt e PRt caP A OF helle mBRA sy HsFucture
t bedekdn ofh0 Jeaﬁlfat(abndwegeskpbaeninsdm ofext}he 81gn1f1cant
Ibgg{»éegeét fdh“t‘fi@ 1k %ﬁ%ﬁdlhaﬁ iwfi@at agke (9RSkek $n . Indeed,

nduce very g ficanmt stresses on the Iongltu I nal
WEPRSiBFTiRg SRAR. thed@egssigisideriyy 98t hes applied on

péﬁaaar soof of hengagksedvé 5 Pl ﬁ&ﬁb@r%@mate%%mftﬁehedge of

groaye th ar ce ner the e e.0 a.sk

SPC RS Wi SRS g S TR L8 e, PO aRaRE Be abour

SBQOOOONN Delpemeeimchgl@nonhe:@ogeomgtny plie tia nskins, these
E8§8efs°£88§cé ndy£e: 5,94 B Flt g%]}ﬁldéélewn?énﬂ@'ﬁﬁt&lé bearing

bearing structure have consequent
dﬁﬁgﬁgpgﬁg which should have consequent dlmen81ons

The wvalidity of the strength of the seal with regard
to the pressure in the autoclave is advantageously checked
before entering the part into the autoclave, by inflating
the inter-gasket space to a pressure of 8 bars.

Managing the interface between the skins of two
adjacent components and the inflatable gaskets and the
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The validity of the strength of the seal with regard

30 to the pressure in the autoclave is advantageously

checked before entering the part into the autoclave,

by inflating the inter-gasket space to a pressure of 8

bars. Managi ng the interface between the skins

of two adjacent conponents ang the inflatable gaskets

and the 9 vacuum cover is al$o very inportant for

ensuring that the vacuumis maintained during

pol ymeri zation. For this purpose, a possible solution

C@msm@mScﬁﬁeplaeiﬁ%s@tv@ﬁ@hﬂmpmﬁﬁamu(ﬂbﬁ\thuﬁﬁngﬂﬁhat the
S t e in Se .

TTouthe the BACaiSReR" (nafith| BEErECLARERn dom ¢ tnie

cmvép@debyat e ssddlem sovdrion congigts oofi @ga@flngh@t each

sotion has the fl{Luwhg éﬂaﬁ@ﬁ@ges atthﬁet oghrpf end, a
e |nve%1g| Qn is an econom C&LSSO ut| on 10 fo

ek Beat | St e Bhe s St naF: S shPPacab1e
cgagbettthdhLmﬁLﬂdw@ﬁaweﬁythergacaumecmwéh very high

geonEtfﬂ&aJtéﬁf%éilogf th 1nvé£%ﬁ£ O|h$£ tgﬁe following

i nvention in structure | n car
prévanpregmat ed with epoxy resin, allow ng 15 Iow

:enpffﬁﬁﬂkf f§§y”8f'€$é'9ﬂve£91éﬂmﬁg By E@éhoﬁ@kéﬁgsolutlon
e tool .o e entjon conprises n

BT oS E ARG S B hopdanG: Sawiehiag parts of
epoxypmpesiineorstuidtierepodyi ety stanget usbzeesiith very high
n !%Q% e, so that the surface of the
gé?ﬁé{ri%%P TAC J?%gd W t hout deforn1ng it and while
ret ai nf n*ghee h‘éOﬁbn@éeriéhlq ylaﬁ@lnth@nséaplé egh@ structure in
n@éﬁbb@' fibkhe toad R JARRAI §£Eh AepROKRY Nfad h ; a allow1ng

T Estire s L BT T Sl 1
surf ace et etoal of the tioolentlibowsdnpeilsast er ¢anthimg in a
uéSﬂp&Q{téeﬁ?“%aﬁﬂ&mrfgb§¥§|E%é—impregnated with an epoxy
resin or with a polyimide structure resin, notably in
bismaleimide, so that the surface of the tool may be
machined without deforming it and while retaining the
homogeneity and the seal of the material;

- the tool may be repaired according to a simple
procedure which may be individually applied to each
component of the tool;

- the toughness of the surface material of the tool
allows the latter to be used for several hundred cycles;

- with the architecture of the tool of the invention,
by which the central portion of the tool is entirely freed,
mechanization of the handling of the components of the tool
may be provided, in order to facilitate the mandrel removal
operation and the mandrel re-assembling operation and
thereby reduce the duration of these operations for mass
productions. '
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with the architecture of the tool of the invention, by

whi ch the central portion of the tool is entirely

freed, mechani zation of the handling of the conponents

of the tool 30 may be provided, in order to facilitate

the mandrel renoval operation and the mandre

re-assenbling operation and thereby reduce the

duration of these operations Tor mass productions. 10

O her characteristics and advant ages of the present
invention will beconme apparent fromthe description

her eafdtﬂferOf charesbed] sends Oénﬁheadvmita@fest hef the present
i nv. The, description i ref.erenc

the rav\nI1 gs %19 % 8 ab%ﬁgggg EQﬂ ugif%teg%%é%lptlon
t o e aifcteor d@ﬁgano @queﬁr@mrtemfen@@fdu fepl of tthe invention.

Im@ntde%@r%@lbhe 4 neARkl Coid iksedbpasserd! ikR8 drawings
Fig. 1 illustrates the tool with a

f‘f’?%?e:'crbnponent 10 freed in order to be extracted,
Fi g. Zidd.ugst+satEklddterad ractoob atcbhdihgrso a preferred

C f the ol ti , '
i?‘%@@lﬁg%%tg e F%%I orgeaﬁgskeconéﬁgon%genen * F‘é‘é:&%s of its
ol terssemiplinet riact-ed, 15Fig. 4 illustrates the

EXt r acﬁicj’n pof ﬂmﬁséﬁgé’ég GHPOoPssE  Qfitchheat aalyof &&ﬁponent
veqélon illustrates the tool with the

I s¢< HPéé”ggﬁbéﬁéﬁﬁéeXFﬁ@cl&gt but two conmponent of
whi ch Iy f reedillustxkerted 0 beeexexachetdiofOFiof. 6Ghe first

'&%&ﬂ&’i@s?f EX, %Ctéffo'?:ﬁ%f ihlenkash, but two
nent o t he tO I nvent i on, F
i | ustFid e t Bdlugsrafeeh the Itool t @6 c%nﬁ@ﬁf@ﬁfﬂs C@tn@onent

| ppéedUin ORI i duriaicéed,in order to be

Xtr .
ext a?&fg% 4 illustrates the extraction of the second

component of the tool of the invention,

Fig. 5 illustrates the tool with the 1last three
components, the last but two component of which is freed in
order to be extracted,

Fig. 6 illustrates the extraction of the last but two
component of the tool of the invention,

Fig. 7 illustrates the tool with the 1last two
components, the last but one of which is freed in order to
be extracted,

Fig. 8 illustrates the extraction of the last but one
component of the tool of the invention,

Fig. 9 illustrates separately a component of the tool
of the invention on the side of the skin of the component,

Fig. 10 illustrates the component of Fig. 9 in a
cross-sectional view,

Fig. 11 illustrates the junction between two adjacent
components of the tool of the invention, and

Fig. 12 schematically illustrates the positioning of a

leakproof insert in a tool of the invention.
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25Fig. 8 illustrates the extraction of the |ast but
one conponent of the tool of the invention, Fig. 9
illustrates separately a conponent of the tool of the
i nvention on the side of the skin of the conponent,
Fig. 10 illustrates the conponent of Fig. 9 in a 30

cross-sectional view, Fig. 11 illustrates the
junction between two adj acent conponents of the too
of the invention, and Fig. 12 schematically

illustrates the positioning of a | eakproof insert in a
t ool oﬁlgheliﬁyhméﬁxﬂtes]é.tool Fhga dompodsbte ahesermial for

t&&%lhﬁ g 8%f§§ﬁ%%é%#§§é¥é %o%%?sQQe w&¥£k99i'03'g for

fmgbnageacﬁmmﬁﬁﬁgﬂ Qﬁmgﬂnanqwgﬁa@m afHeresdsl ThﬁuéﬁOls which

'i§ehEs@@@em§§eaasaéh$£&ﬁ%§hhéﬂkléﬁh|BQRhﬁéklcal component,
conponent ende

nt ch
CREVEDEPRIPT 56 BT & B R B LGy FRALRaioal part

Atoobdlmgdéowihb berviisrmesh, the tool conprises seven

conpo f i gl a ca
of the£?%§¥dﬁgiet8 tﬂ%negw%%fq§Pé g%%?ggﬁ%% %oﬁ%f%égs seven
t gopponenk@; n‘f—%t¢1he<éif ivhiduliront acsmtldedracghgsereor of the

pebbmet efhof é dﬁﬁﬂté“3lbeaﬁédeconfgrméwVaﬂIa@ﬁ@%&'Yto be
t he congon nt % t he_t ool _of thf |nve$t|on aret £ th

|E}%F1PFE f‘ﬂ SeRPEPREr CRRERCE n2l gt stionPPETD ‘ﬁ’{ak‘é ©

apasyntet becaddeyl i ndrical parts or 15 with a shape

cl ose Aavgﬁ@é%@ Sy AXEAUMRILGBhe Y11 LT ehe cool of the

Howev i nventionh also applies to too
i ANYeBbHPBsi 3% ma?f]érl didepitigaghi vhthubtreh Riher when the

hgukBEi8nNals CtbCUhdde SaRLEPIMEBYidHLL Meg@indrical parts or
with a shape close to that of an axisymmetrical cylinder.

However, the present invention also applies to tools
in a composite material with which tubular parts having a
non-circular section may be made.

For this reason, the number of components and, if
necessary, their shapes are determined for each tool
individually.

As shown by the sequences of Figs. 1-8, the components
1 are not only conformed in order to be able to form a
cylindrical mould, but they are also conformed so that they
may be freed individually one after the other towards the
inside of the tool and be removed without hindering the
produced part. _

The sequences of Figs. 1-8 therefore illustrate for
four selected components 1 of the tool of the invention how
the component is freed towards the inside of the tool and
is then extracted from the tool and therefore £from the
inside of the produced part.

It is easy to imagine that for handling each of the
components, and this both for disassembling the mould and
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For this reason, the nunber of conponents and, if 20
necessary, their shapes are determ ned for each too

i ndi vi dual |y. As shown by the sequences of Figs.

1-8, the conponents 1 are not only conformed in order

to be able to forma cylindrical nould, but they are

al so conforned so that they %% may be freed

individually one after the ottier towards the inside of

the tool and be renoved w t hout hindering the produced
part. The sequences of Figs. 1-8 therefore

itd isdanadia nlori of Ouiycﬁxeixﬂqtcﬁ%maiﬁmﬂmrﬁ:l?y afedHaitzed means

of the inventi.on 0_the ] n nt S

The e HEERF 0P Bt tnl LR Hhle | SR Ml ner,
troodvisicdhnt heaef ¢oe Ya oaitheri m@d@e fofr t hecprotheédmeans or
R Whl h df1dw @8SYedibdiBHNEd il domtanlld Re after

eac e components, _and this_both for
fs%égtérﬁﬂ i ith&hep iP@land C9PPIeERsenbling it,
hydr auttiec shagéf fodr eat lopnipaeliani zesl megnstlmny iheensedn may

pﬁa%:plandge gn%a%l'_l 8f tt%%er 1 oq.emtsne F&é{éﬁf&te tool is not

s oR- has de 'f or zed
oseprta t el chlhll$1matt¢da tonpbredirawiogbe Fid ntlai hlehlstrates

o afdsr o e AbRRhtuRh Iwﬂ:ﬁeat 99£st5e§é’rﬂ@ﬂl€tf¢ freed from

The shape of a conplete toqgl of the invention
3 | BeHPhsie e d ey &RCRi R 2rIBRetRoRpI %%Er%% djfrom the
nhis sdpasBtteley phdddisigdatoadti (nbhesdoan) ngFifi g2 1llustrates

|Iluggﬂg%e§x%pe th]k%ﬂn%ngkgggg%aon wth a first

enen fYEed 11 om errphery of the tool in
or der Higshe Zextaract dd fIle@melCﬁéVﬁ ¥i delbpstreter oblyeedgsecond

p@IémérﬁQt 1SheWphe FhBeirgi bbystict esnd MBeing Séxtracted from
q%onent be| extracted Figs. 3 and 4

ejc‘i‘*‘f‘m)f’ 1'{ﬁi‘stpr’fét’tdélcleﬁvep§§2§ond element 1 in the

freelrgpgnxnal andand hicli Ings tevettieactbd fYash 13hiree remaining

i NS h pLpdu part :
SIS [P eBhotE she ke S0 G pusen of
tiolt ofever | AOBPORORES tint he fiFeedofPPREti@yenand being
cggpga@@é§ i ¥e édg¥y$1@05|t|on and bei ng extract ed,

{eoPechy D S5 LIS HLLUALLR! BELIE OB chere
cﬁem@3n$oohlgfuh&alaNEntwonCdm@mEﬁtﬂIQ&ttb@e§Opﬁe0f the
'Ff&«& lgyl?lgneb; £ ?thu%ﬁatté@s It'h%e'lﬁgtpgﬁltt bag eeﬁlponent in
e&h?aé?@&lgg poéiilon agg Flg gn?lgg 22%2; e%gmaast but
one component being extracted.

Fig. 9 illustrates separately a component 1 in a
perspective view on its convex face, i.e. on the face
intended to be turned towards the part to be produced. More
particularly, it is seen in this figure that the surface of
the component 1 has all the required grooves or protruding
portions and positioned according to the provided geometry
in order to allow the desired ribs or recesses to be made
on the inner face of the part to be produced.

Fig. 10 illustrates a component 1 in a sectional view

relatively to the symmetrical axis of the tool of the
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25Fig. 9 illustrates separately a conponent 1 in a
perspective viewon its convex face, i.e. on the face
intended to be turned towards the part to be produced.
More particularly, it is seen in this figure that the
surface of the conponent 1 has all the required
grooves or protruding 30 porttgns and positioned
according to the provided geonetry in order to allow
the desired ribs or recesses to be made on the inner
face of the part to be produced. Fig. 10

| { hdsr f PdreS woﬁ@np@ﬁemuﬂaﬂy,a secibogaknvit@¥rein that the
relativel$ ho t he synnetrl axis of the tooh of th

1R VPR 5t i Bul aeﬁ]%}ng tSTRUSHES t Rer'dt na fiber
thampediteonpenetlll esnpx i sesldebeasliing 8t rarct the Zearing

tﬁtﬁé ddDEL compegLt %eé‘fiﬁ%' 'st?ﬁc@u?@méje%c%@r@l%gonto the

earing structure earln structure

REPH TR E o ke B adimso diméhie ﬂFPUéFﬂﬁt éacmd%ea skin 2 in
04 Q¥b P@ken ¢ Gl UEle St 1fe Sihdbe? 1f A darse ﬁ/hé hfiz’ﬂfl shape of

S e inferr f.ram hefl I pe of

FER et b A, Bk atadiior ZechrBalfat pdasions o
oheast apseetLzanpuersei park2tiont Ra hiwwnhqxﬁqwan1pﬁrtlon of
t?ﬁe b5asmh 2, 'ﬁ}%]tﬂ{{{jh@%!l shehhs 23 en the 8pen @M§ of the
of the 10 beam 2

as a transverse shel
REJAAPhg2BNVERE &t i SXANRVISTSE t%%r&%r@fﬁe@% on the

O¥EE iBe hewpdith de@ﬁr nthed Sympdigerttir VAt uied of ovdre ski nheight

Iustrates h ungction between two
a%?%%gmnec%ﬁ%yo]téh% CUE VLR rtehetf %JS r%%ur%s of the
structii®e. Zandlbistiatdre el deecsikdm Betwern two adjacent
'8&@&@&&5«% ?:e a'ﬂ% t%?%(k)sgl.tctﬁ c]j):'njetuls%sabg gh@cggﬁuetgfeoyeénd of

[ iti [ [

r EPgt F“\‘?é‘& eflo s&ddh :g't hevo Bpf ? @E’i?r 8ng Hﬂntg"ﬁ%ettﬁe 11, 12
|arentpl®ra:edeatdn @frcblvestV\m,gaSMetBodaltedl.Zlhem@ommon and
t he cogpon AN ;
HEREMELY DPRAPLeh " rAThEREELy PP RE "B, "R By ehis
t Avranderent 96 ﬁﬁﬁnﬂylVE@tG}Q@d &aghb®th fd'r%o‘v'é% s[@skqtas 11,
aig %lea%tgnt%%by tdiestgﬂxbwtte&eotrb@m a&ay&@@ﬁ% t bbﬁpbﬂent As
order not .to we e str ure

Bt xRl ke, At e, Cushs RS ke r e er of
otheaohdet bﬁe;éommomeytbelssadvandagebhsgyobvésem3 14 are
mﬁigefﬁg§¥l e&iﬁtr é@r ?CQﬁéth& @et91§5§ I'62der not

acting durih Ing o e pro uced part, this
] W?ﬁlje]&pth%fs‘flﬁé‘:@ﬁ%\?ce 15 wi || not provide any

seal i nlg fsﬂ)a@:bl as H@@wé@ah | bBghf ;alfﬁ%talc@ﬁtl &&@dﬂt&&@i 0f ewhich
entire y a Ihe t in at a rin aske .

CIbDEsrY | At i o s e e R & CrEiS notalsignts s
thdvpatagdamdsnbypr oﬂutleeldi n whehaut epbaye, tkeipresstiowever,

n [ f [ h
SERRROAERL S chEn S cSte ! okinEORANGR! Sk el et e
tggoduced part ' this “filling-up” of the space 15 will not

provide any sealing function. The sealing function 1is
therefore entirely achieved by the two inflatable O-ring
gaskets 11, 12. Indeed, as an example, during the passage
of the part to be produced in the autoclave, the pressure
acting on the inner side of the components 1 is of the
order of 8 bars, whereas on the side of the skin 3, the
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14 vacuum wi th which a cover is applied onto the part

to be produced, as a counter-nould, is only of the

order of 50 nbars. Because of these pressure

ci rcunst ances, the inner gasket 12 is inflated to 125%

of the pressure 5 difference between the pressure of

the autoclave and the vacuumqp the cover, i.e. about

10 bars. Since the inflatable O-ring gaskets 11,

12 provide the seal of the junction of two adjacent

conmponents only in the direction of their |ongitudina

extensimonithhevtsiedl at coter 10sskipplénd snmdwl dHee part to be

PEYied by Addit | gpahc JPaSu dNe 1301 1190 S OPRSChrder of
e tor 4uch addi tTonal neans ‘consi sts of pl acing a

| 58kpest .| nBegauae edch theset | BRE8SUYQ0 Fj@ewfances, the

C‘i&‘iﬁ%’ienéﬁsﬁétt hex skidl eRflated to 126%0. of12 the pressure
sch&g&tl cally illust rﬂg es the positioning

BBnCEn Qe ioRT [4S PEBTeBIet RE (MPerf ik Teve and the
Thacunseph 8hei soaer| ghte arsibadk pay tharfsor exanpl e in

S"'COQ ggstﬂé gﬁglﬁt%ﬁ fﬁnétﬁﬁéﬁgtém1ﬂgslz provide the.

r ef er ence i'ns of” two adj acent
cE9Pdn Okt $he, JunghRdoR Pﬁ F‘M@ AIRGERG RPTRATEY e C8d Yadn the
3115,rebg:§6fﬁlv%ﬁ$%:}ﬁé12:0 TioRi H:h\d&.h&lg @xtbﬁsiﬁhnstnédségl at the
end of the e wn e.insert
SifuerBt bifionidy deumosartnkY: cRall higibq nerhs - The
pwlutannb)praappimde 182rd oforraentchi pddgtibratowernandonsists
the V‘%f&c?&& IS E@bﬁ#?bggd Ns-tPl ke S3-H ogunc:tion of two

mali ntaining the in e I nsert 31 noréover
caYIricsas FW@P@FPPFée@stSEhe B PbsFtdoned so that they

are fagiigg tbes@h@ﬁaﬁﬁcé§l¥1ﬂlnﬁst|bjlfﬁﬂesiﬁﬂ1ﬁ@351tlonlng of a
ent These_ori fices ow it ring

ggg &P lilfefs Sﬁef’ e ofﬁ?ﬁ\g %’2 alhed Jtm’%trhelr?nconnect

t hem offhe hm@hrpré@sume ai righur segtedaparb, béogblexagple in

tqiinfdAt e ;ﬁ%&rtﬂ;netdh%ltﬁ’}p &?ékSE sigk the w1ngs, referenced
predetern1nedggressure A t ool

| #52 Tohpoht ENFatELRS| qfort%k?%a%er&mwanm%fﬁt%ah 1 and
|mu3ﬂpon@QS|tehe&temuagv t befepehchdb@i ngs 5 318 endethriversely

[ AR Ho WhdMieihd MndVAL ML CBhaPREL i nliter. The

to0l conprising a Set
eatmoT3 Wi ef tbemingexyl |3r1dr3t&ta¢0‘z§@é¢@r vf thie VtaG(’lelm cover

eaely Qs &rﬁqn%rm@aeahsp(:&twﬁl By agp@a@@an NEor maintaining
S}trg{l'e(:tég{:\@eer( ?éznci the w1negr 3C1%nplosS|trt1aelnt%qz%1re eyrlazep ate 33 for
maintaining the insert.

The insert 31 moreover comprises two orifices 34, 35
positioned so that they are facing the grooves 13, 14 of
both adjacent components 1, 1. These orifices allow the
O-ring gaskets 11, 12 to emerge outwards and to then
connect them on a high pressure air source so as to be able
to inflate each of the two gaskets at the predetermined
pressure.



5

10

20

25

30

10 conponent (1) includes a skin (3) nolded on the

bearing structure (2), the tool further including

sealing neans (11, 12), including inflatable O-ring

gaskets (11, 12) in silicon, intended to be placed at
junctions between the conponents (1) of the tool, i.e.

in grooves (13, 14) 15 Iocatedlgn opposition and

radially shifted relatively toeach other in side

returns of the structure (2) and of the nolded skin

(3). 2. The tool according to claiml1,
characterized in 20 that eactpofmdé he conponents (1)

i ncludes a bearing structure (2) in a carbon fiber
conposite. 3. The tool according to claim1l

or 2, charactetiopéd im tehatospokiof thetecrpondors fdking a
| eyl Aok Batd) 1 L5cGREOONOT Ral BPLEONALEA W) being
an_‘epoxy resin. according to claim

1 brten ehaFacEorms & ‘P?‘\n@lﬁ%\]t eRcMhde tH’é‘eco%b]o’ﬁlﬁﬁlscal part

( Iyilnchedesomneki nthd) tloalcafquyrlwlerg npr egnate wbtpPonents

yimde structure. resin 00
ac§£id|ngd?o %Ia§n1 , cﬁ%racteY%%% rlcafhd? é%%h % the tool,

t heachnpdndites ¢appommritiglesln dkicAudingi @ d@@mmg Structure

pr@z)np{ﬁgQQtQQhW&tthh?H@i@én1d@haréé%erlzed &n Teﬁat each
t ool accordlng?to any o aing 1 } characterize

i NCPARPRERkh ¢ Rt B8P 1) (TncFalied a o8k g 31)>earln9
hagt ngctafe er(2nl dt]m@ a@dalbaf(mngaemndacgudengacﬂuamm@ means

pr di th n er :
ﬁe%élagé qggggg § Hn%&%t@bﬁ% Q;pregéfg%%%%s 12) in

suﬂh@;@o%ondﬂtﬁ@ﬁed to be7 plpged odt JUESEAPRE tk@tdf%ﬁn the

Of c@t‘n@bﬂé‘nﬂst 018, of tREaArEsdEidee.i nlhhaérdvdves (13 14)

es l.eakproof. i.nserts.10 ded .t
FREER f SRt AR Lo ferie ST %l B GEGeLy co
theaSk'ﬂtb3¥ in side Setﬂrnethﬁdthersnukchgra {®bl an@ of the

COpBOSLL e R €[4 Al for making a cylindrical part
in a conposite naterial, the 15 tool conprising a set
of conponents (1), each of which

2. The tool according to claim 1, characterized in
that each of the components (1) includes a Dbearing

structure (2) in a carbon fiber composite.

3. The tool according to claim 1 or 2, characterized
in that each of the components (1) includes a skin (3) in
carbon pre-impregnated with an epoxy resin.

4. The tool according to claim 1 or 2, characterized
in that each of the components (1) includes a skin (3) in
carbon pre-impregnated with a polyimide structure resin.

5. The tool according to claim 4, characterized in
that each of the components (1) includes a skin (3) in
carbon pre-impregnated with bismaleimide.
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forms a cylindrical sector of the tool characterized
inthat it conprises at |east the foll ow ng steps:
maki ng a predeterm ned nunber of conponents (1)

20i ncluding a bearing structure (2) in fiber

conposite, nolding a skin (3) on the bearing structure
(2) with an overthickness allow ng for re-nmachining
the final dinensions after nDIHing, 25baki ng t he
conmponents (1), nmachining the skin (3) of each of the
conmponents (1) in order to provide each of the

comooneeglts (Tih)eWc&Blpraﬁ&%ﬁfﬂgnegodlar@ﬁ%@nscmss he to s,

skin W th predet erm ned “sur face condltlon
30%%?%%%?99%1% WathfeestaBife ther FREPGASRES s ({1 1includes a
123kim S(jM(Hhhvﬁngi(maﬁhﬁﬁcembﬂdﬁnghEasﬁlnbéBln@f eatdergone

Ofsz\Lc &1 0 OB%%:S.dSl% Sl de act:or%cgrgeei{tem e‘(ﬁt%’f predetermined

dimensions and the skin (3) with a predetermined surface
condition.
7. The tool according to any of claims 1 to 6,

characterized in that it comprises 1leakproof inserts
intended to be placed at the junctions of the components
(1) on the side of the skin (3).

8. A method for making a tool in composite material
for making a cylindrical part in a composite material, the
tool comprising a set of components (1), each of which
forms a cylindrical sector of the tool
characterized in that it comprises at least the following
steps:

making a predetermined number of components (1)
including a bearing structure (2) in fiber
composite,

molding a skin (3) on the bearing structure (2)
with an overthickness allowing for re-machining
the final dimensions after molding,

baking the components (1),

machining the skin (3) of each of the components
(1) in order to provide each of the components (1)
with predetermined dimensions and the skin (3)
with a predetermined surface condition,
positioning of two inflatable O-ring gaskets (11,
12) in silicon at a distance from the skin (3) of
each of the components (1) and at different
levels.



