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"Met hod for Form'ng or Curing Polyner Conposites'

Field of the Invention The present invention relates to
a met hod and apparatus for the forming or curing of
pol ymer conposites. More parti EL]I'arIy, the present
invention relates to a 5 nmethod and apparatus for the

f@M@tHSd?rFBFAjn ] TPOREP Sl SSsitds ! Ne

pFreESEence - Hosites. m pol ymer
Cc Si.t enerally refers to materials produced by
i%ﬁa@féﬁ?ﬁﬁv?‘i‘%ﬁ"@us materials with resins that are
used in a variety of industries, 10 ranging from

adhegpesant imrtionseltés to aHEHBE iare! aﬁ%&id@%or %é’fdrming or curing
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I a{)@P&methgompeﬁ&@S-usﬁw rPastittiado nibss ipresent aingention eelates to a
a ' e ram viar) .and glass and the. .
PR A el 1 B8 bl bP shrRcomaRb e forbpStes in the
t bresaoeedf arvgpoesi ns such as epoxy, cyanate, phenolic
and the like. 15 The thernbset resin inpregnated
fggé@oﬁ{cpAppmmnl y soft, flexible, slightly tacky
mat ertal s, conprising unidirectional fibres or woven

oth, The conponents of a polyner conposite nust be
f DiSretfrdy RQlY®ET uRABPOSER dOENeNadY ofefereyta ematerials produced by
ti : : : ) terial. and. .
R R0 PhEE ISR roGFP i arb Gy Ve 8 industres,
trasgimgpiems tasrospagEy shoter sbors,aaldbiriotive Obo ARy, B dd&striugtion and
enable t ernopl astic resin which is

fl .of \
s%?i%”ﬁ{a'g’gf8ﬁﬁ“%gd§é?§‘it S OffRySrorbenitresiser iprasshuaamposites
e VRIRE BAl UihelugieaBh®ont Rfariy :{IS%YI%@S%@?%@%%%E@% ?%sins are

the fibres and formthe thernop
1aenerallydeelected §oapdherndpastioe ondbémsosatting| ngs®l such as epoxy,
5

[ n i di,fies upon cooling to formthe 2
gggﬁérl‘ dbﬁ%’ﬁ‘?% ?%ﬁ‘h‘l?s'f'iee structures made from | am nates
and conposite sandw ch structures nmade from | am nates
dhe thﬁ@?@ﬂvﬁii rgain lamregl(‘;aﬂfedrf@esmtfs p(()jirmmm_ y s\oﬁp‘lﬂ?ﬁblfé., %s!ri]ghtly tacky
i rous. def ec as a direct result o e
O R DR el B8, M i Uhie Phacents of -
eBlyhice rvﬁbmpbenét RS bdHHed U R8P lgﬁdiélg cgh&fﬁbnétgp elevated
resin 30 flow, internal porosity, voids, and a poor
Kiperaireo pRd aBIRSSUEN . OARENDEESSSiRETMaterial 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 (honeycorhbs, 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, intemal porosity, voids, and a poor skin to core adhesion.
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Voi ds and porosity are considered to be the nost

serious defects to deteriorate the nechanica

properties of thernosetting pol ynmer conposites. Voids

are the result of the expansivfiof volatiles in

gaseous state during the cure cycle, Misture is the

mipitts gndiporosity arel eanidideretidone ite prastisepipegriafeets to deteriorate
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| Eeké%c? Frhi/ft? PRiMeESomRRRIE 35 dip RN O &f@m@lﬁ%‘%ﬂca' voids that
| BStaE &s DA R fé%ﬂyu@ow%hfwé Invol ve ovens or

autoclaves, which are essuri sed ovens. Through t he

aﬁg#&# ﬁfl%%ﬁla%a&%&{n{gnga yvﬁﬁ%b sa g?r\ég%tof zJ@[l,rdtrapped between .
e S f
au}éogli?éasv?ﬁ g‘?e ?Pé’g duRhfQ eyﬁ%ge?ﬁeﬁedélf pckeRSEAANG bd REmoved by

ocCess. resin curing
r senplé gasuum e:oemhdaélpm andanetnain dodkedtinipetherrasimdnatzix during cure.
during curing creates serious problens (such as

COURAA! influkey 'chnﬁﬁ)addf‘fo‘?ﬁﬁwg metBoddlirvdiveabshd 6r bt]f%)claves which

surroundi ngs. e relatively | ow specific heat of
aqne pressuiisedogeens. aFhesugh the applivation e, prea&ueesnanyafpf the above

obtblein S s s ReBEelac e praiass b ar Sl more are
tiafregLEsHaS a dIfeSt rdXRIItr GFTRE Guiiclaving PYodeske, typically
1-3 C per mnute, up to anyvvhere 25 between 100 C and

0.C Slo f

bt CETB e T S RIS sl S URBiCpenerated
tdljrﬁ@‘ @ulyng?lbﬁéﬁtés %@ﬁou@?ﬁbbleﬁ@(@icﬁ%é aﬁrhpbétté |gn|t|on) unless it is -
requi rement provides |ong cycle tinmes, which

i diesipaiedetn the suraugdingst u epelativaly dowt smplflorrh@aé|qfv¢he air or
trﬁr@?%ﬁt s st%ﬁuinr Sﬁto%'ie&e@l %%su?%sgﬁeﬁ”gﬂ%‘Cénet‘?é%pgeaﬂ%%ed by the

conduct ases
fhdesaddrirgt cuwriny of ﬂw eoﬂnbemtml CGpredgaeniy, dhe eidodlbee temperature

an%gtckgvgr%]e%ng?ra Is{owtl hrateh typlcally 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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thermal stresses in the pol yner_conposite conponent as
one end cures faster than the'%fher Ther nopl asti c

te f thods require the input of
Qﬁgﬁ@p%afl r@es,cﬁegém PP mﬁ{r@mpgsltﬁ cqm@onentpas one end cures
tkﬁmgﬁ%é%twosne to a point at which 5 the

thernmoplastic resin nelts and flows. Typically, this is
¢ REBHESRITElG, APt SoBTG T aating TapoRgy rasBUSotha iRyt of heat
r @ﬁ@r‘g‘?@togﬁfs'eocﬂé teﬁ'lpte?eg{]%t 6f"tﬁle¥heﬁﬁ§p mﬁéi?fﬁ@%«ﬁg%?lte to a pe it at which

conpléted 1 n an ex es rapl

r theptheameplasiie resmcmattacandbﬂnwmeﬁ' yolvallyt thes n‘mpbmtetﬁd in an oven

cO os',te. d.metal |ic heating el ements. However, the
BRSBTS Brpasaeiinine e Fansge iataof 8945 of & may cause

tbﬂ yRIPhFRE | Serflsy ”ﬁﬂteﬁ%meﬁl' ttﬁé Hﬂrége@é(‘ié %Wdet%ﬂ”‘nt %ﬁj extruding

asthe act of extruding, In eresinis
tWﬁ@b@ﬁ avhighualdnahiest e‘apmberramr@ ratesi dsiet He apmatactt}oeuif/een the

B RoRHIL SRR b ookl SO b e o o
b@ﬁmﬁm m@cﬂimeé? lﬁwgéﬂe@ﬁgﬁréﬁ%eﬁﬁlo@ééﬁ%r H&?h’@?té&nposnes is

part and a thernopl astic ymer 15 conEosHe
t%ﬁ&@@lydmﬁ"&ed:wtge.actm Qa@nudmga\m whiol |t esreanslrso‘mm@irrhrough a

i 208 B i SRS T SebFRSFE at may e

dncarpotateddhial ther pahic ethis ahanr@obfcwmrmttd«stﬂ%dmff%s between
for .increased gas flow, Ileading to the renoval of

SIaLIS OMMBPPIVARaatischas ﬁé@ermﬁpﬁsm dedsand arihererlastic polymer
Wi posie g cure reaction of the conponent begins to
|ncrease the viscosity faster than the increasing

aiture can reduce it. Just before the reaction

drRical ¢4re cygle de1aay auigclvesovalyrasa s trampeRttarige final cure
tfét‘ngfe"l Hl%”dAb”[ﬁé ?é‘rringérattar% %ﬁ%ﬁ#ﬁ@o%ﬁﬁﬁl n% §gpeﬁtrlegiﬁ\.wscosﬂy

consol i date an rnin ack
$horaportiamately retdluuced t'lﬁre rahmédmhs@&ﬁyrealbm fogehcreséed gas flow,

éeeq.ﬁm %F ) he 6 %a%%ggx? %Ha \@g tilesypo \[}'g{}ogr%cess continues until
€ bifeSiiacadn %ﬂ‘ tHE6rRp oﬁé‘rﬂ%ce QEFéé%%Stﬁe 5%9 fdster than the

allow for void levels to b is net
noipesied teowrarsiurgycameaeducay it anjustabefore eifpei r@i:tlbn begins, the

B RSB SRRy T WSS W avtootave
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 composite
component by reducing the mechanical properties of the polymer component
when exposed to elevated temperatures.
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i %@80%69@@88%% Woaemplingrite splkeo theapeohlerscek ¥oidsnintroduces
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anergspade| ¥s | Bat Iihdadihe whéRS OBRACSart S cBlint NSWSt BXceedingly tight
where | ow part count and exceedingly tight . _
nERopERCtWith dolesargesn eee theenoia nbit/)twewao,v\mmeldm@f automotive,

5 AR Kl BMRELRLn R B0 o e by e

peerceivedcthaek forf autosliveaved qasrd PRidefrom i fhifidl lpital costs,
t%e initial capital costs, the autoclave process
r

GuAYRClaxR traeRsh FRaUiey extisordingdlytexpenstyesipotingnsysiems, due to

t : ' ' r I result ..
Ao st ks 40D € LRUTES o Rebe Mo, an
dighb @nargydcests adseatsted) \Aﬁtheh@ﬁihgdgavemt@)&laeé ﬁtﬁéﬁ a\ea}vélll as the part
St : .

G T, 1 BB T3GtPS oheore SapESIrOER Eas s gontrbuies (o the
apBES hadSdatelt \Witﬁ%lﬂ&&l@%@ ETUAAEHT Erhel Afrodich! R9%TYd fo ensure
added to ensure that the conposite remains~in an 1 ner

dhet thercasmpositeordndaing is ahfinéryenvieonmenbsinould itssibigpise In a non-

' . th i gh ital d j costs . ]
SR TorgFER Bk SR Pl SO R agosntet @ o
tth@ugHpet 2 msélub%dmigﬁoﬂﬂh%fdw@ Infodedsl ib MhdrbYaifituf i Lu%gf‘y to the
custoner. A high throug f bl e

) put is not feasible wthin't .
aysteanery A bighefnsonghidne net femsibtes withinstherautetlave cargpenvironment

PBSEASERTR0) ST DGR a8 BT 3418 overt ur

tiovgposite inside a bag into a bath of hot liquidto
effect curing. This technique, .in attenpting to

j.at.e i.th sl ow r.anp-u - ,
%\gféelge?ﬁgtg a@géggﬁwgﬁgﬁgﬁﬁ?%ﬁ@% Skt ' Bl e i1R0Be #hag 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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needed to contain the amount of |iquid needed fo

conpl ete subnersion. Further, heavy equi pnment i s needed
to maintain the conponent imregsed during the cure
cycle Further still, this nethdd is problematic at

C. The addition 30 of boiling
S Epouactiang balinAan 5 arponsive enceeomAanest by smpenant basis. In
t ‘édé@i@Ht é—r%‘e@ oils¥an be'e Bgﬁ@'ﬁ?ﬁrrﬁoéﬁgﬁbﬁqgn@ ?QﬁFes as high as

curing nperatures, oil are use
cdfgu rﬁarwlﬂaoats Okwlsad@,etms oxiwatibe germrating agrrosiver &leghamte that can

one AVENDED SH | PFRAY PCT/ AU2005/ 000829
Rgg& }@%%&Y%W G8=ANd Be QIWRMEENE r om t he bath and
i s expensive on a conponent by conponent basis. In

aEdrlhebsﬂ,rll wbpyld e mdwmdrxagt&rfbrmbaﬂ thee hbathsgp feidewitenter the
ures ,as )}; thoui oxidising, this
%@mbﬁgggﬁ’r@f’ﬂ?lﬂ %a@apﬂgst 9&087%1?@? s that can
darrage bot h the vacuum bag and the equi pnent. 5 Further
sin the, figdd il aivit erginecting, infrgssudiiisr canstaadtiont dved nexdir, e quality
vacuu pot enti al | y damagi

| | h
f#ﬁ”ﬂ%ﬁ%&ﬁ%rﬂm Srwt"ﬁ?ecrwpaw%fﬁﬁwweseﬁge ¥R do fhe'herospace
| RH0SRY." BYIdonBra8OREWEVEE 1HRNsidd & 580&MFes BRE tAY <’i‘rl»a'ctagsrty for on-site

requi rements of polyner conposite structures
siepriraand samiaciere paeeBXCiUMSﬂ"@us@yof cambspmte huwﬁy&romposrte

t e and the necessit

RIS RecBhlY b FE-RLDutRy FhaRPi s buffangs, dams

aaricb dffeaTeconmbic Bndosees icbAstriidtopk| ﬁé\fe HRRHEDhH¥rtaken worldwide.
ni ficant nunbers of repairs to bridges, buildings,

e [aRaitst Rave dosissedeon rihestss of owets tayuet Dbrsechradmrly bonded

S RS AREL I Ut TR RBIRYS SHESHAEAY boncen

fsybteeﬂserpmadruamrmosqualrtwﬁhahbona hstrshgiied drﬁVUﬁrélTable repairs. In

rily bonded 15 systens produce poor qualit
S%ﬁ’glor‘o&hﬁy‘ﬁer @ﬂ@tfﬂ%'eah&uurrg eqn%a%Se gepepeEales. maf@ﬂa?/s with reduced

?ﬁé’béﬁtr@@asttﬁésﬁﬁélﬁeggﬂh olf rHong poxi es generates

materials with re per ies as the structures ;

Th on the infrastructure an
e 1o 4Ba8 B e iines hoc il pogiBBcrIng AREIS 816 fieed to utiise
?ggh g{.rﬁl kr;rg Q{ogy@%r Mﬁg%ﬁésseﬁ th%tr éﬂ&@gl&%& %ﬂdaéf\fesnéaac Cn%\f P&Staken to

site @5 used in Hevtedtdosess areds. aﬁmmmmUw of hatoialesasn ﬂne side of
nab to create

BrORe (nlPBaERe A8 JhcheuRabilf ol FEte alpeSpiacararin such a
bt abTHis tmikeRrP ire \RIMa®ilit) HasUpRaventdd GRe AU idiVhigh 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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pol ymer conposite conponents to create |arge 25

structures due to its inability to access ovens or
aut ocl aves of sufficient size P~ fluid containi ng
tanks of sufficient size. Further, the transport of

| dihge PraGeding discussions pf éhaweaakgheursk tte el invantion cigl intended to

i B o Hafe R RARERT, WS rPBB T B FioukBde vercit shouid be

pabpreckted tieslithe &liddi@siopeis dlot a|n3éc§l®own§5®m@m’tsoﬂlaﬁmismon that any
equl pnent and are not anenable to portabilit There

" of inenaateriab refeserde wasanh 66 thenaorapiasr @@waymowlﬁdge in Australia

CHS POPIGRTRAR Lo ddfibafispyl des, a useru

erna ose y Known in the industry.
ANVENDED SHEET PCT/ AU2005/ 000829 Recei ved 26 Cct ober
2Bigrlosyrerpbthn baemtion di scussion of the background to
the invention is intended to facilitate an

ultleced@aacaowith theepesente MvenfliyBNthers. isHOMRIGd, al inethod for the
shoul d be appreciated that the discussion is not

an
attminNg edgeindhef RRlYRERTeRIPeRIteHh dbe mgthodinalydingde sieg of:
referred to was part of the comon general know edge in

Aust 1 aformingorsurirg theepdlyier bbmlpd@it@lrﬁﬂwet presence of water vapour at
application. Disclosure of the Invention In accordance

with t%owraé%ﬁphemﬁ/emssyre there is provided a nethod
for the formng or curing of polymer conposites, the

n?h@@ﬁhtenoép@ummayft% pteafiderf in tHeoformer ary @t@érmgstéam which does
ol ynmer conposite in the presence of water vapour

1@°ta6‘éndta'”aW?é§'bﬁ6M i sUsRangian mﬁ@haﬁ@@ry),va\@émteﬁﬁy (sieam which
PESHML RS dvAiBr hBRI 'F‘O%]dg]ﬂ%ﬁs'%g Shgamd %%ms%éﬁ%tqﬂg§e mperature of

not contain wate uspension ani ca
stheaboil{rey paimt wmmhcomefmcmdsstowmmeshmed or lsupemwbéd stgam (steam

sat ted steam (sStea t erature qof th
apatedohat e AR o BiGiarp s 05 PellGyRaat, cefiasponding to. ts
ted stean1(stean115 heated to a tenperature
hi gher than the b0|I|ng poi nt correspondlng toits

Brgecg'lse\,@meqﬂpg r|1r§‘v ! 'BQT ﬁ{eoé ggp’i &%@3@ algert@qi Z%fé;'gpagr%%)( after being
rGEENG tb'r@h“lo@e\'l@hﬁfwéfé? a?xHQﬂHG@cé’ng sbgaMm During the

tlrrevVn the conposite Is below 1 C (at atm)spherlc

R T A
E’gfﬂ% L%gH?E%§PnZYH@@th@@it@gn'ip'amﬁge%rgé dieffigs ot endrgy 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.

Further, the use of water vapour negates the need for heavy lifting equipment and
reduces buoyancy problems known in the prior art.
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ranp up tinmes to be achieved. This permts the u

conposite to be exposed to cure tenperatures

i mredi ately wi thout the need fot, sl ow ranp-up rates.

The latent 25 heat of condensati‘on is not avail able
ases, such nitrogen and air. The use of water

y&iﬁ@’ﬁ“‘t‘éﬁ%ﬁé'ﬁﬂ%ﬁ byeHisonat lirie kslieved thainerimethog ekthe present

r ; eit he 0 LOLE LALr '
RSy SkbeEadeiidehoinc ool NighApt Aechll SRUSHLAR on e
Feotripengnt dee s diffefingaiues ratap onrdiffiegat parts bétheeesinponent.

heavy lifting equi pment and 30 reduces buoyancy

LA ARt o i U8 it YRR Ty lidpfs me
béurtheristepd el by theory, it is believed that the nethod
of the present invention decreases the incidence of

t her ma [ . conmponent due to

di fferﬂ%sr{cgﬁ?%q%g?@ﬁgﬂﬁcﬁqﬁégﬁg%ggggrts of the

corrponggt. In one formof the invention, the nmethod of

the prddBathe ghambebwithataeearae 5 further steps of :

pl aci ng the conposite in a chanber; and filling the
cihebeethodt df thet messripiouentiorhenabliebabde aémpkeatprese e chamber to

i pvention enables the tenperature of the chanmber to

be
r ApirAPIgN; IReTeRs8e Or sleciraseddueiniasying g expaRgingrheated vapour from a
e v o fr C r .
rSHRAE hfep o RdEing, (9, fenttd SRR WANTOSGE yltour or air
Thesse mropeﬂiﬁSemayabebenmi@ymyemgm&het ﬁaarr?clla:yelelc:y@d;mres a sharp
requires a sharp, t erature 'spike' to elimnate )
v ?rf@eaﬁaﬁ(ﬁeﬁeeﬁ% ,m"bfi‘t_eav&éﬁﬁe& apgngggg@ L¥Qids, or a rapid
r ReudrbRite réQuctiof td“ai@qmcbﬁ{rbl‘liﬂ% XS The chanber

may be a closed chanber or an open chanber. 15 In an
terpate formof the inyention, the nethod of the
DFAE BBl Btk 12 e EM TSl ne TS
pl acing the conposite in a vapour filled chanber. Were
tInearc aliernate fosmaof thpdnveritiomp éng ntafirod batHeepreskatiinvention includes

e’tﬁdfo@ t{le st.eam to the extent that the surface of
t'He e ﬁ%ro PP s exposed to the steam The 20 chanber
may be provided in the formof a conduit, open at both
ends tplacingftthe composite in a vapour filled chamber.

Where the chamber is an open chamber, the chamber should enclose the steam
to the extent that the surface of the composite is exposed to the steam. The
chamber may be provided in the form of a conduit, open at both ends thereof.

The composite may be placed in the conduit or passed through the conduit.
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.
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The conposite may be placed in the conduit or passed P'CT/AU2005/00082¢
through the conduit. Preferably, the conposite is Received26 October 2005
suspended within the chanber. In one formof the

invention, the step of filling the chanber wi th vapour

includes the step of: 25 punpiHg the vapour into the

chanber. re the vapour _ is punped into the chanber,

tﬂb%ﬁ%‘%ﬁfw ?%r ”brogftE?a' V§ntias), ég@eﬁepiqftﬁﬂhmméh@mwr with vapour
AR tﬁé‘%@p ofFVWAY PCT/ AU2005/ 000825 Received 26

Cct ober 2005 I'n a second formof the invention, the
e chanber with vapour includes the

step of fillin h , 5 L |
. step oF’.‘p@ﬁd%g’f ih? YAPQUR éto 4@ Ghambes durieg yaRewdsation.

during vapourisation. The step of vapourisation may

othestep ofvapdurisatibamzsr ocur withih SRCeHHBESHIA sedond chamber,
Preferably, the nethod of the present invention

e e AT 5 585 PR R o TRl g

of forming or curing the polyner conposite. Preferably,
the meBMBE W at kashere Biytofi el ermpogiaude e mawld,
further steps of: covering the conposite with a

sprirsttarhé atdpyofformingabitcurimgahe Polyiéeédmposiand 10
reduci ng the pressure inside said |ayer of material.

TR TR BT a—

of the conposite and the nmould where it is provided.
The <@ystipgithaicpipaisite wilha subkstantially aitightilayenfymaierial; and
prepared fromplastic, silicone or a fluroelastoneric

miterir@ﬂuciﬁg_@tﬁéff@@és\(lretﬁéﬁjeséﬁlatlés@rio?'nlﬁ‘teﬂé[ tight layer
of material is 15 a plastic bag.” The substantially air

i ial . i.ded, wi th |
Bl e S AR, o ielr 8 et e b o s
tdoefaIeRete ERABHOF @b cbmpbgilté %n@rtﬁéirﬁﬁgldawﬁ@r‘ehlﬁgs bRIvided. The

formng or curin ymer conposites, t

th ) g of " po
Wgﬁ@cﬂ’t'ﬁm Ridiahy laves Ogtf@@ié}ﬂalf mayfleapiapgred froeastastinesilicone or a

| (ofeT ' .ch a0 filling th .
B a0, S0 A Yl
pr @astic bagt 0 Heestibsthetialigranotiglitdayenet maksi= bay Be Hrédded with a

r composjte. The water vapour is

or cyring,the polyne

,}{ﬁlgﬁ%%@ wh i%@%@@%@r ature of at |east 80 C.

Mor e

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

forming or curing of polymer composites, the method including the steps of:
placing at least one ply of polymer composite in a chamber;

filling the chamber with heated water vapour at about atmospheric pressure
to heat the composite; and;

thereby forming or curing the polymer composite.

The water vapour is preferably provided at a temperature of at least 80 °C. More
preferably, the water vapour is provided at a temperature of at least 100 °C.

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:
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preferably,  the water vapour is provided at a »?CT/AUZOOS/OOOSZS
tenperature of at least 100 C. 25 In accordance wilaseiyed 26 October 200%
second aspect of the present invention, there is
provided a nethod for the repa'Pr of a conponent having
a damaged portion, the method ~“Frcl uding the steps of:
AVENDED SHEET | pf f KAU, PCT/ AU2005/ 000825 Received 26
Oct obePPRYIY  unrCurgdpicopmpgsiiaicth eat Jeagiodhee damagied part of the
| east t.hg, gﬁgﬁ?ed part of the conponent; applying
wat er vapgur at about at nospheric pressure to the
uncured conposite; and 5 thereby formng or curing the
pol yneRPBYHsodvater vepeantaigabed pimesehen moessfret ige the uncured
pr tion does not require the use of rigid
sggﬁ@%%%’u he uncured conposition to maintain high
pressure during the curing cycle. In one formof the

5 i nvent theweby FRemirgrps aEmRg the pRlYYrEEamMPestiee form of a
pol ymer 10 conposite. The nethod may be used to repair
aAdeamiggdopsly thenmethadl pf tieepresbnitinveftio®HBEE not require the use of
conponents conpri sing a polyner conposite, by |aying i
uAeGr tRpls Ehepbdne dinsiegd caripaaiiande maldaianioparessige during the
S the conposite. In an alternate formof the
.%@@?ﬂ%ﬁé t he component is provided in the formof a
\?\)Z'itldi g, structure, vessel, vehicle, aircraft or

@& form obiheiveption, e carepeiant ia providedidn e Frmigka polymer

b 1 aRe b ' it + M T

10 PESBos AR E DA I IR, o BnEQI OBR0ln of o plane
bboats ar athet eompbaestsochriptising a pbiynadi tomposite,bisy laying uncured
bonded . th% copposite materjals . and maintain their |
i?ﬂ@@??'{%o‘éﬁr he fEMAecResaNddass g stealt everdhp soginpsie.
during the cure cycle. Preferably, the nethod includes
t Ineari altemarte $orep obfthe 2ventivey thegcdrhporentpie nrrovidetitih the form of a
suhstanti.al Ly air tight er. of material; an

| . d _
it ey aiespk VeiRiealkarpll PiaaSTstahal canyaportion thereof
15 ggleﬁd%elf)ﬁ’dg"é’!b)éan{@%rﬂﬁé Pﬁ%nﬁf‘%ﬁ%%&r&ﬁ%ﬁ%{t me 2bfBonent may

. cofnstructing an insulate er arou
Leopras maksrals otherithan potymircompaditestthud spickswterials should have
or the.re,

E R T Ly RE LT
1 the lprskdretifgtevdte@Tudé temperature during the cure cycle.
Preferably, the method includes the further step of:
20 covering the component with a substantially air tight layer of material; and
reducing the pressure inside said layer of material.
More preferably, the method includes the further step of:

constructing an insulated chamber around the uncured composite.

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

25 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;

covering the composite with a substantially air tight layer of material;
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appl yi ng uncured conposite to at |east the damaged pdi¢I/AU2005/000829
of the conponent; covering the conposite with a Received 26 October 2005
substantially air tight layer of material; AVENDED

SHEET WA PCT/ AU2005/ 000829 Re1cei ved 26 Cctober 2005

--10 constructing an insul at €d Ghanber around the

uncured conposite and the substantially air tight

| ayer 6PNSRYEINDaAN insedrted hamberareurd itke Unsuths| eangosite and the

| ayer WAL 4 ' .vapour at about

at msp%@?%“%@'@'m@ﬂ@%ﬂ%'ﬁ%ﬁ%’s. te; 5 and thereby
form ng or curing the polyner conposite. Preferably,
t he nefedisinghtheuressuiednsidetasit layeepfl BRterigdchani cal Iy
renoving | oose material fromthe surface of the

Conpon@pplixinngt@r adour aheabost BefodpHariedeeskhife fidllthd Yomposite;
step of: 10 applying a gap filling conpound to any

apBftures in the conponent to reduce the likelihood of

air ingress. Preferably, the nmethod includes the

f ur t hetheséiBpfdmin@BPEYiIMPtHRpARNEs ty@pbkitéen t o the
conponent to increase bonding between the conponent

BTt B iRy ARG ER YR oFor m of “an cpoxy

adhesive. Preferably, the nethod includes the further
st ep omechapigaly myneving ieass wktearial Fragethei surfase afftbe component.
conposite. Preferably, the nmethod includes the further

SPRiTeribly, 28 ARPhYA Hilwdy patilehel a¥pofraround the
conposite to provide a path for air ‘evacuation. In

e AR TP ol BB ek Pspmgonent o

a danegedcetd jikslihobiofamtingssncl udi ng the steps of:
appl yi ng an adhesive filmto the conponent to increase

2‘?}%\%"%%}) g’%%%gds incll RS IRBRNGGr é‘g ohhe conposite;

applying an adhesive film to the component to increase bonding between
the component and the composite.

In one form of the invention, the adhesive material is provided in the form of an

epoxy adhesive.

Preferably, the method includés the further step of:
applying a non-stick release film on the composite.

Preferably, the method includes the further step of:

applying a breather layer 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;
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appl yi ng uncured conposite to at |east the darmged{eﬁﬁ?’?d%()"mberzoos
of the conponent; applying a non-stick release filmon

the conposite; applying a breat,Per | ayer around the

conposite to provide a path for'air 5 evacuation;

covering the conposite with a substantially air tight

| ayer 8PPMIRGryngured c6pdPPSER | iy an leattuIthe eaam@ﬁﬁgemart of the
aroundcgn\%o%ﬁpe of uncured conposite; reducing the

pressure Insidé said |ayer of material; and applying

wat er vaBour at about atnospheric pressure to the

uncur eBPPYNG:dREBSICK releage &l ondhaicAgrsiteur i ng t he

conposite. In accordance with a third aspect of the

pr esentpplyirgnti reatehdager arophdviheegoraposited i padwide fappath for air
performng a nethod according to the first or second

aspect SV3#uatieB; invention. Brief Description of the

Drawi ngs 15 The present invention will now be

descr i bevkringytheaynifosteanith & sabbtantinily ir tigaf eyenstmiaterial;

t hree enbodi nents thereof, and the acconpanying -

drawi n LD A El '

ver susoansihbint rfiRgu Bt bfarid 2auR the Bleck SIEICH el Sqmposit;

first enpodi nent of the present invention;, 20 Figure 2

is a plesicEid thempessiradrside saiddayengf materigbtand he

conmponent and the incom ng steamfor a conposite cured

i n accapsigingewatdr vapdinr sit ssRdaiReEphedic bRSsBFEIBNthe uncured
invention; Figure 3 1s a conparative plot of |oad vs
dféqmeefélt%ﬁhw&gyéom@gg O CHERA MR COMPOGRR.ch a conposite

cured in accordance with a first enbodi nent of the
pineseutrdadée withea tthiad agpdcidestid prBent amBbe, ther@né provided an
Figure 4 is a schematic of the [ayout of various pieces
APRarats for pedornng amathedaacordinkienthedirat onsgaamemspects of the
ShE& oAU PCT/ AU2005/ 000829

Brief Description of the Drawings

The present invention will now be described, by way of example only, with
reference to three embodiments thereof, and the accompanying drawings, in
which:-

Figure 1 is a plot of temperature versus time for a qomposite cured in

accordance with a first embodiment of the present invention;

Figure 2 is a plot of temperature versus time for both the component and the
incoming steam for a composite cured in accordance with a first embodiment

of the present invention;

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.
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Recei ved 26 Cctoeber 2005 12 Best Mdde(s) for Carr r&CT/A[IZOOS/OOOSZQ
Qut the Invention Those skilled in the art will eceived 26 October 2005

appreciate that the invention described herein is
amenabl e to vari ati ons and nDdl f| cations other than

t hose specifically described. -is to be understood
that the i nvention includes all such variations and 5

nmb@st Maede(shor GCagying Outithe Inventiomcl udes all of the

steps, features, conpositions . and conpounds referred

t These | glicerirp dhé Nart heill SRRFLERRA AN MeientiBHalsEPEd herein is
collectively and any and all conbi nations or any two or

nemenable teevatafiansoand magtificedions Bihaipast thesespeeificalhedescribed.

chnfone b PREBEEAN bl (B8, pSEnkd FRERE "R SuilFagplons and

WaicRlificaBiBAs! ;Tha! ihbestih alst Gficiades bl ontHe @@p%emt@‘es composmons
limting the generality of the foregoing descripti

TRRd nedmpauRds treéermre dener iipdisatadoi | theospesifieaion, mdlwdually or

VEAeAe ol B, BRI PoftRrteRe ot p iy AR HE Wigp, o ine steps or

bfegityresl s the uncured conposite pre-preg onto the
noul d surface whilst preventing the 15 steamfrom

bé&%a?tb?oéQﬁﬂB%‘/ thBEmRk omo?gth%l—ﬂ'gggﬁf{‘ \Arg/eeﬁ‘ﬁ?‘ﬁl gt 8escribed in the

her dco es nay
peEgexl oe$he @uﬂngldfocombesxtwr int e presenee @fOWBtB‘I Wa‘:pdw,salthough
been ex Lo cure eratures for th

Hiad tbReenesyholha i oaseiioof he (eisRiinadseription.

for appl | catl ons where the devel opnent of d ass

t Tl sdthodh of érppreaient Bveatien Mybv28 the plargheg béatpre-preg on a mould
t her cou e data nar"x be useg tg icrdi_ ﬁat.e vvheﬁ
e'i?oft‘ é erp@gbtM Ated ebapPet dlled winsiermy Ehenypevymybag pulls

hepahoiires SorBasa Yolifes b A, meAPRaASs Wihilst preventing the

|$teemﬁmm bding gbsaheddneihepretprbogas vehi cl es,
aircraft, watercraft and structural conponents may be

p’L@%uké‘%rﬁﬂl@te@@@%em&gu& A Cu(r@renrgblﬁc?ffb b@ﬂ/@een the pre-

e steam i nj ected or ex
brrepsplieshie mnﬁonwmethmrsihehmcplrectedmmsttamasabeewmxposed to cure

Bt For B e Sristiec 5, e BRE-Blld, FRHEES PGS Aternatively,
tige abb%’éil&insc\m’f@@ﬂfé de\%lbmeﬁu bE Gl&sY trhAsigen né@@@@éw@s are not
itenms such as bridge and buil ding beans, aircraf

vashgmportaot, athehinpeeupipatiatee may de asgd cthmdl@ai@wwhea exothermic

iRRktd et D FRnd s YREH G or Befrit Hbe JffR Feacted and

heinhpaxite iQVENRREMSHEEd.

Using the method of the present invention, large components such as vehicles,
aircraft, watercraft and structural components may be placed into the chamber,
the chamber closed, and the steam injected or expanded. For curing in liquid
baths, the component must be placed in the bath with the liquid already in the
bath, which requires heavy lifting equipment for both placement and holding down
the buoyant component during cure.

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
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| PWAU PCT/ AU2005/ 000821 Recei ved 26 Cctober 200
aut ocl ave, which can allow for nore rapid part
production than with liquid bath curing, where the
part is lowered into the liquid,wth hydraulic
equipnent Wth liquid bath cur] g, the conponent nay
ble t Be | a ed n the chanber and then the hot
‘i’ aY%tW@'& agewi ﬁé MefReiAPib PeroprodsEtiondhams with liquid bath

CQﬁﬁﬁQ ehe MO Obéw lfgﬂg%‘ef'é)t mtd:ﬁ‘x‘ésﬁdl% mﬁrrg}?i'ra I gqc'\ﬁ&%ehp

the part to devel o urin ave' of
cannot be applie

I(W@"q g)agurl n the seal ed vessel

oK C{g B RSk etheu EPMARENEN, M3 ydibeg UpAbler {eidke lPéﬁCGd in the

pr; h [ u | e c

bgﬁgm{aﬁ %ggc?r?%:al y %Iﬁ @@ﬁgrsnggalq% %%UI?)WﬁgrB&'ons of the

céompenent woldheirel first, sgusihg thzerhat Is&'ees@s inbthiepdrbtosdévelop during

w%g d be prohibitive. Were the conponent is placed in
S%hanber at roomtenperature and atnospheric

pressure and steamis injected into the chanber, there

with Eetcmlawmor diquicf bathneurrg, vihecdedlbe vessel bamhxﬁl lpavapplied to a
bet ween t he

%(11[% {eutengﬁratui) @Iffereg
%FfHHP alih HidIRgoR pridpe dmprpYife hgd forsarimags sufficient
t Bgals¢RAMN N B g‘é@l@%@éeprﬁ&:dﬁg r&%”@&ﬂﬁﬂﬁlcaﬁ? I‘—‘Jf‘r‘?her ihe costs for

conrponent t enperat ure passes nol'sture
t R d'@W@oﬁh@rﬁU’lwlave@abaﬂTiOsﬁtet\MoulddxﬂmroWhmmt bei ng
limted by theory, it is believed that two processes

aVVheP§ Citner 'cﬁmdpcﬁiéhl Ng pRBed Al &< Wianm&! %t I%Bﬁw ftbfiderature and

bei ng t he condensati on of water vapour ont
caimRsRestic\wessure ﬁédcﬁﬁ@mnlsnmjetﬁedtmioeﬁsa t:hambb@Otl'(ére will be a

1 Berche of e G AR R bRiek 3By < tebRSmiurggiference

abetavelen the chmrmhériﬁanGQﬁ?@%[]ﬁBhnGIﬂgts?é@ﬂr\ﬁmld:raﬁsé@soﬁ%e of the steam
r api d a time as possible. The condensed water,

si9erandepsa 4y they cqmmgnmt/ kK the eamipesent meenamge passes 100 °C,

kgK and
8 S Bt W B ek B Ay excess hea
ted through the resins exothermic 25 reaction is
C\é{ﬁ fiyyb %Jﬁgdm%%ﬂ &t thepry, Hie isc bediysic: thap dwo. prasesses are occurring

%Qﬁﬁ%ﬁcﬁ%@?@kyélﬁe i gtﬁ]rgte t%%gg (t:hn% fc@ﬁdggg%ﬁ) \ﬁat%? V3Bour onto

eatin

dbermmnmnerﬁ wlaWsipﬂne“ comphohgni i aitrilags tﬁalrperdmat:ed As the steam
am Thi s gcond heati ng, step i.s caused by the heat
tCPQ EPSRS opinyfhe aomor@mtstf@aﬁte@ohwp@mrgwad@re%ﬂre&h@ steam is

E?}t%raged‘ 'a%eéldé I¥? bARGiIngRRE Wohipanht 1 BnALIat@8%n as rapid a time as
possible. The condensed water, with a specific heat of 4.19 kJ/kgK, combined
with the surrounding steam (approximately 1.93 kJ/kgK and dependant on quality
of steam) ensures any excess heat created through the resins exothermic

reaction is rapidly absorbed out of the composite part.

‘As the component temperature nears 100 °C, there may be a pause in the heating
as the condensed moisture on the component is revapourised by incoming
superheated steam. This second heating step is caused by the heat transfer
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

AMENDED SHEET
IPEAAL

_ 1BCT/AU2005/00082¢
Recetved 26 October 200!



10

15

20

25

30

such, thermal gradients are | ess of an issue than w t8T/AU2005/000829
aut ocl ave curing. This AME UED GHEE' PAW Received 26 October 2005

PCT/ AU200S/ 000829 Recei ved 26 October 2005 -14
ability to bring the conponent1 apidly to tenperature
and regulate is believed to Iﬂy an inportant role in

the elimnation of voids. Misture absorption on
udlilityele kringdre cemposent ragidy te deswenttuveiandf regrigte éh believed to

RN R R N BRI B BB, e o <ritt

contact the conponent through small holes in the bag
eMeistare abgorptionran uﬂcwrédmmmthn@ @ trgajor causetds \smﬁk’ormatlon

ﬁ%ﬁq §85ﬁ?@?4® g?@@gh %%Qﬁ aaint ISS Ihttﬁ% ng\gg%%tgqpmf qb:e§ of the prior

| &1, Soft@et can Biill s;matdct mcempbatehpnﬁo@@h rsmaﬂlt husles fm)lthe bag etc,
theperlodlnv\/n |sbelow 100

ch
ofs {heanaisiie of Nap@é.m bagaingiselt 549 spek §M¢Mfanaﬁhrqwghéhe vacuum
F fHind 0 %Q@G{q%gﬂ%hgﬁ fsf[ee gﬁn&e‘?ﬁqﬁv%rﬁ ﬂ% (‘f&ﬁHHﬁérﬁa% only in

| ayer.. 'S no coh ensi'ng

cmmaa:tamih Shinedl f:ohd:mWa’mgnExﬁrrpblsmree‘bvehé q»emodenfwh:bly lt is below
scribe the manner

o1 BTG 0RY @ JSudinugesh TPIRBHEL HbRsSUfTcient time for
ﬁlﬁ%’ﬁt‘%@%tur{e% gt g%%]cuw Eggﬁay?e?p%oi/eof 06 BE€, the steam

entl on nderst 00 at t e 15 Exanples in
ne nodgosdenang onltheicompoaent.ue scope of this invention,
but rather are presented for illustrative purposes.

IR_wing\ éibﬁhbl%‘é’ £90b 18f maRd %I Begcritt) tljve?]trﬁﬁlkner of using the

cont al n| ng- t wo kW heating ele nts eat ed
tdtmvpede&cnbfedwapmtlcs‘atasowell @sripozsttforthetbe ppstapsdes contemplated

| 3c. pl ai. bon f
TPEaraRo Bt vREals: S3Peis o EnSiPSIRH e iR Ehpislhdhdnat these
'”Eia\’fﬁﬁé@ ifNHS Wa§aches fd’hl%ﬁdtﬁé tAld scsp 8f 1Ml iv@ndion, but rather are

ghton 6400 °~vacuum bag at 5kPa absol ute pressure
vm‘eeentﬁﬁéWslédSﬁr&iil\temeéﬁ@@%sed chanber of steam and
left to cure for the required period as stated by the

mw@q manuf act urer. Thernocoupl es were inserted
between the plies at each end of the 25 test piece

o sl BoobBe W inCa OB tariadtiallfy hs WY Efgring gloments

tWdEe heate®N td eRE pdint 6f nga@bhr eCdﬂ\%@sméﬂﬁest rpﬁ@@ésﬁ e8mprised of
%y hand and the results are illustrated in Figure 1
AT

Ay tG8seRiaiipeave neatkan \ilirg Bienplegs Gavered svith Wrightion 5200
rQI% ggtfflrﬂgan% ﬂf?\?/ga{/g KPR BYediter/bleeder all contained in a Wrightlon 6400

vacuum bag at 5kPa absolute pressure were immersed in the enclosed chamber
of steam and left to cure for the required period as stated by the pre-preg
manufacturer. Thermocouples were inserted between the plies at each end of the
test piece during lay-up to give a reading of the temperature profile across the
composite part during cure, and the time taken reach cure temperature, data was

recorded by hand and the results are illustrated in Figure 1.

Both thermocouples showed very similar 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
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profile across the enclosed chamber. The conposite pdGT/AU2005/000829
reached cure 30 tenperature approxi mately 160 sediaeiged 26 October 2005

after vapour inmersion, indicating the ability of the

steamto rapidly bring the conqgnent to cure
tenperature. The ENDED SHr; ET PCT/ AU2005/ 000829

Recei ved 26 Cctober 2005 -15 constant tenﬁerat__ure
pe@istant temparatune profie iafiar ihis peded indiertedihe iabjlity pf theeprocess to

IR ADR BRI of I EAPERR b8 s Tad GERE Phadloed as the

BeaiméotReméd shal | ow pool of water in a 2700 L chanber
(insul ated tank of dinmensions 2.4 m long.by 1.2 mw de

a r%\ ?e deep) containing six 2.5 kWheating el enents
e'eg%'l—?—dzstri buted around the base of the tank was
heated to the point of vaporisation. A full conposite

cArsheflawsiaol @ém’ceg@oa 870y @yarab@rnﬁ!mﬁtdaﬁedﬁamﬁ gifgensions 2.4 m

BV el ‘?b’%pgggoi 2 Lo R gﬁd KIPELAY elements

r §beting ediétribiitetn Giréumaveiag eb ) ofbirratidri Mrhedweitediltb the point of
contained in a Wightlon 6400 vacuum bag at 5kPa

arpsIrigation.pr A siwle CAEPOSIR peaid 682618 hPW“PHée@ h@frrélé'fe%yalumlmum
f

AR cBln e el a0y Bk hiaf s it i garvon ore

Tive-meyi ngovered switte eBafghtloand20be releasei Silmasands edirasave N10

ke @%%@%&Mﬁ@%@ﬁgg B samiim baogh pa absolute
§§J|\%3\7v§$ su%b@ﬁgéd‘@\ﬁthimﬂ%c&ﬁ%ng%r Bgrméaﬁ%v% iffing Jig and left to

pressure est’ pleces conprise Toray 2510 pla
vmaeefocﬁ'rdaqutf ietlr pemndsasrs@;ed dyyviecprenpriely Mangfactwar. The curing

5200 rel Al her | bl :
7 slFRR 0T HArTR M R0 F ALt IS5 ok Car

absol ute pressure were placed in the chanber and
dtkgreplieed] to  superheated steamat 180 C. The test
pi ece underwent exotherm c reaction as it cured but

e 596 é.ot‘éﬁﬂ' ReaSheammneor Rad UsBe ¢& %ﬁénﬂ)%@tm which superheated

produce achieving gelation wwthin 90 s and
aﬁeamswaalxhpcwd iah gatmbephenitp pesasere.n Testapieeds womprised of Toray

4k S B M 3 e A 086 brcaso i
BfRIRinge4ve N10 breather/bleeder all contained in a Wrightlon 6400 vacuum bag
at 2kPa absolute pressure were placed in the chamber and subjected to
superheated steam at 180 °C. The test piece underwent exothermic reaction as it
cured but the surrounding steam absorbed the excess heat produced, achieving
gelation within 90 s and successfully curing the composite in under 20 min. The
plot of temperature versus time for both the component and the incoming steam

are shown in Figure 2.

Example 4

A piece of cut timber representative of a wooden 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
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A piece of .cut tinber representative of a wooden bri d§&/AU2005/000829
beam pylon or structural nenber featuring weat h&epgiged 26 October 2005

and rot damage was treated to renove | oose nateri al
fromthe surface. To ensure good bondi ng between the
ti mber beam and 30 the con‘posi't1§' the tinber may be
consecutively air blasted and sanded to generate a
kemﬁnbchimr Carestruch \ricghimt dingsd reaounak fwé pettiang ofidpeHiiolgr. The paste

ND f 3 ,SHEET .f| ~r A&~ PCT/ AU2005/ 0Q0
Rie: mibesed CDLB808 MORCloBRTPBC S7Gander ol portions of
E@%&HH’ Slll%gsancﬁ@é@ﬂnﬁé‘i@sﬂ@érbb%f%@é atﬂﬁﬁtlé pasterthaiMi@s sandable

paste was prepared from m xi n%D erat ure

epang setesThewachuporingowerafeft Torus; @mm&ht.b@éorsriwhﬂy sanding to
el |, mcrospheres to give a thick paste that was

%r %%SWQE@SEB‘?CGTM vacuumrings were left to cure

overni ght before lightly sanding to 5 provide a snooth

shirftexitde, fast loaxing) gap ffllis, compegindgaas fapplied gyvithc angsilidag gun to

{5 2P et e D $PobBaed ¥y R, e Bk during

Hduign cuasHlidativonnSEadudiad consolidadonie aarsporidat B’@p ingthe process
an inportant step in the process during cure as

ehFink SUEe @S0l BRBIHES & g@@ﬁdaﬁléemrbqn%bﬁbr&ﬁrh#ae tVYRé)d and the
;[?regfe%r F%ir %aﬂé\fveél ?ca@lei %@Rﬁeér?tl’%eg)ﬁégﬁg il ve ood during cure,

€ wood rrng cure ond
Nig dmecsmmbm aeqy. beACdm’lgl‘DmlBHﬁEA&tlgh terapeoaj/uraobmmy\mjheswe film

fllm FMZ3M OST) was wrapped around. the ti
%%33@ -Q% [hyas heRed f%‘%ﬁ‘@éﬁ%‘?r Qﬁo%ﬂheseﬁe i provided
X S I
bet@mé%%%ﬁﬁ fodehf 8Pty 10 SA0S .‘*Z"’O%Tﬁ%@@“"%d. Jurable bond
fstwekat the timbenaod prepre mdteriatal The diler tsi fsmofatethdo match the
a the chojce o

p&pﬁgﬂg@@eﬁqugﬂgﬁea@p@g epis)po(%hqq1 Csrgo{rteed%qlce %% adhesive film

PERRY - delapdl b Fgsy M@%e&ﬁae@%ﬁ tdprégcur ed conposite
conpr i sede-%?l Toray %830 pl ain \R/ee;\b\;egcar bon fibre

Ito'hﬂee ?ggt%m&/%f W{gggé‘@ liﬁ@{;ﬁﬂ%ﬂ gﬁﬁ\gowﬁgz apRL! e% %1{ ?&Eag/nGBSC plain
tEa R e SBNPASFeYd-3reg. tWakRRIm bal s'@éﬁfarﬁtfté BIegs Agéhed around the

covered i n non- stlck releasefllm Wi on 520
relceaserings iy pravide: agw@ghh@ealé:ﬁtweand wacwmcb@g and fee timber.

PhEDREPrdd B, S SuaPTEBBRE P (M AAHRN 528 ease fim)

b oyngifeatheppddin fdid ridh estiek rtot thebbrezitiaeiu fdbeid dun’rhglg:ure Breather
vacuum consol i dation. The tinber and the conposit

JAéwesive 1@ bipathprblepderivag wiarped arasndihe &@mn@@lfﬁ itp provide a
(DAth @ ¢h@%ir to be evacuated during vacuum consolidation. The timber and the

composite section were wrapped in an airtight vacuum bagging film (Wrightlon
6400 vacuum bagging film) and an evacuation port was attached and a vacuum

(5kPa absolute pressure) applied to the bag.

A flat piece of insulated fabric in the form of a thick woven fire proof polyester
referred to as the ‘steam bag’ was loosely wrapped over the timber such that the
ends of the timber protruded past the ends of the bag. Where the fabric was
wrapped over the timber it was joined to itself using a hook and loop 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
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25 6400 vacuum bagging filnm and an evacuation port VR{sI/AU2005/000829
attached and a vacuum (SkPa absol ute pressure) apgsee@ed 26 October 2005

to the bag. A flat piece of insulated fabric in the

formof a thick woven fire proq&”pol yester referred to

as the 'steam bag' was | oosel y 'wapped over the tinber

such that the ends of the tinber protruded past the

ewds doawn Highbagpunahibedinber ysing sewiwds cihesdpjedm @/lepsely sealed

the tinoper, it was jouned tqQ jiself LN na. -
|88 < BBehnd oS ABUVE, Ssbbt Toro ARSI BE 2L RS to cure the
C¥brnpesite 8AE & bOAd ithe tisotimdert e wapped tinber. At the

ends of the flexible cylinder where the tinber exited

e YA SR 2w at Mo E¥teq o BER GHRDAPT 20RPaSng anInstron 8501

tWiht & MpgokNISloBe B&Warid feumt tes have fivice ahkostsehgth of a similar
sealed bag. Th was filled with steamfor

b
zwmmam @ﬁ%ﬂezgﬁqtij'gggr. t & camrarative piidend &s Seflection for the test
t@@@g@kﬁ"g{fgﬁaﬁeggyﬁj@p ip ?@Hgﬁﬁghﬁéltﬁgf%ﬁf ggggﬁin 5refers to an

V\dmdlarﬁa%@cﬂ)]ltphédeo@’dﬁl?béﬂ, tha dpfibsextionorefieredot avpizeet dftimber that was
strength of a simlar undamaged, pi ece of tinber. A
cotdangitydiealiy tor produse Herepse Sized, iRoPB AN ETbaR fopalr refers to
1 0 f i Fi o » olai " )
DHEATSEA0 g e 35T e RS BEON dhpomatc o
sgfithe 3sietewof fimber san besephdr Eigifretd. nber that was cut
longitudinally to produce three equal sized pieces and

C pair refers to 10 the split section being
ré&éiﬂplef g

as described in the exanple. A schematic
| ayout f the 3 pieces of tinber ca seen in Figyre
R BeipPecls rasibh can SbREHS  GRITHF P dnies At fidheycomb
Mhaff MEstaglc8B A COR® urfi® dBbEh IS pre-
S%eraglaggﬁupﬁfg G\/\%%(?/ wz?r‘} uni a§i aIu carlbodr?fi br er Pre-preg,
pvas raenaged Snvers ateadgsidei theapngineabapsi dbet demaggi resiuired the

AR SSRGS S b a SRfRhs G BIBAE e Potawing the
remal offhé %n@@gﬁ&ti@ﬁ! tHe0Bred Wasat@anBENne | s efcured Toray
and new uncured Toray G83c plain weave and uni axi al

GBdorplainomegyee apdegniaxial ptasben Wurer prereregianasyadaced over the
area, The ea S V. ] . QN 52 .
Ao s THR B8 b Skt WP ot §900 58288 rim and
| AindedWd BIND! reafiidblesiiey widtertieded fkdaV ddtetiinue400 vacuum bag at
pressure. This area was then covered using a sectign of )
rhkdla absolute pressure. This area was then covered Using a section of medium
density polyurethane foam in which a hollow space had been formed by carving to
provide a large air filled void between the foam and the bag. On the opposite
surface to the area under repair, a fan was positioned to maintain a constant
cooling air flow over the undamaged sections of chassis. The void within the
foam was filled with steam for a period of approximately 4 hours causing curing of
the composite. The effect of the curing was such that the chassis was repaired to

a strength sufficient for its intended design loads.

Example 6

Six pieces of concrete measuring 150 x 1560 x 30 mm were covered with an
uncured composite material comprised of SP Systems SE84LV plain weave
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density polyurethane foamin which a holl ow space hadPCI/AU2005/00082¢
been formed by carving to provide a large air fillReagived 26 October 200!

voi d between the foam and the bag. On the opposite

surface to the area under repai a fan was positioned

to maintain a constant 25 cool"i{‘ﬁg‘ air flow over the

undamaged sections of chassis. The void within the

f GarRaRaidoreiRreged Gayesed Wih V¥ rightignep2eRi release film and Airweave N10
a | : C

ThE A pBEeLYr dnd eiBecd it WHGHIT BP0 vRbUimTREP &€ gka absolute
r epzasuesl tThe bagt wasgildceslifrf iacclearhbépto ivitich Rtesrdesas introduced.

desi gn | oads. | e 30 Six pieces of concrete ‘
TBeE PGS DOBTS, 56 GRRMNIE BeserEadvath i concrets samples

u ‘ | r4, @l 1,56 Va

SEH $PofERTRS Bare BT fol? R W it sy o2 b, ond between
Réweicospadiic Candlibe @b@rete- Wés cgrebter fhapr theptengleegtrength of the
covered with Wightlon 5200 rel ease filmand Airweave
NE®C6l%at her / bl eeder and encased in a Wi ghtlon 6400

vacuum bag at 2kPa absolute pressure. The bag was

pExamlé i a chanber to which steam was i ntroduced.

After a period of 2 hours, the conposite was cured and

¢ . ) .

o 1P EftnRATHoaM 8 W8 irRlsidrR S B3 1 Bo LY 50 mm wes
t tavereposd sideandth irecured coetpesite sogpeakedroftTloaay G88c plain weave

SRR i pEHTe ShusreRay TN LBa ) TiastdtmAnd Afyeave N10
NBRedBfer/bléeddtY eTRE UABURISESIAPoYd IadnEht, @dqfﬁ{%?ébtrﬁ’epared from

conprised of Toray G83c plain weave carbon
pYveightleg 6408wacadnbagging ifilihtwhich 5et0sealpd and $ubjectaddo vacuum

j.r 4 er/ bl eeder., The uncured c osite ‘
o IR G RPo B s Ste gl TilfdlsRdaRoge centre of the
MasliowaRaggiung bbb hmand ted almsinRea bedrBAd TokiREitedvér@ heated by
vacuum tqo generate 5kPa absol ute pressure. Steam was

ither fgaardont 8 perot &htd hogrs sheh 1thahdhe ssorapasiienivasm cured. The

AT, PRSIV HE AR O B PRSIl B REa i R Fotm a cured
comsiteechsmmietur ed. The conposite was renmoved from
outside of the alum niumbeamto forma cured

SHTPREL DBt S B S S ar

tdeebeedia e withirethecepeeaff thd prazeas gventionent i on.
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AVENDED al i EE? | PANAU -19- Cains 1 A nethod of

formng or curing a polyner conposite conprising:

heati ng an uncured pol ymer conposite with water vapour

at about atnospheric pressure 2. The net hod according

to claim1 wherein the water-t¢gapour is provided as one

of the group conprising dry steam wet steam

Claamsir at ed st eam and super heated steam 3. The nethod

of according to claiml or 2 wherein the water vapour

|s prOV|de a erature of at |east 80C 4. The

ot hOMSIEESH (TGS PSRy BHEMGORPSRESTIHE93 1 ur t her
conpheadingggn pnéwed tpolytnbe chrepdsitergyith veteni vagousnataatwaut gitrhospheric
bar r ek pbout the uncured pol ymer conposite, wherein

the polyner conposite is heated through the barrier by

the water vapour. 5. The nethod according to claim4
2COoNPhé mathoe \vacudig fgcldmreghaeén et wetenvdpber iaiprdvidglitas one of the
barri& péﬂﬂ:% ? uncur ed pol ynmer conposite. 6 The nethod
accoP I'ng {9 CPaim4 or 5 wherein form ng the barrier
conpfiystesm; welitesn. s#ierated glepnand pyrentieatdd wsanbl e

material,. 7. The nethod according to claim5 or 6

wher i n t on, bet he airti rrier

Sthe UclP 8"6 %‘Pé‘i‘“gc%;\@ad”s’u & ¢ g 5‘9 EStVé "t'GPPHe 3¢ Sroviced at a
ext eletperature oflabledsiBPiCer confornms to a shape of the

uncur ed pol ymer conposite and any substrate or nould on

or in which the uncured o mer conmposite is disposed. .
48 TR A th 1y o DA b of FUBRS cHEpring: ok the heating,
conpiormsingign pirtipwht darrier ahoulo!permnmeoapolyrhelmmpcsmanmmrerabhmpolymer

t he Hﬂﬁﬁéﬁgsﬁ &ﬂﬁwuﬁﬁm?ﬁék%ﬁZﬁgggﬂﬁngﬁ &N the water

vapour I ne o surround the
uncured pol ynmer when the water vapour is in or passing
5t hr oTghméthed edvaritgrto cim Bhednipaéiig Bvarc4ting Gi lagiol BetfdY¥n GREairtight

of ¢ 0 sing. placing the uncured
pol y l%ér'qu%éltheuz?urégvﬁowﬁ{ 80 og'lpt)een ended or cl osed

chanber and either (a) evaporatlng water within the

6C hanﬂ@mét@o@é’c@%iﬁ@ td ARSI & whERRROIIMIAG theDhrricPYARIES fofting the
water o chanber to produce the water

vapottﬁ"'eéham[?j'%'g"ﬁQ"afeﬁ' wat er vapour into the chanber.
-20- 10 The nethod according to claim8 or 9 conprising

7‘C°nsfrre%étiildagac“}9in§mr5 ol?g V\)%t%mh@gegion between the airtight barrier and
the uncured polymer composite is evacuated to the extent that the barrier conforms to a
shape of the uncured polymer composite and any substrate or mould on or in which the

uncured polymer composite is disposed.

8. The method according to anyone of claims 1 — 7 comprising providing an open or a
closed chamber about the uncured polymer composite, and wherein the water vapour is
confined by the chamber to surround the uncured polymer when the water vapour is in or

passing through the chamber.

9. The method according to any one of claims 1 — 7 further comprising:
placing the uncured polymer composite within an open ended or closed chamber and
either (a) evaporating water within the chamber to produce the water vapour or (b)
evaporating water outside of the chamber to produce the water vapour and passing the

water vapour into the chamber.



a flexible material about the uncured pol yner
conposite. 11. The nethod according to any one of
claims 1 - 9 further conprising constructing an

i nsul at ed chanber around the uncured pol ymer conposite
and passing the water vapour-20i nto the insul ated
chanber. 12. The nethod according to any one of clains
8 - 11 further conprising expanding the water vapour

1WenTF€el‘n@6Ho@§¢§>§P€%g' t@t::@nﬁ §'€r & B&ﬁ'ﬂ?@fng %&str&ﬂiﬁ% Rt dA@fber by wrapping
accor a%to any furt

comﬁl mﬁﬂ@@”%%%%@mﬁgﬁ%%&mﬁﬁﬁlmr@ a

substrate or a mould and laying up at |east one ply of

12?6 ﬁ"ﬁ‘lﬁfg‘nreﬁ]gd aQ&Jr&’ E@i‘fo ﬂ%msdftc%n@@1 Qg 'fd?thteh@on%‘@ﬁ@ c@rts%'uctmg an

according to any one of” clains
1 - insulgted PW?@?beE:%fﬁw}q ta¢ HRpUred e met ePMPRaite and Rpssig, the water vapour
pr ovingh thgindulgtedgrereet or articl e having a damaged or
fractured portion; and, laying up at |east one | ayer
of the uncured pol yner conp03|te on a damaged or
121 acTher Bathpdeesosting Bheyely diseimcBiri HgfughertdeapliviecPegnding the

pol ywetEr bR aHeh Being E&s@@rﬁﬁ@lﬂﬁ@bm@ér article is
repaired 15. The method according to claim 14 further

conprising:. mechanically renoving any | oose materia
13.r onTize pethba@ecarfing e amoapoatpleimsr1 ar t2 tirther cotgprigings prior to the

met hﬁ’éjatlﬁgf GRIVHA% &FBsﬁit@bma HbuRrand Payfmg IRt faBtone 3RPYF M Ghcured
a gaﬁgjl lln%@% ound to one or nore of any apertures
Int

oippr in Kespibstigte of oUke et hod accor di ng
to anyone of clains 14 - 16 conprising applying an

dhesgi v rqar t
1tgon dﬁbee.tﬁ]\(/ev{ehg% %;E:%Jer&n% kbensﬁfgﬁ@gﬁgglgg {3' filhﬁer ﬁmﬁﬂﬂ%?pﬂonﬂto the
pol yhRsfing Bf?ﬁﬁﬁ‘EFéOTBO”PﬁborﬁElcﬁd‘éV'&%% e?ra?%s of Ba%m?d RAREENoANd.
?| Iai s 1 fayihd uﬁéf‘ll'@%sitSheF@yer ohelupicured ﬁblﬁﬁdﬁcsm'ﬁﬁﬁke bﬁﬁ&ig&eged or
[ ncured pol yner conposite 19, The netho
acccr;?rrat'f?urecP Og'ogh one of clainms 1 - 18 conprising:.
appl yi ng uh%efe/aer curing ef the guguRd PRIYNIRT cepmpasifso tignegmponent or

CoNpasdid 8 repaired.

15. The method according to claim 14 further comprising:
mechanically removing any loose material from a surface of the component or article.

16. The method according to claim 14 or 15 comprising:
applying a gap filling compound to one or more of any apertures in the component or

article.

17. The method according to anyone of claims 14 — 16 comprising:
applying an adhesive layer to the component or article to produce a bond between the

component or article and the uncured polymer composite.

18. The method according to any one of claims 1 — 17 comprising:
applying a non-stick release film on the uncured polymer composite

19. The method according to any one of claims 1 — 18 comprising:
applying a breather layer around the uncured polymer composite.



