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PROCESS OF REMOVI NG A CERAM C COATI NG DEPCSI T IN 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
i nventi on iRRAUCESSEUIREMGY NG AoOERAMENCOATINGDEROSIT B4t SIgRFA€0SI t s
fromsurface holes using a | drillj Lque having paraneters that
reduce the incidence of del aﬁﬁﬁiﬁ@h%ﬁ@%@ﬁgﬂh‘g of the ceram c coating
surrounding the surface hole. DESCRI PTI ON OF THE RELATED ART Conponents

| ocated in certain sections of gas turbine engines, such as the turbine,
conbustor and augnentor, are often thermally insulated with a ceramc | ayer
in order to reduce their service tenperatures, which allows the engine to
oper at e noHELDPFTHERYENTIONi gher tenperatures. These coatings, often
referred to as thermal barrier coatings (TBC), nust have | ow t hernal

conduct i Vifps, [gld%% rLi.Gl: LIIR)
t hr oughoutﬂiréaprfsgeﬁggﬁ%%% a %%élgﬁf%kgkgéggggms}@ ag?lgggésys%gcﬁ@%%g%g‘%?se of
sati sfyi ngvithh egéace dgldsrtbateant sequyreil dalréryainrpen déentherioating prdeessd Most t hat
adheres the thermal-insulating ceramic |ayer to the conponent, formng what
may be t P i is SYeRkien Redintelel fcuésgw@a@ rPfta”sef%Vﬂ% PR ceptng
partial | y ®poditsl frdim shtfak holedsiRY o fakérd (ﬁil(i?@%i B HAG ™, ape(t’&fﬁ@ers%atot her

oxi des, have been widely enployéd as the nateri éql for tghe

t her mal - i medicathanigeidencemiclelaayinationTind aracking of thayeramid eatipg seadundingeposi t ed
by air pl IR ARL §f ng (APS), |ow pressure plasnma spraying (LPPS), or a
physi cal vapor "dep Sition (PVD) technique, such as el ectron beam physical

. vapor deposition (EBPVD). Bond coats are typically formed of an

oxi dation-resistant diffusion coating such as a diffusion alum nide or
pl ati num _al um ni de i dation-resistant overlay coating such as

MCr ALY ( WiESCRABTION (())1E T('Ii-Ir]]E lgélLATED ART
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
éfﬁciently at higher temperatures. These coatings, often referred to as thermal barrier
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 (ZrQ,) partially or fully
stabilized by yttria (Y,0s3), 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).



iron, cobalt and/or nickel). 1 Wiile TBC systens provide significant

thermal protection to the underlying conponent substrate, internal cooling
of conponents such as conbustor liners and turbine blades (buckets) and
nozzl es (vanes) is often necessary, and nmay be enpl oyed in conbination
with or iWhileuTBE aysi®@ phovideogiprmificannpenant prabetngas ther badeelyirgngi ne
typically require that the cooli air flowis discharged through carefully
confi gur eCFOB'g’(S’P?Iﬁg‘SUH%{%% iptmal geeling gt FRMBonest TUsg a8 MBHIF linge @¥nponent
surface t QuibifCHISRS ehddRetsPhlERd AU MeaRsIE oHBE nERM AN Inkl 2 b RIbRA hol es
are typically fprrregb by )s?pch ccz)nvgnt i %)(r?alo dr}ial I r? t ecrlll?ﬁyquees as}%gl

el ect ri calindionbinstige witicor in hep PEBN)B@ndAir{casled cdmpbhéntg of argagitafireonpl ex

advanced cast.i ractices th i el.d castj ngs wt dj nsi,onal correct
openi ngs. eﬁl%‘\}\l/ee&gp ,ﬁa]%blwqélérr? n%’f’ﬁﬁ)tée?/ﬁgoéﬂlgt gr ff_t??"gnf%gl@f’{‘]ﬂée‘i_ %P%%h icf‘lreé}hé'orrponent
havi ng an cexfigiredgoslgaivles hRQiSHBER L&IoRHb FilnmSovel Bl donfRhkit surface to
nonconducting. Wi le laser drilling techniques are capable of formng

cool i ng han@gasethe effeptivenesnobtheconpomtnw, Gaeling hples laee oically forFrg by
surroundi ' . I8, one delam nation,and i ng of the
T ot t ha et PR AN ek iRl e AR A e KB Blona
coat. Accdasdt delling, oo wiingomplee sadehgeed dastingTpebii e dthbty vielDbstingd as@r
drilling after osition of the bond coat but prior to application of the

.d
TEC. HoveUResiapally cosertoepBinerac aed EDN Fohe Rodbihiy ot sodizan
ai r- cool eqllole@qmoﬂﬂxffﬁonﬁﬁt%%é %%%Q%ﬁ%%Xe@nﬁgﬁg(% ﬂﬁcés@ér}ﬁéﬁ:ceisl l«f:&‘rigglllyt he

conponent as a result of the rong t ape and reduci ng the size
of the coabhempdhesing. oWbre taysr drilfagttechuicmes yrefoapablB6YT fordapp sodlimg Hoyespl asna

sprayi ng (AP d LPPS), a sjgnificant a of ceranjc can he deposited

in the cogl?ﬁﬁ“&acﬂ's?%% ran B bl Sgramit cTHEruRgingrpe ko B s Fher nal | y
i nsul at e Rednes6 WelafiinARARANRIcking [SFRROWBIT MGhd MerrRE beRAch T8 @Eteaﬁldw th TBC
not only occurs with new manufactured air-cooled conmponents, but also when

r ef ur bi shithfgurnsdentpoganetallic bapdreait Acsoudingly) coplimg héles are often machined by
EDM or laser drilling after deposition of the bond coat but prior to application of the

TBC. However, the presence of TBC deposits in the cooling holes of an air-cooled
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



field. Fromthe above, it can be seen that manufacturing and refurbishing
an air-cooled conponent protected by a TBC is conplicated by the

requi renent that the cooling holes remain appropriately sized and shaped.
Typical solutions are to limt the thickness of the TBC applied or, nore
pr ef er abl ytp eppidyor watarjéti tretmerpea adtaln ekample s wéichcie dastiosed moomnidienigool i ng

Var fous t ettgre 5 REGuT RopRcisig istaiNoo SO BREZ66 I paer ctme Aol 1< 2
to enpl oy rldalafticiedd dbd@At Beralld BRADIR BXR ISt 8fs ﬂ’(&ﬁ f%lggﬁ %ﬁatqi sed in

comonl y- assigned U. S. Patent Application Serial No. Far mer
et al. As hebuy PR indholabowti Geman)s reteevak af ecraméniercatrey mvet diffiouloithrch

(about 0. a tiC ly. » bel ow 0.01 i (about. 0 , removal
of ceram 3”%%%%%‘% ecﬁ%ﬁ%hﬁﬁ?‘iﬁ é%lldfnwetsﬁngxc‘?ﬁétog?)}b& l,ncngﬂjé’él?& ﬁi%l Ir!J}-QSOH“I'BC

t hi cknessamtddrabexe adtle@bnferidniineder AaDRtenRudTondAS delaRifte MIMEk Whi l e
conventional |l aser drilling techniques tend to delam nate and crack the

brittle cdhabiitlemsamis TR faromndingcderqling hode, aariouy laserdrilling technighes ng
t echni que t L. . o mMnimze TBC danage.
Commonily- S2¢ B8 6Re8 PR R 1o ik BT e\ Ul By LR I

propensi t Y.BoPafdedt YAG 5,2 ite8ely no Wiutaped ay ticpbrtitlad prapersitodsmaldly Agsers to
damage thﬁ ceram c coa inﬁ ??grroundi ng ? cooling hole as a result of these
lasers ge ’é‘?"%‘gﬂﬂ@ﬁ YIRUT R R ECL) (45Rgs @pfgﬁmﬁﬁrﬁh@ FETAmin EPREg v
remove t hgug8kRIMLa ch?in%\’lR)'lgﬁ DiSuR b e@@]asé\@rggﬁ@aﬂ béms HSfe AlafgC! mer

| aser, which generates a beamin the ultraviolfet spegctrum to athermally

abl ate a dBYaspedrun shat tigerfrabpnremovothengranaik.e ToCowoid tiy pasbdény nidertis &.
Patent No..,6,172, 331 to,Chen further recognizes é{ée E)rro_p nsity for pul sed

Nd: YAG | Ak elss o EXGINSE 1986 Whighishgratesn o5amins e WG HIOlRt | SPPSBUM, atop | sed
Nd: YAG | aggterrhally Si51880iadrh@lt ¥datifle Frdh BBk G6IRET B:RinohR -4 SEHES URQG | aser

beam wavel ength to about 532 nanoneters, which is shortér than |

wavel engt FatenNeapily2,38l & Cbgn dwthagecognizes the propensity for pulsed Nd:YAG
lasers to cause TBC cracking, and as a solution utilizes a pulsed Nd:YAG laser in
combination with a harmonic 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



6, 380,512 to Ener al so discloses the use of a pulsed Nd: YAG | aser to renove
ceramic froma cooling hole. Ener does not alter the wavel ength of the

Nd: YAG | aser beam used to renmpve the ceram c, but instead uses the | aser
beamat its standard IR wavel ength of 1060 run. Ener does not discl ose
nmodi fyi ng Hempinl disdodeR it asmpocdse afrémovisy o¢rdmichéepdeitsafiomad swthcamdlecinacki ng of
the TBC théitm Qagntbgenﬂ.rlggorted bt?/.ot her.s i N the prior art. .| %St ead, Ener
reports t hAt"RORE LT RS rmRle Yeinepqrtonssit acozBuf icafngdraciiad deposiied r ed t o
ef fecti vel gn 2 edfict lof an edabeldd Bed Rrbihd Hitte dhaipdgentt The PeoceRTP PRAEBIarly-Or

this purposg, .Ener uses a programto originally install the cooling
hol es and ef?"ﬁBYF Br EMoMing ﬁ}% eyl depqstieth g @§0¢lme hodyiph # FPMBPENERLAS & hen

requires areNBCH ddBting $5lfice 57k @BInbShalPHAh RECEBE Saterial 6 Wnfck thd'gepdst ual
| ocation of the coaling holes on the conponent surface. BRI EF SUMVARY OF

THE | NVENTS CRIO%CHEPE; fregreatingshadp wgthqutpdeatsing die eeatingi hrde oertberiTBGeposi t s
froma surf@eendi®d Gelclolfh h%g:fﬂim@%at dBuPR dr o B %ﬁ%r{p' e being portions of
§I ep d goof a

a ceramc coating materl osite on a surfac n air-cool ed gas
turbi ne engi ne conponent. The process is particularly effective in

removi ng i eposi ted . n olin | e.of a conponent .as a
result of al(;%?qgf)ér%é gﬁésk%% gecgoaoffm%e%eﬁ&g?){%pcgﬁgﬂtoﬁﬁa? Wlﬂjepafgﬁetﬁg{ﬁéalt fa’étb,le in
whi ch t he tefmssi beani & reenve edrabmio matdiial Gosl 4 _RGolhg| ilsvintithontt defhatiagingg t he

cooling hole.or the TBC surr.oundi the cqoling hole on the coated surface
of the conPEkEs o %ﬁeéw BF 8@8@%‘11%31?6'@9({@1&1“%8@%% %(é’g‘n O AREd WL BiBer at ed
wi th par anpteilsequipatene bablfats foliRedi@BeldcheRthé GokabRiYi8n C HAHICHERESRd al from
a cooling hole wthout delam nating cracki ng or otherw se damagi ng the

TBC sur r outHUiTRE A0HPTRESYPMiRG ey be ussil tp qriainblyinsiallithe spplmedleaqlip snable or

efforts t qnPuesios lote irdlgxMd pokitloRfigh@bGirdnRGAL | t %@%Eb
fixturing antltl1 progra% ng n%yltbe gseé t(l)ll;é(qjlfsla éﬁgﬁlllg{/@?qﬁ??%(ﬁllgst%ﬁe 0ol i ng

hol es. To @Paeidan atfike-ygeing Mmode perelasivelyd ow promivter devielsgend duighier &rprebsies t he

pul sed Nd :tﬁﬁgoh@eﬁﬁanammsgf 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, there may be use of a laser beam
whose diameter is smaller than the cooling hole being redrilled, and the laser may be
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 may be 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),

According to a first aspect of the present invention, there is provided a process of
removing a ceramic deposit from a surface hole of a component having a ceramic coating
on a surface thereof, the process comprising the steps of* positioning an Nd:YAG laser

generator so that a laser beam generated by the generator is directed at



operated in a free-running node at relatively |ower power |evels and higher
frequencies that conventionally used. These paraneters include a pul se
frequency of about 2 to about 20 Hz and pul se wi dths of about 0.25 to
about 6 mlliseconds, with preferred paraneters being dependent on the

hol e di anehemprodrimadilbéion JaE dolPisel @ iAftalatl ASET thBeRN: WAE&
dianeter is snmaller than the cooling hole being redrilled, and the |aser
may be edlirespeg 2uissd dessakedm sughe rtegwomeshlosatiamet the theldtoaiemiove tlag

proj ect ed %c?& t ] Y result t.hat the ho]e entrance
after | aseér% r I‘%E %%#@n&g#l!?\%ﬂth%ﬁf%& g?rgi%r?lr ﬁ%ﬁm%@rﬂg 'acélﬂgg%tefss&gﬂﬁeoundi ng
the hol e dnde ias thdheudicer ef gratdmegorichan phike oridgH Balabeitades ab abdut e hol e
at the COSB nent urf(gce. The process nmay_ be able to renove ceramic from

cool i ng hdfeeseaprds: apdiapiise dregpencyod abpul? b alpout 2017, athstrin gome pifheand even
bel ow 0.0 ' ] 0 | t he
hol e has gic e{dﬁ?g LHnegggslP:ﬂ%]ng%%ggfs}l Igf ﬁ%qbcggﬁdﬁgn@?éasg%‘}&? %BEEGFI’T&T;J I.El{eAg%g{P Ing to a
first aspelcponf renménspuesanding rivehdle om defilvea euifaccprpeuingedttaup suisessiabf

renovi ng a _cer.am c deposit froma surface hole qf conponent having a
ceram c coda?f%nﬁﬂau%oraf?%%mgé?fég‘f ﬁ%%@f%oaﬁl%sw%le@%a%h%?i sing the steps of
positioning an Nd: YAG | aser generator so that a | aser beam generated by
the generator is directed at 4 the progranmed | ocation of the hol e used
during installation of the hole; and then directing a pul sed | aser beam at
the progranmmed | ocation of the hole to renove the ceramc deposit fromthe
hol e, the pul sed | aser beam having a dianeter |less than the hole at the
surface of the conponent, a pulse wi dth of about 0.25 to about 6.0
mlliseconds, and a pul se frequency of about 2 to about 20 Hz, wherein sone
of the ceramc deposit is renoved fromthe hole and a residual portion of
the ceramc deposit renmains surrounding the hole to define a surface

openi ng wi thout substantial delam nation or cracking of the ceramc
coating surrounding the hole. 4a

4a



Because special equipnent and efforts are not required to precisely
identify the hole |ocation, the process of this invention can be easily

i npl enented while also enabling cooling holes to be redrilled with
significantly | ower manufacturing costs due to reduced cycle tine.
According to a second aspect of the present invention, there is provided a
process o fornin%aﬁooLin hol es. that intersect a surface of an air-cool ed

f
gas tur bi RS BHYIA and effarts g BelsregWrgs todiradsaln tegtippthedple
installi ngo&eﬁ%_nhfh'e‘?ﬁoée@s P& RPN an lﬁtea&ﬁfﬁgmﬂfz& %@%'a W3SerlaBfing NE

hol es; depositing a ceramc coating on the su ce o conpone SO as
to al so deyoling halasetoald ceddidled swith isignifantlpl leweh emhufacmaing ngpstshéue aonponent
in-a vacuumto regu e residual stresses in the ceram c coating; positioning
an Nd: YAG Faesfi ﬁg‘mft or so that a | aser beam generated by the generator
is directed at one of the programmed | ocations of one of the holes; and
then directing a pulsed |aser beam at the programmed | ocation of the hole
t o evapor ahecording &er sedond @epest pf thefpresent nvemtiine thardhis pravided alpasess beam

bei ng foc - 10 [ ter less than the .dianeter of .the hole at the
surface 01% ‘élkc%’ﬁg}égél??%eg tﬁ %gmg"ﬁ?"s"gé TR %Mﬁ'ﬁ%&% 85 "W Rt h of
about 0. 2%ohpoatinlihe Grétess ddmEROQNHS sRPS of iRMAIERg tHAMURNAYhOEoraRRitht 2 tO
about 20 Hz, wherein sone of the ceramc_ deposit is renoved fromthe hole

and a redf aipgrapyed losations fopthedwiesriepasidpigst ¢eramigeopting on heumakaer)of he hol e
to define ' ' jal: i nati.qn _or cracking
of the certgemcilﬂ%%rge??ﬁggggé u?@%@r‘?@ﬁ%ﬁ tcE%Hﬂéﬁgﬁdsglﬁgﬁé gg%eég%%qéeﬁgn%g@eant ages
of this i wempbhen ima vhcune foatduee regiuat sirassedinfthoarithie cobhd; puisidniigt ai | ed
descripti on(.mE@IA\Ia: DESCRI PTI ON _OF '[HE W NGS Figure 1 represents a

cr oss- sectNOLN AT BiFtentrgiar 5o fhah 8 ilassr beamy gencgyied By thergepenstay 43 dirggtedy

ceram c dgpgfié bf i AEEARBMICH NI Jfiing JFHERLIStmdFhen 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 6.0 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,

Other objects and advantages of this invention will be better appreciated from the

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents a cross-sectional view of cooling holes before and after removal

of'a ceramic deposit in accordance with this invention.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 represents a cross-sectional
vi ew t hrough cooling holes 12 that intersect a surface 16 of an air-cooled
conponent 10 of a gas turbine engine. The conponent 10 nay be formed of an
iron, nickel or cobalt-base superalloy, though other high tenperature
materials could foreseeably be used. As known in the art, to mnimze the
service tﬁg@g& ture of the conponent 10, heat is transferred fromthe

conmponent I?B}E(,SI%PEI% FaIHEtTNV&P&HQNHe cooling holes 12 in a

direction indicated by the arrows in Figure 1. The anount of heat
transferreqotre 1t RBrabitl 3%GoskGeiordal Sieve AFRAICHolih PEuat r,educed
by form ng %%e c%gfi ng hol %s fz ?o bg di sposeg)tO lag @%acu% gpgﬁr;cg?%arael ative
to the surieges HGofxm ateoadehpommmentl 1) oSogdshtatbira engities cPigr @atponémtd t he

cooling hale 12 flo ver.the surface f the ¢ onent . 10, Suit abl e

t echni que%n%yo%ef%f‘rﬂfvﬁﬁgt%“ﬂ{}’l 8’5"‘1](?]2 f rﬁ?%%&gasﬁdﬂpﬁaﬁp sgli‘m@hi ‘?tPFrnbf hough
it is fonespaattemaitiblstdoaldfir@Redsdy 604Wkel. bAsi@LIRAnRYe SHCR Aldglizemet hods
as casting or abrasive water jet nmachining. 5a To pronote heat transfer

from the dempdnientempratugeoidheomponest é6, heat isrteansterrefl firdny the eeeposdntand

confi guredant L t hej ficieney.,. For-this purpose. ..th qui prment
Goed o 1 aordh FESREEE W ol hE LG b 15 BaMESREF el Raltiebr
nuneri cal amoentinoF)guradhi Mhet hrabutpef A trafbf@fI0 il ANE Suithdd 18 ¢ G@r am
witten to locate nultiple points on the surface 16 where the cooling

hol es 12 &PBPAR 18 gan bp futhes peduced by fergung dheepeling hales 3 te ke dispasgdni ne
coor di nat . Al L 0, : ocati ng
cool i ng_ hal ol Tiale AR 1S to ke P| € oP R TR 100k BfPH Brlafest 7o
manner . THenCHE cadingriwld 32 dlews prefibe abifycept ® of almresmponcatitl Ordtiiabk! | y  set

up the desited drilling. paraneters, su as_power,, pulse w dth and,
frequency%‘fc%m‘tqﬂgs f?{ofoé’g“r%zﬂ}ﬂ OIFBrI@echwelég&r ogtpser jdsgling othppght ithisni nal

oper at or iffteQiHBIBhANhE Role8AY ERE bt RIS & Rchedm nent to
be processed. eThe use ofOCNC equi pmsn? to b b &pmfea{()dg%r&a&ﬂ%p&

abrasive water jet machining,

5a



drill cooling holes in gas turbine engine components is well known to those
skilled in the art, and therefore will not be discussed in any further
detail. The conponent 10 is represented in Figure 1 as having a ceramc
coating (i.e., TBC) 20 deposited on its surface 16. The coating 20 is
bonded t o Tdprosiitd hes tiasfat filomather@brohétt 00t eRdfihg WBlesVHY &b cwéehilliyt he
ceram c caqatin 0 dgfi nes a thermal barrier coating (TBC) system

Parti cul ar P%ﬁtgffﬁf%a&s’lﬂ ZwisAdo dyximizs thein elfisienei | Ferehi murpesedife egmipmeni de
and/ or MCr [ | j Lal., ls. zirconia
partially @%gé?r‘lﬁ{zﬂeg%w&?ﬁg %1? ? Pg%itﬂ? r(%g- gitlé(ﬁp#%zzgg%z @%ﬁﬁlﬁk%,n&g?e%) ,

t hough zi revotrold mathink yhas bpdriates peatcordahceywith a pragyarndviitéenus detateaaulild as

zirconia stahilized by.other .oxides, suc S nesia (MJQ), calcia (CaO),
ceria (OeCB?)“R%rOHS@Sn%’%&C? QEZ&‘;’?"‘ ﬁecooﬁ’é%lqﬁf’ﬁﬁ ﬂ?glg& df’ifﬁreér e 18FswPagal
cont ai ni NGné@s@RhdisGrél@pRY ik nedhRdRE5@thatld duNEPd, MR 4rS theftFoR arc%%b'ime of the

process by which the ceram c coating 20 was deposited. Figure

schemat i cdbr gecrpale nsating condingdetdsmy D@ cersl denmyentefpdsicddnl esspntpdllysama

sprayi ng, :3Ug: Lr—pl spr.aying (AP r |ow pressure plas

sprayi ng (Iﬁ%)g}g?l,rg%ﬁl%ﬁgﬁﬁ other M4 IB%ésl *ﬁ?ooweﬁ%%bﬁ?é%’é%%ﬂlﬁﬂﬁﬁ“ B'étoﬁ'?g‘daq&l’o appl y
the coat i gt @the dbgredaiiine pirachStetABuchRS pRQet, uRReMHIM ard BRMEAAL i aRal

t urnt abl e, gegd a suitable spray apparatus |ocated adjacent” the turntable

i s used t dOKSPRyg foEmed By flangr diakliag; sl thataninimeal cpststerdnterventips is regwizaded.

Fol I owi ng Gk t] | Gerabhl v _heat
treated it(?]Bgrfvacue:tjrl]1 tfglp% l?gﬁgplé%n?goug?%? Esgé]&s'eiﬂg? Héet(ﬁzé%gre %\p}é‘e@gg’ti ng 20.
Sui t abl e Hieiditcobling balbsrngasparbaneednging dongloveiets & welkahowito HosPSiRédne of
about 1025C to ag ut . 1125C rTEi r;it ained, for a duration of about two to about
ei ght houtte arkjagd fher O?h%\i]s“‘)ct & disgussech it 9y faghesedetil much thi cker than the

di aneter of the cooling holes 20, which increases the |ikelihood that the
Fepr osent o oy Epaat 01t 1APRENSA T Vi, PR Pl SR MU, ror
exanpl e, 2RAalepovieidmy o bardace?2l ra¥hé avasingi 2ist orsled fto Itkes surfdvarl Gawithta
metallic bond 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 (CaO), ceria (CeQ,) or scandia (ScyOs). 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

_rptated. 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



0.03 inch (about 0.75 mm), such as about 0.02 inch (about 0.5 mm or |ess,
and possibly less than 0.01 inch (about 0.25 nm, while it may be
desirable for the coating 20 to be deposited to thicknesses of greater
than 0.02 inch (about 0.5 nm, such as 0.03 inch (about 0.75 m or nore.

Wiet her t hecaon@mopeahettR irglulievd roBndH &@ﬁyé@ﬁlr@rofh@&uquscr@ttbl rdpeek from
the field,  because the cooling holes 12 were fornmed first, the ceramc

deposi ts 2d2Aifsmapdained faspetirationl ehentdwelto Aputeighthawrs.t o reest abl i sh t he
desired di aneter and shape of the holes 12, as represented by the cooling
hole 12 ory; 1'dh3 Rk i n ation, the
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I mredi at el roun cool i n | es, 12. For this purpose, an  Nd: YAG
| aser errpl%?%&hﬁﬁo? 3% FEAreS Btﬁgrbé{tﬂé%lc‘?%m& hoﬁf'eéz o e laBhandfide o

produce a dgf¢ligiré Yelpur b)@é@hﬁl@v’tﬁé codlir@r}loiésq(i‘%ﬁwﬂav@&1%&6113%?%53 :ﬂﬁ&r%gét in the

IR spectrum Preferred paraneters are dependent in part I anet er of
t he cool i Hy03 nshelgbayt 0.7% ming duches abRuhfve MBlar(dtceuté)i)fmm)ass léskhaandD. 01

i nch (aboug ser n hav se width of
about 0. 23’ OPSQMX Sgnagél ‘wﬁr’u‘ﬁ% gglzgﬁﬁn)’gv%ba]ﬁllélgaﬁ" ElfafBEH’ﬁlSBi‘H % to
about 20 Hp, tormr@paslm‘d%&mckn@ssmﬁge%ﬂthlanm‘Oﬁhﬁﬁt(ab&}t@% hfn R 0. 75
mlliseconds and a pul se frequency of about 13 to about 17 Hz, wth a

pul se wi dtorp3o‘f1°1h£?@9tlt‘bﬁssmfiﬁiqum@éconds and a pul se frequency of about 15 Hz
being nost preferred. If the holes 12 have dianeters of greater than 0.01

i nch (aboqﬁhetﬂer%ﬁ% P(frfenfel(ﬂél nggy lﬁ&%ﬁt@ﬁ%@ﬁ%ﬁs ﬁ@%wegmbeadvﬁoﬁftﬁeuftag W dth

of about 0.4 to reqguency o out 6 to
about 16 Mecauvse tthe pmﬂfr%r hélke 1anderepioahed fied, phe e@aﬂviodﬂé@sﬂmaznﬂhﬁa)e
frequenC|es beln

t hose for hol es smal | er than 0 01 inch.
For these "FRPEH: Eg,cgq;%g:ﬁglest b fq Fffeﬁtagl&%’c@édif’s‘ﬁ%d’é{@%taéﬂ shege ¢fhe | aser
beam 24 mygd hdigs P@!fafs ir€predtnted YL lc651idd Rle 4 SnNAL Bhdhand SR8 of By YAG 7

According to the invention, the ceramic deposits 22 within the cooling holes 12 are

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



| aser must be equi pped with break through detection of a type known in the
art to interrupt the | aser beam 24, so that the beam 24 is not projected

onto the walls of the holes 12. In Figure 1, the | aser beam 24 can be seen
as tapered (via a focusing lens), and the entrance to the hole 12 defined

by the renhisei mgstaer &jtigped opias btcak Zhiotigls @elcb@sn of Bapd Rebw iOikdadt & amet er

of the hole 12 at the conpgnent surface 16. As such, the original drilled
di anet er JRtCFHEL g lassr heany 24 sodhaidhe beren 24du petapraicerdiontq te gealls i &e t he

di anet er dggisred : I i f | I L1 process
of the i nver?t [ bnlkgég%%?égﬁi lg é%gﬁ}\yg Cgﬁrb géé{ %S:)% ?rﬁ(g%ﬁéﬁifﬁ%l fe e

remai ni ng apdtlnentrandeahe hele22 d&finedby diengmiahendhedraniclpodi22 Rematlecess of
renoving t

e ceram.c . deposits. 22 fromthe cooling holes 12, the  conponent
10 is pr eftﬂ?na efﬂpﬁ%g‘bﬁ%ﬁwf&ﬁe bls Chprdhe CRBPRETE SPTiags Toeftt Secdy the xt ur e)
used to hoiriidarfeBaRRR of heMbER 10NE HEOQHheRCLES: Lginal 1y
instal | ed. r?e I(nzllat_a used t())y tehe CNC progra tg Ioca%%g?mﬁl%gfglgggéacan
t hen be ughameter dedingdafoe the thelasols), i wigichcifies the lasar rédillingnporvesyt ofl the As
represented in Fi.gur t.he pulsed |aser heam 24 is then directed at the
entrance 6?“2[%18“ Hi Ieé;%f%,shegl ﬁ%& 5ur‘t?arc§j %Pﬂ}gyg?:@}&ll by tﬁwf?rﬁalf‘ﬁ’@ tg8ihg hol e
12. Drill idegodi@nRisaHesndiid the Holtg 1haser beam 24 breaks through the ceramc
deposit 22, at which point the beam?24 is interrupted to limt thernal

effects. In an investigation |leading to this invention, cooling holes were

first |asdh (B Pracess efnPmavightheedramicsppsitsal fragethe qaptingibelessdgtnt of a
gas turbl RGBBALAY 0" lte¥apl iEed HRR QR hé Qlne BhRE (hPad RRAALY HAfL
, was dep n e sur

he
cooling hole an overl ay coa osite ace t he
conponent ubsd &i holplths nempieay il O gvheArth&ldodMA(g haleel 2 epes aiigitlallidskrlled.

conventional hjgh wer , w frequenc araneters was then used to drill
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Laser  drighd batlinaiels Qﬁr{Eéicé%gJShe%t e &@fég&&%n@aqgrﬁ@ﬁsq, iR baisat  the
h onent ’>was 1 Xt

cooling holes in the conponent Surtface whi the conp ured.

The conpo hasax beame 4 is then directed at the entrance of the hole 12, along a trajectory coaxial
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



underwent an al um ni de coating cycle (about 1875F (about 1024C) for about
five hours). A YSZ TBC was then deposited by air plasma spraying to a

t hi ckness of about 0.035 inch (about 0.9 My, with a result that the
cooling holes were conpletely blocked by the TBC. After heat treating the
conponent daillisgh finiturd, BAEHhé dRGAMMED BOLQ) lobaionndan twak QuiplBiRUIts doAtrgl MACUUM

t he Cormo(rﬁqﬂ'%ﬁﬁﬁf returngd to the laser 8 drilling fixture, and the
progr ame et BBRd aaly oniBe PegHIETed hels leHons theald: YN loaer vaser .
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of about QufldnRl 1ais<§‘_3‘l§‘éaﬂﬂh§«ﬂﬁ%% PHES Sidthr SUMRDE Y. 63 mARAkbnd 3nl%: pdifie beam

evaporated the ceram c deposit fromeach cooling hole until I nterrupted by
a break t Hrequgteydef abautohd Egst €he bTime evepeoratadnthe aepamicrdgposio froed chsh t he

beam thro .t h er ani.c, was out ,0.018 inch, (about 0.46 in.di aneter.
Met al | ogr;tégﬁlllIIl g?%m"‘“ﬁgtlfltgﬁmg?eg%ea@5?98‘0&'&%‘!@%%9&3 nﬁ%’ﬁtte“ho’[ﬁg?rﬁ?ﬂl?li‘gcant

del am nat iopBni@ps €draRl ibyahebedhehrdBh NRLePARNIWALLNONNIS (e @e&ltiows hol es.
Wil e the I nventjon has been described in terns of a preferred enbodi nent,

it is appfRbAR damstent Metaljographic sxamaingion @b fhe gomporsns sbrwved daatine t he

art. For 3 . C : FShd PO GLEN | d_be forned on

coated ar '?l C esfjﬁgfihlgﬁlll%ag%’ﬁ ‘gsér%‘gsﬁmé Eslrff)[?é]e en&ageocggﬁr%%ﬁ@r%&%{é%ﬁoglé%m C

coati ng mhbksi al s other than those nentioned could be renoved with the

| aser drilling process of this invention. Therefore, the scope of the

[ [ | S. i m gLhe foll ow | ai nB. Al MS:
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apparent that other forms could be adopted by one skilled in the art. For example, the
process of this invention could be performed on coated articles other than a gas
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.



1. A process of renoving a ceram c deposit froma surface hole of a
conponent having a ceramc coating on a surface thereof, the process
conpri si ngct.Revst eps of : positioning an Nd: YAG | aser generator so that a
| aser beam generated by the generator is directed at the programmed

| ocati on of t heAHuwpassuslermuing rigcérmnicaddpasii fmmod surfdae Hold ef a anuipodeen

directing jg,pul rammed |location of t hole to
renove the c razcﬁlgéﬂ ‘ggﬁa@’é‘? §§€E&%ac%|a) o(t;,ﬁg PR ﬁ(l)ﬂl%nsgl 5 tﬂ%ng Sbore%('jlm havi ng a
di anmeter less than the hole at the surface of the component, a pulse width

of about 0.25 to bout |seconds ul se freque of  about 2
to about 20 Hz,P 8?8?@“5@% P8 IER SO %atei)g"ésf“‘"c ﬁ? gf?ﬁ}%% bY B t he
hol e and ageheﬁlodwiﬂlrdamﬂtatm @bgraiencaabeitivg of @ROI4 useld GNBhY SnsSHhfignpedi ng the
hole to de;l F‘ﬁ a rface opening without substantial delanmination or
cracki ng dfe toie aoa c coating surrounding the hole. 2. A process
according to claim1, V\/nerei n the ceramc coating has a thickness of

greater than abgut 0.5 nm_ 3. A process according to claim1l , wherein the
ceranic coati ng:lﬂﬁatsngaa PWF@klﬁ@ﬁbem at recquegrammisd focatioruof the'hlélermﬂemoveﬁ\

process actﬁ@&éi{hﬂﬁ d@drﬁ"ﬁi’e hlﬁ{% zﬁcfe#nﬁsetdng pgéa?xhﬂzﬁﬁn g#a%%& . gater

t han about aser eam se vm “About
0.4 to abdlsrie it (Dhe ﬁuﬂfdws@c&md@namiem, U pelee fvndmuehalyomfo ai)dutab@ut @¢.(about 16

Hz. 5. A C r claim1l erei.n ole has a di ter of
| ess t han%ggg‘fsc’%dg 35@ g%he%eB?yogtggou\g@ {? %honJQ?&PzC Iwg‘ie’ﬁﬁ“l SOIpg; © ? %

conpri si ngetahde deepis 1s)1fenm|vecbfroﬁ1(1hé helep@did fesithd) @ofioadf th&drahlc dgodihe hol e
in the cor’rgonent at 2}9‘03 ﬁﬁd | ocation of the hole; and then 10
deposi t i ngCPHES ¥ ‘8g8’8 9 riacs PRepiRe Aridovtubsiaigh delaminatione

surface  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 (.5 mm.

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

greater than about 0.75 mm.

4. A process according to claim 1, 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 1.0

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

5. A process according to claim 1, 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

10



hole. 7. A process according to claim1, wherein renoval of the deposit is
by thermal evaporation. 8. A process according to claim1, wherein the
ceram c coating is deposited by plasma spraying. 9. A process according to
claim11l, wherein the conponent is a gas turbine engine conponent. 10. A
process of f or niepgsitiaptiengrdmicesatihgioni the etFaetand HYrdpsst Bf theusfuge cool ed
gas turbine engi ne conponent, the process conprising the steps of:
installind1 e holes in the component at programmed |ocations for the

hol es; depositing a ceram c coating on the surface of the conponent so as

to also deposif pihce AUbRIHERAT M | NwhdEinNehBvaltgdhe & ii@ﬂ#éﬂ]e?mﬁp rponent

in a vacuumto reduce residual stresses in the ceramc coatl
posi ti oni fyaparatel. YAG | aser generator so that a | aser beam generated by the
generator is directed at one of the programmed | ocati ons of one of the

hol es; h ' I N0k l,sed .| . b t .th I ti
of the noe o bBssRoieOM BLER o FREkur FoReimbindotis & AFugubies "

| aser beamidaiangrdyiipused to have a dianmeter |ess than the dianeter of the
hol e at the surface of the component, the pulsed | aser beam having a pul se
wi dth of about 0.25 to abqut 6.0 m|liseconds and a  pul se frequency of
about 2 t&- abodt PEGESSACCRIfing &p flaig de Whereih e camppnent i sas trbire enginfov ed
fromthe Qgh?()gaﬂ a residual portion of the ceram c deposit remains
surrounding the hole to define a surface opening w thout substanti al

del am nati on or cracking of the ceramc coating surrounding the hole. 11
11. A prod@ss dcprocelsod farming edaling(oldsuhathatersecrpuifaceagf aner-soaled gds, pri or

to the turbine engine component, the process comprising the steps of*

installing 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 then

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 6.0 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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depositing step, depositing a netallic bond coat on the surface of the
conponent, wherein the ceramc coating is deposited on the bond coat. 12.
A process according to claim1l, wherein the bond coat is a diffusion

alum nide. 13. A process according to claim 10, wherein the ceram c
coating is deposited by plasma spraying. 14. A process according to claim

10, whereip the i- S i er.f orned.at t.enper at ure of about
1025C t o about %Lrllggéés% %‘%%g(h%{o Eﬂ\%gmt@’ glbrg)hﬁf ¢ Iiniﬁﬁﬁm%gﬁr yep p .Pr%%rﬁ?&ﬁ%ss
accor di ng depositizg step] depositieg eintetillie barr @ai e thoalrfig ohts campbictk ReBfi0f
greater tht n about Ot5mﬁ1 %lg éﬂgrgc ss according to claim 10, wherein the
ceranmi ¢ codt FAFSSAURe I fapfilulondpe bopdeoalr t han about 0.75 nm 17. A
process according to claim 10, wherein the holes have dianeters of greater
t han aboug, O. (2); mm and the pul sed | aser beam has a pul se wi dth of about
0.55 to abdut .?@Ceﬁﬁaﬁfqr%%%rfa%lmaﬂdwaerﬁm e bendeseptcin 8 ¢ifhmioasdurinis. t o about
17 Hz. 18. A process according to claim 17, wherein the pul sed | aser beam
has a pulse width of about 0.65 mlliseconds and a pul se frequency of
about 15 H2: 19 procgssorcsemiingciootlefim §0.t whastiaithe ¢@amisherating it thepokitddelsy have
di aret er Séﬁésn{a%glsdgfn@an about 0.25 nm and the pul sed | aser beam has a pul se
w dth of about 0.557to about 0.75 mlliseconds and a pul se frequency of
about 13 to about 17 Hz. 20. A process according to claim 19, wherein the
P Sl e DERRAIER B Rith3% a0, QherBRUE it BTy e IS IRTRLA: 2 PU! o
temperature of about 1025°C to about 1125°C for about two to about eight hours.

15. A process according to claim 10, wherein the ceramic coating has a thickness of

greater than about 0.5 mm.

16. A process according to claim 10, wherein the ceramic coating has a thickness of

greater than about (.75 mm.

17. A process according to claim 10, wherein the holes have diameters of greater 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.

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 claim 10, 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 (.65 milliseconds and a pulse frequency of about 15 Hz.
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