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

| nvention [0001] The invention relates to a nmethod for repairing cracks in
netal parts using cathodic arc coating and Hot |Isostatic Pressing
processes. (2 scription of Rel ated Art [0Q002] 1t is co n_for gas

t ur bi ne en&&ﬁ@ﬂ%ﬁn&ﬂﬂ%ﬂﬁ%NFbCRéggéﬁ%ﬁilgvgﬁIwﬁegégﬁﬁgécoﬁRFh%ﬁB?B%e¥%Wion,
cracks that originate omgpsRgurer bageval sbheveRaparenizrand extend into the
conponent or vice versa. Such cracks primarily arise over tine fromthe
extrenme tenperatures and pressures experienced by the turbine engine
conponents.. O particular r I ormin turbine
conponent s conpri sed of suﬁ%@%ﬁ%&&ﬂﬁ§§%fﬁ§#§ﬂgﬁﬁiigﬁnickel-based
super al | oys) Buehdanarethal snvéentdoho produce equi axed, directionally
solidified, and single crystal alloy structures [0003] Untottunatel%,
present | y [QPPH z et hsd s B tedpdiss g Sstiehled- deks TsbpfEingr gRRCKS
significan a Fxarmml e 5LIC r I $ads. i ncl ude
Aot vat od B TFeTon  FEal g ABr or e Tar Bt i T T hern b s rg” wel di ng.
and the &sesefingi ghovekeesty Oxy- Fuel (HVOF) spray materials. ADH Turbofix
di ffusion brazing typically enploys a m xture of braze and base alloy to
seal the crack. Properties of the braze and base alloy typically exhibit

| ess than (30%pekcthptishr engtRe ORelhechaser mat eri al on equi axed al | oys. Wen
applied to directionally solidified and single grain alloys, the braze and
base al | oy CP8BAI rltmatTrdAMIXHiBi O SsttveRgtss. SpPéper CPBRONRRFEhtar e

significa we apy,50% [ ' base
pateri al ?%#%lggécégggu?Pgré%?%ﬁgaﬁﬁf ergﬁt&%?gaﬁgi %.:éﬁgg???%a ly, it is

difficultot@gappty 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 form in turbine components comprised of superalloy
méterials such as nickel-based superalloys. Such materials
tend to produce equiaxed, directionally solidified, 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
1



1 through a process of welding a material onto a superalloy conponent

W t hout inducing further cracking, typically due to the |ocalized heat
input fromthe welding operation. In addition, in instances where the weld
is successful, the properties exhibited by directionally solidified and

single crystal alloys exhibit sjgnificantly | awer strength than the
ori gi nal EﬁFPPgﬁaétP OCERE aﬁpv?igi?%nadWaW%%ﬁéiqﬂqﬁprﬁﬂ%ﬁﬁ%ﬁ%¥EQ¥lﬁ larly
suffers deawbagks %@%ﬁlb{ltC%M@i]ﬁ?cmw%ﬁ@@ﬁﬁf, SAA & tRe RIAGKs in an

air atnosphere, the ability to seal and bond the crack'is inhibited as a
resul t of theelpresémed beat oxiphati trom Mbreoverding/OPgradcessesini nduce

oxi dation_ln;poth thematerial heing applieds and.the barnh tqghich the
material TS elﬁg applied. @ Internal. oxidation of the pdrt—and t he
oxygen copteptrefieckhexapplted vy @yréessens Ihesdlesul i arst rEngille of the
repair. [0004] What is therefore needed is a method for repairing cracks in
netal | i c pavEsalpartprtl axhiPyassiwrbf Heangl nevedofidirdidd! SFthi¢an seal
and repai : ra it |1 i i i i bt

mat eri al %fgggFﬁﬁe§g§ﬁ?cEa§§% fog% %ﬁéﬁqéé@?ﬁtqﬁigﬁﬁﬁﬁf{ﬁ?ﬁf ;gﬁﬁ lisch t he
part is edondflrudtyedpfandswirehbacksisadhec ol @l laguiteaedisaittec drocalslsy

lidified and singl tal all .. SUMMARY OF .-THE.| .NVENTI ON [ 0005
AocOr i nGESaIE T SRatkb ot 56 Thb SrEQBITo ar e GHPL I Oui e a A6k hod
for repai bong €hacksacR HBt 8hhPBitsd Uss g r&allod T B Bealde ayFd Hot

| sostatic Pressing processes. %0006] I n accordance with the present
i nvent i ono*adasiRad Mereovepai FYAY RFaeksseh dnsten ot icshpr f8¢ht he

steps of tﬂépg{b‘é&}@a@ Eg&ﬁ 1188V1 figs & i6d £ UL NG, the Glackite

renove an oxide |ayer, depositing a repair alloy via at |least one o

cat hodi ¢ ascbeépgsippdnedndThew pressat eoxpldmimeon 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 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 repairing cracks in metal parts using

cathodic arc coating and Hot Isostatic Pressing processes.

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

one of cathodic arc deposition and low pressure plasma



2 spraying to cover the crack, and heating the part at a tenperature and
pressure sufficient to close the crack. [0007] In further accordance with
the present invention, a nethod for repairing cracks in a gas turbine
engi ne conmponent conprises the steps of providing a gas turbine engine
conponent having a crack, cleaning the crack to renove an oxide |ayer,
deposi ti ngpzayvepai kcaFbogrviheatriekst amaioft inattHolira ey @tdeéposi ti on and

| ow pressyLe bl asB SpLaY)g.Lo-e COVPE LNS, Crack, and figatdng. i he gas

t ur bi ne engi ne-conponen al a tenpérature and pressure sufficient to close
the crack. [0008] In further accordance with the present invention, a
repaired netal part made according to the_ process conErises the steps of

provi di ng [§0Rdd al Ihatr thes fge® #3thethepepaPFERL N¥SRFAG t he crack to

renove a“m@éh@g Yl ena IEPRST £108kE {£PRIda Al Db M &g RAoniEel
cathodic arc eposition and™| ow pressure plasma spraying to cover the

crack, andolpaticeg the paepsatfaptenperng ir eaandupriess @m@misufficient to

cl ose and repair %hg crack. 000?] The detail.s of qggﬂor nor e _enbodi ment s of
the i nvenfPBROTEFE 88V FBr t hoT ACF heC AT oMFany i i G g Sy S 17

descri pti eideehayer(t Bepokealnges, r&ph Lt Sl 1and &t \vantiages: oind ke
invention wll be apparent fromthe description and draw ngs, ., and fromthe
cl ai n5. BRRELCBESCRFPTAERPEFt TRE BRAW NG IOTEWe MIGS™ SPTEWINeIvt@ agr am of

the method Qb I REPLESERt SHAVRBLL PRy 0 Rl\Gbnd g fer@ Crack
to be repafreé uang the’ %ethog o? ?he %r §%nf&%nven§?%ﬁﬁ 3]0 f%FnFIG. 3
i s a di agramai lckemgeratiing &hé paessafe esuf fpplematiore lofsd e epaiak .nat eri al

in accordance with the

-

{
- [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 alloy 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.

[0009] 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 from the description and drawings,

and from the claims.

BRIEF DESCRIPTION OF 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.



present invention. [0013] FIG 4 is a diagramof a crack being repaired,
after application of a Hot Isostatic Pressing step. [0014] FIG 5 is a
diagram of a repaired crack illustrating the diffusion region after a heat
treatment step. [0015] Like reference nunbers and designations in the
various drawings indicate like elenments. 4 DETAILED DESCRI PTI ON [ 0016] It

i s therefd08121t dathi iy iof & e guragentl lunrarttiion the pea a@étgrmet hod of
repari “Qag%ﬁ%'c'a't‘io %Estnangﬁggﬁ]%' %{é}{l%q gas, Lur by e engi e conponents,
by appl yi ng-metal"~al'l oy an al superaltoys of @ naterial simflar to or
even supepireseh® ihkenbasa.material to which it is applied, in terns of
cycle fat%gue strength and i nproved oxidation, using cathodic arc coating

and/ or | oWO8reds ke pléasiih S pHAFTRP QPPSICTacd Reingd 6oedted pPréssng
processes o} QQLZL s Wht Ber gf BEENGECLPAFL G plest iy €sisoprovided a flowchart
showi ng the steps of the nethod of the present Tnvention. In step 1, the
part is cli®®idd tHICerVvies undEsigra efsubsttardesd suelckad léngicmeting
contam nants and _oxi.de. _During eration as_turbi ne engi ne conponents,
particulaFFﬁ,%ﬁ§£u§ﬁ8n ESﬁngsgggeﬁl3d%§?te§5%§?%$%% rRat ed t enper at ures.
OQperating at such high tenperatures in an atnosphere conpri si ng oxygen
results in the formation of an oxide |ayer_on the surface of the part and
the interil@0WRdl ikt ERRLXGHRK IWHIRST Srey S GeMmignpéieonsudn sReeNgErheUfun
oxi de |ayer At Lempued pPEi 961L0.1ERRALL, 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 woul d prevent the substrate materi al
not coated with repair material from bonding with itself during H P and
llater heat treat as is



described nore fully below The present invention enploys a gas conprising
hydrogen in order to renove the engine run oxide. Preferably, a hydrogen
fluoride gas is introduced into contact with the part surface and, in
particular, the walls of the crack to be repaired. As oxide |ayer

t hi cknesses vary frompart to part, the paraneters for renoving the oxide
are expressed as an anount of DRI IGdeEN DESEEAFAEOHas in contact wth the

part for i sufficient_to reduce or, .elinnate the engi.ne run oxide
Paver on adfis: nefcrhte faff o St Tttt Breacti s os g Bensi ¢y,
| ow oxi de pmhardala inkethapldfedepbarangahbodl Tiarpsaang/ oind pHRS €opitng
process to the crack. Wth reference to FIG 2, there is illustrated a
typi cal crack PHoTiNce eNGlack CPSPOPERESt 0PY 3bPtBtRd ofe et a?llpardnd3 and

extends downwar ds,Jditg 1igtal, spar fnaﬂcér_igges%uar beot hgteﬂhg%%gpi@} My Of

crack 15 is such that a relatively w portion of cra 15 ns to the

surface oftheetssgaraterid]l whi Weiahpott ienappl tedckinSteams ons syt antial |y

as it extends away fromthe .openin f crack,15. The narrowness of such a
por ti on o ArEHE T a8 Ehd TREPPF iy ORb AEHGR] (1S VTG CALRAT HodTEC arc. or
LPPS deposiddtGmddraress, lidhe phieghudensibyma spmapxhgenmbey iahg fregdn ng
repair alloy 17 as is illustrated wth reference to FIG 3. Repair alloy 17
serves to SEHLAGC REQFS1ECaPROFSSEEEVi ng a narrow, enpty vol une of space of
crack 15 extending down and away fromrepair alloy 17. For reasons which
wi |l be described nore fully below, it is inportant that this enpty portion
of crack 1Bo0@Wlchwishno¢férehesd by Flpair, tdidrey ik7 phevsdest antfilavkravoi d of
air or ot hz{? fl ui(cjF For_this ason athodic arc or_ LPPS coatjng

0 | r tge

or ocess uSEPYES dBoS T e Foa 7P29 B tHin Br2ek 15 7 e Holtr gt i n a
vacuum or dief VacHeN-ress st kakaabautolPedotOrindeVvi 40NEERbst4 QD] I n a
preferred enbodi nent, repair alloy 17 conprises, a _

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 atmosphere comprising oxygen

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

the part and the interior walls of 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

PN

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 employs a
gas comprising hydrogen in order to remove the engine run
oxide. Preferably, a hydrogen fluoride gas is introduced into
contact with the part surface and, in particular, the walls of
the crack to be repaired. 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 or eliminate the

engine run oxide layer on at least the crack walls.



metal which closely matches the base alloy fromwhich part 13 is
constructed. By "closely matches"” it is neant that the repair alloy is
formed of a conposition simlar to or the same as the parent material from
which part 13 is fabricated. Exanples of such a netal used to formrepair
alloy 17 include, but are not limted to, nickel-based alloys, nickel-based
superal l oys, titanium and titanium based alloys. Mst preferred wth parts

fabricat ed ,fi i ckel -based superal.l.oys . is .the yse of .nj ckel -based.

super al | Oi}go&gﬁr‘t hr&\l[ee:?te’pallIs;f1 %Ie[po;b?’ Ks Bt SERBVE, liroévpéﬁxrl A Im(%Fef‘}aﬁs 8

pref er abl ywpgepesi tved ascathbghc6adenshtiyor! awLpxs decat 1oy pobessaltoBy this

it is meant that the repair alloy as degosited is preferably less than 1%
e

oxi de by "6l GFE-oli6ki 4EF SaRBCFesS Than 1% Porbust Byl boreheatef gh
density). ((0Q2Qh Abtes depeshtingrLeRalt ahLRY dJd AntQr£5ALCK, A5 DYaR

cathodic arc coating process in a vacuum of near vacuum environment, the
nmet al partrairs d0bpect edttods delvavavébyihtghmete@hpezat ut2, OGnghwprkssure
operation referably a hot _isostatic press.operation (ste in Fg. 4).
ol cal |y OE CRebor b, GoRPesT g, S PeRs brnba FhCAn B hot phetat e by gon. 1
i nst ances wilder giorttibe BEt akapar t scepeakntBgrhbeseragke i 8 wONPI i S£ek of a

ni ckel -based al |l oy or nickel-based superalloy, the hot isostatic pressing

i s preferadBly “hdrfoPmB@Trator ©pr 6536ikel of NBETWERNS@pRE&RT hat &Y y2d 5 tand 30

ksi al 8 LeRpE-abuge ghohehHECBBAPROXLERLELY 2 900m,anda 2r ks, 13t

i nstances 1n which the netal parF I's constructed of titanium or a

titani um saséd aalbloay ionhefhotrackosbaredupeesshagabpl ef erabl gepakes, priace at

Chan' 1, 800 BPEraraty, oot HE RorFEsbEAL cPEYEEeT ng TR B Ph CAesb 1% o
per f or med 1foor oxide miaemiall teemhadr sepegar dlesg of sheiparilestrepsair all oy
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 air or other fluid. For this
reason, the cathodic arc or LPPS coating process used to
deposit repair alloy 17 within crack 15 is performed in a

vacuum or near vacuum (less than about 1072 Torr) environment.

L [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



conposition. [0021] Hot isostatic pressing serves to heat the part under
substanti al pressure containing the crack 15 in which repair alloy 17 has
been deposited so as to expand internal 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
isostaticctﬂé§$an10Mh@Xﬁépaﬁﬁédycmabkr151ap@ﬁarbiasiShbanﬂc@mthtmiﬁerence
to FIG 4. .Note a_result of the hot he po tlon
of the cr adhr SERFG. BURGY 6% copaed el Th e oSREE |ieh Oidn ol bl

(0022) Ink:@ﬂvailﬁﬁfel’la(ﬂbweo&ﬁbédl aﬁﬁtle@étEIﬁaﬁal%loﬁbﬁo@ébeC\@@lmrﬁ@ Qﬁlgﬂne
crack and application of a hot isostatic pressing operation, the part nmay
be run thﬁﬁﬁﬁﬁtéjhlgh tenperature di ffusion cycle as shown in step 4. A

di ffusion cycle serves to correct changes in the physical properties of the
part arising fromthe hot isostatic pressing followed by a relatively slow
cool i ng pricdesd. After d@msjrtgimg p:agairrhradll@h’ 1a pmacessack W6t biysestati c

pressing, t rt 13 is iC cool ed at a rate of

Db ox| et Rae GaE FRRGLES PROVRES chBer o i poy it readalith e st ow
cooling raheromrieedl | ¥yneeaths bargaiwBs@hi OB EQaF S e Ael Ay €RHSeSgh t he
part to exhibit di mi ni shed properties, e.g., structural strength, conpared

t o proper tiEPPEYT e o Pl ﬁé?sﬁ§6§t@P?Eath@%ssPEQﬁﬁﬁ%@%Wlakﬁﬁ% tenperature
di ffusion féHéHQt%K@'r%E|O$ReBQE% nl@g@%ge§ Pﬁaﬁi g &pe pﬁp% yeen 1800F

and 2300F 1n a vac ace ess than or eq to a X|nately 1 Torr)
and t hen couldtrg ia @aessahgaiseparfvequrzmimnrammospmﬁgp oﬁlazgmmuealﬁ at

| east 35F jRer. nkpute e;%refe E é gtmeeg 1QQF ang 15Q{ per nut e.
add Ui on OGN AGCERE. bRGpEPERLSPor Lt T b aS, LeheTFRgh Thnper at ure
di f fusi on 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 titanium
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 15 in which repair
alloy 17 has been deposited so as to expand intermnal
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.



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 contact with the walls of crack 15, have interdiffused with the

adj acent b |1 o _f.qr i.f.f usi rLegi.on i mrises of
mat eri al ﬁﬁ?%ﬁﬁi§9g8%5fﬁgfg%% ln}eSQ@Pdéﬁgog'1%%Sﬁgh€%gh§§g§ %??oy form ng
part 13. {6823hgAst delsercbeck addoyeapphecqgroeesst of Hdre jEesentic i nvention is

equal |y apglicable to co onenﬁs formed of 8 equiaxed, directionally

sol i difieH eﬁﬁﬂngiﬂBfEaE+ Bt af %J?%?%.manﬁf(ﬁ?ﬁfﬁ?ﬁﬁﬁ§€é§§lﬁﬁﬂihe present

i nventi on. dagsrAPhrdi 8{ HPhsi dNE-GERE M QTR PNy the al | oyed k1Ml ch the
crack is forned. As a result of depositing the repair alloy 17 and

per f or mi ngyalhosergest avi copressi plgpopes atn dmeorphntel gl tpragertias erfi or
surfaces crack 15.are bpnded together |eaving an _equi , directionally
sol 1 i 11 o6 PEF Rt e Bhia BFOT R otat Loy sl S, o Bd Y -

contrast trelabevplesendyycdSElng netbosiss desofd dethabomey 4 hearetdadwh t he
present invention allows the deposition of a repair alloy materjal which
appr oache&, PAAESFA SbnBOtakeesSar hasReessie sthemp of3 the tykise gt eri al

from whi chopetal spahiy13ei§. f osied. 14 addi 140nx i dase dePOsi# ifn of repair
alloy 17 according to the process of the present invention does not induce
cracki ng manweeal Iparhe 1Gase LabtNy, athey repais, i@y a B ldeposialedia hr ough

the process, of @QQafEGSPQ%d{%e{‘Ai Qahh3 ﬁf%@%eé at%{éhﬁr?%éjneci‘scea and, has a
negligi bl e oxXi content o e3s T han ~19 1 241 e or° more enbodi nent s of
the presenhei peent toneRAveit 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 1800°F and 2300°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 addition 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 desecribed above, the process of the present

invention.is equally applicable to components formed of



been descri bed. Nevertheless, it will be understood that various

nodi fi cati ons may be nade w thout departing fromthe spirit and scope of
the invention. Accordingly, other enbodinents are within the scope of the
following clains. 9 What is clainmed is: 1. A nethod for repairing cracks in
a nmetal part conprising the steps of: roviding a nmetal part having a

crack; cl eqnitpgedai dicpaekonal Fenpvbl &ht 03¢ deatAyerno e positialy al kafsai r

all oy, vi aual. Leasheopgontecathodhe, Acdaposiilal ANl Wy esaung, bl asm

spraying to cover safd crack; heati part at a tenperature and pressure
suf fi ci entheogekhdseotrhentratkn ahdcheex¥loryrn hg woitch sdst atriackriesssi ng at a

pressure hetween 15-30 ksi_at enperature . between 2,000 E.-2,300 F. for
at | east %mﬁgurésvﬁeﬁeﬁﬁ}a ?gp%‘?ﬁg%ﬁjo@g COMpri s A el 5@kt ed from

the gr OUpp%Qlﬁ%irﬁlﬁh?gaof’loBi ckebrhased,d d Oysy ansb Mokl -dasett gainer aldoys.
2. The nethod of claim1, wherein said providing step conprises providing
said craéktenisyi dushpfaseodf cxadil Wetade pepndeck|teasd €y dmaviaigresup

consi stin gl s : | he es. b and _c st or
panel s. 3.%q3|)1&8§rergt’ hgg%?t%%ﬁéﬂgsﬁﬁeﬁfi% 43plr 1;Sedié/n S elprb%oarﬁ%lrr%)s%ess

provi di ngapprdpréeaek pB sardssutf ate a@fntssask met alhgarte scomary Siskgl a net al
sel ected fro? t.he group consi sting of ni ckeléfa%?d al | oys and ni ckel - based
super al | of§thRAsTRESHELRBE BPO¥Fai THA, "SHEI D U RIS g S8 18 hpr i ses

i ntroduci Bg18wsh¥@E0gepoEE HOLH ASE RSP Or COME AL tmaM & Saivth it al  part
form ng said crack. 5. The nmethod of claim1, wherein said depositing step
conpri ses apRECSEEHS, ohNd ERedaPNAYCASFACIHITE 28 Dihd Hie |sdanagd] dpfertdesk; and

depositin i i y fr r 9$R§i j f .

fi ckel - bagggg gﬁ%%ggggngkéﬁcﬁ%ﬁ%g@%%Lf%g}r%rﬁo%sé.)u% e frltle{t %ﬁotfloa’ai m 1,
wher ei n sdiegodepdsnt bAigrspepr cohjwy Sk asposdinng a trepginocesd @f tthhat
contains | ess than 1% oxide_by volune and | ess than | % rasity by vol une.
7 The mePREASBE CPFRT LoD CRRNF | B9 o FHE Gdth 19°0HA Bt SF Gt diledting sai d
metal pathstoya dhkf uspanrhgalof reatd@ids ty€d &shrough the process of

the present invention is greater than 99% 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
spirit and scope of the invention. Accordingly, other

embodiments are within the scope of the following claims.



8. The method of claim7, wherein said performng said diffusion heat
treatment conprises perfornlng said diffusion heat treatnent at a
tenperature of between approximtely 1800 F. and 2300 F. in a vacuum | ess
than or equal to approximately 1 Torr. 9. A nethod for repairing cracks in
a gas turbine engine conponent conprising the steps of. providing a gas

t ur bi ne ewtan® ctaimedient having a crack; cleaning said crack to renove an
oxi de layer; depositing a repair alloy via at |east one of cathodic arc

depositiop andal i ack; i(c
hegtl ng tﬂe gag&ﬁ&?ofﬁc %ﬁﬁ%ﬁ%%@%%a%?m &&%ﬁ%tﬁgﬂg&aﬁg pr ESSl(Jl’)e

sufficient Hot | sostatic Pressing at a

ng
pressure betwe ﬁalilggéﬁ I?éalc 5 réénqvg é’rx};f{ 3? er betvveen 2,000 F..- 2,300 F. for
at |east two hOHSHRSSTRAT ‘We‘ﬁ%?tr least ppg ok eathrdic are dgposiiaminddapect ed from

t he groupPisTiss Blasmg spryimEdr epvebsaderaski oys and ni ckel -based superal | oys.
10. The met hodhesfting|thé parDat atkmpeiaturs andipressuve sliffigiest teglase thrdracks apd ovi di ng
said crack i npadothisgHoaksestafic Besdngatsa prasshiaictwagi e3¢ ksipoaeahpashect ed
from the B&@iden 2 000SFS2 BOW RffoitlesseiShours whbmaidtpdRSllo) admptigades, turbine

vanes, comatmaéc@@ﬂ%hﬁhe%ﬁﬁ@%ongaﬁ{gmm&l biNeadaSy A Habasaor vanes. 11.
The net hog, @ {aa g, aim9, wherein said providing step conpri ses providing said

crack in 38 rface of said gas turbine engi ne conponent conpri SI ng a

nmetal selected.  fro onsi st of. nickel - based al.
ni ckel - baded stpEPK! rﬁ} (5‘)@ %‘?Lﬁp?&‘@r%f % I%Hf ing SaIFPfF@an?éPE‘?Vﬁé@é cI eani ng
step conpfiagley jaid F%%@pﬁgalémerp}a%g@ﬁctﬁql trem ta@ggw GopsigngoMtacsealti t h at
| east t hetysbine blades fasbladesguanes andromabustyinaaelsconponent fornming said crack.
13. The method of claim9, wherein said depositing step conprises the steps
of :  creaBing Theawthod drctuimd , atheterisdid privitling eei corapdsed ppoadihg Rgidsai d
repai r al bRyk s8¢ 5@ thck bPEAIE Hfét;ﬂb@ﬁ@oﬁﬁﬂﬁhghln'f@al%leeteﬁlfﬁim Brseeup al | oys, and
ni ckel - bagglisil %rfaickamse&ﬁloy%aheﬂﬁakaeﬁasm@derﬂm made according to the
process conprisrng t steps of:

4. The method of claim 1, wherein said cleaning step comprises introducing a

hydrogen fluoride gas into contact with said metal part forming said crack.

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

6. The method of claim 1, wherein said depositing step comprises depositing a repair
alloy that contains less than 1% oxide by volume and less than 1% porosity by volume.

7. The method of claim 1, comprising the additional step of subjecting said metal
part to a diffusion heat treatment cycle.

8. The method of claim 7, wherein said performing said diffusion heat treatment
comprises performing said diffusion heat treatment at a temperature of between
approximately 1800° F. and 2300° F. in a vacuum less than or equal to approximately 1

Torr.
9. A method for repairing cracks in a gas turbine engine component comprising the
steps of:

providing a gas turbine engine component having a crack;

cleaning said crack to remove an oxide layer;

depositing a repair alloy via at least one of cathodic arc deposition and low
pressure plasma spraying to cover said crack;



providing a netal part having a crack to be repaired; cleaning said crack to
renove an oxi de | ayer; deposition and | ow pressure plasma spraying to cover
said crack; hearing the part at a tenperature and pressure sufficient to
close and repair the crack; and perform ng Hot |Isostatic Pressing at a
pressure between 15-30 ksi at a tenperature between 2,000 F. - 2,3000 F.

for at |east tweathpuns mﬁfblﬁeaér@lﬁeammlfon&hﬂa@ﬁtaﬁpmamﬁee&dapregmteashfﬁ&ér@ct ed
fromthe g{gg@tﬁgeﬁg&tdﬂag of nickel -based al |l oys and ni ckel - based

superal | oys. Erfa_lji]fﬁ mﬁgo@tgtme@él pPH 4ol éﬁé@ét\;oeéﬁsp@%eg 0 (§fthélaliEoV di ng

step conp WOByfél east o_hour sail r o1 part
oo O o i Kl

corrpressoﬁuﬁﬁéﬂ@é’.s 16. A nmethod for repairing cracks in a netal part
conprising the steps of: providing a netal part having a crack; cleaning
sai d crackOt o Themethaiofakiine, mderin saé posiding gtep compasas padvidingsaid at | east
one of cathoklircsaid surtiep0$ bdiil @as @Afttiné ewgindERMSoHeRt RlRAN TR Haydrogp t 0 cover
said crac Konslslmg%atair@eals hﬁ’rbﬂﬁarﬁla&% fn beee tadbicsy a8 chmBesto PinsMf dds&d, ent to

cl ose the gk Mdies REL E AR08y {;gglte |'sostatic Pressing at a pressuré
bet ween 1% SQ&ESOI at Sé terrp rature<l,800 F. for at |east two hours when said

repair all ri 31 sel.ect. dfr m t he grou con5|st|n. of
titani um &gg ‘%lr?‘ﬂ g%m el Eemia? | PEYAAIRG S17B GOIIPTIRSS BTN I9EE Stiler ei n sai d
provi di ngCEaP]é Rodpiiace o 5%1(%@?%1? ng RN EQTRRNCNHCRPTIFING 7 15 S%?c &hid netal
part sel edioBythe gErHD IoaSIgHERLIQ I@@% g3cdrpdlogs ang pickeldaged superieBpyfe bl ades, fan

bl ades, vanes and conbustor panels. 18. The nethod of claim 16, wher ei n sai d
provi di ng 18t ep The mpthaibst gaim, diheeris sdid cleaniag steprrompridessntrédeingod sai d net al
part conphigiopéh Audidedgas b @ehtact Witloan [E4e thporidon SR Sdsitiv®irRfengineani um and

titani um bassehaat Ftiting d9d crhle method of claim 16, wherein said cleaning
step conprises | nt roduci ng a hydrogen fluoride gas into contact with said

gEt al par t f or ?&ddofccﬁ %%re r-1r Q id %ﬁosﬂgng stepccl,o‘f%llllprpls%é5 thewpeps %i’ n said
ep05| ti ng St e r ses tq ?
rea n avacuum aroun at'least said crack; and

depositing said repair alloy selected from the group consisting of nickel-based
alloys, and nickel-based superalloys.

14. A repaired metal part made according to the process comprising the steps of:

providing a metal part having a crack to be repaired,

cleaning said crack to remove an oxide layer;

deposition and low pressure plasma spraying to cover said crack;

heating the part at a temperature and pressure sufficient to close and repair the
crack; and

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 repair alloy comprises a
metal selected from the group consisting of nickel-based alloys and nickel-based
superalloys.

15. The repaired metal part of claim 14, wherein said providing step comprises
providing said crack in said surface of said metal part selected from the group consisting
of air seals, turbine blades, fan blades, turbine vanes, combustor panels, cases,
compressor blades, and compressor vanes.

16. A method for repairing cracks in a metal part comprising the steps of:
providing a metal part having a crack;
cleaning said crack to remove an oxide layer;
depositing a repair alloy via at least one of cathodic arc deposition and low
pressure plasma spraying to cover said crack;




creating a vacuum around at |east said crack; and depositing said repair

all oy selected fromthe group consisting of titaniumand titanium based

all oys. 21. The nethod of claim 16, wherein said depositing step conprises
depositing a repair alloy that contains |ess than 1% oxi de by vol une and

| ess than 1% porosity by volume. 22. The nethod of claim 16, conprising the
addi tional st eheadingshdpatitiatgmp aiathrereddpressude sufficient tdictdse shewradkeand t r eat ment
cycle. 23. Theperediingl Bbt Bbathtid Bfessid) & Sphr@ssuird bbtwesd 19-80 Rd 28ai d di f fusi on
heat tr ea{eﬁﬁﬁ%am&‘imbo@ﬁsfopﬁflé&{ m&goﬁmheﬁigélﬁy a%ufa meh@c%ta”fﬁgttal at a

t enper at ugeqeﬁqu @gﬁ]\/{ﬁg Ou ﬁ%ﬂn%‘ao oérﬁrl %ﬁd 1}fn ¢ N avacuum | ess

than or equal to appr for repalrlng cracks in

a gas tur t Si, t he stesof pro di ng,a gas
t ur bi ne eglél neff\gg g??érﬂr}%%ér\‘/‘q gn@ ia%[]gro(‘ﬂdé‘%‘?t% QBPTIFEE P Péll{‘g)sgérmve an
oxi de | ay®pek $Uefaﬁ 0584&@9@?@%8@ ctod omy the gEadp coRESHIE AfAisalsc ar c
deposi t i otirkine blages, fm@@ém €ansk agdreoropustgripagelso cover sai d crack; heating
t he gas turbine engi ne conponent at a tenperature and pressure suf fi ci ent

to close 1fe crae kietiwdbiRBihabvhgremodaid prosidaid SefPeqnsisey patvidin@sAgsur e

bet ween 18mdPirksuid &lrfake of &AW Blchl ﬁﬁi@mﬁﬁgn anflé?ﬁl sefecte® &0im HAgrHGHr S when

sai d repagg, ?sltlhg%fﬁ%ﬁ{)rﬁﬁﬁt?tl Bhse éﬂ %c] fromthe group consisting of
a oys % e net

titanium and titani um based a hod of claim 24 wherein said
provi di ng tep [ row di said, t2.crack in said su ace of said
Das. tur bi i3 ongnoae Eglteaasaﬂ JeaniRe SEp 6o

Sy Df air
seal's, tuf rﬁée mgaﬁaﬁospﬁa@wﬂtiﬁl%m@ﬂpaﬁ&m%mf panels, cases,
conpressor bl ades and conpressor vanes. 26. The nmethod of claim 24, wherein
sai d prov2di ngThe sptiodmgiclams] pwheieti sayd depioditing isteplcoimprises the steps afte of sai d
gas turbine engicangarpanenirotmirlest sad eraoktad sel ected fromthe group
consi sting of HegcftingBariNepdit 418y delBchASRSn Md BYEp cebbistihpor iRhfi@laf claim
24, wher ejipnash-Basdi@@BiNg step conprises introducing a

21.  The method of claim 16, wherein said depositing step comprises depositing a
repair alloy that contains less than 1% oxide by volume and less than 1% porosity by
volume.

22.  The method of claim 16, comprising the additional step of subjecting said metal
part to a diffusion heat treatment cycle.

23.  The method of claim 16, wherein said performing said diffusion heat treatment
comprises performing said diffusion heat treatment at a temperature of between
approximately 1800° F. and 2300° F. in a vacuum less than or equal to approximately 1
Torr.

24. A method for repairing cracks in a gas turbine engine component comprising the
steps of:

providing a gas turbine engine component having a crack;

cleaning said crack to remove an oxide layer;

depositing a repair alloy via at least one of cathodic arc deposition and low
pressure plasma spraying to cover said crack;

heating the gas turbine engine component at a temperature and pressure sufficient
to close the crack; and

performing Hot Isostatic Pressing at a pressure between 15-30 ksi at a
temperature<1,800° F. for at least two hours when said repair alloy comprises a metal
selected from the group consisting of titanium and titanium-based alloys.

25.  The method of claim 24, wherein said providing step comprises providing said
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hydrogen fluoride gas into contact with at |east the portion of said gas
turbi'ne engi ne conponent form ng said crack. 28. The nethod of claim 24,
wherein said depositing step conprises the steps of. «creating a vacuum
around at |east said crack; and depositing said repair alloy selected from
the group consisting of titaniumand titaniumbased alloys. 29. A repaired
met al par tcravhde sad sarfatiernd s4id gahtiripne eegise comporient sedectdiefrahdixsgofip  provi di ng
a metal paohsidtig of@iraesls aakbiiicdblbdes! Rpdilades; tubliteviingg combdstor pailéls) Casegnove an

oxi de | ay @bmpH@RaYlided AndBsinprodoPkassUr e pl asma spraying to cover said
crack; heating the part at a tenperature and pressure sufficient to close

bet weon 18530 | T SGLRELL REHAYs a3 B Soib 58 R e Sl CEELY €
sai d r epalFioK(T § dé%ﬁ%ﬁj(’ﬁ%ﬁtf%ﬁ#@r‘e RS crmpre L e A
titani um drn thelan FANsIEEBgoLlitpRm angjitaniim-basehallyd et al part of clai m 29,
wherein said providing step conprises providing said crack in said surface
of said mfal FAhetmebodof danf 24 micten gridglsaniogsiepcomrisefinapducsegd s, t ur bi ne
bl ades, f &ydivigandaoridaigdsiine coatneswyitl anleass tier paranred Ssaid gssaarbinecCaigiiteessor

bl ades, ardmpon®tEssing vadesck.13

28.  The method of claim 24, wherein said depositing step comprises the steps of:
creating a vacuum around at least said crack; and
depositing said repair alloy selected from the group consisting of titanium and
titanium-based alloys.

29. A repaired metal part made according to the process comprising the steps of:

providing a metal part having a crack to be repaired;

cleaning said crack to remove an oxide layer;

deposition and low pressure plasma spraying to cover said crack;

heating the part at a temperature and pressure sufficient to close and repair the
crack; and

performing Hot Isostatic Pressing at a pressure between 15-30 ksi at a
temperature<1,800° F. for at least two hours when said repair alloy comprises a metal
selected from the group consisting of titanium and titanium-based alloys.

30.  The repaired metal part of claim 29, wherein said providing step comprises
providing said crack in said surface of said metal part selected from the group consisting
of air seals, turbine blades, fan blades, turbine vanes, combustor panels, cases,
compressor blades, and compressor vanes.
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