REPAI R OF COATED TURBI NE VANES | NSTALLED | N MODULE BACKGROUND
100011Gas turbine engines contain a nunber of turbine nodul es each
containing a plurality of vanes and bl ades for exchanging energy with
a working fluid nedium Since the vanes and bl ades of a turbine
nodul e operate in a high tenperature gas stream they are typically
constructed of high tenperature nickel-based, cobalt-based, or

i ron-based superall oys. They are further coated with oxidation and
corrosion resistant coatings. Preferred coatings are al um nide and
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schematjc_cross ﬁfctional Séﬂe view of. a turbi ne nodule of a gas

t urbin éOOé];ZIbI ne. engine run turbine modules, it is sometimes necessary to remove sé€lected areas
of vane and blade surfaces in order to restore various features of the surfaces to their original
condition. If this restoration can be performed in situ without disassembling a module,

considerable time and money is saved.

SUMMARY
[0003] A method of repairing a damaged turbine engine component of a module
assembly includes steps performed with the component mounted in the module assembly. A
damaged coating and underlying physical damage to the component are removed to prepare the
repair site. A diffusible coating precursor is applied to the repair site. A heating fixture 1s
mounted on the component and repair site to interdiffuse the coating precursor and the
component. Following interdiffusion, the component is cleaned, and the module can then be

returned to service.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] FIG. 1 is a schematic cross sectional side view of a turbine module of a gas

turbine engine.



[0005]FIG 2 is a perspective view of a nodule simlar to that of
FIG 1 show ng the intake surface downstream from a conbustor.
[0O006]FIG 3 is a diagramof a repair process for damaged vanes in a
turbine nodule. [0007]FIG 4 is a perspective enlarged view of vanes
show ng diffusion alum nide precursor applied to a repair region.
[O008]FIG 5 is aviewof FIG 4 with a heat treating fixture

attached to a danmaged vane. [0009]FIG 6 is a different view of FIG
5 show®885k he f ddGsads hewrspeetogt viewy cagsaebily sinDETAY thepoDESER #pwdng the
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nodul e 10 of a gas turbine engine is shown in Fig. 1. Turbjne nopdul e
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to 2000°F, an aluminum rich diffusion layer forms beneath the aluminide coating that is
oxidation resistant by forming aluminum oxide in service. Another widely used class of coatings
is the class of MCrAlY coatings wherein M is nickel, cobalt, iron, or mixtures thereof. For
blades and vanes that operate at particularly high temperatures, the protective coatings may also
include a ceramic thermal barrier layer that overlays the metallic aluminide or MCrAlY layer.
[0011] A schematic cross sectional side view of turbine module 10 of a gas turbine
engine is shown in Fig. 1. Turbine module 10 includes inner drum 18 having inner air seal rings
20 that extend axially between adjacent hubs 14. Module 10 also includes an outer case
assembly 24 having case 26 with one or more outer air seal rings 28 affixed thereto outboard of
each blade array. Blades 12 and vanes 16 extend across annulus 30 between the case assembly

24 and drum 18.



[ 0012] A perspective view of turbine nmodule 10 is showmn in FIG 2.
Case 26 and inner drum 18 are as indicated. Vanes 16 are seen to be
readily accessible for inspection and in situ repair w thout further
di sassenbly of nodul e 10. [0013] The inspection and repair procedures
according to this invention are diagraned in FIG 3. Follow ng

i nspection, damaged vanes are marked and recorded (Step 100). Damaged
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preferred is a low activity aluminide coating comprising about 43 wt. % to about 47 wt. % cobalt
powder and the remainder aluminum powder fluorinated by an addition of LiF. In slurry form,
the diffusible aluminide precursor is either applied by brush or spray. In tape form, the precursor
is applied and mechanically connected to the repair surface to ensure interdiffusion during the
subsequent interdiffusion anneal.
[0017] In preparation for an interdiffusion anneal, a heat treating fixture is attached to the
vane containing the repair site (Step 108). The heat treating fixture preferably contains at least
two high energy infrared quartz lamps with reflectors that focus the energy on the repair site such

that adjacent components are not affected by the thermal energy. The heat treating fixture also

provides an inert environment to the repair site during the interdiffusion anneal. It is important
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that the repair site be conpletely surrounded by an inert atnosphere
during the interdiffusion anneal. An optical pyroneter provides
thermal nonitoring to a control system such that the tenperature

hi story during the interdiffusion is carefully controll ed.

[0018] After the heat treating fixture is attached to the vane
containing the repair site, the site is heated to about 1600F for
between 1-10 hours to interdiffuse the coating and the substrate
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(not shown) in ftocusing cavities 256 uring operation

Wi ndowsixuno246 hOpigal pyonest 26h Gldllllnlgsttmpﬁl higeet o fnlprrak e epatr sité A 6kh during the
oxi dat i n 8 rlng quration. Beam B depicts the line of site of

i nfrar B BEBF“4252 on danmge site 16D to nmeasure tenperature of

damage (22 16D Auktaflgd diwi shbeindithd pdsiicdrbfaniueal quafe eiafikures 242 and 246
in relation to damaged blade 16R is shown in FIG. 6. Quartz lamp fixture 246 may be positioned
relative to damage site 16D by contacting vane 16R along contact line 233 and quartz lamp
fixture 242 may be positioned relative to damage site 16D by contacting adjacent vane 16A
along contact line 235. Care is taken to not damage the vanes in the process of locating focused
quartz lamp fixtures 242 and 246 on damaged vane 16R. Cavities 254 and 256 in focused quartz
lamp fixtures 242 and 244 comprise axially extending mirrors that respectively focus high
energy infrared radiation from tungsten wires (not shown) in focusing cavities 254 and 256
during operation. Quartz windows (not shown) protect the tungsten heating clements from
oxidation during operation. Beam B depicts the line of site of infrared pyrometer 252 on damage

site 16D to measure temperature of damage site 16D during an interdiffusion anneal. Feedback



frominfrared pyroneter 252 to a control system (not shown) nonitors
and controls the thermal programduring the interdiffusion anneal.

[ 0023] A source of inert gas (not shown) floods the repair site and
prevents oxidation of vane 16R and two adj acent vanes during
interdiffinion. Argon gas is a preferred inert environnment although
ot her inert gases may be used. [0024] An enbodi nent of the invention
thermally treats only the damage site. By focusing the infrared
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[0026] While the invention has been described with reference to an exemplary
embodiment(s), it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thercof.
Therefore, it is intended that the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments falling within the scope of the

appended claims.



removi ng a damaged coating and underlying physical danage to the
conponent to prepare a repair site, with the conponent nounted in the
nodul e assenbly; applying a diffusible coating precursor to the
repair site with the conponent nounted in the nodul e assenbly;
nounting a heat treating fixture on the conponent at the repair site
wi th the conponent nounted in the nodul e assenbly; heating the repair
site to interdiffuse the coating precursor and the conponent with the
conponEkIMBunted in the nodul e assenbly; and cleaning the repair

site wth tmacoggg t ' ﬂﬁ% ; ool fent dEmodul
met ho\é\ﬁ'of claim1l, \E\lﬁgroéflﬁr%ﬂ? Lng%cdgglta}g%gc an qﬁlﬁg%r%ﬁgﬁgg&a%?mategar e0 e
r enov esksyblabthasict®dmeapssing:3. The nethod of claim 1, wherein the
damaged coating i s renoved by, nechani.cal, abrasion., .4. The,method o
claim 1, wher o TR AEEMPETd Sy il e Rang R K fﬁ%ﬁgs&%ﬁ%w?f’ﬁeﬁ
removed by mechani calto?kbga@iaqepairﬁte, Whe tiERbhpenak nobaiedifthe WadnRi n

t he underlyi ng physica amage i s inspected follow ng coating renoval

to assess the extent a¥M¥Bsurface cracking. 6. The nethod of claim

1, wherein the dj 151 bl-es caat | Y i i i m of
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appl i ed by brushi ng onowpedayitiegmodule assembly;

mounting a heat treating fixture on the component at the repair site with the
component mounted in the module assembly;

heating the repair site to interdiffuse the coating precursor and the component
with the component mounted in the module assembly; and

cleaning the repair site with the component mounted in the module assembly.

2. The method of claim 1, wherein the coating and underlying damage are removed

by abrasive means.

3. The method of claim 1, wherein the damaged coating is removed by mechanical
abrasion.
4. The method of claim [, wherein the underlying physical damage to the

component is removed by mechanical abrasion.

5. The method of claim 4, wherein the underlying physical damage is inspected

following coating removal to assess the extent of subsurface cracking.

6. The method of claim 1, wherein the diffusible coating precursor is applied in the

form of a shurry or tape.

7. The method of claim 6, wherein the slurry is applied by brushing or spraying.



8. The method of claim1l1l, wherein the turbine engine conmponent is a
vane. 9. The method of claim1l, wherein the heat treating fixture
conprises infrared energy sources focused on the damage site such

t hat adj acent conmponents are not heated. 10. The nethod of claim?9,
wherein the focused infrared energy is supplied by high energy quartz
| anps. 11. The nethod of claim1, wherein the heat treating fixture
provi des an inert atnosphere to the damaged regi on throughout the
heat treatment. 12. The nmethod of claim1l, wherein the inert

at mospjer e COMPEHRGR YN AT ARBreBATe wrbite eddhe madag&tqia%ﬁ! m 1,
wherein the diffusi 7e coat 1 ng precursor conprises an alum nide or
MCr Al'Y precursor wherein Mis selected fromthe group consisting of

i ckel , cobalt, ] i nat | hereof 14  The.method of
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al um ng@ercRatced fchied GuixOdamagd Site sk th hdjacknofongloabit 43 novhakadi n t he
repair site is heated to a tenperature of between 1000F and 2000F for
atime of between 1 and 20 hours. 16. The nethod of claim 15,
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t he heatergy @atie kegnifsi xt ure i s positioned by physical contact on the

vane to be repaired and an adjacent vane. 18. The method of claim
1, and further conpri sing:
1. The method of ¢laim 1, wherein the heat treating fixture provides an inert

atmosphere to the damaged region throughout the heat treatment.

12. The method of claim 11, wherein the inert atmosphere comprises flowing argon
gas.
13. The method of claim 1, wherein the diffusible coating precursor comprises an

aluminide or MCrAlY precursor wherein M is selected from the group consisting of nickel,

cobalt, iron, and combinations thereof.

14, The method of claim 13, wherein the diffusible coating precursor is a low activity

aluminide coating precursor.

I5. The method of claim 13, wherein the repair site is heated to a temperature of

between 1000°F and 2000°F for a time of between 1 and 20 hours.

16. The method of claim 15, wherein the repair site is heated to a temperature of

about 1600°F for a time of between 1 and 4 hours.

17. The method of claim I, wherein the heat treating fixture is positioned by physical

contact on the vane to be repaired and an adjacent vane.



determ ning that the vane is repairable if the cracks are found to be
shal | ow enough wherein renoval will not weaken the holl ow vane wall.
19. A nethod of repairing a danaged region of a coated vane froma
turbi ne nodul e wi thout renoving the vane fromthe nodule, the nethod
conprising: identifying and qualifying the danaged region as suitable
for n situ repair; renoving the danaged coating; exam ning a
superal | oy substrate of the vane for cracks and ot her damage; if the

cracksl&nd ot herThyametbed eldizoh gndibyéer vaspdisingbl e wi t hout renovi ng
the vane fromt h&.t%%ﬁ%thf?&@ Qgr}quregpgﬁa@@ff‘?}%ecrg’éks apyr f@ﬁﬁrﬂﬂ bteghél%qpve
I TTusible t he danaged

the cracks; applying a coating precursor to

regi ons; nmounting a heatginghdréxtremevabwill hat weakey thh éalfowmgartehealdamaged
region with focused high energy quartz | anps such that adjacent
turbi ne conponents are unaffected by the heating; providing an inert

at mospher e duri ng meMddrdtirédausigoniafagtd R olonalfia Ratdd dart YR atdriYe module
substrate; cleaning the vane; and .
without removing the vane from the module, the method comprising:
identifying and qualifying the damaged region as suitable for in situ repair;
removing the damaged coating;
examining a superalloy substrate of the vane for cracks and other damage;
if the cracks and other damage are considered repairable without removing the
vane from the module, blending the damage by abrasion to remove the
cracks;
applying a diffusible coating precursor to the damaged regions;
mounting a heating fixture on the vane;
heating the damaged region with focused high energy quartz lamps such that
adjacent turbine components are unaffected by the heating;
providing an inert atmosphere during interdiffusion of the coating and superalloy
substrate;

cleaning the vane; and

returning module to service.

20. A system for repairing a damaged turbine engine component of a module
assembly, the system comprising:
a diffusible coating precursor for application to a repair site of the damaged
turbine engine component; and
at least one heat treating fixture configured to be mounted in the module assembly
adjacent the component, the heat treating fixture including a source for
producing infrared energy and a focusing mirror for reflecting the infrared
energy from the source on to the diffusible coating precursor to
interdiffuse the diffusible coating precursor and the component and a

source of inert gas that surrounds the repair site during the heat treatment.
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returning nodule to service. 20. A systemfor repairing a danmaged

t ur bi ne engi ne conponent of a nodul e assenbly, the system conpri sing:
a diffusible coating precursor for application to a repair site of

t he danaged turbi ne engi ne conponent; and at | east one heat treating
fixture configured to be mounted in the nodul e assenbly adjacent the
conponent, the heat treating fixture including a source for producing
infrared energy and a focusing mn-or for reflecting the infrared
energy fromthe source on to the diffusible coating precursor to

nter G fuse ! el dualobl Bt 9L PHER Heals MR Wi EOTRARGALoARY 2
source of i nert that surrounds the repal Ssite during the heat

t r eat newh havi@d arT: #Beocsg/csd enulbf exténaling ity, whre f@ins alfeatsingmeiat, ngefdilxtlmlpeir

ext ondT GRS PRAT PR (LIt HONOE  RhGF LR LM Pregs

sour cemoh@&®ini the MPRES kisembiy ecti ons toward the conponent when the
heat treating fixture is nmounted in the nodul e assenbly.



