;N _e3enj | 6: TDG METHOD FOR REMOVI NG ADDI NG FROM Al RFO L SUBSTRATE
BACKGROUND OF THE | NVENTI ON The pre%@h‘”@ﬂﬂw HE relates generally to a
met hod f orl %Wd‘\li“ﬁg nmetal cl adding t d to at | east one surface
of the substrate of an airfoil, such as *§%pa@arbine (fan) bl ade, by treating
the metal cladding with a chemical etchant. The present invention
particularly relates to a nethod for renoving titaniumcladding that is
adher ed at MBTHODT)R REMEHINGMETaE CEADDINGUEROMBARKDILSUBSTRAITE, such
as a turbine blade, to a nonnmetallic fiber reinforced resin substrate by
treating the tanr um chem cal etchant that conprises

hydr of | uor]?fé F%ﬁ%&@%"ﬁﬂh@f{an engi nes are widely used for high
per formance ai rcraft t hat operate at subsoni c speeds. Large fans are
typically 0, greater
t hr ust andﬂ{rezlggggﬂsnr‘)%ﬁ@? #éfng%#g E(r)r%t}? %tﬁgé fod qrgnﬁilﬁ?ﬁli@\z{getglnd% ﬂlr%t:]ht

whi | e opt iisadhenred tmea‘tfleersnmmmrface off $heo§1ﬂoetnatproéhmarrﬁﬂl tsoch afsca)tmbmat(ﬁn)a

maxi num n r of fan bl ades havjng a e ot bl ad configuration (i.e.,
the bl adeLL?qb Bréteatnrgegl i“ﬂ?télcg ‘i{dj%s wmtaémn SHRDEPIonT REBTORAY HBSPEQRG |

hi gh bypaa%ne%% t strong
but | i ghtwer ght Ir}gr%(laa\r%lsa[llas&gﬁg ngpgﬁnqmné)ﬁﬁ@%%gﬁpgi ﬁ?g %%Egglg(riglfg rced
epoxi es. Wengothe idmdiveg eigaod thet smbpedte bf an sirfolils suchl dsavrtfing blads ao afnon-

manuf acture of. relatively conpl ex contqQurs ip the hl ade. Conposite bl ades

are suscepbstgllis fbers tsrn;-fpaﬁd dBfiBcH ﬁta%gtér tURA R thypté@nbrn chddingnvéBj 2ct s can
be entrai s turbine engine ranging from

| ar ge bi r:}:gl:gmg%é%{agasdt@ea%oﬁpr@ég hgh{] %S%gs sand and rain. Snaller

obj ects can erode the bl ade material and degr ade the performance of the
conpr essorHighnpaats hybédfan gmpinedjaec tvddelgnused ot higho perforatanec taiveralfl daes wi t h
portions of an |rrpact ed bl a&g heing .torn | oose an%@F(ﬁUSI ng .extensive

secondary WaFiget SBPWBInseedamlBreiSos e piRelly elgrhat dumBoRkRf suchrhe

vuI ner abi | f due to
uo 1 aot or SEeR ul ERE (G PIRARE kiealst ARER ah® R ELAGROMERLomEAPER.  Fo

substr at e mafimire edghee weight WBﬂ)B/Jo@aMﬁzmgcpbrﬁtrmMejmens Coftems prederead to

al um nium, can be susceptible to erosion., Secon when _hi renqgth
filanments IBFEPBIER makEaEn AEmbEY of fan bladepbavieg adixgd rotia qoeka'er %Hed to

panci 1t o EomRodie dneRHEl AR 4 AT Wilanf RALAH O hTEeti B AN,

bl ades havsyphsse enginee withatheC asprof seompasitepfani bladsu fiatitedt &ohnawrmm ant ai rf oi |
shape which is covered by a surface netal cladding, such as titanium

cl addi ng. 1ghsweight patsrpls sugls ap plygrniup, and) g@phite ﬁbrrererrﬁatspﬁgp%zﬁeﬁ t P& i ng
edge porti I AR ed or
adher ed by&gﬁ%sgl%%‘&g?éei&gaﬁg{sl%l\%gﬁ?gﬁ {)ﬁgef(%oegrr%g%q}?e su(ﬁi}'? r gtéeﬁm%e}) ﬁﬁgsgs
brittle, tdontouneinahe bladeldi ng provi des protection to the edges of t he

tur bi ne fan bI ade especi ally with regard to t he | eadi ng edge of the bl ade,
agai nst fo t dana nd er.osj on.

gn this taI L&.ﬁ& adher ed
to the ed ‘*PS“F éraber A ?%t %r%&ge'@arpbb% AEagfen yatPiPFS due to
foreign o r t hod
for remvﬁrﬁ&g%gﬂ?ﬁgf g Mﬁ g‘gwﬁgﬁléri??ﬁ%]tnhael eaglgéng,ﬁﬁltﬁrg gn ‘.ngggna%f}é ? 1|r0|rr)ﬁnédges

i s by mechargedsaddsy m&h\aalseamlla,godlatlmhest, karid araihragyr. aSmalléreobjécddaimeroddhe

cladding that is grasped by the tool .is then ried or peeled fromthe
conposi t e 1§ ke apateria) %.de&ragt thespesfprmpngs. ofiiAe GPMDIFSIE] §mpa%tahmﬁéra%t al

cl adding i gway EYspan!

underlyin éo&%r?r%{:)agﬁu % 1%%'([8 gﬁb ?éssp‘?’fgﬁ B%‘?t"f‘gh Yihyﬁa% ﬁg cas 2le etrotran t he
nmet al cl addosegindsaasigeedensive dcbendapniemsdgedo slutyﬁttrmtrebladescmd atlengngine edge
(e.g., leading edge) havi ng a conpound series of curves. In addition, netal
cl addi ngs YOMHONEHME rel atively strong and | ess mall eable can tear (rat her

t han bend) duri ng this peeling operat| on, nmaking it m)re difficult to

renove ther ly to
occur when t Ijag‘d‘l ngpglﬂae?igg@ n thﬂﬁtnetgg&l%%ﬂ%e% rec rsgdénTH ?(t)dmwﬁ
interior Ofactbhse Emnaheﬁglttmght surbamatetial anplaktd/ for eheadubsiedty of tierladep t he
perineter of the edge (typically relatively thick). Accordingly, it would
be desirable to be able to easily renoye dented or danaged netal cl adding
adhered at or along the edge of a turbi'ne fan bl ade or ot her

Wi t hout stripping away or otherw se damagi ng the underlying mmm’mm,ﬂ"mm
substrate, even when the edge has a conpound series of curve a

the netal cladding is relatively strong and | ess mnal | eabl e.




13DV14147 SUMVARY OF THE | NVENTI ON The present invention relates to a

met hod for renoving metal cladding adhered to an airfoil, such as a turbine
bl ade, whek38Vil4l#é airfoil conprises a substrate and wherein at |east a
portion of the cladding is adhered to at |east one surface of the substrate
of the airfoil. This nmethod conprises the step of treating the cladding
with a chem cal etchant of the netal that the cladding is made of for a
period of duchas polyhietic eesing 6r dleminiematan iasiscéphiblemordrosion. oBeddnd, eheagldi ng
adhered to the at Ieast one surface of the substrate. The substrate is nade

of a mmat erhigh strength ﬁbnmﬁnarealmf these mgteripls ¢an henelagivelydnittle vompared fod of

t he prese vent o [ prior
nmechani calrﬁ1 8 {g a h’fq’&l %518 VI %h %gﬁgﬁ?ﬁn’é’t afro rgg‘éig tﬁgm&ﬁerg tt]‘];e?1 ﬁ%’%f‘
substrat e dmpgite Wftﬂlthe pﬂ)‘i&fﬁ@hﬁif | iethly hPbhi@ tlhbﬂﬁefan PiRleiBbi®Bedf mabe
present invention reduces or elimnates the damage that can be caused by
pryi ng or tb@tecpqrmglsawayommsncl@batraﬁg hayiggnannairfgil s @Pﬂawélchslls rvgveredétham cal

tool. Th hod t .t | t
wher e 1 ne SRS Tefil cladfist SRBC ARFBARGE, TRCARHDY s RS RbRIE
nal | eabl e.anldtthé &aai@%nadmmgwg@%rmﬁr@v& BecH®irfake ﬁ{e@actnarmmgswﬁi@heé ed to

the substrate at or al ong">r ., |l eading edge) having a conpound
seri es of @ualﬁbomﬁd/@rad ed @ytmwa’ekeaﬂdh@slwm thg opmposite substrhec Bring from

th t f foil bl f t |
thin) o 1R BupbnBeEERG Faiia flovidls gro BTl bR Gett By LB
DESCRI PTI Gl i GialIFVNRSfd @ (hd 10045, ROV SHTAC R | on”

side of a representa ive gas turbi ne engi ne fan bl ade for whi ch e met hod
of the pred;imageland'emsmon is useful. FIG 2 shows the concave surface or
"pressure” S|de of the blade of FIG 1 FIG 3 is a partial sectional vi ew

t ak | 3- 3 T TI.ON .OF, THE | ENTI ON
130vi4 147 TeneR et Sagdio aniup i herrass of Ui Prong o blIF £8P URTORES des of
a repr eserﬁeﬁiédvﬁldg&a?n 8 B Qo TH@H OEJ@@S %@%ug uiﬂ@'r@ﬂhnt bﬁréﬁ!ﬂc@ﬂénpf t he

present invention can be useful that "is indicated generally as 10. Wiile
t he describhe mmronethmfmﬁmownafsuwh]mepi ebédmg |frwreﬁte| lewding twiiling are¥ép ence to

t ur bi f bl.ade t hat t | bl
P ot hor PR bd Techiticdl RRtoval RS HSHIhRTER hRp i iy, Mk B dRE; | 20! ©
hel i copt ertat is gfaspdd by @8 tétll itheh gﬁ&ﬁomeetedra%wdﬂh #féednipdsite idLRataRS al

cladding that 1's adhered to a substrate. FIG shows the convex curved
surface ofwhikhdtes mhe(raql sblnfca'ttelateéd ap theametaheladding i peeledsawhy, difcamﬁéﬂlbl ade)

ndi cat ed ner a concav.e c rface of
bl ade- 10, (GIF 86 offerdisf Bartoss B8 wnferbing fuitt ubdding? HRAS srtipBly i ca oo
general Iy @se dBereBihddRetdOcladdifg mad&réde@ﬂtheocoﬂ%&té Bebstaicest GFSaldmy alt
trailing edge indicated as 26, a tip edge indicated as 30 and a bl ade root

i ndi cat ed esge :{4g Thadingledge) dhavingoa tcompoutid is¢riaseof1Qurives. i hdindditient gnembr ally

as 38. Subt 8 can either a aII| m or
ot al | A, e SR eROSioR fid 1SR pRERE oph e efhen oy

relativel yddringhﬁng PedRigd Bperatish, rﬁhlahg viel tforeagiffidudt t®rBmeve TR @lddﬂir% t he
desired configuration or shape of the blade. Typically substrate 38 is nade

of a conpobiariag whthsrmetal ¢ladding lsta.kxo mprerﬂnifeéy eeeasur when therdbadding wg:enrher ),

usual ly co nin rel for ch a a S rtic

suppor t ed tﬁ’r&ﬁ ﬂcfg? brFC f‘ FIQF éﬁeg% ‘?Ssé bl?ﬁd’e {?ﬁgz Ri58 Ytes can
be used i We&ﬁb@l&&lﬁh}eto&ﬁe péﬂﬁﬁét‘éf’bMe @@%é*(tfﬁi‘éa@l |k 1atiAdMgl tHhew): met al | i c
conposites. Conposites useful as substrates 8 are typically of the
non-netallic type and can be nmade of a material containing a fiber such as
a carbonac lingly] itcwiouldndreadesiralile 40 bgxdbleto ersilyarmwie dentedroradaagedd in a

15, B K di |
tape ot erPiial pRdGRe 38 A or i e ki ob i Son, lag o ks 20 e
W th the roghdut S@Iﬁﬂ)lﬁ? a@v@i @%théﬁ%e&!ﬂxﬁa@ﬁigeth@' %@rlﬁh@%m@@ﬂe sheyrafeur ed via

an autocl aving process or press nolding to forma stiff,

rel ativel erhnmhgemmeshabspompeumermsomvmanw‘prw@ tha meted ciaddimgtis

cl adding in e qs 42, 46 and 50 is adhered or attached to the
substrate - §g' %ya?eﬁ??wfﬁ %mlapproprlate adhesi ve (e.g., epoxy
adhesive). O adding 42 is shown as belag positioned at or along t he | eadi ng
edge 22. C adding 46 is shown as bei ng€positioned at or along a portion of
the trailing -4




13DV14147 edge 26 adjacent root 34. C adding 50 is shown as being
positioned at or along tip edge 30, as well as a portion of trailing edge
26 adj acent3DY}#148. The netal cl adding can conprise a variety of nmetals (or
metal alloys), including titanium steel, nickel, tungsten and all oys
thereof. This metal cladding can be fabricated to precisely achieve desired
airfoil contours for blade 10 or can be fabricated as fornmed sheet netal

el enents. SURINARNOSF THIMINVENTEON! addi ng can al so vary dependi ng on where
it is positioned on blade 10. For exanple, cladding 42 that is positioned
at or along | eading edge 22 typically needs to be stronger and can nade
from a rel Big RIesspt SveniiQn retatey togy mﬁ@pé|f0ra1re|rrwlr§1@ﬁtahgla¢ﬁ%paﬁfihﬁfﬁ%tmm{ an

al l oy of tj i i Lo U j 0, ng 46
positionedhgﬁﬂﬁ#ﬁgp%%gwﬁb%ﬁygkbqgggglg%?ﬁgé#&% Pﬁé?q%ﬁgégaéanggﬁgggﬁtioned
at or al ong l1édspa pegRnIT theeldddiag idadireedsioraighsamtt aafacodeof tra@bitiaeod | ess
strong netal or nmetal alloy such as comercially pure titanium The nethod
of the prebesirfailyEhis irmihq%eﬂmprwg thengtep pEFredfing the sladdmneowish archemical of t he

metal hat B of SirgtST e ik BeabBS ubhde M hy B AREE SR SPETLT) oo

used to reRRQe ARlcast tBé gbﬂioBfofIhU clati@itztddBered td @es 10dst bR bldsReast the
i ndividual airfoils or blades, especially the thin oxidized | ayer or "al pha

case" t hatsubsiratecclhe sibsiralg is anaglengl afmaterglothpt isoehamigalbs raststat fte dhe

titani um taIt See U.S. Patent 4,563,239 (Adinolfi et al), issued January
7, 1986, ﬂ@ﬁ'discloses a nethod for chemcal mlling unattached

i ndi vidual airfoils or blades using a noving vessel such as a rotating
barrel . Homgygiethoddthe pleseitchvdition favEdei noader pf sighideahtybetiefigl ®ged f or
use in renoving netal claddings adhered to at | east one surface of a

subst r at e Bioranechamicalenethedrelor Teraoing sichametal eladding adhered i therabsteateiod of
the present..invention wdl usual,l e t I r | alloy)
that "t he crtamhig SPestily b, CBRSAGHSERE allfe TR et FAGS of i O
tungsten agliniahte®ite dafifRpeaat cayi Gabddby Hs@mgcd?q;euﬁag avedythaBla8ding Febnar €
agueous etchant solutions conprising at |east one strong acid such as

hydr of | uorthe substeate nisingi @ raeshanicaly thobc hilee ineethed @f theirresent inkenton dxd

cl add ngs. RadaTHy ¢RpaRERRR e YERARA AN G B 0Ll s 3ol

conpr i si NGarfayéshaleableC I8igiatho #diarthgdous GheRithditdidclad@ingGs adtefedatdcthali tric
acid, such as, for exanple (by volune), fromabout 8 to about 16%

concent r at 8@strate at or alengiamedeef (e @m leasking edge) baving grcomponed srricatof suavgs

hydr of | uorj c,acid, i,ncl udi ing. a. conmercial tfi a needed,
such as o?f@é"r\mh"(‘f#‘%?c?g‘?l gﬁ@ﬁg Ivglqisol.n, t%tﬁkfzslsnfﬁ% ;,t\:ﬁe B{%‘%}gx@gﬁg © eoes,egf or
exanpl e, Uhiffoil Rt Blalle 4ulfict &30, rAdivedy fthintioathy . porinss@do) auiatye (c.g1986
(especially col. 2, Iine 67 to col. 3, line 7), which is incorporated by
r ef er ence. reltigplydhicklet chants suitable for use w th claddi ngs made of high
tungsten content alloys include aqueous sol utions conprising m xtures of

hydr of | uorﬁﬁl%gfagsg%ﬁdﬁ b% ﬂg%ed{&%ﬁﬁ%s, for exanple (by volune), from

about 40 t0o a concentra nitric acid, fromabout 0.6 to about

0. 8% concentrated hydrofluoric acid, and from about 30 to about 70% water,
whi ch al soFlihcl sittess dic donaet salfanst o0 “ORontosids /of .a mhreseytative gas fuslhiae and
fromabout 0,0016 to about 0.025 noles/1. of ferric chloride. See, for
exanpl e, \engineHan glade torguhicly the mathadipidhe preseptyinventigpsdiseiloper 12, 1982
(especially col. 1, lines 50-58), which is incorporated by reference.
Chemi cal efl@%hﬁﬁ kﬂet&%{{refsﬁffaéés& “ﬁ‘{)ésglugl addbrgs bmg%ff?fG.nl' ckel based

al | oys include aqueous solutions conprising mxtures of nitric acid and
hydrochl ori c acid, such as, for exanple (by volune), from about 40 to about
60% concenFliGatidsla pattial secticnad vidw wkerasloog libe 8- e3dGt 1.20% hydr ochl ori ¢ aci d,
t he bal ance of the solution being water, including fromabout 0.008 to
about 0. 02 I : j ' | east about 0.016 nole/1. of
cupric sul ﬁgﬁlfééé)%ﬁéigﬁp@ﬁlr% %ﬁlﬁf 4,411,730 (Fishter et al),

i ssued Cctober 25, 1983 (especially col. 2, lines 40-51 ), which is

i ncorporated by reference. Chem cal etchants suitable for use with

cl addi ngs nmade of I N 100 ni ckel based %Iloys i ncl ude aqueous sol utions
conprising m xtures of hydrochloric aci*d and nitric acid such as, for
exanple (by volunme), from about 32.5 to about 85% hydrochloric acid
(preferably from about 32.5 to about 42.5%, with other included

i ngredi ents proportioned relative to the volunme of hydrochloric acid,
nanely, fromabout 3 5 to about 45 nil/1. of nitric acid, fromabout 0.0 22
to about 0.0160 noles/1. of netal sulfate ion, from about 0.0283 to about
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13, 198S (especially col. 2, lines 5-14), which is incorporated by
reference. The metal claddings) to be renmoved can be treated with the

cheni cal i BRMWIAI4Ei t abl e nanner and for a period of time sufficient to
remove the nmetal cladding fromthe surface of the substrate 3 8 that its
adhered to, the substrate being relatively chemcally resistant or inert to
the chem cal etchant. For exanple, the chem cal etchant can be fornul ated

as an aqueRéfsrring! tuithodrawingds, FIGs. Taind2 sHoaddiffegent Qides of & FEptestnbEivegadr ushed,
sprayed, dipped or otherwise treated with this aqueous sol ution of etchant

Typi cal | y turthiee engirofan badeuor vhiabf the methosk of the prasentddyentionrcan berusefubwed

c1 adai ng” oS ParvEaSRtly B0l | AR aRkePain B ineTh@hef B eiiSHL been

removed orindéfiRal iy eatRrmrehdeod 4 ARbWE GBA fbl/ddegltssubﬁlaq% @ldebsibtdt hat thig 8. As
the cladding is renmoved, the flow or application of the aqueous etchant

sol ution i methdq‘l iss epnlicale i other zgfculselr@ vanegf propgllers, aotor dlages (e.g.he
et chant .

1 t 1 1 d f
Cher oot wi 1 bEREREe oss welTBs PRES Bhet PobrRE blaflt: Padiys er IaddfRRHRL o chant
bei ng usedg aHH&eM ﬁ"sulgs‘i’tratm I@ laiﬂo%)thé B&l\fék %qg}eﬂ%uftﬁcd”’@ﬂﬁa&’é 10 Y&l%

t hi ckness of the cladding a ke factors. Typically, treatnent of
cl addi ngs nefedteedfto @snthe; ‘tsacmmfﬁ S@dﬂroﬁﬂhe dbirde)rindidated) generially am 14qubidei 51G. 2

hydr of | d | uti .g., i t 2t
about 79 IVAPSAIUETREYSEiTase Sirics PERIE 10 oS SUBTVL Coi)e ¢ HESMER AM9E 1 addi ng
at a rate gfhabput) 1%df€hﬂedg@né}gl5y 58718, 0B1akiB 'lglﬁ%sn%s 'a']eafd'iﬂgr@(%QQH&céted gs about

1.5 mnutes. In ot’her wor a treatnment period from about 60 to about
120 m nut €22, wtiaihrtgﬁdngc aldigatdgleasf 4 tipiedge intizated rmﬁ@ aod a blads odotendivaigd

cl addi ngs hayi ng thi cknesses up to, for exanple, fromabout 60 to about 75
mils (frone}S out 1.52 to about 1.91 nmm. The nethod of the present
invention is particularly useful in renoving netal claddings that are

adher ed t origuQpkiratk Ef)o{?’ucﬁl &t biade 2b Q@%d@d&te%ld&%eféfll bisade débsthRr3geeame e, as
shown in FIG 3, netal cladding 42 is adhered gl or along | eadi ng edge 22
to surfacemsde effeithbea netadiie.g, alemitfurny ogtdmmeltdh@nﬁt}:riabs(e\gelal resig-fiber sur f ace

58 of th de 14 . of bst | addi 42
o O asos A ek e Goicaly FStaR: it Rty Bhd PO VR, Fes5ito Tt Po oI

i ndi cat ed @g, §¢ d@ﬂf&dfb@nﬂ@mﬁﬂoﬁéﬁsl{aﬁé 8t ind ®labe! h“ifﬁpcallf substrét3 @\S{ it fhhd of- 9.
fromabout 2 to about 10 | s (fromabout 0.051 to about 0.25 mm) thick,
nor e typi caldompositamnadieni] Get otvab aurt m@ravirhateridls ononebimag tcfg,eﬂmﬁ) twsualiout 0. 20

t hi ck th t tion 70 which | at thic ,
17 bm about CBTRBE GUBAOTENAST £ RPN & BAsiel SRBATCA oa DR oFi Cic

nore typi Clﬂ!atlriy( h&eMIFR QU reEm). tM dp(7s@(e§rbe{r§be( {ide@Th m%te]%@%ctlﬁﬂl out
1.78 mm th To renove net al addi ng 42 from edge 22, thé cladding (or
at | east slmth |rm1$lh62némneﬁet@l1lwt0hmpoklmdl(htg)lpmlas peefok sasubdtrates A8 tane

heni cal etchant puntil i 62 6 of, t h b d
oroT caol VAN of Bienerbe bl re andign 88 rBideltita Mt Sen ARy R T oy ©
the peri ne§igh a§eacédr9c5haz&tﬁf sifitAddiag rﬁe%alc&ﬁdéoeor%mly ﬂb%mmeddeacma@ cally,

e.g., broken, sawed or otherwi se cuf off fromsubstrate 3 8. Typically,
sections 62sianma@sabsuat asd Bpoxy, 2MRa .2 BMIo PEEK, aetc.uon mmdhre(cuonaienam al | oy)

wi |l be renoved .or di ssol ved away an aqueous h roflu d sol ution
(e 0. havPRETa IBoRCEREY RORa o a0 (e 1998 GA B TP pepaigin b R R aci d)
from surf agasheFradfling &yilaBle 148 ﬁlggé’tang theéd @PQialr amo@la‘ﬁfﬁ'% prﬂ&rsg or
typically |nfromabout 3 to about 12 m nutes. The method of the present

i nvent i on mass mbldingte fouweal ligin weghty tiffigtlativaly hodbganedés {ubstoate a8ong trail i ng
edge 26) or netal cladding 50 (fromalong tip edge 30 and trailing edge

Th d of t t [ t al
o hadi ng tRoehet imiRnf G2 meBl iR ihdeftad Sty asr I B 0% T ha
i's relati vigihtredtdrfdciado RS SubiBhie SRD ypicll uwnglantaé@wﬁia{evaah%ﬁee @ging a
peeling operation. This is often the case for cladding 42 that is

posi ti onedemb(ycadhallm)g (Iletkﬁnglg2 esigovapas lﬂ:leg pesitionkdodt arraong thedmadingivent i on
is also pa in remvin | cl addi ng that adhered to
subst ot o alee 3 pdtiiofh Wsnowags b Po e on S ilne 8 Bpiia of e GBS

Again, this is often the case for cladding 42 that is positioned at or

al ong | eadi ng edge 22. To protect othef~portions of blade 10 (especially
nmetal cl addings that do not require renoval ), maskants that are relatively
chemcally resistant or inert to the etchant can be applied to bl ade 10,
and at least to the nmetal claddings of blade 10 that do not require renoval
and which can or may potentially come into contact with the chem ca
etchant durlng treatnent. SU|tabIe naskants |nclude plastlc fllns

. T o 2 1. o Y e o



_g_  13DV14147 LI ST OF REFERENCE NUMERALS 10 Airfoil or turbine fan bl ade
14" Convex surface or "suction" side of blade 18 Concave surface or
"pressure"13V187 bl ade 22 Leadi ng edge 26 Trailing edge 30 Tip edge 34

Bl ade root 38 Substrate of blade 42 O adding for |eading edge 22 46

Cl adding for portion of trailing edge 26 50 C adding for tip 30 and portion
of trailing edge 26 54 Surface of substrate on concave side 18 58 Surface

of substr alige 28 JdpR¥EX061 38 Tladitng 50 & §HIWnSECHEiN pbsitshedat Hir dfingCtip
cl addi ng 42 adhered to surface 54 66 Interior section (concave side) of

cl addi ng 42gadbaserelkas aportiencef waligpedaerioradiasentdieil.on of cl addi ng 42
connected to sections 62 and 66 -10

The metal cladding can comprise a variety of metals (or metal alloys), including
titanium, steel, nickel, tungsten and alloys thereof. This metal cladding can be
fabricated to precisely achieve desired airfoil contours for blade 10 or can be
fabricated as formed sheet metal elements. The composition of the cladding can also
vary depending on where it is positioned on blade 10. For example, cladding 42 that
is positioned at or along leading edge 22 typically needs to be stronger and can made
from a relatively strong metal or metal alloy such as Titanium 6-4 (an alloy of
titanium with aluminium and vanadium). By contrast, cladding 46 positioned at or
along trailing edge 26, as well as cladding 50 positioned at or along tip edge 30 need
not be as strong and can be made from a less strong metal or metal alloy such as

commercially pure titanium.

The method of the present invention comprises the step of treating one or more of the
metal claddings 42, 46 and 50 of blade 10 with a chemical etchant for the metal that
the cladding is made of. Chemical etchants have previously been used to remove
material uniformly from the surfaces of unattached individual airfoils or blades,
especially the thin oxidized layer or “alpha case” that can occur during forging of
airfoils or blades made from titanium metal. See U.S. Patent 4,563,239 (Adinolfi et
al), issued January 7, 1986, which discloses a method for chemical milling unattached
individual airfoils or blades using a moving vessel such as a rotating barrel. However,
chemical etchants have not been previously disclosed for use in removing metal

claddings adhered to at least one surface of a substrate of a turbine blade.

The chemical etchants used in the method of the present invention will usually depend
upon the metal (or metal alloy) that the cladding is made of, such as, for example
titanium, steel, nickel, tungsten and alloys thereof. Typically, the chemical etchants
used are aqueous etchant solutions comprising at least one strong acid such as
hydrofluoric acid, nitric acid, hydrochloric acid, sulfuric acid, and mixtures thereof.

For example, chemical etchants suitable for use with claddings made of titanium
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13DVv14147 CLAIMS: 1. A nethod for renoving netal cladding (42, 46, 50)
adhered to an airfoil (10) wherein the airfoil (10) conprises a substrate
(38) and WEYi4l44t | east a portion of the cladding (42, 46, 50) is adhered
to at | east one surface (62, 66) of the substrate (38) of the airfoil (
10), the nethod conprising the step of treating the cladding (42, 46, 50)
with a chem cal etchant of the netal that the cladding (42, 46, 50) is nade
of for a fdftludsaqicotis selutiols ¢compising hydreffioie afid, @aaixtiree op bydiofinoi&2, 66)
of the cladding (42, 46, 50) adhered to the at |east one surface (62, 66)
of the sutsid ardnitgpcids suchaspiarrexampleay vdumeg), fome aboutd fmeleyt 6% hat i s
chem cal Iy o esﬂtl%{e%nﬁitr'icoaéiﬁeanﬁtf‘f‘(t}ﬁna%bbu 3 tIhfcl%oma tla‘%dco ce&kﬁédmgfdr\(ﬂ’ﬁ%r% n the
chem cal etchant 1s an aqueous etchant “sol ution conprising at least one

strong aciddid, 3nclidlifig idingda ebmedeadiah RettiAgraemt i fecled onghasi Oris Wel ect ed
fromthe group consisti n% of hydrofluoric acid, nitric acid, hydrochloric
acid, sul fBractera&i GambledCai, Eineianati,nOhisoISA).  Fere fontemamplss ESaiPatest wher ei n

t he cl addi 4 0) _i\S:; it agu - b I and
whor o n t HE G F o 8 brpdRiPeflet 2 G BReidy ol X HRTb B0
or 4, wherigien7)l Ridh RaheGPéradely R&TRrdes ChemlcalVeRRBarit Quitdbile frsusetwiftant
solution onto the cladding (42, 46, 50) in a continuous manner until the

cl addi ng (A&ldings msiz)ofhigh tagsten epnsentdllpypinclude aguequssetutioneceupiising of t he

substrate. 6.tThe F@%?Oﬁi of an(il?rgﬂe of t&re recedin clla'ms, whe)r in the
cl adding (4%"4%? OTRTIE l«’;\IHICa‘I"Cd_ GUEH 2 dgLexgple Gy Volgme), from, o
airfoil. Thokhaon@t st ook | BhéBntraitkienidiid) akide RAYabehit DI taiabbati 0.8ps the
| eadi ng edge (22). 8. The nethod of any one of the preceding clains,

wher ei n t eone¢rdratiidnlay deafyorigaariditandefagm abaet 3hteebart Keematr, pdich d6) and a

perimet er i%glﬁaésoart] 1&&0 Qbo%p HOB\Q Tloles/l. (t)th ceup_ri% ]Sulfate and from about 0.0016 to about

0.025 moles/l. of ferric chloride. See, for example, U.S. Patent 4,353,780 (Fishter et
al), issued October 12, 1982 (especially col. 1, lines 50-58), which is incorporated by
reference. Chemical etchants suitable for use with claddings made of nickel based
alloys include aqueous solutions comprising mixtures of nitric acid and hydrochloric
acid, such as, for example (by volume), from about 40 to about 60% concentrated
nitric acid, from about 5 to about 20% hydrochloric acid, the balance of the solution
being water, including from about 0.008 to about 0.025 mole/l. of ferric chloride and
at least about 0.016 mole/l. of cupric sulfate. See, for example, U.S. Patent 4,411,730
(Fishter et al), issued October 25, 1983 (especially col. 2, lines 40-51), which is
incorporated by reference. Chemical etchants suitable for use with claddings made of
IN-100 nickel based alloys include aqueous solutions comprising mixtures of
hydrochloric acid and nitric acid such as, for example (by volume), from about 32.5 to
about 85% hydrochloric acid (preferably from about 32.5 to about 42.5%), with other
included ingredients proportioned relative to the volume of hydrochloric acid, namely,
from about 35 to about 45 ml/l. of nitric acid, from about 0.0122 to about 0.0160
moles/l. of metal sulfate ion, from about 0.0283 to about 0.0369 moles/l. of metal
chloride ion, from about 0.0146 to about 0.0190 moles/l. of metal fluoride ion and

from about 0.0063 to about 0.0083 moles/l. of citric acid, with water being the balance



13DV 14147 cladding (42) increases in thickness in the direction fromthe
at least one interior section (62, 66) to the perineter section (70). 9.
The met hodl3BIVi414Vm 8 wherein the at | east one interior section (62, 66)
has a thickness of from2 to 10 mls (from0.05 to 0.25 nmm and wherein the
perimeter section (70) has a thickness of from60 to 75 mls (from1.5 to
1.9 mm. 10. The nethod of claim8 or 9 wherein the at |east one interior

section ( GfthéMlutich. BBHRefREximpleh. S1Patenns 534,823 disktace a()>hsuddBlugist t he
substrate (3%8 and wherein the cladding (42) is treated wth the chem cal

et chant unt3, 198heespacidllypel. 2oHeesi i 4% whichde incpmergtebby gégrencs. r erpved from
the at | east one surface (54, 58). 11. The nmethod of claim8, 9 or 10,

w'th e cosapearORGRAR Ul ed Bl b0 ReRk Wi it SHGRA in AR lifuté 70

net hod anymgiiRr @hd bk Peri8d to? tikde suffieieat fo iR theahétal clh@dind dFord thONVeX
side ( 14) and a concave side ( 1%%1 and wherein the substrate (3 2])
8 tBgits Iy 38)

conpri ses fuiieceefrthe sehstrasp ered (i9.fthe substate bgingirplatively shemaic
bei ng on th nvex  si 4) .. th he rface (5 fith trate (38
bei ng on trﬁ§15t lgtn%ralén g‘??&( %}T@l?alaegc&% eﬁ%r?ér#apﬁge’ atée ?%eg?éf aloer%%a?’ﬁ?%r f’%r (39

section COREhMISRE dseh iaGheus WoliiRat WithSthé Gdetalbbladdiafaoi bY edrhéedSksing on (62)
bei ng adhered to one surface (54) of the substrate (38), the other iInterior

section (6BYyshsdi spyaxedhdippad 1o otheewise tispted prithads pg@pussolutien siistehentt e (38).
Curbine £ a1 et Sonbio ot GERAL I sEafh Touhel b Rplslciedy piny '
adher ed t of@wihp il fButintr&hacrdy Bddor bakl§ bRl tht Reetdl] diRidg hDe RRBvEPNVEX

side ( 14) and a concave Si deél 18) and conprises a substrate (38) having
two surfades (Btinu@s)mamnee until the ctaddag)hasfoceh eeneangd tor slissolved pweifiomn on t he

i 14), .th h 54) of the.substrat i th
concave. si e wpabdyind Suacnbr SRhARCaL 2 e, (T A HBb T ThERoH ghg “one
edge (22) @ﬁ&é&@;@ﬁﬁ@ aiddus tdMAnCLAGUMNE ddhiktedCRONRIHIHiZR0tht WRpbHk& bF OF

sections ( and perineter section (70), each interior section (62,
66) bei ng sliteatedStto thaetchant adbe (Baouns®Y timhe nersled Ubstreahitlee ¢BAJingtthe net hod

conprisi ngre;[nr(])%alstrth%o{D ]:?Viltl rdeé\génidn& ghv%rigtlyagtd %agt%rs(, L}r%c?lu&i%gz the chemical etchant
being used, the metal (or metal alloy) the cladding is made of, the thickness of the
cladding and like factors. Typically, treatment of claddings made from titanium (or
titanium alloy) with an aqueous hydrofluoric acid solution (e.g., having a
concentration from about 2 to about 7% hydrofluoric acid) will remove or dissolve
away the metal cladding at a rate of about 1 mil (0.025 mm) of thickness in from
about 1 to about 1.5 minutes. In other words, a treatment period of from about 60 to
about 120 minutes will typically be sufficient to remove or dissolve away claddings
having thicknesses up to, for example, from about 60 to about 75 mils (from about

1.52 to about 1.91 mm).

The method of the present invention is particularly useful in removing metal claddings
that are adhered to substrate 38 at or along an edge of blade 10. For example, as
shown in FIG. 3, metal cladding 42 is adhered at or along leading edge 22 to surface
54 of the concave side 18 of substrate 38, as well as to surface 58 of the convex side
14 of substrate 38. As shown, FIG. 3 cladding 42 increases in thickness in the

direction from the interior sections indicated as 62 and 66 which are relatively thin,
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13DV 14147 with a chem cal etchant of the netal that the cladding (42) is
made of for eriod of tinme sufficient to renove the interior sections
(62, 66) aHHEV@H4Fo the surfaces (54, 5 8) of the substrate (3 8), the
substrate (3 8) being made of a material that is chemcally resistant to
the etchant. 15. The nethod of claim 14 wherein the chem cal etchant is an
aqueous etchant solution conprising at |east one strong acid. 16. The

met hod of &g.afromlabbundes ebout tibenidd (frngy abait @.05d teabeut ®25 hm)mhidke ngroup
consisting of hydrofluoric acid,_ nitric acid, %drochlorlc aC|d sul furic

aci d, and tbﬂ”)@@‘@bf framabepiehio abont 8-mils (forahpusP-07p 4p abaw Ogfbmaphickk @1 addi ng
(42) | S matﬂg glflm'él!e} %‘@1?5‘76 hqc}{ fstrglgfé%g* ﬂ'lé{:lg?ér%,afgcgn\%g&({)t?O??taB@ﬁ%rlﬁﬁg aci d

S hydrofluo I'C acl erein the

tr eat ment @mpawmszste%bbhtomnmmnmmusyp@ctamb&rﬁm abbéuttgs5om aboho7@t | east
the interior sections (62, 66) of the cladding (42) in a continuous nmanner

until the Mmis érormraberict.63 e a'chz 1. Bommyfthicke Iﬂ waeive gngtalgladding 4B dkom r enoved
from the St ear‘?%eﬁle( g?%dlr?éggqﬁ %FCHQESE é%%ﬁd o)f thelt?ladc]_ Qg)ng%kpeogeﬁgcy one of

claims 14 § creases in ness 1n the

direction Witl et dMemidil efchait u%ﬁpﬁdcﬁﬂﬁs €Dznd 66)f the clddgingeiavEBESN refiRTED ON
(70). 20. The nethod of claim 19 wherein each interior section (62, 66) has

a t hi cknes¥ élrssqlvqﬂmway dragn rpurfgeest omnd . g of o‘ubstlzatmﬁi% ghavhighe peing thee
perl et er sect Ol’l

nes n165 t fro 6 to 1.8
T and wiorEreieRee TR ¥ PET SRR bbb € dk Sicthn
sol ution fgkved cﬁeéﬂheﬁlvlga‘ cht’ 6fP BorhOsubdirdit 138t €Ty %311 , IRetiomt ppdnafemaay one of
claims 14 to 20, wherein the edge of the bl ade (1 ? is the | eadi ng edge
(22). -13 claddmg 42 made from titanium metal (or metal alloy) will be removed or dissolved
away by an aqueous hydrofluoric acid solution (e.g., having a concentration from
about 2 to about 7% hydrofluoric acid) from surfaces 54 and 58 in from about 2 to

about 15 minutes, more typically in from about 3 to about 12 minutes.

The method of the present invention can also be used to remove metal cladding 46
(from along trailing edge 26) or metal cladding 50 (from along tip edge 30 and trailing
edge 26). The method of the present invention is also useful in removing metal
cladding that is made of a metal or metal alloy (e.g., Titanium 6-4) that is relatively
strong and less malleable and will typically tear during a peeling operation. This is
often the case for cladding 42 that is positioned at or along leading edge 22. The
method of the present invention is also particularly useful in removing metal cladding
that is adhered to substrate 38 at or along an edge having a compound series of curves.
Again, this is often the case for cladding 42 that is positioned at or along leading edge
22,

To protect other portions of blade 10 (especially metal claddings that do not require
removal), maskants that are relatively chemically resistant or inert to the etchant can
be applied to blade 10, and at least to the metal claddings of blade 10 that do not
require removal and which can or may potentially come into contact with the chemical
etchant during treatment. Suitable maskants include plastic films, coatings, or other

materials that can be applied to the surface(s) that are made from polymers,

-8-



.A3! . A3. A3. A3. A . A3. A3. A3. A . A3. AF. A3. A3; W <AK>;
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g2gVhh! i uiij *kkZmmm} xsni d} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc
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3 10%& ()-3" 109& ()- 3s10%& ()-F3S 109%&' ()- F109%&' ()- . <>?@\KbC33,

109& () - FEugkkag ethylene1glyad) memamethyl) ethng-baged compastianyyguber op sirghetic

109 0 3006, b e 008 B, IR a0 ek 10
109& () - V\BOAROBSYXNGSle, U.S. Patent 5,126,005 (Blake), issued June 30, 1992 (especially col.
2, lines 8-34); U.S. Patent 5,100,500 (Dastolfo), issued March 31, 1992 (especially
col. 5, lines 49-63); and U.S. Patent 4,900,389 (Chen), issued February 13, 1990
(especially col. 2, lines 46-51), all of which are incorporated by reference. The
maskant can be applied in any conventional manner to the surface(s) (or portion of the
surface(s)) of blade 10 to be protected from the etchant, including brushing, dipping,
spraying, roller coating or flow coating. Once treatment with the chemical etchant has

been carried out, the maskant can then be removed from blade 10.

After treatment of blade 10 with the chemical etchant, any residue thereof on the blade
can be rinsed off (e.g., with water), neutralized or otherwise removed by methods
known to those skilled in the art. Alternatively, treatment of blade 10 with the etchant
can be halted periodically (e.g., every from about 3 to about 5 minutes), with the
residual etchant on blade 10 being rinsed off and/or neutralized. Any maskant that is
applied to the blade can also be removed, such as by stripping from the surfaces (with
or without treatment with solvents for the maskant) or other methods known to those
skilled in the art, so that blade 10 can be ready for replacing the removed metal
cladding. Typically, there will be residual adhesive on substrate 38 that will need to
be removed before the metal cladding can be replaced; this can be achieved by any
suitable method known to those skilled in the art, inc'luding mechanical abrasive

treatment (e.g., sanding).

While specific embodiments of the method of the present invention have been
described, it will be apparent to those skilled in the art that various modifications
thereto can be made without departing from the spirit and scope of the present

invention as defined in the appended claims.
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LIST OF REFERENCE NUMERALS

10 Airfoil or turbine fan blade

14 Convex surface or “suction” side of blade

18 Concave surface or “pressure” side of blade

22 Leading edge

26 Trailing edge

30 Tip edge

34 Blade root

38 Substrate of blade

42 Cladding for leading edge 22

46 Cladding for portion of trailing edge 26

50 Cladding for tip 30 and portion of trailing edge 26

54 Surface of substrate on concave side 18

58 Surface of substrate on convex side 14

62 Interior section (convex side) of cladding 42 adhered to surface 54

66 Interior section (concave side) of cladding 42 adhered to surface 58

70 Perimeter section of cladding 42 connected to sections 62 and 66
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1. A method for removing metal cladding (42, 46, 50) adhered to an airfoil (10)
wherein the airfoil (10) comprises a substrate (38) and wherein at least a portion of the
cladding (42, 46, 50) is adhered to at least one surface (62, 66) of the substrate (38) of
the airfoil (10), the method comprising the step of treating the cladding (42, 46, 50)
with a chemical etchant of the metal that the cladding (42, 46, 50) is made of for a
period of time sufficient to remove at least the portion (62, 66) of the cladding (42, 46,
50) adhered to the at least one surface (62, 66) of the substrate (38), the substrate (38)

being made of a material that is chemically resistant to the etchant.

2. The method of claim 1 wherein the chemical etchant is an aqueous etchant solution

comprising at least one strong acid.

3. The method of claim 2 wherein the strong acid is selected from the group
consisting of hydrofluoric acid, nitric acid, hydrochloric acid, sulfuric acid, and

mixtures thereof.

4. The method of claim 3 wherein the cladding (42, 46, 50) is made of titanium or a

titanium alloy, and wherein the strong acid is hydrofluoric acid.

5. The method of claim 2, 3 or 4, wherein the treatment step comprises flowing the
aqueous etchant solution onto the cladding (42, 46, 50) in a continuous manner until
the cladding (42, 46, 50) has been removed from the at least one surface of the

substrate.

6.The method of any one of the preceding claims, wherein the cladding (42, 46, 50) is
positioned along an edge (22, 26, 30) of the airfoil.

7. The method of claim 6 wherein the edge of the airfoil is the leading edge (22).

8. The method of any one of the preceding claims, wherein the cladding (42) has at

least one interior section (62, 66) and a perimeter section (70) and wherein the
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section (62, 66) to the perimeter section (70).

9. The method of claim 8 wherein the at least one interior section (62, 66) has a
thickness of from 2 to 10 mils (from 0.05 to 0.25 mm) and wherein the perimeter

section (70) has a thickness of from 60 to 75 mils (from 1.5 to 1.9 mm).

10. The method of claim 8 or 9 wherein the at least one interior section (62, 66) is
adhered to the at least one surface (54, 58) of the substrate (38) and wherein the
cladding (42) is treated with the chemical etchant until the at least one interior section

(62, 66) is removed from the at least one surface (54, 58).

11. The method of claim 8, 9 or 10, wherein the at least one interior section of the

cladding (42) is treated with the chemical etchant for a period of from 2 to 15 minutes.

12. The method any one of claims 8 to 11, wherein the airfoil (10) has a convex side
(14) and a concave side (18) and wherein the substrate (38) comprises two surfaces
(54, 58), one surface (58) of the substrate (38) being on the convex side (14), the other
surface (54) of the substrate (38) being on the concave side (18), and wherein the at
least one interior section comprises two interior sections (62, 66), one interior section
(62) being adhered to one surface (54) of the substrate (38), the other interior section
(66) being adhered to the other surface (58) of the substrate (38).

13. The method of any one of the preceding claims, wherein the airfoil is a turbine

fan blade (10).

14. A method for removing metal cladding (42) adhered to a turbine fan blade (10),
wherein the blade (10) has convex side (14) and a concave side (18) and comprises a
substrate (38) having two surfaces (54, 58), one surface (58) of the substrate (38)
being on the convex side (14), the other surface (54) of the substrate being on the
concave side (18), and wherein the cladding (42) is positioned along one edge (22) of
the blade (10), the cladding (42) comprising two interior sections (62, 66) and
perimeter section (70), each interior section (62, 66) being adhered to one surface (54,

58) of the substrate (38), the method comprising the step of treating the cladding (42)
-12-



3S& 109&' ()-% 3% 109&' ()-8, 109%& ()- mMmzZnmmdEuV7 10Tl 33-109%& () - F(2z
109%&' ()-3S&_109& (7) -% 3S& 109%&' ()-% 3% 10%& ()-;10%& ()- Nornal" "Heading
13] c" " Headih§l44Yc" "Headi ng 33]c" "Heading 43]c" "Headi ng 53] c" "Heading
63] c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font @, 5?%1 QCTS[ &dj nprt vxz| ~/ \ nDEF
% 8B%. TUCWZ] TA _t dhj mGHI JKLMNOPQRSTUVWKYZ[ 6Ti mes New RomanAri al Couri er
New'h RootwifintrcyisiicdDexchai® of the héthbi&t (he ‘claddingQ#2B#ahadS%f, for a period of
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] .

time sufficient to remove the interior sections (62, 66) adhered to the surfaces (54, 58)

of the substrate (38), the substrate (38) being made of a material that is chemically

resistant to the etchant.

15. The method of claim 14 wherein the chemical etchant is an aqueous etchant

solution comprising at least one strong acid.

16. The method of claim 15 wherein the strong acid is selected from the group
consisting of hydrofluoric acid, nitric acid, hydrochloric acid, sulfuric acid, and

mixtures thereof,

17. The method of claim 16 wherein the cladding (42) is made of titanium or a

titanium alloy, and wherein the strong acid is hydrofluoric acid.

18. The method of claim 15, 16 or 17, wherein the treatment step comprises flowing
the aqueous etchant solution onto at least the interior sections (62, 66) of the cladding
(42) in a continuous manner until the interior sections (62, 62) of the cladding (42)

have been removed from the surfaces (54, 58) of the substrate (38).

19. The method any one of claims 14 to 18, wherein the cladding (42) increases in
thickness in the direction from the interior sections (62, 66) to the perimeter section

(70).

20. The method of claim 19 wherein each interior section (62, 66) has a thickness of
from 3 to 8 mils (from 0.08 to 0.2 mm) and wherein the perimeter section (70) has a
thickness from 65 to 70 mils (from 1.6 to 1.8 mm) and wherein the cladding (42) is

treated with the aqueous etchant solution for a period of from 3 to 12 minutes.

21. The method of any one of claims 14 to 20, wherein the edge of the blade (10) is
the leading edge (22).
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