1 PROCESS FOR REIVD\/I NG THERMAL BARRI ER COATI NGS Background of the
1 nvention The present invention relates generally to a process for
rrenoving thermal barrier coatings frommnetal conponents and
particularly to a nethod for renoving a thermal barrier cer ammmm“wm“mumm
fromthe cooling holes of a gas turbine engine conponent, such ag, &«
conbustor chanber liner. Gas turbine engi nes (aerospace ang—+ndustrral re
designed such that their nickel and cobalt based superalloy Eﬂwmmﬂmn IW
operate at tenperatures very close to their nelting points.
barrier coatings (TBC) performthe inportant function of insul at icbgo2* o
conponents operating at el GVQRQGM‘FGRIREMOT’SINGN turbi ne conponents
are conbusti on chanber (seqm®g A igsF! GURE 1), ducts,
di scharge nozzl es, turbine™ ' na T Ut d vanes. TBCs are
characterized by t hei r very | ow thermal conductivity, the coating bearing
a |large tenperature gradi ent when exposed to heat . fl ow. The npbst conmonly
applied TBC naterial is yttriaB th (YSZ), which exhibits
resi stance to thermal shock and thermal fatigue up to 1150 degrees C.
Typi cal | y the cer aniThd prgeentdavention rdlapessgenerhllyytoad propesssion sprayi ng (APS),
| ow pressure plasma

removing thermal barrier coatings from metal components and more

particularly to a method for removing a thermal barrier ceramic
coating from the cooling holes of 2 gas turbine engine component,
such as a combustor chamber liner. |

Gas turbine engines (aerospace and industrial) are designed
such that their nickel and cobalt based superalioy c;omponents operate
at temperatures very close to their melting points. Thermal barrier
coatings (TBC) perform the important function of insulating
components operating at elevated temperatures. Typical turbine
components are combustion chamber (sée combustion chamber 10 in
FIGURE 1), &ucts, discharge nozzies, turbine blades and nozzle guide
vanes. TBCs are characterized by their very low thermal conducﬁvity,
the coating bearing a large temperature gradient when exposed to heat
flow. . : _ |

The most commonly applied TBC material is yttria stabilized
zirconia (YSZ), which exhibits resistance to thermal shock and
thermal fatigue up to 1150 degrees C. Typically the ceramic layer can
be deposited by air plasma spraying (APS), low pressure plasma
spraying (LPPS) or a physical vapor deposition (PVD) process, such
as electron beam physical vapor deposition (EBPVD). It is common
practice to pre-coat the substrate material with a bond coat. The bond
coat accommodates residual stresses that might otherwise develop in

the coating system, caused by the metallic substrate and the ceramic



spraying (LPPS) or a physical vapor deposition (PVD) process, such as

el ectron beam physi cal vapor deposition (EBPVD). It is cormmbn practice to
pre-coat the substrate material with a bond coat. The bond coat
accompdat es residual stresses that mi ght otherw se develop in the coating
system caused by the nmetallic substrate and the ceramc 2 TBC having
different coefficients of thermal expansion, as well as providing

oxi dation and corrosion resistance. Typical bond coats include, but are
not limted to, MCrAlY, wherein Mis Ni, Co, Fe or mixtures thereof, or a
di ffusion alum nide or platinumalumnide coating. The desire to increase
the efficiency of gas turbine engines has led to an increase in the
tenperature in the conbustion chanber and the hot section of the turbine
engine. In order to conpensate for the additional tenperature, effusion
hol e cooling is often used where there_is a significant heat |oad.

Ef fusi on hol e cooling of an engine coﬁponent such as a conbusti on chanber

10 as shown i nrit Eelag lmﬂefeatasemmﬂ@ta%e%a i bé g snel | di amet er

(0.010 to 0.060 inch dlaneter) cooling holes 11 at speC|f|c angl es and
patterns that piewdmgomﬂh‘eon andicorzosion atsistgnes. rTypicalibondngiatee conponent .

Ef f hol I d t th TBC
cf st on ol o pcal 0 SYSLIRB0E PSR Vet Gomunetpon W th
resul ting 17 qpiiel tuchbbd bt ¥ diffusits bRIdn MO SRR a1ekhAdhent s Lowering

t he
coafing.

The desire to increase the efficiency of gas turbine engines has
led to an inéfeas'e in the temperature in the combustion chamber and
the hot section of the turbine engine. In order fo compensate for the
addmonal temperature, effusion hole cooling is often used where there

| isa mgmﬁcant heat load Effusion hole coolmv of an engine
component, such as a combustion chamber 10 as shown in FIGURE 1
1s accomphshed by laser drilling small diameter (0.010 to 0.060 inch
diameter) cooling holes 11 at specific angles and patterns that deliver
the required cooling air to the engine component. Effusion hole
cooling systems are typically used in conjunction with TBC coatings
on engine components in order to achieve maximum benefit resulting
from their ability to sustain high thermal gradients. Lowering the
temperature of the metal substrate prolongs the life of the engine
component. In addition, these cooling hole and TBC systems reduce
the thermal gradients in the metal substrate thereby reducing the

- driving force for thermal fatigue. The benefit of these systems is
realized in greater component durability, higher gas temperature,
performance and improved efficiency.

Laser drilling (e.g. Nd: YAG laser) is used to drill and
manuféchfre cooling holes in gas turbine engine hot section

components. These parts are preferably protected by thermal barrier



tenperature of the netal substrate prolongs the life of the engine
conponent. In addition, these cooling hole and TBC systens reduce the
thermal gradients in the nmetal substrate thereby reducing the driving
force for thermal fatigue. The benefit of these systenms is realized in
greater conponent durability, higher gas tenperature, performance and

I mproved efficiency. Laser drilling (e.g. Nd: YAG laser) is used to dril
-and manufacture cooling holes, in gas turbine engine hot section
conponents. These parts are preferably protected by thermal barrier 3
coatings (TBC). The laser drilling process can manufacture the cooling
holes by drilling through the conponent's netallic substrate and the TBC
at the same tine; however, |aser induced danage occurs during this

manuf acturi ng process. Mcrostructural damage is generated at the TBC
interface with the netallic bond coat and netallic substrate which results
in TBC debondi ng and subsequent ceramc insulation coating |oss
(spallation) which is detrinental to thes netallic substrate due to the

hi gh heat | oads which adversel é;affects part durability and service life.
Vari ous techni qeeaings(EB6aehhe @Iélplé@gtmomm@mmne 8rrier coatings

component s U sconaeREY G Fedfh 68 e SR fSill ot o

6,620, 457 B2 di ged ARETBCURHRY da@he time; however, laser induced damage occurs
during this manufacturing process. Microstructural damage is
generated at the TBC interface with the metallic bond coat and
metallic substrate which results in TBC debonding and subsequent
ceramic insulation coating loss (spallation) which is detrimental to the
‘metallic substrate due to the high heat loads which adversely affects
part durability and service life.

| Various techmques have been deveIOped to remove thezmal
bamcr coatings from components during manufacture and Tepair,
including air-cooled components. U.S. Patent No. 6,004,620,

EP 1340587 A2 and U.S. Patent No. 6,620,457 B2 disclose a watenjet
system with or without particulate media (abrasive or non-abrasive)
utilizing a liquid-containing jet which operates at high fluid pressures

ranging from 5000 pounds per square inch to 50,000 pounds per
square inch order to remove thermal barrier coating dep051ts The
waterjet process creates “minimal” wear and erosion of the underlyma
substrate after only a single cycle at 5000 pounds per square inch
pressure. Additional cycles and/or increased pressures provides wear

and erosion beyond what is considered minimal.



systemwi th or without particul ate nedia (abrasive or non-abrasive)
utilizing a liquid-containing jet which operates at high fluid pressures
rangi ng from 5000 pounds per square inch to 50,000 pounds per square inch
in order to renove thermal barrier coating deposits. The waterjet process
creates "ninimal " wear and erosion of the underlying substrate after only.
a single cycle at 5000 pounds per square inch pressure. Additional cycles
and/ or increased pressures provides wear. and erosion beyond what is
considered mnimal. 4 Sunmary of the invention Exanple enbodi nents can

provi de a process which uses asuﬁ\'h{ar% 8fthe MVedtish Ng non- abr asi ve
particulate nedia at a | ow pressure I ch selectively renoves thernal
barrier coatings fromconponents w thout damagi ng the netallic substrate.
This process selectively renoves thermal barrier coatings fromthe cooling

hol es of conpergmbRe: emBodifeRisdSHHC BrovideNa tohgcdst WHicrRBB&C bin OJlr e RoRGRRRNT
application, there is a provided process for renmoving a thermal barrier

ceran c ¢ealabRiver PariSuISROMEEE B0k GoRf prasE@E alhikle sete‘éﬁ@ly“?erﬁﬂ%é"%e@ﬂgponent
conprising: directing an air jet at the cooling hole of the conponent, the

j et cont ahftieR Godtfys IVNABEONMBonaddd Witlallt damh 'tﬂe%ﬁlﬁam@bﬂlﬁhﬂ%{@ tHROploteds a
nozzle at a | ow pressure insufficient to damage a netallic surface of the

cool i ng Reletiveit renfovéé tHeAatbanfer BTG fHdMe tHeQIoRY h&18s bf &mpiefd C coat i ng.
In accordance with the second aspect of the present application, there is a

provi ded process for form ng cooling holes on a thermal barrier coated
t ur bi ne engi ne onent. conprisin | 1ing cooling holes into the

conmponent; ¢ oMl PF@D rg:ﬁr\q@ct@eéqrstt%ggct of the present application, there is a provided

process for removing a thermal barrier ceramic coating from a cooling hole of a metaliic
- turbine engine component comprising: directing an air jet at the cooling hole of the
component, the jet containing non-abrasive particulate media and being emitted from a
nozzle af a Iow pressure insufficient to damage a metaliic surface of the cooling hole but

sufficient to remove the thermal barrier ceramic coating.

in accordance with tHe second aspect of the present appiication, there is a
provided process for forming cooling holes on a thermal barrier coated turbine engine
component comprising: drilling cooling holes into the component; coating a surface of the
component containing the cooling holes with a thefmal barrier ceramic coating; and
directing an air jet at the cooling hole of the component, the jet containing non-abrasive
particulate media and being emitted from a nozzie at a low pressure insufficient to
damage a metallic surface of the cooling hole but sufficient to remove the thermal barrier

coating.



conponent containing the cooling holes with a thermal barrier ceramc
coating; and directing an air jet at the cooling hole of the conponent,
the jet containing non-abrasive particulate nedia and being emtted froma
nozzle at a |l ow pressure insufficient to danmage a netallic surface of the
cooling hole but sufficient to renove the thermal barrier coating. 5

Brief Description of the Drawings Figure 1 represents a side view of the
apparatus used carry out the process of this invention. 6 Detailed
Description O The Invention The present invention provides a process which
utilizes a low pressure air-only jet with non-abrasive particulate nedia
which is effective for the renoval of thermal barrier coating deposits and
does not result in wear erosion of the underlying nmetal substrate due to
the |ow pressure process air and the inherent characteristics of the non-
abrasive nedia that is used. The present process can be used an unlimted
nunber of tinmes on a conponent w thout significant wear and erosion. This
process- utilizes a non-abrasive particulsate nedira, preferably a dry
spherical bead nedium under controlled Iom1pressure air which effectively
machi nes and rempves thernmal baBrieEDeseriptionef theDmeaingsdver sel y aff ecting
t he conponent netallic s%pstr

ea'f represen%s a side view of the apparatus used

carry out the process of this invention.



process is effective in renoving TBC coating that can be deposited in or
on conponent features including, but not limted to, effusion air cooling
hol es and air cooling holes in general, as well as any conponent feature
where TBC is not required or desired. This process enabl es conponents to be
manuf actured or repaired by a laser drilling process (if required) which
produces or restores air cooling holes prior to application or restoration
of the thernmal barrier coating. A primary beneficial attribute of this
process is the ability to apply the thermal barrier coating after any
required laser hole drilling thereby elimnating the |aser induced danmage
which contributes to TBC | oss (spall ation) and subsequent thernal danage
or distress to the conponent netallic substrate which adversely affects
part durability and service life. 7 An additional benefit of this process
I's the surface enhancenent of air cooling hole interiors and hol e edges by
snoot hi ng and roundi ng any rough or shqu edges which significantly

i nproves the airflow characteristics of the air cooling holes. Airflow

testing of a conbustion chediled Deschipbios QOEThEHhventiod a 14. 6 percent

increase of nmass airflow after this process. Airflowtest results of a
combustion chanber Thepgeseptinvenfierpravades a progess michatlizes arlowng showed a

s 1 ow 1ot gl BT RS o BOUDG BeLSeront i LLow W
effective for the removal of thermal barrier coating deposits and does
not result in wear erosion of the underlying metal substrate due to the
low pressure process air and the inherent characteristics of the non-
abrasive media that 1s used. The present process can be used an
unlimited number of times on a component without significant wear
and erosion.

' | ‘This process utilizes & _noﬁ;ébrasivé particulate media,
preferably a dry spherical bead medium, under controlled low presmﬁe
air which effectively machines and removes thermal barrier coatings
without adversely affecting the component metallic substrate. This

- process is effective in removing TBC coating that can be deposited in
or on component features including, but not limited to, effusion air
cooling holes and air cooling holes in general, as well as any
component feature where TBC is not required or desired.

This process enables components to be manufactured or
repaired by a laser drilling process (if required) which producés or
restores air cooling holes prior to application or restoration of the
thermal barrier coating. A primary beneficial attribute of this process
is the ability to apply the thermal barrier coating after any required
laser hole drilling thereby eliminating the laser induced damage which
coniributes to TBC loss (spallation) and subsequent thermal damage
or disﬁ'ess 1o the componenf metallic substrate which adversely affects
‘part durability and service life. |



this process showed a part mass flow rate of 0.382348 LBM S. The process is
carried out using a dry air blast systeml1l as shown in FIGJRE 1 consisting
of, but not limted to, an enclosure (not shown), rotary table 2, nultiple
air jet nozzles 3, a dry air supply pressure vessel and nedia processing
unit 4, a nmechanismfor air jet nozzle novenent 5, a nedia

processi ng/recovery unit for filtration and spherical particle separation
(not shown), and a programmable controller (not shown). The dry air jet
system apparatus utilizes a nedia recovery unit which provides continuous
media filtration and spherical particle separation during the process in
order to maintain the efficiency of the process and produce the optinmum
surface enhancenent in and adjacent to air cooling holes which is
desirable in order to increase the discharge coefficient of the air
cooling hole. The process enploys an airsonly delivery systemat a | ow
pressure, preferably about 20 pounds per square inc PSIG to about 100
PSIGto flow a concef g@ﬁ% @f%r?faﬁsééﬁﬂ"é £¢ é&h‘%lcémeﬁ*edl ato

coating depos t O P LR *%? hg%i%#%&f%‘%#@%?? L AT
substrate surfag&m %hl’ saw%icﬁ si@ﬂﬁ@aﬂtﬁym §pé'gambcal nedi a
with, at |least 70% prefer Ieast 95% t he partlcles at a size'in the
range of about @irflowv clmrmctenmqsmfm aywoliog bslaso Aurﬂaw tﬂSﬂDlDICFfEﬁ ers)
dianmeter. Spherd ca%ugugns Chamb dlrawgﬁ hés aemonstratgg Oli4 60 perccnt increase of
mass airflow after this process. Airflow test results of a combustion
chamber liner wall afier laser drilling and deburring showed a mass
flow rate of 0.333093 LBM/S, (pounds per second mass ﬂow) while
airflow test results of the same wall after TBC apphcauon and use of
this process showed a part mass flow rate of 0.382348 LBM/S.
| The process is carried out using a dry air blast system 1as
shown in FIGURE 1 donsisting of, but not limited to, an enclosure
(not shown), rotary table 2, multiple air jet nozzles 3, a dry air supply
pressure vessel and media processing unit 4, 2 mechanism for air jet
nozzle movement 5, 2 media processing/recovery unit for filtration
and spherical particle separation (not shown), and a programmable
.controller (not show;l). The dry air jet system apparatus utilizes a
' media recovery unit which provides contimuous media filtration and
spherical particle separation during the process in order to maintain
the efficiency of the process and produce the optimum surface
enhancement in and adjacent to air cooling holes which is desirable in
order to increase the discharge coefficient of the air cooling hole.
The process employs an air-only delivery system at a low
pressure, preferably about 20 pounds per square inch (PSIG) to about
100 PSIG to flow a concentrated stream of non-abrasive particulate

media to the work area in order to machine away and remove thermal



I nch diameter can be used as the non-abrasive nedia. Due to varying
conponent geonetry and design, the dry air jet systemnozzle(s) my be
articulated in any manner in order to achieve any position required to
deliver the concentrated stream of spherical nedia to the work area in
order to machi ne away and renove thermal Dbarrier coating deposits fromthe
conponent including but not [imted to the interior, edges and surfaces of
air cooling holes at varying angles of incidence. A manual dry air bl ast
nozzle can also be utilized as required to performthe process. In
renoving the TBC from cooling holes the air jet can be directed at the
cooling hole toward the surface opposing the surface having the thernal
barrier coating, e.g. wth a conbustion chanber 10 shown in Figure 1 with
a TBC coating on the exterior surface 12 the air jet would be directed at
the cooling holes 11 fromthe interior surface. In addition to renove TBC
from the cooling hole the air jet is aigned coaxially with the axis of
the cooling hole (i.e. at substantially the sanme angle as the cooling

hol e). The pr &sHEr ¢opfiagtdepasitayyitbautadyiersely affectinrg thelcopapanest’s coat ed
conponent s dur] nyl. ' Far_the manuf acture of new
conponents, .Tlst&g%ggca (Laﬁsgﬁﬁlgugf&gé'f @?%g%ﬁmga}pgﬁl-%%%ggg}eﬁl& 45 been
conpleted, in gtiesl ﬂé&ﬁrwi'ﬂ%ﬁtgl"caﬂW%,'ﬂﬁféﬂﬂy@%ﬁsﬂﬁ%th@gﬁﬁfbt i ilé_sBC

application can be acconplished as one "‘of the final nmanufa ng 9
processes uti |latz size inhthe pamgecoft abiony 0:002d0,0.0 Heinghdhbouyt (b0EItd GL26grity of

millimeters) diameter. Spherical glass media at a size of about 0.003

inch diameter can be used as the non-abrasive media.

Due to varying.coniponent geomeiry and design, the dry air jet
system nozzle(s) may be articulated in any manner in order to achieve
any position required to deliver the concentrated stream of spherical
media to he work area in order to machine awéy and remove thermal
barriér coating deposits from the component including but not limited
to the interior, edges and surfaces of air cooling holes at varying
angles of incidence. A manual dry air blast nozzle can also be utilized
as required to perform the process. In removing the TBC from
cooling holes the air jet can be directed at the cooling hole toward the

-surface opposing the surface having the thermal barrier coating, e.g.
with a combustion chamber 10 shown in Figure 1 with a TBC coating
on the exterior surface 12 the air jet would be directed at the cooling
‘holes 11 from the interior surface. In addition to remove TBC from
the cooling hole the air jet 1s aligned coaxially with the axis of the
cooling hole (i.e. at substantially the same angle as the cooling hole).

The present invention can be applied to thermal barrier coated

| components during manufacture or repair. For the manufacture of new
components, TBC can be applied after all other processing has been
compléted, including after laser drilling and machining. Since TBC

application can be accomplished as one of the final manufacturing



the TBC applied to the conmponent is ensured and will possess the sane
quality level and characteristics as the representative test coupon that
i-s normally processed with the conponent during TBC application. During
conponent manufacture, this process can be used to renove TBC as required
In order to acconplish any nodification and/or repair which may be
required to produce the conponent. For the repairs of service conponents,
this process can be used to carefully renove TBC in order to prepare the
part for inspection and repair. After repair processing is conplete,
including but not limted to welding, grinding, heat treatnment and | aser
drilling and machining, the TBC can be reapplied and this process used as
required to renmove any unwanted TBC. The air-only | ow pressure-nedi a bead
bl ast - hone process is a controlled system which uses very snmall dianeter
(in the 0.003 inch dianeter range) spherical nedia at |ow air pressures in
the range of about 20 PSIGto 100 PSIG for nost TBC renoval applications.
Some TBC renoval applications nay requi pe process paraneter and/or nedia
changes without departing fromthe scope of the clained invention. The
process is non prRpgeesss miidizing thg peesepbinveation. the gualify ansriotagsity 06 netal | i c

substrat es, nd duces onS| ste ults. rflow testing
of cooling hoI e ngrapgb}ﬁﬁtgﬁ)ﬁ R Mﬂdswﬁzg $F8%M8enonst r at ed
significantly i %@%&M@&%@%ha?dcﬁéﬁs@i@s Qﬁﬁi@féb?ésbﬁ{ah‘éé test coupon

that is normally processed with the component during TBC

— O

application. During component manufacture, this process can be used
to remove TBC as required in order to accomplish any modification
and/or repair which may be required to produce the component. For
the repairs of service components, this process can be used to carefully
‘Temove TBC in order to prepare the part for inspection and repair.

_ 'After repalr processing is complete mcludmg but not limited to
welding, grinding, heat treatment and laser dnlhng and machmmg, the
TBC can be reapplied and this process used as required to remove any
unwanted TBC.

The air-only low pressure-media bead blast-hone process is a
controlled system which uses very small diameter (in the 0.003 inch
diameter range) spherical media at low air pressures in the range of
about 20 PSIG to 100 PSIG for most TBC removal applications. Some
TBC removal applications may require process parameter and/or -
media changes without departing from the scope of the claimed
invention. The process 1s non-aggressive and does not cause wear or
erosion to metallic substrates, 1s economical and produces consistent
results. Airflow testing of cooling holes after application of this
process has also demonstrated significantly improved component
airflow characteristics.



10 Exanple A jet engine hot section conbustion chanber (manufactured from
a cobalt or nickel based superalloy material) is manufactured having air
cooling holes laser drilled therein. The gas path (hot side) surface of the
conmponent is first coated with a netallic bond coat which is predom nantly
ni ckel and containing chrom um alum num and yttria (or another reactive
elenent). The netallic bond coat is applied by plasma spraying to a

t hi ckness which is typically about 0.005 to 0.008 inch (about 0.13 to 0.020
mr). After bond coat application, the air cooling holes are manufactured
utilizing a laser drilling process to create the desired angle of incidence
in order to achieve the required air flow cooling characteristics for the
conponent. After laser drilling, the conponent is cleaned to renove any

| aser slag or displaced nmaterial resulting fromthe laser drilling process.
After laser drilling and cl eaning, an optional bond coat |ayer of the sane
materi al can be applied by the plasge spray process to a thickness of about
0.001 to 0.003 inch. A ceram c top-coat |ayer which is predom nantly

zirconia partially stabilized with Exappl8 percent of ytfria is then applied
by a plasma spr acess, to..a thickness bout 0.005 to_0.020 inch
(about 0.13 toAO%éBB“ Tlobﬁﬁcflﬁgcp ugh BPlc sh(mamyfagured HRMe t op- coat

layer, thec earponepty b%asaggue;geg%h &l 87 AnmBathlal hall gked by 1 he

t her mal barrler coating Oop-CcO ereby-restricting

cool i ng ai codlingholds Rspsdriliéd theAdin. Bheghs §at§t(ﬁ6ﬂ dibshaturfReeifgheonfi gured as

shown in
component is first coated with a metallic bond coat which is predominantly

nickel and containing chromium, aluminum and ytiria (or another reactive
element). The metallic bond coat is applied by plasma spraying to 2
thickness which is typically about 0.005 to 0.008 inch (about 0.13 to 0.020
mm). After bond coat apphcatlon, the air cooling holes are manufactured
'utlhzmg a laser dnllmg process to create the desired angle of incidence in
order to achieve the required air flow cooling characteristics for the
component. After laser drilling, the component is cleaned to remove any
laser slag or displaced material resulting from the laser drilling process.
After laser drilling and cleaning, an optional bond coat layer of the same
material can be applied by the plasma spray process to a thickness of about
0.001 to 0.003 inch: A ceramic top-coat layer which is predominantly
zirconia partially stabilized with 6 to 8 percent of ytin'a 1s then applied by a
' plasma spray process to a thickness of about 0.005 to 0.020 inch (about
10.13 t0 0.50 mm). During the application of the ceramic top-coat layer, the
component’s air cooling holes are partially blocked by the thermal barrier
coating (ceramic top-coat layer) thereby restricting cooling air flow.

A Guyson Dry Air Blast System Model RSSA-8 configured as shown in
Figure 1 is used to provide a dry air jet at a pressure of 40 to 60 PSIG utilizing
spherical glass media in the 0.003 inch diameter range (at least 70 percent of the
spheriéal particles possess a diameter of 0.003 inch). The dry air jet is directed
to the metallic surface side (non-coated) of the component (opposing the



Figure 1 is used to provide a dry air jet at a pressure of 40 to 60 PSIG
utilizing spherical glass nedia in the 0.003 inch dianmeter range (at | east
70 percent of the spherical particles possess a dianmeter of 0.003 inch).
The dry air jet is directed to the netallic surface side (non-coated) of

t he conponent (opposing the thermal barrier coated surface) at
substantially the sane angle of incidence as the air cooling hole to
renove the thermal barrier coating deposits restricting cooling air flow
The thermal barrier coating deposits are conpletely renoved fromthe air
cool ing hol es thereby providing the desired cooling air flow required for
the conponent. In addition, the air cooling holes surfaces and edges are
conditioned (snoothed and rounded) providi ng an approxi nate 15 percent
increase in mass air flow by increasing the discharge coefficient of the
air cooling holes. 12 Wat is clainmed is: 1. A process for renoving a
thermal barrier ceramc coating froma cooling hole of a netallic turbine
engi ne conmponent conprising: directing an air jet at the cooling hol e of

t he conponent, the jet contalnlng nohl abrasive partlculate medi a and bei ng

curf ace of CRETRRGRrY toalts SETRECF b SarbiRy e QrilhosR THEIRA 47 T ) ©

ceram ¢ coatthBgir cdolid g%ﬁesﬁ)ﬁfno@eﬁhmﬂermwiﬁbrtd&&uﬁg s;scwi@reémbhﬁ air jet

is fromabout 20 to 100 PSIG 3. Process of Claim2 wherein the nedla has
a subst ant i aidojing@cfiowal shape.

The thermal barrier coating deposits are completely removed from the air

(DY

cooling holes thereby providing the desired cooling air flow required for the
‘component. In addition, the air cooling holes surfaces and edges are conditioned
(smoothed and rounded) providing an approximate 15 percént increase in mass

air flow by increasing the discharge coefficient of the air cooling holes.



4. Process of Claim3 wherein the spherical nedia particles have a di aneter
of from about 0.002 to 0.010 inches. 5. Process of Caim4 wherein the
media is glass beads. 6. Process of Claim5 wherein the turbine engine
conponent is a conbustion chanber. 7.12Process of Claim 1l wherein the air
jet is directed at the cooling hole toward a surface of the conponent
opposi ng the surface having the thernmal barrier coating. 8. Process of
Claim 2 i KL .air jet is directed at the cooling hole at
substantw&%@%&e\gggﬁe angle as the cooling hole. 9. Process of Cdaiml
wherein the air jet rounds the netallic edges of the cooling hole. 10.
Process of CQaim1l wherein the cooling holes are drilled into the turbine
conponent. usi Agracesas@rresiovihg iartgenal baster ckiamid cpatgeisem factooling hole®f @ool i ng
hol es on a thermal barrier coated turbine engine conponent conprising:
drilling cool metplicdlreine eriginet doenpooepioctemirising3 coating a surface of the
conponent containing the cooling holes with a thermal barrier ceramc
coating; and direofing iancrimjet at thej edoling hblecofcthel cangponba, ¢heofet tIchatarimgonorent |
the jet containing non-abrasive particulate nedia and being emtted froma
nozzl e at a | shvapve padicalatenmediad ane rieirgoenhittzagieora arabztid iat a w passuref t he
cooling hole but sufficient to renove the thermal barrier coating. 12.
Process of C asuffidigntwtoedamage fee matallics sudace of ltiee @bolig Ablei sutf sufficierdiolet 20
to 100

remove the thermal barrier ceramic coating.

2. Process of Claim 1 wherein the pressure of the air jet is from about 20 to 100
PSIG.
3. Process of Claim 2 wherein the media has a substantially spherical shape.

4. Process of Claim 3 wherein the spherical media particles have a diameter of

from about 0.002 to 0.010 inches.

5. Process of Claim 4 wherein the media is glass beads.

6. Process of Claim 5 wherein the turbine engine component is a combustion
chamber.

7. . Process of Claim 1 wherein the air jet is directed at the cooling hole toward a

surface of the component opposing the'surface having the thermal barrier coating.
8. Process of Claim 2 wherein the air jet is directed at the cooling hole at

substantially the same angle as the cooling hole.

9. Process of Claim 1 wherein the air jet rounds the metallic edges of the cooling
hole.
10. Process of Claim 1 wherein the cooling hoies are drilled into the turbine

component using a laser driliing process.
11. A process for forming cooling holes on a thermal barrier coated turbine engine
component comprising:

driliing cooling holes into the component;



PSIG 13. Process of Claim12 wherein the nedia has a substantially
spherical shape. 14. Process of Claim 13 wherein the spherical nedia
particles have a dianeter of fromabout 0.002 to 0.010 inches. 15. Process
of Claim 14 wherein the nedia is gl assideads. 16. Process of Caim15
wherein the turbine engine component is a conbustion chanber. 17. Process
of Caim9 wherein the air jet is directed at the cooling hole toward a

surface of the component opposing the surface havipg the thermal barrier
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being emitted from a nozzle at a low pressure insufficient to damage a metallic
surface of the cooling hole but sufficient to rehove the thermal barrier coating.

12. Process of Claim 11 wherein the pressure of the air j et is from about 20 to 100
PSIG.

13. Process of Claim 12 wherein the media has a substantially spherical shape.

14, Process of Claim 13 wherein the spherical media particles have a diameter of
from about 0.002 to 0.010 inches.

15. Process of Claim 14 wherein the media is glass beads.

16. Process éf Claim 15 wherein the turbine engine component is a combustion
chamber.

17. Process of Claim 9 wherein the air jet is directed at the cooling hdle toward a
surface of the component opposing the surface having the thermal barrier coating.

18. Process of Claim 11 wherein the air jet is directed at the coo'i'ing hole at
substantialiy the same angle as the cooling hole.

19. Process of Claim .11 wherein the air jet rounds the metallic edges of the cooling
hole.

20. Process of Claim 11 wherein the cooling holes are drilled through the turbine

component using a laser drilling process.



