A METHOD OF REMOVI NG A COATI NG BACKGROUND The present invention relates to
a nethod of renoving a thermal sprayed wear 5 resistant coating froma gas
turbi ne engine part, and an apparatus for doing the sane. Mre

particularly, the present invention relates to a nethod of renoving a
thermal sprayed wear resistant coating froma gas turbine engine part with
a superabrasive grinding wheel. A gas turbine engine part forned of a netal
al l oy, such as brush seal conponents, blade outer air seals, blades, and
vanes, may be damaged during use. For exanple, during 10 operation, the gas
turbi ne engine part may be exposed to high pressure, foreign particles, or
in the case of a rotating c ent entrifu a hot corrosive
environment. In order to he%ﬂﬁb@ %&%Aaq?{’g&l*&om darmage, a gas
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gives the ﬁnal part its desired (or “finished™} dimension.

Over time, the coating may become wom (or “eroded™), which may affect the
dimensions and performance of the part. The change in dimenstons may be a concern for parts
that require precise dimensions, such as a brush seal, where it is preferred that bristles remain in

20 contact with a rigid, rotating member in order for the scal to be close-fitting and to discourage
airflow through the scal. If the coating on 2 rotating member of a brush seal becomes wom, a
leakage path may form, which could compromise the effectiveness of the brush seal.

When a gas turbine part is repaired, whether to correct the erosion of the coating or to
repair the underlying metal alloy component, at least a part of the coating is typically removed.

25 The present invention is a method of removing the thermal sprayed wear resistant coating from a

gas turbine engine part.

BRIEF SUMMARY

The present invention is a method of removing at least a part of a thermal sprayed

30  wear resistant coating on a gas turbine engine part with a superabrasive grinding wheel. The



resi stant coating on a gas turbine engine part, where the apparatus includes
a superabrasive grinding wheel. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS FI G |
Ais a schematic side view of a rotating nenber of a brush seal conponent in
a gas turbine engine, where a thermal sprayed wear resistant coating has
been applied to the rotating nenber so that the rotating nenber has a
finished thickness. FIG IBis a schematic side view of the rotating nenber
of FIG 1A, where the 10 thermal sprayed wear resistant coating has been
worn, so that the thickness of the rotating nenber is no |longer at the
finished thickness. FIG 2 is a perspective view of a first enbodi nent of
the present invention, where a superabrasive grinding m?eg{ h%s been
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table, on which the rotaling member of FIG. 1B has been mounted.

15 FIG. 3 is a perspective view of a second embodiment of the present invention, where a
superabrasive grinding wheel has been implemented onto a machine including a horizontal rotary
table.

FIG. 4 is a flow chart of a method of repairing a gas turbine workpiece, where the
mcthod includes removing a thermal sprayed wear resistant coating with a superabrasive grinding

20  wheel,

DETAILED DESCRIPTION

The present invention is both a method of removing at least part of a thermal sprayed

wear resistant coating of a gas turbine engine part and a method of repairing a gas turbine engine

25  part that includes a thermal sprayed wear resistant coating. The pas turbine engine part maybea
rotating or nonrotating part, and in an exemplary embodiment, the thermal sprayed wear resistant
coating ts produced by a HVOF process. The inventive method is characterized by grinding the
coating with a superabrasive grinding wheel. In embodiments, the superabrasive grinding wheel

may rofate at a rate of about 3,000 revolutions per minute (rpm), which translates to a coating

30  removal rate of about 8,000 to about 10,000 surface feet per minute (sfpm).



conventional abrasive grinding wheel is typically formed of abrasive and
bond material throughout. In the present invention, any suitable bond
system may be used to bond 5 superabrasive material to a netal core, and any
suitable core material nay be used. In one enbodinment, a resin bond cubic
boron nitride (CBN) wheel with a core of steel, alum num or any other
suitable netal is used. In another enbodinent, a vitrified bond CBN gri ndi ng
wheel with a core forned of steel or a vitrified abrasive is used. In yet
anot her enbodi nent, an electroplated CBN grinding wheel is used, where CBN
Is electroplated onto a core. In yet 10 another enbodi nent, a di anond-pl at ed
nmetal grinding wheel is used. Other enbodinents are also possible. Those
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a

aluminum oxidc, silicon oxide, iron oxide, molybdenum oxide, vanadium oxide, tungsten carbide,
and silicon carbide.

20 As stated in the Background section, when a gas turbine engine part is repaired,
whether {0 comrect the wear of a thermal sprayed wear resistant coating or to repair the underlying
metal alloy compenent {i.e., the “base malerial™), at least a part of the coating is typically
removed with a grinding method. Grinding is a process in which small abrasive particles
imbedded in a grinding wheel, belt, cylinder, or stone remove material from a workpiece, whether

25 it be for purposes of removing a layer of material, shaping or finishing the workpiece, or
otherwise. The present invention provides an improved methed of removing the thermal sprayed
wear resistant coating from a gas turbine engine part with a superabrasive grinding wheel.

In conventional methods of removing a thermal sprayed wear resistant coaling froma
gas turbine engine part (or “workpiece™), a grinding wheel incorporating a traditional abrasive

30  matenial is used. While the traditional abrasive grinding wheel is effective, the grinding process



Its speed ofrotation. The traditional abrasive grinding wheel also requires
frequent mai ntenance, such as a frequent "dressing" of the grinding wheel.
When a grinding wheel is "dressed", a dressing wheel or stick is applied to
the abrasive surface as it spins so as to selectivelywar away 5 the bond
mat eri al between the abrasive crystals, thereby exposing newer, sharp
abrasive crystals and reestablishing the profile geonetry on the grinding
wheel . Sone dressing processes are inefficient because the grindi ng wheel
operator must stop the grinding process in order to "dress"” the wheel.
Furthernore, a conventional abrasive grinding wheel may need to be repl aced
frequently because the abrasive particles may wear down over tine, which my
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CBN grinding wheels. The inventors of the present invention discovered that CBN is hard

enough to remove 2 HVOF coating from a gas turbine engine part, and a CBN grinding wheel is

20  an effective and efficient means for removing the HYOF coating. Based on this discovery, the

inventors believe that the present invenlion, which may incorporate a CBN grinding wheel, is

applicable to thermal sprayed wear resistant coatings that exhibit properties similar to 2 HVOF
coating.

The present invention also recognizes that a method of removing a coating fiom a

25 workpiece with a superabrasive grinding wheel other than a CBN wheel, such as a metal grinding

wheel with a band of diamond particles, is generaily more efficient than a method incorporating a

traditional abrasive grinding wheel because of the hardness properties of a superabrasive material,

A superabrasive material is typically harder than a traditional abrasive material, where hardness

is measured in terms of hardness properties known in the art, such as the Rockwell or Vickers

30  hardnesstests. Dueto its increased hardness properties, a superabrastve grinding wheel generally



stays sharper |onger than a conventional abrasive grinding wheel. The
efficiency attributable to the harder superabrasive nmaterial is at |east
four fold. First, the nunber of times a grindingwheel is changed and
replaced with a new grindi ngwheel is decreased because the superabrasive
har dness properties contribute to a sl ower wheel wear, and 5 thus, a sharper
grindi ng wheel over a |onger period of usage. Ot herw se stated, the wheel
life of a superabrasive grinding wheel is |onger as conpared to
conventional abrasive grinding wheels because the harder superabrasive
material wears down slower than a conventional abrasive material. Second, a
super abrasi ve grindi ng wheel generally does not have to be dressed as often
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In the presengydsfavention, the superabrasive grinding wheel nay rotate at
any suitable rate, and in enbodinents, may rotate at a rate of at |east
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froma gas  grinding wheel may remove a coating from a workpiece using a peripheral speed of about 8,000
to about 10,000 sfpm, and up to 20 times more material may be removed with each grinding
20 wheelincrement as compared to 2 conventional grinding wheei. Contributing to the fast removal
rate is the high-speed grinding ability of a superabrasive grinding wheel, In the present invention,
the superabrasive grinding wheel may rotate at any suitable rate, and in embodiments, may rotate
at arate of at least 3,000 rpm. In embodiments, a 9.125-inch diameter grinding wheel mayrotate
at a rate of about 3,800 rpm, or about 9078 sfpm. In comparison, a 12-inch diameter
25  conventional abrasive grinding wheel rotates at about 1400 rpm, or about 4398 sfpm,
If a CBN grinding wheel is used in the present invention, the surface temperature of
the workpiece may be lowered because CBN conducls heat. A lower workpiece surface
temperalure helps to decrease the damage to the underlying metal alloy as compared to traditional
abrasives, most of which do not conduct heat as well some superabrasives.

30 In embediments of the present invention, the method of removing a coating from a gas



5 turbine engine part may include a creep feed grinding process. In creep
feed grinding, material may be renoved froma surface of a workpiece in
fewer passes than in traditional grinding. A machine table (or a rotary
table) feeds a workpiece in the direction of the grinding wheel rotation.
While the table speed is slow (i.e., "creep feed"), the depth of cut from
the grinding wheel is high, 5 which results in a high material renova

rate. FIG ]J]A is a schematic side view of rotating nenber 10 of a brush seal
in a gas turbine engine, where thermal sprayed wear resistant coating 12
has been applied to netal alloy body 14 so that the rotating nenber has
finished (or "desired") thickness T. Thernal sprayed wear resistant coating
12 may be a HfBmeeogine pat may inaluge 8 uieb;afebtkg:ﬁrtddargmdmcessp rhay!ed: faﬂbgrindblgi mitenal 10
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repair thermal sprayed wear resistant co 1g such that rotating nenber

10 i s shows the desired thickness T of rotating member 10 and illustrates the wear of thermal sprayed
wear resistant coating [2°. Specifically, thickness Typ (which is equal to the difference between
finished thickness T and womn thickness T” of rotating member 10) of thermal sprayed wear

20  resistant coating 12 has been worn away. Although FIG. 1B shows the wear of thermal sprayed
wear resistant coaling 12’ to be uniform, in practice, wom surface 16’ of thermal sprayed wear
resistant coating 12° may be uneven, where thermal sprayed wear resistant coating 12° is thicker
in some parts than in others (where a thickness is measured along the same general direction as
thickness Typ).

25 If thermal sprayed wear resistant coating 12° is worn such that the thickness of
rotating member 10 is decreased from desired thickness T to worn thickness T', it may affect the
contact surface of the bristles of the brush seal to contact surface 16’ of rotating member 10. As
previously stated, this may compromise the effectiveness of the brush seal, and it may be
desirable to repair thermal sprayed wear resistant coating 12° such that rotating member 10 is

30 once again at desired thickness T. In some existing methods of repairing such a wom surface



30 once again at desired thickness T. In sone existing nethods of repairing
such a worn surface 6 16', it nmay be necessary to renove all or
substantially all of the existing thernal sprayed wear resistant coating
12", such that the underlying netal alloy body 14 (or other base material)
I's exposed, before reapplying a thermal sprayed wear resistant coating
material. In current nethods of renoving thermal sprayed wear resistant
coating 12', a traditional abrasive grinding wheel is 5 nounted on a nachi ne
that rotates the grinding wheel, and the grinding wheel is positioned to
contact the thermal sprayed wear resistant coating, thereby renoving thermnal
sprayed wear resistant coating 12'. However, in a nmethod of the present
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may be any suitable gr| no nac
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M vert 1 oal | heehe OrBRuSS rupabran e ettt plhre e YAt onst v BiMiEe 26
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fixed axi 4% In or derFiCo 2rsBAtY a8 PIGALPEPEEIVE Vi ?ﬁrﬁé‘reﬁﬁ'I“PBﬁr‘ﬁWH'Wv‘/’é‘éPf Figingt ant
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nounted on rotary table
grinding machine known in the art and many delails of machine 20 have been left out for clarily

of illustration. Machine 20 may be any suitable grinding machine, such as Makino machine
models MC98 and MC86, which are made commercially available by Makino, Mason, Ohio.
20 Machine 20 includes spindle 24, on which CBN grinding wheel 22 is mounted, and vertically
mounted rotary table 26. Both spindle 24 and rotary table 26 are configured o rotate about a
fixed axis.
Spindic 24 is configured to rotate at a high speed during operation, such that CBN
grinding wheel 22 also rotates at a high speed. In embodiments, spindle 24 may rotate at about
25 3,000 rpm. The abrasive face of CBN grinding wheel 22 follows the same path during each
rotation because CBN grinding wheel 22 rotates about a fixed axis.
In order to remove some or all of thermal sprayed wear resistant coating 12° from
rotaling member 10, rotating member 10 of FIG. 2 is mounted on rotary table 26. During
operation of machine 20, CBN grinding wheel 22 is positioned to contact rotating member 10. In

30 order to remove sorne or all of thermal sprayed wear resistant coating 12 from rotating member



operation of machine 20, CBN grinding wheel 22 is positioned to contact
rotating nenber 10. In 30 order to renove sone or all of thermal sprayed
wear resistant coating 12 fromrotating menber 7 10, spindle 24, and thus,
CBN grindi ng wheel 22, rotates at a high speed while contacting wom surface
(6" of rotating nenber 10. Wile spindle 24 is rotating at a high speed,
rotary table 26 rotates at a slower speed than spindle 24, to "creep feed"
worn surface 16' of rotating nmenber 10 into contact with CBN grindi ng wheel
22. That is, rotary table 26 is gradually rotated during 5 operation of
machi ne 20 so that worn surface 16' of rotating nmenber 10 is gradually
exposed to CBN grinding wheel 22. The conbi nati on of superabrasive grinding
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i ncl udes CBN ndi ng 32, mount ed on r at i spindle 34, .a
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differs fromrotary grindi,ng machine 20 of FIG 2 in that rotar t abl e %8

is horizontally nourl&g® ?@F’%’é‘ » Rachne? F‘lap’é%ﬂ“?"?ﬂ?‘?ﬂﬂ?ﬁ@’ayeda‘%ewﬁf taptseating I¢ ap| e

26 in FIG 2(sholwHlih RRS. rlqroemmﬁ.tgaﬁe;mr $0 bipeipRdalpyedeE aBélit 8106 &b fui Toaiop CBN
grinding wheel 32_contacts . a workpiece (not shown in FIG 3) that is placed
on rotary tabfee.3b mosharindingsmaghifiessan qnerafards abde to prspisely sorgipl itke plpcgmert oft 45
degrees with §i@Rehtmbe @ PB&éH(vB%?ec&fmﬁ%@ﬁﬁée& abbsn%ndﬁg%eén 28 ety
chart 40 illustrating a me répaliring a gas turbine engine gart In 25
accor dandé \Aﬁﬂcrwmaé‘!empe@mtto aqwr@m smovehermeal smwemlstsnt@namd eri zed by
the use of a super asi grlirthﬁri r ar
resi stant coating fﬁ% ?ﬁéelg S%h@%‘%gpm?%ﬁl 8?}5 e&/@@ét ed egﬁhceh?'{r%a g’g’rcﬁied
wear resist antcltxdgaCBNggmﬂidlw wherl 38 mnm@dmngphbng)amdlw&y and horizontally-mounted

rotary table 36. Rotary table 36 is configured to receive a workpiece (not shown in FIG. 3).

Rotary grinding machine 30 differs from rotary grinding machine 20 of FIG. 2 in that rotary table

20 36 is horizontally mounted rather than vertically mounted, as with rotary table 26 in FIG. 2.

Furthermore, rotating spindle 34 may be adjested so that CBN grinding wheel 32 contacts a

workpiece (not shown in FIG. 3) that is placed on rotary table 36 at various angles. In FIG. 3,
spindle 34 is angled at 45 degrees with respect to a top surface of rotary table 36.

FIG. 4 is flow chart 40 iHustrating a method of repairing a gas turbine engine part in

25  accordance with the present invention, where the method is characterized by the use of a

superabrasive grinding wheel to remove a thermal sprayed wear resistant coaling from the part.

As previously stated, the thermal sprayed wear resistant coating of a gas turbine engine part may

need to be repaired if it has worn over time. In order to repair the coating, all or some of the

coating may need to be removed. Even if the thermal sprayed wear resistant coating is not wom,

30  agasturbine enginc part may stili need repair that requires all or substantially all of the coating to



need to be repaired if it has worn over time. In order to repair the
coating, all or sone of the coating nay need to be renoved. Even if the
thermal sprayed wear resistant coating is not worn, 30 a gas turbine

engi nepart may still need repair that requires all or substantially al | of
the coating to 8 be renoved. For exanple, if the netal alloy body (or
body fornmed of another material) underlying the thermal sprayed wear
resistant coating is damaged, it is likely that the thermal sprayed wear
resi stant coating may need to be renoved prior to repairing the underlying
body. In step 42 of the method of the present invention, all or part of an
existing thermal 5 sprayed wear resistant coating may be renoved fromthe
part with a sbpenadvedsiPor expmpie)iifithe métaledlloy body éx antpidg, fotnked qfzanbthemmatissal)

nmount ed on rot ta e, 26 or 36 of rot rindi C i I
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I ndicate a di rrg%m on 09'9&1 ES}pnllvtg gwwmgﬁgl%%&%@%%on Ie ]jle%‘g
pl ace the parextstmgllﬁ!rmdmnﬁwe@nea‘rmmstasecmmg IS¢epgidsnaymobbarecessagy inel mﬂrodsof
exanple, with_rot.a e own in FIGS. 1 and 2, a build-up
i o R ¢ A R epCedt

t hi ckness is en finished thickness T and wom thickness
T, or if texisting tReiowihg spticayletkpwidds stepedd, dtrdmg wiiced buili-WpXthickeess efite/mesy

prior to applying a new thermal sprayed |stant C

bui | d-up t hi C{Pﬁ'@?g sprayed wegh estpnt, ate af (R part i dpgmmiged h%caﬁ‘f{@gé" Ef““%ﬂﬁs the

t hi cknleiss 01;] gaatally gdxdal)lb medyckhéssgdmkru@exﬁxhia)ptd?wwmseswmt c%nﬁrﬁ?&ut@ﬁtl el fo |
gener a ytesa I re s.thickness T). In step_46, a,ther spraye
wear resistang ‘E %ﬁ‘f qu &‘f“kf’?s oy stimengion), —{]Ffée’é%? ‘Qv‘ﬁ%FSS ﬁHSFgaE"eg"B% lf%
part in a thi ﬁhi@@t&i cﬂﬁle@ss&f T SHed etheHsioh Gs ﬂl@%lrﬂéﬂsioﬂ‘rﬁ@n‘éﬂllt&iﬂi%&cghﬁln was
determned in step 44. The portions of the part that do not need to

coated wi th tW@dwearfor Ysedy thepas WunRipe engine. rFﬁy eXEPi MBFORHNG Mmemperskishows in

using a net hogidsn@Whd N, biiga-8p thickhB& lmrdlt?éelfcg%bﬁfe@!ﬂﬁﬂiﬁﬂﬁtthﬁ%ds?raaﬁ@Lv'oﬁld
using any suitable overlay coating process known in the art. In one

exenpl ary enbbiskpashil’ofr ifirkisting Msameispraied pravevistant pating bh, is remersd geiRr to
material is apoRidea dfthermal sprayed wear resistant coating, the build-up (hickness is the difference

between finished thickness T and the thickness of metal alloy body 14 (where the thickness is
20  measnored in generally the same direction as thickness T).

In step 46, a thermal sprayed wear resistant coating material is applied to the exterior
surface of the part in a thickness greater than or equal to the build-up thickness that was
determined in step 44. The portions of the part that do not need to be coated with the wear
resistant material may be masked prior to step 46 using a method known in the art. The wear

25  resistant coating is applied using any suitable overlay coating process known in the art. In one
exemplary embodiment of the method of the present invention, feedstock material is axially fed
into a high-energy heat source where the material is melted/softened and accelerated at high
velocities to the surface of the part. Upon impact, the individual particies rapidly solidify,
thereby forming the coating. In the HVOF process, combustion of oxygen and fuel (i.c.,

30  hydrogen) provide heat for the gases and powders, and the free expansion of the stream of hot



into a high-energy heat source where the material is nelted/ softened and
accelerated at high velocities to the surface of the part. Upon inpact, the
i ndi vidual particles rapidly solidify, thereby form ng the coating. In the
HVOF process, conbustion of oxygen and fuel (i.e., 30 hydrogen) provide heat
for the gases and powders, and the free expansion of the streamof hot 9
gases upon exiting the gun barrel generates the high gas velocities. The
thermal sprayed wear resistant coating in step 46 nay be applied in a

t hi ckness greater than the build-up thickness. As a result, the part may
have a greater thickness than desired. The thickness in excess of the
desired thickness is designated an "excess thickness". In 5 step 48, the
excess thi ckngses umylemtmgmdbﬁmﬂrgeﬂakﬂesph:rhghv’gasf\rebcsm)erabrasi ve grinding

wheel, Once again, rab SI ve i ndi ng wheel

conj unction with mac{qF 5?“‘ 8%% Eﬁ'@ 3%8%338'3 ?@i’ﬁ%&ﬂ%‘é%s or
anydot her sui graahbrethmaﬂm M{Idh@&ﬁﬁfdl%s .aAS ldﬁ@.{u&pﬂﬁ%jm&n%[ygfa;va dlgs\?xaammemuame
used to accurately renpve therm ayed wear resijsfant,K coating

fromthe part&s’cf?% Q&é‘@%‘@‘eﬁﬂﬂém?@e‘%‘ﬁé tigaessiztengpaled 2n° e?‘FfWS‘BnEﬁP clsely
removed from §beuel (heBREdss zh%esma%@f%aﬁd\f?mm PaH With ¥4upErabraive SriigMaedlS ed
to reestablish the part shape, exanpl e t he t her nal wuﬁra yed wear
resi stant coatOnagpadam, thﬁ|sum¢braswegan@nmw%mamnpsmn@@memcswn friaghine28 or 30
present inven e n
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wheel incorpogatisn n SUI ta perabr ,
rotating rrenbé?m Hfgp(??‘ B’éi‘ﬂfss °§ ﬁ"atknéﬁ?)ﬁ%ﬂa?mmﬁ;ﬁﬁﬁcg'éely %?[‘r}tve?é&ﬁsggd to
descri be the puteSTEnd sUpembratsive@nna'zhg:w}heasmytalsmh!ceﬁdetm@ rdestyblizh thspa:h thape, dorov e
a thermal esi stant coating . from an art of a tur i ne
engi ne i ncorp"fﬂ‘l*‘é‘f’fj é\ﬁ%f”h't""mﬁll TRyfYe ﬁ’r‘"‘%ﬂféﬂs‘%&?a"ﬂééﬁ %l"g b ik aé‘d’éﬂ
turbine disks and humlleThep&&amwenmvmtueeﬂ daédcibed With ueie&nWtoa@p@mpu@ for
removing at |least a part _of .a, 20 therm n%ers hiElrayed wear resistant coating on
i$

a gas t urbi negimeat 34BN erndingphesh work Flirdle agt will gerapnins thalitheadyaoiageh ng
wheel and a rgt AGEN ERMing SwhaPaR! s‘ppmawé)i@talg@ﬁdinaewﬁeeperrca%mmg%grsmmheng
wheel at a rate of at” | east 3000 revol utions m nute. Al'thou he
present i Hverfupabmse 'Bé'éﬂa’dﬁﬁ'éhﬂb-éﬁ'av\ﬁ&lﬁefp‘%ﬂlfgﬁ’ aifduushgeah jsen gx workpiece
embodi ments, pANKRLER téhbéchﬁ@thb?résé]ﬁu%ﬁndﬂ I'he bRSGH MveRtidndy ENRREGSeMEN 2P

made in formand 25 defail hout departing fromthe spi r|t and scope of
t he i nvent i orthermal sprayed wear resistant coating from any part of a gas turbine engine incorporaling a

thermal sprayed wear resislant coating, such as turbine disks and hubs.
The present invention also includes an apparatus for removing at least a part of a
20 thermal sprayed wear resislant coating on a gas turbine cngine part. The apparatus includes a
superabrasive grinding wheel and a rotating device capable of rotating the superabrasive grinding
wheel at a rate of at least 3000 revolutions per minute.
Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and
25  detail without departing from the spiri! and scope of the invention.
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10 CLAIMs: 1. A method of repairing a gas turbine engine part, the nethod
conprising: renoving at least a part of an existing thermal sprayed wear
resistant high velocity oxy-fuel coating fromthe gas turbine engine part
with a rotating superabrasive grinding wheel; determning a build-up

t hi ckness of a thermal sprayed wear resistant coating material required to
obtain a desired post-repair dinension of the gas turbine engine part;

appl yi ng @.AlgdB:t her mal sprayed wear resistant coating to the gas turbine
engi ne part; and renovi ng any excess thickness of the thermal sprayed wear
resistant coating material on the gas turbine engine part in order to

achi eve tihe dgsidiRsl m@%mﬁﬁ@ﬁ'gﬁs tu?élﬂé?&?g[ iR parkVRY REtRod B@mﬁfiﬁﬁés thickness is
the difference between the application thickness and the bufld-up thickness

of the thermal sprlamdinwaﬂeasmpm@ﬁﬁnmﬁmgmlgermtmm}@ld weangesisidné highn t he

oreee  BRSE S LR BO T SRR B R R L 1

wher ei n thpd@asviiedl:pi ne engine part is a conponent of a brush seal, a blade
outer air seal, a blade, or a vane. 3. The nmethod of claim 1, wherein the
superabra5|ve grlnﬂﬂmgnmhgewUﬂéﬂmvhskmheOfaﬁ@nndmpspwéy@armmawnte5|stant

coating at er| ._Spee bout, 8, 000 t about 0, 00 urface feet

per m putea B R RH O AR RRSREPH SRERSpar I &S (PEGr | ndi ng

\‘?ﬂeel rotedb g pﬁﬁ #plyah€a nB tﬁénrﬂa??p?r&ye@h@e% rélg@ﬂ@cézﬁ}{fg'té“ﬂﬁeoéh% t@fnem NUte. 5.
e met hod” of claim’l, wherein the superabrasive grindi ng Wheel includes a

super abr @sgiwne pant andi ramocmgpmy SKQ’JT:QS thickngsssaf thnthenhalspbiyed bomomsiniant i de and

di anond. 6. m 1, i n. renovi.n rnal rayed

wear T esicRIRMIERL e ProfironEeaia BT B e R BT HE Aeiifel e Pt cap

feedi ng tfiQe@@sn,t urbine engine part to the superabrasive grinding wheel. |

7. A nmethod of repairing a gas turbine engine part, the method conprising:
wherein the excess thickness is the difference between the application thickness

and the build-up thickness of the thermal sprayed wear resistant coating material, and
wherein the excess thtckness of the thermal sprayed wear resistant coating material

is removed with a superabrasive grinding wheel.

2. The method of claim 1, wherein the gas turbine engine part is a component of a

brush seal, a blade outer air seal, a blade, or a vane.

3. The method of claim 1, wherein the superabrasive grinding wheel removes the
thermal sprayed wear resistant coating at a peripheral speed of about 8,000 to about

10,000 surface feet per minute.

4, The method of claim 1, wherein the superabrasive grinding wheel rotates at a rate

of at least about 3,000 revolutions per minute.

5. The method of claim 1, wherein the superabrasive grinding wheel includes a

superabrasive material comprising at least one of cubic boron nitride and diamond.

6.  The method of claim 1, wherein removing the thermal sprayed wear resistant
coating from the gas turbine engine part includes creep feeding the gas turbine engine

part to the superabrasive grinding wheel.
11



determ ning a build-up thickness of a thermal sprayed wear resistant coating
material required to obtain a desired post-repair dinmension of the gas
turbine engine part; applying the thernmal sprayed wear resistant coating
material to the gas turbine engine part in an application thickness; and
removi ng any excess thickness of the thermal sprayed wear resistant coating
material on the gas turbine engine part in order to achieve the desired
post-repair dinmension, wherein the excess thickness is the difference

bet ween t e application  thickness and the build-u hi ckness of the thernal
sprayed lquaQﬁre%aﬂg REas twanias FREINe Rat (RGTRFIOPA CPRBMYRE s t hi ckness

of the ther mal spr %gﬁ brugg “?’fﬁl@fm&?ﬁ %ﬁ%{;ﬂﬁt g;d%@j%wemireggggyed wth a

super abrasive grin e net erein the gas
t ur bi ne e:ngnnmnptanal mqulasdaombtamemtieamfed@osttmpmhdmlsmn@f eaghe tobiner air seal,

a bl ade, or. a vane. 9. Th? met hod of claim?7, wherein the superabraswe
gri ndi ng cREBE POt at es ng thedhergyal sprayedaugar z56tAnt SOUH® MEFRAIR f6ns per

m nut e. Jggs tu-ﬁ;mgra% §| ol m@gﬂbifm"vﬂﬁkﬁés@ 1e superabrasive grinding wheel

i ncl udes su conprising at |east one of cubic boron
nitride and di armndmovihg anijhﬁce”setlhdme@s‘ ofohathernfal spheeiweat Reeistaher mal sprayed
wear resistant coating is a igh velocity oxy-fuel coating. 12. The net hod
of cl ai mepating aptenal %h%@?%@rhlﬂ%e@e%g@ ltnmr ﬁ%ggh%\'e ﬁéelewérmaq-rep@prayed

wear resighant o Qibldidie B Hd @i cPhes KGR AiSRnIL b&q}egrgtﬂya%ﬁﬁéaﬁlon

thickness and the build-up thickness of the thermal sprayed wear resistant coating
material, and
wherein the excess thickness of the thermal sprayed wear resistant coating material

is removed with a superabrasive grinding wheel.

8.  The method of claim 7, wherein the gas turbine engine part is a component of a

brush seal, a blade outer air seal, a blade, or a vane.

9. The method of claim 7, wherein the superabrasive grinding wheel rotates at a rate

of at least about 3,000 revolutions per minute.

10.  The method of claim 7, wherein the superabrasive grinding wheel includes a

superabrasive material comprising at least one of cubic boron nitride and diamond.

11.  The method of claim 7, wherein the thermal sprayed wear resistant coating is a

high velocity oxy-fuel coating.

12.  The method of claim 7, wherein removing the excess thickness of the thermal

sprayed wear resistant coating includes a creep feed grinding process.
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