METHODS FOR REPAI RI NG GAS TURBI NE ENG NE COMPONENTS BACKGROUND Techni ca
Field The disclosure generally relates to repair of gas turbine engine

conponents. Description of the Related Art Gas turbine engi ne conponents
typically experience harsh operating conditions such as high tenperature
cycling, which can result in thernmal fatigue. Additionally, some engines

are exposed | id ' Lon that can
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factors, gas turbine engine conponents can wear and/or beconme danaged. In
this regard, repair of gas turbine engi ne conponents oftentinmes involves

di nensionally restoring the conponents. Unfortunately, repair of these
conponents oftentines is inpracti BACKGRRNDvari ous processes required for
such repairs (e.g., relatively aggressive cleaning) can damage the
conmponertecknieal Field t her. SUMVARY Met hods for repairing gas turbine engine
conponents are provided. In this regard, an exenplary enbodi nent of a

met hod i ncl udffe JRERIsKIdIgeRerlly Faafes threphBRhab furbife EAGIRBRApSHrEs.t hat

| ocations at an exterior sur'?ace ofethe corrpgnent exhi bfting inter-granul ar
attack are protected fromerosion during a cleaning process; and cleaning
t he conponent using hydrogen fluoride ion cleaning to clean the conponent.

! Description of the Related Art

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 nent of a nmethod includes: providing a gas turbine
engi ne conponent having a thermal coating, the conponent having a defect

exhi biting oxidation; renoving the thermal coating fromthe conponent;
applying a sacrificial coating to the conponent; cleaning the conponent
such that at |east sone of the sacrificial coating and at | east sone of the

ch t! _ s , |
et ur os. and AT O LRy SAEToReY S FBR oA of PRARC gty Ghes BroTig as (LIRSS

o i ngsehaeRErthdrat Seking it phadth e ERRbAREREHa dhe Liehloait 1 ona

systens, nethods, features _andéor advant ages _be jncluded within this
descri pt P¥MORIRG axidatign; FprROYIRG tae dhrrmal coREnG fregrthe ¢RBRPRENt: 8PPIHIRCHE
DESCRI PTI ON OF THE DRAW NGS Many aspects of the disclosure can be better
under st odacnificial coefirg tnthe camparent; clepoibgrigedcamaongnt sThk thaigidersitsomen t he
drawi ngs are not necessarily to scale. Moreover, in the draw ngs, |ike

r ef er encef thensdonifisiallesatirpaed adbleass pomeiaighe axidatioh lare ughouédd tdred sever al
views. FIG 1 is a schematic diagramdepicting an exenplary enbodi nent of a

gas turpd i@merk?efegﬂ.G. 2 is a flowhart depicting an exenplary enbodi nent
of a neth fo repaliring a gas turbine engine conponent. FIG 3 is a

fl owchart depjgti her ..e ry._e i f r iring
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a portion of a representative
P ! or may becoPne apparenlt ¥o one with skill in the art upon examination of the following
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.



gas turbine engine conponent during repair by the nethod of FIG 3. 2 FIG 5
is a schematic di agram depi cting an exenplary enbodi nent of a plating
systemthat can be used for plating a conponent. DETAI LED DESCRI PTI ON

Met hods for repairing gas turbine engi ne conponents are provi ded, several
exenpl ary enbodi rents of which wll be described in detail. In sone

embodi ment s. i, 4AB 4 EMISICHRERA CRIRANE  bor BRAY BthddAneRest N to

service by filling cracks that “open to the surface of the conponent. Prior

to fill !ﬂgtirt\é]g\é&gﬁr{aﬁtat %n%reax?é%%’ fﬁp Eghnﬁ%?%ggﬁﬁ?hts cleaned with a relatively

aggressive C nrng process, suc I"Uoride ion cleaning. In
order to alleviate the potential surface damage caused by the cl eaning
process, one or nore sacrificial coatings can be applied to the surface of

t he conponent so that the cleaning renoves the sacrificial coating. In sone
enbodi ments, the sacrificial BERAILED BESCGRIEIIGN 0 the surface of the
conponent with the assistance of ultrasonic vibrations to enhance uniformty

of the pl at edetradsifbr capairitggas hgbirerendins cosponents afecprenided, severde to t he
schematic diagramof FIG 1, which depicts an exenplary enbodi nent of a gas

turbi ne enghpiary &sbsBRMENtsbf Miieh Will b& B8sEH e detallel §bhd exabadifiehbnf an
that incorporates a fan 102, a conpressor section 104, a conbustion section
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component is cleaned with a relatively aggressive cleaning process, such as

hydrogen fluoride ion cleaning. In order to alleviate the potential surface damage

caused by the cleaning process, one or more sactificial coatings can be applied to

the surface of the component so that the cleaning removes the sacrificial coating. In

some embodiments, the sacrificial coating is plated onto the surface of the

component with the assistance of ultrasonic vibrations to enhance uniformity of the

plated sacrificial coating.

in this regard, reference is made to the schematic diagram of FIG. 1, which

depicts an exemplary embodiment of a gas turbine engine. As shown in FIG. 1,

engine 100 is depicted as a turbofan that incorporates a fan 102, a compressor

section 104, a combustion section 106 and a turbine section 108. Notably, turbine

section 108 includes a vane assembly 110, the repair of which will be described in

detail below. Although depicted as a turbofan gas turbine engine, it should be

understood that the concepts described herein are not limited to use with

components of turbofans, as the teachings may also be applied to components of

other types of gas turbine engines.



conponents of turbofans, as the teachings nmay al so be applied to conponents
of other types of gas turbine engines. 3 FIG 2 is a flowhart depicting an
exenpl ary enbodi nrent of a method for repairing a gas turbine engine
conponent, such as vane assenbly 110 of FIG 1. As shown in FIG 2, the

met hod may be construed as begi nning at block 120, in which a surface

treatnent sughss igr%éqdﬁa%ic{iﬁggé ég%gﬁtp@gi éjﬁb%&n{é?ﬁ ofamefRatfor | N sone

enbodi nents, the su reatment™ | east to locations at an

exterior _surface o he conponent exhj hiting .inter-aranul tt ack.
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oxidation at the grain boundaries. Application of the surface treatnent is
per f or neslirfacettrestmienht sesh as iacsaasificiahzyeots appieddopgbacompanenpr bt soned from
erosion during a subsequent cleaning process. In sone enbodinents, the
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treatnment facilitates reducing the potential for the cleaning to damage the
ext er i ortegReraltiEe epyicpnments in whighihesecareppnants grarie hapesificafly 4hg
enbodi ment of a nmethod for repairing a gas turbine engine conponent, with
FI GS. 4Anter4ffatgdangttachismaanifest as oxidation at the grain boundaries. Application of

the surface treatment is performed so that the exterior surface of the component is

protected from erosion during a subsequent cleaning process. In some

embodiments, the surface treatment can be diffused, such as by exposing the

surface treated component to elevated temperatures for a prolonged period of time.

For instance, a surface treatment can be diffused at between approximately 1800° F

and approximately 2000° F approximately (e.g., approximately 1079.4°C (1975°F)).

Thereafter, such as depicted 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.



di agranms showi ng a portion of a representative conponent during that nethod.
As shown in FIG 3, the nmethod nay be construed as begi nning at bl ock 130,
in which a gas turbine engine conponent with a thermal coating is received.
In sonme enbodi nents, the conponent can be a conmponent of a turbine section
(e.g., a vane assenbly) and the coating can be forned of ceram c and/or
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exhi bi ting ox I on. exenplary enbodi ment of such a conponent 1s
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extending to the surface 152. The c_on'%onent 150 al so exhibits in]{ er -

gr anul arNalugdgs Rniexderior surtacegxl eatwhicl hee@lbermakenalingntad)iand gAsrect 1947 158
and 159. A layer of oxidation 160 also is present in defect 154. In bl ock
132 (Fl Ge.Q) a oraek)telxéanting tothita sigface t3roVkee componeht 100 asmexhibit8intemay  of
exanpl e, the thermal coating can be renoved by blasting (e.g., using

al um nuny@xure attaBRA66 (F8SBkRRtioR) beMdehrepléde ety @insThE7 c1rBBanen59.150
with the thermal coating 153 renoved is depicted in FIG 4B. In block 134,

a sacrifAﬁé ro@g%d'r%@gail‘% él§o?§t3ﬁnlé's%ﬂt fn.oqéfQ@t onent 150, such as shown in

FIG 4C. sone e ment's, e sacrificral coating can be a nickel
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sacrificial coati n% can be applied, for exanple, via a plating process. In
order tovanRhaxample the tHarpaseoaliig crabedameved by Riashing {&gaMSt8at i ng duri ng
plating, wultrasonic energy can be used. Use of ultrasound to enhance a

pl ati ng aluodimes oxidd) and/or chemical stripping, for example. The component 150 with

the thermal coating 153 removed is depicted in FIG. 4B.

In block 134, a sacrificial coating 162 is applied to the component 150, such
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 piating tank 172 that contains a plating

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



be described later. In the enbodimrent of FIG 4C, sacrificial coating 162 is
applied to a thickness of between approximately 0.0127 mm (0. 0005 i nches)
and approxi mately 0.254 mm (0. 010 inches), preferably between approxi nately
0.0254 mm (0.001 inches) and approximately 0.127 mm (0. 005 inches). FIG 5
Is a schematic di agram depicting an exenpl ary enbodi nrent of a plating

systemt i n | nRi GA ;cqat i ng.
n o RGNS 176 BlmeDted ey SRR Bl o6 176, &hRE SR e s
plating solution 174 which ipcludes .a |liquid.salt (in thig case, a liquid
Salt of MEGRASTVaATE assablidnthiEAmbedimanL UREITS e iherabeds &0 ands. The
component_ 176, which is a nulti-airfoil vane assenbly in this enbodi nent,
funct i ons/ %@lseliepieseAbde. An anode 178 also is present. System 170 al so

i ncludes an ultrasonic transducer 180 that propagates sound energy into the
pl ati ng sol ut$ymtemTd® alkoirdodes an udrestmietrad8iiger d8Gdbat prlopagatas sound
vibrations in the plating solution in a frequency range of between
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inter-granul ar attack. In block 136 (FIG 3), the conponent is cleaned so
that at | eastinopesatisn, the ulteasonic vieiadions daparigd datheplatisg solwiome! Tk by he
oxi dation are renoved. In some
the transducer 180 enhance the uniformity of material plating onto the exterior
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



enbodi nents, 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 renoved. Notably, the |location of inter-granular
attack 156 does not exhibit a depression in the exterior surface 152 of the
conmponent 150 that could otherwise occur if the sacrificial coating 162
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bl ock 13% Cfck.is Slied with rdateeiat ta estarpdhe elﬂnemsionzhiicﬂwaraeteristictm tbeack is
filled wth material to restore the dinensional characteristics of the
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coating 166 adheres to the ext erior of the conponent including |ocations in
whi ch brampegenhtoeieliave matepialesirasses, 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.



It should be enphasi zed that the above-descri bed enbodi nents are nerely
possi bl e exanpl es of inplenentations set forth for a clear understandi ng of
the principles of this disclosure. Many variations and nodifications may be
made to the above-described enbodi nents w thout departing substantially
fromthe spirit and principles of the disclosure. Al such nodifications
and variations are intended to be ifaghyggd herein within the scope of this
di scl osure and protected by the acconpanying claims. 7 CLAIMS 1. A nethod

for repajring, a s, turbine engine conponent conprising: pr.oviding a gas
tur bi ne-eng! s e TEPALOERORS 1B Reiin EPREenBRE%orBHSbaC N “havi ng a
def ect exhibiting oxidation; renpving the thermal coating fromthe
conponent ; aasgwamga gag febing engine coOANAMGNE HaviRg ac%\%@ﬁgﬁ@at"tg,é%i ng the
conponent such that at |east some of the sacrificial coating and at | east

sone of domepanentabving aadefectarhibdinganddatemai ri ng t he defect. 2. The net hod
of claim1, wherein: the conponent conprises nickel; and the sacrificial

coating conpriefRviny tieathermal ddingEtdiRdh@tompanehet, wherein cleaning the
conponent conprises cleaning the conponent using hydrogen fluoride
cleaning. 4. QiR REiaf t8itRgto WBYoMdbnent;

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.

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;
the component has a second defect exhibiting inter-granular 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.



the defect is a first defect; the conponent has a second defect exhibiting
inter-granul ar attack; and applying a sacrificial coating conprises coating
the second defect with the sacrificial coating. 5. The method of claiml,
wherein applying a sacrificial coating conprises plating the conponent. 8
6. The nethod of claimb5, wherein, during plating of the conponent,
ultrasonic vibrations are used to enhance uniformty of the plating about
the conponent. 7. The method of claim®6, wherein the ultrasonic vibrations

are provj ded fr n range .of betweep a xi mtely 15 KHz and
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vibrations are provided at a frequency of approximately 20 KHz. 9. The
met hod ofibratiansrane usgrkteenhangsaunifomityias taep mgcah@plﬁm%@omppneab t he
defect with material. 10. The nethod of claim9, wherein filling the defect

conprises filling the defect using diffusion brazing. 11. The nethod of
claim1, wherein the conponent is a vane. 12. The nethod of claim1, wherein

the conponentTresSmattidd &f A8inY Bn@/heﬂé’m tﬂ_é‘@ltr%bhfédn@rfaﬂ%h@'a% brovided fes
conprising, after repairing the defect, coating the conponent with a
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t ur bi ne engi ne.

8. The method of claim 6, wherein the ultrasonic vibrations are provided at a

frequency of approximately 20 KHz.

9. The method of claim 1, wherein repairing the defect comprises filling the

defect with material.

10.  The method of claim 9, wherein filling the defect comprises filling the defect

using diffusion brazing.
11.  The method of claim 1, wherein the component is a vane.
12. The method of claim 1, wherein the component is a turbine vane.

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

the component with a replacement thermal coating.

14.  The method of claim 1, further comprising installing the component with the

replacement thermal coating into a gas turbine engine.



9 15. A nethod for repairing a gas turbi ne engi ne conponent conpri sing:
applying a surface treatnent to the conponent such that |ocations at an
exterior surface of the conponent exhibiting inter-granular attack are
protected from erosion during a cleaning process; and cleaning the
conponent using hydrogen fluoride ion cleaning to clean the conponent. 16.
The nethod of claim 15, wherein: the surface treatnent is a sacrificial
coating; and applying a surface treatnent conprises usi ng

ul trasoypd- agsi sied . el ectro t.o th rificial coating. 17.
The et ﬁgd o?\ %\%f%re%@i?% ﬂgrbgg%?f%&r%, 'ﬁ%%%qtr? mér%n i ckel coati ng.
18. The net hod of claim15, wherein applying a surface treat ment conpri ses
appl yi ng a saepiyindca épﬁé%trﬁﬁﬁn@’&i toriae eeimpongnt syeh Hial Ieaations a('Eé‘ﬁponent such

that the sacrificial coating covers the |ocations exhibiting inter-granular
at t ack. etteriomberfacs bbttheoforspanent Exhibilireg ister:granilar attack asaprotgcteddraonponent
with a surface treatnent, a thermal coating of the conponent is renoved.

20. Theergidtodumdig glmgn.ﬂ@prmeand after using hydrogen fluoride ion
cl eaning, a surface defect of the conponent is filled with material. 10
cleaning the component using hydrogen fluoride ion cleaning to clean the

component.

16.  The method of claim 15, wherein:
the surface treatment is a sacrificial coating; and
applying a surface treatment comprises using ultrasound-assisted

electroplating to apply the sacrificial coating.
17.  The method of claim 16, wherein the sacrificial coating is a nickel coating.

18.  The method of claim 15, wherein applying a surface treatment comprises
applying a sacrificial coating to the exterior surface of the component such that the
sacrificial coating covers the locations exhibiting inter-granular attack.

19.  The method of claim 15, wherein, prior to treating the component with a

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

20.  The method of claim 15, wherein, after using hydrogen fluoride ion cleaning, a

surface defect of the component is filled with material.
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