.17 May 2004 MODI FI CATI ON AND REPAI R OF FI LM COCLI NG HOLES | N GAS TURBI NE
ENG NE COVMPONENTS BACKGROUND OF THE | NVENTION Thi s invention r?{’@fﬁe%s %}o
nodi fication and repair of cooling holes in conponents in gas HT R
engines and, in particular, to the nodification and repair of such holes in

stator airfoils, r ' S e to hot gas.
Tur bi ne nozzl es an a%g%Agﬁbﬁﬁm%égqugim&ﬁ@EEgg| nes and
power generation equi prERtGASITURBINE ENGIBH COMEMNERTPE surfaces exposed
to hot gas. Wth filmcooling a filmof air flows out of small holes in

the airfoil and over the airfoil surface so as to cool the surface, acting

as a barri UEHQ f and the surface. These snall hol es
tend to de\?%ﬁggé%l?gc s,bvl\:hril“c CX%I\?@?U t inthe airfoil having to be

repl aced when the nunber and size of the cracks exceed nmintenance limts.
Airfoils w Thissuehtion exdétes wumodifieationraxpephibef andiag duleh i canpenensrid gho
propagate radially and.axially.fromthe oling hol es d can eventually
result inc ﬂﬂ%ﬁg?ﬁ{nesffﬁ‘fli %@‘%WEP EJIW%@C‘@QH T?WE?@%PENﬁﬂE%B}ﬂ?tHQ to a
first aspecijrfefls, rb@r RiRHS Hnd oRYR tbmBBnerts &BLHR B g4¥pdi fyi ng cool i ng

holes in a gas turbine engine filmcool ed Cconponent™is provided, said

conponent conprising a bodY and sai d cooling holes, wherein said cooling
hol es have E@biengozzgs| endivhladss ard eptem gompenentshin jamtrafi onginds aik povdy and

i i | j ' | f f th
body. eai o BARSHEaRaal oty U] oS REC mirEs EURERT L R BN ng
sai d cool i nfjlnhobeling ® fikarsfvatr Maive rdublof fsfin@h lddstin 160 QlrfdlD attd berk |asifoil O

enlarge said gutlets, and formtapers in said cooling holes extending from
the outletss FQag igecophthe spdpces petingeas gdyricr hebwreni oy flowrathgmsesrad dheect

of the presgpfacé ARM iAll hABPERE o R/RPLrEAS, WRLH ¥ Rult in the airfoil having

to be replaced when the number and size of the cracks exceed maintenance limits.
Airfoils with such cracks must be scrapped because such cracks tend to propagate
radially and axially from the cooling holes and can eventually result in component

failure.
BRIEF SUMMARY OF THE INVENTION

According to a first aspect of the present invention, a method for modifying cooling
holes in a gas turbine engine film-cooled component is provided, said component
comprising a body and said cooling holes, wherein said cooling holes have cooling
hole walls extending from the interior of the body and terminating at cooling hole
outlets proximate the external surface of the body, said method for modifying said
cooling holes comprising machining said cooling holes to remove material from said
cooling hole walls, to enlarge said outlets, and form tapers in said cooling holes

extending from the outlets toward the interior of the body.

According to a second aspect of the present invention, another method for modifying
cooling holes in a gas turbine engine film-cooled component is provided, said
component comprising a) a body, b) cooling holes, wherein said cooling holes have
cooling hole walls extending from the interior of the body and terminating at cooling

hole outlets proximate the external surface of the body, and c) a coating on the body
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,G0oQ] | ng holes in a gas turbine engine fil mcool ed conponent is provided,
said conponent conprising a) a body, b) cooling holes, wherei Q7ﬁaiﬂ)

v . . . . ay 4
cool ing holes have cooling hole walls extending fromthe interior’or the

body and term nating at cooling hole outlets proxi nate the external

surface of : | . . . i ng
to said coo%lﬁb&%?% oe sﬁgﬁogl?lnégﬁg%n%l?%ggﬂf %lrgﬁlr??)glg%/ﬁb r(lié&lsj%a %‘%%gﬁl%hﬁlgges
conpri si ng: congyisiig) remdvitlg Caid coginkr fomt the Hadey maokiaingniany cedling Beles it
holes to renove material fromsaid cooling hole walls, to en]arge said
outlets, antFmoyemafcriat Gprasaidicpolingholewalls, tnpeniasgesaidqutict anbtofprpiapss In
outlets to i ri . It t41.0- o]
sai d body \é\gl% cej%ogylnﬁ% l{ﬁgésg)?%dg{(?oﬁaﬁlghﬁg %ﬂﬂé}/aﬁ?%ga,g@ g oﬁfﬁ%{;%tfgtﬂg l%oﬂ?’r gﬂas pect
of the presdapbsiting endating onia shidrtole extemdingtd shalrconiing hiolé mglls.cool i ng hol es in
a gas turbine engine N -based alloy filmcooled airfoil is provided, the

airfoil conprising.a) an.airfoil. bod )._sai.d coaql i.ng hol] e wher.ei.n said
ool 1 ng vl RECTHR S oGt APHRD E EPIeLcri ir PR THUH EPRSah O POYITGRE ¢ ne
ai rfoil bodyoohing hbRE i agﬁs ﬂ%in@bn%iﬁ&Nﬁ-Bgseﬁ%hlﬁy Pkl RofednnehiN s Oﬂbwﬂb@,éthe
cooling airflow path w dths of between about ~0.012 inch (0.03 cm and
about 0. 040eitfaH isopprising ) ap esidihbady, bheaid xoelingholey pheren sfid conling matlsi |
body, c) a ' i k. extendi to said.cooling
ol & v 1 o, e ot s Beilob Horfd Meson St HOT BV il 1cBRiHufE
repairing saidolif®bblengitles! lRvingompikingl beslingClitlcat phthngideni F Wtwednikifit
coating to renpve_ said m ni de coating fromthe airfoil bOdiI; machi_ni ng

alu f
sai d cool i ngOkbIehd00p ey agd abougf R0 Anchiy(O: leemn prprémate |t exdernal gifacaef gr oup
of techniq ﬁr?cffpﬁ. ' ARG 1o i 8RNAHS I ni.ng, (T
machi ni ng, u%% e ec(%c%?gétdr eaam nadzef\“{o%?nr%grth g[feremggggyc%ggﬁﬂglgntbgﬁﬁscg?gng
cool i ng hol koleaddlls, emhpy csickgirs sdid cookik Solehealéd) waflamathng foapguithg sidnment s
in said cooli 1 5‘1?' es extendi ng from F’%ai d coolin .Eol e outlets into said
airfol | botRPILEAIQIES o APEPHENES paIdc SIS InGg SHE BTG (CORRg |18 Femath Yt hs

by from aboym@fi@e coating from the airfoil body; machining said cooling hole outlets by a

machining technique selected from the group of techniques comprising from electro-
discharge machining, laser machining, and electro-stream machining to remove a
portion of said cooling hole walls comprising said cracks thereby forming tapered
segments in said cooling holes extending from said cooling hole outlets into said airfoil
body and to enlarge said cooling hole outlet airflow path widths by from about one
and one half to about two and one half times said original cooling hole outlet airflow
path widths; and depositing an aluminide coating onto said airfoil body extending to

said cooling hole walls by a vapor phase aluminide technique.

Other features of the present invention will be in part apparent and in part pointed out

hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
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and,-one half to about two and one half tines said original coqgling hole
‘outlet airflow path wi dths; and depositing an al um ni de coat i1na ‘é 2@@@
airfoil body extending to said cooling hole walls by a vapor phase

al umi ni de t echpbguer i ekent o Wies of £l abQ ek ' kpptae '
part apparent _a%d inlpart epoliﬁn eél outg tlﬁ&?%?ﬁ%?t@? _ahﬁﬁ?@ét%e Idif%’—a
THE DRAW NGS |iaventibnMAY 2004 Figure 1 is an exenplary airfoil of the type

nodi fied according to the nmethod of the invention. Figures 2 - 10 are
schematic rep:@sent ati cool i ng hol.es fter fication

f d di
according to nEfHGY G#BE%GS%FWWFFFU%S?"%“ EI%E I%glﬁ%%mafﬁlamqgﬁl rppffication

I NVENTI ON | n ofgorfieetimdéthsd bPieMveRfiod Nvol ves nodi fying the shape of
exi sting cooling holes to enhance their performance. In another aspect the

i nvention_ involves repairing cooling holes by renoving cracks in the
cooling hdles while nodifying their shape to enhance their- 10 perfornance.
In accordance with this invention the coating which is typically on a gas

In accor dan i nve . ch i's typically
col lecti vely raFonresB R SRl DETHIERPERIRAR (vatfon and hot gas

corrosion resistance is renoved, for exanple, by an acid chem cal etch.
This coating ils drgpispedt ltie mvembini ingolods rabdifyiny the;shifie- & kit dBoRkg hbles Bo
al um ni de. Afte¥l renpval of the coating, the outlets of the cooling holes
are enl arged Hphansgdhsihpsriorpirnes. obn anediep pepeciethadnvention yplyes eepatieli avioking

o e _ ) S S . Material in th
ool 1 1g hol ¢ v a8yl cpis3ietodley T WS bliRohd g prepe 4 FtAnesshived
wi t h an Hl um rpgedferthanca. chem cal vapor deposition process

In accordance with this invention the coating which is typically on a gas turbine engine

nozzle airfoil or turbine blade airfoil (hereinafter collectively referred to as airfoils) to

provide oxidation and hot gas corrosion resistance is removed, for example, by an acid
chemical etch. This coating is typically a coating of aluminide, Pt-aluminide or Ni-

15 aluminide. After removal of the coating, the outlets of the cooling holes are enlarged by
machining by, for example, electro-discharge machining (EDM), laser machining, or
electro-stream machining (ES). Material in the cooling hole walls is therefore trimmed

away. The airfoil is then coated with an aluminide by a chemical vapor deposition process

to provide an oxidation and hot gas corrosion resistant coating. For higher temperature

0 applications it is desirable to further coat the airfoil with an insulating ceramic thermal

barrier coating using physical vapor deposition or an air plasma spray process.

In machining cylindrical cooling holes such as those indicated in turbine airfoil 10 in Fig.
1 at reference numeral 12, the outlet of a given hole is enlarged to an outlet of greater
size, and the shape of the interior of the hole adjacent the outlet is changed to exhibit a
25 tapered cross-section, and further optionally changed from circular (i.e., cylindrical) to
oval or rectangular. The effective outlet airflow path width for air exiting the repaired

hole is on the order of up to about two and one half times the starting effective outlet



to provide an oxidation and hot gas corrosion resistant coating. For higher

‘tenperature O applications it is desirable to further coat t?e&%b&)il W th
an insulating ceranmic thermal barrier coating using physica ! 2{][]!,.

deposition or an_air plasna sprag process. |In machining cylindrical cooling
hol es such as RR#A%E P?tgd’l”éﬁt eteferably abpitriavodtimésahe stagingrefsctaye outletdirflosd pagince

| 12, thg:outle ve ole.is enlar to an.putl et of greater
Gi 70, and 1 he SidticlinHhafnt UFPIRGT b R AT e Rl peve & Eom
changed to exhabviut ofe i bRPIRIAY 1GIOOFE- Haif rhes ARCh A Beiflet%ﬁmbm?a'n&rmdth
changed fromcircular (i.e., cylindrical) to oval or rectangular. The

ef fective out| whilaihefinlehmpiating bpledianteter inthe sexe o¢ thg origimal épignr ed  hol e is
on the order of up to about two and one half tines the starting effective

outlet 2 7 ' i_dt h referably. about two. tines, the
s? arting %f f ecl\:/itﬁ Fslé%ggﬁ?@g%ﬁ g@’%%%@a‘g{aﬁve %ag K IdH“%%'Q”?)?e oS PEgT I REnt
the effective mbdifitaiwnpat depait didordisg i ekieanemtid® Fipow 2 Win%@ss@@&%&ﬂﬁ

half to two and one half tinmes the original outlet airf|ow path width
whil e the inl etvipgtca holg PROT & bRingriapeired er mpdifishnBigare % ise top ivighnefl thdsamen.

5 Figures 2t 0,: el ative s s, and .di,nensi ons of hol es

pri o? to and Qiﬁ?grgﬁ tﬂr?o%ﬁ??\é{éﬁ&gh F@F '}rltgﬁgri ?E@E?‘ﬂed? ﬁ!ﬂ‘"f’B"fph? ‘F%V@?ﬁ?%ﬂ?‘“
Figure 2 showstramvers®©ss tieairécdion f fflown terdtRlouiO b€ ciRdul®! bhiObReLRIHeERAL M ed
or nodified. Figure 3 is a top view of the sane” hole on the airfoil

surf ace.1%he ilAEEeFs theoturipratiagaaglesit appearsdmviak digurerdiaid § shovoths ssee holerin

L ' i h ] h i I lar, b .
becanse tne hare 1o it abbl fofiyicv B RN RN bebifelt e e b i

Fi gures 4 and énlasgevotdriibiarepdi@k ehdwin, Cross-section and as a top view on
the airfoil surface, respectively, after the hole is enlarged to ezhlblé a
taper as sho Wth specific regard to the _taper as shown in Fig. 4, an
coﬁpar abl e t \év?p\gitg SP??‘éi rggard ¢p g deper ps shomindn Figpdrand somnareble tapetsdn %MS @pnd o

ool 10, o0 LA o S SN L LA gL =
15 Figure 4 illustrates one particularly preferred embodiment where the taper in the cooling
holes has a downstream angle of taper which is greater than the upstream angle of taper.
The angle of taper is the angle between the cooling hole wall and the axis of the cooling
hole. The upstream angle of taper is upstream with respect to the direction of hot gas
flow over the airfoil and the downstream angle of taper is downstream with respect to the
20 direction of hot gas flow over the airfoil. The airfoils in these figures are oriented such
that hot gas flow across the airfoils is from left to right. The advantage to having this
larger taper on the downstream side of the hole is that it reduces the exit angle of the
cooling air onto the airfoil surface, which in turn results in less turbulence and smoother
transition of the cooling air from out of the hole to a film dispersed on the airfoil surface.
25 In each of the embodiments shown the taper and the angle of taper are also describable
in terms of a flare and an angle of flare of up to on the order of 10 degrees, as the

modified cooling hole has a flared section from its interior toward its outlet, and the angle

of downstream angle of flare is optionally greater than the upstream angle of flare.



hol es has a downstream angl e of taper which is greater than t1h@ M)é\(rgﬁﬁ'l,.
‘angl e of taper. The angle of taper is the angle between the cooling hole
wal | and the axis of the cooling hole. The upstream angle of taper is
upstreamw th respect to the_direction of hot gas flow over the airfoil
and the downst HedlifcatgiEncst of t&ﬁ&veﬁltsondbwg%faéa%swcn% a%tﬁsg?ief@ni‘fﬁ&eé%the

direction of hgt. aas of Lo PVREethiGeRts dbhally iﬂédrt%%!elréctirfgéu&??ﬁ%uﬁés%n%s
are oriented such thai hot gasflgwarosst e alrfoils | romleft to
ri ght. The advanshagetleosdnses holg inhéress-teatigerant agses top vidve ahothes birfed nsusfade, of

the hole is that it reduces the exit angle of. the <coolin ir onto t
airfoil surfackespemiven afier therl1ple 8 SpiarEed in CXIRIL A {ARE LA UAVE 2ad 1S SHgs fiadiiied

transitiop of ' N : t Qutdekddsondi SREnh e n
t he ai rfo?l su{r ac%?ﬁbgmigrhal;%é{%{eg?? ?ﬁge gﬁgﬁ)ﬂi&r}}en LFsFar’s otvvﬁ t ﬁe taper an c?She
angl e of taper thersarfatesn adaagie] ibafylears trapet@dals loFiga %7 dmeensind 18ns amgleerddr

flare of up to on the order of 10 degrees,.as th di fied, ,cooling hole
has a hared se@tioyBhly tEaie {0 pit e tWPrBe“FPg%Bu{Eﬂ?‘B?I}S' FABE Hg i

o S, kg 1 0SB SRR, Dl 1 200

flare. 3 17 MA n one e e tnvention the circul ar
cross-section gf ditrkasibwlé transverse to the direction of airflow
therethrough is optionally nodified to be rectangular. Figures 6 and 7

show the_sane hole in cross-section and as a.t Vi ew on t aj rfoil

surf ace, 101 es pHRATOMST §TbRBIRER! phbe HieRtathg ﬁlfﬂﬁ%ecd"%st?e_%@&ﬂ %‘f‘{‘e holp Sgnsverse
shown and its %ﬂ@e%irgaﬂinfdf%ﬂﬂﬁwttﬁeéaﬁué liaBgidmlly mbafieh 16 86 bo4l. oft thbgirfagl e
is rectangul ar, but because the hole intersects "the surface at an angl e,

it appears trapafotds holé apfdagsas 4 Gval]isimeihs ito thel®val sppparanhe obthgenirculgf hole
roughly two to two and one half tjinmes dinension 20. D nension 22 is .on, the
order of T ougHIaPm fioFigg St ACHE BRGVHATADE FriBBregh RERLIEG . CIERERRIRORS 20
and 24 are theo?ﬁcﬂ:ﬁ[ erASoHhBRNILO hkGolelilieliBr AN BHRedhent of the

i nvention the circular cross-section of the hole transverse to the

direction of airflow therethrough is optionally nodified to be oval. At the
airfoil 15 Circular cooling holes typically have a diameter of about 0.012 inch (0.03 cm) to about

0.025 inch (0.065 cm) in high pressure turbine blades for aircraft engine applications, and
up to about 0.04 inch (0.1 cm) in high pressure turbine blades in power generation
applications. By this method the effective outlet airflow path is roughly doubled to from
roughly 0.024 inch (0.06 cm) to about 0.050 inch (0.13 c¢m) in aircraft engine applications,
20 and to about 0.08 inch (0.2 cm) in power generation applications. The doubling of this
dimension corresponds to a roughly tribling or quadrupling of the outlet size, depending
on its shape. These relatively larger outlets advantageously serve as diffusers, which result
in improved diffusion of cooling air, and thereby improve cooling by reducing separation
between air film flow paths over the airfoil. The diffuser shaped holes spread the air out
25 over the surface of interest. The larger exit area improves film coverage and overall film

effectiveness.

The enlargement of the exit holes results in a lower air exit velocity and a corresponding
lower film blowing ratio. The film blowing ratio is defined as the density times the

velocity of the cooling gas over the density times the velocity of the hot gas over the
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surf-ace the hol e appears as an oval, simlar to the oval appeanarc lI] t he
'circular hole shown in Fig. 5, although the oval shape |S%M‘B§€3§ %aced,
i.e., elongate, in this optional enbodi nent where the hole interior is
nodified to be.gval —..15 Cr.cu cool |. l.cal h a_.di anet er of
Bbout 0.0 12 HEHE (BGZed SRS RS BN Rt B Bra Se Pt O %6

pressure turbipreveat Bldasoffdre. diffisy &f the esglinpdilapl the akfolingsfacend up to about
0.04 inch (0. 1 cm in high pressure turbine blades in power generation

applications. By this nmethod the effective outlet airflow path is roughly
doubl ed to frdrfie hodiigmpytoobedmied aetrsolargediopysyen: as st ip flososepa@tiop end.3ncm
in aircraft eng| pRl.ji FONSy 8. . . in
power gener at ir}%rht%glg)a& 'i%gferl |ggilogl.éfﬁ?§ﬂﬁ%ggﬁ t}aﬁ%%ﬁ? %%E%IQ a&i%ﬁgﬁg’néggﬁ'% Bﬂds

to a roughly trediplatigneéndguadraphomngisdfont betsidetheadirfsil dewn tep endiditing ®ald.t S
shape. These relatively larger outlets advantageously serve as_diffusers,
which result The #reumswEHowiseragaionang recigptiongiepends ol the nelatiprship hefeensie
cooling by re B ratl ' Ll r e
airtol. Tne aopiiEeRiRRLALLOR ofIft BEEAEHs ok bR AGEMBELISs MUkl Tl pas

of interest. THeen diadogeredehdt by afackinihgpweyastefial soncovsirage therdeotiveroatikt fldvym
effectiveness. The enlargenent of the exit holes results in_ a |lower air

exit vel ocity PaHd wadtBory Eesh e #hput Itypeandfonehalh tigsnige rerigivnl fiave widihythe

bl owi ng ;ratioj [ nsi | t elinGi LNg
gas over & ne uRetEy PR BhrdR ARORI ki Re WGioel S IR GhE ¥rfipat S0 1
2004 airfoil. idfehfiod albRinghoitkdemoviiphah@bine df bateinl @outd oM tamdoleﬂen'ﬁ%l f
to about two to _prevent blowoff, i.e., lifting of the coqgling film of
the airfoil sueRaice selppied hpbe large gaeushghyerisks afioboar dhe putass are sumplsicly as
toresult in fr%rﬁg\(l%epar ation and, in particular, recirculation of cooling
gas back into e hole, as such flow separation and 5 recircul ation tends
to draw hot gas fromoutside the airfoil down into the cooling hole. The
amount of fl ovnseppiratilenembrdimea iof el iatenton dbge tidsepairet foe moed fadi holes Hiape
bet th o
etween 15 © a quadrilateral outlet shape as viewed on the airfoil surface, the outlets preferably have
two opposite parallel sides of differing length and two opposite non-parallel sides of the
same length, i.e., a trapezoid as illustrated in Fig. 7. Machining is preferably carried out
50 that the holes are oriented with the parallel sides generally transverse to the direction
of airflow over the airfoil, with the longer of the parallel sides downstream of the shorter

- 20 of the parallel sides.

Figure 8 illustrates a cooling hole at 26 in cross-section exhibiting cracks before machining
and Fig. 9 illustrates the same hole as viewed from the top at the airfoil surface. Fig. 10
iflustrates the same hole after machining in accordance with this invention at 28. The hole
before machining has roughly parallef side walls with cracks propagating therefrom. The
25 hole after machining generally defines a tapered section with the hole having a larger
dimension 30 at the outlet as compared to its dimension at the point 32 where machining
is terminated. The cracked material between 30 and 32 is removed. To facilitate smooth

airflow it is preferred that the side walls taper gradually as shown rather than in stepwise



cool-ing gas flow rate out of the hole and the hot gas flow raﬂe7 N%Qﬂﬂie
‘outlet. It has been discovered that by machining away material so as to
increase the effective outlet flowmn path width by |ess than about

t wo- and- one- h g el | i ' f

separati on- anci'rieh 1ok ALl PRYertcyifoblitlet 16 Bk B HRLRSL Flimhobhuie

i nvention i nvojovtha termiadikn pemOYALs, abbbetvanbirds ofthe aifonial thicknmyed from t he
hol e during repair is selected to be |arge enough that cracks at or near
the surface are conpletely renoved. In one particulﬁx embodj nent. of .t he

i nventi on wher Ehe ¢R0ling uilRlelg ingp thipeAdling Air RBTSAECSER Wit ‘ﬂéh%alagﬁéf‘ﬁ’ Fhgireizg is
outl et shape | 3 bE Qi b sur e ve
fwo opposi o p Sl RUEF el Wit il il hEREpach® IRRRER 5o ek RIGRPAY HR
non- paral §el singésnedfin theying an|hé ngition dnd @re maintair@p ez thedaras dintdnsiohs aLthe i n
Fig. 7. Machining is preferably carried out so that the_ holes are oriented
wi th the par al Pregina fergn rgawieamsnt, yhe floynegeeiseolng aifig nef i t‘%ﬁ chgpgedibyithig,y
over the airfq%%irwkhadthe | onger of the parallel sides downstream of the
shorter 20 of %e parallel sides. Figure 8 illustrates a cooling hole at
26 in cross-section exhibiting cracks before machining and Fig. 9

i | lustrates thassaions bhdngessould evwaddd inolm dbles toptrattionk evithoutfdepirtisg frbactbe
Fig. JO illustrates the sanme_hole after chining i n,accordancg with this
nvention at  2OPTRLRGMETIbitgr BLeAdehiH HGTHLE POMHT §f Gartr eaesSIREn Rl | s
wi th cracks pr £ (ol

et nos B0+ aperoy i (B0 sbEning ariRee ity EledTRa el HAnALOML ¥
the outlet as linipgsadet Bor éxangileyevitle o method s ilhoimted32 thetvenexnethifoilngs i s
term nated. The c¢racked material between 30 and,32.is remmved. Ta
facilitate snorPHcatgntp OBRG if'llm-icgolﬁggﬁgp?%@@ts[iﬁgﬂth{nﬁée SGOHE OhHIC BVEHBRY
gradual ly as shown rather than in stepwise 5 1 7 MAY 2004 fashion. In one
particularly preferred enbodi ment the depth of machining fromthe outl et

to the termnation point 32 is about two thirds of the airfoil wall
t hi ckness.



The cooling air inlets into the cooling air passages are within the airfoil
and their size is selected for desired netering of air into the passages.

I nasnmuch as these inlets are not 5 machined in carrying out t hd” May &Rt i on
and are maintained at the same dinensions as the original design

requi renment, |ow rate of cooling air is not significantly changed by
this repair . As various changes could be made in the above
constructions without departing fromthe scope of the invention, it is
intended that all matter contained in the above description or 10 shown in
t he acconpanyi ng Anmﬂmbﬁ)rshldifwinlgezobltﬁnghcﬂcseinegaatsrhimt er@imeaﬁlim/-eocdcrﬂ not in a
limting sense,. | e | e the 0 stra nthe. ont ext
of "ai 1101 1 5 expronany, SH FRimponsty borGpmiaiie § Prdiy et faidieee) wherggEid e
scope of t hec¢d1mgnfoléam1av@cdo?myme2\9ﬁiﬂs xkeNlivie: fre'lm th% ﬂ&htspefﬁl%oa}?dha ying

cooling holes nma gas turbine engine filmcooled onponent, said conponent
conpri si ng atepaiatiaggt ewliagdols qqﬂgtsmmgglatq/\nheﬁéiem%aardace(gxf@]pcr hgdshcsla have

cool ing hol e I terlor of th rmnatlng
at cooling hol \@@‘Jgfj{"%‘?ﬂg’ F"%‘ﬁlteo Eg hg OH%HHSI% Flg )é?lﬁ 0%18'&31 Gai d
net hod for ndiempiagatabldianedid ogollighek waARPto eildige SRE Bitlitd) @né &irth €p@L i Ng
holes to renove material from.said cooling hole walls, to enl arge said
outlets, and¥@Hsaokipspales prierdingirewshe ﬂ‘éflq%btpé@fdék? siriongt thedrdt.ne outlets
toward the interior of the body. 2. The nethod of claim1l1, wherein said
cooling hol es have circular cross-sections transverse to the direction of
ai rflow ther2t hr olighmethodgf ¢lhien Brttierain k&d godlingfholdsdave dedulargrdselsetiopsi or t o

sai d nachi ni and wh t he od .conpri ses chining sai d_cooling
ol es' to. ol P K e AP Ly GO S ErOeUED SR e fgith of fhe
Cross-secti OE%IMMe@p%%Q?@Qild%aéﬂ?ﬁinged?ﬁt\bh&fed he Sefldd@ni}pises extending
fromthe outlets into the cooling hol€s.
machining said cooling holes to modify the circular cross-sections to quadrilateral
cross-sections along a segment of the length of the cooling holes extending from the

outlets into the cooling holes.

3. The method of claim 1, wherein said cooling holes have circular cross-sections
transverse to the direction of airflow therethrough along the entire length of the
cooling holes prior to said machining and wherein the method comprises
machining said cooling holes to modify the circular cross-sections to oval cross-
sections along a segment of the length of the cooling holes extending from the outlets

into the cooling holes.

4. The method of any one of preceding claims, wherein said tapers in said
cooling holes have downstream angles of taper which are greater than corresponding

upstream angles of taper.

5. The method of any one of preceding claims, wherein said cooling hole walls
exhibit cracks prior to machining and wherein the method comprises machining said

cooling holes to remove said cracks.



3. The nethod of claim 1, wherein said cooling holes have circular
cross-sections transverse to the direction of airflow therethrough al ong
the entire length of the cooling holes prior to said nachini ng” ¥Mas&®her ei n
the nethod conprises machining said cooling holes to nodify the circul ar
cross-sections to oval cross- sections along a segnent of the length of the
cooling holes extending fromthe outlets into the cooling holes. 4. The

met hod of any on%%m&@%ﬁﬁ&@%g&@% R 2% hBRR! Shelt AR ocl6O! | N

hol es have downstream angl es of are greater t orrespondi ng
upst r eam angtomsponenty spidrconfponditecamgirisont af ashodypbe cobliny baolesli whereinasaids ,

' I d | i | | | hi bi k ,or. to I nj
wher ei 1 & ne SRIRBARSHAVF SESE b THIG Sufidine: Bolh g ATGE of b bR 88 o
cracks. 7 17ietiinatii0dt cBoliy KBRS Rk BroxiRAE ihel RerkARLIAS JTIEBodyNaR] OPS

turbi ne engine fil mcoole conponent, said conponent conprising a) ‘a body,
b) cool i ng hesalng omihe befnexending tosaidicaglinghale whids said owttioddotrobdi $agd
extending from: ' ' of the body and termnating at cooling hole
outlets pr ox%@a‘%gﬁ?lhﬁéog@r%@#éﬂ surface of the body, and c) a coating on

the body extendi ngmicoingahid costitgi frgn fiRltedyal | s, said nethod for nodifying
said cooling holes canprising: renoving said coating fromthe body;

machi ni ng sai d cdBrsbiggng srideoaling helep teremeve matarial from saidicaokinshaleyain te
walls, to e -sa rm.i: | ] | es
ext endi ng fr%%?%ﬁ%n%g?ﬁggghh?%3%?@Q?ﬁ%%}ﬁ%é%%%@ggggﬁﬁgm%@§§ﬁ&§ﬁgg g%%%iting
a coati ng onbwasidhelinboy oftht body;agdt o said cooling hole walls. 7. The

met hod of claimé®6 rein said cool.ing hol es have, cirgul ar cross-sections
dep\évsI}temg a coafing onto said bogy extendsmg to said cooﬁng hole wal?s.

7. The method of claim 6, wherein said cooling holes have circular cross-sections
transverse to the direction of airflow therethrough along the entire length of the
cooling holes prior to said machining and wherein the method comprises
machining said cooling holes to modify the circular cross-sections to quadrilateral
cross-sections along a segment of the length of the cooling holes extending from the

outlets into the cooling holes.

8. The method of claim 6, wherein said cooling holes have circular cross-sections
transverse to the direction of airflow therethrough along the entire length of the
cooling holes prior to said machining and wherein the method comprises
machining said cooling holes to modify the circular cross-sections to oval cross-
sections along a segment of the length of the cooling holes extending from the outlets

into the cooling holes.
0. The method of any one of claims 6 to 8, wherein said cooling hole walls exhibit
cracks prior to machining and wherein the method comprises machining said cooling

holes to remove said cracks.

10. A method for modifying cooling holes in a gas turbine engine Ni-based



transverse to the direction of airflow therethrough along the entire length
of the <cooling holes prior to said machining and wherein the nethod
conprises machining said cooling holes to modify the circul ar 17May2004
cross-sections to quadrilateral cross-sections along a segnent of the

| ength of the,coQ]in | es. .extending fromthe out]lets into the cooling
ol cs. 6, ThBpRu A B eI f?a\xﬁg?@wré%%a)cw#?& odad Wit @olPcul ar
Cr 0ss-sect i ORdles ! WAGRMNRLcIINnkWPaldiHag6 Lo Qo1& iwafil gfweﬁ&iﬁg St auph al ong
the entire length of the cooling holes prior to said machfning and wherein

t he met hod civitgyior o€ the amdeihbedyrapddeaiminatong 4t egoling lede owtletoliving ohigivel r cul ar
cross-sections,to oval cross,,seections alo e of .the lLength of the
cool i ng hol Eooling &t O%p?tﬁg‘ﬁfhthﬁé’%bﬁwe&j?{’?‘%&}'@%Slﬁgﬁng@_h? CHy 2 &aéag_u?g_ The
net hod of any.080enchf(0dl @hyProfithfte the MGHET MirSol 8f GRYiHHILH, &) Wal | s exhi bi t
cracks prior to machining and wherein the nmethod conprises machi ning said

cooling hol d8minid¢ eaetingon Hieindoihbady. extending tewaidegoling halowiallyiang dk ool i ng
holes in a g |« i 41,0 .2004 . a | i m cool ed
airfoil, the&aal?ﬁrsy%%ﬂg%(rgrgl ihs%?en‘ghg &z‘gg&g‘r" ?i (Z;?l{\%%%%lanyg,s C%Ogliylﬁfhg%%l ing holes
, Wherein satonmBidgt ng wal | s have cooling hole walls extending fromthe
interior of the airfoil|. body and term npating at cooling hole outlets having
original cooli nga%iilf"fcliwsﬁé £ gRating to Emave said ppinge gaating Ao the. 03 cm

and about 0.040 Lpehypdyl cm proximate the external surface of the

airfoil body, c) an "alunmnide coating on the airfoil body extending to
sai d cool i ng hol emaehihing saiddodlng lmlachtiets by smiachigiong téchaighekdeoral fram tsai d

R TR SRR TR T,
and electro-stream machining to remove a portion of said cooling hole walls comprising
said cracks thereby forming tapered segments in said cooling holes extending from said
cooling hole outlets into said airfoil body and to enlarge said cooling hole outlet
airflow path widths by from about one and one half to about two and one half times
said original cooling hole outlet airflow path widths; and

depositing an aluminide coating onto said airfoil body extending to said cooling

hole walls by a vapor phase aluminide technique.

11. A method for modifying cooling holes in a gas turbine engine film-cooled
component, the component comprising a) a body, b) said cooling holes , wherein
said cooling holes have cooling hole walls extending from the interior of the body and
terminating at cooling hole outlets proximate the external surface of the body, and c)
cracks in said cooling hole walls, said method for repairing said cooling holes
comprising:

machining said cooling holes to remove a portion of said cooling hole walls
comprising said cracks, to enlarge said outlets, and to form tapers in the cooling

holes extending from the outlets toward the interior of the body.

12. The method of claim 11, wherein said cooling holes have circular cross-

sections transverse to the direction of airflow therethrough along the entire length of



airfoil body ; machining said cooling hole outlets by a nmachining technique
selected fromthe group of techniques conprising fromelectro- dlscharge
‘machi ning, laser machining, and electro-stream machining to remfpe2Qs
portion of said cooling hole walls conprising said cracks thereby form ng

t apered se nts in sai,d caolin ol e t endi from sai cool i.ng hol e
oulto lets i n'? 0 a‘fod’lhéﬁgsl?‘g?ﬁ p%B’diP %ﬂg )F(‘Eraﬁgl"gg‘?rﬂmc%lm OﬂSP’@Piﬂ %I et
ai rflow pat hmabsihie shid Jobﬁﬂ% ﬁ@feyto ﬁB&lf?Hﬁ: @RG1aR & dss E&:ti%ﬁ@tbt%l\fa WRiafendl one

hal f tines said original cooling outlet airflow path dt hs; and
deposi ting afroas- sﬁmlm&:t?éorcgm&agn@nmtbe lmg‘dll ithd mOImgbdys emmlmgﬁtgnﬂw sai d
cooling hole tﬁ% 1vaﬁo phase al um ni de technique. 11. A nethod for
nodi fyi ng coB'I1 o' e LIMELZSs t ur bi ne engi ne fil mcooled conponent, the
conponent conpr|S|ng a) a body, b) said cooling holes , wherein said
cooling hol es have cooling hole walls extending fromthe interior of the

body and teti natTlhﬁgwéhodcrf@laiundIh‘@h@e@@ﬂd@pglupg@leme cirgidarexe@ssr nal
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for repairing sald COo0 said ol es

to renove a ﬂmddod)ﬂihgdfolésﬂpﬂoﬁ&ﬂéaldlgldMEiﬁnglahHSthi'emllhbsnétgoé@bﬂpﬁﬂ@CkS to
enl arge said Oulgl ets,,and to formta %}r's in the cooling holes extending
fromthe outmackiningsaidcopline helesiq wedidy therrircplsagrosypectppwion YA 6EPSS ¢l ai m

11, wherein gaj i gﬁ%mg rse to
the direction 6?:1525?%% owg?ﬁg{re%fttﬂggeglgﬁ (g(li%gngfothﬁgﬁgﬁ% ?xrﬁgﬂlﬁd e]?dﬁ gg
2004 t he coointoekodleg hotdsor t o sai d machi ni ng and wherein the net hod

conprises machining said cooling holes to nodify the circul ar
cross-sections to quadrilateral cross-sections along a segnent of the

l'ength of the4 coolheendiiddast @XaB Ak Blirhs PMd 1% wherein said tapers in said cooling

holes have downstream angles of taper which are greater than corresponding upstream

angles of taper.

15. A gas turbine engine nozzle whose manufacture or repair includes the

method of any one of the preceding claims.

16. A turbine engine airfoil whose manufacture or repair includes the method of

any one of claims 1-14.
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outlets into the cooling holes. 13. The nethod of claim11, V\,herei n said
'cooling holes have circular cross- sections transverse to the {li q@gﬁb@_@ﬁﬁ
airflow therethrough along the entire length of the cooling h I es prior to
sai d machi ni ng and wher %@ﬁ@mmfmmwpmsoplﬁ@m@@gm@ d cooling
holes to nodify the circular cross-sections to oval cross- sections along a
segnent of the length of the cooling holes extending fromthe outlets into
the cooling holes. 14. THELREStINoGASITIHNYINHENSHNG GOMPANENGS13, wherein
said tapers in said cooling holes have downstream angl es of taper which
are greater than correspondi ng upstream angles of taper. 15. A gas turbine
engi ne nozzl e whose nmanufacture or repair includes the nethod of any one
of the preceding clains. 16. A turbine engine airfoil whose nmanufacture or
repair includegsdteAcetdotHs DISTNOSDRECf clainms 1-14. 9a 1 7 MAY 2004

MODI FI CATI ON AND REPAI R OF FI LM COCLI NG HOLES | N GAS TURBI NE ENG NE
COVPONENTS ABSTRACT OF THE DI SCLOSURE 5 A nethod for, nodi fying coolin

hol es in% gad trm’r@ﬁrf@r Bodfing ¢qoling b@)@s B 898 hp e sngipg filmreealecheapansal g
hol e outlets tn? %h%%héa%gféuéutﬁé S E'.Eég nﬁ)evgﬁt%?% ahf Fetrxlncn% a% porl]f:r'on 8? ?ljlé ng

hol e wall's whi"&Hy M CrRCK
cooling hole walls which might exhlblt cracks.

Figure 4
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