1 COWPCSI 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

making such a tool. In the aeronautical field, for

only nentioning a single field of application, carbon

fiber conposite parts are increasingly used for

obtaining nore and nore 10 |ightwei ght structures

wi t hout however abandoning rigidity and other

requi red characteristics, but also for. obtaining

conponent SOWBPERTREaTECh FOR eMPIFIEHNG (CYHSIIERT Gl g PARTS

nmetal part while providing fire resistance. The

maki ng of such conposite parts requires high_ 15 .
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Usually, metal moulds made in Invar steel by sheet

metal work and machining or composite moulds made in carbon
fibers pre-impregnated with epoxy resin by moulding in a
mould called the “master”, are used for this purpose.

25 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

30 problems of leaks which subsist after their repair.

When the matter is of making cylindrical parts,
notably with large dimensions, the problems for their
making originate less from their size and from difficulties
in handling such moulds, but rather from the difficulty of



2 guaranteeing the final geonetrical tolerances of

the part, because the |atter depend on the behavi our

of the nould during the polynerization cycle and al so

very strongly depend on the structure of the part to

be obtained and on 5 its behaviour on its tooling.

I ndeed, the problens resulting fromthermal expansion

and shrinkage of the resin areg often not negligible.

In such a situation, only a machi ni ng approach woul d

provi de a guarantee on the final tolerances of the

part. 10 There are conposite materials which, noul ded
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20 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 more
problematic.

25 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

30 draping of a stiffened skin with profiles of the Q type by
depositing fibers. The tooling should alsc be able to be
extracted from the draped structure after polymerization.
Further, the toocling should comply with the required

tolerances and should provide for holding stiffeners and
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tol erances and shoul d provide for holding stiffeners
and 3 their cores. Finally, the surface for
depositing the fibers should be | eakproof at room
tenperature and at high tenperature in an autocl ave
in order to be able to place a vacuum bag duri ng

pol yneri zati on. The tooling should also 5 all ow
attachnent of cauls or counter-gmoul ds (caul plates)
for the polynerization phase. And finally, the tooling
shoul d wi thstand the environnment conditions of the

met hod for making the part. Mreover, a conposite
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Common e e SRBDE ing SEEOL 0 (4 AR Vo a coor 5
composite material 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 tocl further including sealing means
intended to be placed at the junctions between the
components of the tool.

The tooling of the invention thus consists cf a set of
mechanically assembled components and which may be
disassembled component by component, acceording 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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part fromthe nould. Each of the conponents of such a
tool 4 which are also called "tiles", is

advant ageously made in the following way: - a
standard bearing structure in carbon fiber conposite
is made. This may be achieved according to a 5
standard nethod consisting in wusing a standard
extrudabl e foam and paste "masjer" and nachi ni ng;
such a master is not very expensive because does not
need to be very precise; 10 baking the bearing
structure in a vacuumoven (therefore not in an
auwbiFhv@reataled onaliedpdtitgsd  ofis hadtrkfeagesusly made in
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application of the tooling; among these mechanical
stregses, 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 im 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 cobtaining the seal
at the interfaces.
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at the interfaces. 5 A tooling nmade in the fashion
descri bed herei nbefore and which may be taken apart,
tile by tile, according to a specific sequence,

all ows renoval fromthe nmould of the finished part
regardl ess of the dinensions of the latter. 5 Let us
nore particularly note that the nunber of conponents
whi ch make up the tooling of the invention entirely
depends on the dinensions of the part to be nmade and
on certain handling constraints of each of the
conponents. The exenpl ary enbodi nent described further
on 10 hAstreédineigvedesiist i Hee ofagkien depexibgfd hereinbefore
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toocling, for example as a result of impacts 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 additicnal 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



under gone after noul di ng and baki ng, machi ni ng
providing 6 the conponent with predeterm ned
di mensi ons and the skin wth a predeternm ned surface

condition; - the sealing neans include Oring gaskets;
- the sealing neans include inflatable silicone O-ring
5 gaskets; - the tool conprises |eakproof inserts

intended to be placed at the jgnctions of the

conponents on the side of the skin. The object of the
invention is also achieved wth a 10 nethod for

making a tool in a conposite material for making a
cylthedreeneponrit vhth cgegeserminadedigiensilpast ogrd the skin
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compostte, - moulding a skin on the bearing structure,
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his reason )
- maklng a predetermined number of components

including a bearing structure in fiber composite,

- moulding a skin on the bearing structure,

- baking the components,

20 - 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

25 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

30 allows any re-working by machining for guaranteeing a
satisfactory surface condition as regards the reguired
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 compogite material which has



covered with a (quasi-iso) layer in conposite of the

Hext ool (r) type from Hexcel, a conposite nateri al

which has 7 excellent characteristics with respect to

surface roughness and seal. Advantageously, the skin

Is made with an overthickness, with 1-2 nmm so t hat

the finished rib nmay be 5 re-machined after nmaking

and inspecting a first part. The recomended t hi ckness

of the skin is of the order of 10 nm |In the appended

draw ngs, a sequence of figures illustrates the

renmoval kinematics for different conponents or tiles
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w1th an

‘20 produced, this seal is adapted to the concept of retained
cylindrical sectorg 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

25 at a distance from the sgkin of each cf the compconents and
at different 1levels. With the solution of a dual O-ring
gasket, it is possible to continuously check the validity
of the sgeal barrier. Further, with this solution it is
possible to correct wvacuum variations during the method for

30 producing the composite part.

Additionally, it 1is possible to use O-ring gaskets
full with Viton or gilicone, since the latter are provided
for operating at high temperatures such as those provided

in an autoclave. However, because of the contemplated




full with Viton or silicone, since the latter are
provided for operating at high tenperatures such as
those provided in an autoclave. However, because of
the contenplated 8 plays, it is possible that the
seal be not provided at each of the operations for
maki ng a cylindrical conposite part. For this reason,
it is preferable to take inflatgble silicon Oring
gaskets. 5 The nost stressed O ring gasket during the
maki ng of the part is the inner gasket, because it is
subject to the pressure of the autoclave on the one
haRd2Y&hi th 18 pPssiele grhply Wi Fadr P Aaed Provgded at each
Subf eehet epeaadtibhenrbremakhay ahaRdinakielli $oRbokh€e part.
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to recej e .machj [ 410 :
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20 each he component’s an aring
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Si ghtéhdadt tstr asarsi v thiged®Ngghbdetal wald s mdchived in
skin., | ndeed consi deri ng that the ﬁr% sure of the
t The éreoo
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Dependi ng on t he geonetry of the skins, these fofces
i N CX 7% dnalt? %1 exural nonents in the bearing
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Y%%%itym?ftﬁé]etc%ff%tohf 0cfhelt r}.%vse%%liowi.t Ii-‘lp(«reeg'%gfd .tﬁgs use is
o) e pressure 1m autocl ave T's advantageous!ly
cheefkedithout any impact on the dimensioning of the skin of
20 each of the components and of the bearing structure.
Indeed, the inflatable gaskets induce very significant
stresses on the longitudinal walls ¢©f the skin. Indeed,
considering that the pressure of the gasket is applied on
about 50% of the groove, the force generated on the edge of
25 a skin with a length of 6,000 mm is of the order of about
50,000 N. Depending on the geometry of the skins, these
forces induce torsional and flexural moments in the bearing
structure which should have consequent dimensions.
The validity of the gtrength 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.
Managing the interface between the skins of twe
adjacent components and the inflatable gaskets and the



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
adj acent conponents and the inflatable gaskets and the
9 wvacuum cover is also very inportant for ensuring
that the vacuumis naintained during polynerization.
For this purpose, a possible gplution consists of

pl acing at each junction of two adjacent elenents, at
the skin end, a 5 | eakproof insert allow ng the
passage of the inflatable gasket which is covered by

t hEaGRERURPEBYeds FHEC dihgledortant nieiht fRAURERT tﬁbat the

f ol-hewig 1advaa&ﬁga§ned thar&ﬁgl pb1iheri BYENbAON F6r this
an_econoni cal sol u, n avai |_abl.e |.ar

STOEERARR) g e o n ConbPafs oo Prac i % each
st juscuienofofyetyol aa@;sacsarzte wilemenesy ltghthe skin end, a

5 9ePRRLHI-68F RLRGA OQllowfﬁ? 'i:ﬁ%l %{ers | B¢eNLRON i nratable

inclu es a structure In re-inpregnate

wi BRskpbxyhieki e veehdy ﬁiei amcwmpgpaﬁar e

pol ymerthat i eseol1imd | oved bMeposhveakisg; hakhetheol fofilowing
the invention conprises a coating in a conposite of
ca?%‘é% FR9RF S pre-inpregnated with an epoxy resin or

with a potlye ntoel sof uther énvesthponndsabhy ecpnomical solution

10 b' §8P| rﬁéﬁixﬁ&aw?&ii@fetfh‘?rrﬁ%”&%‘eet é:ltllﬁ% e m'gm{n% parts of

machi ned”w t hout deformn l e retal ni
th% W&éﬁ@l tSEEHT Ut %Eal"e&y t ¥Rt 8L FGI With h%erY high
t ogtomayrbeal e@mdmh.caﬁcordl ng to a si Wpl e procedure

whi ch nay, Vi 1y a dto.ea compopent
of the ot 801" e v ARBELESeh Ui BT e O S cture in
mecarben Gfibere tmm iregragmatade Vatleepoayberesio, f edlowing
1559Y8&a£e$¢?¥g erléﬂﬁﬂEnth%o@ﬁ%&bﬁeﬁpubesgtbéﬁfng,
t |nvent|on

t ool of whi ch the central portion
of the tddreisoeht Pﬁeltyef Aovgnt ippc KOHPLAEesn HfCHelng in a
hanohpogitod btlie cxxfrenenilsend phe-tiapkegnated with an epoxy

resin or with a polyimide structure resin, notably in
bismaleimide, so that the surface of the tool may be

20 machined without deforming it and while retaining the
homecgeneity 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;

25 - the toughness of the surface material of the tocl
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

30 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.



30 may be provided, in order to facilitate the mandrel
renoval operation and the mandrel re-assenbling
operation and thereby reduce the duration of these
operations for mass productions. 10 O her
characteristics and advant ages of the present
invention will becone apparent fromthe description
hereafter of an enbodi nent of gfpe tool of the
invention. The descriptionis nmade with reference to
the drawings 5 wherein Figs. 1-8 illustrate a tool
according to a preferred enbodiment of the invention
and t heOkheremebarscopriesicai saskendyaneRaes e OfF ghe | present

i | i HeLheises tﬂ%lioobé@dﬂéfié éﬂedﬂ”ﬂ&&&ﬁ“ th8 feedription

i n_orde tob extract Fi es,_ t

oxBFEERF AT oPE: 1 15 glr'b%’l'Fgo‘ﬁ% Fher Yeed el CBe dwention.

i NYeat |cIHac:d§1pg;10'31 i LBustadet ewithe Jte:ﬁdremfcea secarite drawmgs
scoppopent freed in order to be extracted, 15 Fig. 4

illustrates the extraction of the second _conponent of
the toofi®®- thed i hvtuetvate Frgtosli aqpandings theat parterred

Wlélhbbaﬁméﬁ@ dfr @B CORPORENGIS, drite kast bitehid®ics of its
ggonent 01 which is freed in order to be extracted,

PRSSE P11t rht®s the extraction of the last but
cofppnenht idflusheates| tde t heollnweiith on, FHyst 7 component

10| I lfyﬁéaabgso{_ggrt@é) ﬁé@ﬂ:gg&é@st t wo corrponent s

ast one is freed in order to
extract@aﬁ 2% Figlugtyafest r &P8s ERETSLLS: i d:hfoftl?ﬁe first
| agbmpoheRtieot cm@omcm off dHee JIIﬂKéJnt(ifont he inventi on,

Fig. 9 Lllustirat rate a conponent of t 0q)
of % he Figont | o Lt REes Eis; TRE oBfn 3 Tqabnd *Yomponent
cofipeaédnin ofdgr 9 bélemtrraa:tt@si,t he corrponent of Fig.

159 1N @ Fig, 4 illustrates the extraction of the second
component of the tool of the invention,

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

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

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

25 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. ¢ in a

30 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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30 cross-sectional view, Fig. 11 illustrates the

junction between two adjacent conponents of the too

of the invention, and Fig. 12 schematically

illustrates the positioning of a |eakproof insert in

a tool of the invention. 11 Fig. 1 illustrates a too

in a conposite material for making a cylindrical part

in a conposite material, e.g. for nmking a fusel age
conponent of an aircraft. The tool, which is itself

made as an axisymetrical cylindrical conponent, 5is
intended to forma mandrel on which the cylindrical |

part tbide hatblustratrs farkeel Mecer gPmgosstenpaterial for
'nMﬁﬁiﬁ%na EPEi @Rl c£PBYHS 6 B8 \WRipdedROARReT1a83CR.g. for
of | C fogns ga%%lln rical %gftor aof th% t%%].tThi hich
cORPONBAL Y TUSFAOTIIRAEF T Ur F&r HFP&tto The tool, whac
naiat dtpelifi mabBeakpr anf cdmyaretaliond ciyd ipdrimeilecoofonent,
th e [ 35 0

of 8 B e T e A et A NrRoot part
eath beheadehehll e fRE8don is to make

arisynnﬁﬁé?f&&n YEbn@th@ndéﬂﬂ£%ﬁﬂ ﬁﬁévié$ﬂacﬁgp@£ses seven
close to that of an axisymmetrical_cyl.i.nder. wever,
ChESRPRSERtS) ark | v ML e (Y higbdcat, SREL8k of che
cotpodi t eThet erdrgonarttis Wi chreubobafopeed s haviangex to be
nof: %E&;L%Q& $HCE AR IBYf PEABLE: g@[)néhtﬁer?@i‘_@ﬁetégeof the
nunber ~o conponent s™ and, |? 20 necesSary, their

shBpES BPePBet@f®i ned for each tool individually. As

shown bydwtreimt@&?@m,z the Fic:g;&poﬂleﬁtst he sprmpheentcel lof the
are_not, only confor in_order to. a tQ

cy FPHEPFERT BT d,a]‘[ﬁﬁEt ]Tdﬁé\%lgf":él' aW%gﬁco%cgl? et Ig%lmt %’a}llten the
t hgue@tiony ibe teoeewhlendayidymneyr berl acydindwdcedheparts or
to EHSatQﬁ%%éngiéﬁéC%o et W ANdHeRERYEEaM EhPdhder.

t
hi ndering t roduced part. The sequénces of fﬁgs.
1-8 theHe@¥eyeri | Fhst Paegepsr 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 go 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
ingide of the produced part.

It is easy to imagine that for handling each of the
components, and this both for disassembling the mould and



four selected conponents 1 of the tool of the

i nvention how 30 the conponent is freed towards the
inside of the tool and is then extracted fromthe too
and therefore fromthe inside of the produced part.

It is easy to imagine that for handling each of the
conmponents, and this both for disassenbling the nould
and 12 reassenbling it, hydragpic or differently
mechani zed neans nmay be used for handling each of the
conponents. Further, provision has to be either nade
for mechani zed neans or not, which allow the _
cohpdfesril irg bit mhrdsanticons diféersnthy mepbpnized means

unhay bee useel ficr GHi Bl ddten SbaPenef campeABheEe Further,

(ool Lo DA P 85 Lo SESL I noune o
|Ih08trahedh|allbw dhawcogpohkegts 1tol basmeaheainefieone after
stOE’he %tﬁ%f hAVENtL 0 E’E%th i% fdo‘rrﬁ;tl etleement 1 freed
of the

from1l eri phery °n order to be
ext r act 8P Fglﬁpﬁheo £ fsi Rtk hetppdduried thsr tinyRition may

sh@milyFbg ihfiddrest rates ride {) rsheCcomppnetle eidlg is not
extracte

e RORR TE LRI ISP RAPRA ARodiiy SR ETHN AN bbi g Lustrates
exthactedl feDOnthd Sinventiingi del tdf a He rmtoddemenpadt freed from

Fi i, | t h ree v.enai ni
107 8e Pefifhory SHNEE!God) ﬁlé* Ve 2P e BeRalded, £rom the
of 1nB e s@f cFhe oPFRARIRS Batta MAte®hEHBIi §Adand HeilNgtrates

extnacffﬂstr@@rm@ﬂen/telbel:@ antd-aEit@ﬂ 7 and 8
iIIustrﬁ nex 4ep mher nalns onI the
s 0

| ast tmnl%s one e 3 ¥ nd LRGEREEon the | second
Fi glement| mSLnatés theeingt pbaut@ne spdpbréng ewtrapeed from

15 f r egE NP PP b PN G Rl dflicdd idddstrates the last but
one cong}nent bei ng 'extracte 25 Fig. 9 illustrates
t

separa AFGheft Hllrlfﬁ%‘-‘atg?er%@ct?%%tvu &h Femaining
COﬁM&giorﬁaﬁ?Es ofethen tbhe fodcahd nirarstari dro with utlhedfifth of

togﬁédssgggnpaégmégnggtgrOQHCGQ. Qbeed position and being
extracted, respectively.

20 And Figs. 7 and 8 illustrate the next step where there
remains only the last two components of the tool of the
invention. Fig. 7 illustrates the last but one component in
the freeing position and Fig. 8 illustrates the last but
one component being extracted.

25 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 reguired grooves or protruding

30 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 tc the symmetrical axis of the tool of the



particularly, it is seen in this figure that the
surface of the conponent 1 has all the required
grooves or protruding 30 portions and positioned
according to the provi.ded 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 illustrates a
conponent 1 in a sectional viey relatively to the
symretrical axis of the tool of the 13 invention.
More particularly, it is seen therein that the
conponent 1 conprises a bearing structure 2 in a fiber
cobpoent &on asMake| pastacudard¥d ki As3 sen heheerin nghat the

St LYRbShENL- 1_Th@oﬁa§@{éé@ St rued 418y 2s8eGeEdr8g 4 0ihhey fiber
5 enmbodinent i1llustrated in the draw ngs includes .a .
SkFAMPOFHEE o &St dURte ATt het P PRERr FedORr drif§ hbearing

fi patustape f. trhe peeidrinmg Usthapedirdecam 2dcodtdimg to the

re ngul ar, sect.i J . [ : :
5 oFhpRhas P A gl LETole MBLAD LI Rces 0 skin 2 in

| ongEondanae wheh| she3sbapehenspere@nfisonf thhefipabeghppre of

21-as peHE, 38 @-LKANSY abShn Shelwi tif £xletding@1eh eetion, at

enﬁire w dt h of the conponent .1 ag over,.a hfight y £

de @?ﬁ?n@&ebyprﬁﬂévéﬁﬁﬁag’&rélﬁof‘h sKith &€ ey jportion o
i | thst basms21 hel prpit wdimaletaiedl & B3 adlj abenopen ends of the
co ents 1. t Si 0, r :

10 SoREFE2ab, 61115 5 ErRLIERE, P 41 UELERSES on che
gaskeise11widpharefpl sbed rAmpPBeNes 13, 2nd | G¥&Feddi nheight
Ofﬁeﬁéfﬁéﬂﬁ?ﬁr@y m@iaﬁ%ts{ﬂé gcﬁ? huh%l aldivehy to eaﬁh f
ot her. i s ,arrangenment o e jnventipn, each of ..

t he tmoFé%sk%%51?§95t ?t%%aFEeuBBﬂc%h%ns#Fgg?ﬁPe%gP adjacent
t hecagpaerns tonfoneine . sidle 2etanrmxafpltde iatidusttayiee 2 and of
ga t ' a et di e e

1s SEKEL AR oS, SLATELSEISpAle et adew1n, 12

di 3tei HitasPbnivagFosdiefcehd tilie 1PCRFRRr ifotOPpYsition and

weakgnat g %&ﬁ@tﬁﬁe- rR1SRaseld5 hef weelrhotbthelaceBy this
COmRIELzed: e C 23 opRRRL, L5 Sl TRl EBE Bl 11
resnbelowevgron the structure of the adjacent component. As
20 an example, inflatable gaskets with an outer diameter of
the order of 16 mm may be used and both grooves 13, 14 are
alternately distributed on each adjacent tile in order not

to weaken the structure.
A space 15 between both adjacent components 1 which
25 appear at the skin of each of the components is
advantageously filled with epoxy resin. However,
considering the pressures acting during the baking of the
produced part, this “filling-up” of the space 15 will not
provide any sealing function. The sealing function is
30 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



consi dering the pressures acting during the baking of
the produced part, this "filling-up" of the space 15
will not provide any sealing function. The sealing
function is 30 therefore entirely achieved by the two
inflatable Oring gaskets 11, 12. Indeed, as an
exanpl e, during the passage of the part to be
produced in the autoclave, thejgressure acting on the
i nner side of the conponents 1 is of the order of 8
bars, whereas on the side of the skin 3, the 14
vacuum wi th which a cover is applied onto the part to
bevagiuppucddh ahick ounceverpdkd appd iedl yordfo tiiee opate to be

of pr%au&taar S. aﬁe%aucs_suﬁéefhﬁé@l@r eSUr gneir Q:HE'TB‘tﬁQC eSrder of
ner gasket 12 is inflated to 125% of

préQsWB@r§ di PFERERRe Yot WAEFS nBYFRPBYLS! ¢ B¥°¥Tﬁ5ancesf the
autiaakavegankethel2 Vamjumrrﬁlattbe! caver 126%e.ofibathe 1pressure

b ' t f] at k
sheisesBuliEe B! al S OHbIA BPER, Hapdhave ena oo
coNpeHEmt enokhe tavekre ld¢re%b¢¥ﬁ1kﬁ haxs r

Igng:tUQhﬁaé enéenﬁfpgtalsm @qain t gddiet) 8Ki mzerﬁirovme the
sSNnou

itiona The s | uti
o880 8T ERE HHRCL LR GRS e S et oY in che
pldaragtaoheaipmhaﬁrlﬂgegutaﬁlaaEheKUHnsnon othEWseal at the

IOad' ggant eﬁ c? He ‘:aro%]id@:deng}r Fé@dlé nal (dmeans. The

enatlca strate the posi tioni
Ie&?éPEéPnlﬁgémPSSQ|h¢ﬁ?tﬁﬁﬂ ﬂwcﬁhédﬁhVEQﬂ@bnmeﬁﬁé consists

i nggrtpBdciggaali Déékﬁi*@d)f}d ﬁ@retrt fof el quhBtion of two
si li.con osi tioned its vvovvlngs
rePgﬁéﬁégg c%@p%ﬁﬂpt% ?H@l Q$ﬁ§1 wo adj acent
conponefRig. 112 lsamemawi ¢adnl Iihel otdsnratiesy, theefpersdidehing of a
as n |y rel v I and at

15 13;58&’?9 EMS%?@ ZPgra? t?év\c/l&lngdfy K%ofll?lsfﬁglﬁll@ert 1
|s coveFBd BPSERE ééc&ﬁmaco%? ht grPled iRt ai ARY Efample in

poshﬂ.hﬁﬁnbyp@sﬁltibﬁeEZwfl‘th it ning tbewioyel, akferenced
the m%q%i318| ta I ne

P HPT nebr e 58 B RUEEnE, dfepmnce 1, 1 ana

cowpthseshemoobhef|c@sn@A, BBferenced as 31B, transversely

20 relatively to the skins and at the end of the latter. The
wing 31A of the insert 31 is covered by the vacuum cover
and is maintained in position by a plate 32 for maintaining
the cover and the wing 31B is maintained by a plate 33 for
maintaining the insert.

25 The insert 31 moreover comprises two orifices 34, 35
pbsitioned go 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

30 to inflate each of the two gaskets at the predetermined
pressure.
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posi tioned so that they are facing the grooves 13, 14
of both adjacent conponents 1, 1. These orifices
allowthe Oring gaskets 11, 12 to emerge outwards
and to then connect themon a high pressure air
source so as to be able 30 to inflate each of the two
gaskets at the predeterm ned pressure. 15 CLAIM 1.
A tool in a conposite material fsor making a
cylindrical part in a conposite material, the too
being 5 intended to forma mandrel on which the
cylindrical part will be forned, characterized in that
it conprises a set of conpof@MI¥S(1), each of which
forms a cylindrical sector of the tool, each of the

components (1) udi_ng_a bearin structure ( in .
fiber conposttet éiuj%§ sRi n“¢H° d&§ l@ﬁ t%ér mdking a

beayligdsticadt weert( 2)n thedmpolsifer tiegreriedl ,udthg tool being
seqli g sERans, (ddvm 1%) daBgeeded,d q?lﬁfcﬂ?l @ﬁﬁdc?t [ndri.cal part

JunCtI ons bet ween t he conponents
ThéfltléoﬂoeaééémefimgCbérepfaemaedchrar‘aféq%rit‘zéépmarlsﬁ a set of

th@b elnek the,cegpanent shi{dn féﬁh@@&}mﬁwlm sector of

2 fib he t
E:%aed. P e 208 L e OEL s pa B L peariag
of8twaccuwpoﬁémtsn(h)ﬁuhﬂnﬂmamp@sskem @84 ian skig (3) moulded
CaU%”E&HebéQPi?%”@E%ﬂcﬁhEQ %12)EPPHe 861 £hrchB® including

tool accordi ng laim1 2, characterlzed |n t hat
eaBRGANBhEEHFporidnt st31) intRIdRdsta ki RL €§F i @t Jjunctions
cabeewephethipregpahedt s {h) aopalhe ald structure

resin. 25 5. The tool according to claim4,

characterized in that each of the conponents (1)

i ncl ude8.a sRhe €8pli mecoadiog pree-¢hpireghat edaweacherized in

bi gp@kei @a@% 32 6.chbhe dpploraneer dilg 1 QRN a bearing
clains 1 to characteri Zed in that each of the

CORpEHERNES( i?> i AR Ade’rRen SKAREY FONRRANS - af t er

nmoul di ng and baki ng, undergone
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.

6. The tool according to any of claims 1 to 5,
characterized in that each of the components (1} includes a
skin (3) having, after moulding and baking, undergone
machining providing the component (1) with predetermined
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machi ni ng providing the conponent (1) with

predeterm ned 16 dinensions and the skin (3) with a
predeterm ned surface condition. 7. The too

according to any of clainms 1 to 6, 5 characterized in

that the sealing neans include Oring gaskets (11,

12). 8. The tool according to any of clains 1 to 6,
characterized in that the sealijgg neans include

inflatable 10 Oring gaskets (11, 12) in silicon. 9.

The tool according to any of clains 1 to 8§,

characterized in that it conprises |eakproof inserts

i nfendodippsbeand athkel akinhd3)umititons pedegermined surface
coppgnenptsy .15 (1) on the side of the skin (3). 10. A

met hod for making a tool in conposite material for

maki ng a cylindrical part in a conposite material, the

tool conprisThg axwdt atceodpngerdcs (aihy @ﬁchl@ﬁn@i th to 6,

20cilgg:'ggtgr‘f%g%lﬂd]{ljhgt%lhlat%e%ﬂé ogeal g}g} eafls 1nclude O-ring

charactreérrze conprises
f obesWwehg ($tepd2) maki ng a predetern ned nunber of
conmponents (1) including a bearing structure (2) in

fiber 25 conposite, nDuIdlag a skin (3 gﬁ the .

beari ng®st r utt@r &3 , 2°63RkERETt 1 cBM¥or! t§H@fﬂs 1 to 6,
nachbmhngeEEEedkpn tﬁhtothea&baﬂﬁnghmeamaxﬂnnﬂude(ﬂ@flatable
'”oo.fr%é égsﬁé%' gfleafi‘) Oof, 1019 { éé%{}EO”e”.tS (1) 30

W th d

erm ne [ nensi‘ons an e skin (3) wth a
predetern1ned surface condition.

9. The tool according to any of claims 1 to 8,
characterized in that it comprises leakproof inserts
intended to be placed at the junctions of the components
(1) on the side of the skin (3).

10. 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 Dbearing structure (2) in fiber
composite,

moulding a skin (3) on the bearing structure (2),
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.



