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Met hod for Form ng or Curing Polynmer Conposites”
Field of the Invention The present invention rel ates

wo o00a/1medhod and apparatus for the form ng or BOT/ATZN06/00829

pol ymer conposites. Mire partiqularly, the present
invention relates to a nethod and apparatus for the
formng or curing of polynmer conposites in the

p‘mnbdefoafFoam\m?wrCu@ IPoipmed Corhpdsites’sr m pol yner
conposite generally refers to materials produced by

|Segemlé| I'ﬂgef\hphous materials with resins that are

In"a varie y of industries, ranging from
aerospace, notor sports, autonotive, boati n% ﬁCI Vi |
r

ddwespriegent igentian ’z?r‘%te@éﬁ@rfélﬁmpdf i apparatys,far the &arming or curing
RRpTRGrANER. e BB OME el Rghiph e o 3

‘mesthod and: apeaestas Ifyr e Mdgforoomrir’rgsofrtmilmeﬁ cooposites in the

thernobsetting resins such as epoxy, cyanate, phenolic
%S?W?@(Pl%égpelkﬁe thernoset resin inpregnated fibres
are commonly soft, flexible, slightly tacky materi al s,
Bagkgreund Anti di recti onal fibres or woven cloth. The
conmponents of a polymer conposite nust be forned or

Gt GeHRA§JolrRBH édrﬁﬁéﬂfg sraf dréfér@e(batrHét%n@&d produced by

pressure to conpress t teriral and formthe pol yner
cmpmgnatleg flonoush enaterials ofitharasine thap lass uised do mpmﬂettye of industries,
ition of heat ervesto?nabetheflow

trﬂgglﬁg folR AeLosnase,, %ﬁpqgs oigotiye, hoating. GVl cofstruction and

tRERRNFMKForrhBa i§ YaFAin2déd B IRerdr FhHsUreslded in such compOSItes
tenperature enables the nolten resin to inpregnate the

farer\earieghand dnaludrecarbenmaparaist (iseyanyard aasmp et be gesins are
H@ﬁ%@@l Iggllgg%t&a%m Tﬁ&n’i(ﬂﬁé %?Sthéﬁn@%t%g@ relHEP parr{ Bs epoxy,

Ies upon Ccoo ngtoform Sire

Gyanat, pheadlicatditreslikeade from | am nates and conposite
sandwi ch structures made from | am nates and

| t
Sfur%fhfh%g%tr%gsne eé#é@ﬁ&%éﬁoﬁﬁ?é arrgg resu %oﬂ ﬁ?%]lbrea%hghﬂy tacky
maatetialst gompgisprgoseigiecticraibres or woven cloth. The components of a
polymér composite must be formed- or cured under conditions of elevated
temperature and pressure to compress the material and form the polymer

composite.

In the case of a thermoplastic composite, the addition of heat serves to enable
the flow of a thermoplastic resin which is solid at room temperature. The
combination of pressure and temperature enables the molten resin to impregnate
the fibres and form the thermoplastic polymer composite to the desired shape.
The thermoplastic polymer composite then solidifies upon cooling to form the

desired part.

Composite structures made from laminates and composite sandwich structures
made from laminates and lightweight cores (honeycombs, foams, wood etc.) can
suffer numerous defects as a direct result of the manufacturing process. Common
problems include resin exothermic reactions, mould surface pitting, inhibited resin

flow, internal porosity, voids, and a poor skin to core adhesion.
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probl ens include resin exotherm c reactions, nould
surface pitting, inhibited resin flow, internal

weEzes2rys voi ds, and a poor skin to core PCT/AU2005/000829

adhesi on. Voi ds and porosity arg_considered to be the
nost se_ri ous defects to pleteri orate the mechani cal _

o et . p r I t.e i+ds .
YIRS Rhibei 8BRS BR00P L BE S TRLL fod eterorate

@@@mtﬁhaﬁi@l PropEtiog dfhhennogetﬁryglpalym sbmpesutes t Moids are the
maj or source of volatiles found in gre m@ge gnat e

Fouirstabe: BRI Kolaties: MaioaopBs. By SHIng the cure cycle.
II_\))i(ﬁstBF sttﬁeeﬁ@ %ryscﬁ%@ro? VORIt Fdurld 1 ?\Hﬂ) r‘iﬁgﬁ@%r?é%@ﬁ%@ﬂnosettmg

at m)sp ere, noi sture content a
cehrgioisite matermlst Ypreapieigsht Preypeagst teaailgnabsork - poesfure from the

o PR i R e R0 BV il .
eYignt tdRpERRGY aRbiepralpRd resht B&stent ol Ak {h%s temperature of a

i ncreases. These pockets of gas are trapped in the
prerprasettingnpolymes cagposie cesipengat increages diyingother ¢ugicycle, the

voi ds th C S. i (o s f | 0

VRba EB s O PR e Vol Meufideih e n S d s BB bt gas are
#agped |ﬁ th@Sde)Im@ff c@inpositeppate hesinegdls t foeming epherical voids that
pre-preg during |ay-u These air pockets cannot be
P@ﬁ@ﬁéésWt'@sti'QPp$'E95\/fQEEﬁJMU§dH§Eﬁqt‘H§t| on and remain.

| ocked into the resin matrix during cure. Current

iPRdoSity i & dimhileg phgthohtenonie vaitsemd is v adsult efvaingrapped between
aut ocl aves, which are ressurl sed ovens. Through the

Ship ligatat pregiregr Gaing By-anyT#5a A REFKELS 5ABBPLRg removed by
%(\;rﬁpl@ﬂcﬂhﬁwegons'd‘ﬂﬂﬁff&{ nd aWIBQﬂéerﬂrT@t@Er?e fdin ﬁ{é?nx fluring cure.

veral nore are |ntro uced as a result

aut ocl avi n Process. Ther rmset%@gg I n curin )
CaHrant dpdusipecwring aed dpreEningdne é'avogg%ﬁaﬁa% @3 aueglages, which

GHE HRGs r@@&etﬁ/eﬁgr 'ﬁ%ugﬁQ% %gﬁ?néétmo BréégﬂF@%gﬁy of the above

ignition) unless it is dissi to the surroundings.
Pheblemisareveinmised. spewevere somet problentszaed notoand several more are
as ,used in, autocl gves,. ensures that little
St e s olibfrasty 8 e BEERvTRAEERr 1 g of the
conposite. Consequently, the autoclave tenperature
miermbeettiagpresiratcusing | eactiang , areygxathefniclagd Oidepbeat generated
m nut e to wher e bet\y en 100 C and 200, 0C. .. Sl ow o
Aurige ot oPely RO G RIRR 45t Asraimectls oupry fpless it is
EARetbd Qoathé bbﬁo§M|h?§ndTﬁ§ eRfively RIWupecifie Bedteby the air or
absorb the heat. The slowra rate requirenent -

pittrgedesas 9Rgd d) cAoERNeS, ewmr@ﬁ thah lifle energy is absorbed by the
gases during curing of the composite. Consequently, the autoclave temperature

must be ramped at a slow rate, typically 1-3 °C per minute, up to anywhere
between 100 °C and 200 °C. Slow ramping ensures the temperature difference
between the composite and the surrounding gas is enough to safely absorb the
heat. The slow ramp rate requirement provides long cycle times, which can be
inefficient for large volume part production. The slow ramp rates required are also
a by-product of the poor thermal conductivity of gases. Raising the temperature
too fast can create thermal gradients across the autoclave chamber if the heat

sources are few in number and unevenly dispersed. This thermal gradient may
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inefficient for |arge volunme part production. The sl ow
ranp rates required are also a by-product of the poor

wo bmsired79conducti vity of gases. Rai sing the tePQEAHERIISR00829

too fast can create thermal gradients across the
aut ocl ave chanber if the heat sources are fewin
HoHRe RBFHNSYESNeY ifith® poRRser ddthSodileEdMboléHsLathe end cures
yproduce thermal stresses in the pol yner conposite
tantpothantthasthere end cures faster than the other.
Ther nopl astic pol yner conposite form ng net hods

TR@HNbBIasHE pdEr onsidiitee RIFTNG trRefddgerddifre the input of heat
tenperature of the thernopl astic conposite to a point

&nergy tohraisecthefempepatass ptthedbermeplastic apappbigevo a point at which

N T
Wheré théinita8ons irhposked ByihaBedetranster ratbtofrangas vebl,may cause

the process is conpleted. in an extrudi ng machi ne which .
dnmragpingpperiodsp Altaraativaly the BrcesstS ramileted Mean extruding
Himp! IC GBS an ot jC t
k@%ever,%hdg use o?éeiateprlﬁs?%rﬁﬁngé (J‘:Sneéslﬁ:‘:an@%%&hsae%éween the
tissreraptiasiic odbmpbsitermpidantatallipdieating elemsrds.t eldowsver, the use of
s the act of trudin

A EE; tachies: Bl 19806100 ShaeriRRIBRle GRbATG Composites is

lehdFebriely iRitdd Y tHe/ abf of BRIFEdInG! M AhEPH rddils MBRedhrough a

incorporated into the part. This quantity of
seiaif beatede opedingt ilimjts e Nusatieof fithat rainforeament| that may be

regar de s.a.thernpplastic rt .and l.asti
SRRt B B R g R o o EB gl shes between
FHAGS dYMMANP rd§srdaddOw th@ﬂiﬁbﬂl@sﬁcﬁgéﬂ'ﬂ%rﬂ‘di adherenutastic polymer
tenperature. As the tenperature of the conponent

icABeseart he resin viscosity is proportionately
reduced. The reduced viscosity allows for increased

Pasydicveure eddianth ba Aleclesurablved w£slowairaeg ap ito ahd final cure
volatiles. This process continues until the cure

temperaiureof As e (IRpeiAHE ¢fdhe romreneant ircigaseshdhe resin viscosity
. c ‘ . i

R By B0 1 SRERE AL SHBR 1S3t s o,

dedding & thepramesd di@nttainddeait enpeotdtiles Bhisgirogessidontinues until

(bR S 8 HIeCoDHERET B I P GRS ahe A s BY aster than the

tir%réasihﬁetern?ﬁé‘rbﬂﬁé e&nseales it.9elustShafofe | thehddtiohhBegins, the
conmponent becones an anor phous sem -solid and no nore

gabesiavaproeesse holdsd theOtemperaduieo briefly tansk éncreases the autoclave
pressure to consolidate any remaining volatiles back into solution. Shortly after
this, the reaction generates “gel” state in which the component becomes an
amorphous semi-solid and no more gases can be removed. Optimisation of these
fundamental process parameters allow for void levels to be reduced. This method
is hampered however by the slow ramp rates required to avoid an exothermic
reaction and the high pressures required to condense remaining volatiles.
Furthermore, the volatiles that are condensed back into the composite during the
pressure increase phase of the cycle detrimentally affect the polymer cofnposite
component by reducing the mechanical properties of the polymer component

when exposed to elevated temperatures.
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fundanment al process paraneters allow for void | evels
to be reduced. This nethod is hanpered however by the

W@ b@d/1zEp rates required to avoid an exot her nPCT/AU2005/000829

reaction and the high pressureg required to condense
renalnlng vol atiles. Furthernore, the volatiles that

nsed back i th dur i :
e, SHPEEVRCHRABES e Berbpliog RPN rst Brafi & pgios. introduces
%fdrﬁﬁdartt heoBRhETBT ite ARSI Agart Higpe Ibeig byput@@uwmsﬁm the high
mechani cal properties of the pol yner conmponent when
ayiRRlave tRFesswonatean cevslietRe wase. of ATRandwichcstay@ure. The high

ﬁfr?&sqﬁés 4% argé&?@tlélﬁ)% B%o%mé/ Q/eggéspfoogém%ﬂgfa\éﬁﬁr d; which are

roduces™si @ ens o art

leistly to gnirtiaddey agd peaditaia, and eediigh sirifioaingevels of mfrastructure
%essures can Cf ush the .core of a sand%v-l* ch stt‘rguctur
e

khip; e field saf commerriale GeroePacs: PEOMHAIORy r Vé:gggqil costs of
dnBFuERY AC blloRshve B NadicRidted lihtal Rt BRE teAbfly justifiable.

mai ntarn-and require significant |evels of
iAdrospaceucisuran  Widubiry wheré i &wl pairtc wownt ceatdl  exceedingly tight

aer o uction, ital costs of

AR RRE B RerRhees arky e b, JiRREderthe fields of automotive,
i ABAI" B6d Wha&riRs @ohfRdite Yorbladtidri ABVE beker @émmy umted by the .
an industry where | ow part count and exceedi ngly t

mﬁmla@d meeddor autaciaveebaged cURBInAMsife e e, Imtlﬁlecapltal costs,
thg é?évc?ﬁl;ooc{&% eréﬁunréé@%ﬁéér‘dﬂ'}e}rwtgé@@@ y|v h(gcﬂmosqg}sttgms, due to

pro I on nave seriously

nem@era»tade gwbﬁterwmm @t forendrthaed esuitngf. powi ekt fairgodation, and
the initial capital costs,

h |
m%ﬁﬂe@ye%%aﬁawam ‘y't'ébt&éﬁes gltégt%b'g?v?ﬁ% @%@f @snwell as the part
‘Wﬁ'mtl G&. tlﬁn}ﬁoo?qrﬁ’d&tr%§qh§ Nise. FheR rﬂkﬁqé‘rﬁéé@‘éls%sc@htnbutes to the

result o heat circul ati on, ener cost
axost assaniated t witth eatoatave htarmfactiunreava het ra;trbgerass wgded to ensure

et e defvensle gt R 4T PRUCEINEY Thid J&ed6ne. n a non-
aﬂdaﬂeeéinwadanémt fHdseVisigResapitar g funrling ddistd ABESsSitate a high
add to-ensure that the corrp03|te remains in an inert

éhmugbnu’eas thenvalue addingsofithegivre erogessds maasliffsphtaejustify to the

i.n ;
%Eogﬁ?ﬁeaﬁbigi\ lﬁ?@lﬁgfﬁw ougﬁﬁ*e%& ﬂgﬂh\jﬁ augo :9\7°‘etn éurgfenwronment
tH@ﬁvéVéF @she GRas ramprepeedtidniprigdst bétWeJenSIO 70 % @f ttthe overall cure
custoner. A high throughput is not feasible wthin the
di@®cl ave cure environnent however as the slow ranp
speed conpri ses between 30-70 % of the overall cure .
An alternate process involves immersion of the comp?site inside a bag into a bath

of hot liquid to effect curing. This technique, in attempting to overcome problems

associated with slow ramp-up rates, creates other problems.

For curing large components, heavy structures are needed to contain the amount
of liquid needed for complete submersion. Further, heavy equipment is needed to

maintain the component immersed during the cure cycle.

Further still, this method is problematic at temperatures over 100 °C. The addition
of boiling suppressants to water only increases the boiling point to about 107 °C.
So, for components requiring higher curing temperatures, oil baths are used. The

oil is consumable as it adheres to the vacuum bag covering the components on
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time. An alternate process involves inmersion of the
conposite inside a bag into a bath of hot liquid to

we@bdosaro7euri ng. This technique, in attenpting POI/AU2005/000829

overcome probl enms associated wsth slow ranp-up rates,
creates other probl ens. For curing | arge conponents,

heav ure needed .t o co I n the :
reaaval hebdbt 188 208 ipBEPE R eErLbEPobR ALPSMRefty: besis. in
QaditPE ey fémﬂ@uﬁﬁ@éh be dxpoBeaitd athesgitereaatasinpenatareseds high as
during the cure cycle. Further still, this nethod is

| |5|78bT withosit sxidigingethis pidatiopegenerating comesivegaliemesys that can

BarPi bl i PR R AR ' L monents

reqw ri Ei hi gher curing tenperatures, oil baths

qué@erﬁ ghquld éhe;uﬁ@wma@ siaffera asketbe heatingdiuid will enter the
I:%%g S?é’rﬁfa'll FPIROGSEAb SN &iremoval fromthe
23 exp en ve n a conponent by conponent
baS|s In addltlon very few oils can be e

A R kit ef ﬁl\"'teé\%@e&'l“éir infrasiriiiusR capsirvslien @ fisgar the quaiity
n r

g

éroplLigbrye By cEntraﬁdIovsewelrlthe sizaﬂfdstmcéumcandﬂﬂea@ewsme for on-site

| eak ' fluid
Sepdhend TondEryP i xebiing R Sa i BRIPAGE Aty composite
(Fhé’tbhal%ngRé%@ﬁ!l)rgslghlﬂéérﬁsﬁum%éw ef @@;5&?9“ s brig§edNBuildings, dams
repair ui rements of )érrer conposi te

anduothare@rv;r@tesam |sie qlt @omsi@icaenas'w@e Bﬁamdqﬂakgp “woridwide.
ﬁl&gfgrg?t E‘rgv\ﬁe\(vge:1 _f(i(ﬁ%gg{j e(gqiqu;le ZLLsrg éa 90;? cgmgecondanly bonded

@&%Mﬁﬁdré/&kﬁbﬂfs@rﬂboﬁﬁf oygtans. qUBesd yvewamqsot eecondarily bonded
materials. Recently, significant nunbers of repairs to

ISYBigHRSs Profdlged PRES, Gualits B bR STrenGllis @ URkPligbleerepairs.  In
ug r e

%gfag o:n$ have gg\l?gr%!g ﬁchHﬁﬁg L@é ﬁgﬁé% ag‘jgat;é%% with reduced

Smommias ials\thé strdeiltiresawbon up ¢ém a/teppdry. conposite

systens. These wet |ayup or secondarily bonded systens

B | abﬂotﬂ[e |ﬂH§§ﬂrﬂié‘( Fé Qgg é?\ﬂpgnélhésﬁﬁéhﬁaﬁg re forced to utilise

unre e repairs. ition,~the e of |en

_qmow mab@molmegenmpasm isethat aatoclavesrandedvarsdcannot be taken to

PO e et SR SR e e Pk e sideof
BRbKEES iR irfipd¥il8 Huelta fHe! indBility to create a pressurized seal in such a
situation. This limitation in portability has prevented the use of high quality
composite materials in infrastructure repair. Similarly the civil construction
industry is unable to utilise polymer composite components to create large
structures due to its inability to access ovens or autoclaves of sufficient size or
fluid. containing tanks of sufficient size. Further, the transport of large structures to
site would be extremely difficult were they able to access the appropriate curing
facilities. As noted above all of the methods of the prior art require the use of

large and expensive equipment and are not amenable to portability.

There is a need to provide a method and apparatus for the curing of composites

that provides a useful alternative to those already known in the industry.
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poor quality polymer conposites is that autoclaves and
ovens cannot be taken to site or used in limted

waemss7at eas. Further, the use of autocl aves peI/Ab2005/000829

side of a bridge is inpossiblggdue to the inability to
create a pressurized seal in such a situation. This

t-‘rhglh pg%#q%%g{/ %%%21?1{ ttx h qurﬁyqﬁsvw%:ﬁv%@ﬁoﬁfls intended to

faglitate ab Wnderstandihg of thd pres@ttr mvehtion. Nneledever,i 8 should be
unable to utilise polyner conposite conponents to
@perrdated that fé\@rdjé@uﬁsw guotiEn agknowiedgement eradpissios that any

%Yﬂﬁl&?n%eﬁéltrg\‘élk%\éel? Hﬁfdf Hhe %rrﬁ‘h@rﬁg@ﬁ G Hl‘@ﬁledge in Australia

containing ta | cient size
tasattpe ptiooty dade oé thea apm:ltcatlea to site woul d be
extrenely difficult were they able to access the

Qﬁg{;ﬁ,‘y ré tﬁ?rl'j‘ﬁ%n fsgilities. As noted above all of

prior art require the use of |arge

nd ex nS|ve gyi prent and are nqot anenabl e :
BracId: w'rfﬁ %@ PEesgnh dayeritignp Hasreq i BrNAsh@ meshod for the

@@@@hgbﬁ%ﬁg gf P\@/Ig?dé; ridaghpsite8 rme%é%dtlnahdmpqné des &f:

t hose al ready known in

i ndustry. The precedi di scussi on of., the background t
o BHRS cor PN DR GRoI G raampeies BT 4R PHESEHCE' of%a heated

unders,tagagﬁ_ng of the present invention. However, it
shoul d be appreciated that the discussion is not an

ow t th f
75 (RS HoFRIE Thihe ShelRtht 3Pe 0% vARMNE RS Bliine the gas
g'hae‘é%tf 'éagdb%té?ﬁ,eafhaf @)@st@rdsoé béh’d 8P4 §qald 4t °C and 1 atm.

ppiication. Disclosure of the Invention I'n accordance
e | provi ded a

t L h
Pptarsay e Benvarpusis Barde @rt%sepyné} Bifparaus Theuater vapour
'ﬁ%%;h%@ AroGided |H91hérf8rrﬁtcﬁmr?fste£rﬂr0§‘té53n%hl&l‘ﬁ” é)%g Adt€&ontain water

conposite in the esence of heat ed vapour.
Iheld fres uspension mbchamcalbec%t steain (steamewlhich montginsiwater held in -

SFaPORsek seblabitPem Glealn Bt B rperard & 1B figg jpoint which
Rofegpemdy  tot N V;ﬂ@@étire) SoPrQeiReatell tshfarho(ste@in heated to a

wat er vapour. The water vapour may be provided in the
ftempeetue higberthantbe belinaiicin esespaBEingdatits TesRrer
hel d i n suspensi on nmechanically), wet steam (steam

Whiogie feANIoRItNS invehBon ek dtéamsHapeasdivshed ®o4 sephedor after being
st eam (tSt eam at the tenperature of the boiling point
Wieatgd to remove liquid water and produce dry steam.

During the time when the composite is below 100 °C (at atmospheric pressure),
water condenses on the composite imparting large quantities of energy which
enables a high ramp rate. Without being limited by theory, it is believed that the
latent heat of condensation of water enables quicker ramp up times to be
achieved. This permits the uncured composite to be exposed to cure
temperatures immediately without the need for slow ramp-up rates. The latent

heat of condensation is not available with gases such as nitrogen and air.

The use of water vapour enables the temperature of the composite to be rapidly
altered either due to the initial introduction of water vapour or the rapid removal of

water vapour.
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corresponds to its pressure) or superheated steam
(steam heated to a tenperature higher than the boiling

w@eiosti2eoes responding to its pressure. In one fBCTMUL005/000829

the invention, the steammay bg.diverted to a
separator after being created to renove |liquid water

FIF BP0t i A B A48 g cqupmont and

ed wresdnunyansy prablemiseknoampiodhe erionper t i ng | ar ge

quantities of energy which enables a high ranp rate. 4

' t j $1mite t; D&l ' [ ' tth t
JUAT, oo At Tl Cthelly, N3 Delihd 1fial Bld Tyfod BT the presen
dnuieckion deoreaspst theesintidebee achitberndal Ehiesseer déveloping on the

uncur ed Si to be exposed.to cure tepperatures
CRIARANENERYS & £HGHPS cHEe PR o SHTeieghPALRE! s sapeaent.
The | atent heat of condensation is not available with
dasee fomrhobshaninvemgion, thel mthod Tdhasgreséntvintvention includes the
xa our .enabl es the tenperature of the conposite to be
‘H@P%ﬂ%?e%?? red either due to the initial introduction
of water vapour or the rapid renoval of water
vapouplaaing ther cornpesitesio axthamber, andpour negat es t he
need for heavy lifting equipnment and reduces buoyancy
pr obl eNmgkAe Whahibet MgthRd VAso@ t . W thout being limted
by theory, it i's believed that the nmethod of the

Fraelo e s bInVEREoR ShABIar S AT RED= a1 PL T ghamber to

Gl Rpldhf Reredsed drf @SPBAsRPhY ﬁmtj@étmhﬁ SYAPRNR heatkd vAPBur from a
f hod "of the present )

iseparate gtharmkeruge seplasinguthen deatade yaperr vilhaepalgdt wapour or air.

SR TR BRI A LB, e o s
te@pbenper adpike o Hdie eminbiy volatikes raaf dencenvoidesed a rapid

or decreased by injecting or expandi ng heated vapour
tempematdeyauctoniamitin Gntiallndxatgeime heat ed vapour

W th cool ed vapour or air. These properties nay be

eRInaiednatedorh lof tise irevetyioh etheaeihoesofahe peegent invention includes
tengg{ature "spike' to help elimnate volatiles and

e BEthESiSERP O%br a rapid tenperature reduction, to aid

in controlling exotherns. ' '

placing the composite in a vapour filled chamber.
Preferably, the composite is suspended within the chamber.

In one form of the invention, the step of filling the chamber with vapour includes

the step of:
pumping the vapour into the chamber.

Where the vapour is pumped into the chamber, the vapour is preferably injected

into the chamber.

In a second form of the invention, the step of filling the chamber with vapour

includes the step of:

expansion of the vapour into the chamber during vapourisation.



In an alternate formof the invention, the nmethod of

the present invention includes the further step of:
w@b@esitzgo4 he conposite in a vapour filled chanber/AU2005/000829

Preferably, the conposite is sygspended within the

chanber. In one formof the invention, the step of

[ 1in he chanber with vapa I.nc ude the. step of;
JineHAE of HePGLIRRIE i OesiE Vi chYRBRESEine Sopsgls chamber.
i s punped into the chanber, the vapour is preferably
iRTpterakly, thetroethod of tberbeesent invensien inniudes thedtrthaestep of:
invention, the step of filling the chanber w th vapour

i ncl uggg dg 0B at it 8he phr BRABSIVRIRr @bniddRitd BRCA Mdu, 0 the
chanber” duri ng vapouri satl on: The step of vapouri sation

may occur within the ¢ n a second chanber.
Bty B ) 576 o Eotrng, ot corng fne hoBek cOMRDBTe on
i ncludes the further step of: laying up at |east one
5 Preferéblyothgrmethodmfdbe peesamt inventidd inghudes thedutther stepp of:
of formng or curing the polyner conposite.

Pref eg:%%b(m g HHeEcombbste \thhta%b%[éﬁ%'ﬂy airtigPiidyeR of materlal and
i ncludes the further steps of: coveri ng the conposit

with a subst tlaII air.tigh terial; and

r educi® u‘f'ﬂ%aﬁﬁ BEE':?G & '”ﬁgeo%‘iéﬁygpg n'q materi al .
Preferably, the substantially air ti ght I ayer of

rﬁre@ralaly itise fdubstaritiallprair dight layerc ofhfroateriab is Hiexitepnd able to

Frotl o R e SEe Fompet gl TF mbviRnae LG Bigviced. The
10 @uﬁﬁ@nﬁglli éFP"ﬁng Péife'r‘bf rﬁétthIOrﬁQnye Qrefda%@ﬂ’oﬁﬁb@%ﬁé i gilicone or a
material.” Preferably, the substantially air ti

|fw@¢la@tpmemcenatﬂnal s Rrefarablyi @eo%gvstant@"x @b’sttgi}%ﬂaxsﬂrloy material is

R R R RS

Walve thisugh whieghta vasieim ioapplidder e i s prow ded a net hod
for the form ng or curing of polymer conposites, the

gﬁygcoc;a c!eu%tﬂgtht h é:s{e%'?sin%ntlow ﬁgérrég |§"&)|r+\ﬁ6‘§& {'Fﬁethod for the

conposi a cha

15 (fbm‘rhgror\uuhhg fmé@b%emaioempoeﬂtpeumetmetmahntlhdmg the steps of:
conposite; and;

~ placing at least one ply of polymer composite in a chamber;
filling the chamber with heated water vapour to heat the composite; and;

thereby forming or curing the polymer composite.

The water vapour is preferably provided at a iemperature of at least 80 °C at
20 atmospheric pressure. More preferably, the water vapour is provided at a

temperature of at least 100 °C at atmospheric pressure.

In accordance with a second aspect of the present invention, there is provided a
method for the repair of a component having a damaged portion, the method

including the steps of:

25 applying uncured composite to at least the damaged part of the

component;.

applying heated vapour to the uncured composite; and
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thereby formng or curing the polynmer conposite. The
wat er vapour is preferably provided at a tenperature

w@booati2d7east 80 OC at at nospheric pressure. MOPET/AU2005/000829

preferably, the water vapour Lg_provided at a

tenperature of at |east 100 OC at atnospheric

press r | ect of the

pr esezﬁgﬁeﬁk(@%@iﬁﬁg,Oq?Hgﬁ%m%B?)&gﬁﬁggﬁ%ﬁﬁgt hod for the

repair of a conponent having a danaged portion, the
rPéPfﬂSGb|Vn@ed(ﬁﬂ$g"t%@f°§td@6§”g’P$ fppel vater yaeared

conposite to at |east the danaged part of the

¢ompenferth; ofapplinvdrgione teedomppaent ksoprobidedriauhedorm of a polymer
conposi te;_andthereby form ng, or curing the pol yner
Sompssitee. The anetpad] jay digeuseth s repair @ demagedi pertipg of a plane,

f r ' ti :

HRET & GURE FoniFbHs cgfyFRing BLAYInck $prigteBl bgaying uncured
compuusite @vel tre darnbged eega bed paesing steapaiver thalevmpesite.
portion of a plane, boat, or other conponents

GRGN hfdrRgteP PR %f“ﬂ?ﬂg iﬁ9@fﬁ’t§ﬁ4,ttﬁe cBYthié?‘ﬁé'nWs REAI&Hin the form of a
conposite over the danmaged area and passi ng steam over
tthiildingstrsictuze, vessal, sehiclenaircrafb an watertrafti avanyi mottion thereof
th omonent i s provided in the, formof .a buildin

SRR 0edmS! Sirec pasms a1t REraY wihser dgr fgponent may
Rt haterialesperf tHaitpolgined cBipdered 8aBaidGhakeials should have
boonms and aircraft w ngs. The conponent may conprise

i¥ae @bility to be honded iy thel sorepositeniatarials apdimaiatain their integrity at

[ al. v I ] . n by the
5% Bratrbefapelted B ety HUhG e RS ot
t he prescribed el evated cure tenperature during the
Rreterably e rpetodringiudes thecfuridersten efel udes t he
further step of: covering the conponent with a ‘
subst aalerhd thedtdmpbeérit Wity 8 subbtamtia iy iai&ki?hﬁlﬁ?er of material; and
reduci ng the pressure inside said |ayer of material.

Mor e f t I further ste
of - RV g rRA i ERRE sl By BT et the
uncured -conposite. In accordance with the present
iMererpretarably htheempthogripoiudes the fusthes gtaref: t he repair

of a conponent having a damaged portion, the nethod

I ncl udoRstridtthgsa® Msuited chamber around the uncured composite.

In accordance with the present invention, there is provided a method for the repair

+ of a component having a damaged portion, the method including the steps of:

applying uncured cbmposite to at least the damaged part of the

component;
covering the composite with a substantially air tight layer of material;

constructing an insulated chamber around the uncured composite and the

substantially air tight layer of material;
reducing the pressure inside said layer of material;
applying heated vapour to the composite; and

thereby forming or curing the polymer composite.
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appl yi ng uncured conposite to at |east the damaged
part of the conponent; covering the conposite with a

waeemstizoé al |y air tight |ayer of material; PCT/AU2005/000829

constructing an insulated changer around the uncured
conposite and the substantially air tight |ayer of

terial ;. reduci t.h essure ipside said | ayer of
E?%r?gliy: th&dBF@Pﬁg”ﬂHﬁ?g Q/fj{‘ﬁ{g‘ﬁf s{]e& %ﬁe conposite; and
thereby formng or curing the polyner
conposnechapicsily ramioyingt lneserataterdalifiasn thiesurface eithetr@mponent,
step of: nmechanically renoving | oose material fromthe

Pefers8ly othelMgtheaTRANass theYupther sllpyef. t he method
i ncludeS the further step of: applying a gap filling

Che. T ApBiRaoaB g Rindud"B G 8RFGlrebre’ R Rmeonent to

i ncl ugggudd el Iikelihesd 8f gipirfres@ippl yi ng an adhesi ve

filmto the conponent to increase bonding between the

PO By R et BEMBES M todr SR G0 dea i tne

formof an epoxy adhesive. Preferably, the nmethod
i ncl u@ephing: anadhesivestilaptathe gpmppnant to insreass banding between

e udie opiBoRfot oy FRIRRE e P P by cather

| ayer around the conposite to provide a path for air

a0 angafiorerof the invedtiataitbe aghesivensataras inpravidachin Bie form of an
t [ rqQvi ded a nethod for the repair of a
5%%%§ﬁgﬁ?g%§Ving a damaged portion, the nethod

i ncluding the steps of: applying an adhesive filmto

tRrefarably othernethed inglvdas tharbirtnen gtapdfveen t he
conponent and the conposite; applying uncured
conposipbfitigaaiontstitkireldage dagetepnipasitet he
conponent ;

Preferably, the method includes the further step of:

applying a breather Iayer.around the composite to provide a path for air

evacuation.

In accordance with the present invention, there is provided a method for the repair

of a component having a damaged portion, the method including the steps of:

applying an adhesive film to the component to increase bonding between

the component and the composite;

applying uncured composite to at least the damaged part of the

component;
applying a non-stick release film on the composite;

applying a breather layer around the composite to provide a path for air

evacuation;
covering the composite with a substantially air tight layer of material;

constructing an insulated chamber around the piece of uncured composite;
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applying a non-stick release filmon the conposite;
applying a breather |ayer around the conposite to

weeovizhgssa path for air evacuation; covering tINer/AU2005/000829

conposite with a substantially4air tight layer of
mat eri al; constructing an insul ated chanber around the

pi ece e 0sLie; | essure
i nsi dégiuaqwﬁgﬁ/‘grﬁggg&r}é%@gi%?g%gﬁgggpp?%%’ggﬁ/d;pour to
t he uncured conposite, thereby form ng or curing the _
conpo&pPplying Mapewolodtiec ENGHER ePrpRsite, dbgredy fermingeor curing the
Rb %lghei nvention, there is provided an apparatus for

perfrormng a nethod according to the first or second
aspects of the invention. Brief Description of the

iR ARFAGaNTA Wil astbird aspeshof dhe Wresent Javestione deerepigprovided an
| Wt : . r

gl ST e bR RIAR 0865 Wt P sBong aspects o e

\Whiettion. Fi gure 1 is a plot of tenperature versus tine

for a conposite cured in accordance with a first

ﬁm%‘?‘{“ i nvention; Figure 2 is a
plot o é’#&?gg?m%b\?ﬁyﬁéti nme for both the conponent

“and the incoming st efnmfor a conposite cured .in

dbeoPERReEE IQYRHIoR Wilt fovefso deseihedt by naayfsgxample only, with
[ OR. FLOUL i C t i ;
(RETSIGR H dAch B ANE R ety rawings. i
ovhigd- i n accordance with a first enbodi ment of the
present invention and described n Exanple 4; and

Fi 9 guré 1 SisaSEIBEBH femHral}e Var¥Qs M #6R" 4 WBbmposit d i
pi ecé@rof tlign%efﬁ used an@érgescr‘!( ed ir|1 Exarrp?e 4 POSIG eured in
Bestactomans withra (st epibagliroant ofthelpresentiiovertioos e

skilled in the art will appreciate that the invention

deSfP;dJ?@CQ_ RRe4 pidt df%eﬁﬁ@%ﬁ*@vér@uﬁlﬁﬁ@fdr%&h 3RE component and the
nodi f1 cations other than those specifically descri bed.

It iincoming steardos acompdsite qured imaseerdance mdthua disstgrmbodiment

SUCR U bRSERMRVERfon;

Figure 3 is a comparative plot of load vs deflection for a test programme in
which a composite cured in accordance with a first embodiment of the present

invention and described n Example 4; and

Figure 4 is a schematic of the layout of various pieces of timber used and

described in Example 4.
Best Mode(s) for Carrying Out the Invention

Those skilled in the art will appreciate that the invention described herein is
amenable to variations and modifications other than those specifically described.
It is to be understood that the invention includes™ all such variations and
modifications. The invention also includes all of the steps, features, compositions
and compounds referred to or indicated in the specification, individually or
collectively and any and all combinations or any two or more of the steps or

features. -
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nodi fications. The invention also includes all of the
steps, features, conpositions and conpounds referred

wo eoosn2a7edi cat ed i n the specification, individeel/Ay2005/000829

collectively and any and all cppbinations or any two
or nore of the steps or features.By way of exanple,

the net hed of the,pr i vent | i S . i bed i ; .

e B BE R Bl B B AR AR bbribod in e
RIOREHACS 1Be @Ry of @bAiposites timabgpreserces bo walenoapdur, although
seen as |imting the generality of the foregoin o
Feishrshetidonot benseercan BN thrIgnesalin of the foregaiig description.

i nvol ves the placing of a pre-preg on a nould in a bag

Ulﬂfiﬁmeﬂgmwﬂhle:p?ésiehrﬁ iﬁ#@ttbﬁﬁn%lbé@dwmblbbingtcﬁmprﬁheg on a mould
vacuum bag pul I's the uncured conposite pre-p ont o
ih@ hraadstyasEEmRte §tcfﬁn&ﬁérﬁﬁgﬁg~%ép%aﬁ%rmuum bag pulls

RRL"eh é@r&%ﬁftgg B%é e@é@ﬁﬁgthfgg%&géLgﬁfa%%”ﬂhﬁétepreventing the

cure, thernoc enbe et ween the
mtegmdpmibeasy almsarbed bythepet-herg.t he uncured conposite
has been exposed to cure tenperatures for the tine

DE ‘ . )
?glf@gl%gféﬁggﬁpgégg c\%@, HeSoBBOEICHE) He efcidRat bat@le¥n the pre

ere the devel opnent of d ass -
tpreggliesdo menipemahethes the enagtedasomppsite has been exposed to cure

t.her nocoupl tg. may be.used to indicate_when .
SemPRe s FedBe e rosBoNg D b pRoPER: FRlIE wpe, Atpmatiely
Gbr BEpNEERIONS| WSSre Rk el dvRRsErRentBBNGRAEDPShdion femperatures are not
sufficiently cured. Using the nethod of the present

iasy émppoant, | thegeoewinie nd#tas mayc keayse@Hpcingicate when exothermic

ircraft r . A t A a en

3paBldt s, APieiet s 2D hiiEty PEPRRGHES, FoYe JRacted and
doraposite) is sufidientlyexpehded. For curing in Liquid

bat hs, the conponent nust be placed in the bath with

t,h QNI l.re [ . ' ' h :
obu B et pureb i, PRpicit Ll CARRET SR 3 2o venis,
tmmé@mowafdrgr@ﬂnmwsnﬁctdmaliba:tggpummts Frgay:? glacgd into the chamber,
production itens su as bridge an ui | di e
B COnarmbgs F1gSE0. o hithe SHEAMI NPSIY PES BRI AT Curing in fiquid
, i TS h .
SRS 8 SORbARRIRSEBLSBied Y R RSy BBy in e

| bathj whichtrequiresaheay bfting eghiprhentdar hothoplaéemenbard holding down
\rlsﬁgirbgjogart roduct.ion than with |iquid bath curing,

ARt GRAPPORCNY ANIBB TSt o the |iquid with
hydraul i ¢ equi pment . ,
For large production items such as bridge and building beams, aircraft wings,
architectural features and crane booms, a continuous conveyor may be used as
the steam chamber does not need to be rigidly sealed as with a liquid bath or
autoclave, which can allow for more rapid part production than with liquid bath

curing, where the part is lowered into the liquid with hydraulic equipment.

With liquid bath curing, the component may be unable to be placed in the
chamber and then the hot liquid introduced, as the lower portions of the
component would cure first, causing thermal stresses in the part to develop during

cure.

With autoclave or liquid bath curing, the sealed vessel cannot be applied to a

large structure such as a building or bridge to provide heat for curing as sufficient
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Wth liquid bath curing, the conponent nay be unabl e
to be placed in the chanber and then the hot liquid

wo pdosoziaeed, as the | ower portions of the conppCEAU2005/000829

woul d cure first, causing thertgl stresses in the part
to develop during cure. Wth autoclave or liquid bath

Sl RBuld Rst %@a%@r%ré(%ESF}acﬁéé‘IW)hop%CBHBHmeaqiyt Ffufﬂlhéla'[r%e costs for

structure such ding or bridge to pfovide heat
froebilising dige astasidviel ari kath d@ site woulldibe protbitiyener at ed
practically nor economically. Further the costs for

"Whktd %hégcérﬁ%ﬁé‘ﬁtofé P iMathd tRambke d\o%&nbﬁemperature and -

prohi bitive ere the conponent is placed in th
Eaespheeic preaeureeamb:staaam ds dnigctadriyp Hbei @hqmbersdh@re will be a

t e d into.t h e r
Picp 66Tl W B Rl e 087 00 2l B Bstbespach€ cifference
Beawkenes abripenehf Aed 6 sulbeindieg stdifin GaMBansH bomadf the steam
the surrounding steamw || cause sone of the steamto

derr@edsase N the cumpifiit Ane pRMpBRpRhiemperature passes 100 °C,
ttﬁ&‘?ﬁ&é‘ﬁ;yé Snﬂﬁé%SFn %ﬂgnﬁw Né?t '&Hbé&%ﬁ% the

ur se eam out bei ng

Ilmted by theor is beli eved that two processes
a\/r\’éh%‘éfc‘a‘?'ﬂgdﬁn'&g bmghﬁﬂ@/ vhisi keliayied gt two rrRgessessare ocourring

IR hESwAB RS BB\l i Sho YO RUBRLAOh Y woter vapour onto

e conponent Ts at |less t
Alaetctmnpd)rmh wbﬂsiethmesombnenhs abripssidhan t0e °Cat dyst the steam

heat, ener stored in th te mis, rel eased and aid )

Gongerass Bt 1Be mmnelt. T Blkmchedt Fa50 38%Li The, steam is
tre[@Risad d?@séltj?'lﬁ bnﬁ&iﬁgqg@% éfm@ltemﬁeﬂalmr@ if Fé%cﬂabicpa time as
heat of 4.19 conbi ned with the surroundin

qassiblg. aﬂmeozomraegd wags, wuh@rspamﬂcdwémiadnﬂgdw?kgK combined

s BB bR o ReBCEDD R i BgPgncant on quaiy

grsorcaes) enburdls bhg 6xtEsesheat reatedAthrbbgh CRPeESing exothermic
tenperature nears 100 C there may be a pause in the

H@a@thrglsagptdhealeﬁma@ﬁ9@bomeﬁqm0%ﬁ$ R3E conponent is
revapouri sed by incom ng superheated steam This

e tiedcdrapénard tetnppratarecaesred 00y G, ikeleaaby beanghese in the heating
coefficient of steam Vapour |aden steam has a higher
t%ﬁ%lc%@%é@@lmpﬁ}urﬁhﬁﬁ Hier coRwpament d@e'i?VaBQU%*ER% by incoming

u?ocl aatgé aéi‘égrﬂt ST@L& st& Rbafifly 'stSp'Gs [ABBed By the heat transfer

Ve curi
coefficient of steam

Vapour laden steam has a higher thermal conductivity than air and nitrogen, as
such, thermal gradients are less of an issue than with autoclave curing. This
ability to bring the component rapidly to temperature and regulate Ais believed to

play an important role in the elimination of voids.

Moisture absorption on uncured composites is a major cause of void formation
and even though vacuum bags are used in the liquid bath techniques of the prior
art, moisture can still contact the component through.small holes in the bag etc,
as the nature of vacuum bagging itself, is to suck everything through the vacuum
fitting. Using the method of the present invention, the component is only in

contact with small concentrations of moisture for the period in which it is below
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ability to bring the conponent rapidly to tenperature
and regulate is believed to play an inportant role in

WO b@sabi7ed nati on of voids. Mi sture absor pti onP@ITAU2005/000829

uncured conposites is a major. fpuse of void formation
and even though vacuum bags are used in the liquid

| . .
SR SRR HER 8 % RS0t TRESIIE ATt it ime or
alignificent nheistune to penétratecthemabagyi bay ldyeel Above 100 °C, the steam
suck eve thln throur%hthe vacuum fitting. Usmgthe
e DPRbEP WSHEQ P E&FRMPAYYM: i on, the conponent is only
in contact with small concentrations of noisture for
tTe fudiowdn iExanples s'elrvé d0 abreMly O&criblel the m‘anriee of using the
onI a, few mnute fficient ti

hole tisserbat iverbios: 35 ovelh a5 dnaat 408N the Beet FitHesLgpNtemplated

|fﬁb’ %érryrﬁgoﬁﬁt %Qﬁo&@a PB@tSSB?% 'n§véﬂ'@|bnco'ﬂd%n§h8&s%d that these
t he conpdnent. The follow n anpl es serve to nore

fEManyplee s nobeay lserveatonkmit (.‘olﬁe irsiengcoplecofathisy mveptian,i b dather are
i nvent.i 83 .Es tv\gll as to set forth the best nodes

cpéﬁ?eé?{ﬁ QTS 'Vgé?qIQ?%egs'out vari ous aspects of the
invention. It is understood that these Exanples in no
vexamsplevie to limt the true scope of this invention,

but rather are presented for illustrative purposes.

A aRBlcw bobl hMateMinP2200af tamkt @dnthiirdy 849 215 kANkeating elements
containing two 2.5 kWheating elenments was heated to

tWﬂ;S bgatﬂd 9 tb%mﬂmtsai Népprliaglﬁposﬁoénm@élﬁ {sist qigces comprised of

Bl 865 g lohBA P oph I R AR YR, wighjon 5200

Aéreag@\fmnm Aireabe N0 ieedtierdidedurrdliadomained iR a Wrightlon 6400
Wi ghtl on 6400 vacuum bag at 5kPa absol ute pressure
WecHUMRRg skgkPa abselue Presude WelryRIMeyEed i dhe gnglosed chamber
loeff éteéf?\ ShEeIdito tdife rf%ﬁ‘_l{héer%qﬂ%{iogeﬁéd Satsatsﬁﬂec?ybj e pre-preg
manuf act urer her nocoupl es wer e 1 nser
baamm‘enturd&re 'ﬂherermwhp@oherendsmﬁed betvtemt thei pﬂ[ee ajlﬂaich@nd of the
%/ up to jvearegéjln\%of tEete ture
destoRiece 4R 1o e aJgp eamfaerta etpr le across the

&‘)’ﬁ?bsr iteasdi AUy E@F@%rn@ttHéQrméjPélénV\%%ch%% @@rﬂgl)é’béture data was
han nd the results are illustrated in Figure Bot h

traeonded dyphargd andtkadresaity ase iubtiatedg ligwei hdi cating a
good tenperature profile across the encl osed chanber.

B’h GRERASES IPSIshoW@aChay SiMilSr results indicating a good temperature
profile across the enclosed chamber. The composite part reached cure

temperature approximately 160 seconds after vapour immersion, indicating the '

~ability of the steam to rapidly bring the component to cure temperature. The

constant temperature profile after this period indicated the ability of the process to
regulate the temperature of the composite and absorb the heat produced as the

resin exotherms.

Example 2

A shallow pool of water in a 2700 L chamber (insulated tank of dimensions 2.4 m
long by 1.2 m wide and 1.2 m deep) containing six 2.5 kW heating elements
evenly distributed around the base of the tank was heated to the point of

vaporisation. A full composite car chassis comprised of Ayres aluminium



10

15

20

25

30

tenperature approxi mately 160 seconds after vapour
imrersion, indicating the ability of the steamto

wo apsdiorobri ng the conponent to cure tenperat UPET/ATR®S/000829

constant tenperature profile.-afger this period
i'ndicated the ability of the process to regulate the

t&%gﬁgg%cgﬁlirc%ré’ dtBRals W&Fagr(?gﬁc Exﬁﬁpmabg%ﬁamla)figbvcarbon fibre

as the resin exoth anpl e )
poeipred, wavered nwith2 Wioghtlarhah2@0 (dlease afilbdl Badk Aifweave N10

BsrRepgar 21 Bontitding: fShituhBaBd Vabufm{bas 8P 5kPa absolute
Hréddurd Waads@spuhdddt Wehinane Hanithd ByaRiear@sof & aiftR@ igand left to

the point of vaporisation. A full conposite car

ones forsthegrgriree wespd Ay slated bitithe wierdrey coamifagiuger. The curing

o ‘ ) i _
e RgPland HEndRiE Wl o it 9033 LK AE Racing Car.
rel ease filmand Airweave N10O breat her/ bl eeder all

in a Wightlon 6400 vacuum bag at 5kPa

absol ute pressure was suspended wi thin the chanber by

MeRNS0®L tank ubéd Mg Exathpdd Wad Uséd as W eharabet imewhich superheated
required period as stated by the pre-preg. .
PeAM aves iripctedhat atimpsphafigspessetss s lgst Hirrasneomprised of Toray

2T PR B B PRt RS E OB 200 reease i
andhainbesave N10tbreathevplacdeatl dontairaad ines W nigtlone@# 0 vacuum bag
at mpspheri c pressure. Test pieces conprised of Toray ..
7181707 anbsalli, Sressibs eI brRogre. ifr 0tF EVRIRy 3 Rublected to
4, @F}Léa‘?%él%%% 13 H? s€. fTHdMARN PicteMRRRehtlékothermic reaction as it
breat her/ bl eeder a contained in a Wightlon 6400

waced bubthe aurrgurding séesamtabsorked the exeess peaicei@duned, achieving
t he .chamher d supj ected, t,0 superheated st.eam at . ‘
SHaih VD 'S AP hERsEY shiPaaPs oRinaRlET et 2B min. The
Gistesk fetiperaters Méf@.le‘,n@lh@goﬁb@mr@bmﬁéderﬁth@cﬁm&%oming steam
heat produced, achieving gelation within 90 s and

AreshewnunIjgweard.ng the conposite in under 20 min. The
pl ot of tenperature versus tine for both the conponent

ahniple 4 ncomi ng steam are shown in Figure 2. Exanple

A prece of cut timber representative of a wooden
bA 'pfj 8 ot it in‘ﬁyérqu%rseﬁfarti%tolf’raa\llvooden bridge beam, pylon or structural

member featuring weathering and rot damage was treated to remove loose
material from the surface. To ensure good bonding between the timber beam and
the composite, the timber may be consecutively air blasted and sanded to
generate a keyed surface. A high temperature, fast curing Epoxy paste was
applied to construct ‘vacuum rings’ around two portions of the timber. The paste
was prepared from mixing a high temperature epoxy resin with portions of
Colloidal Silica and Q-cell microspheres to give a thick paste that was sandable
once set. The vacuum rings were left to cure overnight before lightly sanding to

provide a smooth surface.

A flexible, fast curing, gap filling, compound was applied with a caulking gun to
any cracks in the timber to reduce propagation of air along the cracks during

vacuum consolidation. Vacuum consolidation is an important step in the process
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menber featuring weathering and rot damage was treated
to renove | oose material fromthe surface. To ensure

w@owd/1osdi ng bet ween the tinmber beam and t he PCT/AU2005/000829

conposite, the tinber may be cppsecutively air bl asted
and sanded to generate a keyed surface. A high

téﬁﬁ G G 85 ot iaF g6 oal ARARHBo DpBR  baRBeps T roed and the
Rlg. IFRfr Regiicwetbio Beepafrien t‘h@“ﬁ)r@b?‘é@gné thé @Vbod during cure,

te erature epoxy resin with portions of” Col
Sheiadheaive bondgnby iectarsprioatiesd.tA hg;mf@n@paratm:e q@@gy @dhesive film

e BB RGN Edq ety BE S 788 iRie i provided

IABOhdcaseafaamount fdfespdhe to fersure W streng 9esugh Ialndn@urable bond
conpound was applied wth a caul ki ng %un to any

i betweentthaiinbenand frerres: BiRbeMal; oﬁh% ilrg; i farraHbatQChéo ‘match the
%gﬁhﬁl. @Jtﬁf)bﬂ%svgﬁﬁ%”ﬂ)r%ggbcq)h |€%5{1§|?Tg t\éa%ﬁume choice of adhesive film

consorlli ronis an
useciesit diepend langesy ars tha chmsemépra)rwod “adhesi ve bond
bet ween the wood and the prepreg. If air is allowed to

Sffie BFFF ad WiaBP R Grifbd BEmBBON: AridHcBUCToleGE3C plain

sive bond ma nprom sed t enper at ur
apexve adthesi ﬁknefprb#pr(ag.yt\mnuﬁmbwg@“é)am/atapammmanphed around the

Ll o i g e oo
P@iwﬁ@%v@%d"’ﬁ\eﬁoﬁj%ﬁcﬁ réTB8se AME (WRIHIBE 5200 release film)

rraterla mis fornmulated to rmtc the thermal
ptooptesureetheonres:meilqarr@prsélgkutp the bmathergfabsic deringhgure. Breather

0i ce o&?@geeﬁﬁt"éﬁr/é"swﬁiﬁﬁs W{)aeorpegja%‘sgﬁgh@ég%ﬁogﬁe to provide a

UsKtH f§EthecdTPRShé evaeuated srfingfvatauaycdabdtidation. nTheahfrﬂ)er and the
car bon fibre pre-preg. Vacuum bag seal ant tape wa

Gpnpesiteapetiion weee vEappad rin rafs atrtiohr VRGN é}ag@,lr}q ﬂ@p,t(anhﬂon
5 fBO DSENRR %a&;@\fneqr g@ﬂugﬂ&)gﬂ %@ué% bbﬁt\ﬁé? alﬁr!@n@hed and a vacuum

e-preg was I N non-stic ["'ease

((WSkngHHsomtéﬁﬁﬁbmmxﬂxeﬁltbmebagensure the resin did
not stick to the breather fabric during cure.- Breather

g@lﬁ{?\gﬁ% %%Mﬁ@gqﬁﬁ{lpllﬁ?ﬁf%rw Mrﬁ&?%v%ﬁ%dp%? polyester

provide a path for the air to
erefarved tolagltiie rsjeamcbaghvmbobel@aﬂnapped'Bverﬁmemmbwrsdlch that the

AT g o i 1B o il e b was
fivtdPoedtler n& YiRfbért Wé‘s in’r'iéd whREseM (ARG OheBKafd Yeup syStem such
as Velcro® to form a flexible cylinder encasing the composite wrapped timber. At
the ends of the flexible cylinder where the timber exited the cylinder, the cylinder
was drawn tight around the timber using sewn in cinches to form a loosely sealed
bag. The bag was filled with steam .for approximately 2 hours to cufe the

composite and to bond it to the timber.

The timber was 3 point bend tested over a span of 1.2 m using an Instron 8501
with a 100kN load cell and found to have twice the strength of a similar
undamaged piece of timber. A comparative plot of load vs deflection for the test
programme can be found in Figure 3 where the solid section refers to an

undamaged piece of timber, the split section refers to a piece of timber that was
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(5kPa absol ute pressure) applied to the bag. A flat
pi ece of insulated fabric in the formof a thick woven

wo poos/1p7epf pol yester referred to as the ' steartbay2005/000829
was | oosely wrapped over the 1{imber such that the ends
of the tinber protruded past the ends of the bag.
g ﬁ@naéipu%irfﬁgrti)?r&‘@@cé"ﬂﬁ‘éé%uﬁ}@i’zea WeddR8d chibotBepair refers to
joined to 1tse using a hook and | oop system such as
\the spbi{ s¢ctivo Haingrepdifeskas desoinddindheen@ayilag Atsehematic layout
C osite w ed tinber. At.the ends of the flexible
c@ﬁﬁ%é&'e?ﬂ%‘?@ﬁ?%%r EATbE PR E'@u?%g' cylinder, the
cylinder was drawn tight around the tinber using sewn
[ s to forma | oosely seal ed bag. The bag was
filled wwth steam for approximtely 2 hours to cure

tARSpeANMMAEEE RRfhg BaleRgsdié cotnprizedt 6fMAgfes AlfnihiufP®oneycomb
was 3 point bend tested over a span of 1.2 musing an

|apse raategais1and tTieray Gidenplaknweaye| anghuniagiah¢arkomfibee pre-preg,

oHA Dol A Ak, i3k " badtE BB Tt dindye, reauired the
tramovasb of rokermiees andbenbondetl areds ofircarForwfibre thsllowing the

solid section refers tg. an undamaged pi ece of tinber,

tremoygl pt theedpmeged aastian .t hezarnsaeas sfeaneaghand gyt uncured Toray
thangi [ YA r ep,. £ ([

FOESL PIaf WeEVE AR iniaRaP VR AOPE B Bieg vl Placed over the

Emaged @aea.edThe ates ovadedvered mitheWaiglitien. 5200 release film and

schemat | out of the 3 pieces of, tipber . ca seen
Aineras §1h Bresthegbieesen B sncined it PihiERGAYD Failim bag at
H\aES A8 ARG e8 86O THIY 382 A 44MHENUEBVRAEE ViSPEa SBERON of medium
material s and Toray G83c plain weave and uni axi al

clansiy polvuirethpne feamadgn which aiwllgedpagse draddean foieddy carving to

8BRS MeB ot GUOT ERNBERHSFEH Borh e R b On the opposite
Firfaewi taotHehard£ upYét répait, e fdarngse popibhed@nto inathtaihea constant

was cl eaned and new uncured Toray G83c plain weave and
90kRg Air Hawpeyert iher @ngar@ageggs gn§_-,|o(§cc€|g@sgn§er Thgevoid within the

TaFRERES RlicTwith fedthaar 4300 B Rrpimpigl g2 qgég curing of
ehelcoserbsita. héréffdut lob thebddthg/aas woch dlgatathe whBasis was repaired to
absol ute pressure. This c%rdgcgq was then covered using a

Sedirerath sutfiiant fen iRinien S9N VadSne foamin which a
hol | ow space had been forned by carving to :

Example 6

Six pieces of concrete measuring 150 x 150 x 30 mm were covered with an
uncured composite material comprised of SP Systems SE84LV plain weave.
carbon fibre pre-preg, covered with Wrightlon 5200 release film and Airweave N10
breather/bleeder and encased in a Wrightlon 6400 vacuum bag at 2kPa absolute
pressure. The bag was placed in a chamber to which steam was introduced.
After a period of 2 hours, the composite was cured and the concrete samples
were subject to tensile dolly pull off tests which displayed that the bond between
the composite and the concrete was greater than the tensile strength of the

concrete.



provide a large air filled void between the foam and
the bag. On the opposite surface to the area under
WO epailzq79a fan was positioned to maintain a copst/ant0s/000829
cooling air flow over the undatfaged sections of
chassis. The void within the foamwas filled wth
Bxaanplédr a period of approximately 4 hours causing
curing of the conposite. The eff.ect of the curing was
hassth fVﬁgn ' i mm was
xﬁplléﬁgﬂl{%ﬁ?ﬁi ts |§R en e@ggg@g’ﬂs@@% s&t g@rﬁpﬁ‘éné 50. @
Soxepideore 8 sidescwitlo uecarateemuposite dB0OpLisebof koY G&IC plain weave

were covered with an unc .C 0S] mat er i..al .

S g 6 niph e WA GRIRD B ROR B RS i gnd Aiweave N10
firE5PePbReBER I THeONREREd Worhpoditeahas @mcadeW in l I8#$ repared from
filmand Airweave N10O breat her/ bl eeder and encased in

AVrighiton 6400 gacoumagaind fign ahichpas aested eed subigstecto vacuum

he ba I i n nb [
MRt AR oS, Slpdrf W FEioRbEBTI8He gontre of the
WHoruslaisiosh béemciritt el glurdmphebeaver #and ubinpokité were heated by
tensile dolly pull off tests which displayed that the

Bb@ostg@m,\fg;natmio@o%@shpgrsaﬁacm Hbat the: cempagde was cured. The
Q,Io?@ﬁo%ritet @g nr%ﬁ@v%@}&ﬁ%@f?ﬁfsfo%ngf _lfhé’falﬁrﬁf?\ium eam to form a cured

concrete. ow al um ni um beam of nom nal
dionmpesitercsci@armek 150 nm x 50 nm was covered on 3 sides
wi th uncured conposite conprised of Toray G83c plain
B e SRR | e e WA o oL 1 Slp @ Bddressoo are
Teenuedt tor leel withitpthei scepead the pessedt inveatibag pr epar ed
fromWightlon 6400 vacuum bagging fil mwhich was

seal ed and subjected to vacuumto generate 5kPa

absol ute pressure. Steamwas introduced to the centre
of the hollow al um ni um beam and the al um ni um beam
and conposite were heated by the steamfor a period of
2 hours such that the conposite was cured. The
conposite was renoved from outside of the al um nium
beamto forma cured conposite c¢c channel.

Modi fications and variations such as woul d be apparent
to a skilled addressee are deened to be within the
scope of the present invention.The Cains Defining the
I nvention are as Fol | ows
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1. A nethod for the formng or curing of polyner
conposites, the nethod including the step of: formng

w@eoosazd7ag t he pol ymer conposite in the preseneer/aiizms/000829

heated vapour. 2 . A nethod fot9the form ng or curing

of pol ynmer conposites according to claim1, wherein

e CRARIY Dbﬁnmftﬂéjﬁﬂrehﬂohfﬁefﬁ FoRbwyat er vapour. 3

. A nethod for tthe form ng or curing of polyner

conposites according to claim?2, wherein the water

vapouraA insethbaViod @le i forrhing 6|0bm|ﬁ§ off pol§ineArBonvsisites, the method
steam_saturated steamor superheated steam 4. A

met hodW'B@'nQHBeﬁtﬁnﬁng or curing of polymer conposites
according to claim3, wherein the steamis diverted to -

a separ at offomhihglorleeiring tise palyetbriconigsenedn ltheprebembasf a heated

~and produce dry steam 5 . A nethod for the form ng or

curing of PY&P9HEr conposites according to any one of
t he preceding clains, wherein the nethod includes the

fur2hex nsétapd fof thelfamning ¢Meu1¢rﬁgmﬁ$dlﬁméﬂ campositberaccording to
and filling the chanber with the vapour. 6. A nethod

for tif@iMo M?@e&th@mwraprﬁmﬁ%n te%mfaspiwgtervapour
according to any one of the clains 1 to 4, wherein the

nmet Bod\ inmethod efer tie fbrminhesr strms otﬁfpol;ohecicomﬁolsﬁes according to

conposite in a va r filled chanber t hod_ for
PP S, wherbiit e water YEPOTER Iamsisin dad TRy phmsteam, wet
t0 ! atétinSsilrdlod W BF BupBRBRIDABERE |5 Suspended

W|th|nthe chanber 8. A net hod e form ng or

cur yJrer, ¢ QSIteS accor to any one of )

[ $etBOy 08 ok SPRTIPRCSS o0 o Aty S OB e pording to
vw th CRRRS, wnﬁ@ﬂewﬂ% étesnﬁ%etnvéﬁed wa%bpgrétaﬁaff@fp@émg created to
into the chanber. - - 9. A nethod he formng or
curi ngempvpdmyndeuat@oapdsm@@ccadwm’ceamg to claims8,
wherein the vapour is injected into the chanber.

5. A method for the forming or curing of polymer composites according to any
one of the preceding claims, wherein the method includes the further steps

of:
placing the composite in a chamber; and
filling the chamber with the vapour.

6. A method for the forming or curing of polymer composites according to any

one of the claims 1 to 4, wherein the method includes the further steps of:
placing the composite in a-vapour filled chamber.

7. A method for the forming or curing of polymer composites according to

claims 5 or 6, wherein the composite is suspended within the chamber.

8. A method for the forming or curing of polymer composites according to any
one of claims 5 to 7, wherein the step of filling the chamber with vapour

includes the step of:

pumping the vapour into the chamber.
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10. A nmethod for the form ng or curing of polyner
conposites according to any one of clains 5 to 7,

wobmsa2a194 he step of filling the chanber w th PEpPAU2005/000829

i ncl udes the step of: expansi‘o?p of the vapour into the
chanmber during vapourisation. 11.A nmethod for the

f or @i iy noethod rfonghe ffopoingner ceimg of i godymarc compiosijes @ccording to
claim 1Q erein the step.of . v uri sation pccurs

i ¢ hi waied Stz graRe R s I A AB8E ot hoo

for the formng or curing of polyner conposites

acct0. methad forythe fiermiing o eupng of gohyner eimpositeiseragiording to any

the method. inclu he fur.ther ep.qf: layin :

| east O8FeOhLFPIDS %Sgﬂ ;h{glhe %H’Bﬁgﬁﬁép &rﬁqg"}%ﬁ?led?ﬁ%ﬁsgewth vapour
to t hgngti@ss e $tepfng or curing the pol ymer

conposite. 13. A nethod for the formng or curing of

oL YT | COTREEHA SR O M PR SR S ppouraton.

further step of: covering the conposite with a _
sub#t smimethpg far the ifgrninDagie eubng witpalymper camposites according to

1540 1, SB35 Pl Ryl BT b crambor o i

conpos $esondcdantbarg to cl ai m 13, wherein the
substantially air tight layer of material is flexible

e 2o e R Tofiny oF ARG B Soniri ERARSTIEE S @Biiing to any

f or m rgheosf therpregedihg hivse whzoeipothiet raethaciciocilideg the further step
clains 13 or 14, wherein the substantially air tight

|l ayer ®f material is prepared fromplastic, silicone

or a fluroelastoneric material 16. A nethod for the

form ng or laying g atfleastloyesyly ob pplysidresngusitedimg mauld,
any one of clains 13 to 15, wherein the substantially

air ti e for TEHARL ' ' A
nmet ho @ggé ﬁﬁeegtfgrorﬁi ng é?%léﬁpﬁﬂgﬂgéf Bg%h%ﬁe%%cpodkggéi tes
according to. any . ) . .

13.A method for'the forming or curing of polymer composites according to any

one of the preceding claims, wherein the method includes the further step

of:

| covering the composite with a substantially air tight layer of material;

and
reducing the pressure inside said layer of material.

14.A method for the forming or curing of polymer composites according to
claim 13, wherein the substantially air tight layer of material is flexible and
able to conform to the shape of the composite and the mould where it is

provided.

15.A method for the forming or curing of polymer- composites according to
claims 13 or 14, wherein the substantially air tight layer of material is

prepared from plastic, silicone or a fluroelastomeric material
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one of clains 13 to 16, wherein the substantially air
tight layer of material is provided with a val ve

wo osagtomhi ch a vacuumi s applied. 18. A net hpdr/Aveo05/000829

the form ng or curing of polyn®r-conposites, the
met hod including the steps of: placing at |east one

plyq nng H%ttﬁ@ﬁ r%ﬁ&ﬁﬁlhg orRufng '@%ﬁfmerf édrhbé’&te%%cordmg to any

chanber w eat ed r vapour to

conposinesyf daids thte ehywihenein the sub&tantlaﬂg airtight dayemef material is
con‘p03|t' g A method for the form ng or curing of

pol ymét PiaglinBe9+t es according to claim 18, wherein the

wat er vapour is provided at a tenperature of at | east

80 OC Aamedhombptibe |f@rnpjn9§$ GguENg 26 polymest ¢asdpdsitestansording to any

formng or, curin S ,acc i, n

ol =i mo0s: O giaims £ 16 lTein BRI RBG il el B material s
t errperp%bwaéd Qithed valvadihroligh viicieh \alconAPRepplied.

pressure. 2 1. A nethod for the repair of a conponent

st opt o RGP 182 thiiPa b Sl o et Solhieipethe method

damagenklodih thé stdps sfonponent ; appl yi ng heat ed vapour
to the conposite; and thereby form ng or curing the

2o e £ T 8 ST et b | Sper

is provided in the formof water vapour.23. A net hod

for the refding &e @%@bﬁfdﬁ'@hhealﬁ?owat%g/amubl%hﬁﬁt tJ_nelcomposne
or 22, mher n the conmponent conprises a polymer

corrposHe anéi may take the formof a plane, boat or a
vehicle. 24 A rret hod for the repair of a conponent

accor di ng terebyifamning or suring th‘%\/ﬁ@W@ﬁﬁ QORPAsHRponent

Is provided in the formof a building, structure,

vess$@lA nvethod!fer tiae rformaihy or cwagiof rEdlymer campoités iegording to
t hereof .including, bridge beans, crane boons and
ai r cr &3imyi §gaherein the water vapour is provided at a temperature of at least

80 °C at atmospheric pressure.

20.A method for the fbrming or curing of polymer composites according to
claim 18, wherein the water vapour is provided at a temperature of at least

100 °C at atmospheric pressure.

21.A method for the repair of a component having a damaged portion, the

method including the steps of:

applying uncured composite to at least the damaged part of the

component;
applying heated vapour to the composite; and
thereby forming or curing the polymer composite.

22.A method for the repair of a component according to claim 21, wherein the

vapour is provided in the form of water vapour.
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25. A nethod for the repair of a conmponent according
to claim 24, wherein said materials have the ability

wo eooba2d0ended by the conposite nmaterial s and nBECTIAERO05/000829

their integrity at the prescrifed el evated cure
tenperature during the cure cycle. 26. A nethod for

t he t C

(o733l G RERERSP R B SR CacRgRE lams 21 or 22
f ur t havhereapthef comptvmntr@nup'resesompol&ylma cunbosite and may take the
substgntially air ti of material; and

r educiAG" Pha RiFRG Orﬁ§’ é@l%al d layer of material.

27. A nmethod for the repair of a conmponent according

t o 24A onethofl for dhesrepair efoa 2&ympiieerdi acadndingetonoldims 21 or 22,
i ncludes the,further st of . .constr ct'n a .

| noul RIE R ifh ePMRERER: RESVET T dNEclopDs Bl & bulsing, structure,
net hod,ekgs!, VBRicleS RircFafObr @a@m@mnmamaa tﬁel%'ffﬁﬂﬂi%mg bridge
portion, the nethod i ncl udi ng the steps of: applying

uncur deamsmseane boems and) aitpsaft wirgslamaged part of the
conmponent; covering the conposite with a substantially

ai r 251 Mhlethay fir thé répdiest &componshf H@édrﬂi@\gatﬁ ddisipatviskrein said
chanber around the uncured conposite and t

subst dnatesrisyhave the gbility 49 re Gpndad & ghe cpgw@uggnatenms and
h »
heat o0 gL o iR 16K ncll REbafiy rature during

ere m n
curi ngheharqaqumer conposite. 29. A met hod for t he

repair of a conponent according to any one of clains 2

1 f§6%§ M54 ?c?rnthEr}S IFHPaddhs r‘rfr%rﬁsaécﬁ % i %ﬁk otie®¥ claims 21

ani cal 'y Ferb ving 1 oose
sur f ade 25 whieesin ding oretingd wﬁﬂ:d@srthbiiodhéros‘tepm repai r
of a conponent according to any one of claims 2 to

29, wh
LTS { SR o
t he conponamd .

reducing the pressure inside said layer of material.

27.A method for the repair of a component according to any one of claims 21

to 26, wherein the method includes the further step of:
constructing an insulated chamber around the uncured composite.

28.A method for the repair of a component having a damaged portion, the

method including the steps of:

applying uncured composite to at least the damaged part of the

Corhponent;
covering the composite with a substantially air tight layer of material;

constructing an insulated chamber around the uncured composite

and the substantially air tight layer of material;
reducing the pressure inside said layer of material

applying heated vapour to the composite; and
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to reduce the likelihood of air ingress. 3 1. A nethod
for the repair of a conponent according to any one of

webkasns724 1 to 30, wherein the nethod i ncl udesp¢tiaU2005/000829

further step of: applying an a@desive filmto the
conmponent to increase bondi ng between the conponent

and the Conﬂfé?él?jfforﬁ”ﬂng%ﬂ@&ﬂ?ﬂgtﬁfoﬁovl\%rﬁgr E@rﬂ?h%ité’.f a

conmponent according to claim erern e adhesive

[ [ in t f dhesjve. 33. A .
v A et U6 e e Bniats SRS i olaims 21
one of toc2&iierainltheamthodRELEES tHd furiFel E&% +fncl udes

e

the further step of: applying a non-stick ease film

on the conpgsi . 34. A nethod for the repair of a

conponent a@?&b%{"ﬁé@ deHIRYEhdogse (natspel oframy gheyosurface of the
wher ei n t hecarapbaghti ncl udes the further step of:

appl ying a breather l|ayer around the conposite to

pr owind i r..evacuation. 35 A nethod for th )

P S0 o8 ok e Ay P AL Be PO e F s 1
met hodtoi 28; Iwtirein theenstheBsnéllide e furtRer stepasthesi ve

filmto the conmponent to increase bondi ng between the

Co Bt 1 eascHLeng & QARIR o dtRBodhd o Y HeBinure i Bhe Eomponent

appl yi ng a toaedaté tHe liclinase of blrﬁﬁgﬂésé.he conposi te;
appl ying a breather | ayer around the conposite to

Pr o d€ nethBl fof Me r%'gtragﬁ(%’f?ag{:!%bgﬁ?nf c\:éq?‘r)trr('jlﬂg);tg Paengfone of claims 21

conposite wth a sub

mat er ital30, adweseinuthée inmgthad inclsddsthedutthenstep oif ound t he
pi ece of uncured conposite; reducing the pressure

the. uncur e NS & eRKP i FETRE RStk gk ergato bonding

conposi t e. between the component and the composite.

32.A method for the repair of a component according to claim 31, wherein the

adhesive is provided in the form of an epdxy adhesive.

33.A method for the repair of a component according to any one of claims 21
to 32, wherein the method includes the further step of:

applying a non-stick release film on the composite.

34.A method for the repair of a component according to any one of claims 21
to 32, wherein the method includes the further step of:

applying a breather layer around the composite to provide a path for
air evacuation.

35.A method for the repair of a component having a damaged portion, the
method including the steps of:

applying an adhesive film to the component to increase bonding

between the component and the composite;
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36. An apparatus for performng the nmethod according to
any one of clains 1 to 20. 37. An apparatus for

w@eorosazatvfg t he net hod according to any one of PCl/avoms/£00829

1 to 35. 38. A nethod for the ggprmng or curing of
pol ymer conposites substantially as herei nbefore

~descri bed %‘I}Ilﬁifﬂcﬁp&f Cbﬂ.g)@éﬂgptloe Jreas% tﬁgdd%nn,égd ﬁ)art of the

nmet hod for nponen havi ng a
portion sub;@hmdnealtl y as herei nbefore described W|th
reference to Exanples 4, 5, 6 and 7.

applying a non-stick release film on the composite;

applying a breather layer around the composite to provide a path for

air evacuation;
covering the composite with a substantially air tight layer of material;

constructing an insulated chamber around the piece of uncured

composite;
reducing the pressure inside said layer of material; and

applying vapour to the uncured composite, thereby forming or curing

the composite.

36.An apparatus for performing the method according to any one of claims 1
to 20.

37.An apparatus for performing the method abcording to any one of claims 21
to 35.

38. A method for the forming or curing of polymer composites substantially as

hereinbefore described with reference to Examples 1, 2 and 3.

39.A method for the repair of a component having a damaged portion
substantially'as hereinbefore described with reference to Examples 4, 5, 6
and 7.



