TURBI NE COVPONENT RESTORATI ON USI NG CATHODI C ARC/ LPPS BACKGROUND OF THE

| NVENTION (1) Field of the Invention [0001] The invention relates to a
met hod for dinensionally restoring turbine engine conponents using a
cathodic arc and/or Low Pressure Plasnma Spray (LPPS) coating process. (2)
Description of the Related Art [0002] It is common for the surface of gas
t ur bi ne engi NE VRO TEMPONETC RESSCBRIAENoUBENGSEATEODT Gr BRALLBPAdesS,
turbine vanes, conmbustors, fan bl ades, and conpressor parts, to degrade
over the course of their operation, for exanpl e due to the presence of
particulate matter in the gasxke®RONDecg. THEr ONVENDEORI r or resulting from
conbustion of fuel and air. The  degradation can result in wear to the

| eadi ng he nents resulting in a physical |oss of
mat eri al @@ﬁijcﬁﬁgtnannEQBE Losienses, 4 mali&t fde asadyinada
characterlstlcs of such conponents. O particular concern is mear arising
in turb|nee&kﬂﬁﬁﬂﬂﬂﬂurhmnqnengameoﬁcgwp@ﬁatﬁoyS1natercathOQMGhaas

ni ckel - base r al VS, naterlals rodu ed _as U|axed
dlrectlon%Tﬁvog |df4| et A §H§Fﬁb P&ty s @ﬁFSZ sP?u@F%ges “Sinilar wear
occurs in parts formed of titanium and tltanlun1based al | oys which are

nei t her olrectlonally SO|IdIerd or S|ngle crystal alloy structures. [0003]
Unf or t unatelye et @ LREERodL Y or di rensionally restoring
turbine epgiag CQEPQQGBEn%méHf f@f fromy,sf o fd canis drnawhatken l'es of

such presently enployed nethods include Activated D'ffu5|on al'ing (ADH)
or Tur bof¢smponents, such as blade outer seals, turbine blades, turblne

vaneg, combustors, fan blades, and compressor parts, to
degrade over the course of their operation, for example due to
the presence of particulate matter in the gas path, e.g., from
the air or resulting from combustion of fuel and air. The
degradation can result in wear to the leading edge surface of
such components resulting in a physical loss of material

Csufficient, in some instances, to alter the aercdynamic
characteristics of such components. Of particulax concern is
wear arising in turbine components ccmprised of superalloy
materials such as nickel-based superalloys. Such materials are
produced as equiaxed, directionally solidified, and single
crystal alloy structures. Similar wear occurs in parts formed
of titanium and titanium based alloys which are neither

directicnally solidified or single crystal alloy structures.

[0003]) Unfortunately, presently utilized methods for
dimensionally restoring turbine engine components suffer from
significant drawbacks. Examples of such presently employed
methods include Activated Diffusion Healing {(ADH) or Turbofix
(a registered trademark of UTC), diffusion brazing, welding,
and the use of High Velcocity Oxy-Fuel (HVOF) spray materials.
ADH or Turbofix diffusicn brazing typically employs a mixture
of braze and base alloy to restore lost metal. Properties of

the as-deposited braze and base alloy typically exhibit
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(a registered trademark of UTC), diffusion brazing, welding, and the use of
H gh Velocity Oxy-Fuel (HVOF) spray nmaterials. ADH or Turbofix diffusion
brazing typically enploys a m xture of braze and base alloy to restore |ost
metal . Properties of the as-deposited braze and base alloy typically
exhibit 1 significantly reduced properties, e.g., |less than 50% of the

st r engt h sfgnine dragd yateghicald propguitaxed el-boysleWhebhappbbiedoftibhe

di rectionall |idified.and single grain alloys, t br az and base.al | oy
st or at | TSR (O i HAER IR CEeAdngPn o SHr QB PLLOVRT AgH oL Ted
si gni fi cay | i deaviloridan, Soiefi fhase andakenbak. gARLANPL B0t e, Wehd bosee

material onto the surface of turbine conponents suffer fromdifferent

dr anbacks2nd RS Gl westenad 1epp e ThRdn CaPpP B bySHEREPHE a materi al
onto a s ; i - Kt I ddpii gp, 1L O 1 nstances
where the g e e a e oAt Aeer P it b, 06 74881 onal 1y

sol i di fi esrtzgwissl nditeempyssttal wallldopssexiebetrisl gahtochne | gurbaee strength
due to the 1§%PSGQ,0f na%gria#% whi_ch may ggrusgd Lo §gQL§ve accept abl e

wel ds. Laslﬁyl, ethce“g’r%ﬁrbé:‘tis of ﬁ‘v’@ﬁ’ S F y e ecrjl ar stimlar-ly suffers
dr awbacksspespieti dd1dat,| Vit Hecawsd ckhewpeaceapslyiapobiyt sedaiggial in an
oxygen--cont ai ni.ng atnosphere, the ability to bond the restoration materi al
to the cdWidiHeM! ¥ miIREF LAY SOPRSGERE PRt éPAYFC oRFASKIRA- abd t he

oxygen CcQM@&No0f e anplHed LeRrdkr cakl rikesgensctbesEesul £hag strength
of the repair. [0004] What is therefore needed is a nethod for di nensional |y
properties exhibited by directionally sclidified and single
crystal alloys exhibit significantly lower strength due to the
subset of materials which may be used to achieve acceptable
welds. Lastly, the application of HVOF spray materials
similarly suffers drawbacks. Specifically, because the process
depeosits material in an oxygen-containing atmosphere, the
ability to bond the restoration material to the component is
inhibited. As a result, internal oxidation and the oxygen

content of the applied repair alloy lessens the resulting

strength of the repair.

[0004] What is therefore needed is a method for dimensionally
restoring engine parts, particularly gas turbine engine
components, which can effect repair with an alloy exhibiting
material properties comparable to that of the base material
from which the part is constructed, and which is usable on an

equiaxed, 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 dimensionally restoring turbine engine
components using a cathodic arc and/or Low Pressure Plasma

Spray (LPPS) coating process.



restoring engine parts, particularly gas turbine engine conponents, which
can effect repair with an alloy exhibiting material properties conparable
to that of the base material fromwhich the part is constructed, and which
is usable on an equiaxed, directionally solidified and single crystal

al l oys. SUVMARY OF THE | NVENTI ON [ 0005] Accordingly, it is an object of the

present invention to praovide a nethod for dinensionally restoring turbine
engi ne chPVhent® aSrRECENESt NobR cthr CPERRRY 1O PriedsuretPcss /&Y Spray

(i ~PPS) cpatd NG RY ACESSks 24 ORI :hn RAGEOLdaRCE WLt Bhther Present invention
met hod for " repaiting cracks in a netal part conprises the steps of
provi di ngeroved itg parne taly ipeg ta haorimaper wogh, pekeéaninngct heningrimportion to

renove an _oxi de l.ayer,. and de ositigﬁ restorg%ﬁoge EL?Xiﬁ gover t he worn

. . 1 .
portion VT%F%iQﬁﬁKHﬁ?I%ﬁ]I%W%é%égl§b g%teﬁyFFOH1 e group consisting of

cat hodi ¢ as€toriepost ta Oioant lwelr essunertl psmraidar aya (& PRSodeposi tion.
[0007] In further accordance with the present invention, a pethod for

r epai ri ngPETERIS FHLECIRE PRbithe SFGURe COBTHSRERE CLofipt NeREC tFEF st eps of

provi di ngg&,as: 14K AE 1RA0IP1R s LYW P18RMaNBYLAY ALPPEN BOpLEOPicie! €ani ng
the worn portion to renpbve an oxide |ayer, depOsiting a restoration alloy
to cover the worn portion via a deposition process selected fromthe group

consi sti hidd 70186‘; O?;h%tgé% 91?88%@%}18@ S, Loy g&fr%ess;e‘{{te inﬁ’ﬂe%fi.fl%ﬁs%ay (LPPS)
deposi ti on. 0 € détalrrs of one or nore odi ment's of "thé I'nvention
method for repairing cracks in a gas turbine engine component
comprises the steps of providing a gas turbine engine
component having a worn portiorn, cleaning the worn portion to
remove an oxide layer, depositing a restoration alloy to cover
the worn portion via a deposition process selected from the

group consisting of cathodic arc depesition and Low Pressure

Plasma Spray (LPPS) deposition.

[0008] The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the
invention will be apparent fxrom the description and drawings,

and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[6009] FIG. 1 is a flow diagram of the method of the presgent
invention.
[0010] FIG. 2 is an illustration showing the wear portion on a
turbine component to which the method of the present invention
is directed.
[0011] FIG. 3 is a cross-sectional illustration of the wear
portion on a turbine component to which the method of the

present invention is directed.
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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 [0009] FIG 1 is a flow diagramof the nmethod of the present
invention. [0010] FIG 2 is an illustration show ng the wear portion on a

t urbi ne cod®@ienFi¢o #hi<gha tdreogretdrodt ioinalhe ldnesemntt liomy eifit koturbsndi r ect ed.
[0011] FIG 3 ista glross-s%?lti onal il ustrai_iLon o% t.he wear ortion on a
turbi ne COMFSHERT SEWATEN SPRe TREEREAT 5Pt AE OB et eht® iRVETt on is direct ed.
[0012] Fl{avehtdimm cross-sectional illustration of a turbine. conponent

showi ng the restoration alloy of the present __invention. [0013] FIG 5 is a
cross- sectirdl FIPust rig idrfotssr 1AGiHe! dddpdhert 1oRo®ing tHELPEPES usi on

region. | ndrdtKeHShieLeRee AYRREESANd-gdesignations in the various
drawi ngs indicate |ike ellfements. 4 DETAIL DESCRI PTI ON [0015] It is
therefore a teaching of the present invention to provide a nethod of

ther ef | pr , provic dof
Comonent 03" S5y RorShetet SRR S mp sl o UBR LéhablF 210

simlar t@x®¥ings indicate like elements.



even superior to the base material to which it is applied, in terns of both
hi gh and | ow cycle fatigue strength and inproved oxidation, using a
cathodic arc and/or LPPS coating process. [0015] Wth reference to FIG 1,
there is provided a flowhart showing the steps of the nmethod of the
present invention. In step 1, the part is cleaned to renove undesirable
substances such as engi ne ruPEBHER PESCRIZAdO¥Xi de. During operation,

gas tur bi[fb%z]%’]gi P CONPONENE Sre pﬂé&)a%ﬂi@@ Y fap seFRMNLGERLE ol ades,

experience el evated tenperatures. erati'ng at sdach high tenperatures in an
at nos pherpercotmigr iss imeg hody géndimesealitsal hyt hestorimg i oat o1l bam weatde | ayer on
the surface, of _the_.part on whi cE.wear occurs. Wre suc(k]ban enﬂifne run oxide
| ayer not A emiFéd HrPrYt §2Pe bEFPIREREREXI A PEE Yot Y etRP X3 %ct as a
barrier whiteh wulsd phevestalheuberdl Dgyof of r@shefetiAD swherdaltd @ he
surface of the conponent to be repaired. The present invention enploys

sur r oundi®Y§™t WaiPedirrace shet Reseonpbhthtl wke hWalgasitohprarphiedhydifogen in.
order to.r v ng: i, d e Ly, i ] Eg_;ggg
fluoride tgﬁg%n%r%%gfgcgggﬁmﬁg?e éhaexgz/géo%%%@%u%é?%g%%??f%t rodtﬁed

i nt o contadidasicm,t heipgr e sathadec apns andfer|byed ¢oackregses-asmg.y from
part to part, the paraneters for renoving the oxide are expressed as an
anount of hydrogen fluoride gas in contact with the part for a tine

suffici emooiG]r educle osfetddaice I angithereun soprdeikdayien. £100¢Hirdext ,

in step 2, a high density, |low oxide material is applied via a cathodic arc
and/ or LPPSYiRS ithG Sr688sSTt th*h@e%ﬁﬁino%rt}a%n%ﬁ%%&g? eI cdibonent .

Wth refererce t@nel Bart is cleaned to remove undesirable substances
such as engine run contaminants and oxide. During operation,
gas turbine engine components, particularly, fan and
compressor blades, experience elevated temperatures. Operating
at such high temperatures in an atmesphere comprising oxygen
results in the formation of an oxide layer con the surface of
the part on which wear occurs. Were such an engine run oxide
layer not removed prior to repair, the oxide layer would tend
to act as a barrier which would prevent the bonding of
restoration material to the surface of the component toc be
repaired. The present invention employs surrounding the
surface of the component with a gas comprising hydrogen in
order to remove the engine run oxide. Preferably, there ig
employed a fluoride cleaning process whereby a hydrogen
fluoride gas is introduced into contact with the part surface.
As oxide layer thicknesses vary from part to part, the
parameters for removing the oxide are expressed as an amount
of hydrogen fluoride gas in contact with the part for a time

sufficient to reduce cor eliminate the engine run oxide layer.

[0017) Next, in step 2, a high density, low oxide material is
applied via a cathodic arc and/ocr LPPS coating process to the

worn or damaged area of the component. With reference to FIG.



5 2, there is illustrated a typical exanple of conponent wear along the

| eadi ng edge of an exenplary turbine engine conponent, specifically, a
turbine fan blade. In the present exanple, wear portion 15 extends al ong
the | eading edge of netal part 13. For reasons which will be described nore
fully below, it is preferred that cathodic arc and/or LPPS coating process

used to deposit restoration alloy 17 onto the surface of netal part 13 is
per f or med?i ntBE¥RACHRIM b HeRT StheunPArads *eRRh 16L2 CPBPPTIeBRVIFEBRment .

[0018] |“aﬁoﬂ%eﬁﬁ%rf%h&%ﬁg“ﬂd@ﬂ“Oﬁ %%5%%%%&h@@¥akh9%iﬁé c6OHRELI ses a netal
having desirable strength properties or a nefal which closely matches the
base al | ogofpemewhi chrsairtickd 1v.s acohgbringt éan Byadel osal fhrrPERESNTIt s

meant tha r i.Qn I i r o] Ltio ipmlar to or
t he sane&%éﬂf %’S%%%%ﬁ&%§¥é§#§%y53%§%% F% o%ér?h%Bﬁpga?égr?gé%gék Exanpl es
of such amseiblpasted 1o Hor mdaasiner atiich &lilldybk7desnelbdd, mbue anglpot

limted to,_ nickel-based alloys, . nickel-hased superalloys, titanium and
titani um BaLRYr att ob® PrMEFSTESY &8t é’&FlnPghFhérﬁs éné? ORi ﬁﬁ?ﬁ- Ggkyng

super al | oysoMbdd uhdd Lo TRRYJGA! ed ioRRbakah169Sed sHRPSN 8hkOXarthge not ed
above, restoration allc~,, 17 is preferably forned of a high density, |ow

oxi de al | of mektakirart B2 tif Peuformegednt at Naculmherr 8§esr HaFgHMalllegsas
deposl SchRPIECeably LeSR-AAI o) de by volure (ow ox) de) and less
restoration alloy 17 onto netal part
[0018] In a preferred embodiment, restoration alloy 17
comprises a metal having desirable strength properties or a
metal which closely matches the base alloy from which part 13
is constructed. By “closely matches” it is meant that the
regstoration 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 restoration alloy 17
include, but are not limited to, nickel-based alloys,
nickel-based superallcoys, titanium, and titanium-based alloys.
Most preferred, is the use of nickel-based superalloys with
parts fabricated from nickel-based superalloys. As noted
above, restoration allcy 17 is preferably formed of a high
density, low oxide alloy material. By this it is meant that
the restoration alloy as depogited is preferably less than 1%

oxide by volume (low oxide) and less than 1% porous by volume

(high density) .

[0019] After depositing restoration alloy 17 onto metal part
13 by a cathodic arc and/or LPPS ceoating process in a vacuum
or near vacuum environment, the metal part 13 is subjected to
a relatively high temperature, high pressure operatiocn,
preferably a hot isostatic press operation {(step 3 in Fig. 1).
Typically hot isostatic pressing is performed in ah atmosphere

of argon. In instances wherein the metal part 13 is comprised



13 by a cathodic arc and/or LPPS coating process in a vacuum oOr near vacuum
environnent, the netal part 13 is subjected to a relatively high
tenperature, high pressure operation, preferably a hot isostatic press
operation (step 3 in Fig. 1). Typically hot isostatic pressing is perforned
in an atnosphere of argon. In instances wherein the netal part 13 is

conpri sedB aﬁnkpkﬁkﬁhﬂSdﬁaﬁédoalbayndckﬁﬂebebedasedesapépatIoys hbe hot

i i f bl f d f__b
appr oxl RIS 15 AR S0 R 4t DY RETRera, e 6P TR AboR BOPANTRACEl y 2, 000F

and 2, SO%tweren rsqi;am@.?maiﬂMyMisclantﬂheomtgal apaat tespeeastrdcbed of titanium
or a tltanlun}based al | oy, the hot isostatic pressing preferably takes
pl ace at RETHIELE ARPTAF NS Rdeh 2a9908%i RRCeRy 398° End1801PREFRGESa Penper at ure

| ess than,; 800he RI&fAr %télry: 1tsh%oli‘1%ttru'c%%§.t 8kl € iRLRSSMNGyi § performed for a.
m ni rum of two hours regardless of the part or restoration alloy

conposi tmn:a:ponrzoqam aldogtatthe pogssicpgtetivepreeshegat praéepablyon which

restoratlo aII as heen de osited_so as_to_conpres 1o aces.
Sch hol ' Shatiace. AF & Peebettioe’s BEshReBr bPreRiReFahy, 18,28 20757
bei ng depesi taecd d rcaipdingva’ mMeRRethanl fi, Bebkrunt peatedabsychthel hew spaces
can weaken the bonding of restoration aIon 17 to the netal part 13. As
noted abov\ROStRtEG AT HR%GIYSoP e oraedepoi BeBinAmETyQE ULHP oROWESr vacuum

envi ronrrefgg%asicaltemaé SN UG R0l OW-3RRCES 1AL afil b eeomsosi@%ﬁr ation alloy
17 are substantially vacuuns. Wth reference to FIG 3, there is

illustrated a cross-sectional view of
[0020] Hot isocstatic pressing serves to heat the part on which

restoration alloy 17 has been deposited so as to compress
hollow spaces. Such hollow spaces can arise as the result of
the restoration alloy 17 being deposited in an uneven manner.
If left untreated, such hollow spaces can weaken the bonding
of restoration alloy 17 to the metal part 13. As noted above,
restoration alloy 17 is depcsited in a vacuum or near wvacuum
environment so that any such hollow spaces not filled by
restoration alloy 17 are substantially vacuums. With reference
to FIG. 3, there is illustrated a cross-sectional view of
metal part 13 wherepby wear porticn 15 is seen as forming an
indentation in the otherwise smooth outer surface 31 of metal
part 13. With reference to FIG. 4, there is illustrated a
cross~-sectional view c¢f metal part 13 showing the depesition
of restoration alloy 17 into weary portion 15. Restoration
alloy 17 is deposited via a cathodic arc and/or an LPPS
process in an amount sufficient to restore the outer surface
31 ¢f metal part 13 to a shape substantially similar to that
of the outer surface 13 prior to the creation of wear portion
15. In cne embodiment, restoration alloy 17 is deposited in an
amount exceeding the pre-wear boundary of outer surface 31 and

is machined, or otherwise finished, into a pre-wear shape.



metal part 13 whereby wear portion 15 is seen as formng an indentation in
the ot herwi se snmooth outer surface 31 of netal part 13. Wth reference to
FIG 4, there is illustrated a cross-sectional view of netal part 13
showi ng the deposition of restoration alloy 17 into wear portion 15.
Restoration alloy 17 is deposited via a cathodic arc and/or an LPPS
process i he@dalhmignenseftechehive cerlesd brent heabirercatthddice a3l agfd/ast al

t 13t . sub i all il t A .out 13
i o o PRES oy SapHin Sf A Pesk. HoBCs 08, HHE aoBlika® oM, 8% 3CREECT o
al l oy 17 isoslieposd tetedsiran or@ratiorexcéedipagtt e pre- wearuhouhdanghoh out er

surface 31, an i s machi ned,_ or .otherwise finished, into a pre-wear shape. 7

d
[Q021] | nP5PR af PR FER T Vel SHER CYSEFPePScSERYTI ¢PaPESBndFof LPPS coati ng

of the weairpesidb@noyol anlarp iAld2R ek anBahesi $aStaki phptessing
operation, the part 13 may be run through a high tenperature diffusion

cycle as Brempriiestep Ue paxdi AIisiios cyereter ve§ £6066PEa6t PEREAFRS in
the phys'%&‘ho&é pﬁté exselgﬁfti%%gp%ﬁ%wa@o%'l%gf 5&%?@.hﬁﬁggogewﬁgpgess' ng

foll owed by a rerlatively Oow cooling proces hea par hr ough
a processpatt hohrowgstatpmqEsss sifndiott Heosant 1¢3presstiypi, cahkypeool 2

slowy, e,g., at ate af approxi mat el 10F per mnuyte. Such a_ sl ow

Coal i hy rhf e YSEFERIY yFouaH LAY g&mfa -pPEng E8LPsEni AGPARA BAESEE ¢ he
part to ex®tRiper dhituiShethdi epeuesool 18y, rateUEL Uk akl1str eaghcsconpar ed
to properties prior to the hot isostatic press condition. H gh tenperature
di f f usi oNIRHDD| VBN ZRAFTREING Fac CBYSHSt wesnPpart to exhibit

diminished properties, e.g., structural strength, compared to
properties prior to the hot isostatic press condition. High
temperature diffusion involves heating the part to between
1800°F and 2300°F in a wvacuum furnace (less than or equal to
approximately 1 Torres) 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
additiecn to restoring the strength properties of the part 13,
the high temperature diffusion cycle serves to diffuse the
restoration alloy 17 with the material forming the outer
surface of the metal part 13. With reference to FIG. 5, there
is illustrated a diffusion region 1% formed by the application
of such a high temperature diffusion cycle. It can be seen
that restoration alloy 17 is situated in the space originally
occupied by wear portion 15. However, the edges of restoration
alloy 17, in contact with the walls of wear portion 15, have
been effectively diffused so as to form diffusion region 19.
Diffusion region 1% consists of material which is a mixture of

restoration alloy 17 and the base alloy forming part 13.

f0022] As described above, the process of the present
invention is egually applicable to components formed of

egquiaxed, directionally scolidified, and single crystal alloys.



1800F and 2300F in a vacuum furnace (less than or equal to approximately 1
Torres) and then cooling a part at a relatively rapid rate, e.g., at a rate
of at least 35F per mnute, preferably between 100F and 150F per mnute. In
addition to restoring the strength properties of the part 13, the high

tenperature diffusion cycle serves to diffuse the restoration alloy 17 with
the materVaf ¢briageioresutdly thadfsendt tvenrecal doas nrs. ANSEHPEef er ence

to FIG 5.pL h%ft&ini rié#h&%ir&{ sk ali faflli?yop.nr &9 LiimBdPYebhe
application such a high tenperature di"fffusion cycle. It can be seen
that restoration B$| s 17 resuslitt welt ebrasitthess fdee resitgimadlion addowpildd by

wear portion 15._However, .t he .edges .of restor.ation | 1oy 17, in.contact
with the 9\7&‘15” %eﬁo%}ﬂg p%rrfcfmor?sf%?t% e PlyEan & foélctt’?\?el“{?adfi PPEsdE%s0 as to
form di ffus|ofhs eghefadd.of DiddtPat ir@Qi1N ahd RIS ioh Rtk ab which is

a mxture of restoration alloy 17 and the base alloy formng part 13.
[0022] As2dReskeided RSt HEPHidte & Braaid PredentseliitiddeioRTi s equal |y
appl i cabl §ih81 £oBPODEN aﬁ.fsaoirﬂte%ofa Laiaxedy AgreliQnald ypsolidified, and
single crystal alloys. e of the process of the present invention does not
di srupt phesgnrialn wsedmeittials oleadmlald apave  whiheh metiicsi itnhgheear
portion 15, As_a result. of posi ti.n he r.estoratdqn_allo 7_.an
Per for mi IREECTaE TEERSAT TR0 o dts ey 0 1 ar e EatiRe diH Pce o
wear portmabeibahneht@staaimidaothed | ayndl An atomdbended tsogehkeks|, eatieng a
directionally solidified or single crystal grain. As _a result, .in contrast
to the stréngth of the base material from which metal part 13 is

formed. In addition, deposition of restoration alloy 17

according to the process of the present invention does not

induce cracking in metal part 13. Lastly, the restoration

alloy 17 deposited through the process of the present

invention is greater than 99% dense and has a negligible oxide

content.

[0023] One or more embediments of the present invention have
been described. Nevertheless, it will be understood that
various mcdifications wmay be made without departing from the
spirit and scope ©of the invention. Accordingly, other

embodiments are within the scope of the following claims.



presently used nmet hods descri bed above, the nethod of the present invention
all ows the deposition of a restoration alloy material which approaches, and
in sone cases surpasses, the strength of the base material from which netal
part 13 is formed. In addition, deposition of restoration alloy 17
according to the process of the present invention does not induce cracking
in metal part 13. Lastly, the restorat.l alloy 17 deposited through the
process of the present invention is%§#§@1er t han 99% dense and has a

negl i gi blyghHxXi gde «1comentis:[ 0023] one or nore enbodi ments 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 i o] t e.wi thin.the scope
o Fhe o 1 oui'g e 0 R N WS 2 oci B meder o 022 e hbE Loy
repai ri ngtles agtleps mfa net al part conpr|5|ng the steps of: providing a netal

art (13) havin rn _por 1 aning said worn ortl 15) to
Penovg a% OX|é§gTd§§$1 p 3p8 r%) &Bg E8¥f8ga?| 8R4I P8y %39)??%§tober
said worn poréléam(n?gB)sawdau@x@e@@&thbﬁn (REDCESSrEmbest 88 bk oAkt heygF oup

consi sting of cathodic arc deposition and Low Pressure Plasma Spray (LPPS)
deposi ti ofRd

depositing a restoration alloy (17) to cover said worn
portion (15) via a deposition process selected from the group
consisting of cathodic arc deposition and Low Pressure Plasma

Spray (LPPS} deposition.

2. The method of claim 1 comprising the additional step of

subjecting said part to Hot Iscstatic Pressing.

3. The method of claim 1 wherein said providing step
comprises providing said metal part (13} selected from the
group ccnsisting of blade cuter air seals, turbine blades,
turbine wvanes, combustors, fan blades, compressor blades, and

Compressor vanes.

4, _The method of claim 1 wherein said providing step
comprises providing said metal part (13) comprising a metal
selected from the group consisting of nickel-based alloys,

nickel-based superalloys, and titanium-based alloys.
5. The method of claim 1 wherein said cleaning step
comprises introducing a hydrogen fluoride gas into contact

with at least said worn portion (15).

6. The method of claim 1 wherein sald depositing step

comprises the steps of:
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2. The nethod of claim1 conprising the additional step of subjecting said
part to Hot Isostatic Pressing. 3. The nethod of claiml wherein said
providing step conprises providing said nmetal part (13) selected fromthe
group consisting of blade outer air seals, turbine blades, turbine vanes,
conmbustors, fan bl ades, conpressor bl ades, and conpressor vanes. 4. The

met hod of cl airedbikier @ Hasaua providi Ay Seept eanPrvers pevviei nél Bhi d
nmetal par} {13) conprising a netal selected fromthe group consisting of

ni ckel - based al |l oys, nickel-based superalloys, and titaniumbased all oys.

5. The net hod deposliaimgl sehidr eestsanticheahioyg $lep sebaptedeSromtrioeluci ng a

hydrogen fluoride gas.into_contac with at_ least sajd rn portion (15). 6.
The net h6doF EPgﬁﬁFflﬁﬁePéinggFE_HQBSEi?#%ayﬁteﬁlg%%%%g?ﬁ%g the steps of:
10 creatidighedaMacydn anaupdrahilpashssal d1yeyg. portion (15); and depositing

said restoration alloy (17) selected fromthe group consisting of
ni ckel - based al | oys, nickel-based superalloys, and titani um based all oys.

7. The hod ~@f. cl.aimsl L a| SsLtiRQg - i ses depositing
a resto?gﬁion ael%&QT%§)oﬁﬂgggégn?a#ﬂgggFgs%g%ﬁa%§%§§%§?§§p%§§€oIune and
| ess t harchitrieessidepoby t ingl anees8ordheoneshbdyof1¢) athal wheraims sai d
SUbjeCthgxég%%an 1% oxide by wvolume and less than 1% porosity by

volume.

8. The method of claim 2 wherein said subjecting step
comprises:

performing Hot Isostatic Pressing at a pressure between
15-30 ksi at a temperature between 2,000°F-2,300°F for at
least two hours when said restoration alloy (17) comprises a
metal selected from the group consisting of nickel-based

alloys and nickel-based superalloys for at least.

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

performing Hot Isostatic Pressing at a pressure betwesn
15-30 ksi at a temperature « 1,800°F for at least two hours
when said restoration alloy {17) comprises a metal selected
from the group consisting of titanium and titanium-based

alloys.

10. The methed of claim 1 compriging the additional step of

performing a diffusion heat treatment upon said part (13).

11. The method of claim 10 where in said performing said
diffusion cycle comprises performing said diffusion heat
treatment at a temperature of between approximatcly 1800°F and

2300°F in a vacuum less than or equal to approximately 1 Torr.
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conprises: performng Hot |Isostatic Pressing at a pressure between 15-30
ksi at a tenperature between 2, 000F-2,300F for at |east two hours when said
restoration alloy (17) conprises a netal selected fromthe group consisting
of nickel -based alloys and nickel -based superalloys for at least. 9. The
met hod of claim1 wherein said performng Hot |Isostatic Pressing conprises:
performng Hot Isostatic Pressing at a pressure between 15-30 ksi at a

tenperatufe < 1,.800F %@tréfﬁ%ﬁg}/\%ﬁ%ss 1nvw3e@a§a'tﬁrb§§lteoéﬁ{gh9@ al | oy

(17) conprises a netal selected fromthe group consisting of Titanium and
titani um beseenent | oywpr IDind e avettrad off :cl aim 1 conpr|5|ng t he addi ti onal

step of perfor di ffusi eat treatnent 13) 11. The
nmet hod of cl al%ﬂ‘f)g%\ﬁe?e S L sgzlucf‘- lepref 5t 1 lﬁlée SN ?ngin? Zn cyépg conpri ses

per f or m ngosai st {dus{m8) heat treatnent at a tenperature of between
approxi mately 1800F and 2300F in a vacuum | ess than or equal .to

approxi mately 4 lagrping 9 id Wor gt Hdd Forl 1P péPrFﬁ@OHFaERSOFHdﬁ $3¥S¥ ur bi ne
engi ne cgpponent conprising the steps of: providing a gas turbine engine
conponent (13) having a worn portion (15); cleaning said worn portion (15)
to remove an oX¢Riesitaieg a waRfREFOSIn iarlg}oar tescovari 6aidl woynt porover said
worn portkPQ) via a deposition process selected from the group
consisting of cathodic arc deposition and Low Pregsure Plasma

Spray (LPPS) deposition.

13. The method of claim 12 comprising the additional step of
subjecting said gas turbine engine component (13) to Hot

Isostatic Pressing.

14. The method of claim 12 wherein said providing step
comprises providing said gas turbine engine component (13}
selected from the group consisting of blade outer seals,
turbine blades, turbine wvanes, combustors, fan blades, and

compressor parts.

15. The method of claim 12 wherein said providing step
comprisesg providing said gas turbine engine component {13)
comprising a metal selected from the group consisting of
nickel-based alloys, nickel-based superalloys, and

titanium-based alloys.

16. The method of claim 12 wherein said cleaning step
comprisgses introducing a hydrogen fluoride gas into contact

with said worn portion (15).

17. The method of claim 12 whevrein said depositing step

comprises the steps of:
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(15) via a deposition process selected fromthe group consisting of

cat hodi c arc deposition and Low Pressure Plasma Spray (LPPS) deposition

13. The method of claim 12 conprising the additional step of subjecting
said gas turbine engi ne conponent (13) to Hot |Isostatic Pressing. 14. The
met hod of claim 12 wherein said providing step conprises providing said gas
t ur bi ne engi neeXERPGIER VEEIMM salosEde @t Aeastheagtonpreonsirsirag (bF) bl ade
outer seal turbi ne bl ades, turbine vanes, conbustors, fan bl ades, and
conpressor parts. 15. The nethod of clain112 wherein said provi di ng step
conpri ses provefiae] tsiaigd sgasl terstioraténg aéd lognpeiente@l3yomcohpr gsong a

netal selected fromt ro cons i,n ed allo

kel - DSt It S oAtk AL 5as 84 ChFT oy 25 o R0 SURRESBPKBA of
cl ai m 12 phereidhrsidint RlRaniana stsep conprises introduci ng a hydrogen
fluoride gas into contact wth said worn portion (15). 17. The nethod of

claimi?2 mhcreln sai d dep05|t|ng step conprises the steps of: 12 creating a

vacuum argund gt | weﬁ91e&ruhgge&£5galanﬁegsg9?ahp de5g! d
restoratlon aI oy se ecte romthe group consisti ckel =based
al | oys, moketideas etksigieriald @ysestanatuDMaaﬂamybaSQd ahkbysontains

less than 1% oxide by volume and less than 1% porosity by

volume.

19. The method of claim 13 wherein said subjecting step
comprises:

pexrforming Hot Isostatic Pressing at a pressure between
15-30 ksi at a temperature between 2,000°F-2,300°F for at
least two hours when said restoration alloy (17) comprises a
metal selected from the group consisting of nickel-based

alloys and nickel-based superalloys for at least.

20. The method of claim 12 wherein said performing Hot
Isostatic Pressing comprises:

performing Hot Tsostatic Pressing at a pressure between
15-20 ksi at a temperature < 1,800°F for at least two hours
when said restoration alloy (17) comprises a metal selected
from the group consisting of titanium and titanium-based

alloys.
21. The method of claim 12 comprising the additional step of
performing a diffusion heat treatment upon said gas turbine

engine component (13).

22. The method of claim 21 where in said performing said

diffusion cycle comprises performing said diffusion heat -
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18. The method of claim 12 wherein said depositing step conprises
depositing a restoration alloy (17) that contains |ess than 1% oxi de by
vol une and |l ess than 1% porosity by volune. 19. The nmethod of claim 13
wherein said subjecting step conprises: performng Hot |Isostatic Pressing
at a pressure between 15-30 ksi at a tenperature between 2, 000F-2, 300F for
at |east two hours when said restoratlon alloy (17) .conprises a _net g

sel ect ed ¥R PHE @Flovp CORISATHE oFF MREEN FPRYOXAMAEGLY ahd Al TkePd based
superal l oysodoF a8t  eaftyudOesthe Hiet Rad <of, 6! %bmaf?ﬁrwﬁfngtel gah drgerf orm ng
Hot Isostatic Pressing conprises: performng Hot Tsostatic Pressing at a
pressure between 15-30 ksi at a tenperature < 1,800F for at |east two hours
when said restoration alloy (17) conprises a netal selected fromthe group
consisting of titaniumand titani umbased alloys. 21. The nethod of claim
12 conprising the additional step of performng a diffusion heat treatnent
upon said gas turbine engine conponent (13). 22. The nmethod of claim?21
where in said performng said diffusion cycle conprises performng said
diffusion heat 13 treatnent at a tenperature of between approxi mately 1800F
and 2300F in a vacuumless than or equal to approximately 1 Torr. 14

14



