Met hod of Renpvi ng Excess Overlay Coating From Wthin Cooling Holq"wlm—?j""r

of Al uminide Coated Gas Turbine Engi ne Conmponents Background of the
I nvention 5 1. Technical Field The present invention
rel ates generally to a nethod of nodifying cooling hol es of

I nternally coated gas turbine engi ne conponents. The present invention
relates particularly to a nethod of renoving excess overlay coating from

Wi t hin t he cooling holes of alum nide coated gas turbine engine
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Gas turbine engi nes operate at extrenely high terrperatures for increased 15
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Gas turbine engines operate at extremely high temperatures for increased

15  performance and efficiency. A limiting factor in most gas turbine engine designs,
however, is the maximum temperature that can be tolerated at the gas turbine
inlet. Accordingly, scientists and engineers are constantly seeking new and
improved methods to increase the allowable gas turbine inlet temperature.

One such method to increase the allowable gas turbine inlet temperature

20  and/or decrease airfoil metal temperature is to provide cooling holes on the
component, such as at the leading and trailing edges of the inlet guide vanes of
the first stage turbine and first stage rotor blades. Conventional techniques for
producing these cooling holes include electrical discharge machining (EDM) and
laser drilling.

25 During aircraft operation, compressor bleed air is directed through
passages inside the engine to these cooling holes. The air passes through the
internal passages of the blades and vanes and enters the cooling holes. The air’
then exits the cooling holes and flows over the airfoil éurface, subsequently
passing out of the engine with engine exhaust. As the air flows over the airfoil

30  surface, it forms a cool layer which reduces the temperature of the surface and



physically keeps the hot gases fromcontacting the airfoil surface, thereby
permtting gases fromthe burner section to enter the turbine at a higher

tenperature than woul d ot herwi se be possi bl e. Due to this high
operation tenperature, it is necessary to protect the 5 netallic internal
and external surfaces of the airfoils from oxidation and corrosion.
Al um ni de coatings are well-known and widely used in the gas t ur bi.ne

industry to protect such nmetallic surfaces from oxidation and corrosion
because they are eshgsiedtlydeepsihe hatigases fromeconticting theairfdibsuxfacé,ahéreby\l uni ni de
coatings are fornmed by diffusing al grri numinto the surface of Ig?le metallic
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t he above de ' I . ibl It is also conmpbn to
apply a protecti vztgé‘bg‘?ﬂ‘égﬂ‘\égéf?q‘#n‘g?’{h?ﬁ‘%ﬁe g%p%smb ¢ MCr Al'Y coating, on the

external surface of theDaé tof thisltigh opeapatinn témperdtlire, ibisalecessary to profext ithen
resi stance/ corrosion protection. MZAlY refers to _kpown netal 15  coating
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. Substrate during the deposition process. This MIAlY _coatjng .is

appl i ed, typical | ybeggusg thay are peonomical pndigdd kttla sreight to therairfoil  Alymiaiden of
the cooling holes. This inevitably.e. . § | ad e PR
accunul ati on of t hcé’-apﬁsﬁ??%%???ﬁé"%sﬂ% %&rﬁwé‘hﬁﬁ o&p ?%‘} %ﬂ}%]?rﬂ %t (lalcgg%) ei ng

hol es, particujear | g ppediicelah Alumnih@ih ith sGHEER 18¥er twitich ie resistant b0 the above
accurnul ation can lead to reduced airfoil cooling and result in undesirable

hot spot s on deseritedratlvérse effécts i s t he case because even a snall
variation from cooling 25 hol e design,limtations ecan result .in a
substantial variati.on i _‘Srﬁlm%& pg(,\? protteétlrvggygrfagncggsf&gﬁcﬂe%aanp| e,
those of ordinary gcrhly béutinBCorfite exfefl BarkRelof fhe £HM6HY tdProvide addiicnal
di anmeter affects airflow characteristics. Mre inportantly, the overall

efficiency of engiordatiperesistanceicorrdsipr prdtgctionl MerAl¥refestojeneninsmetal ¢ he
airflow can 15 bc%agx% EyrstGe_(tjnsQnrt W, Ocrilthrdodelngtdes nickel, cobalt, iron or mixtures thereof, Cr
denotes chromium; Al denotes aluminum; and Y denotes yttrium. MCrAlY
coatings are known as overlay coatings because they are put down in a
predetermined composition and do not interact significantly with the substrate
.during the deposition process. This MCrAlY coating is applied, typically by a |
20  plasma spray technique, after production of the cooling holes. This inevitably
results in an undesirable accumulation of the MCrAlY coating within the interior
of the cooling holes, particularly near the external edge of the holes. This
accumnulation can lead to reduced airfoil cooling and result in undesirable hot
_ spots on the airfoil. This is the case because evena small variation from cooling
25  hole design limitations can result in a substantial variation in flow and/or flow
- resistance. For example, those of ordinary skill in the art recognize that cooling
hole diameter affects airflow characteristics. More importantly, the overall
efficiency of engine operatioﬁ is directly related to how precisely the airflow can

be metered or controlled.



Accordingly, conpensation for cooling hole dianeter reduction due to

the anticipated build up of overlay coating in the holes is typically mde
when initially drilling the cooling holes. This is acconplished by
determ ning the amount of overlay coating that will subsequently
build up in the hole (based on 5 past experience) and then drilling the
hole in a larger dianmeter to conpensate for this antici pated buil dup.
A variation in the conpensation factor, however, can also result in
cool i ng ai rflow throughAtbstdinglye sompérshtidsiop dbslingcholddiasiet feddction due tdesi gn
limts. Thus, if a MorAlY coated conponent is tested and found to have

low airflow (i.e. Hieranticipated buildiep ofieveslay cortingda thpckalesds typiaatly nade shen he

excess 10 overlay.build.up. in the copling holes t be removed to bring
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t her eby exposi ng t designringtsn Ahulsz€ @ MCrAlY qvated| coopopent ésitested afidifiemd tto havee

Component o st o CHAAHSE G, St OWSeR digaliulpted design imifs) Hhénghe SFienl .
there exists ajneeg,eay bﬁi(l)t{’gﬁS l?xgtﬁe gfr)]olgimﬁﬁi stbe ?éﬁoc}@ggé bﬁ{ﬁ bhe airfloRARithin 9

fromw thin the cooling e coate I ne engl ne
conponent wi t hout dasigntiamtsicrlelsg thincmmporgnt inestibetserappéd. SThi exvess @lerlape

conponent such that airflow throy t he conponent ¢ be mgi ntained within
design linits. 25 coaling WE?’PL@GY@ rFW@VQ%eFPE‘F'i)Sn%]”““gnV&“g‘ s aq?n%hy,
invention is predi Qeds bg,ceg I . A ng
may be enpl oyed toﬁ%Kedr%fgee ex?ghsegé veﬁ%"’ﬂé‘ g‘tb}eﬁgil@r%}é?n&l\g}' ?ﬂ%la%tg%tm%v@

t urbi ne engi ne contheexeess cverlay miatdrial. e Thisitédhaique sfftivelytrembies thaemgssng t he
30 internal surface of the conpaonent, particularly the alumnide coating
| ocat ed on 15 overlay coating from the cooling holes. However, a significant problem is that

the grit blasting often removes the desirable protective aluminide coating located
on the internal surfaces of the components, thereby exposing the internal base
metal component surfaces to the hot internal gases flowing there through. If this
-occurs, such components must either be scrapped or reworked. _

20 Accordingly, there exists a need for a method of removing excess overlay
coating from within the cooling holes of an aluminide coated gas turbine engine
component without substantially damaging the internal surfaces of the
design limits.

25

- Disclosure of the Invention
.I This invention is predicated on the discovery that abrasive flow
machining may be employed fo remove excess overlay coating from within gas
turbine engine component cooling holes without substantially damaging the

30 internal surface of the component, particularly the aluminide coating located on



the internal surface of the conponent. This is a significant inprovenent
over the current state of the art which typically renpves the excess
overlay coating in the cooling holes by pencil grit blasting.
Accordingly, a nethod of renoving excess MZrAlY overlay coating 5 from
within a cooling hole of an alum ni de coated gas turbine engi ne conponent
I s disclosed. The nethod includes providing a gas turbine engine conponent
having an internal surface, an outer surface and a root end. The conponent
al so . include | I I I ' I
surface to the ﬁl""ql'tc‘)tﬁ Eﬁ&gﬁ??gﬁﬁ‘g% rg[éél}fr?\ t? e %%tg ’bﬁg?r{ts'@ﬁ&é)g@e}é@@hg%
conponent is coat ecuryént btate ofkhe at avhichstypicallyareimoi/esthe 2kcoss ovetaycoatingig.thé\n
MCrAl'Y overlay coating is also . . located on the outer surface and

i nsi de a portion ofoQling helss by penailgrit blasting. An abrasive slurry is

forced into the gas tur R%‘%bgg@g%gﬁ}e%t%gp&r}?ﬁgﬁkég%ﬁM%ﬁljg)%vg#gye&aagrface

(outside) of the conpone ernal 'surrace €t he

conponent, t hr osighfrbievietiek icodlidgtate ofidh dlivainidewatdd\pfak Yurbin® ehgihé EGigdhenh e
15 cooling hole and the internal surface of the conponent and renoves at

| east a por t is@isclosed. nEheymethod jnclusies prayidieg a gasiturhisg enginaromponentng
hol e wi t hout st antiakl v.damagi ng/ adver se affecti t he internal
surfaces of the hai'ﬁﬁc%%ﬂ'@:luf%fafﬁ’eﬂg%ﬂ sﬁ“%%?‘tiirﬁf’°§ﬁﬂ‘§ezﬁgﬁ?fl‘€?"§9{ ?el§° t he
conponent through fmblades at least @8é c6lihg hdfk extending fromARe tbmd) sade@b thde
present invention is the ability to renove excess MCr ALY overl ay

coating from wit hi entesuirface, wheeeir thei internabsystace of thesimpoegent is coatébwish a

wi t hout attacking the corrosion,resistant al unpl coating l.ocated on the
i nternal surfa_@g of RO Bﬂé’rll‘f".“md% coating. X“W%YWJF}‘%%&HP%&@?% t he
present 1 nvention lbéatédlaﬁtl_é'd&ér@ﬂr&&%ﬂsi&é‘@p%ﬁonwmﬁh&l@.” be

mai ntained within design limits. . . anot her advantage of the
present invention is thénabresiveslogydsf fonced into the ggtusbinmengine compoaedfram t he

components. theB E)Ltee]; SUTTace r(io&gfdg)r]ototile wrﬁpgxre%\tl\’{ont?lg internal surface (inside) of
the component, through the cooling hole, so that the slurry flows through the

15 cooling hole and the internal surface of the component and removes at least a
portion of the overlay coating located inside the cooling hole without
substantially damaging/adversely affecting the internal surfaces of the
component. The abrasive slurry subsequently exits the component through the

‘root end.

20 An advantage of the present invention is the ability to remove excess
MCrAlY overlay coating from within gas turbine engine component cooling
holes without attacléirfg the corrosion resistant aluminide coating located on the
internal surface of the component.

Another advantage of the present invention is that airflow through the

25  components can be maintained within design limits.

Yet another advantage of the present invention is the avoidance of hot

spots on the surfaces of the components.

Brief Description of the Drawings

30 FIG. 1 shows a gas turbine engine blade.



30 FIG 1 shows a gas turbine engi ne bl ade.

4 FIG 2 shows a cross section of a gas turbine
engi ne bl ade having a MCr AlY overlay coating |located in a portion of
a cooling hole. Best Mbde for Carrying Qut the Invention 5

As shown in Fig. 1, a gas turbine engine conponent such as a blade 2 ~

i ncludes an internal surface 4, an outer surface 6 and a root end 8. The
blade 2 is typically nade of a nickel base, iron base or cobalt base
superal | oy. Superal | OysFIG. 2 show & cFRS Séctivh Bf WRGithibinelehying dladk tpafig hor hi gh
tenperature operation. The bl ade 2 _may be fabricated by conventional
i nvest ment cast i ngMCeAPhoprley coating located inprportipmata coalingdioleas a plurality
of cooling holes 10 extending fromthe internal surface 4 to the
outer surface 6. The cooling holes 10 are conventionally produced by
met hods such as elmgt Moddfordtafing Oft tRIhVetibs (EDM or preferably

| aser drilling. The diameter of” the cooling holes is typically between
about 0.010 inéhes (. 254s smopvndnFigalhpagatudsoe éngitesconiponedt suolh as 4 blade 2

Af t duct i f.t | i hol 10, .the bl 2 is.t ted with, .
coati ng Lo pr vl RISl RERAT RS Bt opRts Ganhs [ he Bn ik A2 e |
as to incr eggﬁcilﬁ‘?na?ﬁro‘fiaﬁfcﬂei Eﬁe,cﬂ'(?rf ﬁliée Bt astaltbasel stiplefalibyy Y Suﬁé}allozs of

al um ni de di ff usi coating 1s applied to the internal surface
the bl ade 2, i ncl \adé mgterialsispecificatly dengloped for ligh tenpetaturEioperationi Tihd dlade 2

di ffusion coating ma 0 be ,applied to.the outer 20 urface 6 of bl ade
2, al though thi s?i‘%aﬁl@:ég%m?‘g’ﬁiﬂﬂoﬂﬂdgvﬁwqt g techgues. known
and widely usgg in the gag, dérzbﬂébehds%‘igecgt&scg&?ﬁg@lﬁﬁés f%&m@ﬁ‘&hgh%dd

material fromoxidati on and corrosi on are effective an

little wei ghtintemal suefabd 4 de the outarsuefice | The tdulinglholes 10dee cowentichalipy
be forned on bl ade 2 by diffusing, alu 'n,urﬂai_nto the surface of the
bl ade 2 to producd®reduced by miethods such as'electrical discharge machining &J,D or

preferably laser drilling. The diameter of the cooling holes is typically between
about 0.010 inches (.254 mm) and about 0.030 inches (.762 mm).

15 After production of the cooling holes 10, the blade 2 is treated with
coating to provide protection from the harsh operating environment, as well as
to increase the service life of the blade 2. Typically, an aluminide diffusion
coating is applied to the internal surface 4 of the blade 2, including inside cooling
holes 10. The aluminide diffusion coating may also be applied to the outer

20  surface 6 of blade 2, although this is less common. Aluminide coatings are well-
known and widely used in the gas turbine industry to protect the base metal
material from oxidation and corrosion because they are effective and add little
weight to the blade 2. For example, the aluminide coating may be formed on
blade 2 by diffusing aluminum into the surface of the blade 2 to produce an

25  aluminum-rich surface layer which is resistant to oxidation and corrosion. More

 specifically, the aluminide coating is typically applied by a pack process
employing a powder mixture including an inert ceramic material, an aluminum
source and a halide activating compound. The powder materials are well mixed
and the component to be coated is buried in the powder mix. During the

30  aluminide coating process an inert or reducing gas is flowed through the pack



25 " al umi numrich surface | ayer which is resistant to oxidation and

€orrosi on. Mre specifically, the alum nide coating is typically
applied by a pack process enpl oyi ng a powder m xture including an
inert ceramic material, an al um num source and a halide activating
conpound. The powder materials are well m xed and the conponent to be

coated is buried in the powder m x. During the 30 alum nide coating
process an inert or reducing gas is flowed through the pack

and the pack is h%EEiﬁe f;éblé&' h&di&Y & &fklévateatedpbiature. T'TRe RaldeGBtivatdr aLe
th the d 't de

reacts Wi al um num source to produce an al um num hali
conpound vapor with thei ahkmioomtsaatce t6 produioe fmelemidunt-halidel cadypofind Viiper t he

PO o o0t LS wRef St oSt Fine bogd5C SRBES ot Sevada v ™
source and conti ”%rf‘a&?it%f&%nﬁéie& l%%glé'alum um dﬁftﬁﬁiurfz{a@aﬁd 'f’g(lléra%ﬁ{%bez

deposited, it diffuses'into t teriral there
thin, protective, mtidetereturatathe ahinpwumaoarteand contimedie traspoit praxess.

remaining within the cooling holes 1Q are typically so negligihle. that
airflow t hr cﬁé«ﬁt o alupingp issiepasitel it difises ata the SW&W&‘E@L ereby

After application : ud, 0l | I ' Y. I ng
12 is ‘applied to tfﬁiémlegt% etgih’aﬁ ogélfﬁ ?%tc%gﬂé)lep tﬁegb aggﬁgﬁ%ﬁg&ﬁé%ﬂ% pggtglﬁéél onal
oxi dati on resi st arremainiigrwishin thedooling holes1¢ areaypicalylsemegligible thatiaiiflowg. 2) .

Thi s overlay coating 12 is typically of the MCrAlY type. MCrAlY
refers to known throughghepladesbisingt detyiseatally affected.ch M denot es ni ckel ,
cobalt, iron m xt ure of g ¢ £hr.on .

al um num andq@ denot es%‘#??‘?‘%%%& gfth%g'gﬁg(%%%lngg’a NG ﬁ%ve?r%? %?’?‘2’}% see

U.S. Patent No. 3,1238agglibd'tbilfdexternal sufececsfitheblade 266 prdvideadditiongl as does
U S. Patent No. 3,542,530. A preferred . MrAl'Y conposition is .
described in U.S. omidatinn registance/cogosiamprotegiion Kshiosn schematicglly igfig 2)o Thise

present Assignee gnp | sGl: . Lah t I le 2 range of
5000, 530 A, e, ARE T3 el beREMERRBECAR ekl WOV

the group consi st infgal@oatihg systeniifl whichiMIRfiotef RIcRElf cobaR! 6 omiiies of a

preferred MCrAlY conposition is that disclosed in U S Patent No.

4,585, 481, 15 witheseof] €r dernseselsomiver Alldengteealuminung ahd Yedenotyarttsipoy e

The over! ay coat : g ezl RMERAIY BARERRR O Bhesh hEL 8pEegf i
describes a FeCrAlY coating as does U.S. Patent No. 3,542,530. A preferred
- MCrAlY composition is described in U.S. Patent No. Re. 32,121, which is
assigned to the present Assignee and discloses a weight percent compositional
20  range of 5-40 Cr, 8-35 Al, 0.1-2.0 Y, 0.1-7 Si, 0.1-2.0 Hf| balance selected from
the group consisting of Ni, Co and mixtures thereof. Another example of a
preferred MCrAlY c:.or'nposi-tion is that disclosed in U.S. Patent No. 4,585,481,

which is also assigned the present Assignee. The above mentioned patents are
herein incorporated by reference.

25 The overlay coating 12 may be applied by any method capable of
“producing a dense, uniform, adherent coating of desired composition. For
example, techniques such as sputtering and eiectron beam physical vapor
deposition are known. In addition, high velocity plasma spray is particularly

useful for deposition of hafnium containing coatings. The thickness of the



produci ng a dense, uniform adherent coating of desired conposition. For
exanpl e, techni ques such as sputtering and el ectron beam physi cal vapor
deposition are known. In addition, high velocity plasma spray is
particularly useful for deposition of hafniumcontaining coatings. The
t hi ckness of the )
overlay coating 12 is typically between about 5 mls (127 nm and about 10

mls (.245 nm. Application of the overlay coating 12 often
results in an undesirable .. . accu tion.of thi. erial w,thin the
cool i ng hol es 10 (ETI&HERANG A2 'aplcﬂwg’g%’een %‘{?é'ﬁgi[?'&t(ﬁgsd%%f ﬂ%\”aq%} 2% 10
were initially drigd&chayihiy)a | arger dianmeter to conpensate for the
anticipated buildup. This material may adversely affect ai rflow and

result in local hot spoApplicatisrhaf thé avierlag caating I26ftérciesults in agundesirable
oper ati on. ' .Accordingly, after applicati f the LAl _
overlay coating 12E¥nylaton ti‘@ﬂag?%ém@fﬂg‘ﬁfggl&g%o#e&& @fiéhoé",'"‘t" ég'b?iyade 2
i's | oaded intosan &bk {iiptddimg #bRs i initiall¢ URNEY ARhbG @ dikh&ér {1 ough
the bl ade 2. One of ordinary gkﬁéf ?r‘ivetr%lemtar? woul d - g ar;precj ate that a
plurality of cool icogpendatesfot thecanticipateid baildup. | Thisimateriahmby adierselyaffect
various | ocations sych as along.the | eadin dge, frailipg.edge, or even
down the .m dgﬁaw r"F”f“gtdnéﬁcaﬁ‘fg sB?‘é(?gtEe.'glﬁg%étaP jpe ‘et‘,‘Bg'Fg"FFg hol es 10-
i's dependent on 1% .factors such as engine type, blade 2 geonetry and
operating conditi orri)s. 't a plurality of cooling holes 10 are | ocated
on the blade 2, it is cAorordingly,after application of the MCxiAlVioverlayt ayating 12 t9 the
portion of the cooling_ holes 10 d test airflowip . a . .section by
section fashi df. external surface °¥ﬂ831q?4?92: ithe @B‘FR/%HVYPQ&QI“?tOIﬂBra“QQWrﬁme ®ne of
ordinary skill in L 3t : | s h
the blade 2 is ba gg ?mﬂfl i eglé%&%on&@ﬁléﬁgﬂﬂg bRGE 3! Ode" W ordiRfry crlih B 4r0ld
appreciate that a plurality of cooling holes 10 are typically located on blade 2 at

various locations such as along the leading edge, trailing edge, or even down the
midspan portion of the blade 2. Location of cooling holes 10 is dependent on

15 factors such as engine type, blade 2 geometry and operating conditions. Ifa.
plurality of cooling holes 10 are located on the blade 2, it is common practice to
mask (i.e. tape over) a portion of the cooling holes 10 and test airflowin a
section by section fashion.

Testing is conventional. For example, one of ordinary skill in the art

20  would appreciate that the airflow through the blade 2 is based in part on the
barometric pressure of the day which dictates the pressure forced through the
blade 2. A gauge on fh_e airflow fixture reads the back pressure and the resultant
value is compared agéinst predetermined acceptable design ranges. These.
predetermined acceptable design ranges are calculated from a conventional

25  computer program wherein variables such as barometric pressure, diameter of

“cooling hole and flow parameters are inserted into the program. Upon

comparing the actual results to the design limits, the operator can determine if
the cooling hole diameter is too small as a result of the excess overlay coating 12

within the cooling hole 10.



barometric pressure of the day which dictates the pressure forced through

t he bl ade 2. A gauge on the airflow fixture reads the back pressure
and the resultant val ue i s conpared agai nst predeterm ned acceptabl e
desi gn ranges. These predet erm ned acceptabl e design ranges are
calculated froma conventional 25 conputer program wherein variabl es such
as baronetric pressure, dianmeter of cooling hole and fl ow paraneters
are inserted into the program Upon conparing the actual results to
the design linmits, the WReLdd SischRireddRitabEsRR flow machinihi thag ®elusétohol e
diameter is too small as a result of the excess overlay coating 12

wi thin the cool i ngeffectieelylfemove at least a portion of the overlay apating,}2 frgmswithia they t hat

abr asi ve fl ow machi ni.n e.used, to . . effectivel t least a
portion of the ove‘iophggh‘ggﬁ(ﬁ&"@%mfwtm W??rﬂ surdge&,%%@?@r%ge bl es 10
W thout damaging tdaﬁiddiﬁr@rtﬁ@hluﬁﬁma@&%ﬁﬂg %}5 thd'Ritd?ha dGrface 4 of the blagé %.i cularly

the alum ni de coating on"the internal surface 4 of the bl ade

Abr asi ve fl ow rsachAbrasige flowwmmachiningsfommsortlyrefers toe psacesswhinh utilizes asemix seni -
solid plastic nediumhaving abrasive grits unifaormy di sposed there

t hr ough. Ty pﬁog]épﬁ‘;?t"i m@u@WMﬁ%@aft%%FWoﬂw%‘f t aes‘?"%‘%r Kk

pi ece surface to : : ; astnydedafioush or phkt A vAstk PRlck Stifi@ toON t he
surface. A key fea]'E rlcea“g?ﬁ;&%ﬂgéram(%% ﬁdg% r%lcﬁ,hi ni ng ?’gthat th(e) process
oper at es under conzifemnabtasivp aetion)sachlfd polishing, ronlthe surEicy. Adveyfedtursiafy. U. S.

Pat ent No. 5, 125,191 descri bes .gbrasive, fl ow machi ni ng.j n,detail and
i s herein i ncor poraRrasiyeiflpvy machining is that the process operafigs W&G’é"‘dﬂﬁfw REESSPfat
an abrasive slyrry, Ag s hga4l Lb&siorasiyde of
t he bl ade 2 toMt he 1 nélla eI)E)'@%tpﬁéeio%&égé’szpat%@gﬁgsﬁlztsﬁleglg%%F% Bifs hol es

10, such that the rmivhifing/ia detdilrany i§ herein indorporgled bpeeferenee.nal surface 4 of
the 15 blade 2 and renpbves at | east, a portion o{ the ovefl ay Coahﬂi’fﬁl%ééz

| ocated inside t heWedave discaysredshatman gbrastygslureyaay brytoresd into
coat i th | [ | Nt | .
ho . rasul t Cof o mlamthe oRIRSC TR il ) (/RE fRlge ie¥ificts Rroh R RBfng |

the material in thRleA0, suth thitlthe dBtagieasluirf Gows throagh the inttimhbsuefabe 4 olitieeby
reduci ng the thickness of the overlay coating 12 therein, 20 Conversel vy,
i nj ecting the ¥l urblader and remevesatilepst » portion obtherveday eoating 13 Jecateddnside

the blade 2 w | desir abl t & | Jt e : f - pl ade 2
near the cooIL{F‘eh 0%'(515 °§"83§.‘"’%}l§’é‘i gegrgéazgr%g/%@g}ugﬁ llrﬁ?/é %@mﬁgﬁg\t}k@&g\@/erl ay
coating 12 damaging the internal surface 4 of the blade 2. As a result of this action, the

abrasive slurry preferentially attacks the material in the cooling hole 10 near the
.outer surface 6, thereby reducing the thickness of the overlay coating 12 therein.
20  Conversely, injecting the slurry from the inside of the blade 2 to the outside of
the blade 2 will undesirably attack the internal surface 4 of the blade 2 near the
cooling hole edge. The abrasive slurry and removed overlay coating 12
subsequently exit the blade 2 through the root end 8. The cycle may then be
repeated. )
25 The abrasive slurry used in the present invention is conventional and
- includes the mediums disclosed in U.S. Patent No. 5,054,247 for abrasive action
in abrasive flow machining. The contents of U.S. Patent No. 5,054,247 are
herein incorporated by refcreﬁce. In general, the abrasive slurry for use in the
present invention may be characterized as a semi-solid plastic flowable material

30  having a plurality of abrasive grits uniformly disposed there through. A suitable



subsequently exit the blade 2 through the root end 8. The cycle may then be
Fepeated. 25 The abrasive slurry used in the present invention is
conventi onal and i ncl udes the nedi unms disclosed in U S. Patent No.
5,054, 247 for abrasive action in abrasive flow machining. The contents
of U S. Patent No. 5,054,247 are herein incorporated by referencé. In
general, the abrasive slurry for use in the present invention may be
characterized as a sem -solid plastic flowable nmaterial 30 havi ng a

Bl ural Ty Of 20T S ne Sl e Aol BN ot BERE, LPRUR i R0 °
for exanple, in thﬁdi&{t&ﬂﬁ‘y ?e?ergl El8¢lti€ Tortpaky asB9 01 2l ThE ferand sizewpeliey as

SS-91. The type and size © h abrasive grits djisposed there through
may vary dependi ngbumasiveigeitsdisposed therasthrough mayoesry depending onthe sizy ot the| e

b [ it t ials, i de,. t | i m L '
o do. 51 i con' corenpis it L SiralecabPistye 20k gt sl tuPase o} ALY,
skill in the ast Mﬁﬁu&x%&%%{‘&iﬁ@or{&%idé 5"2“{‘- Gibille, BlaS or fib&! OneasTRrdinaryess

t han about (.1 nm ) provi iner fini'shes and are nore
suitabl e for gas tskillin tie art wouldenecpgnizedhatisimalj gnib sisesdiferraxample, less tian about

| hehea. (762 mmy . i (108 T prosydefner Aoishes andars mbis Sale B 480
Cor por ati on nedi a eﬁ%@g-‘,&l?ngshé)le (_ﬁglt&&fea;t aﬁcﬁwpgcl%hy Panpk BEfween Bb&U . GIY iches he

abrasive grits per rt o m astiC flowable material is
about 20% by wei gh{{254mim}) éei sboatn0:030 inchés (762 mm). abrasive slurry is

betveen about 300 1/ 0 A0 202 200 Bl one coepnion peaiit LT °°
osorbed Ner 1 3608 e 95, Rl e PR et o1
Us. Pat ent Itasti® flowabl6 hiateriah is about 20% by efeighibh andtherflow ratoofthe at ed
herein by abrasive slurry is between about .300 Ib/min and about .500 Ib/min.
While we do not claim an abrasive flow machining device, such a device
15  will be described herein to disclose a preferred mode of practicing our invention.
For a more detailed description of abrasive flow machining devices, see U.S.
Patent No. 5,070,652, the contents of which are incorporated herein by
reference. We have used abrasive flow machining device Vector Series Model
by Extrude Hone Corporation, Irwin, Pennsylvania. This machine includes two
20  abrasive slurry cylindefs which close hydraulically during operation to hold a
fixture in place. Preferably, the fixture is cylindrical and includes a plurality of
blades 2 positioned within individual tooling/masking devices located in the
fixture. The fixture should not provide a secondary leak path for abrasive slurry.
The tooling/masking devices hold the blades 2 in position and serve to
25  direct the flow of abrasive slurry through particular cooling holes 10. For
“example, if the airflow through particular cooling holes 10 is within design limits
(as determined by previous testing), then those holes 10 are covered or masked
so that no abrasive slurry flows there through. The type of tooling/masking

device is dependent on variables such has type of blade 2 and location of cooling

30 holes 10. We have used a conventional ultraviolet curable polymer material to



reference. W have used abrasive fl ow machi ni ng devi ce Vector Series Mdel
by Extrude Hone Corporation, Irwin, Pennsylvania. This machine includes two
20 abrasive slurry cylinders which close hydraulically during operation to

hol d a fixture in place. Preferably, the fixture is cylindrical and

I ncludes a plurality of bl ades 2 positioned within individual

t ool i ng/ maski ng devices located in the fixture. The fixture should not
provi de a secondary | eak path for abrasive slurry. -The

t ool i.ng/ Ki devi hol d t he bl ad 2 it d t.q 25
i rect the 1 ow of matkbisiere wikiu gidiras soring iRl ahedirie Serds "o, For
exanple, if the ai ﬁéxg@w n Eﬂﬂgﬁhgﬂﬁrb?pﬁéﬁ Q‘{;erf?gﬁlch&g cO8lirgholdd 105 shialithose

design limts ermn previo testing), then those holes 10
are covered or maslsested on thedeadifpédgemfahe bisde/2 Theblage 2 immaysheres expobedatagh.

The type of tooling/ maskin .. .device_ is, dependent on variabl es,sych has

type of blade 2 an'gtffi‘dek’f l‘%ﬂ ugtil the saterial ﬁ”ﬂhg‘l@g?‘i& n‘\?@“ \}%‘Qﬂgeﬁu‘g‘ an

conventional ulgrayjqls | i lades 2

5 3 " eyl mphdahinsy BOLYERd BBREDL S Erporation, Forblades 2.

ul traviol et curablkaving cooliﬁ%h&'l@?lo 68 tiey mitlspamsectien asppéll, sk prefer tqpmsert thel ar

cooling holes 10, such as those | ocated.on the |eadin f the
aQPE

. edge
bl ade-2. The bl adebladeiin & blogk be taqlingdlgvice which 1s t or the fggﬁ Sunt i |

the material is full ur of AQard: O ?ﬁ?ﬁ% PG Sy ©
material may be ob eﬁ%@??%&%%ggwm gﬁéﬁ%ﬁ@éﬁrﬂ% ades séé.ryt hav?‘ng
cool ing hol es 10 oOpartififarGodEiR@holee 0. @hedst otdihry skill ip tief 2t wooldiappreciate he
blade 2 in a block type tooling device which is tailore qur:%ﬁtgpe fixtgg@e.

o ive

Thi s deviGe thakthgrepnay be varigtyhef supable myskinglegaling t directing
slurry to flow int . s articul.ar, cool. I @ ol | y
skill in the art \Aﬁ%ﬁs&"ea%‘ﬁ%ﬁ%!’%‘h%a’? g{lgﬁﬁfé?ésﬁgﬂigﬁg vagiqj;otv@ﬁ)g li%‘Li tabl e
maski ng/ t ool i ng t egied shdfific hotes 40 ecting the abrasive slurry into
particul ar cooling holes 10 and preventing flow through ot her cooling
hol es 10. During operation, abrasive slurry is loaded into the bottom cylinder and

forced up through the center of the bottom cylinder such that abrasive slurry
15 overflow enters the internal surface 4 of the blade 2 via the cooling holes 10. As
the abrasive slurry flows through the cooling holes 10, the abrasive action
removes at least a portion of the overlay coating 12 located within the cooling .
holes 10 without adversely affecting internal surface 4 of the blade 2, particularly
‘the aluminide coating located on the internal surface 4 of the blade 2. The flow
20  through such narrow passages increases the local pressure and velocity to give
preferential abrading of the overlay coating 12 in i:he cooling holes 10. The
abrasive slurry then flows tﬁrough the blade 2 and exits through the root end 8.
Upon exiting the root end 8, the abrasive slurry returns to the bottom cylinder
wherein the cycle is repeated until the appropriate cooling hole diameter is
25 achieved. This is confirmed by subsequent, conventional airflow testing
" techniques.
The abrasive flow machining process is automated such that the mode of
operation, for example flow pattern, is based on the machine settings, as well as
* other variable such as type of abrasive slurry. It is desirable that the abrasive

30  slurry maintains a uniform flow rate as it moves through the cooling holes 10.

10 .



Dur i ng operation, abrasive slurry is |oaded into the bottom cylinder and
forced up through the center of the bottom cylinder such that abrasive
slurry 15 overflow enters the internal surface 4 of the blade 2 via the

cooling holes 10. As the abrasive slurry flows through the cooling
hol es 10, the abrasive action renoves at least a portion of the ™~
overlay coating 12 | ocated within the cooling hol es 10 w t hout

adversely affecting internal surface 4 of the blade 2, particularly

the al um ni de coapnRGf befmirskilin theart wowld appresiatef thatevadiables inblodingduendt. The
flow 20 through such narrow passages increases the |ocal pressure and
velocity to give limited pr edrapanent grometiyatyPp gnd 5ize REARSILYS 'ﬂ'ﬂ’%‘) a!ﬁﬁtyfiz in
the cooling holes , 10. T . r asi hen flows through the bl ade
2 and exits thr ou&ﬁsg%‘é{nf%?ﬂmgﬁ%‘%gﬁeM&h?r[ﬁ[ba%’ﬁ}ﬁg&'iti ng the root end 8, the
abrasive slurry retur npokprobessingbepsinay thenderemployedwifer examplé) airgyedsarei s
repeated until the appro&ri.ate cooling hgole dianmeter is 3% a}(l:r\iée ed. This
is confirned by sabshoyti8apsi (E&hkRam diggeted) intp the £9qt/ggd 8 of the Kues.

The abr asi fl hi ni . i f
oper ati o, for ox e Sma gry SR AHCIRAEE THESheZimey BT 0

_ the machi settings, as
vel | as ot hegpiadrpélinG dé&ixﬁn?%aﬂﬂt@Qe@év@é&fy%idetﬂal&messwndésirabke
desirable that the abrasive 30 slurry maintains a uniformflow rate as it

moves through t he mateslal, sycthad absasi@. slurry. For example, the blade 2 may be submerged in

10 e.of ordjnar ILLloA the apt .woul d | t hat
vari abl es incl udi ﬁ@%}ék‘g%tat gﬂ""“t lgpﬁl(ﬂj d)g‘orc%%g%gn{lﬂlﬁa%m@ﬁgégﬁ e@b@thand
si ze of abr aS|lg € Slatkr'Rir atdf'2 fnlistield. A conventiBfdl High/predsurt diPgminohy/thea Bet he

machi ne settings. Post processing steps nay then be enpl oyed.
For exanple, air peswulrette blate 2bdfter 8fying; irflew2hiorgh thechjade? may betesiedi nt o
the root end 8 of the blade 2.to0 . force excess. abrasive slyrry out of
the bl ade 2. The BfHff@oﬂs‘bfﬁ’?s%l?éﬁinhﬂ'émme“s‘gﬁﬁﬂ%(fe’HB’&yWHﬂéle%%ﬁwg”'ng bath to
remove any external, exeesss | it [ Ra8raRvas EMployaE (R FARInME
slurry. For exanple, tﬁgﬁﬂgﬁqgﬁnlgﬁ@as%%rggd I n b y

would be removed prior to submerging the blade 2 in the cleansing bath. For

15 example, the material may be baked off by inserting the blade 2 in a furnace at
above about 1000°F (538°C) for about 20 minutes.

The invention will now be described by example which-is meant to be

exemplary rather than limiting.

20 Example |
A protective MCrAlY overlay coating, as described in U.S. Patent Re.
32,121, was conventionally applied to ten JTOD-7Q series first stage High
Pressure Turbine (HPT) blades having an aluminide coating on their internal
surface. The JT9D-7Q is a high byp"ass ratio engine capable of generating
25 53,000 pounds of thrust. Its first stage HPT blade is_made from a directionally
.solidified alloy and is cooled by directing compressor bleed air through passages
inside the engine to cooling holes at the blade leading edge and on its concave
wall. Upon exiting these holes, the air forms a protective film on the external

wall to keep the blade sufficiently cool. In order to adequately cool the blade
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an alkali bath at about 160[err]F (71[err]C) for about 5 mnutes and then
Finsed with 10 water for about 2 m nutes. A conventional high pressure air

gun may then be used to dry the blade 2. After drying, airflow through -
the blade 2 nmay be tested as previously described herein to ensure
conformty wth design limts. In addition, if an ultraviol et
curable material was enployed, this materi al woul d be renoved prior to

subnerging the blade 2 in the cleansing bath. For 15 -exanple, the materi al

may be baked off by jnsertin _he bl a 2.1in Jrnace t bov about
1000[ err] F (538[ epdq alancg they EBWrFF u‘ffé!s?‘YStem tSugh these h".‘%v‘g S

wi |l now be descr f 2Rbmingl flow levelexenpl ary rat her
than Iimting. %ﬁgﬂgéa ;ﬁxﬁrff&?p@{%ﬁﬂ) asta% rotective MCrAlY overl ay

coating, as described iThe ténEblad%atv&m aifffow tested faltowing initial slepesitiamefitbeal | y
applied to ten JT9D.70Q series fjLst sta Pressure bi ne (HPT)
bl ades havi ng an Mer?&lceét%aﬁrﬁgwwoeg’éﬁlrogﬁﬁéﬁaﬂﬁ's Ee

JT9D-7Q is a high o B
pounds of thr u$st ﬂP¥%P ?L{sr?ﬁlgﬁlﬂgﬁ%%ﬁﬂgkﬁg&kaﬁmggﬁﬁa ax?esaét::tlonal |y

solidified alloy suggested cieadbeitt- bproﬁM@vAﬂYmgeﬂagmmHsgurthbbedmgdldesmeamhgh
passages I nside the engine to_coo

hole at .the b adl ed e
and on its concaveuter edgq,gg the coglisg hggg,sthpqi]geqr ﬂ}?cﬂ'%‘getert ‘P@gﬁf’?" °
rotective filmo 0 entl
(F:)ool I n order togg qua e @A?O%Pg?%ﬁwllls/tf%@ﬁ@elb@ﬁdégigﬁ‘iﬁgﬁfﬂ%dng%ll anc)e

the cooling flow gigfléw tevél @iffnfim aédemableiib&ugmtﬂ%bdobvaieagnmarget fominal
mai ntai ned at +1- 12.5 percent of a target nom airf | ev

l .
The ten bl adeéomeﬂ@ﬂ%vﬂmawﬁ%ﬂ'é@emwmfﬁ@‘qw “é’lmd)e P‘Eheézoéi“f@e

MCr ALY coati ng. I ool ing hole groups
5 flowed under ?1'°W3¥g8€§’ﬁ§'99?“%J eranc%ptgegiégdgggﬁge ?agx %ngl ne operation.
Thi s suggest e_d t hahe Bladbsweiie thén plocdssed with ubeof £VedtonSeries abtusive dloiv ng
hol es near the outer edge of the cooling holes had decreased the

di aneter of the cowrhiniggdevies produced lgpsmdecfg@nqﬂorapfanpwﬁpem@@uy,fﬁverﬁfl3%

to 48% bel ow desi the t:}srzli {algﬁés were' loa?cfed into a cylindrical fixture on the device. The leading

15 edge and concave wall flow groups were processed separately. This was
possible by applying masking tooling to the fixture to block the flow of abrasive
slurry through cooling holes in the flow group not being processed. Specifically,

* each blade was inserted into a block type tooling device, tailored for the fixture,
having openings therein. The tooling device allowed abrasive slurry to flow

20 through particula-r cooling holes. |

Extrude Hone media #831-G-1 was forced through a 10 inch (.254 m)
media cylinder at preseure o-f about 475 psi (3275 kPa) in the bottom cylinder
and about 575 psi (3964 kPa) in the top cylinder, with a displacement of 500

. cubic inches per stroke (.008 cubic meters per stroke). The media entered the

25 internal surfaces of the blades via the cooling holes and exited the blades through
‘the root end. The blades were processed through five cycles. The second group
of five blades were processed through ten cycles.

The ten blades process in the trial were subsequently airflow tested.
Application of the abrasive slurry process for five cycles in the leading edge of

30 the first group of five blades resulted in an average airflow increase of 16%.
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airflow | evel (m ninmum acceptable flowis 12.5% bel ow desi gn target nom na
10 airflow level). Hole dianeters were found to be up to 0.002 inches
(.051 mm bel ow target when conventionally checked with pin gauges.
The bl ades were then processed with use of- a Vector Series abrasive flow
machi ni ng devi ce produced by Extrude Hone Corporation. Specifically, five
of the ten bl ades were loaded into a cylindrical fixture on the
device. The |eading 15 edge and concave wall flow groups were processed
separately. Thi-s was ossi bl e by appl yi.n sking taoli o t.he
fixture to bl ock tIheeqofghe Bve Bladessyers sti S"SX%‘V%PH% "["HV‘gﬂ%ﬂOB’c?&%f h?j" HeTes in
the fl ow group no%'ggéng processed. Specifically, each bl ade was
inserted into a bl ‘type tooling device, tailored for the fixture,

havi ng openi ngs ther ei nAvetd difflow 6fahellzadiag edgd fove graprafshe secondigropptof f | ow
20 through particul ar cooling holes.

trude Ho i
#831-G 1 was f or cdiveladesiprocessedthrough ten sydlesjjicreased EXM@ré&r}‘ae‘Ekﬂar‘n g"Fe polél%a"‘h
f abqut 5 i . j d about
e el (5064 Spaot sk ke bRALTCH Mthil sl TRl bORRr ro G ifg, and pofaNd 200

cubi ¢ inches per sfidnNi6rswed®thceddbddcoy i) ®F 4bope0.082 inches)(.0SThemjreAverageat er ed
the 25 internal surfaces of the blades via the cooling holes arf_.g e&t ed
¢ iythahp

the bl-ades t hr oughirflow inereaseranghe eonsaverwall BPYESQURIFALCIRRAS §h
onostrec T RSO P pagion Hpobhif BB TR IORE LGS R

ten cycles.

subsequent |y ai rf Iy rof SipRficantly affeeB by ik bfiteQing! [Basedbomthieyetrinlsit wys
process for five cycles n the’l eading edge of 30 the first glroijﬁ)) of five
bl ades resul t @ i reoncludedthatsbe prodessoshoplddeaalifiosk for gepair of JTOD-7Q HPT first

o2 i mum 1 ow af t eS8 Juoge padstl with BboRtsRg ThnittR'eS abdd'to Rpcflbsy OB
the | eading edge flow gfpidvaffagh BEtHRGHFESRAL i@V&Hdn & that it also has application in the
repair of gas turbine engine components. For example, after a full engine run
which is typically between about 2,000 hours and about 20,000 hours, gas
15 turbine engine components are processed in a serviceability check. In this
serviceaixility check, the component is inspected for adverse effects such as
cracks, burned areas, and any dimensional deformities as a result of the harsh
operating conditions of actual service. The component is then heat treated for
stress relief. After this heat treatment, existing openings in the component, such
20  as cooling holes, are masked (i.e. covered) and the external MCrAlY overlay
coating is removed. Typically, this is accomplished by submersing the
component in an acid bath.
All masking and any underlying MCrAlY coating is removed and the
exposed, external base metal surfacé, is then inspected for cracks. Provided the
25 base metal is not defective, the external surface of the component may be
‘recoated with a MCrAlY coating, as previously described. As a result of this
recoating, however, an additional build up of excess MCrAlY coating
accumulates in the cooling holes, thereby potentially adversely affecting airflow

even more. Thus, the present invention has great utility in the subsequent repair
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five bl ades processed through ten cycles increased by 25% The airflow for
each:- 5 of these five blades fell within design tolerance after
processi ng, and hol e di aneters were increased by up to about 0.002
inches (.051 mm. Average airflow increase on the concave wall flow
group was conparable to that of the | eadi ng edge. In addition,

al um ni de coating inside the hole and internal passages was not
significantly affected by this processing. Based on these trials it was 10
concl uded that the.process should b (RN f. r: i : HPT
first st age f’ﬁgﬁtH 9 ShRLE o %Hg'gg’c?égse??aﬁdﬂl}er}]ﬁp gl %@ff%cg%g?f %’ghten
cycl es. compOengdvant age of the present invention is that it also
has application in tﬁe repair of gas turbine en&; ne conponents. For

exanpl e, after a ful|l etpongh therinvention has begn shows prd-dascgbadavitieesspect &)t

2,000 h d 0, 000 h , 15 A i
ot ocessed i n-a sefpaledabipenAdakedt fahg b LRIL R 8sE RERANEEHR! P
conponent is i BSP@g GEribiR! chafde’ i forfl dn Wefail b berhade withdut dep@tindfromeatle

areas, and any dinmensional deformties as a result of the harsh
operating conditi spisit afid scopeaf thednvention. Spesificaliy githersgh the inyentionshas beerat ed

for stress rel. ef, fter .thi,s heat, treatnent X] St140: KRGS i n the
conmponent, such 2@““&5‘15'6@6?'%?6 ‘ﬂm @gge.cg}oea ﬁﬁsstggodné( ?".%fled.esotclziod\}glrte ) g.IB] t he
external MorAlY O‘égﬁér.%od that thRbértn iSagplERNE othiiias hrbice chfing | S

acconpl i shed by subnersing the conponent in an acid bath.

Al'l masking and awcgmponkntd stch@s Milied1Y coating is renoved and the

exposed, external base netal ,surface is then inspected for cracks. Provided
the 25  base lfret Yhatds dlgimeddsiccti ve, the external surface ofthe conponent

may be recoated wth a MZrAlY coating, as previously described. As a
result of this recoating, however, an additional build up of excess
MCr ALY coati ng ~accunul ates in the cooling holes, thereby potentially
adversely affecting airflow even nore. Thus, the present invention has
great utillty in the subsequent repair

13
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.of gas turbine engine conponents, as well as in the initial 'manufacture of
such conponents. Al t hough the invention has been shown
and described with respect to detail ed enbodi nents thereof, it should
be understood by those skilled in the art 5 that various changes in form
and detail may be nmade wi thout departing fromthe spirit and scope of
the invention. Specifically, although the invention has been primarily
described with respect to a gas turbine engine blade, it should be
understood that the invention is applicablgptfsother gas turbine engine
conponents such as vanes. 10 What is clained Is:

1. A method of removing excess MCrAlY overlay coating from within a cooling

hole of an aluminide coated gas turbine engine component comprising the steps
of:

5 providing a gas turbine engine component having an internal surface, an
outer surface and a root end, the component also having at least one cooling
hole extending from the internal surface to the outer surface, wherein the internal
surface of the component is coated with an aluminide coating, the component
further including a MCrAlY overlay coating on the outer surface and iniside a

10  portion of the cooling hole; and
forcing an abrasive slurry into the gas turbine engine component from the
outer surface of the component to the internal surface of the component, through
the cooling hole, wherein the slurry flows through the cooling hole and removes
at least a portion of the overlay coating located inside the cooling hole without
15 adversely affecting the internal surface of the component, the slurry subsequently

exiting the component through the root end.

2. The method of claim 1 wherein the abrasive slurry is 2 semi-solid plastic
flowable material comprising abrasive grits.

20 .
3. A gas turbine engine component repaired by the method of claim 1 such that

airflow through the component is within design limits.

4. A method of removing excess MCrAlY overlay coating from within a cooling
25  hole of an aluminide coated gas turbine engine component comprising the steps
-of: '
providing a gas turbine engine component having an internal surface, an
outer surface and a root end, the component also having a plurality of cooling
holes extending from the internal surface to the outer surface, wherein the

30  internal surface of the component is coated with an aluminide coating, the

T



14 d ai s 1. A
met hod of renoving excess MCrAlY overlay coating fromw thin a cooling
hol e of an al um ni de coated gas turbine engi ne conponent conprising the
st eps of: 5 provi ding a gas turbine engi ne conponent
havi ng an internal surface, an outer surface and a root end, thé
conponent al.so having at | east one cooling hol e extending fromthe
internal surface to the outer surface, wherein the internal - surface

of t-he component is coat i th an.al ugisi i .

further including °8"\9&P93&?$’%¥efér“?@‘v“%%ﬁ‘zfé‘?gr?q’?ﬂ%‘)Q?% lgéggtﬁ?oguég an%c? M de
a 10 portion of tiﬁkﬁ’dé@@d&iaﬂohﬂ{e%oﬁﬁgjholes; forcing an abrasive
slurry into the gas turbine engi ne conponent fromthe outer surface of

t he conponent to the i maskingla partiomeftheicoeling holesgomeevent flow dhnge through;t he

cooling hole, wherein the slugry flows, through t.hescooling.hole.and renoves

at |east a portion of t‘??@”ﬂ\getﬁ‘?é?fnegréet“f 5O A% Pg&eﬂ?}‘g’i"&gﬂ@f{%‘l&&‘%ﬂ’& hol e

wi thout 15 adyersely ghichifald %rés'i\ﬁeéldiﬁeﬁxf@ihe%%ﬁﬂsiﬁe@ﬁ%iﬂé‘&nﬁmﬁm&hsthé he
g

slurry subsequently exi ting the conponent” t hrough the root end.
2. The nethod of outsrsuffacetditke compeneabioethe internhl surface of the semponent,ithrough

pl astic - flo | e naterjal conprjsin brasi ve i-tS,.2 3. A gas

turbi ne engine c%ﬁé@g%k&i ‘?"é%"r’I‘BJj“? ﬂ‘é‘%‘r@?ﬁﬁ?"@f‘ghg{hﬁl ’ing(s)lff’é?‘f’ 3t

airflow through thenGARRPRGENa poitibh bR Hefiyébatihgidchted inside the cooling holes
without attacking the aluminide coating on the internal surface of the

10 component, the slurry subsequently exiting the component through the root end.

5. The method of" claim 4 wherein the masking step includes applying an

ultraviolet curable polymer over the cooling holes.
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4. A nethod of renoving excess NCrAlY.;Q\__‘/_e__r; | ay coating fromw thin a cooling
25 hole of an al um ni de coated gas turbi ne engine conponent conprising the

st eps of : provi ding a gas turbine engi ne conponent havi ng
an internal surface, an outer surface and a root end, the conponent
al so having a plurality of cooling hol es extending fromthe internal

surface to the outer surface, wherein the 30 internal surface of the
conponent is coated with an alum nide coating, the -
conponent further including a MCrAlY,oyer [ on the outer surface
and I nside a portion of the co #’)S:gﬁlckgﬁytgg;ﬁﬂd&gre maski ng a
portion of the cooling holes to prevent flow there through;

inserting the conponent into an abrasive flow machining device; and 5
forcing an abrasi vMethod o RemowingBxagssOvenlay Geating Fram WithimCapling Holesh e

outer surface of the conpo t tp the internal  sur onent,
t hr ough t he cooling ?Fo‘f@@'}mme %ﬁtﬁdﬁérfqrm'?eyﬁﬁglgﬁg% roﬁgi t he
cool ing hol es gnd renoves at |east a portion of the overlay coating
| ocat ed i nside the cooling holes . wtho acking the al unj .
coating on the internaIAgli‘fﬂfOQc,‘gfﬁ‘P"Y‘H%e’i??ssMﬁ@m&f‘a"gﬁ?g{}% ﬁp}rﬁ;{lnﬂhgg
subsequent |y exitingd,. §nidd Sl s BGrbiR¥ng B Gomponent is discloseé.
nmet hod of claim4 c&ﬁlelégﬁ%ggﬁyﬂg@ﬂ%%% ep aIsncl udesggppl ylpng an
ul travi ol et cur abl’Ehefiadthiod®inclodes prokidimmgasrtyrbire engine component having an
internal surface (4), an outer surface (6) and a root end (8). The component also

10  includes at least one cooling hole (10) extending from the internal surface (4) to

the outer surface (6), wherein the internal surface(4) of the component is coated
with a corrosion resistant aluminide coating. An MCrAlY overlay coating (12)
'is- also located on the outer surface (6) and inside a portion of the cooling hole
(10). ' An abrasive slurry is forced into the gas turbine engine component from

15 the outside of the component to the inside of the component, through__ the
cooling hole (10), such that the slurry flows through the internal surface (4) of
the component and removes at least a portion of the overlay coating (12) located ...
inside the cooling hole (10) without adversely affecting the internal surface. (4) of
the component. The abrasive slurry subsequently exits the component through -

20  the root end (8).
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