EH 11625 A METHOD OF REMOVI NG A COATI'NG BACKGROUND The present invention
relates to a nethod of renmoving a thermal sprayed wear 5 resistant coating
froma gas turbine 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
all oy, such as brush seal conponents, blade outer air seals, blades, and
vanes, may be danmged during use. For exanple, during 10 operat Eshll6@he gas
turbi ne engine part maybe exposed to high pressure, foreign particles, or in
the case of a rotating conpoMBETHODOR REMOWNG & COAMNG hot corrosive
environnment. In order to help protect the netal alloy fromdamage, a gas
turbi ne engine part nmay be coated W BACHGRIDUNmI sprayed wear resistant
coating ("coating"), such as a high velocity, oxy-fuel K (HV oating. \Wen
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15 dimension than desired, and the coating may then be applied to the metal alloy in a thickness that

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 dimensions 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 seal 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  Thepresent 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



30 wear resistant coating on a gas turbine engine part with a superabrasive
grinding wheel. The 1 present invention is also an apparatus of renobving at
| east a part of a thernmal sprayed wear resistant coating on a gas turbine
engi ne part, where the apparatus includes a superabrasive grinding wheel. 5
BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1A is a schematic side view of a
rotati ng nenber of a brush seal conponent in a gas turbine engine, where a
thermal sprayed wear resistant coating has been applied to the rotating
menber so that the rotating nmenber has a finished thickness. FIG IBis a
schematic side view of the rotating nenber of FIG |A where the 10 thermnal
sprayed wearprdseitiifienlién 2Qdol aMGppAStub 0L Fer0INg at $astid it dfnethedat kpragd vagr t he
rotating menber is no longer at the finished {hickness, QIG 2 is,a,

ber spect | ve AN SPREE R ARES YFBIIGI HERE Pof- YHER (5P GBRATIEY MGRASS o Rrewhares o
super abr asi \Weingihp Mikd)g wheel has been inplemented onto a machine including a
vertical rotary table, on which the rotating nenber of FIG 1B has been
nounted. Is FIG 3 is a perspective view of a second enbodi nent of the
present isnvention, where apgpIEPPEIPRASHER G THEDIGWREEE has been

i npl emented onto a nmachine i ncTuding a nori zontal rotary table. FIG 4 is a
flow chart of a neFKbdAdsascheraticisidg viewnfs retatingimembroefahineshecal ognegosent fnea

met hod i ncl |+ h : | S t] i th, a
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di e superabri asive_grindi ng wheel . o . ]
superabrasive grinding wheel has been implemented onto a2 machine including a vertical rotary

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 amachine 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 whecl.

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 thenmal sprayed wear resistant coating. The gas turbine engine part maybe a
rotating or nonrotating part, and in an exemplary embodiment, the thermal sprayéd wear resistant
coating is produced by a HVOF process. The inventive method is charactenzed by gninding the
coating with a superabrasive grinding wheel. In embodiments, the superabrasive grinding wheel
may rotate 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).



may rotate at a rate of about 3,000 revolutions per mnute (rpn), which
translates to a coating 3o renoval rate of about 8,000 to about 10, 000
surface feet per mnute (sfpm. 2 A superabrasive grinding wheel is a
grinding wheel that includes a netal core with a band of superabrasive
material attached to the core to forma cutting surface. in conparison, a
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 nmay be used. In one enbodinent, a resin bond cubi c

boron nitride (CBN)

suitable nmetal is use %ﬁ*)ﬁwg%g?ﬁd é)\{’fﬁgpg %ﬁ(ﬁﬁggﬂéﬁ%ﬁ?ﬁw(&gbon N grfrlndl ng
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car bi de~ |con car’bl st at e Background section, when
a gas tur bi rasoepegiible Bhose skiled ipdhg arbwill resdigaize the vaxiativorin puositi¢sassecared wfitha

211 oy comporciay P etboh iy Sk, oiRAN B eilte bt ol blehniy Mot Blbea SEATS
is typicallythe pmﬂa‘dppfhdahoraofghe gmhdng whatelhpd. ~Ginding is a process in which
sl abrastve Par i, AR SRS . PR S6Rb, ki 98 5,
renovi ngif | apembradivaniztravchaiardes Hapiang:diionili abisiven gxstdaed.hﬁmhpa emperahmswe”
material includes, but is not limited to, both natural and synthetic diamond materials, CBN, and
mixtures of diamond and CBN. A “traditional/conventional abrasive” malenial includes
aluminum oxide, 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 lo correct the wear of a thermal sprayed wear resistant coating or to repair the underlying
metal alloy component (i.e., the “base material™), 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 workpicce, 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 method of removing the thermal sprayed
wear resistant coating from a gas turbine engine part with 2 superabrasive grinding wheel.
In conventional methods of removing a thermal sprayed wear resistant coaling from a
gas turbine engine part {or “workpicce™), a grinding wheel incorporating a traditional abzasive

30  material is used. While the traditional abrasive grinding wheel is effeclive, the grinding process



ot herw se. The present invention provides an inproved nethod of renoving the
thermal sprayed wear resistant coating froma gas turbine engine part with
a superabrasive grinding wheel. In conventional nmethods of renoving a
thermal sprayed wear resistant coating froma gas turbine engine part (or
"wor kpi ece"), a grinding wheel incorporating a traditional abrasive 30
material is used. Wiile the traditional abrasive grinding wheel is
effective, the grinding process 3 with a traditional abrasive grinding
wheel nmaybe tinme-consum ng because of the limtations on its speed of
rotation. The traditional abrasive grinding wheel also requires frequent

mai nt enance, with B &bdifenaPabirdsBRYENding Phesd flapBe tié-cdidemMg bkt MeaRlitatiofien a
grinding wheel is "dressed', a,  dressing wheel or stick_ is applied to the
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coating on a gas turbine engine part. Prior to the present invention,

questi ons; r BfRBHBvhee! diMeNsigR&t ner CBN exhi bited sufficient hardness to
grind a thermal spray@e piea inveitiod! fRindirRatH-EM hiYidveGRALraN G
These concerns about thg haraness o?@%hN Iiﬁitgﬁ??ﬁe gg%ﬁ?gatidE,of a_CBN

gri ndi ng whe#fedlo remove phleast parsofafthenmal sprayedowear rosistant qogingdinsogsy &lipe engine CBN
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properties spswrhlaaa HVOFcoatmgOThese concerns about the hardness of CBN limited the application of

CBN grinding wheels. The inventors of the present invention discovered that CBN is hard

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

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

inventors believe that the present invenlion, which may incorporate 2 CBN grinding wheel, is

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

The present invention also recognizes that a method of removing a coating from 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 generally more efficient than a method incorporating a

traditional abrasive grinding wheel because of the hardness properties of 2 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 Roclowell or Vickers

30  hardness tests. Due to its increased hardness properties, a superabrasive grinding whee! generally



coating. The present invention also recognizes that a nethod of renoving a
coating froma 25 workpiece with a superabrasive grinding wheel other than
a CBN wheel, such as a netal grinding wheel with a hand of dianond
particles, is generally nore efficient than a method incorporatinga

tradi tional abrasive grindi ngwheel because of the hardness properties of a
superabrasive material. A superabrasive material is typically harder than a
traditional abrasive material, where hardness is neasured in termnms of
hardness properties known in the art, such as the Rockwell or Vickers 30
hardness tests. Due to its increased hardness properties, a supeabrasive
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wor kpi cce nore 15 aﬁQHE@E@EM_o@%ﬁH&H@ﬂﬁﬂe §®eﬁb¥a§i@£‘F@iﬁd¥ﬁ$&h&%ﬂﬁ$i&e¢ geaiipdi ng
wheel . Finally, a superabrasive grtnqlng wheel allTows Tor faster renoval
rates as confjacesdonabstetsliy §ie-i ibmaintaifisritsshapedonged ecauseot! the superphpsiyedogingssd
shar pness pr Hids€ Svhichl hd BN ; LNVERT | ;

super abr asi vgrg%ris’ndi Flg ?/{ﬁgigf)%nqy r%ﬁ%}/:;&%ﬁggggﬁﬁigalf it:oo%?lgl %m%@gcg_ﬁgﬁeng a
peri pher df spreerdichfas piraparedgo maditiens! hsesine gtiodiogehest. Finallnagupembrasive grindinge s
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hardness and sharpness properties. In embodiments of the present invention, a superabrasive

grinding wheel may remove a coating from a workpiece using a peripheral speed ofabout 8,000

to about 10,000 sfpm, and up to 20 times more material may be removed with each grinding
20  wheel increment as compared to a conventional grinding wheel. Contributing to the fast removal

rate is the high-speed grinding ability of a superabrasive grinding wheel. Inthe present invention,

the superabrasive grinding wheel may rotate at any suitable rate, and in embodiments, may rotate

at a rate of at least 3,000 rpm. In embodiments, 2 9.125-inch diameter grinding wheel may rotate

at a rate of about 3,800 rpm, or about 9078 sfpm. In comparison, a 12-inch diameter
25  comventional 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
lhe workpiece may be lowered because CBN conducls heat. A lower workpicce surface
temperature 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 embodiments of the present invention, the method of removing a coating from a gas



20 wheel increnment as conpared to a conventional grinding wheel.
Contributing to the fast renoval 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 enbodi nents, may
rotate at a rate of at least 3,000 rpm In enbodinents, a 9.125-inch

di aneter grinding wheel may rotate at a rate of about 3,900 rpm or about
9078 sfpm 1In conparison, a 12-inch diameter 25 conventional abrasive
grindi ng wheel rotates at about 1400 rpm or about 4398 slpin. If a CBN
grindi ng wheel is used in the present invention, the surface tenperature of
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or any suitable thermal sprayed wear resistant to coating known in the art.

Met al al | oy Bw;g@mambbﬁles{r@ﬁmnoﬂlﬁq%mtwmsés%smtacawr@y'elétmrmng

operation, b u ﬁg{}ﬁ
surface 16 t%}%or (rinﬁgér{gg;algrapg%gféﬂh@rgﬁeesrag@%ﬁ%t&2&{% %Sﬁh‘ he H@ﬁ ed and
cont act surfﬂblehmy!mnpannmm}seﬂhﬂef&pmven&yofmchmshml ch may then corrprorri se

the effectiveness Ofﬂf(}t E‘ﬁé){‘ %%gma%ﬁémef fro gST%n&?qﬁ”F%f%ﬁ' Qﬁm\/

rotating nenber ere grRar resi s

coating 12 hamayoé evzanugsistatiocoatiey 121 basl been swont toadoatiny kﬁ{msxhat'ﬁhtckriess Teof the

.rI.Ot 2t Ipﬂgn,[rg nn{bfatmlé %nerr}l%er 15 rlllg‘zfongsmLJ sl.) %gtg&mh? lctl;l}/al fo thé hniglg)edttﬁt‘?krfeiss p a:%tglln 1lz(1g €ss
shows the desired thickness T of rotating member 10 and illustrates the wear of thermal sprayed
wear resistant coating 12°, Specifically, thickness Typ (which is equal to the difference between
finished thickness T and wom 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, worn 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 alo'ng the same general direction as
thickness Tup).

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 worn surface



shows the desired thickness T of rotating nmenber 10 and illustrates the wear
of thermal sprayed wear resistant coating 12'. Specifically, thickness THD
(which is equal to the difference between finished thickness T and worn
thickness T' of rotating nmenber 10) of thermal sprayed wear 20 resistant
coating 12 has been worn away. Al though FIG | B shows the wear of thermnal
sprayed wear resistant coating 12' to be uniform in practice, worn surface
16' of thernmal sprayed wear resistant coating 12' may be uneven, where
thermal sprayed wear resistant coating 12' is thicker 1in sonme parts than in
others (where a thickness is nmeasured al ong the sanme general direction as
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necessary or glnmtglgnmyme 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
moedels MC98 and MCB6, which are made commercially available by Makino, Mason, Chio.
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 to rotate about a
fixed axis.
Spindlc 24 is configured to rotate at a high speed during operation, such that CBN
grinding wheel 22 also rotates at 2 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
rotating 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 some or all of thermal sprayed wear resistant coating 12 from rotating member



15 FIG 2 shows a partial perspective view of an exenpl ary enbodi nent of
grinding machine 20 incorporating CBN grinding wheel 22, Machine 20 is a
general depiction of a grinding machine known in the art, and many details
of machi ne 20 have been left out for clarity of illustration. Machine 20
may be any suitabl e grinding machi ne, such as Mki no machi ne nodels M98
and MC86, which are nmade commercially avail abl e by Maki no, Mason, Chio. 20
Machi ne 20 includes spindle 24, on which CBN grindi ng wheel 22 is nounted,
and vertically nounted rotary table 26. Both spindle 24 and rotary table 26
are configured to rotate about a fixed axis. Spindle 24 is configured to

rotate at a md&%e%mquﬁg NARFEAEWARe1 28t6latch B3 hi e OO ARk o im 22

al so rotates a hi S ee I ments, spind 24 may rotate at about
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FIG. 3 is a second exemplary embodiment of rotary grinding machine 30, which
includes CBN grinding wheel 32 mounted on rotating spindle 34, 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 adjusted 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 jllusirating 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 coating from the part.
As previously stated, the thermal sprayed wear resistant coating of a gas turbine engine part may
necd 1o be repaired if it has worn over time. In order to tepair the coaling, 2l or some of the
coating may need to be removed. Even if the thermal sprayed wear resistant coating is not worn,

30  agas turbine engine part may still need repair that requires all or substantially 21l of the coating to



(shown in FIG 1) of rotating menber 10 at a peripheral speed of about 8,000
to about 10,000 slprn. In nost grinding nachines, an operator is able to
precisely control the placenent of rotating nenber 10 (or ot her workpiece)
and the speed of CBN grinding wheel 22, thereby 15 allow ng the operator to
accurately renove thermal sprayed wear resistant coating 12. FIG 3 is a
second exenpl ary enbodi nent of rotary grinding machi ne 30, which includes
CBN gri ndi ng wheel 32 nounted on rotating spindle 34, and

hori zontal |l y-nounted rotary table 36. Rotary table 36 is configured to
recei ve a workpiece (not showmn in FIG 3). Rotary grinding nmachine 30

differs fromd RhRe¥. gpérnaaa?lﬁlewmhe RRta? QGRS bdi_i}r@or zbbdy fom&d bPhrdiNer trakkia) 20 36

i's horizontal Idy nmount ed rather than vertical nount as with rotary table
e
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exanple, if the netal alloy hody (or dy or med anoF her material)
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thickness T, or lf‘ existing thermal sprayed wear resxstant coating 12’ is removed prior to

applying a new thermal sprayed wear resistant coating, the build-up thickness s the difference
between finished thickness T and the thickness of metal alioy body 14 {where the thickness is
20  measured in generally the same direction as thickness T).

In step 46, a thermal spraysd wear resistant coating material is applied to the extenor
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. Incne
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/sofiened and accelerated at high
velocities to the surface of the part. Upon impact, the individual particles rapidly solidify,
thereby forming the coating. In the HVOF process, combustion of oxygen and fuel (i.e,

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



repairing a gas turbine engine part. 10 Followi ng optional step 42 is step
44, during which a build-up thickness of the new thermal sprayed wear

resi stant coating of the part is determ ned. A build-up thickness is
generally equal to the thickness of the thermal sprayed wear resistant
coating layer required to give the part its finished thickness (or

di nension). The term "thickness" is used to generally indicate a

di mensi on- The finished dinmension is the, dinmension required to place the
part in 15 condition for use in the gas turbine engine. For exanple, with
rotating nmenber 10 shown in FIGS. | and 2, a build-up thickness is the

di fference v%_m, kness T', or if
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thermal sprayed wear resistant coating from any part of a gas turbine engine incorporating a
thermal sprayed wear resistant coating, such as turbine disks and hubs.
The present invention alse includes an apparatus for removing at least a part of a
20 thermal sprayed wear resistant coating on a gas turbine cngine part. The apparatus includes a
superabrasive grinding wheel and a rotating device capable of rotating the superabrasive grninding
wheel at a rate of at least 3000 revolutions per minute.
Althongh 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 spisil and scope of the invention.
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Once again, the superabrasive grinding wheel may be used in conjunction with
machine 20 or 30 shown in FIGS. 2 and 3, respectively, or any other
sui t abl e machi ne. Because a superabrasive grinding wheel nay be used to
accurately renove thermal sprayed wear resistant coating material fromthe
part, the excess thickness of the coating material nmaybe precisely renoved
fromthe to part. The suparabrasive grindi ng wheel may al so be used to
reestablish the part shape, for exanple, if the thermal sprayed wear
resistant coating is thicker in sone areas than in others, Wile the
present invention has been described with reference to an exenplary

enbodi nent , caATRN: grinding wheel , workers skilled in the art will recognize

that the advanta of a CBN grinding wheel are applicable to a grinding
wheel incor por at fsqmvmaéleaszsp%ﬁ%rtbﬁsmisspw §ag Fosiglant agating oR,a|egs
rotating meghghe lﬁ%ﬁ’é péht, l?l'iéﬁ%@kh&?é‘ﬁaréc&n%éh S‘)Xﬁm& & the Hﬂﬁ#ﬂ'sﬁﬁ?eci\b@a} dsitgised to
descri be the prese I nvention. The present” 1 nvention nmay bée used to renove

a thermal s$patiaged thesas turking @wmaﬁaahaﬁgpmb@mmym@ag whedl. a gas turbine
engi ne incorporating a thermal sprayed wear resistant coating, such as
turbi ne di sks and hubs. The present invention also includes an apparatus for
renmovi ng at 2| easﬁ‘heampbhodl obélaim 1, Ahetchrethertiemsyd sprapd wasaresisiast as:aﬁngis comvedig on

a gas turbine art at us _i.ncl udes rabr e_gripdi ng
Sheel and a 1B F BA B coene RCRIE IR R g5t wissE R aResnel Sl nfi g
wheel at a raams;mmaiaﬁoea'ﬂxoomﬁﬂace@wbumma per m nute. Although the
present invention has been described with reference to preferred

enbodi ments, workers skilled in the art will recognize. that changes nay be
nmade in feor m andThefeed of dlaiv I, muﬁe:rﬂﬁ@ﬁﬁ&b@ﬁchﬁr@é&ﬁﬁé@b?@teép fee@phdiipaRe Of
the invention. 10 CLAIMS: 1. A nethod of renpving at |east a part_ of, a

t hermal spr dmakpryed FEPEHAEnt corling Ry tBhsee kine anging pak withdhe@nsabiesive he
met hod char %hﬁﬁg;,ﬁgg]_by grinding the thermal sprayed wear resistant coating
on the gas turbine engine part with 2 superabrasive grinding wheel. 2. The
met hod of claim1, wherein the thermal sprayed wear resi stant coating is

removed frqmthqhg %thEH“bPJ(:joﬁ} ?%Le?&n%%a%&ﬂhééﬁgmép&‘?g o5 suéhftgf'j“ 49

wheel at a peripheral spee out 8,000 to abou ace feet per
m nut e. 15  seal, a blade outer air seal, a blade, or a vane.

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

least about 3,000 revolutions per minute.

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

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

7. The method of claim 1, wherein the thermal sprayed wear resistant coating is a high

velocity oxy-fuel coating.

25
8. A method of repairing a gas turbipe engine part, the method comprising:
removing at least a part of an existing thermal sprayed wear resistant coating from the gas
turbine engine part with a rotating superabrasive grinding wheel; and
appiying a new thermal sprayed wear resistant coating to the gas turbine engine part.
30

11



lo 3. The method of claim1l, wherein the method is characterized by creep
feed grinding the thernmal sprayed wear resistant coating on the gas turbine
engi ne part with the superabrasive grinding wheel. 4. The nmethod of claim
1, wherein the gas turbine engine part is a conponent of a brush is seal, a
bl ade outer air seal, a blade, or a vane. 5. The nethod of claim1, wherein
t he superabrasive grinding wheel rotates at a rate of at |east about 3,000
revolutions per mnute. 20 6. The nmethod of claim 1, wherein the

super abrasi ve grinding wheel includes. a superabrasive material conprising
at | east one of cubic boron nitride and dianond. 7. The method of claim 1,

wherein the g her b nﬁﬂxﬁ%ﬁ?daﬂ‘}?@ hHeRH Bl éﬂ&ting %hhﬁlgpﬂa%d?yé&i- ESistaliEdoRtieli¥ a

oxy-fuel coating 25 8. met hod of repairing a gas turbine engline part, the
met hod conpriiigh velpeity exaniehepating.| east a part of an existing thermal sprayed
wear resistant coating fromthe gas turbine engine pan with a rotating

super abrasi ve grindi ng wheel; and applying a new thermal sprayed wear

resi stant cddt i nghe methiod ofjclsim §,rvidicrein e gipembsive grinddy Wheelttmones thothewdal cl ai m

Vel oot ty Ty e v b e AR R of BB @0 RETLI Pt e k0"

super abr asi wermidungli ng wheel renoves the thermal 5 sprayed wear resistant
coating at a peripheral speed of about 8,000 to about 10,000 surface feet
per mnute. 11. The nmethod of claim8, wherein the superabrasive grinding

wheel rotateq,at Thek2itRdoF cldim 3, vARfdin BB APeraBradi0 ghifif] WhiePibtat@adt atatdbR. t O
12. The nethod of claim8, wherein [he superabrasive grinding wheel includes

a super abr d&istabonbd.e00 ryolulings perdpingieat | east one of cubic boron nitride and
di anond. y413. The nethod of claim8, wherein renoving the thernmal sprayed

wear resistant coating from ) _ )
12, The method of claim 8, wherein (he superabrasive grnnding wheel includes a

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

13.  Themethod of claim 8, wherein removing the thermal sprayed wear resistant coating from
15 the gas turbine engine part includes creep [eeding the gas turbine engine part to the superabrasive

grinding wheel.

14. A method of repairing a gas turbine engine part, the method comprising:
determining a build-up thickness of a thermal sprayed wear resislant coating matedal
20 required to obtain a desired post-repair dimension of the gas lurbine engine part;
applying the thermal sprayed wear resistant coating material te the gas turbine engine part
in an application thickness; and
removing 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 dimension,
25 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 thickness of the thermal sprayed wear resistant coating

malerial is removed with 2 superabrasive grinding wheel.

30 15. The method of claim 14, wherein the gas turbine engine part is 2 componcnt of a brush
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is the gas turbine engine part includes creep feeding the gas turbine engine
part to the superabrasive grinding wheel. 14. A nethod of repairing a gas
turbine engine part, the nmethod conprising: determning a build-up thickness
of a thermal sprayed wear resistant coating material 20 required to obtain
a desired post-repair dinension of the gas turbine engine part; applying
the thermal sprayed wear resistant coating material to the gas turbine.
engine part in an application thickness; and renoving 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 dinension, 25
wherein the excebhdé Bierdiess], i blalld)r fliddeer ence bet ween the application

t hi ckness and the buil d-up t hi ckness of the thermal sprayed wear resistant
coating material, and wherein the excess thickness of the thermal sprayed
wear resistant c i i i 1 s S j e 2ithing
wheel . 30 15m'Thgﬁ{r$le%° rm(}ﬁt{:ﬂl‘ g’ﬁ%ﬁ%&%éﬁ?&%ﬁ%%as %J?ﬁﬁ?‘%ﬁé?ﬁteﬁgg‘pt is
a conponent lstst abant 3HR0 swalutions fsr et Ut er air seal, a bl ade, or a vane. 16.
The net hod of claim 14, wherein the superabrasive grinding wheel rotates at
a rate of at |east about 3,000 revolutions per mnute. 5 17. The method of
clai m 14, whé?.ei rThehemedwopesiablams i e whereind itheg supembtasive gdrinding  wheed updudebraasi ve
materi al conpri sa&%g at {e. t _one_ of ICUFi ¢ ?oronb nitr.ih_ﬂ% ang. di apond 18. The
met hod of cl AIPSAARAESIVERAleOAlropRusips at Ikast ong, of upicbofpn pitideand fiemond o1 g i s a
high 10 velocity oxy-fuel coating 19. The nmethod of claim 14, wherein
renovi ng the_gexcesgs thjckness of, the thermal sprayed weay resistant coating
i ncl udes a ct®ep l@e‘ﬂatb‘?‘r?fg‘ﬁﬁﬁ' %3’@8’?2‘%‘1%‘%@@? sﬂfﬁ%gdbeﬂ Egsiglant eRRlng i NGl at
| east a part vabciF okpBidiBsatinpr ayed wear resistant coating on a gas turbine
engi ne part, the apparatus conprising: a superabrasive grinding wheel; and a
rotating device capable of rotating the superabrasive grinding wheel at a

rate of at | &St Themethod of claim 14, wherein removing the excess thickness of the thermal sprayed

wear resistant coating includes 2 creep feed grinding process.

15 20.  Anapparatus for removing at least a part of a thermal sprayed wear resistant coating on a
gas lurbine engine part, the apparatus comprising:
a superabrasive grinding wheel; and
a rotating device capable of rotaling the superabrasive grinding wheel at a rate of at least
3000 revolutions per minute.
20
21.  The apparatus of claim 20, further comprising:
a supporiing device configured to support the gas turbine engine part and creep feed the

gas turbine engine part inte contact with the superabrasive grind wheel.
25 22.  The apparatus of claim 21, wherein the supporting device is a rotary table.

23.  The apparatus of claim 21, wherein the rotating device is a spindle on winch the

superabrasive grinding wheel is mounted.

30 24. The apparatus of claim 20, wherein the superabrasive grinding wheel includes a
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3000 revolutions per mnute. 20 21. The apparatus of claim 20, further
conprising: a supporting device configured to support the gas turbine engine
part and creep feed the gas turbine, engine part into contact with the
super abrasi ve grind wheel. 25 22. The apparatus of claim 21, wherein the
supporting device is a rotary (able 23. The apparatus of claim 21, wherein
the rotating device is a spindle on which the superabrasive grinding wheel
is nounted. 30 24. The apparatus of claim20, wherein the superabrasive
grinding wheel includes a 13 superabrasive material conprising at |east one
of cubic boron nitride and di anond. 25. The apparatus of claim 20, wherein
the thermal sypempesiveanteriabsinipising atlomt oitdficohitbdtb@hilrdecnddiamonoxy- f uel
coating. 5 26. The apparatus of claim 20, wherein the superabrasive grinding
wheel is configured to renove the thernmal sprayed wear resistant coating at
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velocity oxy-fuel coaling.
26.  The apparatus of claim 20, wherein the superabrasive grinding wheel is configured to

remove the thermal sprayed wear resistant coating at a peripheral speed of about 8,000 to about

10,000 surface fect per minute.
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