; e3eebTF2<n6THS4 BACKGROUND COF THE .l NVENTI ON The present invention
relates to a method for providing a conposite structure having inpreyexPR 2003

prot ection agai nst er03| and foreign object danage and the conposite
article forned t met hod of the present invention has partlcular
utility in the and refurbiilshnent of airfoil structure

Conposite airf tures such as the fan exit guide va
HG
engi ne are subj ect to erosion from at nospheric effects as ﬂ@ M@%Mﬂt
damage resulting fromthe inpingenment of foreign objects on
edge of the vane. Eff e techﬁ?&ﬁes for
repairing these alrf§$V£§ Qﬁ%ﬁﬁ?ggﬂPgﬁgﬁg gghg&ﬁg gbﬁgg however for a
met hod of refurbi shnent Vw”éihﬁﬁﬁﬁﬁﬁn ¥e ﬁ fﬁy 2E&ucture havi ng the
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2 1t is yet a further objec he present invention to provide a nethod
as above wibgfled "BhE¥EBY! heTHEOME®RoANS f ¥hR Pr<BYRCt AU dLcti on on
the | eadi ng edge of the conposite structure. It is still a further object

of the pregsanticuventuthlidypiavicde aamaifatuvase aiml aefhirdistinssnt enfls
itself to the formation of original netal/conposite structures. It is yet a
further obdiefodl sheugrusest invention to

Composite airfoil structures such as the fan exit guide
vane on a jet engine are subject to erosion from atmospheric
effects as well as from damage resulting from the
impingement of foreign objects on the leading edge of the
vane. Efforts have been made to find suitable techniques
for repairing these airfoil structures. There remains a
need however for a method of refurbishment which yields a
well bonded structure having the desired protection against

erosion and foreign object damage.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention
to provide a method for refurbishing the leading edge of a
composite structure such as an airfoil structure.
It is a further object of the present invention to
provide a method as above which is economically beneficial

and eliminates the need for secondary bonding operations.



' provide a well bonded conposite structure. The foregoing objects are

dttai ned by the method of the present invention. In accordance w thlOHPR 2003
present invention, a novel nethod for formng a conposite structure is
presented. The method conprises the steps of: providing a core structure
formed froma non-netallic material inzan uncured or substantially uncured
state; applying a fluoroelastoner film—also preferably in an uncured or
substantially uncured state and having a cure tenperature which closely
mat ches the cure tenperature of the core structure material, over surface
portions of said core structure; placing a netallic structure over a
portion of said core structure so that inner surfaces of said netallic
structure cont 4l &ifed 14108 Gedt! &t aid BPLOLRE SAUOnEoBROSL! ©
structure under tonditTtons © eat a pressure for a time surficient to

co-cure Sald ik @tﬂéél}&i CRE €a15d¥ & GhAH én ”ﬁﬁd&f&@és aPHe erodiénVafBR 2003 3

said fluoroelastoner filmand to forma bond between said netallic

struct ur e o i bt SO Brotédtion o wHief Beaeiingnbagensnt tha
tenperature of up to about 360F (182C) and a pressure of from about 100 psi

(7 kg/ cnm)edmpaahicis s¥-tpare (70 kg/ cnR) are applied to the conposite
structure for about 30 m nutes during the co-curing and bondi ng operati on.
It has been fourd ishattilbaa tfuctlzer yolsjeonghHobble i srésentdinvenhgonhe
met hod of bonding if the nmetallic structure is prepared by cleaning the

i nner sur flac@rapide @ swthed asicabexe drhichpabpy| lendshbrssdfutporhe
etching the netallic structure in a ferric chloride acid etching solution
to renove GRFRRIAN Of sl e bimrta BFSIRIFbER FE¥@FFAFeSfrom the i nner
surfaces, and primng said inner surfaces of said netal]i strgctur

c to
prevent the credtildh T W BHRS AeFhp?bvERe iR 68RBFng"ERY éef‘egf’sti cs
f th f Th | m f bl i | yi
Fesin sol LSS A AeH ha TR e S FRTORE i bi cor 2uch as
t ti h i T f i i
has been T ound T ke ing S fdets JHF FELOBIER by tond faEhba BECERLOT,

st ruct ur epraidhtasi fvathteXdid. gui de vanes used in jet engines. It also has
utility in the manufacture of original equipnment and the fornmation of

met al / conposi t arstaddtitce MEtEth® hodséle piesebiohpvanhboglhas been
found to be excellent , , 1 0 APR 2D03

method for forming a composite structure is presented. The
method comprises the steps of: providing a core structure
formed from a non-metallic material in an uncured or
substantially uncured state; applying a fluoroelastomer
film, also preferably in an uncured or substantially uncured
state and having a cure temperature which closely matches
the cure temperature of the core structure material, over
surface portions of said core structure; placing a metallic
structure over a portion of said core structure so that
inner surfaces of said metallic structure contact said
fluoroelastomer film; and molding said composite structure

under conditions of heat and pressure for a time sufficient

to co-cure said non-metallic core structure material and



'4 technol ogy for bonding to stainless steel - sonething which has been
quite difficult in the past. Qther details of, as well as other obhqp BR A
advant ages attendant to, the nmethod of the present invention are set th
in the followi ng detail ed description and the acconpanyi ng draw ngs)
wherein |ike reference nunerals depict3like elenents. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 illustrates a cioss sectional view of a portion of a
conposite airfoil structure; Figure 2 illustrates an enl arged cross
sectional view of the |eading edge of a conposite structure; Figure 3 is a
graph showing the results of a ballistic test perforned on fan exit guide
vanes having wire nesh and stainless steel |eading edges. DETAILED

DESCRI PT| 6ali@F fTklorieedkEmRichie rENBAR M (131 Referai bhgnd obehwednasangds,
Figures 1 and 2 illustrate a | eading edge portion of a conposite structure
10, such aetallie stirmughvnte anthesafdridepreehystorerefhdn. of Inhe present
invention. The conposite structure 10 includes a core structure 12 forned
from a noRrefexredc exbhpfidant ma drenperarererabl YPi hoapranEusE8 Hr
substantially uncured state, a layer_14 of fluoroelastoner filmmterial,
al so pref éllﬁ\él"F) apdy BT SHIF S fh HrPTRReRH BP0 BBt 4kt KLV AR urkQir ed
state, having.a_cure tenperature substantially close to the cure

t enper at u,abongt 2000 &S s(t7r%(§?‘-{/r‘§“,sl)aﬂa'eaal?€tla‘ﬁdi Eo%5 MG 1 FWPABL 1 aced over
a | eading _edge portion 18 of the core structure. Wen the_conposite
Struct ur eSTEUCEUES BETLARFE 3D FETUEET GiF 129 ERE) CPREUEAPE SPuct ure 12
may be fo fro site graphite - epoxy material having a cure
tgnperatu%gﬁg nggg?r "177C). The material may be in an uncured or

bstanti al | (o 11 i r C ies 20
Subs ! y 4R ‘ﬁaﬁ%d v & Alith Wa&ﬁ%ﬂ%ﬁéu%?ﬁ%ﬁesg?{ngg Qﬁﬂdpgb

and one or nore shell plies 22. Typically, 20 and 22 will

be formed shiraidal BRIrSHE tHRITRRYH B¢ hdmdind her CORE mbtHEiWRe 12 may have
any desired shape and ‘any desired thickness. Wien the conposite structure

is to be gtedctaran idi Praidardd Ut WhsiDhy ashe@ ismeexstrgdcde wanR, at he

core structure 12 preferably has an aerodynam c shape. The fl uoroel ast oner

filmlayesol¥emyy smehf @rsrech firsmpraopyl alcohol solution, etching the
metallic structure in a ferric chloride acid etching
solution to remove unwanted oxides and other deleteriocus
materials from the inner surfaces, and priming said inner
surfaces of said metallic structure to prevent the creation
of new oxides and improve the bonding characteristics of the

) surfaces. The priming step preferably comprises applying an

epoxy resin solution containing an insoluble corrosion
inhibitor such as strontium chromate to said surfaces.

The method of the present invention has been found to
have particular utility in the refurbishment of airfoil
structures such as fan exit guide vanes used in jet engines.
It also has utility in the manufacture of original equipment

and the formation of metal/composite structures. The method

of the present invention has been found to be excellent



"VITON filmhaving a cure tenperature of about 350F (177C), which film may
be in.an uncured or substantially uncured state. The filmlayer hasj aPR 2003
typi cal thickness of about 0.008 to about 0.015 inches (about 0.02 to about
0.038 centineters). A suitable VITON filmis a fluoroel astoner product

manuf actured by Eagl e El astomer of Cuyéhoga Falls, Chio. (VITONis a
trademark of duPont.) The fluoroel astoner filmlayer 14 acts as an adhesive
and may be 1 0 APR 2003 6 applied to the surface 24 of the core structure
12 using any suitable technique known in the art. For exanple, the

fluoroel astonmer filmmaterial nmay be brushed or otherw se painted onto the

surface ZéeEme&ﬁgPe%@Enﬁoﬁgg.;?/nggftot %%la,cm%ssg M & ddndtasingdimidie

f I uor oel ast oner m | ayer e applied so that it extends to portions of
the surfaggs?hebayqidtehailrgadung qsgenef gdw . structure 10. In order to
provi de i nproved protection against erosion and agai nst foreign object
damage, a net abthkefrudettad 1er ofst als s/t asl @ttty ednd he | eadi ng
edge portion 18 of the conposite structure. The nmetal structure 16 nay be
formed fradvantages hatesidahitoyojatbie aetdhioch ofs thdS dtelderor  Inverctkisdn based
all oy material such as AMS 5536 or AMS 5599. It is preferred that the netal
struct ureaté betafeukthdisnt thet fiod livaximgs ded@iileds tdasaniptsi gn candiethet t er
protection against erosion and foreign object damage. Wien used as a . ~

| eadi ng edgeomppnringedrawdngdsd| whergdturld Kes nefisrands nunerakye a
V-shape and a thickness in the range of from about 0.005 to about 0.012

i nches (aB8BEcH. diket §18B6NHESE. 03 centimeters). To forma conposite
styructure, the fluoroel astoner adhesive nmaterial 14 is first applied to
outer surface portions 24 of the core structure 12. As di scussed above, the

adhesive material may Qﬁz %ﬂﬁﬁ%kﬁfb%iﬁﬁ"é?r1&3”D§RGI§HEface portions 24.

1 0 APR 2003 .. _ Prior TO Derng ptdaced over tne adnesrve |ayer 14, the

retal | eading edgg, st 5Uh he:Hts su@r%gsegé&i%rfaﬂ LAl g% eparation

process which activates inner surfaces 26 of the netal structure 16 and
thereby gpgathiyni BBr aveempbeikendirkalili sthidri-det ween the netal
structure 16 and the core structure 12. The critical preparation process
conpri ses cl eariggrenneliliusteates2@nolenlag-gad ar iy Wdtionl wiehi ng the
i nner surfaces 26 so as to renove any oxides and to provide a fresh surface
f or bondiof), thadlpadinggetige pfiner compbsdde 2 rswtawrd;o prevent the
formati on of oxides and thereby inprove the peel strength of the bond that
is ultimtely Fdgnea. 3| Asaapgehphr shoplagaths seswidceRf a allhiryic
surfaces 26 of the netal structure 16 agre first w ped clean using a ¢l ean,
unsi zed che8EcEPEEATASAPERdaR B 1EnFUdGiet ABINESs HAVIRY SUidE ReFhoAfht

gr ade iso$£o$¥i al cahol oa agetone. After wi ping, the inner surfaces may be
ei t her aitCaria858t SkRbledf? éﬂﬁe?gﬁﬁﬁé or oven dried at a maxi mum
tenperature of 250F (121C). The drying tinme should be sufficient to renove
any traces of the cleaning solvent which nay be detrinental to the bonding

process. Ther %ﬂ‘m‘%wd !ﬁééﬁﬁwﬁﬁ f@ﬁ%ﬁ%ﬁtﬁﬁﬁﬁeg%ﬂébﬁﬂgmf(gﬁ ric
chlorlde acid™etch solutron to rempve any oxi des on € surtaces and to
provide a freshesdf{#f8 t6r tHeNdirAdings!,0FilgRirdie 12RRld catinrdthe a
etching solution, the

leading edge portion of a composite structure 10, such as a

fan exit guide vane, formed using the method of the present
invention. The composite structure 10 includes a core
structure 12 formed from a non-metallic composite material,
preferably in an uncured or substantially uncured state, a

layer 14 of fluoroelastomer film material, also preferably



10 APR 2003 s netallic structure 16,is imersed in an al kali ne cl eani ng
.solution such as a solution containing an al kaline cl eaner sold urideAPR g3
trade nane Blue Gold Industrial C eaner or an equival ent al kaline cl eaner
in a volume of 5 oz. per gallon. The netallic structure is imersed in the
solution for at least 5 mnutes. The solution is preferably maintained at a
tenperature in the range of about 120F (49C) to about 160F (71C). After
renoval fromthe alkaline cleaning solution, the netallic structure 16 is
rinsed in cold water for 20 to 40 seconds. Etching of the inner surfaces 26
of the nmetallic structure is carried out by imersing the netallic
structure.,in a ferrlc chlorlde aC|d etchéﬁgcsol tion, The etching solution

may be ned® &F BPGHSA AR frwsls( Fed 1 BFefe of DAYAPECAI BRFE aci d
cr ement § SRR AR SRS TRET R RTHhIeR o %l%&‘%?e“—’ﬁ*@?sw?%ﬁ Pho0).
S\;f ?(r)n;h((a’;%%G |ter%w e(rjl E:I.Pa%t %%agfﬁé' ons ?gt goglégég ¥ vvater
are addedj t‘.ﬁ:uer&m 5t 1 mlnitcgée\{rﬁa@éyecg{{.hgguﬁgt at room

terrperature for a necessary, e inner surfaces 26

may be abras'VWH%&”%HH'&oﬂHdﬁiﬁgjé%ﬂdbéﬁ%bnf§h1§|ﬂa1BH”hQéadSsaE £8npsi
(1.4 kg/cnR) pressure prior to initiating etching. 0 APR Z003 9 After

the etchi egigpefdideovdias, RN csve | finictire ﬂ?tﬂéi{lﬁesfbﬁﬁé&f €rbf &i nsed
in cold water for 20 to 40 seconds and thereafter power water flushed with

col d wat ecomplositer fgaeageh ifte af efddign natsqeid Pchdwingnait careot her

dﬁleterious particles. If smut or other deleterious particles are found,
ey are fesperaiuyemmfuakont SR (A11°@) sui Tl wabepéal Thayebet én, the

metallic structure is subjected to another power water flush with cold

wat er . Af B8r Unichaiedg on isaihatiant jial by rupewred 1stake pred erayl gopragkdofn an

oven and dried at a tenperature in the range of about 140F 5‘600) t o about
160F (710P“P0Pramt°irﬁe e RE 497 13k FhRNS1OF Bk AnsheliqPLdesplat 16

f 26 d
s 10 pr cTRECEH Tt PN OFF (T Ui dkd S | Hor Bt oRdT REPSHnEERR i ng.
oper at | on4aNSl, 51 A Aanlad A AL GPOXY HES! 059! U1 00:60D! 35109 Alve

i nsol ubl e Corrosion | as stronti um chrona nner

surfaces 2@y GR%iPed aNapd HH AL dEW0WLA r‘tﬁf@(ﬁéés MywREnUeRE 0 apply

the primng epoxy resin solution to the surfaces 26. The priner nust be

cured at thapodiiteblstraadirnd ars He W) Wedids dn 250F¢ 612164 rfietuB8
m nutes). After the surface preparation treatnment has been conpleted, the

netal | i c suchcher @ fan exiltaced da ararde treadide esigeupbutéon2of the core

structure 12 with the inner surfaces 26 of the netallic structure

cont act i ngrefferably0 ha@Rar0@®rodynamic shape.

) The fluoroelastomer film layer 14 may be formed from a
VITON film having a cure temperature of about 350°F (177°C),
which film may be in an uncured or substantially uncured
state. The film layer has a typical thickness of about
0.008 to about 0.015 inches (about 0.02 to about 0.038
centimeters). A suitable VITON film is a fluoroelastomer
product manufactured by Eagle Elastomer of Cuyahoga Falls,
Ohio. (VITON is a trademark of duPont.) The

fluoroelastomer film layer 14 acts as an adhesive and may be



'10".:... -~ fluoroel astomer adhesive material 14. The entire conposite

=

structure is then placed in a nold such as a conpression nold (nOLlﬁgPWﬂm3
and subjected to heat and pressure for a tine period of 30 m nutes
effect co-curing of the epoxygraphite material formng the core structure
12 and the fluoroel astoner adhesive neterial 14 and to create a relatively
strong bond between the etched and prined i nner surfaces 26 of the netallic
structure 16 and the fluoroel astomer adhesive material 14. The pressure
which is applied to the conposite structure should preferably be in the
range of from about 100 psi (7 kg/cnR) to about 1000 psi (70 kg/cnR). The
tenperature which is applied to the conposite structure in the nold should
not exceed®BBbieq 1'92Che TSwrEace y24 of chher apteestrugbbye 380MsEng7ENYi s
used during the co-curing and bondi ng operation. It has been found that the
conbi nat i s bFaRl@rpFRAN1EER EREWRNYD pERRi AGEst efOTpeXRBPAEd SRSt he
metallic structure 16 are crjtical to achievjng, a sucgessful bond during
the mol di fLSRRASHISTONeT S1 LB Ratehbeh Pavinhet RARSPRG CF. BEPFRYISE t he
core structure terjial, and the adhesiv e terial, elimnpates the need
For ‘a secdtMI DAt g i er it Tl 28 4F EAYehoaReBuoPugR ST TRE"EskE o
pr oduci ng Sitges e {S. 9 e res of the
Tethod of TR GrREn Theert Fhedr ot PERRbLY=1E0H0RHy, +1RnCREvER ek
| eadi ng eqge O, Pi&OMDOSERLE id OxtER2003 PoetibAkUbE: tRMCRuREaRel 20 eXit
gui de vane, which i nproves erosion and forelign object danage protection. It
has been kitydhd ntHdE]l éAdliisy r¥ade@r o ORet s8Putbateb@0di N@Ent rdledl foess
steel is very difficult. The nethod of the present invention allows bonding
t 0 stai nl gxsowidel impitevédl sSrotett ion AMrabhdf endsiba aadoaphiisetent of
peel strengths in the range of about 20 - 70 |Ibs/inch wdth (3.58 - 12.5
kg/ cm wi dtffgreddr dkxi¢ck edamages ra ngepal netirugturehpn mehsaVl $oRaglhasi ve
| ayer. It has been found that a | eading edge formed using a stainless steel
mat eri al sktiPlaced/wsn othe berdinal ed¥e Bevhhengd8ust %hies cRaPOSER
denonstrated using a snmall particle ballistic test. In this test, 0.125
inch (0. 33%B1E5 W er ) TRE Jhet2l SEEUFtyEe| 16eBRY NES HerBefi fLE@MafNt he
| eadi ng edge of fan_exji guide vanes having either_a 0.012 inch_(0.03.cm
Lhick i r & hRILPATEY T SRGh G 55 D, BHBN | AEHANS (5588508 ns PHEEELs PRPRRoss
st eel Ieaqpmgﬁfq%&e i rghé%sggwg%éhgsggpggvgﬁgngsbg.snalI particle inpact
stal ng ‘edg

that the ess steel Teadi e provides as conpared to a wire nesh

| eadi ng edge. T | S dESH i p ah gpakt LC ergies
of 0. 28 fro1b. L0 Dy e e e e e B R e

with partigdfctiaw NeeNEdYsdEVE! StHct@rfs Opfbville HEt082 kaokkceibh Nno
puncture. The stainless steel |eading edge provides approximtely a 40%
reducti on dagaitst sy iomam chopeignl évjectl Qadie2008héR tiBedwakeanesh
| eadi ng edge at an energy of 0.25 ft-Ib (0.035 kg-m. More inportant than
dgnt dept B eashiony cahparstriotuhe, wihe mesal | stduoguedges thpishailgl ess
steel |eading edge denonstrated a margin of greater than 140%in the energy
requi red milgudavg @ VYtehaprrand activheknese ihetheprangd pfelffromr engt hs
obt ai nabl e usi ng the nethod of the present invention attributable to the
ductile n@RAE & 4 9 RHIEE Lt Sherinches L2RoWbefP - BR3c5RpaYPEE Ruléri al
t est specinens. re renoved fromthe | eadi ng edge of nolded fan exit guide
vanes. Eadlfht Vég;s‘ﬂﬁ't)i'rren consi sted of a conposite structure having an
epoxy-graphite . cor ter] [ h,.an un t i i | ayer of
a VITON adheﬂ\zéréééﬁz%ﬂé§¢P%ﬁﬁ %K$#€§F§§%§e?*@%dggu?§§§§g§?°§k§ 5510
st ai nl ess ‘ ials i gh, : j eet e ation
a%%%blﬁ%ﬂﬂ&la%fﬂfm%‘%ﬁ&ﬁ%g& €4 bQcbbesnrenae

process desc her el nabove, place
portions 24 of the core structure 12. As discussed above,

the adhesive material may be applied in film form on the

surface portions 24.



"layer: of adhesive material. Each test specinen was placed in a vane
canpression nold and subjected to a pressure of 500 psi (35 kg/cnﬂhlg?ﬂg@
tenperature of 350F (177C) for 30 mnutes to co-cure the core mater y

the VI TON adhesive material and to bond the stainless steel |layer to the
VITON material |ayer. Several of the test specinmens were subjected to
different conditions. One test specinmefi was subjected to humdity
conditions (140F (60C)/95%H 14 days). Two test 1 0 APR 2003 13 speci nmens
were aged at 250F (121C) for 500 hours. Another two test specinens were
thermal cycled at tenperatures in the range of OF (-18C) to 250F (121C) for
100 cycles. Thereafter, the peel strength for each speci nen was determ ned

as per ASTM D31H/iof tryase fynshdded (overf ehei 8ahediastageeciinengnad peel
strengths at 75F (24C) in the range of 16 to 32 |bs/inch (2.86 to 5.73

kg/cm) w didtal Meeddindgli ddgé estoictpesi renifagduBjpeekdsttbeagh iaticd3F (240
of 46 Ibs/inch (8.23 kg/cm) w dth; the aged test specinens had peel

st r engt hs mtepdfa tf ) prdc&Ss | Wisichcacti dabes 4i BRekgsamfaiceish e 6anmd 4£he

| bs/inch width (7.34 kg/cmw dth); and the cycled test specinens had peel
strengt hs metabRE{UGuEd 18 amd/theheby dghed Bly2ikgronvesn dhile) bond 21

| bs/inch width (3.76 kg/cmw dth). Testing has al so shown that the fatigue
strength (ﬁhac"orﬂﬁ)sfqlém%rb%‘;(‘ﬁelguﬂél% %%g skrachuseailfl ayd $heelcor@adi ng
edge forned in accordance with the nethod of the present invention are
greater tIBFYHAr oL %onp"r"?é?t"er’F%H’F%quH’éel%%?t%aﬁeErPSFﬁé‘dcioﬁ‘pé'&é&sdance

oty ek ur o STEARITE 2#‘@?%251?%9%%% 26,5 e RELRY FEERaRIRR R incur ed d
iz)?teerrat e”@ﬁf r]-fuégh as a cure rap%é'lfﬁe162 Ie%%x'ggpra e]r'”&gﬁlgr gﬁ%%& %Oéglrde

Wi | e the ygtfiod, Qe tahefﬂé&?eéﬁrfik‘!é’nféPanH&lHSenaﬂﬁsﬁi-'lR%ﬂg' Rplhe cont ext
of putting a leading edge on an airfoil structufe, it Shoul d’be recognized

that the ngitad sigttdbde Jsesh ids %‘ef?ﬁévérﬁﬁ athé&O0f 6PRRES bhe o lokiildals
bondi ng applications and should therefore not be imted to the enbodi nents

shown her @ird tYHerebyal prppd i K1ed| Led D StherigtRt aFsthéi bandufthadl W num
ni ckel) with appropriate surface
ultimately formed.
In a preferred preparation process, the inner surfaces
26 of the metal structure 16 are first wiped clean using a
clean, unsized cheesecloth dampened with any suitable
solvent such as reagent grade isopropyl alcohol or acetone.
) After wiping, the inner surfaces may be either air dried at
ambient temperature or oven dried at a maximum temperature
of 250°F (121°C). The drying time should be sufficient to
remove any traces of the cleaning solvent which may be
detrimental to the bonding process.
Thereafter, the inner surfaces 26 are etched using a
ferric chloride acid etch solution to remove any oxides on

the surfaces and to provide a fresh surface for bonding.

Prior to the application of the etching solution, the



‘preparations for adhesive bonding. It should al so be recogni zed that the
met hod has utility in original equipnment manufacture processes as lAH@ﬁ%
repair processes. 1 0 APR 2003 15 WHAT IS CLAIMED IS: 1. A nethod for
provi ding a conposite structure conprising the steps of: providing a core
structure formed froma non-netallic conposite material in an uncured
state; applying a fluoroelastoner filmin an uncured state over surface
portions of said core structure; placing a netallic structure over a
portion of said core structure, said netallic structure having inner
surfaces which contacts said fluoroelastoner film and nol ding said
conposite structure under conditions of heat and pressure for a tine

suffici ent nk@aQQieUistririttrd Uy a8l asindied IiMaNth Bad Hin@nc @i hgc core
structure material and to forma bond between said fluoroelastomer film and

sai d i nner sslftdess sefcts asd aeicllut iorstdamialiieing . an hel kel hvwel ©feaher m 1
wherein said nolding step is carried out a tenperature of up to about 360F
and a pressoild anhdairodthel 3w ramenlBilute KB pidysirr Hdbutl Sner noxt ezsn 3.
The nethod of claim1 further conprising: activating the inner surfaces of
sai d net al eARiyedeatusdkedigre (deaqiar pimd@ MPkieg;of 5 oz. per gallon.

The metallic structure is immersed in the solution for at
least 5 minutes. The solution is preferably maintained at a
temperature in the range of about 120°F (49°C) to about 160°F
(71°C). After removal from the alkaline cleaning solution,
the metallic structure 16 is rinsed in cold water for 20 to
40 seconds.

Etching of the inner surfaces 26 of the metallic
structure is carried out by immersing the metallic structure
in a ferric chloride acid etching solution. The etching
solution may be made up by providing 80 gallons (302.4
liters) of hydrochloric acid and adding 135 lbs. (61.3 kgs)
of anhydrous ferric chloride in small increments and

) maintaining the mixing tank temperature below 120°F (49°C).
After the solution has cooled to a temperature of about 90°F
(32°C), 2 gallons (7.56 liters) of nitric acid and 11
gallons (41.6 liters) of water are added. The etching
operation is preferably carried out at room temperature for
about 14 to 16 minutes. If necessary, the inner surfaces 26
may be abrasively or grit blasted with 240 mesh aluminum
oxide at 20 psi (1.4 kg/cm?) pressure prior to initiating

etching.



1 0 APR 2003 16 said activating step conprising cleaning said inner
surfaces and etching said inner surfaces so as to renove unwanted othgﬁzmg
and other deleterious materials by wi ping said inner surfaces with an

i sopropyl al cohol solution; and said activating step further conprises
primng said inner surfaces by applying an epoxy resin solution containing
an insoluble corrosion inhibitor to sard i nner surfaces so as to
substantially prevent the formati on of unwanted oxi des on and to inprove

t he bondi ng characteristics of said inner surfaces. 4. The nethod of claim
3 wherein said etching step conprises etching said nmetallic structure with
said inner surfaces in a ferric chloride acid etching solution. 5. The

met hod of cl ai mftevhehe Rtciving operatiiorthase payichmyleted, cohpri ses
provi ding a conposite structure formed froma graphite-epoxy material in an
uncured smetallda &tirulctuaEplis ng metesh icomulid aatapl fong2@ W TON
fluoroelastoner filmin an uncured state over said surface portions of said
core strueegpadsantds Zhenestfddy posarustaher fAlashef stiph coppdi watept aci ng
a |l eading edge structure forned froman iron-based alloy or 1 0 APR 2003
17 a ni ck®hepguzgagesoy borde Fharpdinfpasifd fat igmbiosapthesdre structure.

6. A nethad_for repairing a _fan exit guide vane ,
deleterious particles. If smut or other deleterious

particles are found, they are preferably manually removed
with a suitable wipe. Thereafter, the metallic structure is
subjected to another power water flush with cold water.
After rinsing, the metallic structure 16 is preferably
placed in an oven and dried at a temperature in the range of
about 140°F (60°C) to about 160°F (71°C) for a time period in
the range of from about 14 to about 16 minutes.

As a final preparation step, the inner surfaces 26 are
primed so as to prevent oxidation of the surfaces and
improve bonding. The priming operation consists of applying
an epoxy resin solution containing an insoluble corrosion

f inhibitor such as strontium chromate to the inner surfaces
26. Any suitable technique known in the art may be used to
apply the priming epoxy resin solution to the surfaces 26.
The primer must be cured at the suitable conditions (such as
air at 250°F (121°C) for 30 minutes).

After the surface preparation treatment has been
completed, the metallic structure 16 is placed over the
leading edge portion of the core structure 12 with the inner

surfaces 26 of the metallic structure contacting the



" conprising: providing a core structure fornmed froma cured graphite,ep
material; applying a VITON fluoroel astoner filmto surface portions1g#E%%U@
core structure; placing a netallic |eading edge structure over |eadi ng edge
portions of said core structure covered with said VITON fl uoroel ast oner
film and co-curing said core structurggand said fluoroelastoner film

mat eri al and bonding said netallic | eadg edge structure to said core
structure by placing said core structure with said VITON fl uoroel ast oner
filmand said J overlaid nmetallic | eading edge structure in a nold and
appl yi ng heat and pressure for a tine sufficient to effect said co-curing
and said bondlng 7. The net hod, of cl 6_wherein said,l eadin

d
structure &WﬂﬁQﬁ}%ﬁFQW?ﬁwﬁﬁ?%%%vﬁl%EFﬁﬁlals?élnI@?? epkdre &8 eéqgﬁge

d d d d
Tet hod 1 UGS ti%'spﬁ%"’%eglpgga 0%68”1"%53?%Psgéﬁ%ﬁas%%‘f‘%%%%ﬁesia'stee|

| eading o408 ! (L Wikopll] Ofnd SpRhAELRAY LoONEReSAHY beaddieedas Bortion

of said core st ure y" Wi pl ng Tnner sur aces o tal éss st eel

| eadi ng eqdqesSigdicidd o 3d RnheeRT eaYLrakepheb- %ﬁ&&hbo%f %h%hb%&x%a'd
stainless steel |eading edge structure in a ferric chloride etching

sol ution ragikd anaesvial efdPhingt tAB 88FeOdtklctiee’ aRgandl talkout 14 to
about 16 mnutes, and thereafter primng said inner surfaces with an epoxy

resin SO|EmuBrdHNH§tdmé@ adheésbee L tee a1 03UOANANRIODICreateBa The met hod
of claim7 wherein said co-curing and bondi ng step conprises applying a

t enper at ure laftive Xy stioong J66hd abetwepnethar etchedband pEGmesi inmeaxbout
1000 psi for a time period of up to about 30 seconds. 9. A nethod for
fdori cati murfFcas &6 tofuthie veweltbeapstriagurpr 36i dndgthecore structure

formed froma graphite epoxy material; . .
fluoroelastomer adhesive material 14. The pressure which is

applied to the composite structure should preferably be in
the range of from about 100 psi (7 kg/cm?) to about 1000 psi
(70 kg/cm?). The temperature which is applied to the
composite structure in the mold should not exceed 360°F
(182°C). Typically, a temperature of about 350°F (177°C) is
used during the co-curing and bonding operation.

It has been found that the combination of cleaning,
etching and priming steps performed on the metallic
structure 16 are critical to achieving a successful bond
during the molding operation. It also has been found that
the co-curing of the core structure material and the
adhesive layer material eliminates the need for a secondary
bonding operation. As a consequence of this, the cost of
producing the composite structure is greatly reduced. The
end result of the method of the present invention is a well

bonded metal sheath on the leading edge of a composite



applying a VITON fluoroel astoner film adhesive to surface portions of said
core structure; placing a stainless steel |eading edge structure oggerpR 2003
| eadi ng edge portions of said core structure covered with said VIT

fl uoroel astonmer film adhesive; and 1 0 APR 2003 19 co-curing said core
structure and said fluoroel astoner filin adhesive material and bondi ng said
stai nl ess steel |eading edge structureTO said core structure by placing
said core structure with said VITON fl uoroel astoner film adhesive and said
overlaid stainless steel |eading edge structure in a nold and appl yi ng heat
and pressure for a time sufficient to effect said co-curing and said

bondi ng. 10. The nmethod of claim9 further c¢onprising: Qr treating said
stai nl ess sTESICHEER nueligRsS s?r fRR ue%Lbr ¥B19B0VRNEei KPLFR 3TRFO¥ER

| eadi ng edge portion of _said core.structure; and,said pretreating step
conprising WPThY @rfgﬁ?f%ﬁegba?céaﬁamégsiBF8§§°§%8§r | eadi ng edge

structure wth o ipeprggul AhSaholnSPRU! tARySELENEY 33 TugLNLeSE St oc!

| eadi ng edge structure Th a rricchlrori Iron~at room

te”peraturfkééﬁi t£89s9§£%995£”s£3§1r%EQGeP tﬁ??f&c&itﬁo %ﬁ%“he%ﬁoﬁ?@ﬂﬁes,

and t herea primng sai I nner surfaces an epoxy resin solution

contai ni ng &k | PSOL&RE €1 FPERLSEANaL DOUEI b8hdihy- t&hetABhhedsOkteleal m 9
wherein said co-curing and bonding step conpriSes applying a tenperature of

up to aboutyz3edHiars SudhessUkEs 065 aboahd 18RePatcbiipdi8nineh@0Qtppieeflor a
time period of up to about 30 seconds. 1 0 APR 2003
strengths in the range of about 20 - 70 lbs/inch width (3.58
) - 12.5 kg/cm width) with failures occurring primarily within
the VITON adhesive layer.

It has been found that a leading edge formed using a
stainless steel material such as AMS 5510 is particularly
advantageous. This has been demonstrated using a small
particle ballistic test. 1In this test, 0.125 inch (0.32
centimeter) diameter steel ball bearings were fired at the
leading edge of fan exit guide vanes having either a 0.012
inch (0.03 cm) thick wire mesh leading edge or a 0.010 inch
(0.025 cm) thick stainless steel leading edge. Figure 3
shows the improvement in small particle impact that the
stainless steel leading edge provides as compared to a wire
mesh leading edge. The wire mesh leading edge was punctured
at particle energies of 0.25 ft-lb. (0.035 kg-m). The
stainless steel leading edge was impacted with particles
having energy levels up to 0.6 ft-1b. (0.083 kg-m) with no
puncture. The stainless steel leading edge provides

approximately a 40% reduction in dent depth when compared to



20 12. A conposite article conprising: a core structure forned froma
non-nmetallic conposite material; a fluoroelastoner filmmterial po iqigWﬂﬂ3
over a portion of said core structure; said fluoroelastoner film mate A
having a cure tenperature substantially close to the cure tenperature of 7
said core structure; and a netallic stracture placed over said
fluoroelastonmer filmmterial. 13. The Ttonposite article of claim12
wherein said core structure and said fluoroelastonmer filmmaterial each
have a cure tenperature of about 350F. 14. The conposite article of claim
12 wherein said core structure is formed by a conposite graphite-epoxy
material in an uncured or substantially uncured state and said

fl uor oel asheneiréi heshalleaddng edoer reed Ay emefighOdfrad €25 aft+hba(euodd or
uncured state. 15. The conposite article of claim 14 wherein said netallic
st ruct ur ekgsmj or nMdrer émpanrtantnthagedeait glepth stwiien esempared be the

ni ckel - based al |l oy. 1 0 APR 2003 21 16. The conposite article of claim12
wher ei n séixeanesb| deadipgi edgean thier sdindeEs Bredkt beadingt eddgeur e

demonstrated a margin of greater than 140% in the energy
required to puncture.

In order to demonstrate the improved peel strengths
obtainable using the method of the present invention
attributable to the ductile nature of the fluoroelastomer
film, a number of composite material test specimens were
removed from the leading edge of molded fan exit guide
vanes. Each test specimen consisted of a composite
structure having an epoxy-graphite core material in an
uncured state, an intermediate layer of a VITON adhesive
material in an uncured state, and a layer of AMS 5510
stainless steel material, which had been subjected to the
preparation process described hereinabove, placed over the

) layer of adhesive material. Each test specimen was placed
in a vane compression mold and subjected to a pressure of
500 psi (35 kg/cm?) and a temperature of 350°F (177°C) for 30
minutes to co-cure the core material and the VITON adhesive
material and to bond the stainless steel layer to the VITON
material layer.

Several of the test specimens were subjected to
different conditions. One test specimen was subjected to

humidity conditions (140°F (60°C)/95%RH/14 days). Two test



“fornms a | eadi ng edge for said airfoil. 17. The conposite article of claim
12 wherein said core structure and fluoroelastonmer filmmateri al ZBC%R 2003
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width (4.83 kg/cm width) and 41 1lbs/inch width (7.34 kg/cm
width); and the cycled test specimens had peel strengths at
75°F (24°C) of 18 1lbs/inch width (3.72 kg/cm width) and 21
lbs/inch width (3.76 kg/cm width).
Testing has also shown that the fatigue strength of
composite fan exit guide vanes with a stainless steel
) leading edge formed in accordance with the method of the
present invention are greater than that of composite fan
guide exit vanes formed in accordance with prior art
techniques and a wire mesh leading edge.
While the core structure 12 is preferred to be in an
uncured or substantially uncured state, the method of the
present invention can be performed with a cured core

material such as a cured graphite-epoxy material.
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yIK® described in the context of putting a leading edge on an

airfoil structure, it should be recognized that the method
could be used in general metal to composite material bonding
applications and should therefore not be limited to the
embodiments shown herein. It is also applicable to other
metals (titanium, aluminum, nickel) with appropriate surface
) preparations for adhesive bonding. It should also be
recognized that the method has utility in original equipment

manufacture processes as well as repair processes.
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1. A method for providing a composite structure
comprising the steps of:
providing a core structure formed from a non-metallic
composite material in an uncured state;
applying a fluoroelastomer film in an uncured state
over surface portions of said core structure;

) placing a metallic structure over a portion of said
core structure, said metallic structure having inner
surfaces which contacts said fluoroelastomer f£ilm; and

molding said composite structure under conditions of
heat and pressure for a time sufficient to co-cure said
fluoroelastomer film and said non-metallic core structure
material and to form a bond between said fluoroelastomer

£film and said inner surfaces of said metallic structure.

2. The method of claim 1 wherein said molding step is
carried out a temperature of up to about 360°F and a
pressure of about 100 psi to about 1000 psi for about 30

minutes.
3. The method of claim 1 further comprising:

activating the inner surfaces of said metallic

structure prior to said placing step;
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unwanted oxides and other deleterious materials by wiping
said inner surfaces with an isopropyl alcohol solution; and
said activating step further comprises priming said
inner surfaces by applying an epoxy resin solution
containing an insoluble corrosion inhibitor to said inner
surfaces so as to substantially prevent the formation of
unwanted oxides on and to improve the bonding

characteristics of said inner surfaces.

4. The method of claim 3 wherein said etching step
comprises etching said metallic structure with said inner

surfaces in a ferric chloride acid etching solution.

5. The method of claim 1 wherein:

) said core structure providing step comprises providing
a composite structure formed from a graphite-epoxy material
in an uncured state;

said film applying step comprises applying a VITON
fluorocelastomer film in an uncured state over said surface
portions of said core structure; and

said metallic structure placing step comprises placing

a leading edge structure formed from an iron-based alloy or
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a nickel based alloy over a leading edge portion of said

core structure.

6. A method for repairing a fan exit guide vane
comprising:

providing a core structure formed from a cured graphite
epoxy material;

applying a VITON fluoroelastomer film to surface
portions of said core structure;

placing a metallic leading edge structure over leading
edge portions of said core structure covered with said VITON
fluoroelastomer film; and

co-curing said core structure and said fluoroelastomer
film material and bonding said metallic leading edge
structure to said core structure by placing said core
structure with said VITON fluoroelastomer film and said

) overlaid metallic leading edge structure in a mold and

applying heat and pressure for a time sufficient to effect

said co-curing and said bonding.

7. The method of claim 6 wherein said leading edge
structure placing step comprises placing a stainless steel
leading edge structure over said leading edge portion of

said core structure and said method further comprises
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pretreating said stainless steel leading edge structure

prior to placing it over said leading edge portion of said
core structure by wiping inner surfaces of said stainless
steel leading edge structure with an isopropyl alcohol
solution, etching said stainless steel leading edge
structure in a ferric chloride etching solution at room
temperature for a time period in the range of about 14 to

) about 16 minutes, and thereafter priming said inner surfaces
with an epoxy resin solution containing an insoluble

corrosion inhibitor.

8. The method of claim 7 wherein said co-curing and
bonding step comprises applying a temperature of up to about
360°F and a pressure of about 100 psi to about 1000 psi for

a time period of up to about 30 seconds.

9. A method for fabricating a fan exit guide vane
comprising:

providing a core structure formed from a graphite epoxy
material;

applying a VITON fluoroelastomer film adhesive to
surface portions of said core structure;

placing a stainless steel leading edge structure over
leading edge portions of said core structure covered with

said VITON fluoroelastomer film adhesive; and
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leading edge structure to said core structure by placing
said core structure with said VITON fluoroelastomer film
adhesive and said overlaid stainless steel leading edge
structure in a mold and applying heat and pressure for a

time sufficient to effect said co-curing and said bonding.

10. The method of claim 9 further comprising:

pretreating said stainless steel leading edge structure
prior to placing it over said leading edge portion of said
core structure; and

said pretreating step comprising wiping inner surfaces
of said stainless steel leading edge structure with an
isopropyl alcohol solution, etching said stainless steel
leading edge structure in a ferric chloride etching solution
at room temperature for a time period in the range of about
14 to about 16 minutes, and thereafter priming said inner
surfaces with an epoxy resin solution containing an

insoluble corrosion inhibitor.

11. The method of claim 9 wherein said co-curing and
bonding step comprises applying a temperature of up to about
360°F and a pressure of about 100 psi to about 1000 psi for

a time period of up to about 30 seconds.
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12. A composite article comprising:

a core structure formed from a non-metallic composite
material;

a fluoroelastomer film material positioned over a
portion of said core structure;

said fluoroelastomer film material having a cure
temperature substantially close to the cure temperature of

) said core structure; and
a metallic structure placed over said fluoroelastomer

£film material.

13. The composite article of claim 12 wherein said
core structure and said fluoroelastomer film material each

have a cure temperature of about 350°F.

14. The composite article of claim 12 wherein said
core structure is formed by a composite graphite-epoxy
material in an uncured or substantially uncured state and
said fluoroelastomer film material is formed by a VITON

material in a cured or uncured state.

15. The composite article of claim 14 wherein said
metallic structure is formed from an iron-based alloy, a

stainless steel or a nickel-based alloy.
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16. The composite article of claim 12 wherein said

article comprises an airfoil and said metallic structure

forms a leading edge for said airfoil.

17. The composite article of claim 12 wherein said
core structure and fluorocelastomer film material are co-

cured.



