PROCESS OF REMOVI NG A CERAM C COATI NG DEPCSI T I N A SURFACE HOLE OF A
-COVPONENT FI ELD OF THE | NVENTI ON The present invention generally relates to
ceram c coatings deposited on conponents wth surface holes that are
required to remain open after the coating process. More particularly, this
invention is directed to a nethod of renoving ceram c coating deposits
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Components located in certain sections of gas turbine engines, such as the turbine,
combustor and augmentor, are often thermally insulated with a ceramic layer in order
to reduce their service temperatures, which allows the engine to operate more
efficiently at higher temperatures. These coatings, often referred to as thermal barder
coatings (TBC), must have low thermal conductivity, strongly adhere to the article,
and remain adherent throughout many heating and cooling cycles. Coating systems
capable of satisfying these requirements typically include a metallic bond coat that
adheres the thermal-insulating ceramic layer to the component, forming what may be
termed a TBC system. Metal oxides, such as zirconia (ZrO,) partially or fully
stabilized by yttria (Y20;3), magnesia (MgO) or other oxides, have been widely
employed as the material for the thermal-insulating ceramic layer. The ceramic layer
is typically deposited by air plasma spraying (APS), low pressure plasma spraying
(LPPS), or a physical vapor deposition (PVD) technique, such as electron beam
physical vapor deposition (EBPVD). Bond coats are typically formed of an
oxidation-resistant diffusion coating such as a diffusion aluminide or platinum
aluminide, or an oxidation-resistant overlay coating such as MCrAlY (where M is

iron, cobalt and/or nickel).



conponent substrate, internal cooling of conponents such as conbustor

Jdiners and turbine blades (buckets) and nozzles (vanes) is often

necessary, and nay be enployed in conbination with or in lieu of a TBC

Ai r-cool ed conponents of a gas turbine engine typically require that the

cooling air flow is discharged through carefully configured cooling holes

that distribute a cooling filmover the conponent surface to increase the
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component can detrimentally affect the service life of the component as a result of the
TBC altering the shape and reducing the size of the cooling hole openings.
Particularly for TBC’s deposited by plasma spraying (APS and LPPS), a significant
amount of ceramic can be deposited in the cooling holes when depositing a
sufficiently thick TBC to thermally insulate hot section components. The obstruction
of cooling holes with TBC not only occurs with new manufactured air-cooled

components, but also when refurbishing a TBC on a component returned from the
field.

From the above, it can be seen that manufacturing and refurbishing an air-cooled
component protected by a TBC is complicated by the requirement that the cooling
holes remain appropriately sized and shaped. Typical solutions are to limit the
thickness of the TBC applied or, more preferably, perform a final operation to remove
ceramic from the cooling holes in order to reestablish the desired size and shape of the

openings. Various techniques have been proposed for this purpose. One approach is
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openi ngs. Various techni ques have been proposed for this purpose. One
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requi res somhbiiatioe withsd lmarmonic generator to reduce the laser beam wavelength to about
532 nanometers, which is shorter than IR wavelengths. Finally, U.S. Patent No.
6,380,512 to Emer also discloses the use of a pulsed Nd:YAG laser to remove ceramic
from a cooling hole. Emer does not alter the wavelength of the Nd:YAG laser beam
used to remove the ceramic, but instead uses the laser beam at its standard IR
wavelength of 1060 nm. Emer does not disclose modifying a pulsed IR laser beam to
avoid the delamination and cracking of the TBC that has been reported by others in
the prior art. Instead, Emer reports that the precise actual location of a cooling hole is
required to effectively redrill a coated hole without damage to the component. For
this purpose, Emer uses a CNC program to originally install the cooling holes and
then preliminarily locate the holes for redrilling, but then requires a machine vision
system to more precisely identify the actual location of the cooling holes on the

component surface,

BRIEF SUMMARY OF THE INVENTION



systemto nore precisely identify the actual |ocation of the cooling holes
-on the conponent surface. BRI EF SUMVARY OF THE | NVENTI ON 3 According to
the present invention, there is provided a process of renoving ceranic
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running mode at relatively lower power levels and higher frequencies that
conventionally used. These parameters include a pulse frequency of about 2 to about
20 Hz and pulse widths of about 0.25 to about 6 milliseconds, with preferred
parameters being dependent on the hole diameter. In addition, the invention makes
use of a laser beam whose diameter is smaller than the cooling hole being redrilled,
and the laser is equipped with breakthrough detection so that the beam is not projected
onto the hole walls, with the result that the hole entrance after laser drilling is defined
by remaining ceramic deposits surrounding the hole and is therefore smaller than the
original diameter of the hole at the component surface. The process of this invention
is able to remove ceramic from cooling holes with diameters of less than 0.02 inch
(about 0.5 mm) and even below 0.01 inch (about 0.25 mm), and even where the TBC

surrounding the hole has a thickness in excess of 0.02 inch (about 0.5 mm).

In view of the above, a process for removing a ceramic deposit from a surface hole in
accordance with this invention includes positioning an Nd:YAG laser generator so
that a laser beam generated by the generator is directed at the original programmed
location of the hole used during installation of the hole. A pulsed laser beam having a
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(about 0.5 mm and even below 0.01 inch (about 0.25 mm), and even where the
-TBC surrounding the hole has a thickness in excess of 0.02 inch (about 0.5
mm. In view of the above, a process for renoving a ceram c deposit froma
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THE DRAW heduckd gyuletither epr esents a cross-sectional view of cooling holes
before and after renoval of a ceram c deposit in accordance with this
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of an air g iﬁ?d&%ﬂ&?&‘&@ﬁt of a gas turbine engine. The conponent 10
may be formed of an i1ron, l|2||c el or cobalt-base superall oy, though other

high tenperature materials could foreseeably be used. As known in the art,
to mnimze the service tenperature of the conponent 10, heat is

transferr farcing bleed air through the cooling
hol es 12 %&I&Fﬁ%@ﬁ@ﬁ%@ﬁ?ﬁ%@ﬁﬁpﬂ@é arrows in Figure 1. The anount of
heat transferred to the surface 16 of the conponent 10 can be further
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of a ceramic deposit in accordance with this invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 represents a cross-sectional view through cooling holes 12 that intersect a
surface 16 of an air-cooled component 10 of a gas turbine engine. The component 10
may be formed of an iron, nickel or cobalt-base superalloy, though other high
temperature materials could foreseeably be used. As known in the art, to minimize
the service temperature of the component 10, heat is transferred from the component
10 by forcing bleed air through the cooling holes 12 in a direction indicated by the
arrows in Figure 1. The amount of heat transferred to the surface 16 of the
component 10 can be further reduced by forming the cooling holes 12 to be disposed
at an acute angle relative to the surface 16 of the component 10, so that air discharged
from the cooling hole 12 flows over the surface 16 of the component 10 Suitable
techniques for forming the holes 12 include EDM or laser drilling, though it is
foreseeable that the holes 12 could be formed by such other methods as casting or

abrasive water jet machining,



at an acute angle relative to the surface 16 of the conponent 10, so that
-air discharged fromthe cooling hole 12 fl ows over the surface 16 of the
conponent 10 Suitable techniques for formng the holes 12 include EDM or

| aser drilling, though it is foreseeable that the holes 12 coul d be forned
by such other nethods as casting or abrasive water jet machining. 5 To
pronote heat transfer fraomthe conponent 10, the cooling holes 12 are

car ef ul | y T9 Bemogt ek ranyey framy e copppasat iz thetgoeling bpkes d2cawe parefdly t hi s
rpose, t S : : i trolled

E; g ?:NC (lg‘gdrtrput g%ﬁﬁ F?gcgﬁlakfgrg%ﬁo )éfﬁn%gﬁ%yﬁ?%ﬁ%\ﬁ%g%ﬁ felgQJI:B%\‘IPI%I%(%Ordance

with a praogedm Yoriit therhdes 1D ésaprefarablyightroll@bbntasCHE (dompsiter frmaeeritdl wher e

the cooling hales 12 are desired. These spatial neasurenents arg stored in
machi ne c&gPﬁﬁﬁﬂ%é‘nsﬁ%omwmma?gw%w@ apg)_ga@ememtg‘fmﬁ@rmg@e@r ately
locating Rl BE e KSR 18 WRGENHe COPRRN Bbles 12Xt B&ilel. CPRER fAlihy an

I denti cal “"manner. The CNC machine 1s also preferably programed-to

aut omat i cahdagurements ape stored desiackude dedrilinateg oparR(Beindrasg therefbreascessibker , pul se
w dt h and freque if.the .holes 12 are forned b aser,.drilling, so that
i a0 50 SEBY 5Pl folE s 55 e send CpouRY e S serialianc
conponent iiéntied ELeeSTRICNIBatsRe &f al§NsreRFAHIP ?ﬁi&rmﬁﬁed@d khtbm@af@dilyng hol es
i n gas turbine engine conponents is well known to those skilled in” the

art, and tsplaicthedesivgddrilling pasemefesc sirbed roweanpplseuridthemdfeagupicy ifthe
T80 50 dbitsu? AERERRED Pt a8 tptnd AR R SELRT Gy R . ©

surface 16o pertfdrmaset-uptfod ¢ach componen®&d bé Srocwed: NThé ide dTENC efaiphencat i ng 20
defines a ther rTFI b&rﬂri_er coating, (TBC) system Particularly suitable bond
coat mat erdrid «ooling holgs mygasttudingrengine ponmogents idwell knymfoythgseskillsd Woat i ngs,

while a sy |84 AR Sl 2k bk HisBhdsEPIH A fﬁﬁf] ially stabilized with yttria
(yttria-st aébl '] zegﬁ%rco‘ﬁll a, or %?SZ%S, {Hhogg z‘lgrr‘%(k)drlll?/a fully stabilized
with yttria could be used, as well as zirconia stabilized by other oxides,
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deposi t ed mdrAlitbend coat 18, which with the ceramic coating 20 defines a thermal barrier

coating (TBC) system. Particularly suitable bond coat materials include diffusion
aluminide and/or MCrAlY overlay coatings, while a suitable TBC material is zirconia
partially stabilized with yttria (yttria-stabilized zirconia, or YSZ), though zirconia
fully stabilized with yttria could be used, as well as zirconia stabilized by other
oxides, such as magnesia (MgO), calcia (Ca0), ceria (CeQ,) or scandia {(Sc;03). The
cooling holes 12 are shown as containing a ceramic deposit 22 adhered to their walls
as a result of the process by which the ceramic coating 20 was deposited. Figure 1
schematically represents the coating 20 as being deposited by plasma spraying, such
as air plasma spraying (APS) or low pressure plasma spraying (LPPS), though other
deposition processes could be used. To apply the coating 20, the component 10 can
be positioned on a conventional turntable, and a suitable spray apparatus located
adjacent the turntable is used to apply the coating material as the component 10 is
rotated. Following the coating operation, the component 10 is preferably heat treated

in a vacuum to reduce residual stresses in the ceramic coating 20. Suitable heat
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spect rum e kaley }%Gsﬁﬁ?rssr?éteér@’ the sodigehde b2 opdhedehthand side ofiFemet br of the
cool i ng 2‘% ﬁ%lr}gziéoh@te 1ﬁ\l;b%t1t319,l B8 cé&xﬂ]@ﬁ@p&tt@@t\ﬁt}ﬁn%e l:@oﬁﬁtgtm& P glje I nch

(about 0.
removed with an Nd:YAG laser generator without damaging the component 10 or the

coating 20 immediately surrounding the cooling holes 12. For this purpose, an
Nd:YAG laser employed by the invention is operated in a free running mode to
produce a relatively low power, high frequency pulsed laser beam 24 in the IR
spectrum. Preferred parameters are dependent in part on the diameter of the cooling
holes 12. If the holes 12 have diameters of less than 0.01 inch (about 0.25 mm), the
pulsed laser beam 24 can have a pulse width of about 0.25 to about 6 milliseconds and
a pulse frequency of about 2 to about 20 Hz, more preferably a pulse width of about
0.55 to about 0.75 milliseconds and a pulse frequency of about 13 to about 17 Hz,
with a pulse width of about 0.65 milliseconds and a pulse frequency of about 15 Hz
being most preferred. If the holes 12 have diameters of greater than 0.01 inch (about
0.25 mm), the pulsed laser beam 24 should have a pulse width of about 0.4 to about 1
milliseconds and a pulse frequency of about 6 to about 16 Hz, with preferable and
preferred pulse widths and pulse frequencies being the same as those for holes 12
smaller than 0.01 inch. For these important parameters to fully succeed, the diameter
of the laser beam 24 must be sufficiently smaller than the holes 12, and the Nd:YAG
7



pul sed | aser beam 24 can have a pul se wi dth of about 0.25 to about 6
'mlliseconds and a pulse frequency of about 2 to about 20 Hz, nore
preferably a pul se width of about 0.55 to about 0.75 nmilliseconds and a
pul se frequency of about 13 to about 17 Hz, wth a pulse width of about
0.65 mlliseconds and a pul se frequency of about 15 Hz being nost

preferred., |f the . holes 12 have dianeterg of.greater than 0,01 inch (about
b 55 my . 1156 ¥ LA rapiboss wiEureshs RERugh deiferinl &% Brnsiohen in B Hbbut 0.4
to about lnteRubl hEeaeNB&ENANM B tRA BE bR AYGHRY: Oqujealae%htoﬁmE%ﬁQ%Wbelﬁ Hez,
with preferable and preferred pul se widths and pul se frequencies being the

same as t Hwles orIndagers 13the lasenbpam 2tHean b seeh dsrteprred-(via & Heawinigipos)) ant

par amet er . 1 Ne <di er of.the |as beam 24 st be
et it ontiy s oo ME Rtte 1o B Al TR o inine bk en A B onlER o
equi pped whirhtherceifnadl diadn@dr cfahetbleol? &fthé cobpendah eifaden 6t N&s awdh, HiR
interrupt the |l aser beam 24, so that the beam 24 is not projected onto the

wal |'s of t95@inahdrifled diamejes ofthghotes 12 at Hee qompanenianrfacy] ¢ israiger thee theas
d (i ing._| , he h 12 defined b
o Al SR 0y P B S Rk Bl LT o

the remaining ceramc posi
t he hol e lfveatiohhe estabjishednby susdrfwe dignindsddimel, by ke r@haigingatershid | ed

di ameter of the holes 12 a he cgonponent surface 16 is |larger than the
di aret er B?Sflré&BfSBFOWfén%%'Fi@ﬁ’iig- which after the laser redrilling process

of the invention is established by a surface opening defined by the

renmai ni ng 16 QR PrdeessdOPREdving2ihe Dl b BGtst e R fie c%gﬁnéz ﬂof{eE?Z,p fReess of

renovi ng the ceram c deposits 22 fromthe cooling holes 1 conmponent
10 i s prefcemapnent J0He peterably macedhack anghé same fisture (oraan idemtidal Gaturé)i xt ur e)

used to h ent 1 n the cqoling holes 12 were orjginally
i nstal | ed%gjl'hgﬁ%}gﬁ gpggrgamﬁ}?tl%q’éﬁéﬁﬁ%ﬂwcﬁ?ﬁ f%gg{%o?ﬁgalﬁ%fngtaﬁf can
then be used data used bg #@eCNChRoganl tongedtdihRholed 12ah HeenGRREM & felokBie AS
represented in Figqure 1, the pulsed |aser beam 24 is then directed at the

entrance &8¢ epplingdiodesi i om |t gorapeneal &8+ s repersited in iguse dhéhecwdsadng hol e
12, Drillipng. GOt b i e g ,ceramc
depos 23 2P PRl Bt d e BRBlhe BB A0 2SR o ity bie
ef fects. with the cooling hole 12. Drilling continues until the laser beam 24 breaks through

the ceramic deposit 22, at which point the beam 24 is interrupted to limit thermal

effects.

In an investigation leading to this invention, cooling holes were first laser drilled and
then redrilled in a stage 1 HPT duct segment of a gas turbine engine following TBC
deposition. Prior to installing the cooling holes, an overlay bond coat was deposited
on the surface of the component by air plasma spraying. An Nd:YAG laser operated
with conventional high power, low frequency parameters was then used to drill
approximately 0.022 inch (about 0.56 mm) diameter holes in the component. Laser
drilling was performed with a CNC machine programmed to locate the cooling holes
in the component surface while the component was fixtured. The component then
underwent an aluminide coating cycle (about 1875°F (about 1024°C) for about five
hours). A YSZ TBC was then deposited by air plasma spraying to a thickness of
about 0.035 inch (about 0.9 mm), with a result that the cooling holes were completely
blocked by the TBC. After heat treating the component at about 1975°F (about
1080°C) for about four hours in a vacuum, the component was returned to the laser

8



In an investigation leading to this invention, cooling holes were first
‘laser drilled and then redrilled in a stage 1 HPT duct segnent of a gas
turbine engine followi ng TBC deposition. Prior to installing the cooling
hol es, an overlay bond coat was deposited on the surface of the conponent
by air plasna sprayi ng. An Nd: YAG | aser operated wth conventional high

ower fre nc nmet er s n used,to drill r oxi teI 0. 022
Phoh (abodrIEERhi B i piermuied bl IoriceghiznenemolosB o SRERiamy was
per f or med \i:¥A@RIaSHC BRe6A9 oﬁrﬂ?&ﬁ@@fﬁ%ﬂn&@h&l@%ﬁﬁ’oﬁshﬁlemA@laQé}'v@e?s in the

conponent surface while the conponent was fixtured. The conponent then
under went Papitighefhielative te duet comeponget] and (théyooperated 5Fse(qawmilym®4€t)a l‘aeerr about

five hour B en de osited b alr | asma s

thi ckness b g HPh SO0 otk AL 6F o i 1R ooPR RPN it

cool i ng haheholeer The NAIV AR lager hfhmgexdtehymtMre?%mﬁétxﬁdsdehﬁ»ageﬂematal ng t he
conponent at about 1975F (about 0C) for about four hours in a vacuum

t he conpomdlsed ABslapethpapetavieg arailseqwitth of agpnt §. ﬁﬁgmﬂlﬂs;@mdeanchndmdm

pr ogr amme I dat a I ser.
Based on|3“%ﬁ&ﬁﬁé&§?%3?ggn§%'H@@ib %€§%|(gmggtEQQ%%B#%Z@PO£p?T AC

posi t i oneaoolingholeauritid mﬂaﬁuptemnslbtea&rlﬁrdulghrdemabﬂtsgﬂeﬁlo ?Eﬂmmtin@ ly
project a | aser bea 0 eacgupoollng hole for_ the Surpose of renoving

the cer aniCBeRE, M ‘h eqnp, hrppgibthe peeanig was @bputdby 1 dmeh fhonbPdd in a
free r unmnﬁa%a&pq@mﬁaergewatogr@mooemﬁﬂ AR bR c%}ﬁﬁdﬂbﬁﬁghd}geﬁzﬂﬂk‘?%e W dt h

of about 0.65 mllisecond an pul se requency out e beam
evapor at edignffecapt delaintmatiep oxi ¢radkimgno€ dloh TBEbbhd wgerpddearomd the odadingupt ed by
a break t%rﬁygh detection system The resulting openings forned by the
beamthro the cerami ¢ was about 0.018 inch (about 0.46 rmm) in dianeter.
Met al | ographi ¢ exam nation of the conmponent showed that no significant

del am nat iVhile® theCinedtiohgh#f béehedelBithddaih RERY OF adpRf@rddedihilifesl ihg hol es.
Wil e the invention has been described in terns of a preferred embodi nent ,

it is apparEst thasthesdorams qoyldie adopted Byeongdbpled dn Bie ash Fasiexrinply, the t he
art. For ?i‘(?c{ém 6f t}hg%\ﬁ%{@ﬁ “3i1be tp@ffﬁnﬁ&iv R doaCaHlEs RehPGRALY n&g on
| er an a gas

coated articles ot
turbine engine component, and ceramic coating materials other than those mentioned

could be removed with the laser drilling process of this invention. Therefore, the

scope of the invention is to be limited only by the following claims.



turbi ne engi ne conponent, and ceram c coating materials other than those
‘mentioned could be renoved with the laser drilling process of this
invention. Therefore, the scope of the invention is to be limted only by
the following clains. 9 CLAIMS: 1. A process of renoving a ceram c deposit
froma surface hole of a conmponent having a ceram c coating on a surface
t her eof , E&;Aﬁhgfess conprising the steps of: positioning an Nd: YAG | aser
gener at or a | aser beam generated by the generator is directed at
t he programred | ocation of the hole used during installation of the hole;

and then di.rectA Bebcassifl rs@Bving sederfifiaBepbsit HEm QRTREMBR dfeCmherfl t he
hole to renpve the ceram c deposit fromthe hole, the pul sed lI'aser beam

havi ng a diRsigtacerantis sqatingon & welfagetheref, the prosessfeaawrisingithestepsgfonent , a
pul se width of about 0.25 to about 6 mlliseconds, and a pul se frequency

of about 2 10 ahnRd HAGIRS Bl S0l klies BLAILE, GRARLY bl sy oToVed

fromthe hole ual portio he ceram ¢ ins

sur roundi rpgnérhier ndiecdttal atehe peograrsmed domtiop efi theghol ubaiuduringhiattaiiticnl

del am nati ggqegl?r cracking of the ceram c coating surrounding the hole. 2. A
process aé ‘%%aP han3i m 1, wherein the ceranic coati ng has a thickness
of greater than about 0.5 mm 3. A process according to claim1 or 2,

wherein the celd@ting Qafild N8& Beant it GO PeSerRhnBiCREA on! HRAMAREM! (0. 75 MM
4. A process according to any one of the preceding clainms, wherein the hole

has a di aemees thefceganaigtdsposihiipmathe dole) tirtpulsdalasert ivampld vingia Idisgesterbeam has

a pul se w 0 bout . 0.4 tp ab 1 mlliseconds antgly ul requency
of about é%%ghgbghl?fl@% ah%e %l_rpa erﬁgfaee %mg%%egf,aqﬁ 5?8“5 Oo%’é’ui?"iél ims | to
3, Wher ei nbbites MiliecbAds, and bipal¥efieudicylofaboiit/ o ABELI0 Bz 2Rhékin BmeA
process according to claim1l1, further conprising the steps of. prior to the

posi ti oni 17§ e Epmictlepesit is semetrd i éhe hole ged 8 spridib nertien of e cosamir anmed
location ofpddierelat suBhdifi®the hole to define a surface opening without substantial

delamination or cracking of the ceramic coating surrounding the hole.

2. A process according to claim 1, wherein the ceramic coating has a thickness of

greater than about 0.5 mm.

3. A process according to claim 1 or 2, wherein the ceramic coating has a

thickness of greater than about 0.75 mm,

4. A process according to any one of the preceding claims, wherein the hole has
a diameter of greater than about 0.25 mm and the pulsed laser beam has a pulse width

of about 0.4 to about 1 milliseconds and a pulse frequency of about 6 to about 16 Hz.

5. A process according to any one of claims 1 to 3, wherein the hole has a

diameter of less than about 0.25 mm.
6. A process according to claim 1, further comprising the steps of:

prior to the positioning step, installing the hole in the component at the

programmed location of the hole; and then
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10 depositing the ceram c coating on the surface and the deposit in the
-surface hole. 7. A process according to any one of the preceding clains,
wherein renmoval of the deposit is by thermal evaporation. 8. A process
according to any one of the preceding clains, wherein the ceramc coating
is deposited by plasma spraying. 9. A process according to any one of the
preceding clains, wherein the conponent is_a ga ur.bi ne engi ne conponent.
10. A process g‘?pqsg}qﬁﬁﬁ CCHEML (FgalRy e @%%chﬁta@aéé%fieﬂ’sgdpf & suidacean

ai r-cool eglygas turbine engine conponent, the process conprising the steps
of: installing the holes in the conponent at programmed |ocations for the
hol es; depositing a ceram c coating on the surface of the conponent so as
to al so deposi/ prcessrasaprdingciogmiytonerpfithe preskding lekaams,t whertinrmgmonal afonponent
in a vacu rg%ao I, d:g)cghres' dual F{azlresses in the ceramc coating;

posi ti oni ﬁl}, R VA TR Vet or so that a | aser beam generated by the
generator is directed at one of the programmed | ocations of one of the

hol es; and. di r @cpioogssaceoriigdolanyg @he REED prlecddity Plaey, aWH¥Rsn Hecadkrigiz of the
hole to evaporate the ceram c deposit fromthe hole, the pulsed | aser beam
bei ng f ocGe¥thetipdenpsied By BlasmasiaYiNgss than the diameter of the hole at the
surface of the conponent, the pulsed |aser beam having a pul se wdth of

about 0.2% to Job il a I : U2 to
about 20 22 m@ﬁ%%gg@géﬂ%&%?@tcﬁ&ed%gr gﬁ? g)fd{e?%o %fgcglggu?g%vgtdh?%mﬂltehe hol e
and a r eskdmpéngnbistd gas tabinelenginercamponelgposit remai ns  surroundi ng the hol e
to define a surface opening w thout substantial delam nation or cracking
mc ,coatin ur r.oundi,.n ocess ding to

Clai m 10, Pur { AEPORERT FAFIHGE PRUDEALRS SR st aroimt epeaef gt op

deposi t i NgurBingRhgink cémperst, sBehroesssicbmpsisinb Weestefs dfhe conponent,
instailing the holes in the component at programmed locations for the holes;

depositing a ceramic coating on the surface of the component so as to also

deposit a ceramic deposit in the hole;

heat treating the component in a vacuum to reduce residual stresses in the

ceramic coating;

positioning an Nd:YAG laser generator so that a laser beam generated by the

generator is directed at one of the programmed locations of one of the holes; and

directing a pulsed laser beam at the programmed location of the hole to
evaporate the ceramic deposit from the hole, the pulsed laser beam being focused to
have a diameter less than the diameter of the hole at the surface of the component, the
pulsed laser beam having a pulse width of about 0.25 to about 6 milliseconds and a
pulse frequency of about 2 to about 20 Hz, wherein some of the ceramic deposit is
removed from the hole and a residual portion of the ceramic deposit remains
surrounding the hole to define a surface opening without substantial delamination or

cracking of the ceramic coating surrounding the hole.
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wherein the ceramc coating is deposited on the bond coat. 12. A process
-according to claim 11, wherein the bond coat is a diffusion alumnide. 13.
A process according to any one of clainms 10 to 12, wherein the ceramc
coating is deposited by plasma spraying. 14. A process according to any one
of claims 10 to 13, wherein the heat treating step is perforned at a

t enper at ur,g of t . 1025C.1 0. about ,1125C for about .t t o, abouyt .eight
hour s. 15.161A pr%?)gijcsessa%cg f%d?%&o ?Smér]ié’ ﬁ’ﬁtge{)’ﬁo%l)%ﬁ%ﬂf\(l)s\q?%oﬁzﬁn &8 n t he
ceramic  clepbditig bRp, depoRitimkne sfetdiic BbRACEAt s ARt dT. the WinpdfentA
process according to any one of clains 10 to 15, wherein the ceramc

coat i ng haeheeip fheqeranis conting is depgsited an thedwnd coatys nm I T A process
according to any one of clainms 10 to 16, wherein the holes have dianeters

of greateryst ham Vi ke pu - K a Wi dt h
of about 0.55 toalggou%i 5%&@% F(ri s%@o%g’s@%%ldaq%eﬁlbggg?épggﬁir?cf/iﬁgi&oa out 13
to about ah¥nidide. 18. A process according to claim 17, wherein the pul sed

| aser beam has a pulse w dth of about 0.65 mlliseconds and a pul se
frequency ,qf abput 15 Hz. 19. A process.agcordin any one of clainms 10
to 16, whérei n’t FEOSY é‘gcoﬁé% too‘{‘)"é(r’r%tieef’gc mg ngf%t ﬁwgn“’g%‘&ﬁ‘tt . 9AHA and t he
pul sed | aggitibciad@ehRsed@bPylasRavhtingof about 0.55 to about 0.75
mlliseconds Igéﬁld af;%ul se??r equ\eé%cgﬁlg]? about 13 to about 17 Hz. 20. A

process according to claim 19, wherein the pulsed | aser beam has a pul se
wi dth of dBout APEBesH accprlingoiodnyang of ghaimsd Otoddu ahereinthedipatitreatiigHz . 12

step is performed at a temperature of about 1025°C to about 1125°C for about two to
about eight hours.

15. A process according to any one of claims 10 to 14, wherein the ceramic

coating has a thickness of greater than about 0.5 mm:.

16. A process according to any one of claims 10 to 15, wherein the ceramic

coating has a thickness of greater than about 0.75 mm.

17. A process according to any one of claims 10 to 16, wherein the holes have
diameters of greater than about (.25 mm and the pulsed laser beam has a pulse width
of about 0.55 to about 0.75 milliseconds and a pulse frequency of about 13 to about
17 Hz.

18. A process according to claim 17, wherein the pulsed laser beam has a pulse

width of about 0.65 milliseconds and a pulse frequency of about 15 Hz.

19. A process according to any one of claims 10 to 16, wherein the holes have
diameters of less than about 0.25 mm and the pulsed laser beam has a pulse width of
about 0.55 to about 0.75 milliseconds and a pulse frequency of about 13 to about 17
Hz.

20. A process according to claim 19, wherein the pulsed laser beam has a pulse

width of about 0.65 milliseconds and a pulse frequency of about 15 Hz.
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