.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 small 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
term nating | J td.et roximate the external surfac f the
body, " oai o SeRrmEaT P oy S UR) oot h T nbTEs SRR Lo BY HROR K 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 fag "I"?_é:OPWth@ BPgRCE RCtingeas gdupptier Rebwseai hiog flowpathsasesmnddhpect

of the presemfact MHRA ikl nAROIHE o BBICRAL A, FREH ot Alutr GOl RS, ' 1 @
gas turbine engine filmcooled conponent IS provi ded: > sai d conponen
conpri si ng ta)beardpbmted vllencthelriundehahé sizenwbiethei cradai ekceabhiangetunte $infiay e

cooling hole walls.extending fromthe interior of the bpd nd termnatin
at ¢ OO?i ng Elr}%?ls with ‘suc cracﬂs must be scrappe(? because such cracks ¥en% to propagate g

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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holle  outlets proximate the external surface of the body, and c) a coating
on the body 1 17 May 2004 extending to said cooling hole wall Sy g{‘ret hod
for nodifying said cooling holes conprising: renoving said coa | Pt om

t he body; nachining said cooling holes to renove rrat erial fromsaid

cool i ng hol e outl.e rS:1n, the
cool i ng hol gﬁgst(\-ﬁgdn%%ﬁod%ﬁd @P@ﬁrg ?1 Hle%a%’glﬁ é% d {n(%)t\}\l/g?gkg {h? %%?%8&1@13018&
and deposi édnstising: G@inioM@g odaid coaing ﬁ@dyﬂlemlpdmg}umgsmcﬁ coolrlg hgledrad e
wal ' s. According to a éhl rd aspect. of the present .invention, a further

met hod for Wﬁmvﬁmaﬁf@ |Sa1ﬁg0w6}gésolwa1as ga@ﬂ%raml @t@fﬁgmtorﬁp%@é@ B | oy
filmcool edy 'éJo (ﬂ'%ﬁﬁoﬁpﬂle Bt t&'t&w&ﬂ”ﬁl@' erﬁgr ¥ M8 t?ddﬁrf ahd

body, b) sai coo erein salrd cool1ng have cooling hol e
wal | s ext endipositihg mnmaﬂng onirmtsandlhmdyeitemdmgmsafdmobluhg)hi;k salls.t erm nating at
cooling hole out | ets having original cooling airflow path w dths of bet ween

oot nal SuReeing o a ird Hp @ of e Blesert ttventf i Kt Hoamdd B Brcifres

airfoil bodabowl BORk Ekgagﬁs fudhifle 6R0hé N%a&alaﬁowlﬁl%oowa%ﬁall fsrﬁﬁkﬁea rthé aid
cooling hole walls, sai thod for repairing said cooling holes

conpri si ng: aitfeil gompeisingg) eajaitfail mdynbhealé@a@hngghqlgs, wdtersie sgidiagoling wallai de
o e BB Ak P e dE el 0 et S Bl e B S Py P

machi ni ng techniqu e group of rsi

el ectro- di aCdmahgghmwﬁtleisnmv1dgam@medsulmgr@rﬂoamgatﬁl withscofSidt@edn aBvabi ni ng
to renove a E:grtlon of said cooling hole walls conprisjing said cracks

thereby f or Pty inchg@08 ¢m) f8gnehaus 0; Ograqhd(oelo@m H{?xﬁﬁﬁtééh%%t@ﬁal wgface ofn sai d
cool i ng hol g.ql S“ﬁ*’ﬂ'”ﬁi r
hol e outl et ai yﬂ Bjét%& ths cldo 1O%norﬁ’gﬂyuat1ﬁ§)ﬁﬁé35 an e%ﬁgl%ﬁgﬁ q &8%%
two and onehddaIWaI]ls; aeb d¥ aradk0fr §;a1¢ha:bomug)hol|egwbitd @aiduhkihbd dbr tdpaivingpsHid
wi dths; and d 03|t|ng an _al.umn atin t05|d aji.rfoil bod
ext endi ng t%&°U E Rpl1esH o IcPIGTIRIBE aﬁgl F@BW éaq@angﬁmrﬁ & Soating, P nWeHE"%e%‘iiu que.
Q her feat ufighiffle CHRIHY B8@NThel AMBNHLR DE WdchinR sdld %Bfm% i RS @ﬁ‘ﬁet@'w' An
part pointed out hereinafter. BRI EF DESCRI PTI OF THE
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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la 1 7 MAY 2004 Figure 1 is an exenplary airfoil of the type npdified
raccording to the method of the invention. Figures 2 - 10 are s¢nhhidYi 2004
representations of cooling holes before and after nodification according

to method of thguieV&id efbmtadalbil- ERHRHORINBHAEN! oLord bl o YENTH ione

aspect the invention involves hodifying the shape of existing cooling

to enhance thgventiser f or mance. | n anot her aspect the invention involves

repairing cooling holes by renoving cracks in the cooling holes while

nodi fyi ng theiﬁ shaggébo enhance their- .10 ccordance with
0

f o
this invention £HE PP CORNES fF%fe%eWPeﬂaﬁq%ggel%rggggggefpﬁ%g crghgifigation

nozzl e airfoila@brdintd B A&hbd BFGeRVhRdl (hereinafter collectively referred
to as airfoils) to provide oxidation and hot gas corrosion resistance is

renoved, for exanple, by an acid chem cal etch. This coating is typically
a coating®of alum nide; Pt-alumnide or Ni I5 aluninide. After renoval of
the coating, the outlets of the cooling holes are enlarged by nmachining

by, for exanpl Q= &l L Al , |l aser nmachi ning, or

el ectro-st reaﬁ%&ﬁﬁ}?%%@ﬁ@&f@ﬁﬁé Wﬁﬁm| ing hole walls is
therefore trinmmed away. The airfoil is then coated with an alum nide by a
chem cal vaporlndepaspddt oie pranRmsinvdltesphodiiyilg; e shxiedstt &xingRBolid holRS to
corrosion resi s&ant coating. For higher tenperature O applications it is
desirabl e to fareEtheibaerigraanes.  npanother espeshitheiryention inyolyes eapaisingrrooting

process. I n. mgkd aY nanaHE i PR o EARR: WAL At nbug Ry RuRRielir

t urbi ne ®irf oigderfbfmanteFig. | at reference nuneral 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 c‘t}gnged to exhibit a 25 tapered
cross- sect i on, TERPTRYIERE HPREPT Phecteatipehich diyeicallyigme g4y tugbine engine

S o e bt ool vy TSk U LRE AU BRARED |,
and one hal f tpromede thidatsinaanidihog ges ¢erodsioneregstanoetis 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



2 1.7 MAY 2004 airflow path wdth, preferably about two tines the starting

‘effective outlet airflow path wdth. In one preferred enbodj' t the
effective airflow path width is increased to from about one ﬁ&é :ezﬂglp‘
to two and one half times the original outlet airflow path width while the
i nl et net er i ngaiRve pethavidihe preferablii@bauintvodtémesithe gaitpigredlectiesiugat aifldw gates

2 through 10 s t he i shapes d di pensipons of hples prior to and
after nodifi pgl?%nf}lo?l{eﬁer%g?{?ae%%@% ‘EF?@_H? %fgetcﬂ?esm: VAT B?f%‘ lﬁi‘b‘fﬁ?aée‘ét%%%

i n cross-sectigibulon€yhd bH haltto the! dhdRinle Malfitithed e &idiBP BLAG DirAbw R (i Get:
Figure 3 is a top view of the sane hole on the airfoil surface. 'The

interior of thehigihe inlet metefipgihole diamesgrds ihesame asthe veiginabdesignr ansver se t o
the direction of airflow therethrough is circular, but because the hole 10

i ntersect ﬁot heFi%ereg 9Gfirofdbh wsmlh%gelia{ivea §& ra%i:! @Y"?elﬁ'ﬁiogi%%?%fpgiio?p%ﬂ?df a}{}g—w

t he same le | cross-section and as’ a Vi ew

respectively, mbiiéicatidneorep#r ascordifg 6 ggsl idvent®nNi Bislire®? LRRAN indSoshQWebn YWt h
specific regard to . the taper as shown in Fig. 4, and conparable tapers In

Figs. 6 and 1¢ylingriga helgpeipr fosbeing tapaired eremodified; pFigareabisattop Giesenfi the satie om

the axis of t ' I 5 Figqure 4 illustrates an ticularly
preferred enbgﬁ)llgngﬁtﬂll%g?gsﬁﬁ%%t z;[glgghltf’ﬁoﬁ ?nfzathffg%fei'ﬁ&y indgip sgﬁi‘%‘s %[Oﬁsé%q\é??eam
angl e of taperirasvere b tigy inéction tdTadirfloRe tHeRGhloB M AR LParObut BRGse thEole
angl e of taper. is the angle between the cooling hole wall and the axis of

the cooltthg HBleEsectylike wupiBee Eamanglgl b apieatsaqyet Higurepd andofishont thie sares peletin t o

the direction hat..: ver the,airfeil and the downstream l.e of
taper is domsc?zr)sesgk%&\;\n %“dr égs%\ggﬁ K toﬁgthﬁalr%ﬁalrsélﬁf%ﬁeﬁecﬂwg@gr ?}leoa?qg\}%r
the airfoil. Tentargéd toaixhbitiatapdrasehdugures are oriented such that hot gas

flow across the airfoils is fromleft to right. The advantage to having
t he downstream side of the hole is that it reduces

this larger t r o )

the exit angl e\i}ﬁﬁ SpgcHic regrst the daner anshownrie Figi fasd icomprrpble sapersin Eigsi handir n
lts in | - 1] t he | | ir, f

but "ot “the hot e {1 BHP6R RGBS d5hpod 1Bk Pl lnd il 38 iaRbiiesr

the enbadi ment Bigsteowitiusthutestomp @artienidrly befardl embollinteap@hera i 1@h&an RTebIMAD! €
in ternms of a fllare agd an angle of flare of up to on the order of 10
degrees, as t H@IeSHAYR PPWESIeaIangls Ghanst Whichas giaseithantheiuppirganpangle of taper.

interior towargpd &%E@bﬁithﬁér is t%@%él@ﬁet@v%gll\ Fhe 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.



of downstream angle of flare is optionally greater than the L]pzt Mﬁ\ﬁg@@l,‘e
of flare. 3 17 MAY 2004 I n one enbodi nrent of the invention the circul ar
cross-section of the hole transverse to the direction of airflow

therethrough is optignally npdified to be r ctangul ar. res 6 and. 7
show t he sanme HbPs smbodimsas okibe fnventionihe agcugf S-HCHOP eﬁh? hele Zrapsaree to the

surface, r espg LBk oY au‘t?é g{egétﬁl%ugmseo hidnd urﬁ&ﬂﬁééj t‘i)%e‘?é@?ér@utaraﬂ R&s

shown and its ape no ctan The interior t he hol e
is rectangul ar7 shotv tiecsanse hbleeinhaloss-settien siedtas a tthe dew fcmcé]eaalrbrl sajmfg,be,,

it appears trapezoidal. In Fig 2-7 dimension 18 is on the, or
roughly two t oraspRstinely afie étﬂ?ah‘ie isieplaEzediteraubIbn tapgr asPARA PGS %?PF modfiedne

order of croughly. fWRnbfa af Vﬁ]eé}mnepgnh%&esg r'g@t%n%.heﬂfe&?t'bg&u%éthe[ﬂ g@ﬂﬁk&@& 20

and 24 aré the sane a Mensi on I'n anot enbodi nent o

i nvention the tiersorfh@rat@anasgiesieappears tfpetdigal hid Bigs.r2ansingmsien 18as ¢hthe order

di recti on of alrflowtherethr%}ﬂg dified.to he oval tl e
ero

h | I
airfoil surfaekropglly hyp & W %neia@ g‘r%:[‘elc‘i\%gﬁenséf‘%i Limensiqned i3,0n fhe Grder
appear ance of F&gﬂ&'t&fi% o Px?c] Gne IBITQMLS 'derléﬁ'sﬂn 22, D%%nﬂfg ng’@o b2 OMBhSARRE

i's more pronounc , ongate, 1nt opti ona odi nent where the
hol e interior asdimedsibneél to be oval. 15 Grcular cooling holes typically
have a di anmeter of about 0.0 12 inch (0.03 cn) to about 0. 025 inch (0. 065

hi gh t ur bi bl f ft d
b to abal Brﬁiasq‘ai.tiqa cbodimeah g i THeBEE SEeH FORBRRSTN NGB0 FapieEE
generation E:| ﬂhg‘?ﬁrle& of‘%YrﬂBW tﬁ? it Bauﬁi‘aﬁg%umd ¥bE BlalaiAtfchowrRat h

i's roughly dou rou 4 inch 06 cm to about 0.050
inch (0.13 cm surfucaltlnechcdé hp;maga ersemmn.pl |smta1r¢mhe @@l aprbatapcabbthe drcoBr haleh

(0.2 cm in po gen ralo cati The doubl

cor r esponds tovg’w gy tﬁﬂlﬂ ﬁg}h%rovefu%%bﬁ PRY WP“?‘H& ‘g’u'tef’e?loggag% T RisO"
depending on b% é’ﬁ@o%&@ﬂ%@he&@ lﬁtHoYﬁh%rle‘fsgﬁtfdxﬁ)é&tt'o%%v@ldvant ageously
serve as diffus result 1n inproved diffusion of cooling air, and

t her eby i nprove cool I ng by reducing separation between air filmflow pat hs
over thelai rfoCirs:ulIh@mdinghubetypmﬁpbwelmdll@lse@p@%@d'ut‘P}@lélﬂc%@}m 28) 49 8pouthe

23;: 2|C|e ]9 T | Imnt §P§i&¢l€§@é gm i h1 X;')r%ssarreet%rblmnmlé%i\é? ?orfa{rl:ra %gélxgé g]%)“:l!:ca?tr}ms 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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The,-enl argenment of the exit holes results in a |lower air and
‘a corresponding lower filmblowing ratio. The film bl ow n‘? ?aw’h?czbfjlf
defined as the density times the velocity of the cooling gas over t he

density times tnl[ﬂ? I‘l%ailttc%/Sh%ful& @e hf?l au%%soe o\(-?gbotu?% e anlayoill\lmb qgjlt)rt@gltlan

This ratio sho al ned one and one

to prevent blp@m@f blow-off, i.e.,|liffiid @gh@ﬁocﬁih@ ftaoiff thgaitfoll Fuhde. the airfoil
surface. The hole is not to be bored out so | arge, however, as to result in

fl ow separation and, in particular, recirculation of cooling gas back into
the hole, as skitethofs ’é\ﬂoé@p‘%?r‘%iitf%ﬁmaﬁ?da%e’rweﬂ%fuPfa‘tol gl igdlgy fepaatianandtingas

fromoutside LRE;AT Akl daMh dAon% 1ihd Bas Rk R IO Se sTgae%mugahar%Loé ey

separatlon an& recircu I Oon aepen e relations etwee

cool i ng gas fIresrdubitienaetddsed dtdvehaogae fentottside hfetaug‘casdcﬁw@mtb diecatihg $8ld. he
outlet. It has__ been discovered that by machinjng away material so as to
i ncrease the efhe#ppysd OSﬂ@Wé?Paﬁth[ﬁ?ﬂfﬁ“lWCd‘tq?PWS Péé‘%e rehpnshipdistween the

t wo- and- one- h 'Bh Cég}’ssq R{‘faééﬁ&ﬁ?&eﬂg% 8{’18%{1 Yﬂeq}'o'?ﬁ filﬁ%}zgegmgﬂhteeo%ﬂf % has

separatlon an I men

i nvention i an;leun digcovered khat epmashining Bwaypumnididl sohs wHh@edsa therefigaivedutleniow he
hole during repair is selected to be | arge enqugh that cracks at .or near

the surface amatlcynghdiyel 095 thasnghrad tWPﬁ"éT?@e'r?allfttl"%ﬁﬁl the Qrigierdi flawn wideh, tthe

i nventi wher, r r Ql

out | et srbape agld%/%]%\(/ive ;faﬂat% ir@gleldrgtg%t& ac%ré a@ %ut]1 Ft %%gd%g ie"l}eag%rfqhav
two opposite ﬁﬁeﬂhbn@lnv&lvd@i‘c Ak rdmbfzaerthalmbmn@fh:a&ndl e vepfrosi th€hole during
non-parall el sides of the same length, i.e., a trapezoid as illustrated in
Fig. 7. Machi ippiy issclgpted &9 lezyg%smqgédhmrackéét phagartthe sydceare cemplefelnt ed
with the paral Lrﬁ!}véﬁ des generally transverse to the direction of airflow
over the airfdi wth 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- sdnbh@parﬁxﬁhmmﬁa@nmmmimm'nmrewhaeltﬁerrbpnjredanmmdajifgad les have

illustrates the s le as viewed fromthe airfoil r
Fig. Jo! ﬁ||u§tﬂaﬁag§tqrﬁ@uglaw%ﬁ%waw pn Fﬁﬁaﬁ&wf)wg}ap?]t ebﬁledaﬁ@éerak'v WRi s
invention at 28, ggss@ uepﬁgégro%dmmgnéngﬂl DRSO BRI RAIAMIR] siddsd el | s

Wi th cracks propagatin erefrom
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



25 hol e after machining generally defines a tapered section Wﬂt?‘l MM E&[}if
*having a larger dinension 30 at the outlet as conpared to its dinension at
the point 32 where machining is terminated. The cracked nmaterial between
30 and 32 is r d. facji. -1 el .

t he side malIsﬁgg%gﬁnéﬁggﬁgﬁp$hggk§ﬁ§agﬂﬁggn%#{%hgghbhfggggﬁﬁéggé%ﬂe%m%%Y
2004 fashion. fonhetempatibh puinast ¥ fhoef evo itdeobibd niriiltwdlinaiclegth of
machining fromthe outlet to the termnation point 32 is about two thirds
of the airfoil_wall thickness. The cgoling air inlets into qe gooLing_air
passages are W BnFqelingairaplets gitp thinepoling pir Pagsagesiage wahindpg aiffoll gpd Hheys igsdis
nmetering of aijf,J . . e I .

machi ned i n oot oL ARRRERARER oF R 0 pASed T eiloREE (RACIIE ad not

di mensi ons as fhchinedrih garfyihg deshe mvesipn and e rnaintahed bt tw siiat dintdnsionods the
air is not significantly changed by this repair,nethod}ﬁﬁs ari ous changes
coul d be made 9Heindhdesigryoauieeaiest thediqvorate o RIS aife pal Ignfisanrthriregsd bydspe
of the inventigﬁ-r'%ﬂ&% intended that all matter contained in the above
description or 6 shown in the acconpanyi ng drawi ngs shall be interpreted
as illustrative and not in a limting sense. For exanple, while the nethod
is illustratedAs maridue changeeoduldbe madd inithesaboive sonsapglone aithout deparahg &om the
filmcool ed conmponents.is wthin, the 0 of the invention, 6 17 May 2004
CLATNG: 10 A nioPRbaE e inerirs Jiinigt et THLTHBFES CRBeged it bF Brovs dsfeibiion oF
filmcoojgd c i : I'leSi \ Sal I RO
ol 05, vihor ci ORI the sFhiban AR R AThe AR e SRR ARTE A 00U 8D
the interior ofmitihg skisey Fanekantpds, shilathengethod salbisimagedhmthe countekeoGaigoils itsat e
t he external surface of the body, said nethod.for nodify %.said cool i ng
hol es conpri si #plirRioRitACHET SHME0RISE CPMPORMIETS Withh the Seaps Oﬁﬂ} dRYSRf'°Fr om sai d
cooling hole walls, to enlarge said outlets, and formtapers in said
cooling holes extending fromthe outlets toward the interior of the body.

2. The nethod of claim1l1, wherein said cooling holes have circular
Ccross-sections



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

| engt h of thg gio: ing holes extending fromthe outlets into the cooling
holes. 3. Th d of claiml, 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 machi ning and wherein
the met hod cdnpri 4escthodfonmuidifyingaiodlinglud]ésiga gad mebivoengint filyn-tddedi r cul ar

cross-sections to oval..cross- sections alo a,segnent qf . the |l ength of the
cool | ng. hol bRl EHd SPRBRER ETBbTISE S 0oPh P L Rl BhEER G The

net hod of anyodling HolesMas 65H1AG holeAk ATk xR fFord MdintcRBEbBthebo8Rhafld cool i ng
hol es have downstream angl es of taper which are greater than corresrondl ng

upst r eam angles@ingting gheqoling holprutletstireximste tha pxismal strfamead g hedysIsaidrs,

wherein said ' .e.wal |. hibit, cracks.prior,.to nmaghinin nd
Wher i n ¢ ne. FEARLER S Bl 43 oBithgloles hRR TR ioubRe SR So MR i o
cracks. 7 17toMemoR@fritefial Foreditl asblingtholendalfsytonglagobdid guthudd, @ad FdimAap@s
turbine engine fjl mcooled conponent, said conmponent conprising a) a body,
b) cooling hB]séé‘i,c%HEEEPIﬁS exrrfling Gom the ovflstsiewasl the H’&ﬂqugﬂ"ﬁ@P@Y-V\/aI | s
extending fromthe interior of the body and term nating at cooling hole
outlets proximte the external surface of the body, and c) a coating on

t he body ext2ndi nfhdmethad df daiad 1,nheneh eaidabdling hodkishavetirmibrfcersswediohyi ng

said cooling holes conprising:.r. vi.ng said coating fromthe dy;
achi ni g al ERVE0E 4 BPBIEELOT of FETROL Lk ahEafions SR cosral <26th PhEhol e
wall's, to epbslifehsidb $ridbtd §4id madtining I WhiRREMHR hBtHoAG Rk hol es
extending fromthe outlets toward the interior of the body; "and

machining said cooling holes to modify the circular cross-sections to quadrilateral

C

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.



depositing a coating onto said body extending to said cooling hole walls.
7. The method of claim®6, wherein said cooling holes have circul ar
cross-sections transverse to the direction of airflow therethidMgh28f ong
the entire length of the cooling holes prior to said machi ning and wherein
the nethod conprises machining said cooling holes to nodify the circul ar
cross-sections to quadrilateral cross-sections along a segnent of the

length of thg cookiRngmbe!Es nfsGm gmere.%%’és 'r&foﬁloléeﬂéﬂhtﬁﬁn%&&

hol es. 8. The nethod of clalm®6; sal I ng ave C|rcular
cross-secti ompommansaaér@mnouenth@mpnsmgt aona tufdyab) feboting helles;t Whﬁ‘myhszmd ong

the entire |l ength.of the oI| hol r|or d nmac hi and erein
t he met hod c%ﬂ‘?g‘P é’@Les I}?H?:I‘FP H@glxaal o h’ o‘nF?B‘BYP tlgehgo | ar
cross-secti Ot@ﬁnihﬂh.t@/ﬁ'co@l'hfgsﬁﬂe 56K ?ﬂﬂygnﬁdté)ﬂﬁc e%te?@ﬂ@ﬁt’ﬁclef tﬁé‘ﬁod}/eﬂﬁﬁ B of the

cooling holes extending fromthe ou into the cooling hol €. 9.” The
nmet hod of anSpaingonthebpdy erferglingrogaidsheling holwaldis, sad methpdiot modifitingsaidk hi bi t

cracks prior d wherein the nethod conprises machi ning said
cool i ng hoﬁgéﬁ?gﬁﬁgﬁgmgggggﬂ cracks. 10. A nmethod for nodifying cooling

holes in a gas tukbmnﬁgemgmﬂﬁu@ﬁhﬁ@&g¢oay17 May 2004 aIon filmcool ed
airfoil, the airfoil conprising a) an airfoil bodﬁ said coolin hol es
, wherein said cd8prehiyngEaid 30%%‘0@684 R VABatenighirpm Séliét‘-‘éﬂ]mg‘ly) ¢ walls, the

interior of avi ng
or' gi nal cooriag s Bptett 38y (Rl R Bk Bofihe SR G Sof it SidtS

and about Go@éﬁtlmhiter(o@oﬂmem)dyprandl mate the external surface of the
airfoil body, al um ni.de coati on the airfojl nding to

sai d cooling hol e‘%Rﬁ?lF%g %nﬂ?ntoé?gg’ggy Pe %Itocs%ll‘ioﬁg“ﬁ%?% $1s, said
met hod for repairing said cooling holes conprising: acid etching sai d

al um nide coating to renove said alumnide coating fromthe airfoil body ;
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



rachj ning said cooling hole outlets by a machining technique selected from
the group of techniques conprising fromelectro-discharge ITB.ChI nin I aser
machi ning, and el ectro-stream machining to renove a portion ofl 7 Mgy 8

cooling hole walls conprising said cracks thereby form ng tapered segrrents

' id I di n d I I tlet to said
o oi I boaydiciti Sanfed ROt e ol ] SotePRRG AL RE01 badys DOWERANDE o he
by from aboufoledewRBdiORR Etﬁ]lﬁlgtv%lﬁt?ﬁ% cboMheAHfle R8s ?Ilaﬁdlﬁ Fesin (RA d

original cooling hole outlet airflow path wdths; depo iting an
al umi ni de cotdrieg obtheqimeil bodyi ankddetmibatihg at xoeling huge omltasahaj/mg)ohgngl hol e

lls b h d h df f
Gool 1 ng. hol cetipeRRd Bb Brfls 3eheRan A bt EL A brma e "Biut Lomponent
conpri sing a),0a0 BREY0. lbc)mﬁﬁdoﬂnﬁé?t@lthd@(télﬁhleﬁufac%?ﬂﬁ'a“rfoﬁBb&ﬁg%@@h' ng hol es
have cooling hole walls extendi ngb romthe interior and

t er mi nat i ng dUmands ¢asingen teginfoibbadypedriding to smlde:oekm&hﬂawaﬂwﬂédb of the
body, and c) | | I d, e repairing
sai d cool i ngaﬁg{sglggaﬁ%ggn%ﬁl &g%eygkﬁﬁgﬁgd@rﬁ%ﬁadcchgllnés {65 remove a
portion of sainthrizigti ng hole walls conprising said cracks, to enlarge said
outlets, and to for pers, | the cooling holes extending fromthe
outlets toward thé"lg]ﬁ"tc g §rid umipige geaiipg tq remoys saiftatumaide coatingifiom the
wherein said cool L8 Iﬁghfs have circul ar cross- sections transverse to the
direction of airf owtherethrough along the entire length of 9 17 May 2004
t he cooling hol esmac]nlnmgtsalds:ao]dlgiaﬂhomletsg)yaa\mavbhmngItefn:hmlqee pel¢doaidfraanips | ses

machi ning said co holes to .nodify the cirgcul ar 0SS-sections o
quadri | at er agouBPg T’E@@F? 8‘?1‘?1’%?1% 531 g@ﬁﬁ%ﬁf ﬁ‘l‘rgf‘ I‘?éacL ﬁaSSI maghininge| j ng

hol es ext endirat]éci@m5ueha m t% rérﬁb@eéﬁ&u&?@fgaiwodmhgﬁole%?allsl Ongﬁ@ﬁ@od of

claim11l, wherein said cooling holes have circular croSs- sect
transverse t®id ¢rackgitharehyl forming tagierdd ssgmenie netalt enoljhg hblcngxtemhngﬁnmrmd engt h

g];rrp? Ihgegom éo%%ng cflo?e oBtliétsO r1nt0 Uaft? alrfoﬁeb I ma?xg t%neclillav}@ee rsaeldncoto g lﬁglte ou%et

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



machi ning said 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. The met'h¥@ #%*any
one of clainms 11 to 13, wherein said tapers in said cooling holes have

downstream apgl es,of .tgper .which . are greater .than correspondi ng upstream
angl es of taB%rqooigl_g 13@6}5%1 ripT jh4ie mArdiHEs f83 rﬁ?ﬁ’og‘@ rﬁ%ﬁﬂg&@%ﬁf‘g"sm
repair incl ugRshihf@ saitBlddffg Hf)leéﬂ%’m%ﬁy e éiﬂﬁla%ﬁg@-gédmng{oaqmﬁzaée@m A

turbine engine airfoil whose manufacture or repair includes the nethod of
any one of ctubseeclionsialorge seghenf the Bagtiobiths @alinghplenextaiding fRonDEer| LM
COCLI NG HOLES | N . %HTU I NIE NG NE COVMPONENTS ABSTRACT OF THE DI SCLOSURE 5
A net hod for? e&%]f%)?’l %c%o%g- ﬂgs'hol es in a gas turbine engine filmcooled
conponent by nmachining cooling hole outlets to enlarge the outlets and

renove any portion of the cooling hole walls which m ght exhibit cracks.
Figure 4 10 13.  Themethod of claim 11, 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.
14. The method of any one of claims 11 to 13, 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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