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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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
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engines, and serve 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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The vul nerability of these conposite blades to foreign object damage is due
to two factors. First, the lightweight matrix material enpV&pEd20@r the
substrate of the blade, 7 April 2006 such as polyneric resins or alum nium
can be susceptible to erosion. Second, when high strength filanents are
used, these materials can be relatively brittle conpared to netals and

| “metal alloys, such as titanium To provide the |ightweight benefit of
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been made  that conprise a conposite substrate having an ai rforl s%ape
which s cBghstengly ilamenty argawednshese redterids eng, bestetatively trittlenompared addi ng.
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The prior nmethod for renoving such netal rom -t I nQ,
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ot herw se damage the underlying conposite substrate. IS TS I'cularly
the case damegeandmosien.al ci addi ng is adhered to the conposite substrate at
or along an edge (e.g., |eading edge) having a conpound series of curves.
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more likely to occur when the cladding varies in" thi ess i n
di r ect i on !¢ @rer methodtfer regrovirg such estplodetiidy ficte theilchding, ¢hiling and tiy

edges is by mechanical removal using a tool that can grasp the cladding. 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.




relatively thin) to the perineter of the edge (typically relatively thick).
Accordingly, it would be desirable to be able to easily renﬁ%ﬁﬂﬁaﬂébd or
damaged netal claddi ng adhered at or along the edge of a turbine fan bl ade
or other airfoil wthout stripping away or otherw se danmagi ng the
underlying conposite substrate, even when the edge has a conpound series
of curve adding is relatively strong and | ess
nalIeablegﬂﬂ@9%$§56%1ﬁ§%8g§§% Y OF THE I NVENTI ON According to one aspect
of the in ent .on, there ovi ded a pet hod for ean g. netal cladding
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wher ei n t fgtal b&dﬁhﬁ%dh&e@&o r@nameill vierd® thd h@ﬂﬁdccﬁﬁp}ﬁgs anebasecasf the
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bl ade, wherein the_ airfoil c ses a.substrate and wherei | east a

por t i on ofteryEaeq affge ﬁbbsi'rétea fecpeing of pmategal thalds Cg?m‘PﬁB’ substrate
of the aiffi@lhtto tH WtchagEt hOd nay conprise the step of treating the cladding
with a chemcal etchant of the nmetal that the cladding is nade of for a
period of time sufficient to renove at |east the portion of the cladding
adhered to the at |east one surface of the substrate. The substrate may be

made of aHerginediscpsed i methodHentemuiving metsl dadding adheraddoan@irbnit sudnbodi nent s
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benefits over prior ani ca renovi hg suc cl addi ng
adher ed tjortion of the cladding is adhered to at least one surface of the substrate of the airfoil.

This method may comprise 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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the substrate of an airfoil, especially turbine blade. Enbodi ments of the
met hod of the present invention reduce or elininate the dafejgilZA8® can be
caused by prying or peeling away the cladding fromthe substrate using a
mechani cal tool. The nethod of the present invention may be particularly
advant ageous where the nmetal cladding to be renoved is relatively strong
and | ess | i I A ous where the netal cladding is
adher ed tgﬁbﬁgﬁg§§§¥¢t¥%$9$qiﬁzﬁgﬁﬁghgﬁgedge (e.qg., leading edge) having a
conpound series of curves and/or where the netal cladding varies in

t hi cknessFiG.omshidies thetcal e sifact v "sudpieaedidaioffaiepregéntith@deissutiace (e. g.,
relatively thin) to the perineter of the edge (e.g., relatively thick). -3
7 April 2ousnaR pldpisedidrthoretod piithepmppiNoentipais uselhows t he” convex
surface or "suction" side of a representative gas turbine engine fan bl ade
for which L vensd ' fds. 1 FIG 2 shows the
concave SE$?2€§S%€9£ggé?ggggﬁ&gﬁgghgkﬂ¥hgaiﬁgggag#ﬁgFﬁ?'E FIG 3 is a
partial sectional view taken along line 3-3 of FIG 1. DETAILED

DESCRI PTI FIG.GHs 7 piEtinN¢EioiaDNe® tagnialon2 06 3RedfdiIGi hg to the drawi ngs, FIGs.
1 and 2 show different sides of a representative gas turbine engine fan

bl ade for which the nethod of the present invention can be useful that is
indicatedIH%H%H%?*pEﬁgRgajOmH?FEH?ﬁ%“Hgggkﬁﬁtion of the method of the
present invention is with reference to a turbine fan blade, it should be
understood that this mnethod is applicable to other airfoils, including
vanes, propellers, rotor blades (e.g., for helicopters), as well as other
types of turbine blades that have netal cladding that is adhered to a
substrate. FIG 1 shows the convex curved surface of blade 10 (al so
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
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of the blade) indicated generally as 18. Blade 10 al so has a | eadi ng edge
indicated as 22, a trailing edge indicated as 26, a tip edgdﬂﬁﬂ@p@ ted as
30 and a bl ade root indicated as 34. The substrate portion of blade 10 is
i ndi cated generally as 38. Substrate 38 can be nade of -either a netallic
(e.g., aluminium or nonnetallic materials (e.g., a resin-fiber matrix)
that is typically relatively light in weight and relatively easy to formor
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adj acent root 34 g~ posi of ‘along tip
edge 30, a&s¥dwel |l as a portion of trailing edge 26 adj acent tip 30. The
nmet al cl addi ng can conprise a vari ety of metals (or netal alloys),
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~made of either a metallic (e.g., alutmmum) or nonmetallic materials (e.g., a resin-fiber
‘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 substrate 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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fabricated to precisely achieve desired airfoil contours for blade 10 or
can be fabricated as forned sheet netal elenments. The conpddmtil@R0Gf the
cl addi ng can also vary depending on where it is positioned on blade 10.
For exanple, cladding 42 that 1is positioned at or along |eading edge 22
typically needs to be stronger and can made froma relatively strong netal
or nmetal alloy such as Titanium6-4 (an alloy of titaniumw th alum nium
and vanadi By contrast, cladding 46. positioned at or along trailing
edge 26, 5@5% ‘i“}jﬁ%enfzf%ﬁﬂng&ﬁg‘ﬂﬂééﬂtlﬁ Shewn a8 beingrositigned pt eglengtipneed

not be as rn 13 . metal or netal alloy
such as g%é%?&%???f%&@ﬂ@%%@%%ﬁﬁ%& %?%%(Ejﬁgggt he present invention
conprises the step of treating one or nore of the netal claddings 42, 46
and 50 of Th¢ mitalidadding can cheprisala edridhanf helst(oe nailadlidyptinclhiiggc! addi ng
I's made of., ﬁhenic?laﬁ%chants have previously been used to renove materi al
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upon the metal (or metal alloy) that the cladding is nmade of, such as, for
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the chem g i ar ous, et ehant, sol utions conprising at
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aqueous SOFRSTEIALY BBISSHEmg hydr of | uoric acid, or m xtures of hydrofl uoric
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 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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acid and nitric acid, such as, for exanple (by volune), fromabout 8 to
about 16% concentrated nitric acid and from about 3 to aboUtAmt®Z006
concentrated hydrofluoric acid, including adding a comercial wetting
agent as needed, such as Orvus WA (Procter & Gamble Co., G ncinnati, GChio
USA). See, for éxanple, U S Patent 4,563,239 (Adinolfi et al), issued
January 7, 1986 (especially col . , I|ne 67 to colb|3,f l'ine 7)ztnh|ch S
i ncor por fer e. e ant.s suitabl.e for s

cl addPngaihgﬁgp%g{lee%ug Sﬁi%&%oﬁs e ‘Smg 5&0 2P1HFEY H%%H@fea@fga&%@rlat i ons
conpri si ngrid Bhd ke scil sﬁblﬂéé)ffbﬂébfdn‘iplél%jdv@ﬁﬁl | frbth CatRd §:t0 S gsﬁt oy, for
exanpl e (by vol une), from about 40 to about 60% concentrated nitric acid,
f r om aboutongergratesl nivdeiacid. B fromnamnt Batoesbdwy di0&§ Icumentramdlhydrcﬁhdnf;r om
about 30 te abglut 70% wat er, which a i ncl udes | east about 0. 008
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al), issued October 12, 1982 (especi all his
i ncor por at,28,239 (Adinelfich @b, IS@mlrﬂaaearye"r, dﬁ%(espmmltyadmllez floe 678 col.t3h

| addi £ .ni ckel aIIo Iud ueous solutlons conpri si ng
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I t b t,.0.0 of cu ric.sul fate. See, for exanp
?’gt eﬁ? S4 T(itu‘?%(fo %l?ﬂ‘% H"JPJ’ CBPC"?S‘F)"te it @oids tTHse raboyt 0@8’3 a{’@%"p@@l/al I y col .
2, | y o e ants
2,1 s cBiablacd ieRiTon (oA ah Shob 16 § S6A10e, QUEA, Grelhants,
aqueous smludascamkzasﬂ:abpni &O@@nmﬂesﬂmm;)uf: suliztd aod fonr aouo, Ddl@ﬁﬁaﬁmt ric acid

ryar oani 8174 SARHR bk Ry S BB GvnBls, X ki o AGB8 sber e ot her
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acid, namely, from about 35t nitric ac about
0.0122 t eefatvoat. @h@m&ﬂ etnhﬂnes Suitablef foratsal withilcfadtlitigs endef afodiciad) Maked. 0283 to
about 0. %ﬁggs irrrlgiuﬁe aqueous sgl'laﬁwns comprising mixtures of nifric 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 a_,l), 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 ingredient.s 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




chloride ion, fromabout 0.0146 to about 0.0190 noles/I. of netal fluoride
ion and from about 0.0063 to about 0.0083 noles/|. of citri7cArdi2806 wi t h
wat er being the balance 7 April 2006 of the solution. See, for exanple,

U S. Patent 4,534,823 (Fishter et al), issued August -13, 1985 (especially
col. 2, lines 5-14), which is incorporated by reference. The netal

cl addi ng(s) to be renoved can be treated with the chemcal in any suitable

: ' ' f j,Ci t he . netal, cl addi
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bei ng rel a8 1885 egplciailg abll 9, lides 5L B4 aRhicRYis inB&ipbratdd ByRfelRAI cal etchant.
For exanple, the chem cal etchant can be fornulated as an aqueous sol ution

with the ﬁt al cl addi_n? to be removed being brushed, sprayed, dipped or
ot her wi se 1% &gt $lagiding(9 e be semevdscandieurdatad with dteathentical iy stable, t he

' t t ] d d fl e.g., by flow
e oor ut attherPihcOlor 3 SR of BB R EEN BOke e refel bl fomothse O "
renoved  iurfie ©f el SibStiSe BREHAC s BiMdréd iohale%sﬂfﬁt@&ﬂt?g&la%@ agsﬁﬁ%/aﬁg or

di-ssol ved. away from the underlying surface of substrate 3
cl addi ng Tesistaahay aert totfbe themical etchant! iFoarkamplos the vhemipab etehargtoah det

solution j ' to. mni m.ze the. exposur f ..substrate 38 to the
et chant . ,ﬁq%glﬂg‘{tn%%%%gf e Rdatny Wil eeﬁ’cew?ﬁgadé%m Er?@ pEpved i’ﬁ’&gal
L her eof vbiishalppgedaighouafr dthetwile haiéhith AN RGRECGSRER, o chant

bei ng used, the netal (or netal alloy) the cladding I's nade e
t hi cknessTicallye the paerpun gobmtion| ofk etchant tisrspray#y,ppoatd yor floveat (en} bef

| addi .itanium (or, titaniiumallo w t h.an agueous
yar of | Sol PR hE Shibr R FY) bog on B S sk iadiion to PoRPEDERE 2 1o
about 7% fayglecHtinues Gadtdr GhtilMtel clécﬂﬁi%ﬁas%eeﬁ SRS HCor &XRYVehrh%sfa?q{'cﬁlll

(0.7025 om “about |

cladding at a rate of about 1 m mm of thickness I'n
to about thesindeilyingsurfaee of ivabstiate 38, As tthe atadding iparcinodedfthé riow about 60

vy o) adiun S A sl BelCeolicR o sibned Eammgics Phorvesout %80 Lo
about 75 guibbtaté 380 e QUkdhant - Thel SnGBRWF HmdheldB- to treat the cladding for
; ~removal thereof will depend on a i}ariety of factors, including the chemical etchant
being used, the metal (or metal alloy} the ciadding' is made of, the thickness of the
éladding 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 ﬂom
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,

7-




The met hod of the present invention is particularly useful in renoving
metal claddings that are adhered to substrate 38 at or al oAgArrd 286¢e of

bl ade 10. For exanple, as shown in FIG 3, netal cladding 42 is adhered at
or along | eading 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 fromthe

interior c | ar,e t|v t hin,

nor 1 900886 B Tdd 3 GREEH BPnle (R0R B8 Bo S ftiul f 23S e B apout
0.25 mm typmuy fmmmuwm aBdut 8 Iﬁnsn(ﬂ@ﬂay&ut% 67 Bhesht $20 cfmfci(ﬁ %ﬂ about
0.076 to about 0. 20 thlck%‘ to the perineter section 7

rel at i vel thepsrigeter équlon TOrvdhis @G'Qlaflﬁﬂymclatﬁwt frgm abnwsGO tofabont %mul’s 1 52 to
about 1.9 [ |c fromabo about 70 nils (from
about: 1. G@Mgﬂ) &cgtr}t%m?%’ljﬁﬁ)lb i tg %8@0‘%115’ about /Pm ((adge

22, the childgirom dbout 865 It@@‘s&uﬁem hﬂﬁ}sthﬁz?( aﬁgreﬁﬁo'v%fmélgp%lﬁhd %'4@3?1 nan be

treated wth the chemical etchant until sections 62 an e cl addi ng
have beentdger?aythe cladding é@(ﬁt\lwt amayn:f 62 and B6fafabes chddinpy caiBbofrestedst r at e

38, at oi,nt the dding 42 can be ea5|ly
remved%ﬁﬂ “é%ﬂ“iﬁl hg“ %s ad‘%éﬁg 8?8'6%2!79%5}@‘@ b?erbwemow%m
subst r at eor38issolyéd by frons %&faéﬁassﬁ%n&@k 86 sabs é:ra? GBS the ©
titaniummetal (or netal alloy) wll be renove |sso ved away by an

aqueous mﬂlﬁwrwgﬁlqn Hroldcladsling 412.)ml( ke epsily hemoved mechamicaliy, eay,ibaokdn; om
about 2 ts%we out % drofl oric agq}%5 fro surfaces 54 and 58 in from
about™ 2 t botfu? B rEoE ?@§H YPRakY otecaensu62 and poapbut 12

m nut es. cTélﬂu@l?ﬁﬁd@ﬁﬁohhﬁtaﬁf@ Rikal (B HBal Qﬂo a\?lllaﬁesﬁmﬁ)%fi:&' %F gggﬁvéda move

nmetal cladding 46 (from along tralllng edge or neta 50 (from

along ti rﬂv@dg}a' 30 a&n@busrlwdmmgmcwg:b s@l@)ion '(b.g reivhneda @bnédﬁ&a@cﬁrﬁﬁ@ﬁi
is made of a

rotal or et (GAPH 708 I ySHS A gt 5f 6nd S8de: i WhOGiA kg and
less mal lpatd 15 @fhed mbord iBicaR inVidk abol W bMGoRt PSEIduRG, OPeration. This is
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 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,

-8-




often the case for cladding 42 that is positioned at or al ong | eadi ng edge
22. The nethod of the present invention is also particul ar HAMEE006 in
renoving netal cladding that is adhered to substrate 38 at or along an
edge having a conpound series of curves. Again, this is often the case for
cladding 42 that is positioned at or along | eading edge 22. To protect
ot her portions of blade 10 (especially netal claddings that do not require

1, t ol atjvely cheni cal | i st ant i nert to th
Ctohant ) o SSEREGR il BhBolBhA NP, GOSIAT refouiof o HiefiiouBY elebSiai ngs of
bl ade 10 thett aslethyine ghRMU inidhok@MN athetMasathidiipdsAibnS! BB HOLEMdR! | Y cone

into contact with the chem cal etchant during treatnent. Suit'able maskants -
i ncl ude prakher omppsiionscywhiasgreoprenedasedr polymensy amd polyteaailoanetheleagpl i ed to

ot her - comsat: vt SHBnIR 7 STPAEw S LR B, TS s furts¥0, bt elereiang bl chant
such as ebhyheng-3g)yos. Pﬁﬁﬁpﬂ,ﬂbmﬁboQﬂaﬁbrfgﬁ%qe&gxfﬁmhi,i ﬁy%gegﬁ&ﬁﬁ or
h pol'ymers, an

synthetic rubber conpositions such as neoprene:- based po
pol yt et r afPhids déﬁﬁﬂi%& and5gkS. Patente4,.209589 (Chéh), RateinFetimdrz 613003908l ake) ,

[ dJ 30.4.1992 ' . .2, 1i '8-34);, U S. Patent

5 100, 500 BRI Fah 2 HEBhan M el Rfwhighoye (amenrrishty fedgpnees. Thenes
149-63); apfskinScarlsd Alied e Mhand 13

(espe)ci al Ty cor Lo nlggng%%%%?mgl Iof %ﬁmﬁﬁ%s@%?%@ﬁ(%rﬁog%%@ﬁgﬁ}e

r ef er encesurfase(s)neistiNade 10 toabe poteatrd fred theeahgnt Gacudingibenshingdippeig, t 0 t he

surface(s). (or pontion.of the surface(s)) of blade 10 to be protected from
t he et Cha%Rr, ylP%’ch[]'Eﬁ Rgtig %fﬂ?%a?&mgpﬁm,ﬁeawW dhe chemical eichatihag or 11 ow
coating. CRBabiQPHIEAL bttt LOARERBY] been carried out,

t he maskant can then be renoved from%@gdgga%m%i?%?étreat ment of bl ade 10

with the chem cal etchant, any residue thereof on the blade can be rinsed
of f (e.g. Afigf reptmgnicaf)bladed Gtwigh ihz eliemicabetblemiiany reseiw viededfionrthé blads  known

éfcaggfe E%' {Jé %%sédq Oth@.gar‘}vith '%vlatteerg,nx?éuitr\e/iﬁlzé&’ 01:[ E&gémngen;en?gveglb%dgléi%dy th the

known to those skilled in the art. Alternatively, treatment 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.




can be halted periodically (e.g., every fromabout 3 to about 5 m nutes),
with the residual etchant on blade 10 being rinsed off and/dxprilé(éqd al i zed.
Any maskant that is applied to the blade can al so be renoved, such as by
stripping fromthe surfaces (wwth or without treatnment with solvents for

t he maskant) or other nethods known to those skilled in the art, so that
bl ade 10 can be ready for replacing the renmoved netal cladding. Typically,
there w | ' ' substrate 38 that will need to be
renmoved b%#gfgﬁﬁﬁ%ﬂggﬁgﬁg?ﬁggﬁgﬁgﬁ%an be replaced; this can be achieved by
any suit?ble met hod known_to those skilled in the art, including

mechani ca Oabréﬁ‘?ﬁb“ﬂ%f@ﬁr‘ﬂa‘j@e. g., sanding). Wile specific enbodi nents
of the method of the present invention have been described, it will be

apparent 4 thGeevexisutfhecbri‘sudtiod” skl of BRHe vari ous nodifications thereto.
can be made without departing fromthe spirit and scope of the present

inventioni@s debhdagd sirfack BE“FRRGALE piw. 7 April 2006 LI ST OF REFERENCE
NUVERALS 10 Airfoil or turbiI%g Egﬁ 316?(@‘151% Convex surface or "suction"

si de of de . cave surface or "pressure" side of blade 22 Leading
edge 26 r%ﬁli%%%5§§%@330 Tip edge 34 Bl ade root 38 Substrate of bl ade 42

C addi ng ‘jF(gr | eadj ng edge 22 46 O adding for portion of trailing edge 26 50
d addi ng #or t1P¥UBg 488 portion of trailing edge 26 54 Surface of
substrate on concave side 18 '

_ 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

-10-




58 Surface of substrate on convex side 14 62 Interior section (convex side)
of cladding 42 adhered to surface 54 66 Interior section (Zdpch2806i de) of
cl addi ng 42 adhered to surface 58 70 Perineter section of cladding 42
connected to sections 62 and 66 7 April 2006 CLAIMS: 1. A nethod for
removi ng netal cl adding adhered to an airfoil wherein the airfoi

conpri se strate and wherein the cladding to be renoved is positioned
al ong od@-géﬁgg of the airfoil and is adhered to at | east one surface of
the substrate of the airfoil, the nmethod conprising the step of

sel ecti vel ¥ &84 ifB0r ; i ?&?&1 :lgad@iﬁé‘a&(f?&em ﬁi"i"airféﬁ% GiRfin ;i’lflq[ %ili‘ﬁ)ilrmt al

that the cladding 1s made © or a pertod of tinme sufficlen

sel ect i veimprisesd websartitel adswhereinakié tladding té be rdnieatids podidctdidrndorgndne al ong
the one edge of the airfoil fromthe at | east one surface of the

subst r at@lge ohéhesaipoil aad ds pdlicrryl toeri deast one supface of dhe subairate of dieediffeldl | y
resista to 1he etchant., 2.. Th t.ho f claim ierei.n t chem cal
ctohant 1 "ieholf eBBEA%RE meier O sERPORYY BonfebF dodti S84 el ng

aci d. 3.etdigt BPtROMeR thdtah8chddh@’ RiMadd6f & PPGHACHE b affigeied from the
group consisting of hydrofluoric acid, nitric acid, hydrochloric acid,

sul f uri cseleetivgly asmdovendtieast @ pottivarcd dlie tréhtedT¢leddimg boly abdngcthaione 8dgehsfr ei n t he

cl addi ng, (42, .46, 50) is nmade of titaniumor a_ titanium.alloy, and wherein
the strghaa iljfrona thy gt lopst paeiskrags of the subsatentherylstente beigg magewhdr ei n t he

treatmenf st aqqmehﬁgﬁl r%éigtﬁﬁtit}f?ﬂey téﬂagw ng the aqueous etchant solution
c?a@gll’lnglnacntl \ )

onto the nuous ‘manner ‘until the treated cladding only
al ong the one edge of the airfoil has been selectively renmoved fromthe at

| east ornE ThyhicleR offcldile WH&sithé chenfical EihantEt BREqRbus thdnt Jolvhet ei n the
cladding has at |east one interior section and a perineter section and

wher ei n conwrigingditleast dngstrengedd.i n t hi ckness in the direction
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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fromthe at | east one interior section to the perineter section. 7. The

met hod of claim6 wherein the at | east one interior section7@psla0hi ckness
of fromabout 2 to about 10 mls (from above 0.05 to above 0.25 mm and
-wherein the perinmeter section (70) has a thickness fromabout 60 to about
75 mls (fromabout 1.5 to about 1.9 nm. - 11 7 April 2006 8. The nethod

of cl ai wher ej he at .| east one interior. section i.s adhered to the at
| east o%@ﬁm@fgﬁcﬁqlﬁefmgem%@@tﬁﬁa&%ﬁémsmrﬁeﬁ%owaé%rﬁgtq 8kl ectivel y
treat ed 1idt Bne §fcE BEM GabstBtLChaMherdh ke élﬁtﬁiiﬁ’éris 's@l@étiveﬂ“@edté&&fth or section
is renoved fromthe at |east one surface. 9. The nethod of claim 7 wherein

the at |tbashenning etehizaturdil theed idasiprefintetior sschoitlismgmoved frome ditesd legist h t he

chem cal etchant for a period of fromabout 2 to about 15 m nutes. 10. The
met hod 4iSHi'&Saherein the airfoil has a convex side and a concave side and
wherein the substrate conprises two surfaces, one surface of the substrate

bei ng om, !-T'li@ méﬁ%@i\/@blaiindﬁwhéréﬁ tRé Rbkast Bhd ﬂﬁ&ic@fsedtilﬁﬁ o¥ Hﬁ&il:_{cﬂh% gei ng on t he
concave side, and wherein the at |east one interior section conprises two

i nt eri ortrestedtwignthe chermicahgtehanpfor gaetipd af fromi abguistitecabeut omomwéessur f ace of

the substrate, the other interior section being adhered to the other

surface f ThOe ARSILA! Cwhddin ORI Bl Aldtnh MBRLANidcRgedge Of the

airfoil 1Ts the ng edg e nmethod of claimi ereln the airfoil
i s.a turbharenftlansubbiaate cormfriscA twe strfibe$, ene serfaeiof henmbstrate beidgiomtheadhered to
an airfoil wherein the airfoi C rises a bstrate.and rein the
C1 aqdi ngorsaoe B Preistbr SHERRGRShy ol SRS nd VBT | "ana i s
adher ed th@atdkask 6ASInt@ME s&dtioh @6@pHfesttive istehst JeatighsOdnet ihrriat sdedoh and
wherein the substrate copprises conpgsite material  selected fromthe

Eihe st

group dsHE adhpied to pgurice p fey the ot infgrorsesliqn ket wdies, the

met hod GREBhES{REce bPcshigaRf selectively treating the cladding with a
chem cal etchant of the netal that the

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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cladding is nmade of for a period of tinme sufficient to selectively renove
at least a portion of the treated cladding only along the dHerdaBed of the
airfoil fromthe at |east one surface of the substrate, the substrate
being made of a material that is chemcally resistant to the etchant. 14.
The nethod of claim 13 wherein the substrate is a nonnetallic conposite.
15. The nmethod of claim 14 wherein the substrate conprises a resin-fiber

matri x. -. 7 ril 20 E I T Al RFO L
SUBSTRATMREBAIEDR R MG ST AR SO oM AT AL SubSEERTED)
adhered to an airfoil (10), such as a turbine blade (10), wherein the
airfoil (A@¥TRACMriSses a substrate (38) and wherein at |east a portion of
the cladding (42, 46, 50) is adhered to at |east one surface (54, 58) of
‘the substrate (38) of the airfoil (10). In this method the cl adding (42,

46, 50) iA metleslforremmvibg metd eliddig (62.040100) adherdutorantaatfoif GEY), sueb as| addi ng
(42, 46, 50),.is d f for, eri.od of tipe sufficie to renove at | east
the port igHasRe '?IHEC @P&%‘?‘ﬁ@‘ﬁ’éﬁz%@ﬂ%ﬁﬂ%@&s ?S“I?Wtea@%] @%’s‘f’ﬁ%ﬁ’é‘ ayrface

54, 58 . (ATl BT rface
§ hat i s) éﬁ%ﬁn& ?gﬁ@gl&?g@?‘gﬁéﬁé %43, {Iﬁ%@?%ﬁg{c?édem at R84t dn® suffRA59] 589 O?é eria

nt. FHIG 1 =13
_ the substrate (38) of the airfoil (10). In this method the cladding (42, 46, 50) is treated

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 of the cladding (62, 66)
adhered to the at least one surface (54, 58) of the substrate (38). The substrate (3'8)“is
made of a material that is chemically resistant to the etchant. |

FIG. 1
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