h CNESITE TOOLI NG AND METHOD FOR REPAI RI NG A DAMAGED ZONE

‘N A COVPCSI TE STRUCTURE DESCRIPTION 5 Field
of the invention The present invention relates to tooling designed
to repair a conposite structure with a danmaged zone wi t hout the
structure having to be displaced to a repair site different fromthat
in which the structure 10 is | ocated. The term "conposite
structure” as used here and in the text that follows refers to a
structure co i S b or ofher fiber
arranged n?)g‘s_g%}g i%&é@?%ﬁb’e?@'@o‘? #ﬁ% %afpaﬁgs INIGRGED né)%NgS
resin matriXx. The i nygnii eempbseTECckdReETHREA Nt hod for
repairing a conposite structure using this kind of t ool i ng.

The tooling and nmethod of the invention may be 20 used in any situation
where it is not possible or too DESURIBPION to0 send the structure to a

speci al i zed wor kshop or put it through an autoclave. One of the
principle applications for the tooling and nethod of - the invention thus
relates to repairing conposite 25 structures on aircraft. Backgr ound
art 5 %ﬂﬁﬁéspﬁpthelﬁﬂ“%ﬂﬁﬂoﬁ enabl e mechani cal

+

O Lt b o, BN nelennLisiily 30 contind! adagifn.
lighter. Furthernbepair a cShpdsdbé. Gﬁzlﬁ%tdre with a damaged zone
without the structure having to be displaced to a
repair site different from that in which the structure

10 is located.

The term "composite structure" as used here and in
the text that follows refers to a structure composed of
long fibers, such as carbon or other fibers, arranged
in superimposed layers or folds that are embedded in a

15 resin matrix.

The invention also relates to a method for
repairing a composite structure using this kind of
tooling.

- The tooling and method of the invention may be

20 used in any situation where it is not possible or too
impractical to send the structure to a specialized
workshop or put it through an autoclave. One of the
brinciple applications for the tooling and method of

the invention thus relates to repairing composite

25 structures on aircraft.

Background art

Composite materials enable mechanical
characteristics to be obtained that are perfectly
30 controlled and comparable to those obtained using

metal, while Dbeing considerably lighter. Furthermore,
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2 t he manufacturing techniques of these materials are

‘continually being inproved, both in ternms of the shapes and
measurenents of the parts and the | ength of manuf acture tine and
cost. It is for these various 5 reasans that conposite structures are
bei ng used nore and nore frequently in aircraft. However ,-
conpared to netal structures, conposite structures have the drawback
of being nore fragile when they are subjected to inpact. \Wen a

conposite 10 tructur is .violently, hit b n object  variable
degroes of br 8Bi nBABRIEFEBRIRG oELChT i AUERe ObndNse mateRists TR
increase in t e RYRREMN 18/ HAMRPS d SUB80 Ul eStUsRE bR fhECLRhbeRAs
therefore | ed tg siéﬁifiggﬁtrﬁﬁ%?gienents in the techniquesguégg to 15
repair these shductmeaesirements offwdtheitpartasshandd beeadbdphgthwheld t he
quality of a repair on _an aircraft conpgﬁite structure

S .
eval uat ed: t hBeRNSEG TS, GRMEhe?RRp&9¥d zdfe Lfd 1P ChesfecKanieds

CharaCFeri§ti%%dﬁbﬁé“%§éfu%bﬂb%sﬁﬂet@ﬁ%&%&uﬂéﬁeargﬂEéﬁﬁg“ﬁ§édihoE%
essential for the repair work to be carried out on-site, i.e. in the

pl ace where tlaad mora rioresfuentslyl daataddscriaftor der for costs to be reduced

and to limt aircraft downtinme to a nininun% in ractice this rul es out
the use of autoclaﬁéﬁeWﬁ§' compared S eMefala Pl YL cFPIOBPSSASgi ven

t hat t he J3RA_HA-ZONaveS Rt dbICRI S8 BBihGemBYESEEEgeie whehNe
aircraft, i.e. in a zone that can be seen. It 1Is therefore preferable

for the zone tthevwseabée shbjectedonpusit émpactct utthdref cze rcompesidenaged,

such thatlbt %%rdé%JE§Ct£§alé'oiéwgf§blﬁit by an Sgb%ggé4'%%r%§ble
degrees of breaking or cracking occur in the zone of
impact. The increase in the number of composite
structures used in aircraft has therefore 1led to
significant improvements in the techniques used to

15 repair these structures.

Two criteria should be adopted when the quality of
a repair on an aircraft composite structure is
evaluated: the appearance of the repaired zone and the
mechanical characteristics of the structure in this

20 zone. Furthermore, it is essential for the repair work
to bé carried out on-site, i.e. in the place where the
aircraft is located, in order for costs to be reduced
and to limit aircraft downtime to a minimum. In
practice this rules out the use of autoclaves.

25 Appearance is an important criterion given that
the damaged zone is usually located on the outside of
the aircraft, i.e. in a zone that can be seen. It is
therefore preferable for the zone to resemble the
composite structure before it was damaged, such that it

30 is practically invisible.
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3 Mor eover, the larger the damaged zone, the nore cruci a
it beconmes for the nechanical characteristics of the repaired zone to
be as close as possible to those initially present in the conposite
structure 5 before it was damaged. 3 At present a nunber of devices
exi st that enable conposite structure repairs to be carried out on-site
when t he damaged zone is relatively small. These devi ces incl ude
tooling for step nmachining or scarf 10 rmachining a recess in the damaged

zone of the conposite structure and tooling used to polynerize a
conposi te par t MPr&e¥&Tin e Aécessr ukbRr c%rn@gﬁﬁrezoner the mRER| can

patents & 207541300 f 2TLBCONSET be. ndBEHALNG LAGLEBOS-T0RYLRO o

this kind is generally 15 ‘use clrcular-

recesses. olfovener re@iatmedshapae atrce bbS(B:pOSﬂldslee ads pissdlkdsedto by
Aneri can patengs 4 916,880 %nd 4 978 404. The conposite part set
into a recesst89Sesdifhd@lly preseng sH&petPﬁatcﬁﬁpeﬁé§ethﬁFrBFtPﬁé

recess. The 29 FF%Q%p %la%qufhlggﬁprally conprises séeveral |ayers or

folds of |ong bre fabric an pol ynmeri zed resin. If appropriate,
the fabric nmay Atprese serst ya nipeber ofipdeghetsd esitst rigsatn enabge
initially dry. If the fabric is dry the resin can either be applied as

a 25 |iquid CORMPOSALS FhHYRFLURs rPQBFFé t bgscardied 9yfpn-site
i nterposed bepyeen R Valdmited aV&hte Ofléiryréi‘g)%iGely small. CeRgEaL! V.

the tooling used to polynerize and conpact the conposite part mainly
conpri ses a heaviimps incapdehatoohimes fidre séspn m@cmrlmmgermm asgrefat

ot o0 30 a4 R & S A S0 Ehna 28 205 8" MY cobBeze oo o
structure _and tooling used to polymerize a composite
part placed in the recess under pressure.

American patents 5 207 541 and 5 271 145 concern
machining tooling. Tooling of this kind is generally
15 wused to machine circular- or oval-shaped recesses.
However, other shapes are also possible, as disclosed
by American patents 4 916 880 and 4 978 404.
The composite part set into a recess as described
is of a shape that matches that of the recess. The
20 composite part génerally comprises several layers or
folds of long fibre fabric and non-polymerized resin.
If appropriate, the fabric may  previously be
impregnated with resin or be initially dry. If the
fabric is dry the resin can either be applied as a
25 1liquid on each layer of fabric or as solid film
interposed between the various layers of dry fabric.
Generally, the tooling used to polymerize and
compact the composite part mainly comprises a heating
cap that raises the resin to the temperature at which
30 it polymerizes and a bladder fastened around the

composite part such that it forms a leaktight seal on
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-4 the surface of the conposite structure. The bl adder is

‘connected to an external source of negative pressure such that pressure
may be applied to the conposite part. 5 As shown in Anmerican
patent 4 554 036, the pressure applied to the conmposite part in
this standard tooling remains very reduced, for exanple approxi mately
1.5 bar . This kind of tooling can therefore be used for 10

"cosnetic" repairs, in other words for reconstituting t he ori gi nal
appear ance of the co osrte structure er this t ool i ng

affects  thethensayd@csalof %hSPﬁEP§FF§t§&§“&FUFﬁe r&1sai P EaA9Relsind can
reduce the coﬁfi%%%tderté“a?is %Y é‘PnéP %%@&%'Péfe%eﬁ%ttﬁ% {: yctyre 15

in its origrnal  condition epal r  work usin nique is,

t herefore, |i sutad tbatwﬂgmes&utedanageﬂe appbhee to the cM%p631terger
zones are damaged the damaged conposite structure is usually
conpletely reBP& ed and 20 then sent to be repaired in a specialist
wor kshop equi pped mautioc! hi gh es
polynerizéiion und%% a%%roprré?g conﬁrf?gﬁs%%EéH{n 4 gaang#ﬁ nown
techni que a cpwpesm&e @l iiesl to thﬁchmmpmsfmeepﬁrmlawethn30saaﬁaapd t hat

mat ches t hat of the reces revi ousl chined in the damge one.
The conpositet ﬁgﬁﬁqQSQQWﬁtqﬁﬂKﬁ§§' r cbPhat¥ PR appraﬁlgﬁFSiVave
bef ore bei ng horded i nto place in the recess. This technique is
di scussed in American patent 5 023 87. 30 The maj or drawback of
this technique is ftihdts thend ofabkboflyngo ean hshaxe foak ghe iusadefbended
zone is SP 1%?54 69 GP, . , .

10 "cosme repairs, in other words for reconstituting

the original appearance of the composite structure.
However, this tooling affects the mechanical
characteristics of the repaired zone and can reduce the
characteristics by up to 30% compared to the structure
15 in its original condition. Repair work using this
~ technique is, therefore, limited to only small damaged
zones.
When larger =zones are damaged the damaged
composite structure is usually completely replaced and
20 then sent to be repaired in a specialist workshop
equipped with autoclaves that perform high pressure
polymerization under appropriate conditions.
_ In another known technique a composite part is
molded in an autoclave into a shape that matches that
25 of the recess previously machined in the damaged zone.
The composite part is then polymerized and compacted in
an autoclave before being bonded into place in the
recess. This technique is discussed in American patent
5 023 87.
30 The major drawback of this technique is that the

ability to withstand fatigue in the bonded zone is
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5 relatively limted, thus constituting a particul ar dr awback

‘for'the aeronautics industry. It is for this reason that the fastening
of the additional conposite part is generally conpleted by other
fastening neans, 5 such as bolts or rivebs, that require access via the
rear surface of the structure. The repair work can be seen fromthe

out side and does not, therefore, neet the above-nenti oned requirenents
concer ni ng appearance Furthernore, the polynerized conposite part

is 10 manufactured aut ocl ave, i nerally on _ a,
different si téeflr%"ﬂ"]af \?Jn’éPJet?‘Fore aF s af F°P§t85859 3  PHtLGHE&E that
the aircraft yildydiey MoP! theehd¥ndhtics | oREnaRdy Cos—ﬂt' Vi@eEbed thistS

Di scl osure of nvention e Thventron ai Nl y relates to
tooling for omreason sthatré¢pe rfasferminpnpdsitthe sadditiorali dompoddnmged

zone. The tooling restores the O”(yéig %ﬁpearan e of t he conposite
structure and ah® eg8NEEEHAN PN aP¥ctdMias | £asteaing, gepnsy
simlar togthQge ol Lheorts U&dag%%@sst 'UEILT Seqhits AJRUNT,OR- Sl
repairs of rel-atively “arge maged zone According to the
invention, thessaresutfscaref tha)bétamwwlumr nghen-mgaarr epsrk tanl |braag for
conposite 25 structures W th a concave recess rev ously machi ned i n a
surface of S8 %ﬂmlRHQHQPtS¥Qﬁ a%@gﬂoﬁﬁegg r etherefpgpyneetatingn of a
non- pol yner i zegd, KAITRRS +igcpart matches
that of the recess Efb J#%?§f|§§1 ract Iﬁg In t% QI

conpri ses: FurtﬁermnEMFGQjﬁP polymerized composite part is

10 manufactured in an autoclave, i.e. generally on a
different site from that where the aircraft is located.
This means that the aircraft will be immobilized for a

long and costly period.

15 Disclosure of the invention

The invention mainly relates to tooling for on-
site repairs of a composite structure with a damaged
zone. The tooling restores the original appearance of
the composite structure and guarantees mechanical

20 characteristics that are very similar to those of the
undamaged structure, thus allowing on-site repairs of
relatively large damaged zones.

According to the invention, these results are
obtained using on-site repair tooling for composite

25 structures with a concave recess previously machined in
a surface of the structure for high-pressure
polymerization of a non-polymerized composite part. The
shape of the composite part matches that of the recess

and the tooling is characterized in that it comprises:
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6

- a bl adder capabl e of being fastened around the sai d
‘conposite part such that it fornms a |eaktight seal on the surface of
t he conposite structure; - means for connecting the bladder to an
external 5 source of negative pressure; 6 - nmeans for heating the

conposite part; and - nmeans for increasing the pressure applied to
t he conposite part, said neans being suitable for being i nt er posed

bet ween sai
a preferred

pressure conprise & st abkagfey; capa &Wl@as‘?ft%lﬁﬂatfé’s“\ﬁ"tedi sFPaRes HRat

d conposite part and the 10 |eaktight bl adder.
enbodi ment of the inven means for_increasin

gradual |y |nc%%qucom dLowad

surfaces of
rati o of at

pl ane the pl ates are Mi¥teridfyc

thesbipddesy 16 £ Of 02X 2BRkE sealln®
t he tes ;§% furt est amayo ?%n?tﬁgastagﬁ aﬁgaln a

In

I@austthe suh:ﬂace of the cmpeakicde torwctomevt t he fact that that
t he surface of an aircraft conposite struct s not 20 generally
) ' Aheehi g e plaqdsy £

ECbi gl &hE P TRt an

stretched §0 (kg d& S fve prddiconposite structure.
@Qui ding neans are provided to hold the plates in a - centered position in

relation to each othercadserf®5 madsing ehe capmosad:dapacrtaatarrrg a vacuumin

t he bl adder. _ p_Qese U|d|n$n gﬁs nag rlse at ﬁast one
gui di ng pin that proj&d¥ % ¢ BF ﬁ aPB&%? oh€ &S he
pl ates through Gl inG: heles, pré’é(iée%e’ghé ”btali?xgo'[ E@It&’ﬂ)ﬁéesfor being SP

13954.69 CGP
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interposed Dbetween said comp031te part and the
leaktight bladder.

In a preferred embodiment of the invention the
means for increasing pressure comprise a stack of at
least two plates with surfaces that gradually increase
towards the bladder.

For example, the surfaces of +the plates the
furthest away from the stack are in a ratio of at least
1:2.

To take into account the fact that that the

surface of an aircraft composite structure is not
generally plane the plates are preferably made of plane
leaf metal that can be stretched to take the shape of
the composite structure.
_ Guiding means are provided to hold the plates in a
centered position in relation to each other when
pressure 1is applied by creating a vacuum in the
bladder.

These guiding means may comprise at least one
guiding pin that projects perpendicularly out of at
least one of the plates through guiding holes provided
in the other plates.

SP 13954.69 GP
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The surface and the shape of the plate that is cl osest to the conposite
‘part are preferably nore or | ess identical to those of said conposite
part on the surface of the structure. 5 According to a
characteristic known in the art, t he7 heati ng neans conprise a heating
cap that is interposed, in this exanple, between the bladder and
the nmeans for increasing pressure. The invention also relates to a
method for on-site 10 repairs of a conposite structure with a damaged
zone, character%ged i n_that

(of0) es the_fallow st ages
- machining a concdwé r%‘&’égic?naﬂﬁje 'aggra Pfonef the npgggﬁrf%t gflst he

structure; 15c)psest- €61 ka0 @orﬂ;?é‘spﬁ)é yES%E:'tZ%jr&OFB%$btr%bH§vr mdFe t be
recess, the shape of said conmposite part matching of the recess;

- pol yneri zi n@etshae otepob¢ak partthiosesiall sg3idgcamposivacipantcreat éthei nsi de
a bl adder that seal nto the 20 said surface, around said conposite
part, after e GG S he pressure applied to the conposite

part have g)een i nt Wo%?ﬁ‘%iir%et ¥8en t BRaPakteaRdtiBe knowP! ddderne haat, ng of
t he conposite part i ef description of the draw ngs

preferred enbddienemeadfinte rearent icompaiilse new heathimadesep bédatas 1@
non-limtative

the sole figurd e Bpsec ARerit SFapPAtentats v?;‘e%etna"i‘:ﬁsmﬂof%‘%' il
cross 30 secCtifiNmedifs WbSifcrdfPid gadduk, according to the
SP 13954.69 GP

The invention also relates to a method for on-site

10 repairs of a composite structure with a damaged zone,
characterized in that it comprises the following
stages:

- machining a concave recess in the damaged =zone
in a surface of the structure;

15 - setting a non-polymerized composite part in the
recess, the shape of said composite part matching that
of the recess;

- polymerizing the composite part in situ using a
vacuum created inside a bladder that is sealed onto the

20 said surface, around said composite part, after means
for increasing the pressure applied to the composite

part have been interposed between the part and the

bladder; heating of the composite part.

25 Brief description of the drawings

A preferred embodiment of the invention will now
be described, as a non-limitative example, in reference
to the attached drawing in which the sole figure is a
schematic representation, shown in a partial cross

30 section, of on-site repair tooling according to the
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" invention positioned on a conposite structure with a damaged zone.
‘Detail ed di sclosure of a preferred embodi nent of the 5 invention

In the sole figure, reference nunber 10 is a general reference
to a conposite structure, such as an @ircraft structure. The outer
surface 12 of the conposite structure 10 has a concave recess 14 that
has 10 been previously machined using known tooling not i ncl uded
in the invention. Recess 14 has been machined in a danaged zone of

conposite strygyre 49 WALEh 1SaEQ BS T EPALEL O ST Ly cr, TE [EFESS 14

has an overal I7 citcular P €n seen rom above but” It nay, hSMever,
have a differe@masj®aPezone. such as an oval, depending on the shape of the
damaged zone. In addition, recess 14 is either step machined,
as seen in the figure, or scarf machined using known 20 techniques.
e ot oo A Y 9621 balREN P re e A ERBRIRARCNAR! e
than thoses irpdradingd when the recess is step machined. Once

recess 14 has 'been nmachined a _conposite part 25 16 i's set into the recess,
the shape of said ddhpddia esole paigupsr chiraferanceofnemeef eckds. 19t ashoul d

be pointed ;ﬂéH%ﬁéfa£e%&ng8éiF8 BaH6ﬁ§8§¥%é“’§g&%éﬁréP 8ubh®as an

pol ymeri zed p to a non-polynerized assenb conprising |ong
fibers, for exanmgdmafttar bshriitbers, afte30 owdrradhastfigge suth asfan tdproxy
resin to which a softener has been added. Consequently, conposite part
16 may be compys it oot geckipre 10 has a concave recess” 14 that hag

10 been previously machined wusing known tooling not
included in the invention.
Recess 14 has been machined in a damaged zone of
composite structure 10 which is to be repaired on site.
The recess 14 has an overall circular shape when seen
15 from above but it may, however, have a different shape,
such as an oval, depending on the shape of the damaged
zone.
In addition, recess 14 is either step machined, as
seen in the figure, or scarf machined using known
20 technigues. Recess 14 is preferably scarf machined as
this enables mechanical characteristics to be obtained
in the damaged zone that are greater than those
obtained when the recess is step machined.
. Once recess 14 has been machined a composite part
25 16 is set into the recess, the shape of said composite
part matching that of the recess. It should be pointed
out that "composite part" does not refer to a pre-
polymerized part but to a non-polymerized assembly
comprising long fibers, for example carbon fibers, and
30 an adhesive, such as an epoxy resin to which a softener

has been added. Consequently, composite part 16 may be
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‘made directly on-site without it being necessary to use an aut ocl ave.
In practice, and using known techni ques, conposite part 16 can be nade
either by cutting and superinposing 5 |layers of fabric that have been
pre-inpregnated with resin or by cut?ing and superinposing | ayers of
dry fabric, being careful to inpregnate them| ayer by | ayer as they
are set in place. Another alternative is to cut and superi npose
alternate | ayers of dry fabric and 10 solid filnms of adhesive. This

techni que is prefery. dds r ins, hi
qual ity resul&?ﬁe dl?éé?i&@%%f%ﬂ%%Vﬁ§§¥ﬂ%9iggeégigﬁ?ﬂggﬁgégf¥etSagEGIG IS
set into receasn bhéitaad gyal.yneri zed under pressure on the site where
conposite structure 10 is located. Said 15 conposite part 1is

pol ymeri zed usi ng 1P §FEGtiq001a0 using keewn hkeghrigpesnufgBPOSdLe
Repair toolin i i 35S kit d, O . b d ) ; 22 for
heati ng corrpo%iaﬁ ggdr {86\1{% ang AdE ‘?mf%ljﬁéﬁz%-{’fg‘%%r&?eé@gng{‘PEg“ﬂ)‘EgggﬁPe
applied to5sailay2is cofipdsldm athat have beéhe preakinghdgriitaatiewi2t is
slightly larger than conposiite part 16, such that the peripheral edge
may be pr E&SdR 81 R SUFEARE R sSaPeIGHNSSinGut éRYRESf Kfe dry 12 of

conposi te strychyrie 1Qayr %?mp'ée 5 i | gkt putty
26. The ﬁééktf%ﬁgygﬁz er 2% i%ﬂgéé?%%%% &P?ﬁ £g¥§Fv§9 ﬁagg t hat
constitutes neanstiey awmneet iy phecedl afidethén alteanatxver hal tsownute of
negative pressure gnot shown er descriptjon of this

b

. furt
arrangenent widnNd pSUpEFIM eas§&FeF§a§?anE%Yﬁr§ed%%oﬁ%@&.fabrlc an§P
13954.69 {f so0lid films of adhesive. This technigue is PreferﬁEB BRA'S

exanpl e, nmeans 22 for heating conposite part 16 conprise a heating cap
that i s connectteda eeagy to perform and obtains high quality results.

According to the invention, composite part 16 is
set into recess 14 and polymerized under pressure on
the site where composite structure 10 is located. Said

15 composite part 1is polymerized using repair tooling
given the overall number 18.

Repair tooling 18 mainly comprises a leaktight
bladder 20, means 22 for heating composite part 16 and
means 24 for increasing the pressure applied to said

20 composite part.

The leaktight bladder 20 1is slightly larger than
composite part 16, such that the peripheral edge may be
pressed to form a leaktight seal against outer surface
“12 of composite structure 10 around composite part 16

25 using a leaktight putty 26.

The leaktight bladder 20 is equipped with a valve
28 that constitutes means for connecting the bladder to
an external source of negative pressure (not shown). No
further description of this arrangement will be given

30 as it is standard technology.
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“external power supply (not shown) by electrical conductors (not
shown). The heati ng cap that 5 constitutes the nmeans 22 for heating
conposite part 16 is interposed between bl adder 20 and

pressure i ncreasi ng nmeans 24. 10 Pressure increasing neans 24
constitute the essential characteristic of the invention. They are 10

i nt er posed between bl adder 20 and conposite part 16, such that the | oad
applied to said conposite part is i ncreased when the space 30, forned

by composi te  stiyctyie 10, s Leakid ol phadder 20, i sopul.nder

. e
negative pressure. e prefrerred énbodi t heimventT on

shown in thersolé fdopgiprd sepreIfdHteindCceAStNgLt NedNSoAhectedcAPrase a
stack of plates 32 whose surfaces gradually i ncrease towards bl adder
20. More preR¥terpal {mower  supPh¥e dR@tt heskomipe obyt helpetel @l t hat

R T T S

t hose of said conposite par e outer surface

structure 50. ¢onptachtes, thhe mplaaise B2 for hbatihg ebepesttko eard 16
generally has a slightly | arger surface area than that of the surface
12 of part 251S16.1interposed\phejngen thdaddeste 282 andt PEESYIRest

to conposi . i ntered on said conposite part such that
it totally covéﬁgggéglégrbgaﬁg of! In addition, the plate 32 that is

cl osest to 30 bl adder P2ésbagea dutrtaaesinkat mezansf or24exargisstitaitd eatle
twice that of the Iat? 32 that is,closest_to conposite, SP 13954. 69
P essegaae 16ShepRcketbtly, Uhethe vaBYERLLSNCr cBRRY FTe

SEAE 20,41 PLEEGUASSRRD i CTRERKLE A Lol Bhposttbepilttn gy e

| eakti ght bl addech2®hat the load applied to said cogposite pgﬁi is Y
increased when the space 30, formed by composite
structure 10 and leaktight bladder 20, is put under
negative pressure.

15 In the preferred embodiment of the invention shown
in the sole figure, pressure 1increasing means 24
comprise a stack of plates 32 whose surfaces gradually
increase towards Dbladder 20. More precisely, the
surface and the shape of the plate 32 that is closest

20 to composite part 16 are more or less identical to
those of said composite part 16 on the outer surface 12
of composite structure 10. In practice, the plate 32
that is closest to part 16 generally has a slightly
‘larger surface area than that of the surface 12 of part

25 16.

Moreover, the plate 32 that 1is <closest to
composite part 16 is centered on said composite part
such that it totally covers the part.

In addition, the plate 32 that is closest to

30 bladder 20 has a surface that is, for example, at least

twice that of the plate 32 that is closest to composite
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‘5 to the plate 32 that is furthest away from the conposite
part. G ven that the degree of negative pressure created in
space 30 is generally between 0.7 and 0.9 bar for the primary vacuum
sources that are nmost often used in 10 thts application, the addition of
pressure increasing means 24 enable at | east twice the pressure to be
applied conpared to that applied with standard tooling. Thus, and
purely as an exanpl e, pressure neasuring approxi mately 3 bar can be

applied to conposite paricolsebfie¥ly) aulled bar vasuum i1 Seaeatdd apd a -
3.75 surface ratio. It 'should be noted that the pressure
i ncrease fapboe 3€pdrives pneshereasipplifedsrd acespbetiteeipatrite 16 byost

di stant plates of the st 0 | ates 32, such 20 that the.ratio may vary
by a factor ofthfir @éa&ﬁdaﬁi F[’ag 15 e‘ﬁ'ﬁ‘?%e%tgpnst_ sB%ﬁg of t‘?ﬁareprégent

| nventi on. less tw%@@ RUHEDSreQfs RleAlpp1iad Mp I d Akt 1ght NE1L88@EK 20 can
be equal to two and these plates can be'rigid when outer surface 12 of

conposite $rutburehé0 piaplean82or tdat hds a foortthesibusaway vefndma khewn

val ue. In the exanple of tooling intended to repair the
conposi te strutPUPESitF BREEraft the outer surface of t hese structures

is not generally pl éggeﬂ_n@hQEYtB%V%e reevgﬂiﬂ'&;é‘?ﬂ;@eﬁ%‘f’éswvéféégﬁdl n

this event pressure i ncreasli ng ans 24 are preferably used in I ch
t he pl at esif2 sprazec 0BGt iutgethdyya bly ebatweehy 0.ar gendiufib8r bar forSP
13954. 69 G X 12 of |eaf netal
pl anes that cahPBePiMtehd@IUM AQUEFeS thakhgpe grstyofiad 5S¢t the

conposi t e 1§ r ughise dhPcatiod EPRhECGdditi Reltdash QUi fhogeAB2Ag ar e
preferably provided #%DS prév%nt pl at es §QJ§¥}d?nQQ£§§rwt each otherémhen

space 30 imepos ubdlerenmiyle i v plesstretwice the Ipresserenbtdi neet
Snfg?nbnp}EeSZggﬁéggguE%m%g%%% to tﬂg¥2§ﬂﬁfiéﬁﬂéggﬁ)é%gggafgnggé gng.
Thus, and purely as an example, pressure measuring
approximately 3 bar can be applied to composite part 16
15 with a 0.9 bar vacuum in space 30 and a 3.75 surface

ratio.

It should be noted that the pressure increase
factor depends on the ratio of surfaces between the
most distant plates of the stack of plates 32, such

20 that the ratio may vary by a factor of three and still
remain within the scope of the present invention.

The number of plates 32 constituting the stack
can be equal to two and these plates can be rigid when
6uter surface 12 of composite structure 10 is plane or

25 has a continuous curve of a known value.

In the example of tooling intended to repair the
composite structures of aircraft the outer surface of
these structures 1is not generally plane and may have
varying degrees of curvature. In this event pressure

30 increasing means 24 are preferably used in which the

plates 32 are constituted by a relatively large number
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" projects perpendicularly out of at |east one of the 10 plates 32 through
‘guiding holes 36 provided in the other plates 32. In the exanple
shown, guiding pin 34 is fastened to the center of the plate 32 that is
- closest to bladder 20 and gui ding hol es 3& are provided in the center
of the other plates 32. It should be 15 noted that other arrangenents are
al so possible, such as several guiding pins 34 being fastened to the
same plate 32 or to different plates. The |l ength of the

gui ding pin(s)oShlsrdpstEictibtes oRlabls e LENBLELNG PLates %o be

gui ded wi t hout, owever, “'the™ pin(s)  proje St ack

of pl at es. sHdws eba@r esuitfwrd engt bof tlhide cpmpos)ities s hghtldye to Lwrter
t han the accunul ated thi ckness of plates 32 that do not bear any pins.
In the sole fi%RP&LIFPdtes 32 are shown to have 25 spaces between them

This is intended Réfhggﬁéeﬁgﬁagng qﬁ$ﬁgm cbgg&giaﬁggebgggid@@'ggns y

reason that pin 34 pass rough certain p

shoul d be got eslrétant t peatesaBRvelgdidgnggarass eachofotbleat amhel? spycdave a
different shape in other 30 nodified versions. E SP 13954.69 GP
13 30 gls dPWE PRAGE B8JapsEEt PEAEAVAROUNd the stack of pl at es

32, prevents bl addef, 20y QRASEHINT CAUGNT in NI NS BLACK oot veen

two pl ates when space put under negative pressureé.

the above-nmentédaetiveeyaipliag mdwmre compyiséwa guidiraf €5is2 3dr echested
guiding liner 33 that is interposed bet ween conposite structure 10 and
the bl adder arBER¥ECts HRFRY Wrardnt edtc f edur ke2se A&t Pe HhE di ng

e P AR PR30 52, gl SRRk phoId. K Bloied | enlin
the prior art.offTheseplatiesus3Zzonponéhes esdnple shown, guiding pin 34
is fastened to the center of the plate 32 that is
closest to bladder 20 and guiding holes 36 are provided
in the center of the other plates 32. It should be
15 noted that other arrangements are also possible, such
as several guiding pins 34 being fastened to the same
plate 32 or to different plates.
The length of the guiding pin(s) 34 is designed to
enable the remaining plates 32 to be guided without,
20 however, the pin(s) projecting beyond the stack of
plates. Therefore, the length of the pin(s) is slightly
shorter than the accumulated thickness of plates 32
that do not bear any pins.
- In the sole figure plates 32 are shown to have
25 spaces between them. This is intended to make the
drawing clearer and it is for this reason that pin 34
does not pass through certain plates 32.
It should be noted that the relative guiding means
of plates 32 may have a different shape in other

30 modified versions.
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" now, be briefly described in reference to the figure. A dr ai nage
fabric 38, the neasurenents of which 15 are slightly greater than those of
heating cap 22, is i nt erposed between said heating cap and | eakti ght
bl adder 20. This drainage fabric 38 is uskdl to evacuate air conpletely
when space 30 is put under negative ~ pressure. 20 The remai ni ng
conponents of repair tooling 18 are posi ti oned between conposite part
16 and pressure i ncreasi ng neans 24. Starting fromconposite part 16,

h [ j - Lag _fabri , f d
bl astic 111 maz, b arapagasTabife e BBt Bne R mrbune) shp A Thocite

film 48. platdée - npldivegtbabihl §dd€ri LS Edoin0 sSepatiahe caudraol i ng
18 frompart 16 after polynerization. The perforated plastic
film 42 oper#@ar the staggnjoandigtoresn tHerpiabee VABRi spagead is

| eaktight fil 4 - al excess resin towards. the
peri phery mhegﬁgga%gd%g ?%agﬂ?éﬁnggésggggfive pressure. SP 13954. 69

GP 5 In the above-mentionk8 example, Wwheakl yonMpssiwe film
48, which is optional ensures that the pressure -applied to conposite

part 16 t PLRE®S pPRs&hReUSREY eS8 Ad NFedifiexs 335 thpdniip sigHterposed
when a composiper GELHCBOLI Y 1t A HATRI 02 Ry Send Sp16ARRY! Shoudd st
of all a concave recess 'S machined 1n structure™1 0
elimnate all the dasagedf plarmrescan ensure Sheulrédliheé vearpgel sy enfl

t hrough the entjre t hi ckness of conposite structure 10, recess 14 nust
10 also crossPtab®8gR2-said thickness. A thin conposite plug is then

bonded tojjghe base Pfiet hge §§§55t98ﬁ.%§e 418 tRg T QoW 3G, HREIGH | Altss ST €

carried out. The nhon- pol yneri conposite part 16 Is then set
into recess l4comprilessri béd abbee. cbhponentsThehagpaigertexadlilng 18quip
descri bed abovg,

ext er nal sour05001538¥g2265FiP%ggﬁgé%%geb C%Qggﬁﬁkﬁgt&%%éﬁﬁégvigg$£§b 22
now be briefly described in reference to the figure.
A drainage fabric 38, the measurements of which

15 are slightly greater than those of heating cap 22, is
interposed between said heating cap and 1leaktight
bladder 20. This drainage fabric 38 is used to evacuate
air completely when space 30 is put under negative
pressure.

20 The remaining components of repair tooling 18 are
positioned between composite part 16 and pressure
increasing means 24. Starting from composite part 16,
these various components comprise a de-molding fabric
'40, a perforated plastic film 42, a drainage fabric 44,

25 a leaktight film 46 and a Mossite film 48.

The de-molding fabric 40 1is used to separate
tooling 18 from part 16 after polymerization.

The perforated plastic film 42 operates in
conjunction with drainage fabric 44 and leaktight film

30 46 to evacuate air and excess resin towards the

periphery when space 30 is put under negative pressure.
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“to . the external power supply. The adhesi ve contained in conposite
part 16 is 20 polynerized under pressure when conposite part 16 is

heated by heating cap 22 and is put under pressure by space 30

comi ng under negative pressure. Moré4 precisely, pressure, for

exanpl e of approximately 3 bar, is applied to conposite part 16 due to

the 25 anplifying action of pressure increasing neans 24. When

t he pol ynerization has finished the heating stops and space 30 is

reconnected to the hde .nsphar air i ng.18 n be
renoved. ?gg%gigérrygg%ggg u?ﬁﬁgltoo’indﬂgﬁﬂihigski%éégﬂ%QESO
that the exteenshrappadiaancehofpsesface appliednaangatositd npathels
repai r ed zone and that t he nechani cal SP 13954.69 GP

15 chaF BEPEANs PES ST es aNF TG e §19388p @ itveleyerdas dimread goos of
those of the initigheyt raucéélﬁg?c?sf@é)eé‘gfﬁgtéﬁ’ﬁ%cﬁomﬂﬁttﬁl.e;%ade%&geémt%hged or

a scarf machi ned recess 14 s used ani ca aracteristics are
therefore © densirdpradltey, gféaser ofhamll tdhos®ncaheni redessusing is

t echni ques of thﬁéprior,art and enabl e repair work to be carried out on
~a far larger ¥@sPdnefanihaStruchpegi dfsi P peéhmppateppedl the damaged

zones.

Should the damage extend through the entire

thickness of composite structure 10, recess 14 must

10 also cross through said thickness. A thin composite
plug is then bonded to the base of the recess before
the following operations are carried out.

The non-polymerized composite part 16 is then set
into recess 14, as described above.

15 The repair tooling 18, described above, is then
installed by connecting valve 28 to the external source
of negative pressure and by connecting heating cap 22
to the external power supply.
The adhesive contained in composite part 16 is
20 polymerized under pressure when composite part 16 is
heated by heating cap 22 and is put under pressure by
space 30 coming under negative Dpressure. More
precisely, pressure, for example of approximately 3
Ear, is applied to composite part 16 due to the
25 amplifying action of pressure increasing means 24.

When the polymerization has finished the heating
stops and space 30 is reconnected to the outside
atmosphere. Repair tooling 18 can’ then be removed.

Tests carried out using tooling of this kind show

30 that the external appearance of surface 12 is unchanged

in the repaired zone and that the mechanical

SP 13954.69 GP
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'CLAI M5 1. Tooling (18) for on-site repairs of a conposite
structure (10) having a concave recess (14) previously machined in a
surface (12) of structure (10), for highl® pressure polynerization of a
non- pol ynmeri zed conposite part (16) with a shape that matches that of
recess (14), the tooling being characterized in that it conpri ses
the foll ow ng: - a bl adder (20) capabl e of being fastened around

characteristics in said zone are respectively 79% and
89% of those of the initial structure, depending on
whether a step machined or a scarf machined recess 14
is used. The mechanical characteristics are therefore
5 considerably greater than those obtained using
techniques of the prior art and enablé repair work to
be carried out on a far larger scale than has

previously been possible.

SP 13954.69 GP



10 , said conmposite part (16) such that it forns a | eaktight seal on
surface (12) of conposite structure (10); - nmeans (28) for
connecting bl adder (20) to an external source of negative pressure;

- neans (22) for heating conposite part (%6); and 15 - neans (24) for
I ncreasing the pressure applied to conposite part (16), said nmeans (24)
bei ng suitable for being interposed between said conposite part and

bl adder (20). 2. Tooling of claim1l wherein the neans for 20

i ncreasing pressure conprise a stack ofcigfrgast two plates (32) with
surfaces that gradually increase t t he bl adder (20). 3.
Tool i ng of claim2 Wwheétaindie(58)y f fgesontsite pkphéss(d2) at horfpuditest

away fromthe stack are if ?mﬁ5 .ratio of at least 1:2. . 4. Tooling
of either of ATHEWLNGLY) WhEFEPE 2 CHPIGRYR T99§53r 14 ePEEIHIQNS 18hf

met al pl anes - - € sl hed otyo t cOmasi t e
structgre (10;“.@%111(\rﬁﬂj 1n QSB%%gggﬁ.33%53&fﬂ%%££E%§P@p?lés' 8:CHRAP

17 5 pxeskuote ngodfmenyzetichaiofs £ hondpohgnernzedameomposi(t3d, 36)

f i ding plat At t th 32 i ded.
6 Tool i g of HA%h m@SncYEFR he SHAPA i Rea et nbhPEe B FeRSiSbne

gui di ng pin (?H@)}haﬁh&r0£6§l§ng beehgendhavhatky oWl Ofpat thgast jqne of
the plates (32 t hrough gui ding holés (36) provided in the other
pl at es. compr ifses i ttlge ofobhgwiigcl ains 2 to 6 wherein the 10 plate

(32) that is closest éobiggﬁgiiHioRakkﬁéﬁ?e'E? geing fastened around
10 said composite part (16) such that it forms a leaktight
seal on surface (12) of composite structure (10);
- means (28) for connecting bladder (20) to an
external source of negative pressure;
- means (22) for heating composite part (16); and
15 - means (24) for increasing the pressure applied
to composite part (16), said means (24) being suitable
for being interposed between said composite part and
bladder (20).
2. Tooling of claim 1 wherein the means for
20 increasing pressure comprise 'a stack of at least two
plates (32) with surfaces that gradually increase
towards the bladder (20).
3. Tooling of claim 2 wherein the surfaces of
?lates (32) the furthest away from the stack are in a
25 ratio of at least 1:2.
4, Tooling of either of claims 2 and 3 wherein
plates (32) are preferably leaf metal planes that can
be stretched +to take the shape of the composite

structure (10).

L
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?_SUFIaCE and a shape that are nore or less identical to those of said

conposite part at surface (12) of conposite structure (10). 8.
Tooling of any of the previous clainms wherein 15 the heating neans
conprise a heating cap (22) i nt é"rposed bet ween bl adder (20)

and neans (24) for mul ti plying pressure. 9. Method for
on-site repair of a conposite structure with a danaged zone

characterized in that it 20 conprises the follow ng stages:

machi ning a concave refsssind4dfi Rnkh&HagRgells 2 Zong wne%eawfn?era%sof the
structure; - setting a non-polynerized conposite part (16)

the recess (14)34,t he6shdpe ofjubding cpipdsist ergbatives tmt ohen@rtdtaterof t he
recess; - polynerlaﬁﬁg the said conposite part (16) in

situ using a VERAuR%G REVH 951 de a bl adder (20) that i s connect ed
around conposite pat | 1 higdl ¢ ace
of the conposite 33;r s?%ﬁ%%ﬁge(gi?%faﬁ%aégeﬁﬁéhgb§ I nc easfng tﬁ%ﬂﬁ;
pressure 5 atm@dpﬁdséoathele(a:ﬁmoenéegmﬁfdlr(glelhav(émeetlhatlt@rrrmqwts

SP 13954. 69 GP bet ween t he
part and the MQ£RﬂﬂdKQH$arhYmP%%nﬁgsPFeleasﬁxﬂqe(Q%)thg PhaheReatded.

10. Met hod ei ns 4 cr in ssure
(51 réi dg@la‘g'xﬁcg 5ﬂ‘of@§ (Béﬁ )ng)Qid ;) %?1% St HE

are interpose sai nme conpri si Stack of “at least two pl at es
(32) with slatfexes that gradual ly increase towards bl adder (20).

11. Method of claim10 mhireln q%ates (32) are gui ded rel ative to each
ot her during pol ymeti zaPPomng any of "gAREBE & &Ry Cof VREEFHR & 11
wherein 1 CPOsd r 1 ed.b n p 2 bei ng
|nterposeg0betmeen bﬁgggeéh?goﬁgaﬁgoﬁggﬁsg? XoﬁpB§§¥b gﬁﬁﬁtﬁégéuﬁﬁs 2
pressure. surface and a shape that are more or less identical to

those of said composite part at surface (12) of
composite structure (10).
8. Tooling of any of the previous claims wherein
15 the heating means comprise a heating «cap (22)
interposed between bladder (20) and means (24) for
multiplying pressure.
9. Method for on-site repair of a composite
structure with a damaged zone characterized in that it
20 comprises the following stages:
- machining a concave recess (14) in the damaged
zone in a surface of the structure;
~ setting a non-polymerized composite part (16) in
the recess (14), the shape of said composite part
25 matching that of the recess;
- polymerizing the said composite part (16) in
situ using a vacuum created inside a bladder (20) that
is connected around composite part (16) to form a
leaktight seal with said surface of the composite
30 structure after means (24) for increasing the pressure

applied to the composite part (16) have been interposed

o 139560 [
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between the part and the bladder (20). The composite
part (16) is then heated.

10. Method of claim 9 wherein means (24) for
increasing pressure are interposed, said means
comprising a stack of at least two plates (32) with
surfaces that gradually increase towards bladder (20).

11. Method of claim 10 wherein plates (32) are
guided relative to each other during polymerization.

12. Method of any of claims 9 to 11 wherein
composite part (16) is heated by a heating cap (22)
being interposed between bladder (20) and means (24)

for multiplying pressure.

R
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