7 April 2006 METHOD FOR REMOVI NG METAL CLADDI NG FROM Al RFO L SUBSTRATE
BACKGROUND OF THE | NVENTI ON The present invention rel ates géddt@lP6to a
nmet hod for renoving netal cladding that is adhered to at |east one surface
of the .substrate of an airfoil, such as a turbine (fan) blade, by treating
the metal cladding with a chem cal etchant. The present invention :
particularly relates'to a nethod for renoving titaniumcladding that is.

adhered aty, j t L faLl, such
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treating the titaniumcladding with a chem cal etchant that conprises
hydr of | uorBACEGROUNDYOF THIBBSVENTIOI an engi nes are wi dely used for high
performance aircraft that operate at subsonic speeds. Large fans are

typically placed at the front of such engines, and serve to produce
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achieved in high bypass engines with the use of conposite fan bl ades
formed fr @W@Hﬁﬂéﬁg@%&ﬁ to ja; igethog foyremening; titaniymseladding thak isvidticradh atr
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types of forej %:1 obj ects can be entrained in the inlet of an aircraft gas
t urbi ne efBIMIE %%Pk@a‘fqomﬁﬂspﬁahWO%\me@uch as seagulls, to hail stones,
sand and rain. Smaller objects can erode the blade material and degrade

the perfo - COMNY:LSSQL.. by l.arger . objects ¢ rupture or
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conponents. The vulnerability of these conposite blades to foreign object
damage i sCREIRSS; #nd spsve to produce greater thrust and reduce specific fuel consumption. To

minimize engine weight while 0ptinﬂzing performance, it is often preferred to
incorporate a maximum nﬁmber of fan blades having a fixed root blade configuration
(i-e., the blade is dovetailed into a hub). Weight reduction can be achieved in high
~ bypass engines with the use of composite fan blades formed from s&ong but
Iighﬁveight materials such as aluminium and graphite fiber-reinforced epoxies. Use
- of these composite materials also allows for ease of manufacture of re;latively complex

contours in the blade.

| .Composite blades are Suscep_tible to foreign object damage. Many types of foreign
| objects can.be entrained in the inlet of an aircraft gas turbine engine ranging from
large_ birds, such as seagulls, to hailstones; sand and rain. Smaller objects can erode
the blade material and degrade the performance of the compressor. Impact by larger
objects can rupture or pierce the blades with portions of an impacted blade being torn
loose and causing extensive secondary damage to downstream blades and other engine

components,

" The vulnerability of these composite blades to foreign object damage is due to two
factors. First, the lightweight matrix material employed for the substrate of the blade,
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factors. First, the lightweight matrix material enployed for the substrate
of the blade, 7 April 2006 such as polyneric resins or al un?dPi0@an be
susceptible to erosion. Second, when high strength filanents are used,
these materials can be relatively brittle conpared to netals and netal

al l oys, such as titanium To provide the |ightweight benefit of conposites

| "wWith the protection of netal, hybrid turbine fan bl ades have been nade
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covered by a surface nmetal cladding, such as’titanium cladding. Typically

only the bhighétrength Slamentsiarg used thessdnateriaincant beaielativglydutijthe pampiredis have

such surf i whjch ks . usuglly bhgnded.or adhered
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by mechani cal_renoval using a tool that can grasp t
cl addi ng  ushally bandgd g gdlired by fesuitable adbesivecto the icempositepsbhigde.aBejhgf r om t he

conposite te.to | ch.it is,.adhered. Unfortynately, as_the netal
cl addi ng i1§ﬁ3€%¢*%ﬁ§v@§fﬂﬂa%5% RPYidss Prieclign tgthe Pdg@eofdéﬁstg@m%&n "
under | yi ndlalRnpgetiaBy SHD: : [Siding Fal e the
met al cl addi ng isla here%%%ﬂﬁﬁetﬂ%g%giggie?gégaggt]rﬁ%% ?ﬁ%trﬁgﬁ?%néﬂg‘% edge

(e.qg., |eaiémqge@ulﬁ9wsimavi ng a conpound series of curves. In addition, netal
cl addings that are relatively strong and | ess nmall eabl e can tear (rather

t han bend | t.hi, s, peel i,n erati,on, king, I more difficult to
renmove t h?‘vce:ﬂqg%lg?%&d ck ﬂ%hegﬁ?(f){)% e fdgss Ogﬁﬁﬁﬁﬁ%w #ag bladeocappbesomekel v t o
occur whedeitdé and ddelbpdl 4ad icforiBn oo BES s Fedilif

i lLLecti t he
interior of the exposed bl ade surface (typically" re %’?\qx’télrgﬂ?ﬁ n§ ‘to the
per i net er T8¢ pripemsthed fox semaving suchehetsli oalding fomkhe leadingy thilige ynd tis woul d

b? | desi r aQ&&sﬁ&?&e&@m‘%ﬁ x%meo%gi tlls)llngr ae ooYﬁlag garxlltgef\gspo e gl%%uglgd The cladding
- . that is grasped by the tool is then pried or peeled away from the composite substrate to
‘which it is adhered. Unfortunately, as the metal cladding is peeled away, it can strip
off or otherwise damage the underlying composite substrate. This is particularly the
case where the metal cladding is adhered to the composite substrate at or along an -
edge (e.g., leading edge) having a compound series of curves. In addition, metal
claddings that are relativély strong and less malleable can tear (rather than bend)
during “this peeling operation, making it more difficult to remove the cladding,
: Teating of the metal cladding is also more likely to oceur when the cladding varies in
thickness in thé_ direction from the interior of the exposed blade surface (typically
- relatively thin) to the perimeter of the edge (typically relatively thick).

“Accordingly, it would be desirable to be able to easily remove dented or damaged
metal cladding adhered at or along the edge of a turbine fan blade or other airfoil
without stripping away or otherwise damaging the underlying composite substrate,
_- even when the edge has a compound series of curve and/or when the metal cladding is

| relatively strong and less malleable.




met al "cl addi ng adhered at or along the edge of a turbine fan bl ade or other
airfoil wthout stripping away or otherw se danagi ng the uhda@ril Gy
conposite substrate, even when the edge has a conpound series of curve
and/ or when the netal cladding is relatively strong and | ess nalleable. -2
7 April 2006 SUMVARY OF THE | NVENTI ON According to one aspect of the

i nvention } | thod for renoving netal cladding adhered
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to an air]S conprises a substrate and ~wherein the
cladding to be renmoved is i t.ioned al ong one. e of the airfoil and is
adner ed t BSearine JE P10 At BF Hedh P iohe s ARGt MU FFTTE he et hod
conpri si Ngietah@ladding adBéred @b e@t 4iMBil WwHct &R tthd dirfofecdphféed AGkubktiale anchem cal
etchant of the netal that the <cladding is nade of for a period of tine

suf f i ci envhersingbe eleddipg g be exsnyed at positiesed glong ope péar offthe piefoll dadded

cl addi ng ?ﬂllebéd% ONGask Bfte in’ﬁc@gﬁﬁ%%bsﬁgf@o efafdil, ¢ CQH%tﬁ&eccffiﬁpdsﬁg%ﬁe one
surface of the substrate, the substrate being nade of a material that is
cheni cal | stepr ef sadecamely theatimgpthetctdddime. withe n ehemidalsat¢imaiedf the nzetalghdide f or

removi ng | ¢l addi ng.adhered to_.an airfoil uch . as a_ turbine blade,
wher ei n s TEdg Fofhéd BRHITBERD oOHBF kil seitel odre dRad% port T on
of ]Ehel C|ptﬁﬁbm@fih& t&dﬂ&d @ cRdding oaly éle@gﬁﬂle@nee&ge]{éfaﬁeaﬂfoiltﬁiﬁﬁml tlfja@te of tEe
airfoil.. This_ met may conprise the step of treating the cladding with a
cheni cal ecHEAe 0&8@@ & Spwtetwgcma%rd?frﬂgma@%'gét lérch¢ratﬁalgy period of
tinme suffjigh@tioli i&iRve at |east the portion of the cladding adhered to
the at | east one surface of the substrate. The substrate may be nade of a

material that is chemcally resistant to the etchant. Enbodi nents of the
met hod of the present invention provide a nunmber of significant Dbenefits

over pri okes salosediis Amethodsior smavingovetabcladding adherad telan ol sudhered to
ot hod of & g A Wbl wERRG Srntde' A 26E AT IBR S0 can be
caused bypgtign ofithercladpinglis atheseddy at least chasidiaeg of thersubdtetesaflibe xiefod. usi ng a

- mechani Ca{“hig %%tﬁod-rnqu le%gr?s% the step of treating the cladding with a chemical etchant

of the metal that the cladding is made of for a period of time sufficient to remove at

least the portion of the cladding adhered to the at least one surface of the substrate.

The substrate may be made of a material that is chemically resistant to the etchant.

Embodiments of the method of the present invention provide a number of significant
benefits over prior mechanical methods for removing such metal cladding adhered to
the substrate of an airfoil, especiaily turbine blade. Embodiments of the method of the
present invention reduce or eliminate the damage that can be caused by prying or
peeling away the cladding from the substrate using a mechanical tool. The method
of the present invention may be particularly advantageous where the metal cladding
to be removed is relatively strong and less malleable. It is also advantageous where
the metal cladding is adhered to the substrate at or along an edge (e.g., leading edge)
having a compound series of curves and/or where the metal cladding varies in
thickness from the interior of the exposed airfoil or blade surface (e.g., relatively

thin) to the perimeter of the -edge (e.g.,  relatively thick).
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of the present invention may be particul arly advantageous where_the netal
cladding to be renpved is relatively strong and | ess mal | eddAmil 2086 i s al so
advant ageous where the netal cladding is adhered to the substrate at or

al ong an edge (e.g., |eading edge) having a conpound series of curves

and/ or where the netal cladding varies in thickness fromthe interior of

t he expos i i g., relatively thin) to the
peri mtergg@hkggwlgggg&%b%%g@&thi ck). -3 7 April 2006 BRIEF
'DESCRI PTION OF THE DRAWNGS FIG 1 shows the convex surface or "suction"
si de of aFI®pPI eEAN fiei 6BvEASurade P MeuctionYkide of alrepledéitativ@r gddhifbiing he net hod
of the present invention_ is useful. FIG 2 shows the concave surface or
" pr essur eengngian blade fr iiehyhe grethodof the present ingentien i ysaliuki al secti onal vi ew
taken along line 3-3 of FIG 1. DETAILED DESCRI PTI ON OF THE | NVENTI ON 7
April 200 f L v | di fferent sides of
a repr eseﬁ{(g?i S@é%gg% cgl%&?%ﬁ’rl{%egwgsﬁgegs gn% gﬁ%%g?go\{hﬁgw the nmet hod of the
present invention can be useful that is indicated generally as 10. Wile
t he descr Fl§i.i3ama pfirtinhsecttahvidw ddken abongdins 8+ of KIGvkntion is with reference
to a turbine fan blade, it should be understood that this nethod is
applicable to other airfoils, including vanes, propellers, rotor blades
(e.qg., f6%3%%H#%59E%?§¥?19§WNEFH Eﬁniypes of turbine bl ades that
have netal cladding that 1is adhered to a substrate. FIG 1 shows the
convex curved surface of blade 10 (also referred to as the "suction" side
of the blade) indicated generally as 14, while FIG 2 shows the concave
curved surface of blade 10 (also referred to as the "pressure" side of the
bl ade) indicated generally as 18. Blade 10 al so has a | eadi ng edge
indicated as 22, atrailing edge indicated as 26, a tip edge indicated as
30 and a blade root indicated as 34. The substrate portion of blade 10 is
i ndi cated generally as 38. Substrate 38 can be
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made of either a nmetallic (e.g., alumnium or nonnetallic naterials (e.g.,
aresin-fiber mtrix) that is typically relatively light idA®ilgRb6and
relatively easy to formor nold into the desired configuration or shape of
the bl ade. Typically substrate 38 is nade of a conposite material (i.e.,
two or nore materials conbined together), usually containing a

rei nforcenent such as tapes, fibers or particles supported in a binder or

tri i al . r.esi i b d i bstrate 38,
el ui noRElshRle Gandirmmiings, Mo i i £ AR AR Sfs OF o Cameretatat Bter il o
subst r at efur@ifie 8hgine BHISR foY vatficH 8 AR @b pkGehiRGe AR GAbeRRefde of a

material containing a fiber such as a carbonaceous, silica, netal, netal
oxi de, or thekisdnilicated igeneralibad e d Whileathe desciiptiom b thicahethud bf ds frpseny, PVRILS,

BM, PEEK, etc. or uni directional t material. .in an epoxy resin
matrix. F S?t%on(’grwﬁ’ab%reﬁ%t%féupﬁ’&ee%gz‘la@& WSE‘ﬂ‘%fiH?? %@r&ﬁ(?od hte formed -
into suitmbing i , i eN; | |.avi Ss or
press nol di ngd'Ei %) olrcrﬁr?gﬁlsi_og%? QUV\IE(il’Hg%FVEIfc H{s(%% %Ié?’g‘?}g?# %e%fgﬁg%o%ggig%%é ,

subst r at efod@elicuptassjoanwilh afblBer typeaofituthinerbladés thhokidiengetaheladhhethagener al |y

as 42, 46. and 50.is dhere r. attached to the substrate 38, typically
usi ng an 'ﬁﬁag?fﬁﬁ?it%f‘@“ i&@q(le%w,s LERINGX surved isydince of blads (@™ i s shown

as bei ng pesiHi t | 209, i N ' j s shown
as being posi%itgﬁggigtsu%mgzl ong f;dﬂgg!a??giﬁag? tet8 %’%ﬁ?@? Pglllg’dg%il‘gf‘%ril | 2006
edge 26 ashomsdhe compate GtvedChatide ofbhde i16 (sihoysieresl Peistle Ppebdueonade at or

al ti d 0, [l t]c f trailing,ed 26_adj t ti
S0 Fhe refiie BBeckianfered zrncnts L6 Blada O alsg bt  betineschga indheted o | oys)

i ncl udi Ny tiam eslod Rigkel : fhereof. This netal
cl adding can be fa ??Igat eeg tg%bgggfs%%];ﬁ/&%%%l%%o %(l'ladsf?irg%gé g(?ortﬁrgél?at%&c:nt ours
for bladeasBd.or can be fabricated as forned sheet netal el enents. The

conposi tion of the cladding can also vary depending on where it is
B ong | eathenyate bostopyairlafy 0 FuBUisied ssay andd: SbeTeR it T rom &
rel ati velfadd feitferBhelaliRl (e B8 bR mBidnPVor HifitheBftic'hhR@AM T8, 4 i fdld oy of
‘matrix) that is typically relatively light in weight and relatively easy to form or mold
into the desired configuration or shape of the blade. Typically substrate 38 is made of
a coniposite material (i.e., two or more materials combined together), usually
containing a reinforcement such as tapes, fibers or imrticles supported in a binder or
matrix material (e.g., resin). Many composites can be used in substrate 38, including
both metallic and non-metallic composites. Composites useful as substrates 38 are
typically of the non-metallic type and can be made of a material containing a fiber
- Such as a carbonaceous, silica, metal, metal oxide, or ceramic fiber embedded in a
" resin material such as Epoxy, PMR15, BMI, PEEK, etc. or a unidirectional tape
material in an epoxy resin matrix. Fibers (or tape) can be impregnated with the resin,
.can be formed into suitable blade shape, and then cured via an autoclaving process ot

press molding to form a light weight, stiff, relatively homogeneous sﬁbstrate 38.

As shown in FIGs. 1 and 2, metal cladding indicated generally as 42, 46 and 50 is
- adhered or attached to the substrate 38, typically using anlappropriate adhesive (e.g.,
-' epoxy adhesive). Cladding 42 is shown as being positioned at or along the leading
edge 22. Cladding 46 is shown as being positioned at or along a portion of the {railing
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titaniumw th alum nium and vanadium. By contrast, cladding 46 positioned
at or along trailing edge 26, as well as cladding 50 posi t/d¥ustd 2886 or
along tip edge 30 need not be as strong and can be made froma | ess strong
nmetal or netal alloy such as comercially pure titanium The nethod of the
present invention conprises the step of treating one or nore of the netal
cl addi ngs 42, 46 and 50 of blade 10 with a chenmical etchant for the netal
that the ¢l addi i s made of . e cal . etchants have, previously been used
tor errov‘ee‘?ﬂ?a‘t;lf’g?‘ﬂg‘fmhmof* grﬁm élaﬁgé&ﬁpﬁé showwn as bgingrpogitignedieherialongitipi dual
airfoils 4.3l ' Nl ayer or "al pha case"
t hat can g%gggggsﬁg?%@?g@gﬁoﬁgkg@ﬂgiepg%lﬂ?gaggr ‘%ﬁﬁégs made fromtitanium
netal. See U. S. Patent 4,563,239 (Adinolfi et al), issued January 7, 1986,
whi ch di sthe seatalacladtity dad @omphiseriacedrieny lof inigals @t traaileslioys)) dhmiding!

bl ades . usj a noving vessel such as a rotating barrel.

irfoil
I6—1|l)\r/ve\cl)lar,S 8%H’é’m’c%?ele9{92%ntt§“3§§@e%(;ﬁﬁ§eﬂleﬁ?®vi dhis| el gwdcdmobeuse in

renovi ng ek ¥ e el h e, of a substrate of
“a turbine bllg%%q %rﬁggﬁ‘ﬁué%%g‘r&ét%?%‘%? %é@ﬁ%og?iggﬁé’ﬁﬁgdlgfmt?@ Fesent

i nvent i onfabiitdtediasufolringd diepenttal eatents) elieéodhpdsiton 6itiBé cRUMAY kad RS t he
cladding is gade of , such as, for exanple titanium steel, nickel,

tungst en Y 9shanding amwherst ispepitiensd gn blade 10h &or emample ctladding 42ttt ar e

agueous i L $i . | e,strong aci.d such as
hydr of | u?%%?ﬁggilwgpét#t r lgm gé é%&% O@h*cgﬁfﬁé%&éﬁa be ﬁ?’f‘%rr Apd g H’,agﬁnd
m xt ur es froereoflatively sasagmheatal onedtadadllost SANAS TREAILADES! {8 alige ord th
cl addi ngs.made of titanium 7 April 2006 include aqgueous sol uti oris

conpri si AYAMYE Bith @pnmivie apd vapadinm). u Byscostrasty dladding di6i positizaied abod nitric

acid, su P I YoV e from ahout 8 to_abaut _16%
concent r%%’?%ﬁ@é 8&é§m dagn ‘Bfarséﬁr%dadgl%%o §°S(‘t6°n§§ %IPT i@%é’é’r@gﬁﬁ&é’t‘e‘éﬁ

hydr of | uardit de @cit@ngiand| dadlibegmadidl g 8 16RNGHRNG | Abal6l hieRd AGERLcIRgs Needed,
such as Orvus WA (Procter & Ganble Co., Cincrnnati, Chio USA). See, for

exanpl e, Qmgerpiglppure tilamym. 239 (Adinol fi et al), issued January 7, 1986
(especially col. 2, line 67 to col. 3, Iline 7), which is incorporated by

ref er encepne(hanh & 8f R lprdant iﬁvéﬂfohacghﬁ)r{sgg thd %Fepvgfttr%ating 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 métal. See U.S. Patent 4,563,239 (Adinolfi et
al), issued J. anuary 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
. hydroﬂuoﬁq acid; nitric acid,_ hydrochloric acid, sulfuric acid, aﬁd mixtures thereof.

- For example, chemical etchants suitable for use with claddings made of titanium
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cl addi ngs made of high tungsten content alloys include aqueous sol utions
conprising mixtures of hydrofluoric acid and nitric acid, SusHril006f or
exanple (by volune), from about 40 to about 60% concentrated nitric acid,
from about 0.6 to about 0.8% concentrated hydrofluoric acid, and from
about 30 to about 70% water, which also includes at |east about 0.008
-nmoles/1. of cupric sulfate and from about 0.0016 to about O. 025 nol es/ | .

o) oo aifiR eitms PfinobBbo e Fyarpins 2615 or g ol duftotfiaricn | s
i ncor por aickdl aky nitfiefaide B asCHEINEEAh!S (B 30kufey, UrdBRIBuf 8% ‘éBSut"‘lé")”

cl addi ngs nade of ni ckel based aIons I'ncl ude”aqueous sol uti ons conpri sing

m xt ures mecmtta:tf#dcnmfp dcidrandnirdmodioubdi to alznait d.0% woticeatrated diydeofawrite ( by

vol une) , a%‘t ‘}Afg’ t o_about 60% concentr at ed itri aC| d from about 5
Thue i

to about 3f ne.a gopner¢iph Wetng,agent s mgededq syghy a NAwat er
i ncl udi ng(Pfd@é‘ﬁ &b@uinbﬁé 008 thRicaRak! cﬁh@%ﬁﬁ@' ek tdfe :{aﬁ{Pﬁé %@“'I%Eén%e and
sul fat

at | east about 016 nole/’l. of cupric ‘See, éxanpl e
Pat ent 4 MiQQ,M(AilmlﬁmteI) issueal J)anuaryguéﬂsadspdamuy%,l 21983 e7espetizl |y col .

2, lines 40-51 ich is r at ed refer nce. Chem cal etchants = -
sui tabl e lfrﬁ’r% @@%ﬁnl‘gﬁnﬁqrﬁ% eﬁé%?' %g‘ff@n‘??f N}%@t pRig spitable dor wgel WP i ncl ude
aqueous SR adeQS M | ric acid
such as, for egfarrpl e (b%lﬁ/déi ?Jt?rﬁe&ﬁt%@(s)arln g%out %ﬁgéﬁfs s%l@%hg @g@-&h

hydr ochl Gmmas:oﬂh)(cmféiwmaiai@/aﬂd winicéxaditsudR af foresaiaglé (H2vdldhe), Wdnh ot her

|ncluded n I ent,s rtioned relative to the_ volune of hydrochloric
aci d, @‘ ﬁ{;ftf)o?"? Egc@t/o o £9NE %’E}u?ml% agids |fromg rabept 06 ty@bait P8%m about

0. 0122 thﬁggh%teq BHE R £ g{ ch ol %@ﬁt sk d ?B&tl “jaliegw%u%lgo 0283 to

about 0.0369 nol es/l of net e 1on, from about about
0.0190 rohedudds. at ifastraboat 0.008iD0ladA. m@upandulfziteeml flonidbodt 00686 tooatmout

SR L LS A NI U T A
| ssued AupyrkuediSetobdS, (95 PREhAN &8 1 d;gms 's?f@? Whip ks %S%t%dz e

|ncorporated by referenée e reno
treat ed wifetencéeClovaivalcetthants angab]mfdratwbmﬂrmlmﬂdfngﬁmﬁhdfewf wickdriagel of time

suffici e.gho;trsoinfcﬁlqg\éauéoblg sgl% ons ggn%pdr?sllggg nLét%rrgstor%%tnc amd 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 32.5to
~ about 85% hydrocl.lloric acid (preferably from about 32.5 to about 42.5%), with othér
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




surface of the substrate 38 that its adhered to, the substrate bein
relatively chenically resistant or inert to the chemnical et/okaii200¢or
exanpl e, the chem cal etchant can be fornulated as an aqueous sol ution
with the netal cladding to be renoved being brushed, -sprayed, dipped or
otherwi se treated with this aqueous solution of etchant. Typically, the
aqueous solution of etchant is sprayed, poured or flowed (e.g., by flow ng

h | ut dding to b
oroved PEte'oRof, SBEI: By e, (3 PhieRCh 21485 (il bBCRRRE At o
di ssol ved 1ayng5f(esparialliolundaies bl 10, which 3¢ RcHposaty Rigems: AS the

cladding is renoved, the flow or appl I cation of theé aqueous etchant

sol ution Eﬂgi adj sted to mnimze the exposure of substrate 38 to the
etchant. THE "éﬁﬁ"z&lﬁdd%@lt%e eraereadl ¢an. hertecated; wish $learhdimicn! fuoany mma:bleal

th f f.act d t chant
ot ng.useapAcHEnR N pdiofbt fint RemeiRt & iy hergatd et fom fhe "
t hi cknesssafact o€ the(ﬁuaﬁfht@% aiadith biteré PRl ﬁfessub;%% 5&h i/elatwegﬂéﬂéﬁﬁéal@f

cl-addi ngs. nade fromtitanium (or ti taniumal loy) w ueous
hydr of | uofsststagé Panm t@tth@ﬁhqremgl etchanti figr axamploctiwtohamiaah cfchafncabchat 2 to

about 7% i.d th t al
2I ggdl ng g%fglgpafrté ?ﬁs iOIH%l? “Bb%om‘?‘gﬂdi dlldf‘ﬂgckohgazl’e{nﬁs? ﬁ%%gabout I
to about BruShed, @pthfﬂéd dﬁ;speatdiemhw%eﬁeé WRRUAR bl Rk Jf é?éﬂgﬁPOUt 60

to about_120 minutes wll typically be sufficie to renmove or ssol ve
away cl ad8ypiedly, Hbﬁ/laﬂ‘@eﬂﬂlﬁlsékﬁ@i;s@"sembmttas s}:myeé,xpmmé@ orfflomedatog b0 to

about [EF) ( 1.52 .met hod of the
present i nv\gﬁ{glt{a%%?uﬁ‘ g‘{){ncfhflg?}’ btfaﬁ?) quito %f@rm%f?ln %FO be waRAvEds  t hat
are adherigcth tentmubsd mam:r %ﬁuﬁiheQﬂadﬂi Eas%beﬁ‘ii&ﬁo 4 & AderEY: avs!':a? Og}farrpl e
as -shown in FIG 3, netal claddi ng I's adhere at or al ong I ng edge
22 to surﬁlad@de@ﬂgfsut’fh@ ebmubsimates B8e A8 thé chdbmipriatrend8ed, athe VlBIW ods t O
surface 5 nvex sid f .substrate 38. ,/As shown, FIG 3
cl addi ng %f 1Fahtcorn cof e wifiedhi g‘f’bﬁﬁgﬁ Pioq freaditsted i puRimsiE e orme of i or
sections dubstfia38dioathe GictaRe Q@xe%&&t Yreirh€ndtdedSloYirddl e clafdine/RE! ! 2006

‘removal thereof will depend on a variety of factors, including the chemical etchant

being used, the metal (or metal alloy} the claddmg 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 2 to sﬁrface
| 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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the presedddiny#0hia88 fos AaBfinP fetdl o ﬁ%igy gga’-?@‘;\w%ﬁ 6&5%@9& gg gisﬁrvéd

e.g., fromabout 2 to about 10 mls (from about 0.051 to about 0.25 mm
thick, nore typically fromabout 3 to about 8 mnils (from dbbprl 200076 to
about 0.20 mm) thick), to the perinmeter section 70 which is relatively
thick, e.g., fromabout 60 to about 75 mls (fromabout 1.52 to about 1.91
nun) thick, nore typically fromabout 65 to about 70 mils (from about 1.65
to about 1.78 mm thick. To renove netal cladding 42 from edge 22, the

cl addi ng r [, nd 66 | addi.ng) can .be treated
Win the ShefimpsaRs ORBUORFmRE IR sREuEbo sl BsiE0 Btm I etrhave
been T enpyeitallptrog mkge@lamxs_rﬁnpgﬂowaf)@\ﬁeﬁomoaalﬂeuﬁﬁz@fn@whfc&(?,%e 38, at
whi ch point the perinmeter section 70 of cladding 42 can be ‘easily renoved

mechani calteyperimelgr seqiop@rwhick ismelatively dhiblerent.sfromuabout 60 torabousIfosils at e 38.

Typi cal | yy QNS nd of l.addi ng .42 de fromtjtaniumpetal (or

rr)\slxlto al- al y%@ﬁ%‘{’ﬁqbsef%’e%g%g%ﬁmﬂ?gg ’\}%‘?fg %%ﬁoﬁﬁgﬁm%awwgf | uoric

aci d sol uinileffré@. dbout N8YitdabsutqOTE BN Y BidkoNTd Fifbve cI%d&iH%QQfﬂt')bﬁ-n %
r abou

hydrofluoric acid) fromsurfaces 54 and 58 in om about 2 t t 15
m nut es, ¢Agee; Phe Jaddiye (or dtieast sdstions 62 tod #oouftthd 2ladiling) ean bd heatsdt hod of

ol ong. ¢ r ol N G e B WP seeBobS G sE 8T e camtinednge brep By ang
trailing oredigelv&) aw'g’ﬁq“rdiﬁts*&ﬁace@fﬂ h&d pjse%,?%hbétf}x@@fsj ap v{lﬁctﬁyglgn E{g@;‘“ in

renoving netal cladding that is made of a nmetal or netal a

Ti t ani um Brimetersgetians7( ef cleddineg 42 cat boengilp nemédedanechhhieally, e.gatgokun] |
typically_tear during a peel. operatiqn. Is Jjs often _the case for
cl addi ng Sﬁéye&hoét &F‘%'“g%?s f"?ti Bﬁeig‘gﬁtspug?"aé? %ﬁg F]éfa’& Ealiens262 apdH6 fbt hod of

cladding that is adhered to substrate ong an e ving a
conpound a5y 85 anfaquenusdwydrofhgaic racid kolativs (eft, dmvidpea casentatior faddi ng 42

that is pesitioned at..or al ang.l ead] edg 22. Tq protect other portions
of bl ade 2 “t(%g?)é‘g‘?‘ﬁﬁ}j;h@&ogﬁ“gﬁ?a 5%3@% 6%134&88 58dgfroma abowrdbial ) |

maskant s dbbad 1 Pt mbk ' eS| t inert to the etchant
can be applied t(ljl bi age&%?éﬂ%%rﬁa@:aié%ustt?’ettﬁg%ﬁgzrr@%ngrégbI addi ngs of bl ade

10 that do not require renmoval and which can or may potentially come into
cont act vihenmethed efdhd prgkent 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 ﬂ_ae 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 adheréd to substrate 38 at or along an edge having a comi)ound 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 rclativeiy chemically resistant or inert to the etchant can
be applied to blade 10, and at least o the metal claddings of blade 10 that do not

o réquire 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 appl'ied to the surface(s) that are made from polymers,
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etchant during treatnent. Suitable maskants include plastic fil ns,
coatings, or other materials that can be applied to the suﬁﬂﬁuﬁ@@?ﬁthat
are made from polynmers, -8 7 April 2006 conmpounds or other conpositions
that are chemically resistant or inert to the etchant such as ethyl ene

gl ycol nononet hyl ether-based conpositions, rubber or synthetic rubber
conpositions such as neoprene-based polyners, and pol ytetrafl uoroet hyl ene.

S f P 1 005 Bl a ued June, 30, . 1992
(ggpec?;I XY ?B{u?ds (y %?el'rncgs%g&g%s éﬁt %'Pé Y%é 1%@?5)5@@5%,3%@ i ssued
March 31, si&P2 d Sk 900, 389
(C[]gn) | sssuedS Eg?)’%glr%y f%m1995@e%%%?%#§&@)081@ %bﬁ%rsg)ﬁ%%e)ﬁ% all of

whi ch ar e Twhhes cpBPatitensosichesareenras-bised potpmkianand pdmteb:eﬂaqirpémﬂdm n any

bl ade 10 EeediP BTN Frith s FEBlrele. Shed Sk, 0 erwsiaticoh) ng.
sprayi ng, 2[ nhéses-m)aylsn@a&ht 51100500 aDaftBo Pi&8ed hﬁ‘?f*ﬂﬁptl%t(% Ogggfan hem cal

etchant. has been carried out, the maskant” can t r enov bl ade
10. Aft er c@k Satlinen49e13) brndi&J. &OPwnm4ﬁa@,3&%¢6hmeJ 1se|hadhﬁettruar§n1>3 ri@opdue

T AR AT u T i B o
Al t er nat i wRkNant tAEBS iﬁﬂ‘i%dﬂiax@'%%ﬂtﬂm‘ﬂ fnbnded fo fﬂeé i nu @rrbéi‘ﬁo:{]ﬁh%;gd

peri odically (e.g., every fromabout 3 to about
resi dual euréieae) efrbladealibtolly> prolcotydrfromebic eti:ham,ndéludmgdmuhsrh&ig, digghinghny
maskant that .i s to,the bl ade can al so be remyved, such as by

stri ppi ngsl?r?%ﬂg’trﬂ@glg‘i?ﬂ"% QeI Ongeticaiment withitheshemizal ﬁtcbmt\}@ﬁt s for
{he askabich dfricl Ml thiFlBOMP AT BUILE ReldRAFronPbibdd fff 10 Lhe art, so thal

bl ade 10 can be ready for replacing t renoved mnet cl addi ng. Typically,
there will be residual adhesive on substrate 38 that will need to be
removed béfier @eatwentrﬁtbéﬂdedwaﬁm thg chemicoketlel, aop esidubitierefionthe blbé eved by
any suit led in the art, including

I t hpd own t hose ski
mechani cal rngs 9 Efk(iggat VA, ?g“e,u 78 g Pthenifisg eemaqyisdi by @eM6dl ment s
of the rTEkﬂtﬁﬂl fbfthb.ﬁ%kﬂfeﬂﬁﬁ e drf) VARSI R AR of blade 10 with the etchant

can be halted periodically (é.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.




described, it will be apparent to those skilled in the art that various
nmodi fications thereto can be made without departing from tAAmPi2PPd and
scope of the present invention as defined in the appended clains. 7 Apri
2006 LI ST 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 Bl ade root 38
Substrate i far, | eadi ng edge 22 46 C adding for portion
of trm|i%%?%@%38§§ﬂ§3$%$§§§9%§4h§ tip 30 and portion of trailing edge 26
54 Surface_ of substrate on concave side 18 58 Surface of substrate on
convex si 4@ 14A8%1] onttarbing fagbladeon (convex side) of cladding 42 adhered to
surface 54 66 Interior section (concave side) of cladding 42 adhered to
surface 58 70CBevexmatiece @éstdtion” eide of Bde ng 42 connected to sections 62 .
and 66 7 April 2006 CLAIMS: 1. A nmethod for renoving netal cladding adhered

to an airi®il whglLes E\ufé&@oﬁi‘ﬁrteé&ﬁe”sgﬁrqﬁbﬁaﬁi%s a substrate and wherein the
a

cladding to be renoved is positione ong one edge of the airfoil and is

adhered tg, at t one surface of the substrate of the airfoil, the
met hod co%%ris#%@ﬁﬁﬁ%g%tep of selectively treating the cladding with a
chem cal étchant_of the nmetal that the cladding is made of for a period of

tinme suf 4% entrajling 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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selectively renove at |east a portion of the treated cladding only al ong
the one edge of the airfoil fromthe at |east one surface @fAprha006
substrate, the substrate being made of a material that is chemcally-
resistant to the etchant. 2. The nmethod of claim1l wherein the chem cal
etchant is an aqueous etchant solution conprising at |east one strong
aCid.:iﬁjﬁg@ﬁfthOd of claim2 wherein the strong acid is selected fromthe
group G i ing of hydrofluoric acid, nitric acid, hydrochloric acid,

sul furic acid, and m xtures thereof. 4. The nethod of claim3 wherein the

cl addi ngy (42metftfy f&O}elﬁévirlfi%ﬂ?‘eté?fcléddﬁ b Y t@an}]agxgﬁg;c ¢ & ltl%’ai\ﬁ%ﬂd wher ei n

the strong acid 1s hydrofluoric acid.” 5. The net aim 2 erein the
t r eat mendongiridps £ eutptraeemdsehaahithetiddihgwd be réthievedds pestienedtaldigndnesol uti on
onto the cladding in a continuous manner until the treated cladding only

al ong t helge e theggefod fand i adhergdoiol at Heast presiriise of the mibyirate pbtheirpibm t he at

| east o surface of .t.he substrate. 6. . The method.of.,.claim 1l wherein the

ci addi ngrnaave R Bobbrdid uR'eR of sfteatlieny Bfotie 2 i i clOFRE, " anc

wher ei n d&ane bpdH Rtal 1641 G8S Rbadilhe! N1 AERESS fdrh Ea@ﬁodj bf @ifdel QifficibAOR t he at

| east one interior section to the perineter section. 7. The nethod of claim
6 wher eiselectieclntreth@asdt leasea pottieniodtheseettedladding anlyhilaignthe snetdgef ofom about

2 to about 10 m.ls (fromabove Q.05 tp above 0.25 m) and wherein the
~ peri et é_egg&lk”%wn(tgwt A O&GtSHiféq@r@fstge sylstraten Bt subeirate beipg tade i g | s (from

about 1'r?%teﬁﬁttﬂzﬁ?yél}eﬁiigalf§2@§isténtjt%the%t@ﬁm.l 2006 8. The nmethod of claim?7,

wher ei n €'a east one-interior section is adhered to the at | east one
surface of the substrate and wherein the cladding is selectively treated

with tie Tebemstied ofelShanihetsinithe thniadl etedastis @R 8quddLSElcRAnt SEGtHHON 1S
renoved fromthe at |east one surface. 9. The nethod of claim7 wherein

the at |eomprisingat leastamiesirongadid.on of the cladding is
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 wherein the treatment step comprises selectively flowing the
aqueous etchant solution onto the cladding in a continuous manner until the treated
cladding only along the one edge of the airfoil has been selectively removed from the at

least one surface of the substrate.

- 6. The method of claim 1 wherein the cladding has at least one interior section and a
_perimeter section and wherein the cladding increases in thickness in the direction

from the at least one interior section to the perimeter section.

7. The method of claim 6 wherein the at 1east one interior section has a thickness of
from about 2 to about 10 mils (from above 0.05 to above 0.25 mm) and wherein the
A perimeter section (70) has a thickness from about 60 to about 75 mils (from about 1.5

to about 1.9 mm).
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treated with the chem cal etchant for a period of fromabout 2 to about 15
m nutes. 10. The nethod claim8 wherein the airfoil has a codpak28iide and a
concave side and wherein the substrate conprises two surfaces, one surface
-of the substrate being on the convex side, the other surface of the
substrate being on the concave side, and wherein the at |east one interior

section ¢ ri ses. t eri or. ons Qne .l nteri or ct bei ng
adher ed % Héﬂ%qﬁrcrfﬁ%mﬁ whegein &leaft@ne%ﬂ%?@tﬂoq N %4 WodBe# on bei ng

adher ed jbay ot DGrRlD 6T theWhbRHaR £l WitPeis WRSIARES: is %électmiér wekbedipf claiml1

wherein the edge of the airfoil is the |eading ed . The met hod of

cl ai m | thiehaminaltehehani urtibile 4t deast dngritterier éeahomisadaovéﬂaﬁmm\thmtt gt f or

renovi ng rre cl addi ng adhered to an airfoil wherein the airfoil

conpri sed ffstrate and wherein the cladding to be renmoved is positioned
al ong one edge of the airfoil and is adhered to at | east one surface of

the subsg nakenéthod dFelam’ 7 Qhérem&ﬁ@laﬂll/eéislt Bhdlintdifor Settsh bR f4IARIdises a
conposite material selected fromthe group consisting of netallic

conposi ttesstediwithhieebermical echonhips sipered of fremmabehblitocabapt I sinpytest he step of

sel ectlvely treating the cladding with a chem cal etchant of the netal that

the gﬁ)d'l“ﬁg eth TG Wfl&lélftl%ﬁ SikfoRhadt gBthg% dsgi'é fdnld G! ﬁ%ﬂéavxe%uﬁ:%!nﬁd i vely

renove 'east” a portion o e treate Ing only along the one edge
of t he avhdreinlthd mﬂmt\rath eomaprises &m0 surfaves, sne fadaccaf thdwmbstrats being en thehe

substrate bein de, of nateri al at i s chen ca res ant to the
ot onans SOmyet $i T ingtpuin bR Ghe Spslriifbelnd RN ERuvad G2 Fhdfltn 10 1DP |
conposi tthe at ledsd ond; imerimtsmldn@f)mphgésnw&%wﬁ&rs%bﬁbﬂsh@aesu&ﬁbf &ciogoNpri ses a

resin-fiber trix. -.12
eing adhered to one surface of the substrate, the other interior section being adhered to

the other surface of the substrate.
11. The method of claim 1 wherein the edge of the airfoil is the leading edge.

12. The method of claim 1 wherein the airfoil is a turbine fan blade.

13. A method for removing metal cladding adhered to an airfoil wherein the airfoil

- comprises a substrate and wherein the cladding to be removed is positioned along one
edge of the airfoil and is adhered to at least one surface of the substrate of the airfoil
and wherein the substrate comprises a composite material selected from the group
consisting of metallic composites and nonmetallic composites, the method comprising
the step of selectively treating the cladding with a chemical etchant of the metal that the
cladding is made of for a period of time sufficient to selectively remove at least a
portion of the treated cladding only along the one edge of the airfoil from the at least
one surface of the substrate, the substrate being made of a material that is chemically

resistant to the etchant.
14. The method of claim 13 wherein the substrate is a nonmetallic composite.

. 15. The method of claim 14 wherein the substrate comprises a resin-fiber matrix.
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