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SAlI D' METHOD BACKGROUND OF THE | NVENTI ON  The present invem

‘generally to a method for applying thermal barrier coati nwmmmmmmmﬁ' eces
and the resulting pieces, and nore particularly to a method fgr applying a

coating systemto a gas turbine engi ne conbustion chanber |iner Thaving
cooling holes and the resulting liner. Various nethods are used to protect
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cooling air 1S sonmetlmes bl own over the piece. I'n sone applications such as
aircraft engi ne conbustion chanb&AIDIMETEOMBOO!l i ng holes are fornmed in the
liner for directing filmcooling air through the liner and over surfaces of

the liner exposed to high tenperatures. The filmcooling air cools the
liner and forms a fluid barrier between the Iiner and hot gamwmuuwmmm&w
t hrough the engine to prevent the gases fromdirectly contac iiefer
I'n addi ti gn.cEGROTR W’EHErINVENTI@ﬁJ systens are applied to surf seems2+of

nmet al pi eces expose(Pto I'gh tenperature environnents to reduce the anount
of heat transferred to the piece. However, applying thermal barrier coating
syst ens t Thppresas itvantiogretats| gengraliyotoesmeathyd faapplyingahdralabbartier doatinpye

bl ocked thereby reducing coqling. In order to_oYercome this problem the
cool i ng hin Bsta] piecrsang thessultingPissesepnd yprarprticasly togymethed for gpplying g)

after the,pj ' : £ ﬂéﬁ] ' hol.es: af t he
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l'ife of taeltheeesaltinpdirey.oid this problem the cooling holes are sonetines
made first and masked before applying the coating to ensure the holes are

not bl ockﬁd ,bg t he coati ng. However , mastq Nng i ncreases h%urranuf acturing
cost. Met NGHSULMERAAS\ 1R gUSedalo REpSSH rBfiRL RFCED SRPRRFINE BehytammsTatiigh
pressure £luid j6isS st N JAGKE! el i m.nat d ski ng.
A though Thasamedlsy 10T e g sAE soh Ptk oA Rk I IERE, ThSbpE e
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exposed to high temperatures. The film cooling air cools the liner and forms a fluid
barrier between the liner and hot gases which flow through the engine to prevent the

gases from directly contacting the liner.

In addition, thermal barrier coating systems are applied to surfaces of metal pieces
exposed to high temperature environments to reduce the amount of heat transferred to the
piece. However, applying thermal barrier coating systems to pieces having cooling holes
may cause the holes to become blocked thereby reducing cooling. In order to overcome
this problem, the cooling holes in new pieces are often formed (e.g., by laser drilling)
after the piece is coated. However, forming the cooling holes after the piece is coated
generates significant heat which can negatively affect the life of the piece. To avoid this
problem, the cooling holes are sometimes made first and masked before applying the
coating to ensure the holes are not blocked by the coating. However, masking increases
the manufacturing cost. Methods of removing coatings from the cooling holes using high
pressure fluid jets have been developed to eliminate the need for masking. Although

these methods work well for metal pieces having cooling holes which are angled in a



SUWARY OF THE | NVENTI ON Briefly, the present invention includes a nethod
of applying a thermal barrier coating systemto a netal piece having a
first plurality of cooling holes angled in a first direction through the
piece froma first surface of the piece to a second surface of the piece
opposite the first surface, and a second plurality of cooling holes angled
in a second direction different than the first direction through the piece

fromthe fj. Lr £ . i sprayi ng
= bond codtigm AR hanE fyRSRANRS bR, il eodli 0% SRR LERSEP OV 1
first dir eenions daséctidntas nechid ddivelepéd.on and to a thickness selected in
conbination with the angles to prevent the bond coat fromentirely filling
any hole within the first plurality of cooling holes or any hole within the
second pl SHMMARBOTEAEINYENIIEN “ Furt her, the net hod i nciudes spraying a
thermal barrier coating on the bond coat at angles with respect to the

first direenonaRtbSnsaaaRdndhig G ool df sbfly AetlhEADTBarRE LSGHRD 11

conbi nati on e ang 0O preven arrrer coating=trom

entirely Eyskdn tuon metal pietechaving first plarality sitcopling kdled ahgleld i6 @ Girétdgrebtines or
any hole within the second plurality of cooling holes. A high pressure

fluid jet threughpthgyrerer fremh & fifs surfaceaaldigtnicee: tar b sepend suHaceoplethgi pieden t he
first plu i | j i iLfectd . I |lel to the
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cool i ng hdiregionnlifferdht tagt ihefirgeliRtadl thrq@ighdhd piecd BoinftBe S6€ oMthddits @t i on. I n
anot her aspect, the invention includes an annular liner for use in a

conbust or SECPAd syrfacsr The msthagdeeoraniisghsireng aibend ceas ondhnbrsheitéase af thel
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cool ing hol'es angted in a-tirs iTéctron throug m'af out er

surface t thickhebsHRRKted i C@fBina@ditwih SRGMAKS B predddt the Bond cost fidid ehtdkBs angl ed
in a second direction different than the first direction through the shell
from the 8llingrany lofeawishinghe fiest phuradity efiedoding holesor eyt hole mathin these¢andl udes a

thermal bayrier coati.ng,syst l.ied to the i.nner surfagce of .the shell
i d 11 o UEAth oG ORUE nGES  RIABE 4 el IEae Birafi gl Peffert oo i ng
hol es andcédiignC®e thopl Wbad Attanglh wHeD dspert RO hiRstitss dibdtfdnadid @k |s¥cond
unobstructed by the thernmal barrier coating system Oher features of the

present i Aiestioncmdviol 3 thekniess prigatedhppermabination with thamenglssitameeyesuthe
ner el nalt Blerm i Hatier Coata, trorh entieely e B WD B ot ool P 2SaiRg e ! onal
perspective of a gas turbine engine C stor o € present 1 nAventi on;
holes or any hole within the second plurality of cooling holes. A high pressure fluid jet
is sprayed from a nozzle assembly through each hole within the first plurality of cooling
holes in a direction generally parallel to the first direction and through each hole within
the second plurality of cooling holes in a direction generally parallel to the second

direction.

In another aspect, the invention includes an annular liner for use in a combustor. The
liner comprises an annular shell surrounding an axial centerline having an upstream end,
a downstream end, a first plurality of cooling holes angled in a first direction through the
shell from an outer surface to an inner surface, and a second plurality of cooling holes
angled in a second direction different than the first direction through the shell from the
outer surface to the inner surface. Further, the liner includes a thermal barrier coating

system applied to the inner surface of the shell. Fluid flow through each of the holes in



Fig. 2'is a fragnentary view of a portion of a conbustor |iner taken
line 2-2 of Fig. 1; Fig. 3 is an elevation of a thermal barrier

pl ane of

‘coating spray apparatus used in the nethod of the present invention;
is an el evation of a water jet apparatus used in the nethod of the present

i nvention;

in the

Fig. 4

Fig. 5is a cross section of a piece having a bond coat applied

by the thermal barrier coating spray apparatus; Fig. 6 is a cross section

of the pigge ﬁ%té@&ga?iﬂgiog?&glilﬁé6}101458aﬁds%)eves\ coﬁlﬁogl}l?%lﬁpg%

wat er jet "appar _ _ _
baubstitiallP ahdusguebd by @t thyrnidd Bafride comingRstemer coating spray

t her nal

t I
a Cross sectio pi ece having a

apparatus; and Fig. 8 is a cross section of a coated piece after the

t her mal

appar at us Other features of the present invention will be in part apparent and in part pointed out

hereinafter.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional perspective of a gas turbine engine combustor of the present

invention;

Fig. 2 is a fragmentary view of a portion of a combustor liner taken in the plane of line

2-2 of Fig. 1;

Fig. 3 is an elevation of a thermal barrier coating spray apparatus used in the method of

the present invention;
Fig. 4 is an elevation of a water jet apparatus used in the method of the present invention;

Fig. 5 is a cross section of a piece having a bond coat applied by the thermal barrier

coating spray apparatus;

Fig. 6 is a cross section of the piece after the bond coat is removed from a cooling hole

by the water jet apparatus;

Fig. 7 is a cross section of the piece having a thermal barrier coating applied by the

thermal barrier coating spray apparatus; and

Fig. 8 is a cross section of a coated piece after the thermal barrier coating is removed

from the cooling hole by the water jet apparatus.

Corresponding reference characters indicate corresponding parts throughout the several

views of the drawings.

fl Q108! £y id he

barrier coating is renoved fromthe cooling hole by the water jet



Correspondi ng reference characters indicate correspondi ng parts throughout
the several views of the draw ngs. 3 LI ST OF REFERENCE NUMERALS 10
‘conbustor 12 conbustion chanber 14 outer liner 16 inner |iner 18 done 20

m xers 30 shell 32 centerline 34 upstreamend 36 downstreamend 38 first or
outer surface 40 second or inner surface 42 first plurality of cooling
holes 44 first direction 46 second plurality of cooling holes 48 second

di recti on38@rid# REFEkEN@ENYJI\?E‘RﬁE@' ing holes 52 third direction

10 combustor 100  tubular surface

12 combustion chamber 102  axis

14 outer liner 110  bond coat

16 inner liner 112 spray angle

18 dome 114  thickness

20 mixers 116  angle of incidence
30 shell 118  direction

32 centerline 120 thermal barrier coating
34 upstream end 122 spray angle

36 downstream end 124 thickness

38 first or outer surface 126  angle of incidence
40 second or inner surface

42 first plurality of cooling holes
44 first direction

46 second plurality of cooling holes
48 second direction

50 third plurality of cooling holes
52 third direction

54 angle

56 dilution holes

58 thermal barrier coating system

60 turntable
62 support
64 shaft

70 thermal barrier coating spray apparatus
72 spray head

74 nozzle

76 robotic arm

80 turntable

82 support

84 shaft

90 water jet apparatus
92 spray head

94 nozzle assembly
96 robotic arm



54 angl'e 56 dilution holes 58 thermal barrier coating system 60 turntable
62 support 64 shaft 70 thermal barrier coating spray apparatus 72 spray
head 74 nozzle 76 robotic arm 80 turntable 82 support 84 shaft 90 water jet
apparatus 92 spray head 94 nozzl e assenbly 96 robotic arm 100t ubul ar
surfacelO2axi s110bond coat 112spray angl el 14t hi cknessl116angl e of

I nci dencell8directionl20t hermal barrier coatingl22spray

angl e124t birekieseIARSERPIIN DIt MEIERREFTABEBIRERGR PTI OV OF THE

PREFERRED

Referring to the drawings and in particular to Fig. 1, a portion of a gas turbine engine, and
more particularly a combustor of the present invention is designated in its entirety by the
reference number 10. The combustor 10 defines a combustion chamber 12 in which
combustor air is mixed with fuel and burned. The combustor 10 includes an outer liner,
generally designated by 14, and an inner liner, generally designated by 16. The outer
liner 14 defines an outer boundary of the combustion chamber 12, and the inner liner 16
defines an inner boundary of the combustion chamber. An annular dome, generally
designated by 18, mounted upstream from the outer liner 14 and the inner liner 16,
defines an upstream end of the combustion chamber 12. Mixer assemblies or mixers 20
positioned on the dome 18 deliver a mixture of fuel and air to the combustor chamber 12.
Other features of the combustor 10 are conventional and will not be discussed in further

detail.

Although the outer and inner liners 14, 16, respectively, have different shapes, they have
a similar construction. Thus, for brevity only the outer liner 14 will be described in
further detail. The outer liner 14 includes an annular shell 30 surrounding an axial
centerline 32. The shell 30 has an upstream end 34 which attaches to the combustor
dome 18 and a downstream end 36 opposite the upstream end. Further, the liner 14 has

a first or outer surface 38 and a second or inner surface 40 opposite the outer surface.

As illustrated in Fig. 2, the liner 14 includes a first plurality of cooling holes, each of
which is designated by 42, extending through the shell 30 from the outer surface 38 to the
inner surface 40. Although the holes 42 may extend in other directions without departing
from the scope of the present invention, in one embodiment each of the holes extends in
a first direction 44 angled circumferentially about 45 degrees with respect to the
centerline 32 as illustrated in Fig. 2. A second plurality of cooling holes, each of which
is designated by 46, extends through the shell 30 from the outer surface 38 to the inner
surface 40 in a second direction 48 different than the first direction 44. Although the
holes 46 may extend in other directions without departing from the scope of the present

invention, in one embodiment the second direction 48 has a circumferential component
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Referring to the drawings and in particular to Fig. 1, a portion of a gas
turbi ne engine, and nore particularly a conmbustor of the present invention
is designated in its entirety by the reference nunber 10. The conbustor 10
defines a conbustion chanber 12 in which conbustor air is mxed with fuel
and burned. The conmbustor 10 includes an outer liner, generally designated
by 14, and an inner liner, generally designated by 16. The outer liner 14

defines a .er. ho 0 ' ha r 12 nd. t inner |iner
16 defi nes% p Jg]gltl%ﬁ%@@?@%ﬁﬁ%&%&é{&%ﬂeﬂ?g?{%ﬁé?q gl c"gﬁg%é?ﬂy %%ouéﬁ_ﬁglf@iﬁe%orre,
gener al | y vilg@siegiat ffithbYedBilindD2Nnt £dhivP plurARIof ESiTHgRIAU LS of WEiLh 1# and
the inner liner 16, defines an upstream end of the conbustion chanber 12.

M xer assdpsighased by S8 eedensls 2lropgls thei shal $0drom e dataesurfhced 88ito ¢he nat xt ur e

f fuel dqair .t h t hanmber. 1 h f f. t
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shapes, they have a simlar construction. Thus, for brevity only the outer
| i ner 14 wire¢tidned 20pmglediciredmifarerftiatly hbout d 8tdagrees Whis respeat to thementedihe38c| udes

(st r eam chEEn i Ly 46 od Rl R Bt oM LIS S iE oA r oam
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outer surface 3 8 an second or I nner surface oppos e outer
surface. Asially Hostst@nmdram thei qguter 2urfaded 8Ito therindst sinfadeddeax thee shiel 80 apdrur al i ty

of coolin ol.es.. each. of which is designated by 42, extendi t hr gugh the
shel | 30 3?@&55651&)3} & ahet (554 %ﬁ@riea vwﬁ'er_eﬁwmew the rpnge gurrse oAl t he
hol es 42 mRy,qaioand thdrimh BESlind Hop&!t ﬂerk%embfa%tinaﬁﬁé’sf %g{ﬁ%l{t& BFufifieorsCcope of
the present invention, 1 n one enbodi ment each of the es extends 1n a

first dir boles 6 fadinaodpioing ar mtaitieeoaruistat thansieo0. 45 degrees with respect
to the centerline 32 as illustrated in Fig. 2. A second plurality of

[ h . i ch.i i ted by 46,. t ends,.t hr h th hel |
30°1 r om ¢ kenBERaL, At Q8 cGplinedhofeicn R Ryrdin®ls RO dndis ect | on
48 di f f er gpdsedthatkntibg, l{dr\]ﬁeifEr,Qliif'f&Eﬁti Rburittles dthﬁé‘ﬁﬁﬂggéélﬂ%ﬁt? Eitre HPovilidy ext end

in other directions wthout departing fromthe sc e present
i nvent i onwithrdierentesisunhiferemtial pHientaténme msl explaieed amve 48ptoagleanciveriliblr ent i al

t 5 ite t . qf t fi t di ti .44 i d
cir bunt or et ekt cod€ et fnep 66, ARl e Silmda  Pilbts,. A
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extends through the shell 30 fromthe outer surface 38 to the I nner surface
40. Al t honggditioted dostnszes0 fiory featuresnehicin distupe flodi suels b theslilntibhboles départi ng
fromthe gscope of the ent. inyentjon, i ne enbodi ment each, qf. the

ol es. ext EREScaPR hol(ePh T o FEs® ZHEF CRPt TP BONT dErierad i ik 20
degrees WiipalftRS RfFCoolifg LiesC AL S0 latd @irdeted A tHRAMEN dihthe R S1 44 4hidS. S0
may extend in other direéections wthout departing fromthe scope of the
present i expsnicncsd ovetheating andrbamingsn prietaanigingfrun hardware! iThys, el erenetioends
axially downstream framthe outer.surface 38.to the inner surface 40 of the
Shell %0 B T et 85 Ml b6 fooling ifles it pdue TR HEC o

t he i nner pasideds8o@ited WathiRehbw didupdid featarst 0 the fil mcooling holes, the
shell 30 also 1ncludes a plurality of dilution holes 56 for introducing air
into the conmbustor chanber 20. Conventionally, all filmcooling holes in a
| i ner ar elmpident@dedune hpa tsanster diimoagh thenlindrni4t laccopvergional thevmealt hasrier
however, different groypings of e fi.lmcooli.ng.hol es. are.provid W th

i 11 or ent SogaTv i rd Sy e Brmed bRERESaR B cemEbd Sy B Be an
overal | hphig, npi@fagﬂ%%i%&mnﬂé}ls_ A&f 4Rty Bhe¥ 190hitd b% tR3LbK é‘ach'o@ﬁ{edM- As

wi Il be undéerstoo those skilled in the art, the second and thir

pluralitieeolog mdesd 4hgtohSDds sulgstarkid|ly noshpstwicteddiyythe ahenpab batrico ceating
downstream from f eat ures whi i srupt flow such ag the djlytion holes 56,
bor escopo HRs Fiter dromts of Bndnrn i vrecotintignalaon villnhbe Horssed@ond and
third plu ok H&Si1 0% [ : i hessof the
liner 14 mﬁﬁﬂghugé%ewlgﬁg%gﬂ%\?@rg hggta ?ﬁgné%la@%ﬁgﬁﬁﬂr%ﬁ? eﬁqgétlﬁl r E}%gl netor un

har dware. Thus, the orientations of the second and third pluralities of
cooling holes elimnate or reduce overgeati ng and burni ng associated with
the flow disrupting features. In order"to reduce heat transfer through the
liner 14, a conventional thermal barrier coating system (i.e., bond coats
and thermal barrier coatings), generally designated by 58 (Fig. 7), is
applied to the inner surface 40 of the liner 14. Fluid flow through each of
the cooling holes 42, 46, 50 is substantially unobstructed by the thernal
barrier coating system58. Qther features of the liner 14 are conventi onal
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detail. To apply the thermal barrier coating system58, the liner 14 is
positioned on a conventional turntable, generally designated by 60, having
a support 62 sized and shaped for receiving the liner and a central
vertical shaft 64 for rotating the support as illustrated in Fig. 3. A
conventional thermal barrier coating spray apparatus, generally designated
by 70, is provided adjacent the turntable 60 for applying the thernal
barrier syst ' . i ner. tus 70
el udes: SROEHE: 94rink SnbS bR BiCB0Ra HeRbad Wik Wifinor ¢ e PRE! AL
barrier syswgmis sprayed and a robotic arm 76 for manipul ating the head
into position relative to the liner 14. Although other apparatus may be

used wi thout departing fromthe scope of theégresent i nvention, the thernal
barrier cdatinpyy sy Mhermphhpmensoringpytied I ctherlingg Knisonesidonedi en @an ATCS

pl asma sy it n..8-axi t nuneri cal | n |1 ed Fanuc robot
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general ly designated by 80, conprising a support 82 and a central vertical

shaft 84 froFigr bt Atdongentionalsthenpul barriar eenting spiag appareius.cengrelly desenatadus

general |y, desi.gnat ed .by. 90, .adj acent e turntabl e 80 rays t t owar d
Phe out o) PRapra Ry o aRLAGRN o0 REau e IR feitin BEFE Sl 8Eicl neh udes
a spray herdnfe sippéd\d0 af eadee PHe bffarfBy 2V ilttudRs Risphiye8S FOMaving@t Of
fluid such as water toward the liner and a robotic arm 96 for mani pul ating

t he head hezzle Pothroughrwirich theitheymad batnier syistesr issprayad amtbaghotic b 76 ferar at us

b d_wi{ hout. depar.tj ng f . of th i . th
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Progressi ve Technol ogi es of Gand Rapids, Mchigan. As the previously
descr i bedbatier pedtingaprayeappatstus 7y of theapretepred remhodientamndn wsit €8 plasma

appar at 90 are_conyentional and well understood b hose, skill. in the
e hey STRATR Bt S RHis SOMPIS MO Pl GO f oo b SR B BB e, ( he
liner 14 ol Sles MEKSbAWRIbARANGY ¢orilof cooling hol es 42, 46, 50. As
illustrated in Fig. 5, each of these cooling holes (only one of which is

shown) is 7 defined by a tubular surface 100. Each cooling hol e extends
al ong a cEi raillugivates tieplingtr Buggsetvad byi ansther Lonventiondletusiielede, genctadlye 3 8 of

the liner ;1o t inper surface 40. e gentral, axi 0 f. ea hale is
orent od. bR IR oMt RE Ssibpore B32n0 RREAR vBicR, S8 88 i SBERP IS LS pect
to the inpgipofiurA aseveflomtl Wt jet Apphratifh, gdidealBi defighhtel b§ JOhdadent ARt
critical to the present invention. As further illustrated in Fig. 5, the

t her mal b&irptable fg)osnfq'i)ﬁgwﬁpﬁ wyvang Her atterssurface g8 o sheylipgrnkt. cdhe wetey jetuch as
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eaear od_aptepepL SNEELAH Be8 HBd O nhiife p 0BAe 34 e bndviRBh MRS et

t hi cknessofifididsatie &d fotet fbv@d?@ﬂieﬂﬂ{ér afd Wirbbbtichemawioe mbhdul HinRHEYB&Hd t he
bond coat fromentirely filling the hole. Al though the sgray angle 112 may

vary wit hthie paepen relativertodhe liner b6 opdthengh ethepanpatates inay damiseshwithpet angl e

112 is preferabl reater th ni nety.degree i.e. . obtus ,hi m ze
the mroon e oS 68 schod 80 BriEht N e and wshr el S of ik,
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sprayed on the inner surface 40 at an angle of incidence 116 neasured with

respect t it system pyailabledrana Progegssiae TieehnplogigsadiGram] Ragjds dichigag| As thsr

i nci dence %}6 lFiF tggg about. 45 degﬁees tend HﬁW§ﬁgs t %.coatal 0 to have
unnel t ed BIEYERYssissebed Hym IPTSTRE R SREEY At anﬁ'r‘g PItsTRPARER: i oned,
the sprayogngd eonkéstidHal ahd Vell NindkREHA. Bylthodd SkiB& BCHEhr, the§ORN Matdeon to
prevent the bond coat fromentirely fil'ling the hole. For éxanple, for a

| i ner 14 Hesetihed imdiitheride&BGD to 760 um (0.02 to 0.03 inch) dianmeter holes
extending at an angle 54 of approximtely twenty degrees, the bond coat 110

may be spriayed on,the inpner surface 40 at. an angl e.of ..i n¢cidenge, 1 of
mbout 4’ AgpesDia b e, BEHGrE L mafiied evplat Bl S RonbBROPERL A 36, 2 o
the hol e ofs ARGKited BPFIICS! 8R: offtHESNBOIing BGleE’Qé}ﬁ%%ﬁ@bel@cnﬁ shpfwayRd to a

t hi ckness 114 of between about 100 um (0.004 inch) and about 250 um (0.01
inch), and nore preferably to a thickngss of between about 100 um (0. 004

i nch) and about 150 um (0.006 inch). As will be appreciated by those
skilled in the art, the angles and thickness nmay be varied w thout
departing fromthe scope of the present invention. However, it is desirable
that the angle 112 neasured with respect to the central axis 102 and the

t hi ckness 116 be sel ected so that the bond coat does not entirely




fill the hole. The unfilled portion of the hole provides a pilot hole so
that the water jet apparatus can renove the bond coat 110 fromthe hole as
'wi || be explained bel ow Although the spray angle 112 and thickness 114
speci fied above have been found to be effective to prevent the bond coat
110 fromentirely filling the holes 42, 46, 50, those skilled in the art

w || appreciate that considerable process sinplification can be
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cool i ng hehreGgh thelineX P4TRbM. thé OlitePsurfa0€ B8 bt tHeditieN & 1 Yhrich Guifileetd. 4Phe 46, 50
oriented as specified above, it has been found that the bond coat 110 may
be appl i egentral axigi l0@«ficaeh helgiingriensed atrthe afasempntioned cogle Me(ste. .dmgntt an

angl e of i,ncidence 116 of about 45.degre ownst ream. For..liners 14 having
other coolPRE NNt Sieaflo B Bitr PREE S PERIRENEL | TR Nipd Hupe bRRASR0T 1 4 ey
be det er mcARehl Ry tHefpredentifderionor . After the bond coat 110 is applied, the
liner 14 is placed on the turntable support 80 adjacent the water | et
apparatus 90. As shown in Fig. 6, the water j et apparatus 90 sprays a high
pressure wetigrthgratlusteaigskia Hige, Hist themmal bawicn sosting speayfappinatyst Wespeays @r
surface 38 of th i ner a in.a.directd on neral | arallel to the
contral anPdd ot 140 SR hICERR A R bSO aE ThbiBRIRE appi | e
at a constanincanete with fefectRNRE cddtfal aRisSIoTIf thy hbReandre Gemsokntdiel 181 gh
pressure water jet nust be ained in a direction generally parallel to the
first direde¢tehincombiimation priththeiangle bl Zogineysntibe bord ¢da fram entireln filingh each
hole withi,n .the first, pluralit cool i ng .hol 42. ainmed in a direction
gener ai |y el < licih ey st T 2SS fronriog e g stord it
pressure hlddbst ihRintibM it 1€RRs PREGaDI bithfer HHAR nHREPMGErdRk Wl dbhkeplo cool i ng
hol es 46, and ainmed in a direction generally parallel to the third

di r ect i onnBRinvipr:the amount afpondeoat spraygdrangbeiswtace U@ d¢fining tha holegippesiteh hol e
within the third plural Lty of. cool.in l.es 50..The ter. jet is

SUbst ant | 5199 B8 8. Fhg® gt e Pl 110 B R e 06 i BRI bon
coat 110 #paiad @l ulifciddie wéa%meam%ﬂﬁcm% firkt QPFabd\6F dt lda@labddt:  AS
previously nenti oned, a pilot hole is needed to permt the water jet to
renove t hésdegidess ohnglgsiof iheidencerd 6 hess ghanTabiout 4% d¢gressusmd tormauseathe cojtet

abr ades t ond coat 110 rather than shing it fromthe hole. If the
oot ot 410 & e meadarend i phd BB EeRrena O the o water jet is
reduced. Although the water jet may be sprayed at other pressures w thout
depar ti ng Alsrsgviblidly seapend, thd§prity 88801 12 RMeAhd Blickrdehe 1 MRBRY selechdd iappar at us

of the preferred enbodi nent produces a water het havingFa pressure of
bet ween aseubingtion ppreyendtie bogd poat{epma patirelyFilbog Bierhols P @eaampie) for a

about 31 obgal haBllotiBly 400 GPBEKRH I PEERr dhgertndls SuBEREY 7, N
hol e, theahange 544f hfprogiimatdle tlvdndy 8pReds] the bohd E6H ADO thal b3 -spRged b tizt r at ed
in Fig. 7, the thermal barrier coating@gfray apparatus 70 sprays a thermal

barrier céner piyfaped0 starangle oftingidence shoati4y degrensiand 6n angle 1bdmdthcoat 110

at a spray_angle,122 asur it h respect he central axi,s 102 of the
ol o and foacin EEralE AR 00 o e hE RAGL T Aok Rl ' BrR8r Wt cn
t he ther malo Raspedyed i€ @atickngsd Bl4sbawR%n bBow1O0 it (C.0®! inbley damlabbar250er
coating fromentirely filling the hole. Further, the thermal barrier

coating 120 (00lgney)aandnere preferghdyl tapnthickaess of between abowp! (8 ura (0. 80thineh)of

incid 1 i . he b : fo.at .| 45
dogr eas. - ARG Attt g0 LR REe oy’ 055 BA06 fRtcifl bF el BB IR c o
the coati gaglk?8hd thidldess MayBE vae@keRbut JePaftingaéin | tBBEopeaiTsthé ?ré%&ﬁtengt h.

As with the bond coat parameters, the spray angle 122 and the thickness 124
are sel ecimeuniion. c blowienet, iitols desirghle thahthet ingle hE2 mehasuyed mithr respest tnthef r om

entirely fillin hple. .For e le, faqr th revi ously described |iner
T4 havi g CFHA e 1856 e P 110 Bsclenied so Y R pY ot dbes tol rigly
extending through the liner at an angle 54 of approximately twenty degrees,
the thermal barrier coating 120 nmay be sprayed on the bond coat 110 at an
angl e of incidence | 26 of about 45 degrees and a spray angle 122 of about
135 degrees. Further, the coating 120 %s sprayed in at | east one coat
having a thickness 124 of between about 80 ~.m (0.003 inch) and about 380
um (0.015 inch). Preferably, the coating 120 is sprayed in a coat having a
t hi ckness 124 of about 250 um (0.01 inch). As wll be appreciated by those
skilled in the art, the angles and thickness nmay be varied w thout
departing fromthe scope of the present invention. However, it is desirable
that the spray angle 122 and the thickness 124 be selected so that the

. A NN I e e - n .
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Al t hough the spray angle 122 and thickness 124 specified above have been
found to be effective to prevent the thernmal barrier coating 120 from
entirely filling the holes 42, 46, 50, those skilled in the art wl|
appreci ate that consi derable process sinplification can be acconplished by
mai nt ai ni ng a constant angle of incidence 126 and all ow ng the spray angle
to vary between the first, second and third pluralities of cooling holes.

For exanmbhfmd fleaTht (Rfiuidfndtish BE R fiAviaR £5i1dtolc'h mattn@ lafihiad a3

speci fi ed above, it ound a arrier coating |20 may
be appl i edpparatas elin're@fiole theltivid RPatid 0dtong tHEf €K widll beCexipRixtdBel@nd at an
angl e of incidence 126 of about 45 degrees downstream For |iners 14 having

ot her cooling hole orientations, the spray angle 122 and thi ckness 124 may
be det er ni\Haduaythe spray angle 162 aed thigknessy | Idispecified shave baye basp fewtodg 120 i s

appl i ed, Lner J | % 1 . t agdj agent the
B e S T e B ST P 2y UDROEL608) 168, [
pressure vidiled ih tBé drowall Cagpheidio|thatl cqaRide®lnprotkss Stplifichtgh tae beut er
surface 3 8 of the liner 14 and in a direction 118 generally parallel to

t he cent r ascomplishefdy mpintairing glcenstent eaghs wé incidenawl 1 JllowirgyBeisayyf r om t he

Pt onl y A 88 o) RisRlenh P, FPoi 8P O Toid, ghirFied of iRl MBI Hehow |
renoving geindlle, oo Mined @4 hbvifg cddlingNoldd 40w, 5O Briyaédas spedlied4HRYS Ut asmaY vary

W t hout departing fromthe scope of the present invention, in the preferred
enmbodi menbeenh&ungt grat j thetbqndeseair bluseay bar anplied hins a s¢irestipm ghayingp nos
identical to the pressure used,durin he.pri.or sprayi S . After the
ther mal - barruietealal Paapensht Rad AL phudels PEGiTkcR B ofathatt HBddEe ey er o of
ther mal  bagwhffeam0 For MlersNAtha¥ i} Wiker BYLIRENSIO BHbREidMR, theQplalyAgEle 142t 0 build
the total coating thickness. Preferably, the coating 120 1s renoved from

t he hol e aid thickapssl Mdnpayebacdet¢rmjrgd bysgialynd ertes. appr eci at ed by those skilled
in the art, the step of spraying the liner with the water jet after the
bond coat i pli nd re.t. ryal Iyl t] IS
applied néé%ggkiﬁﬁgfgﬁg?yﬁFﬁggg%ﬁﬁﬁ%égsi%?% negggﬁﬁh%ﬁén%§%§#§&?i%@hin

enough t hadjadeRtthe hated it agpﬁrﬁthﬁb(‘}’. A sowinia Fiwlogtht hvaiteg it apparaiud 9Wsprdye | ayer s
eC

to be renoved together. Because the water jet does not damage the base
netal of &highinressvre mpterjjetdowpigthebeld fiest 2 pezzlafiolaeing thecpuses surfecej38toft r avel s

from hol e, t Q. hol e, Further.,. e the, lin 4.has .a.seri f hol es,
ol Cher t nelinde) and P A keio 178 Bodein! padiileL 1 n B n bt 301160 oh e ncl, 0O 7
respect tqdiixe thd b&id doat SEIwWRIRhicah by agpliedrat & benstidk anigle of indideRceeAi@o0f t he

holes in the series. For exanple, where the liner 14 is circular and the
seri es of simpligstheprofess thaclaigh pregsure vyater ot matish be aintedunpdliteptionsgangratiyound t he

liner, th i . t j .t he
ozl & oabaittib dl st irdsbRadyeR PRl BF biohhibesielid B RAGhet G,
(not  showhyle Gthiveticghistiphuraliy oFlaadlingdblesadp, hitnedsrd directivnrpeherdldyiparillglot at e
the turntable 80 and |iner 14. Althougr the liner 14 and the nozzle 96 may

be noved ®xtheserond direetiond§ when sprayiag thenysh prassure Suigkishhraighiaaeh pelesent

i nvention,.Ji r ef ed di t,they.are. no . | atl speed
of betweel'd Oth%]&&&gf} P’rlﬁfﬁa?lﬁ' ((f%g&? nrﬁ:%gés} 4&%}1@%11%8 lél)a &éﬁe tl(gt%egl? {a§§3éﬁfl\rfneein (480

i nches pefo fiicNbir@ HiredtibnaSPdheh epadink the hiphesresdreefiiia détn@riughtediéh hbleer 14 is
moved relative to the nozzle 96 at a rate of about 0.5 mimn (20 inches per
m nut e) . Withidhe thirdeluralithefgsolingbolss 50he preferred enmbodi ment rot at es
continuously, it is envisioned that the turntable may be rotated

intermtt t. | |\l i ] e The
ot hod of T e At fotd” Sik¥hitin) ke S BIUPHIGT L A3 b e AT RAY |
similar teodthad fbes el Hodsl 1 @hastow fefovidgpeall frémtthelinatiar Aepreajopslyat us of
the first enbodinment 90. As illustrated in Fig. 3, a bond coat 110 is
sprayed omentieneded gilotlalk iy needed topeamitsthe avagsr detre gerape the band peatidd@ss 114
sel ected to prevent e .bond co fromentirely filljng,t hol e .84. The
vater | olSubRARRE, THE R HHnEh the W46 oo, bond Fi 1P gPfief il "2

di recti onpganer oy Pehald. af thedilod Bolkds hbepresoht, thd fbtafibn tdablRebf g hol es
84 to renove bond coat 110 fromthem After the bond boat 110 is renoved
fromthe holes 84, a thermal barrier q&ating 120 is sprayed on the bond
coat 110 as shown in Fig. 5 at an angl®e 126 and to a thickness 124 sel ected
to prevent the thermal burner coating fromentirely filling the hole 84.
The step of spraying the high pressure fluid jet is repeated to renove
thermal barrier coating 120 fromthe cooling holes 84. Al though the fluid
jet may be sprayed at other pressures w thout departing fromthe scope of
the present invention, in one enbodinent the fluid jet is sprayed fromthe
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orifice 112 of the nozzle assenbly 90 nay be spaced fromthe liner 14 by

ot her di stances without departing fromthe scope of the present invention,
in one enbodi ment the orifice of the nozzle assenbly is spaced fromthe
nmetal liner by a distance 122 of between about 2 mm (0.1 inch) and about 80
mm (3 inches) as shown in Fig. 7 while the fluid jet is sprayed fromthe
nozzl e assenbly. Further, it is envisioned that it nmay be beneficial that

L7, et SR i RS 55T BB AREER A0l i O
whi | e t he depirtingfremniayedpd ofthe presend isentdry thel waterd el atppﬁlﬁtus af thepugfbrrédhe

orifice 112 may be npved relative to the liner at other eeds wi t hout
depar t i ng eMbedimentPodugss agyatqr it haying e pressue ehbstwaen ghoup l@%ﬁlﬁ)pr?@& t he

Cpecd of B MEARSAK G PRRERD. PrelBRXFERSELA NNBb ) BR ARG i

(480 i nchgsap@gsm BEdER It &EO(IHJHP(AH VT TS sprayed fromthe nozzle
assenbly. It is further envisi oned that it may be beneficial to nove the

orifice 112 relative to the liner 14 at a speed of about 6 mmn (240
i nches peAfter fig kondzepat hE) fSITGWGV?dafmesthgﬁPEyﬂ‘&lf%MtlﬁéetW‘@Zélt%ﬂE 8itbl y 90.

Al'though g, pfézlzl'oe &éﬁﬁ:ﬁ@éﬁéd %QF{EB? &% (Rbrh i Blriel c&&ﬂaﬁi gﬁaf;} ﬁaﬁ&%ﬁldesoﬂf

wi t hout depar I'ng from present 1 nven

enmbodi menkprahiea ﬂmhla)a@seﬂjasbﬂuyg 130 @ich&@@dn@@ﬁﬁﬂﬁh&l yir@@iiabh éle Bondtdagt second
surface 22 of the liner 14 while the jet is sprayed fromthe assenbly 90.

As will bél@pir seavangs A7 mersyred suth nemM 1] th%een@rﬁk axi§ H%efdhe hela apdto
combust i og. tﬁf&ﬁﬂé%‘; k! 1%r feg%}f% m%%n@gpg%hd&%%fgﬁaw aﬁ%ﬁé ggef G R a%r‘?gf) ol i ng

invention’is appliica p1 eces I'mgs a

hol es ext ep#tingds! vsprayrane préamt eieethéhniad Ghirien coétﬂlgalﬁﬂhfehﬁfély fiiagehskdlkl ed in
the art will appreciate that the liner 14 may be a new |I'i ner which has

never had Enrthewthesthenmal barsier easting by §3p§‘tfeli@bkyrsprawedrglyth§éaoad P@qiellw akan i ner

mechant caf Rl BECERE R LRt Elo B B Bel Qb0 AR Y AP e e

of the pres@ils dffinddinte® M Ekesd theh woefﬁd@lee@wéaﬁdb aaﬁ&&)edobm 1200,t0 hid
articles "a", "an", "the" and "said" are intended to rrean t hat there are

one or mneméheéﬁeaeweﬂem@owméems@#ﬁeng&bnpr| sing", "including" and
"having" are intended 13 to be inclusive and nean that there may be

addi ti OnalAs%lliﬁ{r[ﬁQ Bgnc%ﬂ?f)armg@rsg ﬁx% sHa? raﬁge qbf DE¥NR thickness 124 are selected

in combination to prevent the thermal barrier coating from entirely filling the hole. For
example, for the previously described liner 14 having nominal 500 to 760 um (0.02 to
0.03 inch) diameter holes extending through the liner at an angle 54 of approximately
twenty degrees, the thermal barrier coating 120 may be sprayed on the bond coat 110 at
an angle of incidence 126 of about 45 degrees and a spray angle 122 of about 135
degrees. Further, the coating 120 is sprayed in at least one coat having a thickness 124
of between about 80 um (0.003 inch) and about 380 pm (0.015 inch). Preferably, the
coating 120 is sprayed in a coat having a thickness 124 of about 250 um (0.01 inch). As
will be appreciated by those skilled in the art, the angles and thickness may be varied
without departing from the scope of the present invention. However, it is desirable that
the spray angle 122 and the thickness 124 be selected so that the coating 120 does not
entirely fill the hole. As with the bond coat, leaving a pilot hole in the thermal barrier

coating enables the water jet to remove the coating 120 from the hole.
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As various changes could be nmade in the above constructions and net hods

W t hout departing fromthe scope of the invention, it is intended that al
matter contained in the above description or shown in the acconpanyi ng
drawi ngs shall be interpreted as illustrative and not in a limting sense.
14 CLAIMS: 1. A nmethod of applying a thermal barrier coating system (58)
to a netal piece (10) having a first plurality of cooling holes (42) angled

in a first, 4l i t . [ 2CE [ i f.ace (38)
of the pi cXolfne Bl adle 12 9B RiAAEPI B Gerib sbeRale bigonit U RS {10
first surtffefive 38prevandhaths@ed baript tatihg 120 dbmcatitdln gllinglieshdldd)2, a6 gl ed in
a second direction %S%di fferent than said first direction (44) through

t he pi ece30; these skillgehin the aft witltappigeiptecthat(copsiderable processsnplificgtiomean fe40) |

ot o PR e B R e P RER S B wP Rl Bl 571,
di recti onafglélto aagy betndes 8O figktdidcBRd lafd tﬁiﬂ@bl@ﬁlﬂiésootacdohhgﬂms Forl14)

selected in conbination with the angles to prevent the bond coat ( 110)
from ent i pedmyple,ifpr 4 hnerd Ahaviog eoalingtioles43i 46, 50 osiented ay wieeifigd alfovedibhasng hol es

42 hol i 1 hi [ d,.pl Lit f | i I 46) ;
Spr ayi g Beseviopaheb e TecEfeEdRRrauRy b mal e AeriE R SBat e Tt angi s
Wi th respegéuhfRrénfinl cbpsientiah@ Gt | #Nardd bf andd&RE dl 2pesP bl 42 aédrody (48)
and to a thickness P§d3124) selected in conbination with the angles to

prevent t Hewnsteeama|Fdsdinetsed heawarg ather(cootng héle onertativnsethe sprdylangly B3y hol e
wthin said, fi.rst plurali.dt f cooJing. holes (42) or any hole within said
second pl ﬁ?%{hi“"tl?e 2 JBt %%dﬁmged(b%?fapgﬁgﬂg%r aying a high pressure fluid
jet froma nozzle assenbly (94) through each hole within said first

pl uralityAdfer 6ROhérnthl BRHRS codftl 120 iR applicdCiheAnet N &Y Fihded ddthe kirfifable0 sai d
first direction (44) and through each hole within said secondg&l urality of

cool i ng heunpert@heyljacent shedwateriel appangn QP 4Figy4)p dihgvatdr jet@pparaitis 8@ sprays

direction ¢48). 2. A nmet.hpod as, se th.n clai . erein the step of
St oot no e prefurs B PESpRR B8 hale o tidhoRR o huing BE LT hitEea 8T

per f or nedofihellifasts 4ndiifi @ direétich AltRherhiep&hIeR tOfhe TBEtAY big 10D 8f Hemdlecoat (
110) but before the step of spraying the thermal barrier coating (120) to

renpve t hto tsorene dasgmal bargsr Goating Stainothe ihplet Beicausalthe yatef jeh il wbstputiallyand sai d
second bl uLabb L OlaauR. didRpa a9 ethdibl bGP LRng DM 1R the
hole without removing metal from the liner 14. Although the water jet pressure may
vary without departing from the scope of the present invention, in the preferred
embodiment the water jet pressure used during this spraying step is identical to the

pressure used during the prior spraying step.

After the thermal barrier coating 120 is removed from the hole, additional layers of
thermal barrier coating (not shown) may be applied to the liner 14 to build the total
coating thickness. Preferably, the coating 120 is removed from the hole after applying
each layer. As will be appreciated by those skilled in the art, the step of spraying the liner
with the water jet after the bond coat 110 is applied and before the thermal barrier coating
120 is applied may be omitted if the combined thickness of the layers is thin enough that
they do not entirely fill the hole thereby allowing the layers to be removed together.

Because the water jet does not damage the base metal of the liner 14, its flow need not

be interrupted as the jet travels from hole to hole. Further, where the liner 14 has a series
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to renove the thermal barrier coating (12) fromsaid first plurality of
hol es (42) and said second plurality of holes (46). 3. A nethod as set
forth in claiml or 2, wherein the thernmal barrier coating ( 120) is
sprayed on said first surface (3 8) in at |least two coats and the step of
spraying the fluid fromthe nozzle assenbly (94) is perforned at | east

tw ce, once after spraying a first coat of said coats of thermal barrier
coating ( ' of
thormal’ b3t Foies SeriAEk Ry il RSO HERE 8O iR be HloveEVARRES: ©

3, wherei fo theeotlhdrud Sequertiallysalipprtiay @dtet oo mlﬂar@cmoz&ieeloa@sﬁmkﬂ serie§4Foit owar d
the second surface (40) of the netal piece ( 10) . A nmethod as set forth
in any oné&Xgnpplehwh meetb@dlmglféll%lpwlarm @erserlﬁ%of" |hgleé| i erientgd slpraarp@/d from

pounds. per Cimpa el BT a5 dhe REURE0 RS Her g RL )

6. A met hedthagsseRt tof B thbz218 96laad 1 GlighitR ®izRlet Wigh %bdn Kblé ©F theSsepigs.aned from
the nozzle assenbly (94) at a pressure of about 3100 bar (45,000 pounds per

square i namtor (ot shavepretnestedster the shath 84 rmasnbe vsed tofcontisuquslicrtitadhec| ai ms,
wherein the {%31%78 %nd ﬁnernfal ¥Axlthough the liner 14 and the nozzle 96 may be moved at other

rates without departing from the scope of the present invention, in the preferred

embodiment they are moved at a relative speed of between about 0.5 m/min (20 inches
per minute) and about 12 m/min (480 inches per minute). In a particularly preferred
embodiment, the liner 14 is moved relative to the nozzle 96 at a rate of about 0.5 m/min
(20 inches per minute). Although the turntable 80 of the preferred embodiment rotates
continuously, it is envisioned that the turntable may be rotated intermittently so the water

jet dwells when aligned with each hole.

The method of using the water jet apparatus of the second embodiment 90 is similar to
that described above with respect to the water jet apparatus of the first embodiment 90.
As illustrated in Fig. 3, a bond coat 110 is sprayed on the metal work liner 14 at an angle
116 and to a thickness 114 selected to prevent the bond coat from entirely filling the hole
84. The water jet apparatus 90 is used to spray a high pressure fluid jet in a direction
generally parallel to the central axis 102 of the cooling holes 84 to remove bond coat 110
from them. After the bond boat 110 is removed from the holes 84, a thermal barrier
coating 120 is sprayed on the bond coat 110 as shown in Fig. 5 at an angle 126 and to a
thickness 124 selected to prevent the thermal barrier coating from entirely filling the hole
84. The step of spraying the high pressure fluid jet is repeated to remove thermal barrier
coating 120 from the cooling holes 84.

Although the fluid jet may be sprayed at other pressures without departing from the scope
of the present invention, in one embodiment the fluid jet is sprayed from the nozzle
orifice 112 at a pressure of between about 340 bar (5000 PSI) and about 3400 bar (50,000
PSI), and more particularly, at a pressure of about 3100 bar (45,000 PSI). Although the
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(94) .is spaced fromthe netal piece ( 10) by a distance of between about 20
mnm (0.8 inch) and about 40 mm (1.6 inches) while the jet is sprayed from
‘the assenbly (94). 8. A nmethod as set forth in any one of the preceding
clainms, further conprising the step of noving the nozzle assenbly (94)
relative to the netal piece ( 10) at a speed of between about 0.5 mimn (20
I nches per mnute) and about 12 mimn (480 inches per mnute) as the fluid

' [ f I .

J_ it A: 05/0 Zpkﬂﬁsﬂvfﬁ%%@ééﬁ%@&@gm b% spatdd fromhe fHheradydthet dfdtebes™

I ~Hd} xsni evithpatedepatiag ioal thekapk ofiihedlaajtimlentids, dh ond anpaihe]tbadifideca) cal ca
] ca] ca] ca] ca] ca] ca] ca] cPa] ca] ca] ca] cPa! AsLQA .

J" 984 x- / | I igmggsie asserbiyns spapeciiromdhy matpblines by a distanre 2 ef ketweenjabayic a] ca] ca
|2l oa] caboghashoalflelksal S hets ki) seLAahel Fdl 3iR' L HRE KU >
r pr r EsKs Sggrd h the4]ozalk @adefidlyt Fhembt alis afviddmed]tBalicaderd saabficthihdcal cal ca

] ca] ca] ca] ca] ca] cagca] ca] ca] ca] ca] ca] ca] ca] ca! wx {é| 2| } #~q~~f dMPr
r pr r EsKs Sthewariticeril d of thealoe @aqec@%sc%} b@;nﬁa‘}ctﬁméi(@ hardpdw)acdijterdeci®ca] ca] ca

BRI e e

from the assembly.

In addition, although the orifice 112 may be moved relative to the liner at other speeds
without departing from the scope of the present invention, in one embodiment the orifice
of the nozzle assembly 90 is moved relative to the liner 14 at a speed of between about
0.5 m/min (20 inches per minute) and about 12 m/min (480 inches per minute) as the
fluid jet is sprayed from the nozzle assembly. It is further envisioned that it may be
beneficial to move the orifice 112 relative to the liner 14 at a speed of about 6 m/min
(240 inches per minute) as the fluid jet is sprayed from the nozzle assembly 90. Although
the nozzle assembly 90 may be aligned in other orientations without departing from the
scope of the present invention, in one embodiment the nozzle assembly is aligned
generally parallel to the second surface 22 of the liner 14 while the jet is sprayed from the
assembly 90.

As will be appreciated by those skilled in the art, in addition to combustion chamber
liners such as those described above, the present invention is applicable to other metal
pieces having coatings and cooling holes extending in more than one direction. In
addition, those skilled in the art will appreciate that the liner 14 may be a new liner which
has never had a thermal barrier coating system or it may be a repaired liner from which
damaged thermal barrier coating has been removed by conventional mechanical and/or

chemical stripping processes.

When introducing elements of the present invention or the preferred embodiment(s)
thereof, the articles "a", "an", "the" and "said" are intended to mean that there are one or

more of the elements. The terms "comprising", "including" and "having" are intended
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JcbhbC 10%@& 10% u& ()-9 10% u& ()- 10% u& ()- 10@ 10@ 10@ s10%&' ()- %
10%@& ()- cM bC 10%@ELMLOY%& ()- 10%& ()- 10-u 10-u 10-u; s10% u& () - &
10% u& ()- f 10% u& ()-[ <GJEbC 10%@& 10%& ()-f 10%& ()- 10%& () -
10%& ()- GLO%& ()- 10%& ()- ! ~dEbC 10%@&#10%H& ()-" 10%& () -

10%& ()-10%& ()-9 10%& ()-10%& () - HAAsdEbC 10%@&s0' 10%H& () - .

10%& ()-,, 10%& ()-* 10%& ()-' 10%& ()- @ 10%& ()-sbC

10%@&10%& 1§ he @lNPSd hean that there may be additional elements other than the listed

elements.

As various changes could be made in the above constructions and methods without
departing from the scope of the invention, it is intended that all matter contained in the

above description or shown in the accompanying drawings shall be interpreted as

illustrative and not in a limiting sense.

14



10b 10b' 10b, ; s10%& () -4z10%& () -3 10%& () - 32i dEbC
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spraying a thermal barrier coating (120) on the bond coat (110) at angles with respect to
said first direction (44) and said second direction (48) and to a thickness (124) selected
in combination with the angles to prevent the thermal barrier coating (120) from entirely
filling any hole within said first plurality of cooling holes (42) or any hole within said
second plurality of cooling holes (46); and

spraying a high pressure fluid jet from a nozzle assembly (94) through each hole within
said first plurality of cooling holes (42) in a direction generally parallel to said first
direction (44) and through each hole within said second plurality of cooling holes (46)

in a direction generally parallel to said second direction (48).

2. A method as set forth in claim 1, wherein the step of spraying the high pressure fluid
jet from the nozzle assembly (94) is performed at least twice, once after the step of
spraying the bond coat (110) but before the step of spraying the thermal barrier coating
(120) to remove the bond coat (110) from said first plurality of holes (42) and said second
plurality of holes (46), and again after the step of spraying the thermal barrier coating (12)
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to remove the thermal barrier coating (12) from said first plurality of holes (42) and said
second plurality of holes (46).

3. A method as set forth in claim 1 or 2, wherein the thermal barrier coating (120) is
sprayed on said first surface (38) in at least two coats and the step of spraying the fluid
from the nozzle assembly (94) is performed at least twice, once after spraying a first coat
of said coats of thermal barrier coating (120) and again after spraying a second coat of

said coats of thermal barrier coating (120).

4. A method as set forth in claim 1, 2 or 3, wherein the fluid jet is sprayed from the

nozzle assembly (94) toward the second surface (40) of the metal piece (10).

5. A method as set forth in any one of the preceding claims, wherein the fluid jet is
sprayed from the nozzle assembly (94) at a pressure of between about 340 bar (5000
pounds per square inch) and about 3400 bar (50,000 pounds per square inch).

6. A method as set forth in claim 6, wherein the fluid jet is sprayed from the nozzle

assembly (94) at a pressure of about 3100 bar (45,000 pounds per square inch).

7. A method as set forth in any one of the preceding claims, wherein the nozzle assembly
(94) is spaced from the metal piece (10) by a distance of between about 20 mm (0.8 inch)
and about 40 mm (1.6 inches) while the jet is sprayed from the assembly (94).

8. A method as set forth in any one of the preceding claims, further comprising the step
of moving the nozzle assembly (94) relative to the metal piece (10) at a speed of between
about 0.5 m/min (20 inches per minute) and about 12 m/min (480 inches per minute) as

the fluid jet is sprayed from the nozzle assembly (94).
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