6 October 2006 1 5 10 15 Process of masking cooling holes of a gas

t ur bi ne conmponent FIELD OF THE | NVENTI ON The invention relates to a process
of masking cooling holes of a gas turbine 20 conponent according to the
preanbl e of claim 1. BACKGROUND OF THE | NVENTI ON Conponent& Osipbgr 8208)as
turbi ne bl ades, vanes and other cooled parts often 25 contain cavities
that distribute cooling air to a plurality of holes in the wall of the
part that lead to the outer surface.;Mst turbine conponents are coated for
protection from oxidation and/or corrosionwith, for exanple, a MCrAl'Y
coating (base coat) and sone are also coated with a thernmal barrier
coating (TBC) for thermal insulation. The demands of operation of the
parts in a gas turbine 30 often lead to the degradation of the coating
before the structural integrity of the underlying part itself is degraded.
Hence, the base coat and TBC nust be renoved and re-applied at |east once
during the lifetine of the conponent. 6 October 2006 2 The re-application
of the coatings can be very problematic for parts with a |arge nunber of
cooling holes. Often the base coat can reach thicknesses of 150-300 m and
the TBC may be another 200 - 500 min thickness. During original part
manuf acture, the coatings are usually first and then the holes are 5
drilled directly through the coatings and the wall thickness of the
conponent. However, during the repair operations the holes are already in
pl ace, including during re-coating. The conbi ned thicknesses of these
coatings would have a very significant (and negative) influence on the
effec&iveness of the cooling

15 Process of masking cooling holes of a gas turbine component
FIELD OF THE INVENTION

The invention relates to a process of masking cooling holes of a gas turbine
20 component according to the preamble of claim 1.

BACKGROUND OF THE INVENTION

Components such as gas turbine blades, vanes and other cooled parts often
25 contain cavities that distribute cooling air to a plurality of holes in the wall of
the part that lead to the outer surface. Most turbine components are coated for
protection from oxidation and/or corrosion with, for example, a MCrAIY coating
(base coat) and some are also coated with a thermal barrier coating (TBC) for
thermal insulation. The demands of operation of the parts in a gas turbine
30 often lead to the degradation of the coating before the structural integrity of
the underlying part itself is degraded. Hence, the base coat and TBC must be
removed and re-applied at least once during the lifetime of the component.



holes if the coatings were deposited into these holes during re-coating,
espe io cially considering that sone holes are 1 mmor less in diﬁneter.
Speci al | shaped cooling holes are particularly susceptible to this as
tﬁeir ef?ectivgness depends heavily on the accuracy of th@Osiebse20f6 t he
hole. This problemis particularly great for the nost nodern conponents
whi ch contain hundreds of cooling holes and are designed to operate within
very tight tolerance band 15 widths 5 the upper Iimt on cooling hole
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covered b he coating materi al here was no wel razing cl osed
prior todepandseaviiendhe ascorasyse thershape of the ho!e Th|s problem is

particularly great for the most modern components which contain hundreds of
cooling holes and are designed to operate within very tight tolerance band-
15 widths - the upper limit on cooling hole diameter to stop the waste of un-
needed cooling air (which drastically reduces engine efficiency and power
output) and the lower limit on cooling diameter to prevent overheating of the
component, which would lead to its failure in service. In fact, the filling of
cooling holes can become so extreme that they are completely blocked, and it

20 is even difficult to visually locate the cooling holes at all.

There have been several disclosures relating to this problem and there are
several widely known practices. Those skilled in the art are aware that a
common practice is to braze or weld the holes closed with a suitable material
25  after the old coatings have been removed, re-apply the new coatings, and re-
manufacture the holes. The problem with this is that the brazing or welding
operations introduce zones of weakness into the material. Normal hole
manufacturing operations have errors associated with the placement of the
holes, and when residual welding or brazing material is left, the zones of
30  weakness go into operation with the part and compromise the mechanicai

integrity of the part.



5 the internal cooling configuration (ribs), any inserts, and also the
non-coated portion of the cooing holes. In addition, it would not be
possible to use this process on a stator vane which contained a cooling
air distribution insert, without first renoving the inser® Ocihes20@ful d be
time consum ng and very ex- pensive. Another version of this technique is
disclosed in US-A-5,702,288. In io these cases the abrasive slurry is
injected fromthe outside of the conmponent to the inside, through the
cool ing hol es. However, the drawbacks of this nethod are simlar, and
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15 the abrasive slurry. A further disadvantage of this method is that it would be
nearly impossible to successfully use on shaped cooling holes, particularly on
the continuously widening exterior portion due to the relatively very siow flow

of slurry in that area.

20  Another disclosure which offers a better solution is US-A-4,743,462, in which
fugitive plugs are inserted into the cooling holes and partially volatilize during
the coating process. The volatilization disrupts the coating in the region of the
hole, and once the plugs are completely removed the holes are essentially
free of coating and the cooling air will be unimpeded.

25
One disadvantage of the method disclosed in US 4,743,462 is that the plugs
must all be placed individually into the cooling holes. For small simple aero-
engine parts such as the one illustrated in the disclosure (containing only
several rows of cooling holes at the leading edge) this is feasible, however for

30 large turbine components of land-based gas turbines which may contain sev-
eral hundred cooling holes, it is no longer feasible to individually place plugs
into each hole. This is further complicated by the fact that each component
may be manufactured with several different types of cooling hole - including



6 Cctober 2006 4 conical, straight cylindrical and holes w th changing
wal | angles. Each type of cooling hole would require its own specially
designed plug. An alternative to this nethod is disclosed in US-A-5,985, 122
and US-Bl- 5 6,258,226, in which a tool is configured to f&OckbeRedheous! y
into a plurality of cooling holes prior to the application of coating (in
this case using electrolytic coating techniques). The techni que nay be
wel |l suited for the protection of tgailing edge cooling holes which are
all aligned in one or two lines, but it would not be possible to use in
ther mal  seoriiyalngtraigng ¢yigidiies Hhddsies witirdha@gingowhRahyiew EBcis §fgeosent s
contai ni ng nany cooling hol es arranged al ong several rows on the airfoil,
due to t HePOBEARRWORICITEGHIrRfts OME REGIAIY 885i0NEE Pi¥Ert ures to bl ock the
holes. A simlar fixture is disclosed in US-A-5,565,035. A further

di sclosure in which all holes are plugged at once is given in US-A- 15
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in patent US

A further disclosure in which all holes are plugged at once is given in US-A-
15 5,800,695. A masking agent is placed into the cooling configuration and’

forced through until it fills the cooling holes from the inside, but only up to the

level of the exterior surface of the component. A coating is then applied, in this

case electrolytically applied platinum. Due to the non-conductivity of the plas-

tic maskant cited in the disclosure, no Pt would deposit on the masking agent
20 in the cooling holes.

in addition, only plastic materials are specified as maskant materials, and in
US 4,743,462 the mask material is specified to volatilize at a temperature
below that of the deposition process. The problem with this is that part requir-

25 ing a MCrAlY coating and TBC must have the MCrAIY coating “diffusion
bonded” by a high temperature heat treatment (about 1000°C - 1150°C in
vacuum) before the TBC can be applied. These specified materials would not
be retained for the TBC coating process, and would either have to be re-
applied, or the advantage of the masking would be lost. Indeed, in patent US

30 5,800,695 the example process clearly states that after electrolytic platinum
coating, the maskant is removed and then the parts are aluminized, with no
mention of protecting the cooling holes from Al deposition.



30 5,800,695 the exanple process clearly states that after electrolytic

pl ati num coating, the maskant is renoved and then the parts are

alum nized, with no nention of protecting the cooling holes fromAl
deposition. 6 October 2006 5 This problemis addressed i rf PgiobrEZ0ur r ent
art which does not use plugging techniques. US-A-6,004, 620 discloses a
technique in which the coating is applied to the conponent as normal, over
t he open and unprotected cooling hofes. Then a high pressure water jet
originating fromthe inside of the com5 ponent cleans the cooling hol es of
unwant ed Thiatgrolglebuisl addrpssekhinsfurthee otiiremt artvashich doeésadbl ysed priggied f or

conbustors - | arge, conic nents for which  inplementing this
t echni queleFBNIALES U%'ﬁ%égﬁ?ﬁﬁﬁ‘)mtheﬁan'ﬁé'ﬁr'f‘yW ¥Pol&8; coRing {85 i nsert a

hi gh presggiRdBiRE doPipdhnt @8 rdial, tdiRr 499 obef arrfan&rs;s}afe%iéooeocﬂfn turbine
bl ade. In stator vanes this only would be feasible, i'f the cooling air io
di st ri buthelgs.i Ty a High pressure waterdet oagisating fromdthecinsigeraf the aginven in
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the cool i n&)_hole in order to nore’effectively renove the unwanted coating
I

from i nsitd®ine blaggo|in rijates vanes taisvenle waste Heufeasibles di theocooling abiter jets
in 20 th . ' ' om5 to 50 thousand pounds per square inch
(psi )10 an &{'n g%@?%’ltt%]ﬁresq\;\?ﬂﬁg\f&{loes not contain abrasive particles.

Anot her possibility is disclosed in patent US-Bl-6,210,488 in which a

caust KOS iSsSEa, 8 A I, DA TSBaLbEbTheg! sRgC SR S,
desi gned 2J0on/000BP0R! fh this case, it is specified that the coating is applied to the
component at a special angle with respect to the angie of the cooling holes so
15 as to minimize the amount of coating entering the cooling holes. In addition,
the water jet still originates from the inside of the component (from the side
with the uncoated surface) but the jet is aligned to be paralie! with the axis of
the cooling hole in order to more effectively remove the unwanted coating
from inside the cooling hole. The water pressures used for the water jets in
20 these applications range from 5 to 50 thousand pounds per square inch (psi)
and in general the water does not contain abrasive particles.

Another possibility is disclosed in patent US-B1-6,210,488 in which a caustic
solution is used to dissolve the TBC inside of cooling holes, assisted with

25 ultrasound as an option. However, this disclosure was designed for complete
removal of the TBC from a part coming out of service, and is not suitable for
removing TBC only from inside the cooling holes. Masking the rest of the TBC
over the entire outer surface of the component would not be practical.

30 US-A-5,216,808 discloses the use of a pulsed ultraviolet laser to remove the
unwanted TBC from within the cooling holes (after coating the component with
unprotected cooling holes), since the wavelength of the UV laser is particularly
well absorbed by the material used o make TBC’s (namely zirconium oxide).



renoval of the TBC froma part com ng out of service, and is not suitable
for renoving TBC only frominside the cooling holes. Masking the rest of
the TBC over the entire outer surface of the conponent would not be
practical. 30 US-A-5, 216,808 discloses the use of a pul sed Qictabgly2Yieet

| aser to renove the wunwanted TBC fromw thin the cooling holes (after
coating the conponent with unprotected cooling holes), since the

wavel ength of the UV laser is particgilarly well absorbed by the nmateri al
used to make TBC s (nanely zirconium oxide). 6 Cctober 2006 6 However,
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fact uri ngn thet 6N&ndate. and restore the desired cooling air flow. One version
of t1 is is disclosed in US-A-6,042,879 in which an auxiliary coating is
applied to the old coating, including that portion of the old coating

adj acent Amttidreapmobcingo thelpesbleands & smakeotieheodimgehaiet dargdr thant he
to the, exterior surface. Thiﬁ-l auxiliary

coo In ol o B iERGBELL NSl S88 s heserher U Lace. TU)

out protecting the cooling holes. Since the cooling holes are too large to begin

with, the coating which enters them will then bring them back within manu-
15 facturing tolerances and restore the desired cooling air flow. One version of
this is disclosed in US-A-6,042,879 in which an auxiliary coating is applied to
the old coating, including that portion of the old coating adjacent to the cooling
holes, and also to the base material of the cooling hole at the portion close to
the exterior surface. This auxiliary coating is then diffused into the component
20 with a heat treatment, and then the old and auxiliary coatings, together with
the diffusion zone in the cooling hole outer portion are removed by chemical
etching. A masking agent may also be used to protect the inner portion of the
cooling hole from chemical attack. The disadvantage of this is that it requires
a heat treatment at high temperature to create the diffusion zone, and those
25  skilled in the art know that all such high temperature heat treatments degrade
the microstructure of the alloy used for most gas turbine components, Further
more, as admitted in the disclosure, not all the holes will be uniformly affected,
but it is hoped that the overall distribution of cooling air flows will be within
originally intended manufacturing tolerances (therefore this introduces uncer-
30 tainty into the final temperature distribution of the component in the engine,

which is highly undesirable).



20 with a heat treatnent, and then the old and auxiliary coatings, together
with the diffusion zone in the cooling hole outer portion are rﬁnnved by
chem cal etching. A nmasking agent may al so be used to protect the_ inner
portion of the cooling hole fromchenical attack. The di s&&¢iabended®f this
Is that it requires a heat treatnent at high tenperature to create the

di ffusion zone, and those 25 skilled in the art know that all such high
tenperature heat treatnents degrade 7the microstructure of the alloy used
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provi agent wi ISCh, ageJ3 hardening, provides the desired protrusions.

SUMMARY OF THE INVENTION

15
It is the object of the present invention to find a cheaper, easier and faster

method of adequately protecting all cooling holes of a gas turbine component
from being partially or totally filled beyond a desired limit with a coating sub-
stance during the coating process carried out on the component. This inven-

20 tion is particularly suited to prevent the filling beyond desired limits of the
cooling holes in gas turbine blades and stator vanes with a coating applied by
thermal spray, electrolytic deposition, or other deposition means.

According to the invention a process was found of masking cooling holes of a
25 gas turbine component with an external surface, comprising a cavity and a
plurality of cooling holes, before coating the gas turbine component, compris-
ing the steps of
(@) applying a mask material to the cooling holes so that the cooling holes
are at least partially filled with the mask material in the portion closest to
30 the external surface and substantially up to the level of the external sur-
face, the mask material containing in at least a portion located at the

external surface of the component a filler material,



It is the object of the present invention to find a cheaper, easier and
faster nethod of adequately protecting all cooling holes of a gas turbine
conponent frombeing partially or totally filled beyond a desired |imt
with a coating sub- stance during the coating process carrf ©§tabgt 2806 t he
conmponent. This inven 20 tion is particularly suited to prevent the filling
beyond desired limts of the cooling holes in gas turbine blades and
stator vanes with a coating applied py thermal spray, electrolytic
deposition, or other deposition neans. According to the invention a process

was foundpyf amekétriay thitkeAPigest 18hsten pSRiod 3F the! FiisRemERIBPMARIN Wi th an
external surface, conprising a cavity and a plurality of cooling holes,

bef ore coati rfhetcrelinghBOless bi ne conponent, conpris- ing the steps of (a)
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ext erna

r face, the mask.majerial containjng in | east ortion
ocat 8 480t HEMEnadE AFmeTG HEHseCRAS BB TheicoeMg Bee: ol - 6
Oct ober 2006 8 (b) at least partially thickening at |east a portion of the
mask material within the cooling holes, }(c) coating the external surface
of the cdsonding tadaistineentiokibe rAWNEhaskanaleriahavien f)contained ag t he
remai nin !ﬁﬁ% N ri f LAG: o rding to
this i nv%r?tpi%n ﬁgﬁpol y%ﬁﬁsﬁgl&gt%)mﬁ&wﬁgﬁé F@glz:ngnﬂt’gllaﬁé:’(ﬁlﬁgﬁs tgppropri ate
m xtur e die feixtdrior surfacel lofl thee céinbbeent ardostiilheadezpateiy gratetietheotdalingp to the
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ar- duousiuoaskasi ofBrevidNgSbiRakbARE ey RS HeY insidanafithe corfporenef t he
corrponent“,lhich is sometimes impossible, and/or providing a wax shape on the exterior
of the pan, into which the mask material would be filled and hardened, in
order to provide a protrusion of mask material beyond the exterior surface of
15 the component prior to the coating operation. Advantageously, the proper
selection of mask material and filler material ensured non-sticking of the
coating material to the mask. The filler material is selected from particles or
fibres of metal, oxide material such as silica, magnesia, calcia, alumina, zirco-
nia, yttria or a mixture there of, which provided adequate wear and thermal
20  resistance in the range of 5 to 95 vol.-% and in a preferred range of 20 - 90
vol.-%. Metallic fillers, other oxide fillers, organic materials or endothermic
fillers said endothermic fillers including carbonate compounds or mixtures

thereof are also possibie.

25 The mask material can be applied to the cooling holes from the external sur-
face which consumed far less of the polymer compare to any of the prior art
using such mask materials in which either the entire cocling configuration had
to be filled with polymer, or the entire component had to be dipped in polymer.
Still one embodiment is to apply the mask material from an internal cavity of

30  the component.



which is sonetines inpossible, and/or providing a wax shape on the exterior
of the part, into which the mask material would be filled and hardened, in
order to provide a protrusion of mask material beyond the exterior surf ace
of 15 the conponent prior to the coating operation. Advant@&gstater 9006 he
proper selection of mask material and filler material ensured non-sticking
of the <coating material to the mask. The filler material is selected from
particles or fibres of netal, oxidegymaterial such as silica, nmagnesi a,
calcia, alumna, zirco- nia, yttria or a mxture there of, which provided

adequat e Mgaherdldsblires rwn B’é’pla%%tisf?@ﬁ%e'dmtélﬁ'@ olfaﬁ@%oﬁfpoﬁehps&ihatol - % and
in a preferred range, of vol.-% Metallic fillers, other oxide

fillers, BegNArgy mp@geamre@tly mﬁﬁl%énaﬁltmatenalewfy%@ultwsamocmlnm c fillers

|nclud|nq“ﬁ bonat e conpounds or m xtures thereof are also possible. 25

The mask naterial can be applied to the cooling holes fromthe external

sur- face which consumed far |ess of the polymer conpare to any of the
rials ip which either the entire cooling

i 1 h 1
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material froman internal cavity o he conponent. Cct ober 2006 9 An
energy sdleehanicalyhy @pageiblasisig lor@ssue brgineb 'ﬂ%@teﬂfﬁﬁkﬂfém codt-t hat the

energy i rﬁpdz nges directly on said nmask material which plugs the cooling
hol es. was found that residual polyner on the outer surface of the
conponent woul d cause poor bonding quality, hence the need to clean the

ti ' ti hi bondi
Pt eghi 1y oroe o BeEte e abpiiatrdandpt harieding pPaf Bashe Beipen & Pon
and/ or hanglemaskamaterrl the?86inpandRt ibhpbedheated or cooled before or during

processing.

it was also found that filling the cooling holes in successive stages which it is
15 at least partially thickened before the application of the next amount in the
cooling hole, and using a gradient of filling materials offered advantages. Only
the layers of material at the uppemmost portions of the cooling holes required
significant volume fractions of solid fillers in the range of 45 — 90 vol.-% to a
depth not less than 1 'mm to give them wear resistance against the grit blast-
20 ing required to clean the entire outer surface of the component prior to the

coating operation.

In a further embodiment of the current invention, for the cases where the
invention is still not sufficient to completely prevent plugging of the cooling
25 holes with coating material, a water jet could be used to remove any residual
coating which is in the cooling holes. This step can be done manually, or by
locating the cooling holes using a three dimensional vision system which
directs a CNC machine using the same program to drill the cooling holes in
the first place.
30
The mask material can be a UV polymerizing plastic such as polyurethane, a
polyurethane oligomer mixture, poly(iscbutyl methacrylate), poly(vinyl tolu-
ene), polyproplyene or a polypropylene / polyurethane oligomer mixture, the



the mask material the conponent nay be heated or cool ed before or during

processing. it was also found that filling the cooling holes in successive
stages which it is 15 at least partially thickened before the ap Ilcatlon
of the next anpunt in the cooling hole, and using a gradi®Rctaser £¢46 j ng

materials offered advantages. Only the layers of material at the uppernDst
portions of the cooling holes required significant volunme fractions of
solid fillers in the range of 45 - 9jvol.-%to a depth not less than 1 nm
to give them wear resistance against the grit blast 20 ing required to
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operation. In a further embodi ment of the current |nventi or the cases
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of the cooling 25 holes with coating naterial, a water jet could be used

to renove any residual coating which is in the cooling holes. This step can
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coating, before applying the thermal barrier coating TBC.

The mask material is thickened by an energy source, which may be electro-
magnetic such as visible, ultraviolet or infra-red light or collimated light such
15 as laser.

The disclosed method of mask the cooling holes according to the present

invention can be first applied for the deposition of a bond coating (MCrAlY)

and then, subsequently, used for the application of a ceramic coating (TBC)
20 on top of the bond coating (MCrAlIY).

In general, the coating could be applied e.g. by at least one of the coating
methods of plasma spray, wire arc spray, high velocity oxy-fuel (HVOF), air
plasma spray (APS), low pressure plasma spray (LPPS), vacuum plasma
25 spray (VPS), electrolytic or galvanic deposition, Physical Vapour Deposition
(PVD), Chemical Vapour Deposition (CVD) or any other suitable methods

known in the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Preferred embodiments of the invention are illustrated in the accompanying
drawings, in which
Fig. 1 shows a gas turbine blade with cooling configuration,



bi ndi ng agents which are effective in holding together the solid particles
of mnmetal or oxide after the organic portion of the nmask material is
renoved so that it can withstand the high tenperatures of the diffusion
heat treatnent io necessary for the bonding between base rfaPsiobgr2Q46 t nhe
part and the MCrAlY coating, before applying the thermal barrier coating
TBC. The mask nmaterial is thickened by an energy source, which may be

el ectro- magnetic such as visible, ujtraviolet or infra-red |ight or
collimated light such 15 as |aser. The discl osed nethod of mask the

cooling hpigea accorghoRd 4 Sedtld BY Ree Nt - T INAUghQRe ¢abirebibbe showpp! | ed for
t he deposition of a bond coating (MCcrAlY) and then, subsequently, used for
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30 Preferred enbodi nents of the invention are 1llustrated in e
acconpanyi ng drawags, in which Fig. 1 shows a gas turbine blade with

cool i ng fhourat i ; ' ' by line
- thﬁggﬁgtuhe Fﬁ?ﬁ??@%ﬁg%gﬁg%ﬁa'ﬁ ‘ﬁ"gﬁ @oﬁ&%@%ﬁ%«gf{ﬁégﬂgdcavi ty and
a plurality coolingefose esch Boatingaperation,skiules t he steps of the process of
the |lr(}very,lé_o é‘a.dapp'sxb&g tﬁgsgppearance of the cooling holes with no masking

applied.

The drawings show only the parts important for the invention. Same elements
will be numbered in the same way in different drawings.

15
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a component 1 such as blades or vanes of gas turbine en-
gines comprising a cavity 2, not visible in figure 1, and cooling holes 4, which
20 are on the external surface 6 of the component 1 as well as on the platform 3
of the component 1. The present invention relates to a process of masking
cooling holes 4 in the component 1 before the deposition of coating material

on the external surface 6 of the component 1 will take place.

25 According to line II-II in the figure 1 figure 2 shows a section through the
component 1. The component 1 comprising a cavity 2 and three cooling holes
4. The number of the cooling holes 4 is given only as an example and may
vary on the purpose the component 1 is used for. The component 1 has an
external surface 6 and an internal surface 6a.

30
It is possible to apply the process for the coating of a new component 1 as
well as to a component 1 which has to be repaired after use. In that case an

already coated component 1 will by any means (chemical stripping with HCI,



material to the cooling holes, thickening the mask material and 5 renoving
any residual nmask material in the cooling, shown as an exanple at one
cooling hole according to the circle I'll in figure 2, Fig. 4a-d shows the
appearance of airfoil cooling holes that were masked bef df OCERen2eht i ng
operation, while io Fig. 5a-d shows the appearance of the cooling holes
with no masking applied. The drawi ngs show only the parts inportant for
the invention. Sane elenments wll bg nunbered in the sanme way in different
drawi ngs. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 shows a

conponentwdtes jeth hm éﬂaﬁiemaomnmmee stfipped of thebcostingnto @veabtreoeypy i sing a
cavity 2, not visible in figure 1, and coollngﬂgoles g which 20 are on
the ext ertfEnal surface 8 of the C?’P?BOB%‘PFp‘br@ﬁe’FteH@' ohthe feMpPagRlor m 3 of

the compongRy sliadbe oPHRSENink e sl BeXiesnddoroREARSE Hrébaraski ng

cooling holes 4 1n the conpon be ore t eposition of coating

mat eri al toclsacelh@th;a(mshmatemlf%ce 6 of the corrponent 1 will take place. 25
Accorgi ng toline ii-ii inthe figure 1 figure 2 shows a section through

t he onponent 1. The conponent 1 conprising a cavity 2 and three cooling

holes 4. Thﬂwﬁepsrdﬂeme pfodele of e irmventioh ase 4ivien ngiﬂgeresnaéyom wmchxarrpl e and
may vary on the ose {qhe conponent 1 is used far. The co)fr%gg\ent has

an exterﬁ'?&?” %GPP %'eef'n o he coaeaent it detil@s Q'W pe anse Pole to
apply th%mﬁ ﬁz&?rrn%@g%ﬂ@tz ng of a new conponent 1 as well as to a

conponent 1 has to repaired after use. In that case an already
coated conponent 1 will by any neans (chem cal stripping wwth HCl, 6

ot Obﬁr ZI%% figure 3a shows the first step of the process according to the invention.
The cooling holes 4 are masked with the mask material 5. It will be coated
with, sprayed with, or immersed in a material which is at least partially liquid,

the mask material 5, and which thickens, which means to become more vis-
cous or solid when exposed to an energy source 7. A way it may be done is to

15 inject the mask material 5 into the cooling cavity 2 of the component 1 and
force it through the cooling holes 4. Excess mask material 5 may be removed
afterwards from the external and the internal surface 6, 6a (which can be the
cavity 2 or one side of the platform 3 not to be coated) of the component 1
before the application of an energy source 7. As further explained below still

20 one advantageous embodiment is to apply to mask material 5 from the exter-

nal surface 6.

As mask material 5 different substances may be used:
1. a organic material or
25 2. a resin of a plastic, such as polyurethane, a polyurethane oligomer mix-
ture, poly(isobutyl methacrylate), poly(vinyl toluene), polypropylene or a
polypropylene / polyurethane oligomer mixture and the class of polymers
vetones or silicones, or any photo-polymerizing resin or mix of resins.
3. the mask material 5 may also be a substance that is not at least partially
30 liquid but rather a powder, which means a collection of solid particles.
Thickening of the powder then refers to the aggiomeration and the sticking
together to form clumps or a large solid mass of individual powder parti-

cles. The powder would have to be sensitive to an energy source 7, which



12 water jet, high speed machining) be stripped of the coating to reveal
the ex- ternal surface 6 of the conponent 1. The external surface 6 of the
conmponent 1 and surfaces of the cooling holes 4 may be cl eaned or
otherwi se prepared to receive the mask material 5. 5 The &Psipdepf0qb e
process of the invention are given in figures 3a to 3f, which show a
cooling hole 4 fromthe conponent 1 in detail as given as an exanple in
the circle iii in the figure 2. io Tje figure 3a shows the first step of

t he process according to the invention. The cooling holes 4 are nasked

with the masledmatpat te powler phaHicldecagglomedate irider theriafishcel dththeor

imrersed in a material _which is at least partially liquid, the mask

mat erial 5, CBAWNAPUESE (hi ckens, which neans to becone nore vis- cous or
solid when exposed to an energy source 7. Away it may be done is to is

I nject the mask material 5 into the cooling cavity 2 of the conponent 1 and
force it Inhaduitign, tfilerscwetd repuiredds impaRxtbesvask shatenalerd alithhewmyalbe r enoved
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conponentME&rAlvetdtigt Bad/epBCa0nenodthed possiBiegyeramic dillers tridl Waét her
expl ai ned below still 20 one advan}@geous enbodi nent is to apply to mask
mat eri al PRMtiGIemor fbresof metak oxide metenial sush #m siicanmagngsias caldad.er ent
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pl asti c, ane, a pol yurethane oligomer m
pol y(i sotanldytlhen'ealhasrsyarmeeMet@Ibcys(lemsnpthetrcﬁanfdpers poloygnmcpma;exealer a

pol ypropyl ret hane ol i goner mxture and the class of polyners
vet ony gg?ﬁo%&s%@g or any photo-polynerizing resin or mx of resins. 3.

t he mask material 5 may al so be a substance that i's not at |east partially
Figures 3b shows the second step of the process according the invention of
at least partially thickening the mask material 5. A desired energy source 7 wil
be placed from the outside of the component 1 so that the energy impinges
15 directly on said mask material 5 which is in the cooling holes 4. Figures 3b

shows the thickened material 5a as well.

Different energy sources 7 may be used in order to obtain the desirabile resulf:
1. it can be electromagnetic such as visible light, uitraviolet light or infrared
20 light,

2. it can be a device providing collimated light such as a laser,

3. the energy source 7 can also be a device providing light of a single wave-
length or a distribution of wavelengths centered around a desired wave-
length with a narrow distribution band,

25 4. furthermore the energy source 7 may be introduced into the cavity 2 of the
compeonent 1 via an optical fiber or

5. the energy source 7 can be sonic vibrations ranging from infrasonic (below
20 Hz) to ultrasonic (above 20,000 Hz) frequencies. Is this case the energy
source can be a transducer (i.e. an ultrasonic transducer).

30

The mask material 5a thickened from the energy source 7 containing the filler

material may further be heated so as to volatilize or otherwise remove the

organic portion of the thickened mask material 5a before the coating 8 is de-



30 liquid but rather a powder, which neans a collection of solid particles.
Thi ckening of the powder then refers to the aggl oneration and the sticking
together to formclunps or a large solid nass of individual powder parti-
cles. The powder woul d have to be sensitive to an energy sH@ctaber20Qhich 6
Oct ober 2006 13 neans that the powder particles agglonerate under the

I nfl uence of the energy source 7. In addition, fillers were required to

i mpart the nmask materials 5 with theygral s resistance and i npact
resistance to the spraying process used to deposit the MIXAIY coating

and/ or THfasitel ®noéxtehfal ROF&ES BeoftRe gBnspdrieht T Therd AAyVIRS incRAJEM Bl es or
fibres of nmetal, oxide material such as silica, magnesia, calcia, alumna,
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process ascwdsaghahé danveithstandahe kigh lteaipergtardsi off the difusibarheat t he nask
material ,5. A desired enger ource. 7. will be placed fromthe oytside of
The conpdiaiinieat Sesenall h e ARNIGE php L cos bl br Iredrragtndfucic

mat eri al Pandih@MCAINcddtingC Béford BpMI9ing3hé thdrhiill bafried RoaiPTBCt he thi ckened
material 5a as well. Different energy sources 7 nay be used in order to

obtain the desirable result: 1. it can be el ectromagnetic such as visible

l'i ght, ulg i: d ' | ol 2vh vi ce
provi di né\ cggﬁ'%‘rgc% teH('ié F{\%Hﬁér‘stc p @gﬁ%r as‘érrhgl%halt%’ewgélneﬁggn%?u%c%ﬁ7 can al so
be a deviapprgpriate diixtyre offfiterafcoaldbadjlled iy ¢he tevlipgrhales 4 ahisup itbut i on of

d ot rPputie s aies, bty 8 A Brernidra arer 50 adkatady SaBE P vt - oduced
i nt o t he coalifid Holdsaf frbmebeing filled with coating material 8. This made unneces-
sary the arduous task of providing polymerizing energy from the inside of the
component 1, which is sometimes impossible, and/or providing a wax shape
on the exterior of the part, into which the mask material 5 would be filled and
15 hardened, in order to provide a protrusion of mask material 5 beyond the

exterior surface 6 of the component 1 prior to the coating operation.

Importantly, this invention also made unnecessary the providing of excess
polymerizing liquid over the cooling holes 4, for the purpose of providing
20 enough material to produce the protrusion of mask material 5 beyond the
external surface 5 of the component 1. Thus, the masking operation has be-

come much more simple, rapid and cheap.

In addition, the application of the polymerizing material from the external sur-
25 face 6 of the component 1 prevented complications of plugging in the cooling
configuration, or restricted flow through a cooling air distribution insert.

Furthermore, the addition of the polymer from the outer surface of the compo-
nent via syringe or spatula consumed far less of the polymer compare te any
30  of the prior art such as US-B1-6,265,022 or US-A-4,743,462 using such mask
materials 5 in which either the entire cooling configuraticn had to be filled with

polymer, ar the entire component 1 had to be dipped in polymer.



conponent 1 via an optical fiber or 5. the energy source 7 can be sonic

vi brations ranging frominfrasonic (below 20 Hz) to ultrasonic (above
20,000 Hz) frequencies. Is this case the energy source can be a transducer
(i.e. an ultrasonic transducer). 30 The nask material 5a thOsiabged0d& om t he
energy source 7 containing the filler material may further be heated so as
to volatilize or otherw se renove the organic portion of the thickened
mask material 5a before the coating g5is de 6 Cctober 2006 14 posited on
external surface 6 of the conponent 1. There nmay be included in the resin

bi ndi ng agerbenWNiFid) 3 & weisf £1§6 fotthd thahAillied e £68IRigEses ASinSRldcdsparti-
cles of netal or oxide after the or?anlc portion of the mask material 5a is

re- novedsi¥® stages. andcusingvat gradignt of filinginatetialsifesed edvaipgesiel o f f usi on
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cool i mg ngﬁtspﬂmfi'ﬂgff&ﬁetc@oﬁ'ag 0 se‘if%‘ﬂ‘i" sigpifigaat wolyme, frctionsRfhent 1 and
still adesphatfleys B ghvecthehh teaf asdistaBod abamstite gt ety faduied i th
coating material 8. This nmade unneces- sary the arduous task of providing

pol ymer i ZeRN theeenfirefquien suitacepfithr compenent piipite theneoatingvinearation, sonmet i nes
I mpossi bl L Qr part, into
wn oh t neF waS1ouRy st gL HBEOR AP Bute? SyAEe BMThE SonorklF AT |
provi de avgudicause poovbondinl qualityr hemcebtheeyeetdita gt blastttbe iemtiresguf-ace 6 of
t he cgnpqn 1 prior..to.the. coating operation. |Inportantly, this
[ nvenlg)i o&ag‘?é&c’ﬁﬁaléreumﬂﬁggggﬁ‘wr?‘teﬁ@g’pr ovi ding of excess polynerizing
| iquid over the cooling holes 4, for the purpose of providing 20 enough
material to produce the Protrusion of mask material 5 beyond the

In one embodiment of the current invention, an endothermic matefial is added

as filler material to the polymer in order to provide additional protection from

the heat transferred during coating. For example, sodium bicarbonate decom-

15 poses in a highly endothermic reaction, which absorbs the heat imparted to

the mask material 5 during coating.

In general the filler content is in the range of 5 to 95 vol.-% and in a preferred

range of 20 — 90 vol.-%, at least in the upper most portion of the mask mate-
20 rial 5 in the cooling hole 4. In one embodiment the mask material 5 at the

portion of the cooling hole 4 exit at the external surface 6 of the component 1

contains 45 — 90 vol.-% of the filler material to a depth not less than 1 mm. In

another embodiment, the cooling holes 4 are sufficiently long that they do not

require complete filling, but only partial filling in a way that the upper portion
25  closest to the external surface 6 is filled to provide the desired resuit.

As seen in figure 3d the application of the coating 8 on the external surface 6
will take place directly on the masked cooling holes 4 with the means known
in the state of the art. As mentioned in “Background of the Invention” this
30 could be MCrAlY and/or TBC applied e.g. by at least one of the coating meth-
ods of plasma spray, wire arc spray, high velocity oxy-fuel (HVOF), air plasma
spray (APS), low pressure plasma spray (LPPS), vacuum plasma spray
(VPS), electrolytic or galvanic deposition, Physical Vapour Deposition (PVD),



external surface 5 of the conponent 1. Thus, the masking operation has be-
cone nuch nore sinple, rapid and cheap. In addition, the application of the
polymeri zing material fromthe external sur- 25 face 6 of the conponent 1
prevented conplications of plugging in the cooling confi g8Pstaben20Q§
restricted flow through a cooling air distribution insert. Furthernore,
the addition of the polynmer fromthe outer surface of the conpo- nent via
syringe or spatula consuned far | essjg@f the polynmer conpare to any 30 of
the prior art such as US-B1-6, 265, 022 or US-A-4, 743,462 using such mask
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filling mater ntages. exanple pol ynmeri zati on was nore
rapidly carried out on pure polyner placed in the cooling holes 4 in a
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to give tWikbeweaiovesd szt odig Hsiés & esantidllyfleaséfi qoating maters 8.0  cl ean
the entire outer surface of the conponent prior to the coating operation.

It was f Jth’ﬁjlst#mw"i Esﬂg}uaﬁepeﬁpyﬁéﬁmsle thegempval OEWPftQ@geG‘”Sforgﬁ@ccorrponent
1 would | Hc':iﬁh it Dl t he
entire sﬁ%ks'% ce gq;ltgg %gure ﬂ%ﬁdmg’qﬁa%ﬁ'éaﬁﬁﬁ’gﬂ tE)%O(a’l % Irc')lr%e\?az('trrbod| ment
of the cuwurefunace/font2iloursan endothermc material is added as filler

material to the polyner in order to provide additional protection from the
heat ¥ransferred during coating. For exanple, sodium bicarbonate decom 15

poses in|q ifigtier SMBOEIRRINTIGY theadrram, inVéntiin, 43S P saddle wieaé thaparted to
the mask material 5 during coating. In qg,eneral the filler content is in the

range of uyetngoggsveénﬂl nay, e 19 gpr@pl@; v prevent plugging of the cooling
holes 4 with coating material 8, a water jet 9 (as shown in Figure 3f) could be

used to remove any residual coating 8 which is in the cooling holes 4. This

15 step can be done manually, or by locating the cooling holes 4 using a three
dimensional vision system which directs a CNC machine using the same
program to drill the cooling holes 4 in the first place.

The component 1 may be heated or cooled before or during processing to
20 facilitate the application and/or hardening of at least a portion of the mask

material 5.

Exampile of the invention

25  Several first stage vanes from a heavy-duty gas turbine which had been in
operation for approximately 25,000 hours were stripped of the old coating
using conventional acid etching means, followed by grit blasting for final
preparation. Each vane contained approximately 250 cooling holes. Several
different mask materials were applied on a trial basis, including a urethane

30 oligomer / (Meth)Acrylate monomer blend. In all cases, the mask material was
applied with a spatula into the small numerous cooling holes in the airfoil, and
with a syringe into the large cooling holes in the platform. A range of filler

contents was used, up to 60% aluminum oxide powder. After masking appli-



range of 20 - 90 vol.-% at least in the upper nost portion of the mask
mate- 20 rial 5 in the cooling hole 4. In one enbodi nent the mask nateri al
5 at the portion of the cooling hole 4 exit at the external surface 6 of
the conponent 1 contains 45 - 90 vol.-%of the filler mat@Pictober 2086 dept h
not less than 1 mm In another enbodinent, the cooling holes 4 are
sufficiently long that they do not require conplete filling, but only
partial filling in a way that the upper portion 25 closest to the external
surface 6 is filled to provide the desired result. As seen in figure 3d the
appl i cat i gtiopf thepolyRRr iviE RaenbA’isig 81388 nalY agat ampivith ARke pl ace
directly on the masked copling hol es with the neans known in the state
of the artensitsofdd@ ndY&un’, withBa ekt Bl FPPradmptahe 50i seondsi K Wes coul d be

MZr ALY a’}?é@(ul T@Sriéxﬁ’tpﬂhiaqgh?irga echbn o2Pslel 8 e iréﬁ??rﬂ%gengo&ﬁtgh' ods of
pl asma spray, wre arc spray, high vel'ocity oxy-Tue , air “plasma
spray (ARB)les ltowensues sptimaplabsomptioprand hafdeBing. \B@essn matasiab oapthey (VPS),
el ectrolytic or .gal vani c deposition. Physical \Vapour si.tio PVD), 6
Gutober ol ns tie KRR yas EEpave Daacha Reing o ok ok BEStinG, Thbi 1 abi e
met hods Kp@ws ware F)hﬁ)d@é&i Tbr MVOF THE cBARBEHritS Blagihid ORe@indTes komaLeri al 5
and filler material en- sured non-sticking of the coating naterial to the

mask. 5 AQOE, @ind eoating rf appseds@tely 208r €400 mph ¢hicknesshef atstamdardd mask

Coati ng MEEAIVLFoaG. MR bl (% RoesopeR Joatedl Eralid  HhtY croval o
t he t hi ckkeoling holegasiremonads lbyrmdating ahe Tampanahte tacnplesohedomurheat i ng t he

part to 6 In a vac- uumfurnace for, 2 ho .10 In a further enbodi nent
of tHd G i FRIBRG: 17 gimekdatied CoalRgtEEChPeadRydR R AP i | | not
suf fici enfe htaskigPagntlclin RigAHEHE apbitdtihBe 8hmeRaf WXck8 onhifd 88Hd Wi th
coating material 8, a water jet 9 (as shown in Figure 3f) could be

ponent outer surface removed with light grit blasting, and TBC applied as

normal. In this case, a standard yttria-stabilized zirconia TBC was applied
using air plasma spray to thicknesses ranging from 300 — 1000 um, depend-

15 ing on the location on the component. As a control, the same components
were coated in the same way but without any masking application.

Fig. 5a-d shows the appearance of airfoil cooling holes that were masked
before each coating operation, while Fig. 6a-d shows the appearance of the

20 cooling holes with no masking applied. Airflow data was taken from the cool-
ing holes row by row, in the state with original coating, and then with new
coating. The holes with masking averaged within +/-10% of the original airflow
values, while the holes without masking averaged 80-100% underflow, where
100% underflow represents complete blockage of the holes.

25

NUMBERING
1 Component, e.g. blades or vanes for gas turbines
2 Cavity
30 3 Platform
4 Cooling hole
5

Mask material

Ba Thickened mask material



used to renove any residual coating 8 which is in the cooling holes 4. This
is step can be done manually, or by locating the cooling holes 4 using a
three dinmensional vision systemwhich directs a CNC machi ne using_the sane
programto drill the cooling holes 4 in the first place. ThOcKHepEP Kt 1
may be heated or cool ed before or during processing to 20 facilitate the
application and/or hardening of at |east a portion of the mask material 5.
Exanpl e of the invention 25 Several fgrst stage vanes froma heavy-duty gas
turbi ne which had been in operation for approxi mately 25,000 hours were
stripped gf thexehth egdhtdgd using conventional acid etching neans,
followed by grit blasting for final preparation. Each vane contai ned
appr oxi mafal y nalcwiriasg hol es. Several different mask materials were
applied o a.téﬁgb Q?§h§1 including a urethane 30 oligoner / (Meth)Acrylate
nononer blend. I'n gl cases, the mask material was applied with a spatul a
i nto the 8nmal | Coatingy, costirgpoiater@lihol es in the airfoil, and with a syringe
into the éargquggLung holes in the platform A range of filler contents
was used,up t'02609%%l uni num oxi de powder. After masking appli 6 October
2006 17 cation, the polyner was hardened using a 365 nm UV light lanp with
an in- tensity of 150 nWcn2, with a cure tine of approximtely 50 seconds.
It was helpful to orient the light in a direction parallel to the
direction of the cooling holes to ensure optinmal absorption and hardeni ng.
Excess material on the 5 surface of the vanes was renoved after hardening
with light grit blasting. The vanes were prepared for HVOF by coarse grit
bl asting, heating to 100 - 200C, and coating of approximately 200 - 400 m

t hi ckness of a standard MCrAlY coating. After coating the excess mask
material remaining in the cooling holes is renoved by heating the
conponents to 300 - 650C to burn



lo off the remaining. If a Thermal Barrier Coating (TBC) needed to be
applied, the masking agent can again be applied in the sane way, excess on
the com ponent outer surface renoved with light grit blasting, and TBC
applied as normal. In this case, a standard yttria-stabilized zirconia TBC
was applied wusing air plasma spray to thicknesses rangi n§Qateher2006- 1000
p.m depend is ing on the location on the conponent. As a control, the sane
conponents were coated in the sane vvé? but w thout any nasking
application. Fig. 5a-d shows the appearance of airfoil cooling holes that
were masked before each coating op€L&IMS&, while Fig. 6a-d shows the
appearance of the 20 cooling holes with no masking applied. Airflow data

was takem fr onatrhgthedcdf masking! @plingWdes (4vef a gat ferbdhaicempdnrient(1)gi nal
coating, and then with new coatin The hol es with maski naﬁaver ed within

+/ - 10% gf t he Bei gamdurhine fqoppongs ?L(éé cofppnsing A gytesaalsurace (Rhski ng
80- 1 |
bl ockage of th%%“@i%fwwﬁﬁk%&aw%ﬁp%ﬁ e REIEEFERORITBIRE S ()

gas turbines g¢tepgwfty 30 3 Platform 4 Cooling hole 5 I\/ask materi al 5a
Thi ckened mask nmateri al 6 Qct ob 2006 18 Ext er S | nt er nal
surface 7 Enelegypppbinga rhatg ?Sﬂ'ﬂe”%ﬁatm%ﬂ( W@E%ﬁlq@% to cocﬁ|ng6holes

(4) so that the cooling holes (4) are at least partially filled with the
mask material in the portion closest to the external surface (6) and
substantially up to the level of the external surface (6), the mask
material (5) mixed with at least a portion located at the external
surface (6) of the component (1) a filler material, wherein applying
comprises stepwise applying the mask material, including at least
partially thickening the mask material before applying a next amount
in the cooling holes and changing the amount of filler from layer to
layer of mask material, the uppermost layer having the greatest

amount of filler material,

(b) at least partially thickening at least a portion of the mask material
(5a) within the cooling holes (4), wherein the mask material (5) is
thickened using an electromagnetic radiation impinging directly on
the mask material in the cooling holes from the outside of the

component (1),

(c) coating the external surface (6) of the component (1) and the masked
cooling holes (4) and

(d) removing the remaining thickened mask material (5a) from the
cooling holes (4).

2. The method according to claim 1,



S 9 Water jet 6 October 2006 19 CLAIMS A nethod of masking cooling hol es
(4) of a gas turbine conponent (1), the gas turbine conponent (1)
conprising an external surface (6), a cavity (2) and a plurality of
cooling holes (4), the nethod conprising the steps of (a) applying a photo
pol ynmerising mask material (5) to the cooling holes (4) so that the
cooling holes (4) are at least partially filled with the 6rdctdber®086i al in
the portion closest to the external surf2@e (6) and substantially up to
the |l evel of the external surface (6), the mask material (5) mxed with at
| east a portion |located at the external surface (6) of the conponent (1) a

filler materi - ' ' ' IntifgdHIReY | rAgh&ask
material, i nc%g?ergg?gfé ﬁlggagﬁh gf&ﬁ?% Qme?ﬁﬁ&ifﬁ?%@ﬁg nasi(ﬂg{deri al before
appl yi ng a nexéxtemalisurface (6)ef thechimmnieat £5. and changi ng t he amount of
filler fromlayer to |layer of mask material, the uppernost |ayer having

the greatest amount of filler material, (b) at least partially thickening

at | east POr{hédmethod %C(?ﬁ‘@q fRdisimmal  (5a) within the cooling holes (4),
(5 S

wherein the mask nateria thi ckened using an el ectronmgnetic
radi ation i npiwherein the ewskymaieriat (B isappliet tetheatosling heles ¢é) iram apl es

(6) of the corBRBAKCRTY EAET PREmRRENt ol i ng hol es (4 and (d) removing
t he remaining thi ckened mask material (5a) fromthe cooling holes (4).
4, The method according to claim 1,
wherein after applying the mask material (5) and before coating the
external surface(6) is cleaned by mechanical means to remove residual

mask material (5).

5. The method according to claim 1
wherein the component (1) is heated or cooled before or during the
method to facilitate the application and/or thickened of at least a portion

of the mask material (5).

6. The method of claim 1,
wherein mask material (5) at the portion of the cooling holes (4) exit at
the external surface (6) of the component (1) contains 45 - 80 vol.-%

filler material, to a depth not less than 1 mm.

7. The method according to one of the claims 1 to 6,



2. The nethod according to claim1l, 6 Cctober 2006 20 wherein the mask
material (5) is applied to the cooling holes (4) fromthe external surface
(6) of the component (1). 3. The nmethod according to claim 1, wherein the
mask material (5) is applied to the cooling holes (4) froman internal
cavity (2) of the component (1). 4. The method according to claim1,
wherein after applying the mask material (5) and before c&&dtoteri2ies
external surface(6) is cleaned by nechanical neans to renove residual nask
material (5). 5. The nethod according to_claim1 wherein the conponent (1)
is heated or cool ed before or during the2lmethod to facilitate the
application a 1 Ry te~ | @AS j rial
(5. 6 The maynarpihthé TARR| pBlied o MRSaRicRRbieral (Pingitts PRRIIET R 01 o1
t he cool i ng hofitres (of)metel,toxide materiabauehnad sifica,f magnédip, oélcishalwoinsonent
(1) contains 45 - 90 vol .-% filler material, tp a depth not less than 1
mm 7. The met#HE®VRIG A FB’“BF?e{Wler?é‘f?'QPHLCTaE%P - 6 October 2006 21

wherein the fillers added to the mask material (5) include particles or
fibres of netal, oxide material such as silica, magnesia, calcia, alumna,
zi rconi a, 8yt t r The arethodiactonding teeons bf thedclaimghite 7nat erial s. 8. The net hod

0 e rchETRG Meks are MRELYS FOIRLE Hhforkl (5" id" @

endothermic fillers including carbonate compounds or mixtures thereof.

9. The method of claims 7 or 8,
wherein the filler content is in the range of 5 -95 vol.-%.

10. The method of claim 9, wherein the filler content is in the range of 20 -
90 vol.-%.

11.  The method according to claims 1 to 10,
wherein removal of any residual coating material (8) in the cooling holes

(4) is completed by water jet machining.

12.  The method according to claim 11,



endothermc fillers including carbonate conmpounds or m xtures thereof. 9.
The nmethod of clains 7 or 8, wherein the filler content is in the range of
5-95 vol.-% 10. The nethod of claim9, wherein the filler content is in
the range of 20 - 90 vol.-% 11. The nmethod according to clainms 1 to 10,
wherein renoval of any residual coating material (8) in the cooling holes
(4) is conpleted by water jet machining. 12. The net hod aécxtohan@00® cl ai m
11, 6 October 2006 22 wherein any residual coating material (8) in the
cooling holes (4) is renoved by Iocatiﬂg t he cooling holes (4) using a

vi sion system which directs a CNC nmachéée. 13. The nethod according to
one of the clains 1 to 12, wherein the mask material (5) is a W

pol ymeri zi ng plastic such as pol yurethane, a pol yurethane ol i goner

m xtur el, pol y(\{vﬁéﬂ@t}i ydny :r@éidi@a:L yda@ttng? matetizl( (@)nin th@lam?ﬁngihqﬂes y(f') da: yene
or a pol ypropyl ene pol yur et hane qligomer nixture, the class of .polyners
vetones or si6neRyRssby decating fbﬁo@%ﬁ%ﬁﬁ@% #hysipgg Nispn ﬁyﬁﬁﬂ'}’é"’mgh resins.
14. The met hodg; Q%ﬁéﬂ@)ﬁ@cﬁ%@i”‘l3’ wherein the thickened mask materi al
(5a) containing e friler material is heated or processed so as to

vol atilize or otherwi se renove the organic portion of the mask materi al

(5) before the.coati 8) is deposit on . the external surface (6) the

corrponent%%-l).Tﬁ%mqtﬁgd%éz’w@‘%ﬁcg%?%ﬁg'et a'&'i'sjﬁ?)ih: wherein there are

i ncl uded in t t GlasR! maRridPi (84116 % A9EPelymBiisiRg, prastiefdurnt bye in

hol di ng t oget E@p&fe?\r’é tggl i gbparrnt i (‘ﬂ es( gr‘ fi breg5 o¥ t he 19i ?Ilrer _
polyurethane, a polyurethane oligomer mixture, poly(isobutyl
methacrylate), poly(vinyl toluene), polyproplyene or a polypropylene /
polyurethane oligomer mixture, the class of polymers vetones or

silicones, or any photopolymerizing resin or mixture of resins.

14.  The method according to claim 13,
wherein the thickened mask material (5a) containing the filler material is
heated or processed so as to volatilize or otherwise remove the organic
portion of the mask material (5) before the coating (8) is deposited on

the external surface (6) the component (1).

15.  The method according to claim 14,
wherein there are included in the mask material (5) binding agents which
are effective in holding together the solid particles or fibres of the filler
material after the organic portion of the mask material (5) is removed.

16. The method according to one the claims 1 to 15,



material after the organic portion of the mask material (5) is renoved. 16.
The met hod according to one the clains 1 to 15, 6 Cctober 2006 22a wherein
the mask material (5) is thickened by el ectronmagnetic radiation in the
visible, ultraviolet or infrared range or is a collinmated |ight source.

17. The method according to one the clains 1 to 16, wherein in step c) of
claim1 first a bond coating (MCrAlY) is deposited and s6QRaoher200§ a
ceram c coating (TBC) is deposited on top of the bond coating (MCrAlY).

18. The met hod according to one the clains 1 to 17, wherein at |east one of
the coating methods of plasma spray, w r&8arc spray, high velocity
oxy-fuel (HVOF), air plasma spray (APS), |low pressure plasma spray (LPPS),
vacuum pl asma spray (VPS), electrolytic or galvanic deposition, Physical
Vapour Deposi twherdiiP¥id madkematerial (MaisothickBapd byt electro@agnetie radiationo appl y
the coating. 19. The nethod accordi to one the clains 10,18, wherein
the mask mat erindhevigiblegu W%V@i@r%d"ﬁgfeéﬁa@ﬂspé;}s §cﬁ9ﬂ@%at(eé)l‘9?'t RRVICR: i s

el ectromagnetic such as visible, ultraviolet or infra-red |ight or
collimated light such as laser. 6 Cctober 2006 22b 20. The net hod

accordi ng17.0 ofke niethod aicosrding to ai®e thehelaimis 1ttbd Garet hod of maski ng t he

| hol 4) i.s.first | ied f th it b ti
(MO ALY ana. « oA i st ehBF st o Ffst aodeh BRTHG LABHRI e RRei88oar T ng
(TBC) on top ofind kebBehGemRahi dtaniidlcbating (TBT) idhfeptritbacomespiofithg to one
the clains 1 to 20,
bond coating (MCrAlY).

18.  The method according to one the claims 1 to 17,
wherein at least one of the coating methods of plasma spray, wire arc
spray, high velocity oxy-fuel (HVOF), air plasma spray (APS), low
pressure plasma spray (LPPS), vacuum plasma spray (VPS), electrolytic
or galvanic deposition, Physical Vapour Deposition (PVD), Chemical
Vapour Deposition (CVD) is used to apply the coating.

19.  The method according to one the claims 1 to 18,
wherein the mask material (5) is thickened by an energy source (7),
which is electromagnetic such as visible, ultraviolet or infra-red light or

collimated light such as laser.



wherein at | east one of the coating nethods of plasma spray, wire arc
spray, high velocity oxy-fuel (HVOF), air plasnma spray (APS), |low pressure
pl asma spray (LLPS), vacuum plasma spray (VPS), electrolytic or galvanic
deposi tion, Physical Vapour Deposition (PVD), Chem cal Vapour Deposition
(CVD) is used to apply the coating.

6 October 2006
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20. The method according to one the claims 1 to 18,
wherein the method of masking the cooling holes (4) is first applied for
the deposition of a bond coating (MCrAlY) and then, subsequently, for
the application of a ceramic coating (TBC) on top of the bond coating
(MCrAlY).

21. The method according to one the claims 1 to 20,
wherein at least one of the coating methods of plasma spray, wire arc
spray, high velocity oxy-fuel (HVOF), air plasma spray (APS), low
pressure plasma spray (LL.PS), vacuum plasma spray (VPS), electrolytic
or galvanic deposition, Physical Vapour Deposition (PVD), Chemical
Vapour Deposition (CVD) is used to apply the coating.



