TURBI NE COVMPONENT CRACK REPAI R USI NG CATHODI C ARC AND/ OR LOW PRESSURE PLASNA
SPRAYI NG AND HI P BACKGROUND OF THE I NVENTION (1) Field of the Invention

[ 0001] The invention relates to a method for repairing cracks in netal
parts using cathodic arc coating and Hot |Isostatic Pressing processes. (2)
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di ffusion brazing, welding, and the use of H gh Velocity Oxy-Fuel (HVOF)
spray nmatRB¥eafkas MMPERASSofi x di ffusion brazing typically enploys a nixture
of braze and base alloy to seal the crack. Properties of the braze and

base alloy typically exhibit |ess than 50% of the strength of the base
mat eri al 61 eloedaxiaek B ofs .thdh&elayeld édt to directionally solidified and

single gr?ﬁ&o?i|%¥Sistggmgégzgor gas turbine engine components to

develcop, over the course of their operation, cracks that
originate on the surface of the component and extend into the
component or vice versa. Such cracks primarily arise over time
from the extreme temperatures and pressures experienced by the
turbine engine components. Of particular concern are cracks
which ferm in turbine components comprised of superalloy
materials such as nickel-based superalloys. Such materials
tend to produce equiaxed, directionally sclidified, and single

crystal alloy structures.

[0003] Unfortunately, presently utilized methods for repairing
such cvacks suffer from significant drawbacks. Fxamples of
such presently employed methods include Activated Diffusion
Healing (ADH) or Turbofix™ diffusion brazing, welding, and the
use of High Velocity Oxy-Fuel (HVOF) spray materials.
ADH/Turbofix diffusion brazing typically employs a mixture of
braze and base alloy to seal the crack. Properties of the
braze and base alloy typically exhibit less than 50% of the
strength of the base material on equiaxed alloys. When applied
to directionally solidified and single grain alloys, the braze
and base alloy repair material exhibits strength properties
which are significantly lower than 50% of base material.
Attempts to weld base material into cracks suffer from

different drawbacks. Specifically, it is difficult to apply
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and base alloy repair material exhibits strength properties which are
significantly | ower than 50% of base material. Attenpts to weld base
material into cracks suffer from different drawbacks. Specifically, it is
difficult to apply 1 through a process of welding a material onto a
superal |l o conponent w t hout ucin further cracki ng ically due to
The’l ocal U RIS Lo ENELaal o HEEOPor bt § vt fTon

i nst ancescaMieirterithey Wt S nsiues e sffukthbbecr@mmgtl Exdni b} tdgke tbb

directionally solidified and single stal _alloys exhibit significantly
| over st rigiRytiraddrachdieasdr iigrnal fﬁarntt Ea@?]r?/ln%h‘ép%%ﬂ%%trhh of HVOF

SPray TRLELA oy ST LarounaUL sl a0aGkss Bpegilicaliyy Bacause the
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the material being applied, and the part to which the material
is being applied. The intermnal oxidation of the part and the
oxygen content of the applied alloy lessens the resulting

strength of the repair.

[0004] What is therefore needed is a method for repairing
cracks in metallic parts, particularly gas turbine engine
components, which can seal and repair the crack with an alloy
resulting in a repair exhibiting material properties which
approach that of the base material from which the part is
constructed, and which is usable on an eguiaxed, directionally

solidified and single crystal alloys.

SUMMARY OF THE INVENTION
[0005] Accordingly, it is an object ©of the present invention
to provide a method for repairing cracks in metal parts using

cathodic ar¢ coating and Hot Isostatic Pressing processes.

[0006] In accordance with the present invention, a method for
repaliring cracks in a metal part comprises the steps of
providing a metal part having a crack, cleaning the crack to
remcve an oxide layer, depositing a repair alloy via at least

one of cathodic arc depocsition and low pressure plasma



[ 0005] Accordingly, it is an object of the present invention to provide a
nmet hod for repairing cracks in netal parts using cathodic arc coating and
Hot |sostatic Pressing processes. [0006] In accordance with the present
invention, a method for repairing cracks in a netal part conprises the
steps of providing a nmetal part having a crack, cleaning the crack to
renove anSBXRAENY ayRrcORDhIdie i HPH + Pl eatisy ¢hg BerFedst@ one of

cathodi ¢ acgodepasiii s N4 O PIENUIE HLATER TS0 ybng:bacover the

crack, and heating the p at a tenperature and pressure sufficient to
cl ose the crack. [0007] In further accordance with the present invention, a

met hod f ot iring cracks in a.gas turbine engine conmponent. conprises the
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prossure _sufficlent 1o close and tepait, the crack, [0009)  The detgi ! o

[0008] In further accordance with the present invention, a
repaired metal part made according to the process comprises
the steps of providing a metal part having a crack to be
repaired, cleaning the crack to remove an oxide layer,
depositing a repair alleoy via at least one of cathodic arc
deposition and low pressure plasma spraying to cover the
crack, and heating the part at a temperature and pressure

sufficient to close and repair the crack.

[00083] The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, cbjects, and advantages of the
invention will be apparent from the description and drawings,

and from the claims.

BRIEF DESCRIPTION CF THE DRAWINGS
[0010] FIG. 1 is a flow diagram of the method of the present
invention.
[0011] FIG. 2 is a diagram of a crack to be repaired using the

method of the present invention.



are set forth in the acconpanying drawi ngs and the description below O her
features, objects, and advantages of the invention will be apparent fromthe
description and drawi ngs, and fromthe clains. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0010] FIG 1 is a flow diagramof the nethod of the present
invention. [0011]] FIG 2 is a diagramof a crack to be repaired using the
met hod of the present invention. 3 [0012] FIG 3 is a diagramillustrating
the part &Ped2] &PF-i dakroA 6faghe™r epaifthaltBrY athe reaceotldeiice with the
present i Lon, [0 I i i;agr f I .Ng pair ed,
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di agr am opraserpaimeentcrack illustrating the diffusion region after a heat

t r eat ment 15], Li ke reference_nunber nd, desi gnations in the
varous B OEPhoE Patcdres PRBSERBLERTS, S5 BE T LED TS G4 Y0161 1
i's therefgpgl acdesshi g Hiudther qyasenle iPreestingn step.provide a method of
repairing netallic parts, and particularly gas turgine engi ne conponents,

by applyi h§0hbt aFI&1-1 Sy isna dieeBuRrTstpet af RS eDf TR Hat LMt A NiMGr to or
even SUpeEhQrlefuéﬂEnbﬁéf%ﬁ%“é?ﬂéﬁ(f‘%%%? ¢RebtmefraBpkled, in terms of

cycle fatigue strength an nmproved oxi dation, using cathodic arc coating
and/ or | ow pressure plasma spraying (LPPS) and hot
[0015] Like reference numbers and designations in the various

drawings indicate like elements.



isostatic pressing processes. [00171 Wth reference to FIG 1, there is
provided a flowhart showing the steps of the nethod of the present
invention. In step 1, the part is cleaned to renpove undesirabl e substances

such as engine run contam nants and oxi de. During operation,

gas turbine

engi ne conponents, particularly, fan and conpressor bl ades, experience
el evated tenperatures. Operati METAALEDUECBSARGATI@Nperatures i n an at nosphere

resul.ts in the formation of an oxi de |ayer
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paraneters for renoving the oxide are expressed as an anount
fluori de g&SStRLEGNPEELSIRPt RPR8SPAFt for a tinme sufficienL

of hydrogen
to reduce or

elimnate the engine run oxide |ayer on at |least the crack walls. 5 [0018]
Next, in step 2, a high density, |low oxide material is applied via a

cat hodi ¢ d0®13Ad/ it 1S W itfy Figfocéssthere is provided a

flowchart

showing the steps of the method of the present invention. In

step 1, the part is cleaned to remove undesirable substances

such as engine run contaminants and oxide. During cperaticn,

gas turbine engine components, particularly, fan and

compressor blades, experience elevated temperatures. Operating

at such high temperatures in an atmosphere comprising

oxygen

results in the formation of an oxide layer on the surface of

the part and the interior walls cf any crack which may form.

Were such an engine run oxide layer not removed prior

to

repair, the oxide layer would tend to act as a diffusion

barrier and prevent the bonding of repair material to

the

walls of the crack to be repaired and would prevent the

substrate material not coated with repair material from

bonding with itself during HIP and later heat treat as is

described more fully below. The present invention empl

gas comprising hydrogen in order to remove the engine

ove a

Yur

oxide. Preferably, a hydrogen fluoride gas is introduced into

contact with the part surface and, in particular, the
the crack to be repaired. Ag oxide layer thicknesses

from part to part, the parameters for removing the oxi

walls of

vary

de are

expressed as an amount of hydrogen fluoride gas in contact

with the part for a time sufficient to reduce or elimi

engine run oxide layer on at least the crack walls.

nate the



the crack. Wth reference to FIG 2, there is illustrated a typical crack
profile. Crack 15 opens to a surface of netal part 13 and extends downwards
into netal part 13. One will note that the geonetry of crack 15 is such
that a relatively wde portion of crack 15 opens to the surface of netal
part 13, while a portion of crack 15 narrows substantially as it extends
away fromthe opening of crack 15. The narrowness of such a portion of

crack 15, s .t he ahi]| dep Si Vi a t hodi c.arc_or
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all oy 17 a§pn$ealwataa¢:@ﬂho&uct harefaidnee 4 QHHG et iRep@irocdlds0ycl7 serves
to seal, or «cap,. crack 15 |leaving a narrow, enpty volune of space of crack
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crack 15 ch'is not filled by repair alloy 17 be substantially void of
air or othertfLai dndFextehils dowasoris tirgcatdtedi eaartc 16r. ICPRSwEdat i ng

process uged t eppsit _repair Io t.hi n cha 5_is perforged in a
vacuum or ggrggagugﬁ1($%ss T’ bd%?éidM%Jf%rr e%&@%bnnen atf@&?%] In a
pref erredwegbogbsentn eepatdcial 1Dyodehs anpritsessuarf auet alf wiaalt@fl elagsel y
mat ches t he base alloy fromwhich part 13 is constructed. By ' closely
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fabricated. Exanples of such a netal used to formrepair alloy 17 include,
but are nébchi & pettion af ckeickhabedreduanys the drdllibasded SSwpesisl | vys,
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from ni ckél -base super a
low oxide material forming repalr alloy 17 as is illustrated

with reference to FIG. 3. Repair alloy 17 serves to seal, or
cap, crack 15 leaving a narrow, empty volume of space of crack
15 extending down and away from repair alloy 17. For reasons
which will be described more fully below, it is important that
this empty portion of crack 15 which is not filled by repair
alloy 17 be substantially void of alr or other fluid. Fer this
reagon, the cathodic arc or LPPS coating process used to
deposit repair alley 17 within crack 15 is performed in a

vacuum or near vacuum (less than about 107? Torr) environment.

[0019] In a preferred embodiment, repair alloy 17 comprises a
metal which closely matches the base alloy from which part 13
is constructed. By *“closely matches” it is meant that the
repair alloy is formed of a composition similar to or the same
as the parent material from which part 13 is fabricated.
Examples of such a metal used to form repair alloy 17 include,
but are not limited to, nickel-based alloys, nickel-based
superalloys, titanium, and titanium-based alloys. Most
preferred with parts fabricated from nickel-based superalloys
is the use of nickel-based superalloys as the repair alloy. As

noted above, repair alloy 17 is preferably deposited as a high



is the use of nickel-based superalloys as the repair alloy. As noted above,
repair alloy 17 is preferably deposited as a high 6 density, |ow oxide alloy
material. By this it is neant that the repair alloy as deposited is
preferably | ess than 1% oxi de by volune (|l ow oxide) and | ess than 1% porous
by volume (high density). [00201 After depositing repair alloy 17 into
crack 15 bgnaitgat hodi ocxade bbby mpyEwiedss Byn tdivacumsomeradr thacuum

envi ronnent, the_neta art is subjected to relatively high .tenperature,
i ah or esLhPe BEBRAL FONY et STV R ot P dsertive 15rbs  Fide 2t PR Lot op 3
in Fig. 4by Vypueal [Yohobxidensidad iledy essing ¥ pperifobyedolmman (atahsphere
of argon. In instances wherein the netal part containing the crack is
conpri sed36PSAtHI ckel - based al l oy or nickel -based superalloy, the hot
isostatic pressing is preferably performed at a pressure of between
approximately 15 and 30 ksi at a tenperature of between approxi mately

2, 000F and©0228D0RfHar depstsatideg irppahichllibe hetahtpagradls Eonsytraict ed of
titani um Qr a4t !:t aQi u(r:rer)b@sed alécoggs tiq_le ahqftaci %osto%ti C .or e%si ﬂ% pref erably
takes pl aS&8 APAACpFESsTrat b9 RESEer apbroXiiret sl v and“50Ksi at a

t enper at uegvhiesamehan dnh80E: aPrefar ald wubjthe ot d s0skaticdvpleskigy in al |
cases is perforned for.,a mninmmof tw hours re&g&%&aﬁss of the part or

repair al F6PEEBRPBET t PHA? PHODAH HAPGTAGSCRi O1F J 8efPEs to heat the
part undef sogHR8E aNbiaks PEESSAN £o,0 ONdINING rf e L1 agk 1aybR cwhh ghhbepai r
all oy 17 has been deposited so as to expand i nternal
isostatic pressing is performed in an atmosphere of argon. In
instances wherein the metal part containing the crack is
comprised of a nickel-based alloy or nickel-based superalloy,
the hot isostatic pressing is preferably performed at a
pressure of between approximately 15 and 30 ksi at a
temperature of between approximately 2,000°F and 2,300°F. In
instances in which the metal part is constructed of rtitanium
or a titanium-based alloy, the hot isostatic pressing
preferably takes place at a pressure of between approximately
15 and 30 ksi at a temperature less than 1,800°F. Preferably,
the hot isostatic pressing in all cases is performed for a

minimum of two hours regardless of the part or repair alloy

composition.

[0021] Hot isostatic pressing serves to heat the part under
substantial pressure containing the crack 1% in which repair
alloy 17 has been deposited so as to expand internal
structures resulting in the compression of hollow spaces and
substructures such as the portion of the crack 15 into which
no repair alloy 17 was deposited. As a result, post hot
isostatic pressing, the repaired crack 15 appears as shown
with reference to FIG. 4. Note that, as a result of the hot
isostatic press, the portion of~the crack forming a hollow

space 31 in FIG. 3 has been closed/sealed.



structures resulting in the conpression of hollow spaces and substructures
such as the portion of the crack 15 into which no repair alloy 17 was
deposited. As a result, post hot isostatic pressing, the repaired crack 15
appears as shown wth reference to FIG 4. Note that, as a result of the
hot isostatic press, the portion of--the crack formng a hollow space 31
in FIG 3 has been closed/sealed. 7 10022] In an alternative enbodi nent,

after catfoss) anG 26031 LB0not sbbecbasinand applLeatianafcshot | sostatic

pressing operation, the part nay be run t tenperature

di f f usi onceytireg ast shmvrriarkstaep AppA idistfiosi of acyolte isesvesito correct
changes in_the. physi caltipropetrl{ti es _of thg) part %lhir%i ng far om }]he hot

i sostati cp]f)‘?%%%'%gol?%lfa} owed by % P¥e v Iey SPow E66F ng prgcess. After
heati ng a-@asdérdthieugh f udirRcess1ef dwolshcsostiat keepr @ssi Agdithlaspant 13 is
typically cooled slowy, e.g., at a rate of approximately 10F per m nute.
In the caQ&cHt TS 0P P Cs fIRnges dW &66 PhYSIFatePEYBRELPEY Pésults
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properties, e.g., structural strength, conpared to properties prior to the
hot isostmlatipelssslopndiadlome Hirgirasenpefdterehdiptfing enphok hhckeghal | oy
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m nut e, preferabl et ween 100F and .150F per minute. In addition to
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rate typically results in gamma prime coarsening and causes
the part to exhibit diminished properties, e.g., structural
strength, compared to properties prior to the hot isostatic
press condition. High temperature diffusion for nickel alloy
parts involves heating the part to between 180C0°F and 23C0°F
in a vacuum furnace (less than or equal to approximately 1
Torr) and then cooling a part at a relatively rapid rate,
e.g., at a rate of at least 35°F per minute, preferably
between 100°F and 150°F per minute. In addifion to restoring
the properties of the part 13, the high temperature diffusion
cycle serves to diffuse the repair alloy 17 with the adjacent
material forming the sidewalls of the crack 15. With reference
to FIG. 5, there is illustrated a diffusion region 19
resulting from the application of such a diffusion cycle. It
can be seen that repair alloy 17 is situated in the space
originally occupied by crack 15. However, the edges of repair
alloy 17, in contact with the walls of crack 15, have
interdiffused with the adjacent base alloy to form diffusion
region 19, which comprises of material which is a mixture of

repair alloy 17 and the base alloy forming part 13.

[0023] As described above, the process of the present

invention is eqgually applicable to components formed of



cycle serves to diffuse the repair alloy 17 wth the adjacent nmaterial
formng the sidewalls of the crack 15. Wth reference to FIG 5, there is
illustrated a diffusion region 19 resulting fromthe application of such a
diffusion cycle. It can be seen that repair alloy 17 is situated in the
space originally occupied by crack 15. However, the edges of repair alloy
17, in coﬁfme@xwﬂt hdthecwrtal bf srldek fisd havd Singdedcrrased wLRYEhe

adjacent al{gg %f gégéné#fgﬁgnggg 29119124 o Heescggera yggorning

mat eri al is amxture on 17 and the base a
part 13. Fbezgiaﬁe d@x@miamxbmbv&eﬂmtwelpwooesyhothth@epneeehtlsinvention is

equally a I|c to g9 ents. for d of e U|axed i regq |on
solidifieggrgﬁ %g? WEP gzﬂﬁp%ﬁﬁ é%ﬁf Nl 815}0%3 f FH present

i nventi onpd@e(srﬂﬁ@ﬁlgdasmtptlsdé@tglr@pase@me@ @tpleﬁﬂtﬁbnt be @hleOySa!rB whheh the
crack is fornmed. As a result of depositin he repair alloy 17 and
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17 according to the process of the e{oé%esent i nvention does n nduce
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the procegsgs@fmaterial from which metal part 13 is formed. In addition,
deposition of repair alloy 17 according to the process of the
present invention does not induce cracking in metal part 13.
Lastly, the repair alloy 17 deposited through the process of
the present invention is greater than 9%% dense and has a

negligible oxide content of less than -1%.

[0024] One or more embodiments of the present invention have
been described. Neverthelegs, it will be understood that
various modifications may be made without departing from the
gspirit and scope of the invention. Accordingly, other

embodiments are within the scope of the following claims.



the present invention is greater than 99% dense and has a negligible oxide
content of less than -1% [00241 One or nore enbodi nents of the present

i nvention have been described. Nevertheless, it will be understood that
various nodifications may be nade w thout departing fromthe spirit and
scope of the invention. Accordingly, other enbodinents are within the scope
of the following clainms. CLAIMS What“F8™Pained is: 1. A nethod for

repai ri ngygLacks bpagmg@taé part conprising the steps of: providing a netal
part (13) having a crack (15) cl eaning said crack to (15) renove an oxide

| ayer; depositing a repair alloy (17) via at |east one of cathodic arc

depositio and Io ressure Iasna spra cover, sai.d crac 1 and
heat i ng tﬂe part er%)g o Jtre%plerr%tlt%rcer%cr%{ﬁpressﬁnreécal I%CI eh r1(s 1_‘%gose t he
crack (15}he2stdpe ot hod of claim 1l wherein said providing step conpri ses

providing said crack (15) in said surface of said netal part (13) selected
fromthe groupPEBhsEsE? gy BFtat rPakeal’s®! ibilie HIFHFEE o ibl ades, vanes

and conbustor papglsng. sdhe PAEIhod Of (&l)aimrlwhereidy 1SRl QaQ%QV'dlng step
conprises providing said crack (15) in sald surface of said netal part (13)

conpri sing a néeppsselrgtadrépaiy tdvelr oy ) coidsiadt ilsgsdf amieckd] - based
alloys, nickglabased. sYREral L 048 and AN AN Yl AN BR8Pl LoYS:
cover said crack (15); and
heating the part (13) at a temperature and pressure

sufficient to close the crack (15).

2. The method of claim 1 wherein said providing step
compriges providing said crack (15) in said surface of said
metal part (13) selected from the group consisting of air

seals, fturbine blades, fan blades, vanes and combustor panels.

3. The method ¢f claim 1 wherein said providing step
comprises providing said crack (15) in said surface of said
metal part (13) comprising a metal selected from the group
consisting of nickel-based allcys, nickel-based superalloys,

titanium, and titanium-based alloys.

4, The method of claim 1 wherein said cleaning step
compriges introducing a hydrogen fluoride gas inte contact

with said metal part (i3} forming said crack (15).

5. The method of claim 1 wherein said depositing step
comprises the steps of:
creating a vacuum around at least said crack (15); and
depositing said repair alloy {(17) selected from the group
consisting of nickel-based alloys, nickel-based superalloys,

titanium, and titanium-based alloys.
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4. The nmethod of claim 1l wherein said cleaning step conprises introducing a
hydr ogen fluoride gas into contact wth said netal part (13) form ng said
crack (15). 5. The nethod of claim1 wherein said depositing step conprises
the steps of: creating a vacuum around at |east said crack (15); and
depositing said repair alloy (17) selected fromthe group consisting of

ni ckel - based al | oys, nickel -based superalloys, titanium and titani um based

al l oys. 10 6. i er el j Qs L. t conpri ses
deposi ti ng'a rgggi llrggg??gy%l%g%rﬁ]a% V\éwoerﬁ%ll&nsg edsjs&%{) Szlntlf%gds%egjg by vol une
and | ess thapri%epodesobytbygvel veeaiy.allhey net'hodleft caitmihawieseai n sai d

perform ng Hot_ _lsostatjc Pressin onprises: performn t Isaqstatic
Pressi ng gf‘aﬁ bfegﬁﬁgﬁ Bt Weenme 1%—1‘%0{%? %a% Jt%r%%l&ryle_‘%getv &e -
2, 000F- 2, 300F for at Ileast two hours when said repair alloy (17) conprises

a metal selected fromthe group consisting of nickel-based alloys and
ni ckel - baSed stiperaetbyg. o8, ciipem nkbtWeorkrofn ¢ dnexfivaraing $gitd perforni ng

Hot Isos%ggisgagggsggggsﬁggpé%rﬁgls%sggzrform' ng Hot |sostatic Pressing at a
- ST a

pressure between "1 enperature < 1,800F for at |east two hours
when sai d repaperébroyng iyt cospet stebe aPmedsins e tect gt dasome e wgeaup

consisting_of tjtaniumand titani umbased alloys. 9. Jrethod of claiml

conpri si nSSfag %ﬁﬁi ?Fofal SYPehH? b1+ e Sy et iy anog“r?e;ggl% ggtftor( ) to a

di ffusionibgat twEahBBAL when said repair alloy (17) comprises a metal
selected from the group consisting of nickel-based alloys and

nickel-based superalloys.

8. The method of claim 1 wherein said performing Hot
Isostatic Pressing comprises:

performing Hot Iscstatic Pressing at a pressure between
15-30 ksi at a temperature < 1,800°F for at least two hours
when said repair alioy {17} comprises a metal selected from

the group consisting of titanium and titanium-based alloys.

9. The method of claim 1 comprising the additional step of
subjecting said metal part (i3) to a diffusion heat treatment

cycle.,

19. The methed of claim 11 where in said performing said
diffusion heat treatment comprises performing said diffusion
heat treatment at a temperature cf between approximately
1800°F and 2300°F in a vacuum less than cr equal to

approximately 1 Torr.

11L. A method for repairing cracks in a gas turbine engine
compenent comprising the steps of:
providing a gas turbine engine component (13) having a

crack (15);

11



cycle. 10. The nethod of claim 11l where in said performng said diffusion
heat treatnment conprises performng said diffusion heat treatnent at a
tenperature of between approximately 1800F and 2300F in a vacuum | ess than
or equal to approximately 1 Torr. 11. A nethod for repairing cracks in a

gas turbine engine conponent conprising the steps of: providing a gas

turbi ne engi n@glammal@myraﬁ&vi(ﬁé)gtécrawvels? oxidecleddrng said crack
(15) Lo remveandids Layehs i denestliig)a, tepatrighbeYohddevia at |east
one of cathodiC arc position and | Ow pressure plasma spraying to cover
sai d crackeqlis)ic st [egpoisidgithe agds 1bur bireesengi peéacoapepeayifg3joat a
tenperature and pr ssur%_Sﬁfg[cie t to close the crack (15). 12. The net hod
of cIainfﬁﬁY%ﬁuﬁ%% TEK p évrdﬁﬁa step conprises providing said crack (15)
in said surfagrafirspitte gas tuibine engine eempenent (13) selgcted fromthe
group consisting of air seals, turbine blades, fan bl ades, turbine vanes,

conbust ort SRR UrEa $BE PEGFEHESs 6 IBLgdE5takl CéBRBr BB8oFrIERedl®N3. The

met hod of claim 11l wherein said providing step conprises providing said

crack (15) in said surface of said gas turbine engi ne conmponent (13)

conpri si g a Miteaimeddlogicodd clbimmlihehgredp sendi prengddhanstkel - based

alloys, nigkelshased ;. UReLALLOUS o LLIANLUM ; And bkt BDLymEDaged 2l foys.
gas turbine engine component (13} selected from the group
consisting of air seals, turbine bladeg, fan blades, turbine
vaneg, combustor panels, cases, compressor blades and

compressor vanes.

13. The method of claim 11 wherein said providing step
comprises providing said crack (15) in said surface of said
gas turbine engine component {13) comprising a metal selected
from the group consisting of nickel-based alloys, nickel-based

superalloys, titanium, and titanium-based zlloys.

14. The method of claim 11 wherein said cleaning step
comprises introducing a hydrogen fluoride gas into contact
with at least the portion of said gas turbine engine component

(13) forming said crack (15).

15. The method of claim 11 wherein said depositing step
comprises the steps of:

creating a vacuum arcund at least said crack {(15}); and
depositing said repair alloy (17) selected from the group
consisting of nickel-based alloys, nickel-based superalloys,

titanium, and titanium-based alloys.

16. A repaired metal part made according to the process

comprising the steps of:

12



14. The method of claim 11 wherein said cleaning step conprises introducing
a hydrogen flu,-ride gas into contact wth at |east the portion of said gas
turbi ne engi ne conponent (13) formng said crack (15)_ 15. The nethod of
claim 1l wherein said depositing step conprises the steps of: creating a
vacuum around at | east said crack (15); and depositing said repair alloy
(17) sel ect ed providhesgronptakapaiist () diawinkel -dyased @S ofs, be
nickel-ba§g$a$gg§(alons, titanium and titani umbased alloys. 16. A
repaired netal paft made according to the process conprising the steps of:
12 providi ng acheéaingaséid lSyadiaving) accreaioelHn taxibe lregeai;red; cl eani ng
said crack (15) to repove an oxide |ayer; deposition and |ow ressutg

pl asma sprayi nGePOSthier 3 ¢t OR rBEKSTWE ;P RGN Bhd D&V eat 551

tenper at urgsaRd (PEpssikg sufficient to close and repair the crack (15) 17.
The repaired netal part of claim 16 wherein said roviding step conprises
provi di ng sai dneabtkg (1lsy pParsartd a siemprratofresang muedsyrsr sutfdrisatect ed

fromthe %%08?03809§&5§é£§i9ftﬁérc§§ S 1g)urbine bl ades, fan bl ades, turbine
vanes, conbustor panel’s,” cases, conpresgor bl ades, and conpressor vanes. 13

17. The repaired metal part of claim 16 wherein said
providing step comprises providing said crack (15) in said
surface of said metal part (13) selected from the group
consisting of air seals, turbine blades, fan blades, turbine

vanes, compbustor panels, cases, compressor blades, and

Compresscy vanes.
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