METHODS FOR REPAI RI NG GAS TURBI NE ENG NE COVMPONENTS BACKGROUND
Technical Field The disclosure generally relates to repair of gas
tur bi ne engi ne conponents. Description of the Related Art Gas
turbi ne engi ne conponents typically experience harsh operating
conditions such as high tenperature cycling, which can result in

thermal fatigue. Additional me_enaqi S 0

envi r onnent cﬁﬁﬂ(ggﬁf %ﬁé%@ﬁﬁﬁﬁg@ﬂﬁﬁﬁg Eﬂgﬁgﬁgwﬁgﬁigl ng
transoceanic flights, for exanple. Due to these and other factors,
gas turbine engine conponents can wear and/or becone damaged. In this
regard, repair of gas turbine engine conponents oftentines involves
di mensional ly restoring the conpoBARKESROHNE t unately, repair of

t hese conponents oftentinmes is inpractical because various processes
requi r ed TawhndeallFieldpairs (e.g., relatively aggressive cleaning) can
damage the conponents even further. SUMVARY Met hods for
repairing gas Therdisdiesieagenerallp ralatesnd sepireofgras tinthedd erigind boraposgds.d,
an exenpl ary enbodi nent of a method includes: applying a surface
treatment to the conponent such that |ocations at an exterior surface
of the conmponent exhibiting inter-granular attack are protected from

er osi on dl?féd}ﬂ)t FOEMY RIaliPARSS; and cl eaning the conponent using

hydr ogen uoritde 1on cleaning to clean the conmponent.
Gas turbine engine components typically experience harsh operating

conditions such as high temperature cycling, which can result in thermal fatigue.
Additionally, some engines are exposed to harsh environment conditions such as
salt ingestion that can occur during transoceanic flights, for example. Due to these
and other factors, gas turbine engine components can wear and/or become
damaged. In this regard, repair of gas turbine engine components oftentimes
involves dimensionally restoring the components. Unfortunately, repair of these
components oftentimes is impractical because various processes required for such
repairs (e.g., relatively aggressive cleaning) can damage the components even

further.

SUMMARY
Methods for repairing gas turbine engine components are provided. In this
regard, an exemplary embodiment of a method includes: applying a surface
treatment to the component such that locations at an exterior surface of the
component exhibiting inter-granular attack are protected from erosion during a
cleaning process; and cleaning the component using hydrogen fluoride ion cleaning

to clean the component.



Anot her exenpl ary enbodi ment of a nmethod includes: providing a gas
tur bi ne engi ne conponent having a thermal coating, the conponent
havi ng a defect exhibiting oxidation; renoving the thermal coating
fromthe conponent; applying a sacrificial coating to the conmponent;
cl eani ng the corrponent such that at |east sone of the sacrificial

coating and at ast sone of the oxidation, are renoved nd re I ng
t he defect. n@ teé‘F&Od'rﬁ%'ﬂtr%@sme?‘QQt’rL‘ﬁ“é‘gD 6‘#\’&?”%8\995?%@
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description. It is intended that all such additional systens,

met hods, ex¥ubitingexidainm remaving theykerpel sarting fem WetWWPCt”ﬁPB applying a
description and be within the scope of the present disclosure. BRI EF

DESCRI PTI ex¢rifiFiaTeqatiDgAvtiG® mponent; aleanjngiseasmepanent diechdihgtridsastsonien
be better understood with reference to the follow ng drawi ngs. The
conponent sf tha sebrdficih] @oktyraed et leest stetesithe iokigdation scateeoved; aader, in
the drawi ngs, like reference nuneral s designate correspondi ng parts

t hr oughoutephaltiigry @efct.vi ews. FIG 1 is a schematic diagram
depi cting an exenpl ary embodi nent of a gas turbine engine.

FIG 2 is a flowehaydtem8pinetiodd, RAtREEHR/BF dRiNeasHs B his @fisclosiie Willbe
for repairing a gas turbine englne conponent. FIG 3 is a
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repairing a engi ne conponent
drawings and detailed description. It is intended that all such additional systems,

methods, features and/or advantages be included within this description and be

within the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the disclosure can be better understood with reference to the
following drawings. The components in the drawings are not necessarily to scale.
Moreover, in the drawings, like reference numerals designate corresponding parts
throughout the several views.

FIG. 1 is a schematic diagram depicting an exemplary embodiment of a gas
turbine engine.

FIG. 2 is a flowchart depicting an exemplary embodiment of a method for
repairing a gas turbine engine component.

FIG. 3 is a flowchart depicting another exemplary embodiment of a method for
repairing a gas turbine engine component.

FIGS. 4A —~ 4F are schematic diagrams showing a portion of a representative

gas turbine engine component during repair by the method of FIG. 3.



FIGS. 4A - 4F are schematic diagrans showi ng a portion of a
representative gas turbine engine conponent during repair by the

nmet hod of FIG 3. FIG 5 is a schematic diagram depicting an
exenpl ary enbodi nent of a plating systemthat can be used for plating
a conponent. DETAI LED DESCRI PTI ON Met hods for repairing gas

turbi ne engin opponent s_are provi .severa Ly Lments
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turbi ne engjine c nent is repaired.for return to service by filling
cracks.  HARILOITE 120 e el 10 PElied 8 GRRBRAREL Prior to 11111 ng

t he defect or cracks, the conponent is cleaned with a relatively
aggressi ve cl eaning process, such as hydrogen fluoride ion cleaning.
In order to alleviate the potential surface damage caused by the

cl eani ng process, one or nor e DEJALEPRESCREEHONgs can be applied to
the surface of the conponent so that the cleaning renoves the
sacrificial cdaethnds farmeparieg gapbubineenginetdempomentss arei pipvidedtsengral s
pl ated onto the surface of the conponent with the assistance of
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coat i ng. In this regard, reference is made to the schematic
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turbine engine. As shown in FIG 1, engine 100 is depicted as a
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docer bed T EANSTAAIR, BRRSIAY sinfesl BuckRlg) roploalialoni || oe
9D A PR PR i O

herein ar onenits o r bofans,

t eachi ngs_ma I be applied to conponents of . other ty of
 turbine e‘ﬁ@sf\éfgg{ystﬁe C%an%l@c%s’r gn%gPW\%ﬁ%‘?r&'cﬁgﬁ?@mgﬁéﬁﬁﬁ)ee%eoﬂgﬁ;ﬁy
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sonme enbodi nents, the surface treatment is applied at least to
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inter-granul ar attack. Notably, inter-granular attack can occur in
conponent glatguagacrificiblardajingi ckel conponents) due to the high
tenperature environnments in which those conponents operate.
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the grain boundaries. Application of the surface treatnent is
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other types of gas turbine engines.



FIG 3 is a flowhart depicting another exenplary enbodi nrent of a
met hod for repairing a gas turbine engine conponent, with FIGS. 4A -
4F bei ng schematic diagrans show ng a portion of a representative
conponent during that method. As shown in FIG 3, the nethod may be
construed as beginning at block 130, in which a gas turbine engine
conmponent Wt her [of0) i s received n sone, ebodi,nent s,
Che’ component Fird e kg itemtingrar St ertBed ant e @etmﬁ?ane
assenbly) and the coating can be forned of ceram c and/or
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oxi dation. An exenpl ary enbodi ment of such a conponent is deplcted in
FI G 4A shewihn EHC cdripe mathod Bayibectongtededas brgiapingrat Slpckee, ngphich a
(which has a thermal coating 153) and a defect 154 (e.g., a crack)
ext endi ngurface treatmarft soeh 35 2. sathiticialdayssneapplie8to dhe corarbnditt ¢n some
inter-granular attack 156 (i.e., oxidation) between representative
gr ai ns 1%mbddiBentsdtheE=Urfade treptmerdfis applatat derast 6Dloabions & gorederdr i n
defect 154. In block 132 (FIG 3), the thermal coating is

renoved fyuefacé betheppgitdeht ehibiney irmér-@xamBl attadkieNstaslyterapadtulag
can be renoved by blasting (e.g., using alum num oxide) and/or
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coating 153 renoved is depicted in FIG In bl ock 134,
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shown in I'n sonme e odlnents sacrificial oatlné can be
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of the sacrjfici aI coating durin | ati ng, ultrasonic energy can be
used. UsePretectadtifom sisen cgur%%ﬁ@gg equBNi PHYNPPERESS: W?‘?m%
described later. In the enbodi ment of FIG 4C, sacrificial coating
162 is a;ﬁiﬂ?%mﬁafsatﬂerﬁ%ﬂ@ﬁ@é@aﬁﬂefﬁéﬁﬂé@rﬂ'ﬁlﬁﬁd@ﬂi%@%Py eBPeRIng them
(0.0005 inches) and approximately 0.254 nm (0.010 inches), preferably

bet ween apypiacs ifreated| sprtpareBatongtey@ed IMperstuesy foaaadralopges pﬁmcép&t»me
0.127 mm (0. 005 inches). FIG 5 is a schematic diagram
depi ct i ngraringame) bauyfacetredinnanttcanfbeaiffl s at dpebyerreapprbsitmateiyn 18e0° F
used for plating a conponent with a sacrificial coating. As shown in
FIG 5, syitapprdxifatetc00ESE apploaimatglyt(@k approXiratelyc Ot 1C(1@75°F)).
plating solution 174, which includes a liquid salt (in this case, a
l'i quid satHer@aftddi ikl ds dedicted in block 122, hydrogen fluoride ion cleaning is used to
clean the component. In other words, the surface treatment facilitates reducing the
potential for the cleaning to damage the exterior surface.

FIG. 3 is a flowchart depicting another exemplary embodiment of a method for
repairing a gas turbine engine component, with FIGS. 4A — 4F being schematic
diagrams showing a portion of a representative component during that method. As
shown in FIG. 3, the method may be construed as beginning at block 130, in which a
gas turbine engine component with a thermal coating is received. In some

embodiments, the component can be a component of a turbine section (e.g., a vane

assembly) and the coating can be formed of ceramic and/or metal, for example.



conmponent 176 is inmmersed in the plating solution. The conponent 176,
which is a nulti-airfoil vane assenbly in this enbodi nent, functions
as the cathode. An anode 178 also is present. System 170 al so

i ncl udes an ultrasonic transducer 180 that propagates sound energy
into the plating solution. The ultrasonic transducer 180 produces
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hydrogen fluoride gas from attacking the grain boundaries during
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(FIG 3), the conponent is cleaned so that at |east some of the
sacri fi ciglandlansitack Hitd(i.at, oxisation shetweer refresentativet greimsase, 1 edeneds9.
In some enbodi ments, hydrogen fluoride ion cleaning is used. As shown
in FIG 4bjayer bf otidsthm w6calsd icpebentdadefegt 162 and t he oxi dation 160
that were present at the defect 154 are renoved. Notably, the
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as shown in FIG. 4C. In some embodiments, the sacrificial coating can be a nickel
coating. Coating with nickel can be used to compensate for a loss of nickel that may
occur in a component due to inter-granular attack.
Such a sacrificial coating can be applied, for example, via a plating process.
In order to enhance uniformity of application of the sacrificial coating during plating,
ultrasonic energy can be used. Use of ultrasound to enhance a plating process will
be described later. In the embodiment of FIG. 4C, sacrificial coating 162 is applied
to a thickness of between approximately 0.0127 mm (0.0005 inches) and
approximately 0.254 mm (0.010 inches), preferably between approximately 0.0254
mm (0.001 inches) and approximately 0.127 mm (0.005 inches).
FIG. 5 is a schematic diagram depicting an exemplary embodiment of a
plating system that can be used for plating a component with a sacrificial coating. As
shown in FIG. 5, system 170 includes a plating tank 172 that contains a plating

solution 174, which includes a liquid salt (in this case, a liquid salt of nickel). A



Then, as depicted in block 138 (FIG 3), the defect is repaired. In
this case, the crack is filled with material to restore the

di nensi onal characteristics of the conponent. For instance, brazing
material 164 can be used to fill the crack such as shown in FIG 4E
Dependi ng upon the material and/or technique used, various related
treatnments can be used, such, as diffusion brazjing and/or to. .
{r eat | ng COHBOBERGHHRd T YSel Pdye Plaiia spbiios, 1 b8 efPongnt LEampicy is a
In block 140 (FIG 3), a replacenent therngl (_:oatin% is applied to

t he ext er‘\"‘d?‘aﬁ?o"t"l@@e%ﬁ%@ﬁ@rfﬂ thigembegientnfupriignsas t Péﬁﬁ‘i meHt anode
thermal coating 166 adheres to the exterior of the conponent

i ncl udi nd 7Badsa isdriesdnt whi ch brazing material is present. | t
shoul d be enphasi zed that the above-descri bed enbodi nents are nerely
possi bl e exanBystenol70 aisbdéndudest dronlérasenic transdudieor 88 that gaepagates sound
understanding of the principles of this disclosure. Many vari ations
and nodi faneedy intesthemyating sohdidnt 0 Hehetradomietratesioceh gD prodackseitrhsonic
wi t hout departing substantially fromthe spirit and principles of the
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i ncl uded herein within e scope of this disclosure and protected by

the accomaanyddpsiofiely z@s&h%réferébm@;?}ggﬁ&éuy%nwi ng a gas

t ur bi ne engi ne conponent “conprising: pro Ing a gas turbine engine
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surface of the component 176. The plating uniformity tends to reduce the ability of
hydrogen fluoride gas from attacking the grain boundaries during cleaning, thereby
reducing inter-granular attack.

In block 136 (FIG. 3), the component is cleaned so that at least some of the
sacrificial coating and at least some of the oxidation are removed. In some
embodiments, hydrogen fluoride ion cleaning is used. As shown in FIG. 4D, all of
the sacrificial coating 162 and the oxidation 160 that were present at the defect 154
are removed. Notably, the location of inter-granular attack 156 does not exhibit a
depression in the exterior surface 152 of the component 150 that could otherwise
occur if the sacrificial coating 162 were not used to protect that location during
cleaning.

Such cleaning can include exposing components to repeated cycles of
hydrogen fluoride gas and hydrogen gas, as well as vacuum atmosphere at various

temperatures. At cycle temperatures of approximately 1079.4°C (1975°F), oxides

react with hydrogen fluoride gas, resuiting in removal of the oxides from the



cl eaning the conmponent such that at |east some of the sacrificial
coating and at | east sonme of the oxidation are renpved; and repairing
the defect. 2. The nethod of claim1l, wherein: the conponent
conprises nickel; and the sacrificial coating conprises nickel. 3.
The nethod of claim 1, wherein cleaning the conponent conprises

cl eani ng the conponent, usi hydrogen fl uoride cl.eaning. 4. Th

met hod  ofSRPANFAVE: NEIUBIETO S BuRieoen ILOHAq [aCHioR SpR op rémoveq by
conponent has a second defect exhibiting inter-granular attack; and
appl yi ng péPCé?é%'PgiW"g‘itEP hydERGeR a8 AR eSHEMABTOSAIE ehe second def ect
with the sacrificial coating. 5. The nethod of claim1, wherein

appl yi ng a sacthemiasidapiciedin bligck 439 (FSes).ghadeiagt tsHepaipmondhis case,
the crack is filled with material to restore the dimensional characteristics of the
component. For instance, brazing material 164 can be used to fill the crack such as
shown in FIG. 4E. Depending upon the material and/or technique used, various
related treatments can be used, such as diffusion brazing and/or heat treating the
component to relieve material stresses, for example.

In block 140 (FIG. 3), a replacement thermal coating is applied to the exterior
of the component. As shown in FIG. 4F, replacement thermal coating 166 adheres
to the exterior of the component including locations in which brazing material is
present.

it should be emphasized that the above-described embodiments are merely
possible examples of implementations set forth for a clear understanding of the
principles of this disclosure. Many variations and modifications may be made to the
above-described embodiments without departing substantially from the spirit and
principles of the disclosure. All such modifications and variations are intended to be
included herein within the scope of this disclosure and protected by the

accompanying claims.



gThejnethod of claim1l, wherein repairing the defect conprises filling

the defect with material. 7. The nmethod of claim6, wherein filling

gyﬁe defect conprises filling the defect using diffusion brazing. 8.

gThe met hod of claim11, wherein the conponent is a vane. 9. The
; gnEthod of claim1, wherein the conmpgpeying s a turbine vane. 10. The
/ method of claim1, further conprising, after repairing the defect,

coating the conponent with a replacenent thermal coating. 11. The

nmet hod of claim 1, further conprising installing the conponent with

t he repl-acentmiethpd fariepadiid Mgap At®Ne eREINe ¢gepIREeahgPMerising?. A

met hod for repairing a gas turbine engine conponent conprising:

providing a gas turbine engine component having a thermal coating, the

component having a defect exhibiting oxidation;

removing the thermal coating from the component;

applying a sacrificial coating to the component;

cleaning the component such that at least some of the sacrificial coating and
ét least some of the oxidation are removed; and

repairing the defect.

2. The method of claim 1, wherein:
the component comprises nickel; and

the sacrificial coating comprises nickel.

3. The method of claim 1, wherein cleaning the component comprises cleaning

the component using hydrogen fluoride cleaning.

4. The method of claim 1, wherein:
the defect is a first defect;
thé component has a second defect exhibiting inter—granulaf attack; and
applying a sacrificial coating comprises coating the second defect with the

sacrificial coating.

5. The method of claim 1, wherein applying a sacrificial coating comprises

plating the component.
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applying a surface treatnment to the conponent such that |ocations at
an exterior surface of the conponent exhibiting inter- granul ar attack
are protected fromerosion during a cleaning process; and
gcleanlng t he conponent using hydrogen fluoride ion cleaning to clean

the congonenipg rﬂléthoﬁhﬁf @élﬂpq UWh&ref 'Féﬂa%rm@j‘h(ﬁée&%ecf I&Srrﬁ)"r'irsfegciﬂlmg the

treatnment is a sacrificial coatlng, and ylng a sur

he. sachPEPEIE "EarHhg” ‘1] “The met hod of ¢ oo 28‘" aherainther”

sacrificial coating is a nickel coating. 15. The nethod of claim 12,
wherein applying a surface treatnment conprises applying a sacrificial
coating7t o thbeen¢tbodoof cain & eviafreinhélicg tpo tlefdct swehprideat fillime the defect
sacrificial coating covers the |locations exhibiting inter-granular

at t ack. ysing diffusion brazing.
8. The method of claim 1, wherein the component is a vane.
9. The method of claim 1, wherein the component is a turbine vane.

10.  The method of claim 1, further comprising, after repairing the defect, coating

the component with a replacement thermal coating.

11.  The method of Claim 1, further comprising installing the component with the

replacement thermal coating into a gas turbine engine.

12. A method for repairing a gas turbine engine component comprising:

applying a surface treatment to the component such that locations at an
exterior surface of the component exhibiting inter-granular attack are protected from
erosion during a cleaning process; and |

cleaning the component using hydrogen fluoride ion cleaning to clean the

component.

13.  The method of claim 12, wherein:
the surface treatment is a sacrificial coating; and
applying a surface treatment comprises using ultrasound-assisted

electroplating to apply the sacrificial coating.
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16. The nmethod of claim 12, wherein, prior to treating the conponent
with a surface treatment, a thermal coating of the conponent is
/fem)ved 17. The method of claim 12, wherein, after using hydrogen
/fluoride ion cleaning, a surface defect of t he conmponent is filled
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/ conponent conprising: provi ding a gas turbine ,engi e conp

havi ng a thermal coating, the conponent having a def ect exh| b| t| ng

oxi dation; renoving the thermal coating fromthe conponent; applying
a sacrif15ci alheoaethtgl 0 ddie d@mydrezain; applying actedecendrebbraenioopoipesgs
such that at |east sone of the sacrificial coating and at |east sone

of the gypidiag @Radrificialesdutpd; toaih@ &apabr siiGaddef 8RS 86tponBel Sidh that the
applying a sacrificial coating conprises plating the conponent and

during plati-ng c%%tlﬁ%?ogﬁgﬁf%??&atlowstéxﬂ m‘t’é r@:hb%?so\tt%ﬁ used to

enhance uni form ty at1 ng about

16.  The method of claim 12, wherein, prior to treating the component with a

surface treatment, a thermal coating of the component is removed.

17.  The method of claim 12, wherein, after using hydrogen fluoride ion cleaning, a

surface defect of the component is filled with material.

18. A method for repairing a gas turbine engine component comprising:

providing a gas turbine gengine component having a thermal coating, the
component having a defect exhibiting oxidation;

removing the thermal coating from the component;

applying a sabrificial coating to thé component;

cleaning the component such that at least some of the sacrificial coating and
at least some of the oxidation are removed; and
repairing the defect;
wherein applying a sacrificial coating comprises plating the component and during
plating of the component, ultrasonic vibrations are used to enhance uniformity of the

plating about the component.

19.  The method of claim 18 wherein the ultrasonic vibrations are provided in a

frequency range of between approximately 15 KHz and approximately 25 KHz.
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< 19. The nethod of claim 18 wherein the ultrasonic vibrations are
provided in a frequency range of between approximately 15 KHz and
approxi mately 25 KHz. frequency of approximately 20 KHz.

20.  The method of claim 18 wherein the ultrasonic vibrations are provided at a

frequency of approximately 20 KHz.
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