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A VESSEL AND SYSTEM FOR CURI NG A REPAIR TO A COVPONENT
MADE FROM COMPCS| TE MATERI ALS Background [1] Many

waoledobmr™pd devi ces and/ or structures, such as BEI/US2004/024860

aileron of an airplane wing, a flap on the trailing
edge of an airplane wing, and a boat hull, incl ude
conponents manufactured with conposite rmterl al s.

oh VBESEHaAND SXSTES FOR GHRING A RERAIRFO A&I‘BME’QN%NT MADE
may be easil y CO”WM%GMP@WMST(EIQH (wes, |ike
u

those found in a | eadi ng edge of a flap,
during the manufacture of the conponents. Anot her
reason is that the conmponents may be easily repaired

i eld, and thus, the time spent conpleting a
BQC&#SUBH be reduced. [2] Repairing a conponent vvith

conposite materials typically involves |aying
Bl nor eMgny dé’fedﬁntﬁ@wﬁﬁ and/g(gthucidresesigh, aamal#?r%ai ap airplane

\W\gh anﬁgaﬁ@éﬂgﬂn%fﬁgggbgéﬁﬁﬁ laﬁé‘mrﬁj aH@‘é' ¥k i, fnhdé?l.ffc'ieS

lve “then curing the adhesive t
coupirenthmanulactiredrpite cpmpesite mgteriaise @m@l of tbemm reasons for

?{5\ t“?l’?e %%E LdiRs H@We’%ﬁly Q n%U%dQRWE%gJ@eS, like those

ng reparr hesi ve
tmuacbe‘r da :hutt or @dudlrxgtdrt@evaf:ae‘laphéumr@mermma@urec@fﬁb@ nemponents.

tu N ; . )
B3 ReSRI S 5 el Bhloor ERRGALY BHOL B AR, e . and s,
heatagpéreonmbhamip\eerepeaix erdyi begrepuesdssur e on the repair
- typically about 200 psi-, and applying a vacuumto

[Ale r epRlepalrngatadmgadﬁeat wdﬁhesmpeslmrma@elalsttyﬂcauy involves laying
adhesi vesnP Tuatrgs'trugturett‘? 30|d% v bo

hcre s eornBlan dpaaraLPE agcreter wpiteh daibs g woven carvon.

F¥&Glas8 SarRl e & abet\Ritl &P atifieh@@aLthentdueing theesdiedive to

I ncrease the strength of the interlam nate bonds and

caunie thestwoner rapis ek tegedherAndda kepiedne Ry the remainder of
I‘feﬁer e osré'ﬁg e@B lﬂé‘hcﬁga @tr&f’%%’é’lrdt’h@% hesile Qﬁ§ulH rE)@tprbﬂ‘ﬁ’é&’r\ydcured

e repalr once hesi ve
gmenulseutla%ramlrrww@mmnmtrm @"ﬁmaskw,@b/ f@rl Hmn%lyucwmg most

gﬁVe%%ﬁQ RPBEFLY Frcl g% I?I‘ﬂ%@ R RS ts: %‘ﬂﬁg?ﬁ@é@#eswe exerting

I'ves may be cure er a vari et
pressse asihe nepgueﬁentmqalla@bowe?qsrmsur@du anpiydeg ayacham to the

E%Fg)aggr I ?/at'@grtf]% %dfwgﬁ\% Ehérﬂat%é?@é§%1r?§ﬁ)\%ésnM% e%[JHi @9@&[1%@ to solidify

iadid thdréasauthe rbaeaalsasbrehgm clrineiadhesivepressingeprehatremmthe repair
be exert

e 5O B BIRM BBl I M B e diease
hieatisfipubbiabkedhdssve throughout the repair. And applying a vacuum draws out
gas that would otherwise be trapped in the repair once the adhesive solidifies to
reduce the number and size of voids in the cured adhesive. Although most
conventional adhesives may be cured under a variety of different pressures, in

general, as the pressure increases the strength of the repair increases.

[31 Unfortunately, properly curing a repair to a component in the field is
difficult because the amount of pressure that may be exerted on the repair is typically
equal to or less than 14.7 psi. To cure a repair in the field, a heating blanket is
typically placed on the repair, and then a bag is placed over the entire repair and
sealed to the component. The air between the bag and the repair is then removed to
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typically placed on the repair, and then a bag is

pl aced over the entire repair and sealed to the
weowponwss . The air between the bag and the rep@l/DUS1084/024860

t hen renoved togenerate a vacuum and the heating

bl anket is turned on to generate heat. Thus, the only

ressure that i s i C rted o e i1
8 iadrachiin akuhp eafld BipfRs Bodlan REab B dR Thus, the

%Mw elesboreahauib tygically pxerted |4|]1 thie mﬁasimgtauﬁphem pressuretthat

esi gn a conmponent that t hstand the stresses
reRetssronithe v %&%Mr&‘:‘}éﬁ q\gﬁuL%%ipéb with a repair that
does not contribute to,the.conponent' t.rugt I
Bt ogr 1 Apostble N bla gt Sonsoram el WihRand the
dRRYESSH Y E8SINs Whbburleretit serfvizRusith 4 Fepair that dsisi not dontribute to
Consequently, the cost |n terial t uf acture the

(BB RpOWEREN LS il IBIegHY. G1Utthis MR AREINS RPMPOBRN e
fhBAFAEEAH WBHbE thdTB Bobushhaf P R&UREd S ToRBEGSer@ dthe cost in

st ra_l ns encountered in service. Thi S Increase I n cost :
materiekiosnanufagtuigihgrrompaneniand haiwaighiaf the epmpsngsivdl be

h@{eatrﬁaﬂiré@ji%ga]etoﬁggémﬁ@ Qﬁ%e;cgélﬁb R ggf’gn&@ff?i%ieﬁw@ountered in

errals ot her _ lution is to cure
sdreice eaisrincreass inacasb ehdeepeaidyoreight cepdiecsignifcantdar example,

. . : ! ' B .
B R PO oL e spr BRI BRIER o because of

i ize. t ki | | : j e
8% bui 1 BrolREPeRTRe SEbURE R e iR B 41 B8R uch s
abralieasghedoure cpepboents Haryg theirphameactarey Buirdsitg an autoclave

f i . F | | [

B a0 e oves o
aRskrisiveso beipecarfd thas bypalisbiegopdrdhasey tdratiaa theytdrs designed to
DR o ISR T S 0 O, 800 v
Htgﬁgnéd;tb @bmg@efrﬁnte?weﬂ @?arﬁbelcﬂorabmbaﬁeo ]Pkiealhtfethmﬁdspeciﬁcally

at nosphere, and a.system rge gases, fro

desieaphior witnstAn s agstirer SHEASERPPrRESt HESTRFRIRFUYE 2 Pump

bheoRPR_soVE JerkRite 1O PRREURNEINEateMES hedtithe alrAYGshedd, & fan to
'arge to accommpdate a wi de range of conponent sjz

es.
capUlatnane nealegratigsEhaia: Bt 20 ESSTIR 8IGS HASES 498 1y AesPhere,
Wh?&h%bﬁ?%@ﬁ%bgé’d ini&{hgifh?a?bhb%ftaé; HESadHAR R @ASONChSsdghiaktly,

'arge a claves are I cu to nove from one .
Inoash ailioslavas arelafgesioaacemamsiaied Widghange of campenentsizes.

that |arge autoclaves are expensive to operate because
6le vol Uine site af mostraafoaiares niekesdaeiebsatidhe fietdimpragiical for

] Rkl SR FAREE B By o oot one
aoreatioh irofhefimiebto arsotiherqguinoder reasonrie that tarpaaditactaves are
expensive to operate because the volume of air that must be heated and circulated
within the autoclave to cure a component and/or repair to a component is large.
Consequently, about the same amount of power is required to cure a repair to a

small component as a repair to a large component.
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smal | conponent as a repair to a |l arge
conponent. Summary [7] The present invention provides a

wpe@soues vessel for exerting pressure on a repal/US1004/e24860

conmponent made of conposite materials to cure the
repair in the field. In one aspect of the invention,
tdimmagpsur e vessel includes a body having a chanber
for receiving the repair to the corrponent a portal

QPET abl erHe0,rB&HTitveRtibs ggﬂvfb%sei GEEQ ¢! v%ggélﬁ é){qegth”%ﬁgassure on

the chanber to be coup power “Sou
@f?@iﬂld@ (] ﬁ@m@ﬁaﬁmenadm@‘thmmutel mtgmmto d:ureltﬂmardpﬂatm Bt field.

th
7 BfiE dboedt B ui® AONPAERL U RIEP Y LEE ity faying 2
@Bsméer fonyeaeieng thnelrreﬁsautoethia1 rmgmproaem édp@rtﬁp@ﬁérbﬂé'tg Bermit a
exc and thus provide a
??@agﬁ}%@* ggf&d @%9&; %ﬂam%& be gpupled Wi RRYYarAource
Mdatnmtsomglelethe chareber thﬁnﬁb%dé% bbweér ARy ﬁ@&ﬁr@"@]émen‘ and a pump
hea t| el ement, .such a heating bl anket, “typically

PRERLIT R RSB e C'E%F” ¥ rﬁyrf%[ﬁﬁﬂtjlztwéh@ph@mber the pressure
vesgEd ﬁtﬂyt@(eﬂrnﬂewbéwﬁfa&%altf pRceHsyd tﬂb‘ r&ﬂal‘nr&e?‘ﬁat exceeds 14.7

aut ocl ave, such 3s a heater to heat the atmos
Phle aaﬁﬁwa Ry %‘\ﬁg?eéef sietts p&qdrt@awast@mﬁérwarrogmnmoetal allows
bhe td@uﬂ*éfa’clﬁ‘etpﬁrrlvﬂwu £85iveafichd) H@aﬁ%gﬁ&eﬁfenf RECH ‘3? %Eﬂeaﬂﬁ% blanket,

? duced Thus, the vessel nor é easi
blffé"lddﬁ g Beldt By &liinading ﬂP@P’fhlen campohants ae@eubsysfems

Vc)fm:dlly“f&md' iR étﬁ‘(?clé?}ér E@+h 48y hegfel 't’c?lﬁe Thd Q{n‘?{s&iﬁ%{e ip the

that mmay rel easably cou hea emen
PHOCH¥eand acfﬁﬁﬁ%émtd@tetﬂh% atrm:@mammmrmahafapmmg coelEIREthe size

bPfRLREsQHha) 9% rédqu%eﬁh?m? érthe Eélésteﬂglag% trgpre qﬂflly moved from

interface nmay be renova from

peplosebamteandtiér. a different interface. Wth the

interface, the vessel nay be used with many different

18lpes ofn Aeether aspest oiithe irventigraitne portalmeayf llnellude aRrihtefface that

p?aé/(‘réfeggéﬂg %Iplg %ﬁwoeralng@ Pfﬁbgn% %ah%em?lpg%}&e S :qc%:tfllqv gessel
with dimpporwert Sqmctelooﬁtedmmm& the omatreek, aFurtIﬂé}ﬁerél | tHQ ift&rface may
58 TR0 0y 65, BB b it o o

syarfame tfe FsCel rhay be ceedlivity rﬁ@y@ﬁ@ﬁﬁﬂ?bé@ﬁﬁ hé?afteﬁe‘.'%? cure a
[ nventi.on 11] FIG 3 is a cross-sectional view

portdy ﬂ?%fé?lgded in the pressure vessel

Brief Description Of The Figures

[9] FIG. 1is a perspective view of a system for curing, in the field, a repair to
a component made of composite material, according to an embodiment of the
invention.

[10] FIG. 2 is a perspective view of a pressure vessel included in the system of
FIG. 1, according to an embodiment of the invention.

[11] FIG. 3 is a cross-sectional view of a portal included in the pressure vessel
of FIG. 2, according to an embodiment of the invention.
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of FIG 2, according to an enbodi nent of the
invention.[12] FIG 4 is a cross-sectional view an

wa@ewsviosnl portal included in the pressure veBGEUSIN4/024860

FIG 2, according to an enbodi nent of the invention.
Det ai |l ed Description [13] The follow ng discussion is

[Eé]is € Rtﬁlgnég% ? %?cpsls— ARGt Klelt & H&tl{)m Hgﬁél IEQHH%% #ad

SHTouUS Todi frea

plessth® seshet n‘blt‘)ld}. rZeat-rd\mg to be en”mulmgnt@(ﬁmlemntm

those skilled in the art, and the generic principles
herein may be applied to other enbodi nents and
appl i cations w thout departing fromthe spirit and
Betajled Destiiptipnesent i nvention as defined by the
appended cl ai ns. Thus, the present invention is not

[8} endethe follpwingidiscussion és priescriat delbnehie ons kiad inie art to

i S 2R bl S REASCOTSS Bkphhodehlfos
wurs] befrpa:iw;mxparam tov theee skilled sytheem, 20d the genaricrginciptes herein
the fie

B e eppled G USArEodob B iR Ca s i dRESerrpo o the
dpiiteitidi eope Ehtﬂmsprséa‘mmk@nﬁm gag:mémeby?ﬁlrecehpiplegd?d elamms. Thus,
(FR areren o3 B ot BlsridaR n b8 TREAS i SRSpihebik shopp, but s

foafeaddcodedt tﬁe Gt Bcd B sRitsttavith thy priaéibley dpatfestares
about 250 F and about 400 F dependi ng on the type of

dgriessd/ergfed in the repair- at which the adhesive
not shown) in the repair 1 and a, r .
(sl TR 1 darspasie wiaveot asirsn 34 g 1hg IR & repair

[ £RA Eoﬂagoﬁéﬂteﬁ m¥¥d Bf ddMSpdite FSaERalY %i:%@*dlﬂgg‘ao drhémbodiment of
system 1 cure the repair 12 with a pressure

@lee@\temtlon h é{he E&S’@Wb%@ may @:‘S%b@aﬁiﬁdetomf P3icompenehicpeksown)
BeisSh ﬁtﬁgétEreQif m%@&ﬂﬁpﬁhé shéeRPIPRERAS 8 HaferSite 18 M@bhthe

yp |ca 'y o ned en only using a vacuum bag (not
sdpawrﬂ)’z tbca caxertemmrewwetmmadlvn@etv@m aboy1225(p°1F5]an lmgout 400° F

eat t he n h I
Q ﬁ)ﬁx}y%% of %%SW&]I%eflhﬁ h%%?%‘ Y %ﬁg&lﬂ&g hg)% &RAve (not
g@cb\mﬁ)ah @nehl%@ta\r 1andll aurrmomd asmelssmee Qésdem P tonexert pressure on the
heatin errent ig sur e vessel 2 qﬁ
AT st eP el S8 cyreer AL e Sesye Yetsel Bo he Vg 10 may
é@re@che @éﬂlallo’fZ whe anggmr@gteaM thivat 4. Vﬁﬁulfére@(ahhﬁe 6O P8, o
upl e e cha

ickasiering STEREn O AIREPai 42 48 RELST BANS FHE g d4cally obtained
V@ea@hiylGifd 8 Qabilih BE§$n& shBlvhRo S&riRedlir8oh théfepair 12.

power source 22 of the heater 16 to be | ocated outside

19 chanberheaferi drtnd SstdiRabiinduddLaneitirdlelement 20, which may
be coupled with the rebair 12, to generate heat, and a power source 22 to power the
heating element 20. The pressure vessel 18 of the system 10 includes a chamber
24 to receive the repair 12 or all of the component 14 that requires the repair 12, and
a pump 26 coupled with the chamber 24 to pressurize the chamber 24 as desired. -
The pressure vessel 18 also includes a portal 28 to permit the power source 22 of
the heater 16 to be located outside the chamber 24 while the heating element 20
heats the repair 12 inside the chamber 24. Thus, the vessel 18 may be used with
many different types of heaters 16 having different heating capacities that are or may
be found in the field. Furthermore, the vessel 18 may be smaller in size than a
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heats the repair 12 inside the chanber 24. Thus, the
vessel 18 may be used with many different types of

wheat®t®6l6 having different heating capaciti eBCT/I81004/024860

are or may be found in the field. Furthernore, the
vessel 18 may be srral ler in size than a/ convénti onal

-1 t ft
LSS a0A0 U LRGN RARNBRRATY B Bt N rom one
[lagdtiostin tHe fiedd tnama‘(lgerto FIG 1, in one enbodl ment, the
heater 16 may include a control unit 30, for exan‘pl e

dA6HCS9 2Bi0Betirning t Fénd, imeomef ernbottiednt yhdeedte 018 may include a

SRR DYoL A B RS Dok AT A S ctcon

t(ém‘rpmsatmﬁystezm) 40 N d¥y thoamenstarid eurk ST A W §éne@ated by the

H f the.re 12. The control unit 30 nay
RN s B Rh s Rt S ofploutanes the temperatre of
cregrpn roemeSrebauormt e kehtrolRIrftsstn by 86 lcﬁa@ﬁ&ﬂ%@ thé‘éh&lﬁber 24

nber 24 and may be coupled wt

4P BrHIFR B ORI HeNABRATOTS S1f ol rESsHTIZeiEoepeIgmsidesthe chamber
W4t dhdt gy be %Bﬁfﬁlé& Wtﬁ tRE ﬂ@é’ﬁr&; Slémbhfod Qrﬁ% ﬁ’{)\’VSF’sGQ(ﬁCe E? %la the

heating el enent may be any desired
Edw%én%wgbﬁ%fﬁmrzﬁﬁa Uréy sensoney 3B Viartke wires 36¢ Jmengeatmg element

tdi u 32,10
T EE Bhy L PR e AR SR BhD Rt bRkt for
@HH%é@mQﬂS'teﬁh & oveesgil the Serpgraiune bensoradalitd be natlpled Wlth the
I he r
gzgmr?i Lﬁ“ll'[%% 108%8& %ﬁts,?&’esﬁwglyg%%b‘épﬁg Stn% g?%&eﬁqg may l{]ﬁlgde Sdditional
Porelsras. 3]25 tinﬁdsya‘myn D dirfeg thé espairve; thdsct:q}{ttfbvuﬁfsoh’f&s}/ monitor the
ordin [ referrin
ot oF PR Ser S L BT it B oSuen bpisbisesitha Beating
reiement0ubeoalinpp 26 | ocat ed out si de the chanber 24
and a line 40 to operatively couple the punp 26 with

t[hZe]hcharﬂjﬂirreﬁmng;ﬁbQ:lGu mpinZﬁleWbdgilfﬁn tHagsrEER e REEIY] 18 may
u as _a C enti u a e o nmovi N alr or
i%@“%%BFmP%d%ﬁfe 84 S&%&%Pﬁﬁ&géi%?ﬂﬁélmﬁ %dﬁmﬁeaﬂvely

24uple tins pevp Attt fhe dhaﬁﬂmﬁm 2%he lpgﬁﬁ‘)t%f‘l%a? Be aﬁ’}lg;%ésrred pump
outsi de the cha er be desirabl e to protect ’
SHRD B @r?PEV%ﬂt'OP @%D ¢ PEWOVIRE alfdr any odhesdypezefas and/or

gqmsmb%@chéiﬁb@l%ﬂa s@m&s&h@é’manﬁb‘? j]%tcéﬁrg‘ﬁéé Vﬁ{nﬁp outside

e rel easably cou
Ve shambey may 9%éGS'Wbﬂ%tWﬁgﬁctjthﬁfWeptﬁmshmaump@G from the

Bof, fPE R0z ERRATISHhER: | L.&é}gﬁé@%ﬁbe‘?’%dﬂh@ﬁ{@p 9% may also be

system 10 are contenp exanpl e
réleasably coupled with the chamber 24 to allow the vessel to be used with many

different pumps having different capacities.

[18] Other embodiments of the system 10 are contemplated. For example, the
control unit 30 may be coupled with the pump 26 to modify the pressure generated in
the chamber 24 and may be coupled to a pressure sensor located in the chamber 24
to monitor the pressure inside the chamber 24. In addition, the system 10 may
include a vacuum source coupled with a vacuum bag that may be mounted on the
repair 12 and/or the component 14 to draw out gas that would otherwise be trapped
in the repair 12 once the adhesive solidifies. This may be desirable to reduce the
number and size of voids in the cured adhesive. The vacuum source and bag may
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control unit 30 nay be coupled with the punp 26 to
nodi fy the pressure generated in the chanber 24 and

woreapsoerdedupl ed to a pressure sensor | ocated i PCT/082004/024860

chanber 24 to nonitor the pressure inside the chanber
24 In addition, the system 10 may include a vacuum

uum t hat rm nt ed
SR ML 5 0 B T A e BRd DR mber 24 o
dbe vedsat 18wluling atchry uf the réyit TAPP@thdrMotd)ehd emaidl uAR 30 may be
thewg hesi ve §O| idifies. This may be desirabl e

XBfifle Windhe Yasim g =01 YeSiim 98uiss th fnaniter aad ageordngly modify

audaemuum g ateaCHEHTE S1P tHelsa gPaHd thége;ﬁmb/ﬂi §Hd/%?<€6rhponent 14. In
%Surtﬁi‘. E‘Pge re air to permt a lower pressu

| E UgR. PR&CERANER &mowetm@e\ﬂé%@en 'ei%tf@@rtwngempem’we sensors

<3‘2 hh@tﬁe&ié%bél mal iRy MBFeethaﬁ %ﬁe SBRES Y aﬁlf‘lntorg&aw less

be coupl ed th the vacuum b vacuum sour ce

HoR ey P OJF?&\S %%Cﬁlsﬂl the! %YSWWWEM‘I@CIU@%lwmm -gysiem to purge

RetanpR ﬁliﬁ@g&ﬁ%o%‘&gle@ﬁ ogr?e?%cﬂe ﬁaﬁ%%e Sﬁ%ﬁg?ﬁhat may be

In additi on, the heater nmore
Ir%|§§35tdn@$ﬁ'r@vﬁ)cwr@nﬁ@ﬂﬁ@[jﬂ@restbﬁwnﬁomm 3thahay Ibe ooepteellwnth the

SR BRLCH R R R0l P2 GBRF el iy tircgperaton of

ithepurde sabsysige sm;vrd;ygltyem to purge exceSS| ve nitrogen
nol ecul es or other nol ecules fromthe chanber 24 that
48] be MéGe2iealpespedtyeavieuobthefresdues mossl 18 Bump 26 omitted

SR ST SRR e ——

enfign. t Becausertm vessefl 8 dbes putigeluss! hosy st Bcomponents and sub-
ctlve vi ew of the

Fl G. a pers
&%tgéwg rt@%}‘é%sgt VEBi r?féud& tlzﬁﬁ%s(sg t}@r&gﬂlfégqn(lyjess expensive to
|bnrtdi thehednost autuzisis! amud OhefvesddB18 tnayass SiLEl Bﬁ? %Haﬁéh as
Because 't he vesse

h
R RSl i b Eatalt in G 6 PG reos Tam A Eubs EpaHs

réuliredme tuRld RSP doneddhdft with Ere‘é@t?r% xcéédlhé 14.7 psi.
significantly | ess expensive to
258y ¥ shap

@20]00| awesne Ehbddinidi?, Hhe3e8del 18 MEYINBBdS A ed like a

desired to facilitate its re- ?ocatlon In t

PP"&fd&r 3RR hPURG e SRRzt OFsREMMasgls load and negow parts,
auéreéﬁbﬁrailmg%d@@rfﬁﬁ%mn WAl ndT ESSHGR éﬁé“}@@ @94%4&? S{dnclude a

ﬁ % %LJZ In one enbodi nent, the vess
Shapls” Zohayiag e ¢hpmper diapptensubptaatallyreaviahty 2thiaches and a
%Hé‘rﬁ’@@ﬁ Ieﬁéth%u%%nﬁg ga&gf&w%@b@héé) g a?i'&ﬂmﬂafgeoqgg&% 2'Ray be

such as a trail or an airplah
&@&H@pﬂf@nytdﬁélraht@lwad@rna#aypam@ bUWéhsﬁammrﬁwdeMeb awemlr@ and

to,20 inches
Fean e hafie . SHSAHEINS o &Y E mel tsamedicEa oopdptona
m&ﬂaltfolodurablhig dvadyoré@ntiaanal plestic to minimize weight for mobility between
different locations in the field. '

[21] Other embodiments of the vessel 18 are contemplated. For example, the
body 42 may be shaped like a sphere to efficiently cure a small component and/or a
repair to a small component and to facilitate relocation in the field. Because the
vessel 18 is less expensive than most autoclaves, one may have a small vessel 18
shaped like a sphere to use when curing repair to a small component, and a large
vessel 18 shaped like a cylinder to use when curing a repair to a large component.
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made of any desirable material capable of w thstanding

the desired pressures and heat in the chanber 24. For
wex@spless t he body 42 may be nade of a convent POIEE2004/024860

nmetal for durability or a conventional plastic to

m nimze weight for nobility between different

BESarSIRY torh b3 b hert iyt SR SRR R a e repar o
araygeoeorspaped | i ke a sphere to efficiently cure a

smal | conponent and/or a repair to a snmall conponent
[2eH t o Stilcicfarting o Fi&. & the \@sseli & ihelufies b goriBetipspermitdhe

e R NG L e

%ﬁhneithtel rre@tm@ ewmerttaoa(mrwl) Iheesrthe ngeir, 12(FdGa 1) iasige the

vessel ed cyli,nder to use
chaper f’fo FEW@EEE Jhe tﬁﬁ goywhere o £ Bogy 42,4k tiedired. In
@r{é@ﬁﬁ@dﬁneﬁayh@soﬁalmmy bé [doassl cewm édftaaf theheppiR and

i e n (69 Ree oSG0 o St 20 wir

ffﬁ%g);%r%@ur(:@z@ Tﬂe 1ﬁfeﬁ%8@4ﬁlfﬁ@é hclﬂt@e é’ﬁh@nth}s tb ondidit the

ted outside the chanmber 2 | e the heating
testasa 440 a(receiver48 althe Hoen é2,r@15’a¢ Foupter ¥4 @lscyfsed in greater

Hé‘cﬁ(lvﬁ] cc}nrl%cﬁgﬁgm@ﬂé%)z‘% Féﬁh@'po?dgr ERcd 92'&%&8 Peating

ere'on th eS|re I n one enbodi nent,
ellamepb?_@ alrhamcrmy%@ayd@arte@apv(gb@sf@m §reniieceivar 68, asdesired, to

Ql?cﬁ:yo g%q%%d@%hé Ll ﬁf‘ahﬂe‘f)fe{c@cfte\/vlﬁfla glﬁfe?é}%%t%rface This

the heating el enent

pm\mxe d;acsmable tczallowwéfarmténeat\n@elammtm bectaumecawiti different
t the interface 44 to a receiver 48 of the
B%‘H?rséfg’?&gnd a coupler 50 (discussed in greater detail

107 R A a6 oBhob Aot s L aL sapicss may
rrmltmreabd:cmpﬁafrchmatslmes_aupteeédnﬁﬁonésde\msde@te@ thsideathalchamber 24
R s HEVREE e B OIS IS o SRUERElelipbffre sonsor
dpf(Fes. entvithapé ba@cr@mrtem(sle o1)be coupl ed with

di fferent power sources. [23] O her enbodi nents are

¢RM]t enplsaitl eéferrﬁ@rtodfxennl the vbkuﬁl n ﬁtnmyf aiscem@mmeqdditional portals
i ncl ude ?ﬁcou er to 0 L on

13§49 pedni njgagion Hg glncag \We( Iﬂo%pa g}smgee@wegcygﬁ%%r 24 and

lapetetdeRtd RicHRd diRsigs Wan%r 24U¢H oS etrf®diment, the vessel 18
temperature sensors 32 (F contr ol

| G th
oy ipflade a)irstipoatal 28,jand sespad g%%&urldd)qfqag 35to Qq{@ltutemperature
\eRS&S 3280 Ry Mski2 the chifBersidid heOBRIpIRPR Rk control unit 22

located outside the chamber 24. The second and third portals 38 may be located
anywhere on the body 42 as desired and may include a second and third interface
43, respectively, (discussed in greater detail in conjunction with FIG. 4) to couple the
sensors 32 with the control unit 22.

[25] Still referring to FIG. 2, the vessel 18 also includes an entry 52 to permit
the insertion of the repair 12 to the component 14 into the chamber 24 to be cured.

In one embodiment, the entry 52 may include a door 54 hingedly coupled with the
body 42 to close the entry 52, and thus maintain the desired pressure in the chamber
24, while the repair 12 cures.
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38 to permt communication between a device | ocated

i nsi de the chanber 24 and anot her device | ocated
woesitwes he chanber 24. In one enbodi nent, thRCT/ESRE/024860

18 may include a first portal 28, and second and third

portals 38 to permt tenperature sensors 32 |ocated

d hanber 24
B8t 5 Poad B arrethe™ REvERRe Bprdl A bl Ak E Brosoure
\Ifgwdsggﬂ?gz afSoraiyg teearl mag@gqeggwmemwamnom h&oadoly the
as |

may i .nc ond and. third
eRgeliedo beagecutyBery HBREN canbEabamot i aga slepents and
shReisbuicBs @@rcmegrﬁ@d R irtérideeM4Gf tie pb@alm@lr@nbMIe and
sensors 32 with the control unit Still

2
reglpepalleyith @npiher “’fc*erfi‘C}?ehQ)’&Qs%P“ﬁfEerﬁF’g lI]S‘hCI udes an

entry 52 to perm,t the inse of the r r 1 o,.

[BRb Lonponeramashimatl hevB e At amadne 5o SR woudt 44, funich may
vRIRRA0Y I MEUHted Ed"l‘he&@éél\}’era% dfalye bo@®) MpEFia, QEQéméény desired
hi ngedl y coupled with body 42 to cl ose t ¥
fggten@gdecfmwcﬁteaqam%@u may ﬁrﬂa@gamswwpr%* with bolts 58

of og@@thgﬁou\%‘hé QithAge Fe‘b%ﬂ"ef 4§2Tﬁé' irRSrfacbda Ha@alé’o ih€lude the

secti onal view of ortal 28 included in the
w@s@ﬂ@avms%thrq%pmgsmu 0 9ccoorP§i the hteétlrémelement 20 (FIG. 1)

i[tWQ di V\,‘Sh%f ﬁdéﬂv\%ﬁg@?owgp RlrEOWak %ldﬁ%%sﬁt' cld&@rid

use ffer mbinat | ons of heat] ng _
@bemhntfsa chiﬁefepbh@tmsmm@ﬁ 28angiéaridifeient praversogrdeadlels desired

84 he DRGRSE g 48 P LAR072 AR St e

Mﬂa\ﬂﬂ@adilffmemt cdubkerisat &of ax:mmdlé imayoniynavaildbletfosvemsoutce may

o Bl e SRR Sk LGB Bover

éﬁﬁb@@@lﬁ‘ereﬁﬂheﬁk@r@émenﬂmm‘s b& Gequired lvehitthmag deqgiteya different
coupled with bolts 58 to couple the nount 46 with the
PREIver 48. The interface 44 may al so i ncl ude t he

coupl er 50 havi a three d 60 to I
fmpheaﬁl??gjeéﬂ @ng@r%gp %%Wthg 2 c uglé@el‘ 50 may

5& AHEY 1Y RbINABE iMeMEle SOHRE Rpldtabblentug Gﬁfeaéht coupler 50.
electrical ground. If a different heating el ement 20

Fzyj/ or ¢ fesanbroRuBELHANIER adaddiiodaspared 38 hmmman the
enoves the interface 44 fromthe bhody 42 and npun

arefswﬁeemsselmfé:ﬂ@a% eAcearding, forfy %ma?q"m@%ﬁ&the HHSNEPN. 560 allow

é%gQI & bd %Wﬁﬂaﬁ%@é&@@'a%ldﬁi@\ﬁ@lrde?ﬁ&érs%dyﬁﬂéub systems for
provi I gh vol t age, ree- E ase power. To be
?

ugmgo@malﬁtpmqu@q@bm add f@époaaldﬁ& inelugas ah?@HP’?h62 that

afyrq‘nentten{@)éb*éq‘r&ﬁ W b&H) XDh S ehERiftarbiled bR coupler
62 In one embodiment, the coupler 62 includes a double-pronged plug 64 to
couple, releasably or not, the temperature sensor 32 (FIG. 1) with the control unit 22
(FIG.1), and external threads 66 sized to correspond with internal threads 68 to
removably fasten the coupler 62 with the body 42.

r
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[28] O her enbodi ments are contenpl ated. For exanpl e,
the coupler 50 may be renovable fromthe interface 44

wanasoepbaiceable with a different coupl er 50. P@PUSIONLA24860

4 is a cross-sectional view an additional portal 38
included in the pressure vessel of FIG 2, according

to an enbodi nent of the invention. To allow the vessel
Waatie clémedéd with any desired additional devices

and/ or sub-systens for curing a repair to a conmponent,
the additional portal 38 includes a coupler 62 that

may be renovable fromthe body 42 and replaceable with
‘hnot Hepresslirefwesegitfoceuiipgein t6e fieldna serairdafoenmienent mase of

P BneRgite Aol ng AR bEmBRaRGC P ug 07 1O

couple, "rel éasably erature sensor 32

(FIG 1% b%ﬁ? E%\I’JES g\%‘?@ﬁ{b@ ob&ableds réddife ﬂ'l%:rteﬁé\gto the COfnposite

ext erna I'zed to correspond wi I nt erna

t hreads 68lenentenovably fasten the coupler 62 with the
body 42. What is clainmed is: 1. A pressure vessel for

curi ng, apartalhepeiralde do pernitp apatingeelameohgfonkeatentadatedfinside the
conposite I al V. [ SLOO: A

havi ng o Shanger oAb PErs pBaRDE dheoald itice tre
conposi t e chhmbento; pawegpding héatmgesierhemt; tod permit a

heating el ement of a heater |ocated inside the chanber

to be capphgdoperabiedo prassurizothechambeat ed out si de t he
chanber to power the heating elenent; and a punp

pper afHeevdssepofasdainr 1 mheteirethehamipeis.op2rabli o gerssale atfieast one

castorgre PR Par T S ressire 60 b 4T ledudh 0 pei
h 0 i, : h 60 i. 3. Th | . of ,
a1 e U LfTRE) ShaDor s SRB s B et R REE e

Conposinmgositeeanénttthathdsase rdpainr epai r. 4. The vessel

of claim1l wherein the chanber is shaped like a

gyl i nTies vedzel dihdtaives sweredf thel ciamblr whelrapied kb e aytiaddrer
I's shaped like a cylinder and includes a chanber
di aneties vedtesbbnbinal whessinile dranit@rinsheped li&e aldyéinder and

vesse| of claim erein the c er i aped like a

cyl i n@ewdsﬁa_qham%&ﬁﬂewt@mwﬁﬁﬁwﬁ é‘ﬂ%‘&ﬁ%ﬁti al | y

ggﬂg: T%%vé%e:l Hﬁﬂg@ Qv%e?eilg gﬁae C %%ge(?ri] g#apsé%iite%néylliﬁcljéryand
includes a chamber diameter substantially equal to 20 inches and a chamber

length substantially equal to 60 inches.

7. The vessel of claim 1 wherein the portal includes an interface operable to
releasably couple the heating element with the power source.

8. The vessel of claih‘n 7 wherein the interface is removable from the portal and
replaceable with a different interface.

9. The vessel of claim 7 wherein the interface is operable to releasably couple
the heating element with a control unit of the heater that is located outside the
chamber and operable to modify the amount of heat generated by the heating

element.

10. The vessel of claim 1 wherein the vessel includes:
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7. The vessel of claim1 wherein the portal includes
an interface operable to rel easably couple the heating

web@senoesv t h t he power source. 8. The vessel PET/UER04024860

7 wherein the interface is renovable fromthe portal
and replaceable with a different interface. 9. The

vessel o{i?%altgpog Wﬁé ﬁo' e&trf;nliﬁhé ﬁégﬁr{g?éﬁgmeﬁt 5% &Rl ?ﬁot With the

rel easgb oupl Ing e a con t

unit of tpewdresduece;t hat is | ocated outside the chanber
and operable to nodify the anmount of heat generated by
t he head be@rﬂlmntahbperﬁable tdlpermieasehpafatweabmsm afitiles beater

the vesse |Ud i crng%bgloo c 4 ltﬁatc%nﬁglrdnittof the
the heati 5 ? C5ai0up’er W e power

four ce; t ahéﬁéomét [sdbdfia&iecri] opBrd&lihe cha)mpenr {glmd opergble_ to mohdify the
enperature sensqr e, hea ated jnside int
chgprrber t%ml%m @ﬁrﬁagaew?i‘?ﬁ} ctg?]{'?gfn% fefnegf ﬁe °
heat t t

oper abl @111 R PoTEHe BRGTAL S0FRe N IRRLrLraopg Prgieater

heati ng e|RERAtihsiasth detdhafbep®y ieboied alth ¢he coret ahit.
anot her tenperature sensor of the heater |ocated

{N1Si Ophd VssBEofMambEfurther Esmeiny &6 eniry bpéraglectorperalt the

un|t 11. The vessel of claim1 further c npr|3|n g
ent r yinggsiemBl BergPykiaing cPRPOBiRBIPMeshink? t the
tot h%rﬁ)@?péﬁhé fe i BRIS cofbosifefenBRITRS tlﬁ’é‘éhérﬁ@er

renova he repair to the conposite elenment from

{he eﬁfé'ms%‘sel éf?elalﬁhﬂ Wﬁér‘éﬁ‘\' th@fenﬁ‘rl/ ﬂidltldbls d/\ﬁkﬁfrfﬁlrligetdﬁﬁcoupled

entry I ncludes a door edly coupled with the

and oWy félmb@dwné'w@@éatﬂ%@ @ﬁ%er t}*e\ﬂﬁlitnvém”ﬁéh? éeﬁalfr%%ﬁ t@s

to %&h?&ﬁlﬂé}%@éﬁé%@ dnanfdee chanber.  13. A system
for curing, In the |eId a repair to a conponent nade

Qf lcu/gEﬁs?é%efoP@lﬁrﬁ{ hetfl%l ANEPAMCLERNbSHhEH maHG@bfiposite

inc heati Ng e ement operable to heat the

r epai ma’tGﬁal; the sysigrosomprisingnent to a cure tenper at ure,;
and a pressure vessel including; a body defi ni ng

chanber adyseteitinaudiag aé@étmel@n’@nf epeiebletts hleﬁbthe repalr to the

conposi t e el MIRRL slement to a cure temperature; and

a pressure vessel including:

a body defining a chamber operable to receive the repair to the

composite element;

a portal operable to permit the heating element of the heater that is
located inside the chamber to be coupled with a power source

located outside the chamber to power the heating element; and
a pump operable to pressurize the chamber.
14.  The system of claim 13 wherein:

the heater includes a control unit located outside the chamber and
operable to modify the amount of heat generated by the heating

element; and

10
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a portal operable to permt the heating el enent of the
heater that is |ocated inside the chanber to be

weowpleesm t h a power source | ocated outside tPEI/US2004/024860

chanber to power the heating elenent; and a punp
operable to pr essuri ze the chanber. 14. The system of

claim1 control unit .

| ocat ed%% 'ﬁq 'SH}?%‘??S'PQQ g tﬁ%ﬂicpypl?ﬁé‘”th the
anmount of dwabl :gmner at ed by the heating el enent;

andthe portal is operable to permt the heating

dbeneiihe spstbm cfalgiinetB whérkint he control unit. 15. The
system of claim 13 wherein: the heater includes at

| east t e hempeinaludes akleastdws témpaﬁaasﬁreis@n*sd)‘r@ | 6dEPRY the
and a control ,unit ocatteg gto g%t e chamber that is
te HYE O5R

oper abl e tARRT B 7 A gItgjfle theechanpey that is

and nodi f yopehshl@romohitafthd ﬁa&hpé}@ﬁ@é@bﬂﬂe R¥né 418 SRERADNY the
el enment accord| ng to the tengeratures of the sensors;

and the p@MaHNticEhepigensrated BY Herhraling eerpentmseardingeto the

sensors t aempef@uRk oftHe ddnsbizeag@ntrol unit. 16. The
system of claim 13 wherein: the heater includes at

| east 1 WA DA GiarEIeI6 BN HeasADErhHR
and a cont un?% Iocat gd out S?I debt euchggﬂ‘gg%ntaﬁmgougled with

oper abl e t%eﬁB'ﬁth |§its he t enperatures of the sensors
2Ed nﬁdlf t he am)unt of heat generated by the heating
enehb® § %’f“o‘? r?ba“i”&?’t‘ﬁféer?'@nper atures of the sensors;
and the vessel includes: a first portal operable to
permt ffeN %&'Pﬁ'gd%i? ahienst twg teapeialie sansers foaaked in the

power sourg@mbar, SReoNE iR st loea%%@{g&diﬂueocﬁ{a%eir%at is

tenperature sensor to be coup e cont
uni t, a tHPEERYPRIR @P”'@R)’éh%iﬂ@qrétup%&@ﬁthe aasdreand modify the

tenper at Urfn S 8PhedtYeRErated by the heating element according to the
temperatures of the sensors; and

the vessel includes:

a first portal operable to permit the heating element to be coupled:
with the power source,

a second portal operable to permit a temperature sensor to be
coupled with the control unit,

a third portal operable to permit another temperature sensor to be
coupled with the control unit.

17. The system of claim 13 wherein the pump is located outside the chamber.

18. A method for curing, in the field, a repair to a component made of composite
material, the method comprising:

inserting the repair to the composite element into a chamber of a pressure
vessel,

locating a heating element of a heater inside the chamber:

pressurizing the chamber to cure the repair to the composite element: and

11
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coupled with the control unit. 17. The system of claim
13 wherein the punp is | ocated outside the chanber.

wao0sAirves hod for curing, in the field, a repaPCT/U82084/024860

conmponent made of conposite material, the method
conprising: inserting the repair to the conposite

el ement,_into _a chanbe f . a_pressure. vessel ; tin

2 heati BRI b e seald AEMsDt K23 TieumpBpRhiAto cure
pressuri zifagephie chanber to cure the repair to the
conposite el enent; andheating the repair with the

feat ime rﬁlﬂgﬁl@gh@f clafim aBSALHe?}‘eiheﬂil e n%;s m\?ﬁepﬁr fouthe cohposite element
repai.r. : nmethod of claim erein_.inserting .

C he i ChampHG S PSR BeSHARE TR BooWRS ShbaBRosite

of t h8eRERSA the CRESBESr btAE pERSUIGRNSEI NG t he

conposite elenent into the chanber of the pressure

HESSethe RBtholitg clrh Nedvitdreidl présautiBinghies ehamber includes injecting
pressurizing the chanber includes injecting air into

t he cHaERfEhe chambehe net hod of cl ai m 18 wherein
| ocating the heati nﬁléel enent i nside the, chanber

2hcl utesmeted af sRIMHS Wheieindecaling tas neslindelement iagide the
to thegg AR sl PRIY the Patidd BleFRINE Qsth Fhe FdpRird e

whereln heating the repair to the conposite el enent
i ncl wRPMPEREIeM tan el ectric bl anket. 23. The net hod
of claim 18 further conprising: |locating a control

2hit bre m@qéi'éétcﬁm(ﬂ@_t\gh‘%émtn’?@ﬂ@ﬁ%@p?fréﬁw%‘éﬁmqsﬁé element
the hﬁahuggﬁs\hswén%wmtmm@@ntrol uni t through

portal of the pressure vessel. 24. . The nethod of

Q%a' rmﬂéngiewmrcnmrwmﬁhagcdn@&wgag the pressure in

t he chanber. :

locating a control unit of the heater outside the chamber, and

coupling the heating element with the control unit through portal of the

pressure vessel.

24. . The method of claim 18 further comprising reducing the pressure in the

chamber.
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