12 January 2006 METHOD FOR THERMAL BARRI ER COATI NG AND A LI NER MADE USI NG
SAI D METHOD BACKGROUND OF THE | NVENTI ON The present i nventd anuirgl280&s
generally to a nethod for applying thernal barrier coatings to netal

pi eces and the resulting pieces, and nore particularly to a nethod for
applying a coating systemto a gas turbine engine conbustion chanber :liner
havi ng cooling holes and. the resulting liner. Various nethods are used to

prot ect neViETHAREOR BABRYRAL BARRIGR CRAPINGANT A EINER MiARRBUSINGoOr

i nstance, cooling air is soneti % er the piece. In sone
applications such as aircraft e% tion chanber liners, cooling
holes are formed in the liner for directing filmcooling air through the
| i ner and over surfaces of the liner exposed to high tenperatures. The
filmcooling air cools the liner and fornms a fluid barrier between the
liner and hot gases which flow through the engine to prevent the gases

from di r BACKGROUNE ORTHIMBNVENEION| n addi tion, thermal barrier coating
syst ens are appl ied to surfaces of nmetal pieces exposed to high

-1 t t dyce th t of t f d to the.

i ece.  HoTRSRSOIBYoR fftﬁses%q&aﬂzsﬁwn%hﬁ‘@%i&w%ngﬁa bLETSPUES havi ng
[ I

~cooling nane%algi@usﬁﬂtﬁ@résﬂﬁn PleBss, Eﬁhﬁﬁfegﬁﬁ:mjﬁ}]agﬁlgggln?%cﬁﬂra sﬁﬂﬂgl ng

cooling. I'n order to overcone "thi$ prob I'n- new
pi eces araecogtingsystenr toagag turine eliggind @ehustion dhiaimbep) linea hbving téudinghelee i s

coat ed. Howeve ormng the cooling holes after the piece is coated
generate %ﬁ?@é‘%&%eat whi ch can negatively affect the life of the

pi ece. To avoid this problem the cooling holes are sonetinmes nmade first

and maskatrigad GhaRaBPhit! ka! AC proOR AN bR S Rel hegnBkGnpot bl ocked

by the coating. However, maski nrg mcreasg © $éilsmamr}? fﬁ?u?ﬁ]\% cost. Methods

- .of rem)vBn’grmmmlﬁmd&)rﬁn&bmcer@obnglaungsdmmsﬂowg olvegthe gwoesimscandl uid jets

have been devel Opsﬁrﬁbqs .elijmnate t e nee f.or . maski n Ithou hese
S|

net hods \ﬂBI? fefy enging corabytio BF‘F‘F’@% angl ed-in
a 12 Janypime 26806r directing film cooling air through the liner and over surfaces of the liner

“ exposed to high temperatures. The film cooling air cools the liner and forms a fluid

~ batrier 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 piecs 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 elﬁninate the need for masking. Although
these methods work well for metal pieces having cooling holes which are angled-in a |




. uniformdirection,; a method for coating pieces having filmcooling holes
angled in nore than one direction has not been devel opedi2 RLMMRI0EOF THE
| NVENTI ON According to a first aspect, the present invention includes a
met hod 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. it.e the first surface nd second plurality. of cooling
ol es" angTiil 8Pt eferhod i oaitina bicees PTG Roldf Meie'aherty o
through i@ dpk aiectivh B8 AddBedni deSélogedl f ace to the second surface. The net hod

conpri ses spraying a bond coat on the first surface of the piece at angles
with respect to the first direction and the second direction and to a

t hi cknes s SEMARRF THEBRENEONN with the angles, to prevent the bond coat

fromentirely filling any hole within the first plurality of cooling holes

or any holgonshb 9 ftH %ﬁggtg ﬂl{% res%tqﬁ‘%ln{ittny in@hudGO0hL A Qpépgﬁrén %{Ial , the

met hod i ncl udes sprayi ermal barrier coating on't coat at
angl es wibbinier empieg system tolrenétalrsdce diavieg b ifion phrdity bcoplnphales ahigleddt 8 on and to
a thickness selected in co,nbigati on with tqlge angles to prev t her mal

t th
barrier OSLORGORdyRIEIRS Pisps, P .rﬁdu%f?ﬁ? ePiofednp ﬁec_f’ﬁ‘és‘ffﬁ‘ggf’}tﬁ?ur ality
of cool i Rekce BHoSite ME ﬁ?s@XmﬁEE,eanWarsl@édﬁgE)Pﬁalﬁfﬁpéyaliﬂ% H18d in?’ed%ag&%h&ng hol es.

A high pressure fluid jet 1s spraye roma nozzie -assenbly through at
| east ondirbaioe dififarérit ihanhbe ffirst sliregrlonrthiougly thefpiece doim thg fivel ssfacatoatheli r ect i on

gener al | arallel to th irst . direction to renove at_|east one of said
Band coat it e HE Haob PRPEES SR TPE RS BE TEQCtisd Hol e wit hi n
the firspieclathadled giitﬁire%&l {oghe @ Firechbl %E)l&“tﬁkg sécBnd dBEGRMCaRISRESLL, there

is provided a nethod of applying a thernal barrier coating systemto an
annul ar thidkeessssalected m¢amgpimation yiithl the englesy tol preveanthe drbdodhit figmbativeken an

upstream.end an dawnstrgam en sai d..liper havi a first plurality of
ool g Foesy dafh e e, SRl PR S Etaive BRFo R i Hbirche Besdid' - om an
outer supfiagifty to? @ABlihG M6les SPUHRE Cthe BOHoA iﬁ&m?%pmyﬂ{gaa ihfm@f b&PRET NG hol es

angled in a second hole direction through the Iinef fromthe outer surface
to the i neadingsean fhadwnd seitdatsanglen dvillotespatt te ditei first Hawedtioy aad thé seond er ent i al
€O rrp onen Elirggggsail{[detotah ﬁltick%];sss saeilgztgdi {nséommC}Laetio%i with ttﬁeo Qﬂglgsaéodprgsénqot e

thermal barrier coating from entirely filling any hole within the first plurality of cooling

holes or any hole within the second plurality of cooling holes. A high pressure fluid jet is

sprayed from a nozzle-assembly through at least one hole within the first plurality of

cooling holes in a direction generally parallel to the first direction to remove at least one

of said band coat and the thermal barrier coating from the at least one hole within the first

plurality of cooling holes.

According to a second aspect, there is provided a method of applying a thermal bérrier
coating system to an annular liner surrounding an axial centerline and extending between
an upstream end and a downstream énd, said liner having a first plurality of cooling holes
angled in a first hole direction through the liner from an outer surface to an inner surface,
and a second plurality of cooling holes angled in a second hole direction through the liner
from the outer surface to the inner surface, said second hole direction having a
circumferential component opposite that of said first hole direction, said method

comprising the steps of: spraying a bond coat on the inner surface in a first spray direction
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conprising the steps of. spraying a bond coat on the inner surface in a
first spray direction 2 12 January 2006 having an axi al cIidjaenen0d® a

t hi ckness selected in conbination with the first spray direction to
prevent the bond coat fromentirely filling any hole within said first
plurality of cooling holes or any hole within said second plurality of
cooling holes; spraying a ‘thermal barrier coating on the bond coat in a
~ second s r . -t hi el ect ed
>eoond, SRt hrith B A0, B lresBOTRURRui, A1 HRE ST

barrier diadtiongo breventat bordlcpat frdoh eitgrelgmilidpodns hold WithinSaiddirdtiphadlitpl ural i ty
of coolin hoI es or any hole within said second gl ural i tieé()f cool i ng hol es;
and spr aff (8010 Migrerpiesiols withingsa pesend phyraliy pbsoqlise doleentirgyiatt ough at

| east_ongliplepatilNidiselof dd b3fa o 8 dckonOlorfPBhidily HARE dhldhy O T ect i on

general ly para I rst rection 1 one of said
- bond coatcompcheaatcdatﬂmeh[md sdledted By ceatdhdtiog Witto mesmcdmhprhpaﬁecneneo hol e

with in saidfjr t,pI ra,Ilty of cooling holes. In an enbodi nent, the
i nvent i oRT§VARY migh DSgRgR FO4Hng frvaremiigly lbee piy ol Bt SRSt PRIty ner may

conpri se | doleSwitd;
upstreanfggﬁgﬂgﬂb%£0§aﬁﬁggn1enggﬁ§g¥??§ﬁm%¢ha£(ﬁgg&%%h grpﬁﬁhﬂg#es angl ed
in a fir sighdiressaeiftond jehfromgdmoztzlaelssahszlly thfdugmaaleamdnemohumﬂmcsmcﬂ firsan i nner
surface, ? q Egﬁf ﬁ]urallty of cool.i ng hal es ngled ln a second

di rect i ORIy @ hlps forpedipection gww@xwa@ﬁw%?rﬁ flifection & 1emoFem t he
out er sut r : a

Cher el - B O b o e e b U f S0 Pl B P % et 1
Fl ui d f| euthtimsad Gist placihityodf coblingtelless in the first plurality of .cooling
hol es and the second plurality of cooling holes may be substantially
unobstructed by the thermal barrier coating system Qher features of the

present iye @ﬁlb@(ﬂm\éhtl kheDiBvdnRoR %&ud@?%%ﬁﬂﬂarﬂﬁﬂr 'f(ﬂ Rk aQ:gin'BﬁsQ& HL

herei nafter. BRI EF DESCRI PTI ON OF THE Fig. 1is cross-secti onal
- per spect live wdy econgase ko rbiia shnlgsmmmdmgtaatamal odntdrlinme lwm@mupstreanent i on;
' 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 may include a thermal barrier coating

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

the first plurality of cooling holes and the second plurality of cooling holes may be

substantially unobstructed by the thermal barrier coating system.

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;




12 January 2006 Fig. 2 is a fragnentary view of a portion of a combustor
liner taken in the plane of line 2-2 of Fig. 1, Fig. 3 iE5 hnualye0asi on of
a thermal barrier coating spray apparatus used in the nethod 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
havi ng a bond coat applied by the thermal barrier coating spray apparatus;

Fig. 6 ig; : i f | e . t 1S I ved from
a cooli n;ﬂ%&q %gsfgaﬁﬁlt%&{ékﬁgf ‘grij'tagfo\ rtgdﬁlpog%acg%isb;%tﬁ; gsersﬁélég ng%% (%ésné C'sf Zlél i on of
t he pi ece-haffipgi;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 barrie oating .is renoved fromthe_ cooling hole by the
water jetd gplaﬁaﬁl?g?ﬂ%o?frﬁe@ﬁm%pﬁaerrw@%%@f BpPTos P I g Pethod of

cor r esporgl ReeRBhiSibRr oughout the several views of the drawings. . 3a

LI ST OF REFERENCE NUMERALS 10 conbustor 12 combustion chanber 14 outer

liner 16 inner liner 18 dome 20 mxers 30 shell 32 centerline 34
upst r eamfamd is @eeleiahins of @wateriathpparatus 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.
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38 first or outer surface 40 second or inner surface 42 first plurality of
cooling holes 44 first direction 46 second plurality of rOhhumg2doobes 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
appar at us LISR OF REEERTNCE YITMBRALS assenbly 96 robotic arm4 12 January
2006 100 tubul ar surface

10 combustor : 100  tubular surface

12 combustion chamber 102  axis

i4 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 X 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 barsier coating spray apparatus
72 spray head

74 nozzle

76  robotic arm

80 turntable

82 support

84 shaft

90  water jet apparatus
92  sprayhead

94 nozzle assembly
96 robotic arm




102-axis 110 bond.coat 112 spray angle 114 thickness 116 angle of
i nci dence 118 direction 120 thermal barrier coating 12213[hayry@006e 124
t hi ckness 126 angl e of incidence 12 January 2006 DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBODI MENT Referring to the drawings and in particular to
Fig. 1, a portion of a gas turbine engine, and nore particularly a

conbust or theD?resent i nvention is designated in its entirety by the
reference’ﬁéﬁ%ﬁ RESGREPTIONQE (ISIE BRE PEMBOIMDINTon chamber 12 in

whi ch conbustor air is mxed with fuel and burned. The conbustor 10

I ncl udes : -iﬁ%&-ﬂ]i .| i gnat ed.b 4. - an inner, |iner,
gener al | ykggeg?ﬁfﬁgtt% y %&%@ﬁé@gﬁ%ﬁg}g 1819 eﬁpof%%‘#i%@néﬂcwwgoundary
of the combusparioulatyandonibudidr ofthe piebnt invofion ik B&ignhfed il &b LSy BPenner
boundary of_ the conbustion chanber. An annul ar done, generally " designated

by 18, notifereeceypsbesdth fiheeonbustari®defines ercombusiich ¢hmmbienh2 in whivhr 16,
defines a [ nd ;of. .t C ust, i chamber _12. xer assenblies or
m xers ZOQO&S@%EO{ ?%r@e%mgﬁ W@%@@T@e@emﬂ‘&m@sﬁ?}ﬁﬁ%u R ORPLIGH air to

~the conbugémerall9tesiBaited By 14, Qa0 iHARIIMEL Sefrall &‘esﬁﬁﬁt&ﬁ}yol'  Hhet
conventi og_\al azd w | no]tf be di scussed i %ef urt}hher etarl .6 Aﬁlte?\%uﬁeéh t he

out er andliResAé defines en outen bourgaryraf heonibustion chamber 1, hfidthe idneslimpds, t hey
| i.ner 14

have a sjid | nstruction,.,.Thus, for breyity only fhe outer
will be ddey %‘ég‘{)ﬁeﬁi"’?‘tﬁa{’h% thegfbpsts B Ap; graplag fomegeagrdlY an
annul ar Shiglehal@® byUBr itlied lyRfteadt Bk the Rk Aidet 19 aid tnd hePlifide 1630 has an
upstream end 34 wni ch attachés to the combustor
: 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.

.Althdugh the outer and inner liners 14; 16, reépectively, have different shapes, they have
a similar oonstruction._ 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

~afirst 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 pluzality 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 meiy 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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- done 18 and a downstream end 36 opposite the upstream end. Further, the her
14 has a first or outer surface 38 and a second or i nnerixlanfage0d®
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 fromthe outer surface 38 to the inner
surface 40. Although the holes 42 may extend in other directions wthout
depar t i ngoppasiimthanef thedirst difectidred4arakis nngled vizaumferentially aboat é5rdegteesent each
of the holes extends,in  a.first direction 44 angled circunferentjally
about 45 HEGUEweckiPhe peatsling 37 oA thid phissliy of cRehghols, pachfovESY [ n' i g.
2. A secopsli | §0o@lkd 30ER6H | ' ' ed by 46,
ext ends tﬁ%(l)%ﬂgﬁgd?#g%ﬁg{efl 30 (%‘ﬂggnt??i%ﬁo?’mer stflﬁ ?%@feﬁg%c% gsg«ﬁg{eﬁﬁﬁg
surface 49ufage 40.saltlongh diertwidsiS0 mag@xtind fresthertdidebions Withoiti departinl fremt | on 44,
Al though the holes 46 may extend in other directions w thout departing
fromthe BESHPeSE ﬁ“f’l?éesﬁ‘i‘té%‘@ﬁ?‘ma rrRusembedimenheash of theieles erends ima thitdc ond

of the f1onRidh p ] SR AT ano TR R i FORP e S BBE 2 ooy ccs
‘Wi th respédthough thtkolee4, d6) 50ma3ekterd ih Bibepdipdctbmd WithoudlilepaRBlpifit il es, each

of whichis d qiﬂggnat ed by 50, extends through the shell 30 fromthe outer
surface 3ROt We Prosaed Inventiopainongembediment gach plth spelingsimlemsxtendsend i n

t her di ' ' ing f th , t
Phvent | ol A8ttt BERRIL e DB D i el S0Ee oF BR BALRF Hipn
di recti omnple 5#@iged) of dboutfvehsddgidel withiesectd tHeHneefribd bf theSRIEt to the

centerli &;f’%ﬁi Al t hough the holes 42, 46,7 50 may extend in other
directio Ot e eedligpatholas theshelk 30 plso dncludes applurelitytofi dilwéinni on, in

one enbogl .1 N ol in ol.es.exte axi ally downstream from
t he out eﬁb@ﬁ?ﬁg@@ﬁﬁg&{%g{ e&?(’nﬁ&pg@gﬁt%rcc&%% ‘the shell 30 at an angle

54 (Fig. 5) of about twenty degrees with respect tao the inner surface of

t he shel Convéntionsilyi, &li filin teolingoles ina LR i AR S thelshifte 88 tibn3th BE SO

includes a plyrality of dilution holes 56 for introducing air into the
conmbust oPreSHHinesntion howeets diffesmmd igrappings jof the) filnr enslling doles eresprovided | i ner ar e

orient ed,im & ' i op. . lLn the resent inventi.on, however,

o 1t S el 5] Sl Red o BRI BERHOBMRIENTE: ¢ o, o1
ci r cunt ecarfighdtion Whidhi cHebBSy Sl bt Helerala0 Vs Wil RRMESRA By BieE al | hol e
skilled in the art, the seeond and third pluralities of cooling hol@ 46, 50, respectively, are

‘positioned downstream from features which disrupt flow such as the dilution holes 56,

borescope holes (not shown), and igniter ports (not shown). The second and third

pluralities of cooling holes 46, 50 are directed fo portions of the liner 14 V\}hich

experienced overheating and burning in prior engine run hardware. Thus, the orientations
- of the second and third pluralities of cooling holes eliminate or reduce overheating and
 burning 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 thermal barrier coating
system 58. Otber features of the liner 14 are conventional and will not be discussed in
further detail. With the exception of applying the thermal barrier coa'tin;c,r system 58 to
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configuration which effectively cools the entire liner 14. As will be
understood by those skilled in the art, the second and t12 Jaduply@08siti es
of cooling holes 46, 50, respectively, are positioned downstream from
features which disrupt flow such as the dilution holes 56, borescope hol es
(not shown),.and igniter ports (not shown). The second and third
pluralities of cooling holes 46, 50 are directed to portions of the liner
14 whi ch thedgsr iléribelnesismadaby eepvenidonsl metheds whighrwilmot hedessribedhithar dwar e.
Thus, thed&raﬁent ations of the second and third pluralities of cooling

hol es elimhnate or reduce overheating and burning associated with the flow
di srupting features. In order to reduce heat transfer through the liner 14,
a convent Tengplt hﬁrﬂﬁimﬁaﬁdrﬁ&rcoa@iﬁ?tdy%nﬁs}ﬂi@ﬁﬁerem i pBdt6RA 8n AN _
~thermal barrier coatings), generall'y designated by 58 Fig. 7), is applied
to the inmemﬂﬁﬂdvmmbga génerally desigmatediby, 605 haniog 4 support B2 siaghasbsbapal  t he

[ hgl A2 6,. 50 | bstantial | bst ted by the th |
barri or cRseatmedftng fads ARkl fupred ToF roitod e opPot e B ent | onal
4wl _ . : . ! 5 ;
and will fatighe Aicstieassit] tHamdlWabie rcoé{ﬁ'fg%ﬁ]l'ag 8a¥¥>§r9tu5 'k%n@rﬁﬁf%%%%&éﬁt he 1iner

applying the thermal barrier coating syste o 17 “Januar
14, 't he |bndl, is povidetbadincentahy mnitatde 60 forepplyitg thdtheimahbhrriensystenestiescr i bed

in detail..To appl he thermal. barrier ating systemb5 he liner 14 is
posi ti oné e&weas'ﬁ@%&éﬁﬁ@ﬂa%ﬂ-t ﬁﬁwéﬁm Wysa@gir%wgi@ aBPEEo, havi ng
a support ' Q:D@hﬁ ahes A é'xﬂﬁ{ al
've'rtP(F:)aI nsor%l]??ugﬁg%lor ro?ati n‘ém%r%a‘ré%g os}/e‘ltn?%ssb%?%straﬁoggﬂc%ﬁgzgg& 3. A

convent i anatipuliténpthe hérmk intoepositivatielatve i thy Limppht. aAlthoughentbsradppyratiesi gnat ed

by 70, is provided adjacent the turntable 60 for applying the_thernal
barrier t@‘?ﬁ%‘g ‘Y’g“}"f Q’%%"%’u@é@‘@%@f@? nresent inwentiony e tgwsalat us 70

i ncl udes @yaRAYs ' f - Whi r mal
barri-er syste&aq?{usﬂég%rg?zépﬁ%ng.a %%ﬁfegfﬁ%%%?ﬁ%%g%%‘lﬂ%ﬁ?he head
i nt o posisystem with at B-aristoontpeer hunericdlly: codtioNed Binwetibbst sipRAY Atailablermay be

used‘witr%ut ﬁgg rting fromthe scqpe of the present invention, the thernal
‘barrier 5 Siigerddeigg of Westogty NevOYerk- t he preferred enbodi nent is an ATCS

plasma systemw th an 8-axis conputer numerically controlled Fanuc robot
system ayfy | APl trates the liner 14 received by another conventional turntable, generally

designated by 80, comprising a support 82 and a central vertical shaft 84 for rotating the

support. A conventional water jet apparatus, generally designated by 90, adjacent the
turntable 80 sprays water toward the outer surface 38 of the liner 14. The water jet
apparatus 90 includes a spray head 92 having a nozzle 94 for spraying a high pressure jet
of fluid such as water toward the liner and a robotic arm 96 for manipulating the head
into position relative to the liner 14. Although other apparatus may be used without
departing from the scope of the present invention, the watef jet apparatus 90 of the
preferred embodiment is a Model No. 1015 5-axis computer nuﬁeﬁwﬂy controlled water
jet system available from Progressive Technologies of Grand Rapids, Michigan. As the
- previously described thermal ban'ief coating spray apparatus 70 and water jet apparatus
90 are conventional and well understood by those skilled in the art, they will not be
described in further detail..

- _As descn'bed above, the liner 14 includes several pluralities of cooling holes 42, 46, 50.
As illustrated m Fig. 5, each of these cooling holes (only one of which is shown) is
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from Sul zer Metro-of Westbury, New York. Fig. 4 illustrates the liner 14
received by another conventional turntable, generally dersl Biaairedoby 80,
conprising a support 82 and a central vertical shaft 84 for rotating the
support. A conventional water jet apparatus, generally designated by 90,
adj acent the turntable 80 sprays water toward the outer surface 38 of the
liner 14. The water jet apparatus 90 includes a spray head 92 having a

nozzl e 94 defpedshy & ubular surfacghl 09y &achy p@olyngthola)tﬁxtm@a&bm@nasl awt 802 t owar d

ol ative (BOPREHFTRE 1458k e RurtheaB HEs! B itk b0 mag websie & R hout

depar t i ng ckhiteiNaki €03 GRS holb ReonEISH ithd | paf atus
90 of the preferred enbod |Oment0| 3 a Mod em?l\%{én%gli%égﬁéﬁ?{: ﬁ;&en

nurrer i cal Idygr@@ﬁhwﬂjlre&pdcmatﬂmmnqzreswfsge@%mﬁtM/hmdrdm &he lsxzmoPtlmgmhﬂs luU’e

Technol ogi e a Rapi ds, M chigan. As the previously described '
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conventional and well understood by those skilled in the art they will not
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present I nventi on. furth j|| strated in Fig thethermal barrier
coating SPPH LGRELe Bﬂtthga%“ﬂ?r'é?? aabﬁsmteé@l&pnmdqm A on the
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enti reI.y L 1in ol e, Although the spray angle 112 may vary W|thout
depart i n B‘MI?EI‘FeO Gidencs 14 peas ithyesnepitetis tmﬁa@e@fr@gfeest@

pref er abl4§5 dRbfRel. eAnélQ@& Akfaghes ﬂ%%s@%ﬁan(éboﬁt 45 ﬁggrge%%ncf f3 cause the coat

. 110 to have unmelted areas, voids and lower tensile strength.

_ As previously mentioned, the spray angle 112 and the thickness 114 are selected in
combination to prevent the bond coat from entirely filling the hole, For example, for a
liner 14 having nominal 500 to 760 pm (0.02 to 0.03 inch) diameter holes extending at

- anangle 54 of approximately twenty degrees, the bond coat 110 may be sprayed on the
inner surface 40 at an angle of incidence 116 of about 45 degrees and an angle 112 with
respect to the central axis 102 of the hole of about 135 degrees, Furthier, the bond coat
110 is sprayed to a thickness 114 of between about 100 pum (0.004 inch) and abouit 250
pm (0.01 inch), and more preferably to a thickness of between about 100 pm (0.004 inch)
and about 150 pm (0.006 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 angle 112 measured with respect to the
central axis 102 and the thickness 116 be selected so that the bond coat does not entirely




m nimze the amount of bond coat sprayed on the surface 100 defining the
hol e opposite the spray nozzle 76. Further, the bond coal2 JehQary9006 -
preferably sprayed on the inner surface 40 at an angle of incidence 116
measured with respect to the first surface of at |east about 45 degrees.
"Angl es of incidence 116 | ess than about 45 degrees tend to cause the coat
110 to have unnelted areas, voids and | ower tensile strength. As previously
ment i oned filkthehelpr dhe anfjlled fdriomoftthe heletpnbviesagsilot hdleao ¢hat teardtergef n

conbi nation to prevent the bond ¢ fromentirely filling e hole. For
exanpl e, egparaud panzemoya the hop goqﬁgié#am@eg‘){%s baexR): Qd@ejow-. 03 i nch)
di aneter holes extending at an angle 54 of approximately twenty degrees,
t he bond YR ' | e of
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110 is spraﬁgcfi,to a thi Qf(ﬂGSS 114 of between about. 100 .m (0.004 inch) and
about 2505KiHeq dn dhe jagic Myl appesciaisr thap cendderably pracess isimplidiraten ¢an & ween

about 100 i nes faf'ni@ c&?ﬁﬂ : ' ' il
appreciatg%%éﬂfl%géglgfg e ?n e{%r%?,o{ihé%x%%éﬂé@ﬁ&%%p@g@gﬂégg may be
varied w ipdtito deyabidtivegh theofinst, Recohdaipd thirdtpleraliti@sentooling t@idsi OFer However ,
it is desirable that the angle 112 neasured with respect to the central

axis. 102¢%Hple A almer khbasingcoglingholes 42 16 SOgwiented s sneeifindapvedhbasdoes not
enti el v 2nIA0NA" 4P 0 thh ook 1%y oH Rl | 5CaRRlEh Pl e, L€

provi des a pi ho so tha paratus can re e the bond

coat 110 dircamférbitidl donpasent dnd &care¥ipl@ionadcidence 16°bE Besighist Bepreqr ay angl e

112 and thickness 114 specified above have been found to be effective to
prevent tdpxnsgeam.c Bex liners 14 havingetherasoling holejonigntatiensy tiesprayzngled 1250, t hose

skilled i I N reci.ate, that consi derabl e process sinplification
can be aa(@ggﬁr;% |§%%#%lﬁyﬁglﬁﬁ?%?%§mi%(&rﬁ?ﬁ angl e of incidence 116 and
allowing the spray angle to vary between the first, second and third

pl uralitifferahe boml cat@ 1M0liespplied) the ¢aM & pla@¥d ch thi Mertable sippor@ocool i ng
hol es 42, 46, 50 oriented as specified above, it has been found that the '

bond coatadipgent theypwaler jstappstes 98, As shovariniFig) 6 theiwaleri® apparstus i sprefst i al
conponent, lﬁ&f’px@ém&%@t@pje\? to%]:ard s hglg o éL 111<§zz?s.l,c 96’ Pa%l%tg tlf'eSouQeer%{lﬁgbse 38of

the liner 14 and in a direction 118 generally parallel to the central axis 102 of the hole.
Unlike the bond coat 110 which can be applied at a constant angle of incidence 116 to

simplify the process, the high pressure water jet must be aimed in a direction generally
-parallel to the first direction 44 when spraying the high pressure fluid jet through each -
hole within the first plurality of cooling holes 42, aimed in a direction generally parallel
tb the second direction 48 when spraying the high pressure fluid jet through each hole
within the second plurality of cooling holes 46, and aimed in a direction generally parallel

to the third direction 52 when spraying the high pressure fluid jet through each hole
within the third plurality of cooling holes 50.

The water jet is substantiélly free of solid particulate so the jet removes only the bond
coat 110 from the hole 102 without removing metal from the liner 14, As previously
mentioned, a pilot hole is needed to permit the water jet to remove the bond coat 110
from the hole. This is because the water jet abrades the bond coat 110 rather than
| pushing it from the ﬁole. If the pilot hole is not present, the abrasion capability of the
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downstream For liners 14 having other cooling hole orientations, the spray
angle 112 and thickness 114 may be determined by trial arxJaau&e2006\f ter
the bond coat 110 is applied, the liner 14 is placed on the turntable
support 80 adjacent the water jet apparatus 90. As shown in Fig. 6, the
wat er jet apparatus 90 sprays a high pressure water jet toward the hole
froma nozzle 96 facing the outer surface 38 of the liner 14 and in a

di rect i on wiit& jefamneadatddy Adéhoagh the watertjbiemayebe spadyedat sthdOpresiires vdthoot e.

Unli ke the bond ¢oat, 110 V\/r}i ch can be appljed at, a constant an%l e of

pp .
i nci dence deRgtingirom;thesicope ofithppreseptiayentionfhe waighichnpamtpsol femasiered nust be
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pl ural ity and aleowoB400chah (B0s00043]). Fréfedblynthe vfhitdrﬁétﬁsi $payeé fofcthe odydd 1 el  to
t he second direction 48 when spraying the high pressure fluid jet through
each hol eat fprepiure efaboutctlon hanidd pﬁ’%@-of cooling holes 46, and aimed in a
direction generally parallel to the third direction 52 when spraying the

hi gh pres e?ﬂ'&gﬁbhfir?hgttllbqg 2 o ltlgorlﬁ,\lﬁéc% Fé,er}flttﬂg r b L8 (Plidrgkd ty of

cool i ng holes e water jet Ts subs ree of solid particul ate
- s0. the ] pimiablenNos Axrillystéabed iB@gl 7, datheddd] Hafrincbitthg Wy dbfpdradstFgout

renoving nmetal fromthe Liner 14. As previously nentioned, a pilot hole is

needed t oSHse¥sH et bogsiereogtiag 126 sudligsyiiriaistablizad zireenia on the Yondeogthe hol e.

This is b t ' r ad t ond._ cpat. t her n

pushi ng i alr%ﬁsp{ﬂ}qgm%%lgé H%C%R"ﬁ?ué;w@? Teeg?ecﬁgﬂ tge F?uﬁg?ﬂ%goz%ﬂr’{ﬁe H‘ﬁﬁ%ﬁ{g%r asi on
capabi | i ty tHitkdese13L selebidoinycoftifatint with RS adgfe steRbieRdhe MethslUstriéhe wat er
jet maybe sprayed at other pressures w thout = departing fromthe scope of

‘the presetetingiseprayed fo prowenishectheqneal bapsjsaceating fodm ehtireht @lfiag thedholenbodi ment
Pra about Pty e bl WP e 127 abe B S E b R bopdeont SR e 11 om
t he nozzlmsRG&fimidehcd (E6Swith ﬁsﬁéc't P8 bRt ARfacé Bt BRS: Bl 45 pkeds, t he bond

coat 110 is renoved fromthe hole, the liner 14 is returned to the first
t ur nt abl eAngles ofiscidencad 26 kessihian aboui 45 depreasitendith equse thetsaatingd20dobaveng spr ay

oDt B o T g a7 120 sueh e il
As with the bond coat parameters, the spray angle 122 and the 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 pm (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 nm (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 batrier

coating enables the watet jet to remove the coating 120 from the hole.
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110 at a spray angle 122 neasured with respect to the central axis 102 of
the hole and to a thickness 124 selected in conbination y Jduiie0869l e at
which the thermal barrier coating is sprayed to prevent the thernal

barrier coating fromentirely filling the hole. Further, the thernma
barrier coating 120 is preferably sprayed on the bond coat 110 at an angle
of incidence 126 with respect to the bond coat surface of at |east about 45

degrees. AMhghghsthefpriyarighe MEPankidfick@ss 10030 bovehats SsdouiEidtet O Cause

the coating 120 to have unnelted areas, voids and | ower tensile strength.

As wit h t¢ideatizets pewnt tha thempaldragrier chatingd 26 frommgiticcly Sllingribe hales 42 #Gkness 124

are sel ec in I nation.to prevept the thermal barri.e oat | from
‘entirely %tﬁ,fhﬁqs%ﬁﬂﬁmﬁ% %r?ng)?ppgggéa;ﬁ%{f]@t copgpler?ﬁgprﬁ}cgﬁfisgagl@paﬁ@g@ni ed |iner
14 havi ngadeeiiplisted b9 AhitRinfi0 Brk@nOieldof ifkidhc 'ﬁﬂﬁh S

ext endi ngathira%ugﬁ t he Iiner]fggﬁ altln angle Sﬁé@g%g%%%%te ygﬂ%e\%g}ria y
degrees, ange tcheapdietvioznr the firstpaedond ahd Ghimd plivalitisrafyadliog Hotes. md coat

110 at an angle of, i nci dence 6 of 0 45 degrees and spr. angl e 122
of about ?‘?@P%dgjéﬁi'@?ﬁ%ﬁwgﬁiﬂ@@ﬁ %gaéoﬂ?l?@mg 355’[9?‘%%3%‘33 Q’fgd%eagt one
coat .havi ' et RRSH ; : - QiR niHAG: nd about
380 m (gl%k%%??%glﬁf)ﬁ Pr e?%%gg?@%rgﬁgﬂgg%%t|ﬁgé?[%gw?s%éprayeglh?gﬂgngoat -

havi ng a ditvhoiferersml tampofierd bmdt at 2m0anpl¢ Of Gdcidencd))126As abuuk [45béegagepr eci at ed

by those skil)Jed in the art, the angles and thickness may be varied
Wi t hout d@&ﬁlﬁ“ﬁ‘% f?rémef l%?d’éﬁ&'eo‘:g?r copkinghle arientatinpsnthe spray Apgle Vi, it is

desi r abl enlidtknek @&?L"ﬂﬁn&f\%r d hi ckness 124 be sel ected so
that the coatl&'ng S}If%ﬁg{ggas{e no ent | r@%ﬂlﬁﬁ?ﬁo}i he hole. As with the bond

coat, leaving a pilot hole in the thermal barrier coating enables the
wat er j etAftey theetirermml biveier oadtingd 20 20afplied) thb tindroldeis pldded dn Hantuaitybl2 006

Al t hough the ﬁ,r y angle 122 and thickness 124 specjfied above have been
found t o SHRPOrt f%n& e aigrIel ApRratus 40 (e ha The, witer 1ot aRRIEates Y SPLRYS f r om

entirelygfidd 4-BQulREatdlql | kﬁql Sk i1
appreci ate %Ht%rt con%;ﬁ %&@EW@SP@@%@S@%%W?@%%E& ca%ggtrgp acg%%r%vi | shed by
mai nt ai nofithedinecksind i a divedtindfl § igandralypeal kPI6 theicbndal D8 102 éffike kgl ay angl e

to vary between the first, second and third pluralities of cooling holes.
“For to remove thermal barrier coating from the hole. Because the water jet is substantially

free of solid particulate, the jet only removes the thermal barrier coating 120 from 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 duting 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 tc; 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 bartier coating

120is appiied 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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exanple, for a liner 14 having cooling holes 42, 46, 50 oriented as

. specified above, it has been found that the thernal bar rizJantggto0g 120
may be applied in a direction having no circunferential conponent and at
an angle of incidence 126 of about 45 degrees downstream For |iners 14
havi ng ot her cooling hole orientations, the spray angle 122 and thickness
124 may be determned by trial and error. After the thermal barrier coating
120 i's appifhelds, eithe the e oiﬂaeivmtcfrl jetezio o (di‘é)o’th) mitdyet2! rRoveslupiorespedO

adj acent th er jet a tus 90 (Fig. The water jet apparatus 90
- sprays ‘hﬁﬁwﬁlﬁf 8%%‘19}1%‘1 lgﬁlﬂle"t%?td”%@achd’lféhq h‘ﬂ?ﬁ ior{ke prsies Eooe f aci ng

LQ?JFEF eEARIE Feld ‘lgéxf!‘% et U el o MR s Pt AR 1 2
coat i ng femndmgecmereﬁﬁameuﬁdme fiBérethe jli@kr indy belﬁﬁtta@td Ablythefihee of
solid particulate, the jet only renoves the thernmal barrier coating 120

from t he ViBITespgstitndhe ﬂ‘iﬂ@#b% teealign the @@ﬁztlm‘éfl‘[hleﬂél halg of Ahq $esiggh At he wat er

jet press th sco e of th resent

i nventi Onﬂfo?or (# th X%&%ﬁéﬁ&e&%ﬁéﬁ% P%‘%g Q%ed during
- this spr aumttgﬂés@amd Ifnel UENAitKERIgh R [inBe14 ﬁdmwﬁe%ﬁammaedtah@mw i or
spraying step. After the thermal barrier coating 120 i's renoved fromthe

hol e, addratasowishout Alepartingf from Hae rradpebef theepresenitinventionotin sheowreferredy be

2P ot | PRt vl M S Pl ShvecBREL AR DI SRERRR S o
Wil be mgifhtef S £6ut 19 e (Ad05HCHeS gkhﬁuﬁite ). L€ BArBBuIfly pREGHINg the

| i ner h the water jet after the bond coat 110 is applled and before the
t her mal lﬁandenent,dht lingy 14i2moved mixfive dhenyzaledatia o] aboutt@eﬁ winigi ned

hi ck he | h h d ly fill th
ol ot nor @B R G Eh Al S Biieblc Bt we et eRboBBEL B e at or
j et does d%ﬁﬁndéﬁﬂﬁgﬁlsfeﬁﬁsmﬁé@ﬁaﬁﬁé Rimtfle ﬁﬁf béfdiﬁ:@dﬁﬁertﬂ&eﬁﬂ?s@‘ﬂie%é} not  be

interrupted a et travels fromhole To hole. Furt where the |iner

14 has ajs’reiw@s“ilimaﬁgﬂlﬁnmdwachm@& of holes, either the Ilner or the water
jet nozzle 96 (or both) may be nmoved with respect to’ the other to

S equettt | all‘hle){ne%l!lc;dgor}'uts&eg {er !ie? apl\algrétpzs gﬂﬁg sé)c]:)n gglbg ent bﬁ' 1st srllr?nlgretsl es. For
that described above with respect to the water jet apparatus of the first embodiment 90.
- Asillustrated 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 hlgh pressure fluid jetina direction
genera]ly 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
thlckness 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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exanpl e, where the liner 14 is circular and the series of holes is oriented
in arow extending circunferentially around the liner, terhaeroogy be
rotated to nove the liner wth respect to the nozzle 96 and to align the
nozzle with each hole of the series. A notor (not shown) connected to the
shaft 84 may be used to continuously rotate the turntable 80 and |iner 14.
Al t hough the liner 14 and the nozzle 96 may be noved at other rates

wi t hout derifice 112gof thenoAzlsadBeIhay bespas«ISRM the el i bthdr AistdGesdr ef erred
enbodi ment t%lhey are npved at a relative speed of between about 0.5 mmn

(20 i ncheWithpigideparfing Gymshepcaprnfithepresantinierntipg Oinjone pabodimentthaotiige. | n a
ti I ‘ di, t, th . 14 i | ati to th
ozal o oaobife BO2AELSEby BTRER HRR me it ity miianb 122 R beefedt il pough
the turnt2pime (89 i6éh)tahe abse 86 B d3 SAdNRSY AXBRbWH O RIS wifRIthe MRt It IS

envisioned that the turntable may be rotated internmttently so the water
j et dwel | spraged from thg nezlewssembdpc Rurther,dt is Theisionedtbat itrhayibé bepefitiel thett er | et

~appar at us, of .t.he cond enbodi t is simlar to that descrihed above
o Th oo re8oring® | RESCHS arcssnly on sttt B the iler 1 difBRe B8 “ac

i llustrat ' i abd@ 4 : : k Iiner
14 at an g‘r?gltvgbeﬁﬁ%utgggﬁ? gﬁ? ggltc%}il‘%gness 4?%2%??%?%%%%%‘}%%# t'he bond

coat fronfrentheaskemblyl | ing the hole 84. The water jet apparatus 90 is used
to spray -a high pressure fluid jet in a direction generally parallel to

e © ar (BpddtfioR RGudl s 0556 P12 ek B wived iathe &0 TR Br Sthe e |
barrier vaemi a&&gﬁom&ea&ﬁééfﬁefg&&tﬁﬂ&iﬁ@g%o&é&nm@gﬂﬁrm@9- S5 at

an angle 126 and to a thickness 124 selected’to prevent t er mal
barri er ©bthe mgzlerassemdiy 90 islnpovied Irélative totthe hndrd 4 aBd speEof betyzenbhbapr ayi ng

120 fr omOEhE B2 ipche pbShiske) AR ABUGH 2B KA G TRRJIBUob Wgod at
ot her pr %?d‘dje@% %ﬂ}bﬁ%bﬂ%&ﬁ@%gé%.;gﬁis%ﬁﬁ’& eﬁgfsiotng&' Rl §5mBY phnvention,

in one enbodi ment” the fluid jet is s fromt nozzle- oritice 112 at
a pr essubenadicid) ée wwan thebarifice 40 rélative wORO liRG )4 stracspatof atdi06 ny'atin (50, 000

S e BB S e 036 P B OO AR, B abifR 0 P
: 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 skiiled 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 intrqducing elements of the present invention or the preferred embodiment(s)
thereof, the arficles "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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12 January 2006 orifice 112 of the nozzle assenbly 90 may be spaced from
the liner 14 by other distances w thout departing from tferseape006 the
“present invention, in one enbodinment the orifice of the nozzle assenbly is
spaced fromthe netal liner by a distance 122 of between about 2 mm (0.1

i nch) and about 80 nm (3 inches) as shown in Fig. 7 while the fluidjet is
sprayed fromthe nozzle assenbly. Further, it is envisioned that it may be
benef i ci ato bdatclusivband mchh dleat kicte ahayt leeadiitiohabelamemisiother Whnbibe JgRged from
the liner 14 by a distance 122 of between about 20 nm (0.8 inch) and about
40 nn1(1;@ﬂmﬁe es) while the jet is sprayed fromthe assenbly. In

addi tion, although the orifice 112 may be noved relative to the liner at

ot her spe W\ r k t i ntion, in
one errbod'lS ngtffa].P %%ée}ggéﬁsﬁ% g@ Eéoggg%éﬁ) gﬂoezz%gégglg%u %&%&dﬁé&%‘g@%‘c’f@%ﬁat ive to
t he |i nerdépartiry frons fieecomiof e eetichD i intedd&] bt alm§ER conehivg ipge N nut e)
and about 12 mimn (480 inches per mnute) as the fluid jet is sprayed
from t he #hoxg|dss@iptienisr showr indhe acedrapanyingi dipwings shalhbeiinterprgte as

benefi ci ad:. 1.9, e orifjce 112 relative to the liner 14 at a speed of
about 6 ﬁ?%#¢@£¥éﬁ%h$ﬁ%ﬁ®§nh%$S%WﬁUte) as the fluid jet is sprayed fromthe
nozzl e assenbly 90. Although the nozzle assenbly 90 may be aligned in
other orientations without departing fromthe scope of the present

i nvention, in one enbodi ment the nozzle assenbly is aligned generally
parallel to the second surface 22 of the liner 14 while the jet is sprayed
fromthe assenbly 90. As will be appreciated by those skilled in the art,
in addition to combustion chanber [|iners such as those described above,
the present invention is applicable to other netal pieces having coatings
and cooling holes extending in nore than one direction. In addition, those
skilled in the art will appreciate that the liner 14 may be a new |liner

whi ch has never had a thermal barrier coating systemor it may be a
repaired liner fromwhich danaged thernmal barrier coating has been renoved
by conventional nechanical and/or 'chem cal stripping processes. \Wen

i ntroducing el enments of the present invention or the preferred

enbodi nment ( s) ' '
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thereof, the articles "a", "an", "the" and "said" are intended to nean that
there are one or nore of the elenents. The terns "conpri &2 Fagbary'2006! udi ng"
and "having" are intended 13 12 January 2006 to be inclusive and nean that
there may be additional elenents other than the listed elenents. As

vari ous changes could be made in the above constructions and net hods

wi thout departing fromthe scope of the invention, it is intended that al
matter cqﬂ%grﬁgd in the above description or shown in the acconpanyi ng
drawi ngs shall be interpreted as illustrative and not in a linting sense.
14 12 January 2006 CLAIMS: 1. A nethod of applying a thermal barrier

coat i ng slygt mathbd ofiappiying a phemnel Haakir mgatangfsystern to plmetalpi¢cy hafing ediritng hol es

angled in.a first direction through the . piece froma fjrst surface of the
pi ece 1o Pé“fg‘étxaiamg’&s?ﬁ@é _a{ﬁle{] et -S%%Ecag‘b@gq%é thepicqe; # aéflﬁffs % and a
second IQJfLﬂ_i@bieEé’ tPh <6284 'sﬂx??]décﬂfecﬁe ?i?:gé %ﬂpdsﬂe Fhe fifsp @ﬁirféi:!e,r esd h QB f ferent

than said first direction roug he pi'ece fromthe first surface to the
second sldrality, of sadlthgriedtlérozhgheaniprai stong ditebtionsdiffpsniothars prid firs directioond coat

on said fjrst surface of .t lece at _angles with respect to said first

i v oct | orfbiaheh BEinifeE Bih e irEuriegn B R S st el Belindlsdpitone

combi nat ilpdsihstdr the angles to prevent the bond coat fromentirely filling
any hole within said first plurality of cooling holes or any hole within

said second plurality of cooling holes; spraying a thermal barrier coating
on t he bep@yesatboad carignesidyfirstrsurfaepeiche piscesatiangles with respestde saidfiraind sai d

second digt lon.and to .hi ckness. selected i.n_conbi nat.i on w.th.the
angl es tél _m[%)(?t}eo\rli_e‘g'lrll1 S_fl He T He r#’f%?f:&(_ﬂla?r}dlstg 2 %:g_fl?sﬁﬁelfb?% ne?'ﬂl?al?‘“éﬁ’;?nfwl '@hﬁg_ any
hol e Wi t hhfles@ipleveht e boid ¢vattrbienfifelyc@bhi By MM KKDRI sarirstPMuBliMdorhi N sai d
second pIuralltﬁﬁof cooling hol es; and spraying a high pressure fluid jet
from a n&29ling heles enpyyholdvakigsaid sedoad plurabifeofiropléingiicles n

spraying a thermal barrier coating on the bond coat at angles with respect to said first

direction and said second direction and to a thickness selected in combination with the

-angles to prevent the thermal barrier coating from entirely filling any hole within said first

plurality of cooling holes or any hole within said second plurality of cooling holes; and

spraying a high pressure fluid jet from a nozzle assembly through at least one hole within
said first plurality of cooling holes in a direction generally parallel to said first direction
to remove at least one of said band coat and said thermal barrier coating from said at

least one hole within said first plurality of cooling holes.

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

from said first plurality of holes and said second plurality of holes.

- 3. A method as set forth in claim 1, wherein the thermal barrier coating is sprayed on said
first surface in at least two coats and the step of spraying the fluid from the nozzle

assembly is performed at least twice, once after spraying a first coat of said coats of
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said first plurality of cooling holes in a direction generally parallel to
said first direction to renove at |east one of said bandlZbhauna?@06ai d
thermal barrier coating fromsaid at |east one hole within said first
plurality of cooling holes. 2. A nmethod as set forth in claiml1, wherein
the step of spraying the high pressure fluid .jet fromthe nozzle assenbly
is performed at | east twice, once after the step of spraying the bond coat
but befor ' ve the
pond coat TP e St g P HeE e Splsplik iec Rl Lo br GRTLAOH BebEIDYD | of
hol es, amdrzgesatingafter the step of spraying the thernal barrler coating to
renmove the thermal barrier coating fromsaid first plurality of holes and

sai d secgn | yralit f  hol : met hoqd as. set for in cIa

wher ei n t4hg %‘i&'r"ﬁé‘f"’ %’a&ﬁhe‘fl %‘&t]s ‘ﬁéirgmé% g&}@d%ﬁ PHY B‘E % Face in at
| east tV‘Qséé%Iﬁo@*%tﬁ@&c&{cﬁsﬂrtQée SHREAYLAGitdae fluid from the npzzl e
assenbly is pérforned at |east twice, once after spraying a first coat of

said coats of 15 12 January 2006 thermal barrier coating and again after
sprayi ng Safswetind asost footh inalamcharlerah thchBuidgikt ishsprayed frogotheinogzle 4. A

nmet hod as_se rth aimil, f IS S d fromthe
nosate " dsBBhii 4 brmaitn St febepitl Yol bt By SOt fohi ng SpRBL BRI At o
as set f @b 3400 Bdr @uBulS0,0008008hd3 pehQubdedhdh)] et is sprayed fromthe nozzle
assenbly at a pressure of between about 340 bar (about 5000 pounds per

square |nch) and about 3400 bar (about 50, 000 oundsgfer square inch). 6.
A met hod aé\ mgthod @6 st forhdn slawmed, witeesieithe flwid jpl isisorayed fiom Giemegdd from t he

nozzl e ?W_ﬁ( i{‘es ﬁ&e %gg&r 3? 8@ f)?l‘g(??(ﬁ.lt[ 453 6&?@%‘%&&6& Sau lélre figh)ooo pounds per

square |nc erern‘the nozzl e
assenbly is spaced fromthe netal piece by a distance of between about 20

mm ( about?. A .nBthaicds setafordh &b(ﬂwltn HthﬁTEh(mbﬁbtizlelasﬁemﬁlﬁtshpsded\ﬁi@iﬂ theideelj et is
sprayed fro he assenb hod as set forth in claim11, further
conpr i si RfcE b2 disEpeoet eﬁ@bq%éﬂ ﬁm,@b@m O mehhang abent 40y (absut he net al

pi ece at nﬂ:hés?%ﬂeﬂfe_]g% %ﬂéd%%e stémgfym n (about 20

8. A method as set forth in claim 1, further comprising the step of moving the nozzle
assembly relative to the metal piece at a speed of between about 0.5 m/min (about 20
inches per minute) and about 12 m/min (about 480 inches per minute} as the fluid jet is

sprayed from the nozzle assembly.

9. A method as set forth in claim 1, wherein the 'step of spraying the high preséure fluid
jet further comprises spraying the high pressure fluid jet from the nozzle assembly
through at least one hole within said second plurality of cooling holes in a direction

generally parallel to said second direction to remove at least one of said bond coat and
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hol es or

i nches per mnute) and about 12 mMm n (about 480 inches per mnute) as the
fluid jet is sprayed fromthe nozzle assenbly. 9. A net ht2lJasaye2006orth in
claim1l1, wherein the step of spraying the high pressure fluid jet further
conprises spraying the high pressure fluid jet fromthe nozzle assenbly

t hrough at | east one hole within said second plurality of cooling holes in
a direction generally parallel. to said second direction to renove at

| east ongaf th&faf ba‘ﬁ@ﬂdc Bat ﬁ%ﬂp%%? at feagt AU ALK, w30 Sgiai(fg%(ﬁ(}ﬁgﬁ?{i?bog][ rier

coating fromsaid at | east one e wthin said secon
cool i ng heobksghold. A nethod as set forth in claim9, wherein the high
pressure fluid jet is sprayed through each hole within the first plurality

of cooli ol e nd t hrough each _hole with the second plurality  of
cool i ng ﬁ%l g‘sm&ﬁ’f’?r‘?@ ?{:g’r@?@pgi%‘fn oW ﬁeﬁ’gtthﬁﬁ’égmpﬁﬁs“ber gg’é‘ﬁheblsf ?HH?%‘] jet. 11.
A net hod Reudftach Molehwitiin ehedfird Qraliwﬁh@ﬂr’] &loling RSl AP ifoudh SEH NN FRAAYS the

high pressure fluid jet through eac olein said first plurality of

cool i ng Heg eesorgeplarakiiyl of cophmghéled duringsthe etep iof sprayding dethiginpssire fimidugh each
hole in s&id second plurality of cooling holes generally parallel to said
second difection. 12. A method of applying a thermal barrier coating system
to an annular liner surrounding an axial centerline and extendi ng between

an upst r damsemethad ds RctdRRSHI@am B0)Ovheicth Ghe hdRRS all@bIP Gpay ieShigh! ural ity
of cooling holes angled in a first hole direction througﬁ.ghe | rner from

an out er PEgpradluid st dhropghh eschshnle ae saidafirst pluepdicoafl cealing dhdlesyganeralyol i ng

curf ace. PATRCo A A ERR0AR G Sallhoi oMY s i phifnal ARG

ci r cunf ehelkt p@leratipRarent saPpRshd girdchigh. of said first hole direction, said
met hod conprising the steps of. spraying a bond coat on the inner surface
in a first spray direction having are axial conponent to a thickness

sel ect ed [#n &thdioheprbving thermaldbarier seatiag sypenpiorascnnyar lingr prevedieg t he bond
coat Trogh GRfaf béptettide dnta! RBndRY bIeEn Wh LPRaAAnE abl howhbiiafl bday 84 €001 N9
liner having a first plurality of cooling holes angled in a first hole direction through the

liner from an outer surface to an inner surface, and a second plurality of cooling holes

angled in a second hole direction through the liner from the outer surface to the inner

surface, said second hole direction having a circumferential component opposite that of

said first hole direction, said method comprising the steps of:

spraying a bond coat on the inner surface in a first spray direction having an axial
component to a thickness selected in combination with the first spray direction to prevent
the bond coat from entirely filling any hole within said first plurality of cooling holes or

any hole within said second plurality of cooling holes;

spraying a thermal barrier coating on the bond coat in a second spray direction having an
axial component to a thickness selected in combination with the second spray direction to
prevent the thermal barrier coating from entirely filling any hole within said first plurality

of cooling holes or any hole within said second plurality of cooling holes; and

spraying a high pressure fluid jet from a nozzle assembly through at least one hole within
said first plurality of cooling holes in a direction generally parallel to said first direction
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any hole within said second plurality of cooling holes; spraying a thermnal
barrier coating on the bond coat in a second spray directlbfanhayi2006 an

axi al conponent to a thickness selected in conbination with the second
spray direction to prevent the thermal barrier coating fromentirely
filling any hole within said first plurality of cooling holes or any hole
within said second plurality of cooling holes; and spraying a high pressure

fluid jetg f&i&%%l@&?éﬁ@oﬁﬁﬁ%& Yo B4 ghr 4 6aske &a&lgﬁ@&ﬁ st eE!st sai d

first plurality of cooling holes In a ection generally para to said
first di ceeholowithéasad@ligbpluemliyy dfoodingdotesnove at | east one of sai d bond
coat and said thermal barrier coating fromsaid at |least one hole with in

said fir Slt_’a Rll‘H t@Ac# gsy se ¥orﬁ1ur ac%laﬂ&lyﬁo lW%%I‘ClI} §aid '%F'sé'p urﬁq)r{' 8? cooef fh%{eg anll n ctaim

12, wherein sai |rs f 'coo P T Bt (ol AL6)

pl ural it yai6fsecsndl pl@;@hi?oci)ﬂ%&oihhg g L6 aﬁgqe@alakwlgalwa@tfeaﬂmﬁbmqﬁe topgr out er
surface to the i nner surface, and the bond coat and the thernal barrier
coat i ng a vrgacs i the dtener gtfags.|apd ﬂw@ﬂéa%tmm@w@ agtite codfingfasc®rayed t he

l'iner. ﬁyg&g?&gtﬁ ﬁ;teu];ﬁ%% a oﬁh@’ﬁ@lz wherein the |liner has_athird
y

pl urali ty 3 I ng es angled axia downstream t hrough the |iner
fromthe outer surface to the |nner surface, and the bond coat and the
t her mal ba.rAixmthcﬁbatden@rtarm chjirn a4 e hencinathé Yinetdws atthied plurdlioped cbolihg i nner
sur face gf the |jner, met hod as set forth in claim 12, wherein the

step of Speagnses Pﬁélbhfi@‘ﬁnsme@gsthwgh fhigi liper jfiop the ARtqrRIfacs, W] the ACBh| y | s
per f or medyaoe | Sa%e ol C6at ARNEE 1 erba zf aPJsp§ YRS ddwiReb@and coat

but before the step of spraying t arrier coati'ng to renove the
bond coatowardthesmicdsurfacsdf the linal i ty of hoI es and said second plurality of
hol es, and again after the step of sprayi ng the thernmal barrier coating to

renove t her barri.er coat msal first plurality o ol es and
S0 secd sk Beipaes 5 Tt HTue 12 ghersin i Sigotamreia teghnpiessie gy 15
wher ein Sé%%ohhﬁé BLADRLELBY 1§ Béﬁ“ddiﬁgd LSlesR rtmeedmeg aft&hlﬁe %t@ﬁ &Ff sﬁh’wﬁ@ce in at
| east two coats and the step of spraying the Tluid fromthe nozzle
assenbl y thesbqpd cbairbme diefate theatsp ctf\spmemgohn:‘élealﬁetl darriep cagtingdo aethovesthe coat  of
said Coalia(s)ncf) c];oat from said first plurality of holes and said second plurality of holes, and again

after the step of spraying the thermal barrier coating to remove the thermal barrier coating

from said first plurality of holes and said second plurality of holes.

16. A method as set forth in claim 12, wherein the thermal barrier coating is sprayed on
the inner surface in at least twb coats and the step of sprayirig the fluid from the nozzle
assembly is performed at least twice, once after spraying a first coat of said coats of
thermal barrier coating and again after spraying a second coat of said coats of thermal

“barrier coating.

17. A method as set forth in claim 12, wherein the fluid jet is sprayed from the nozzle

- assembly toward the outer surface of the liner.

18. A method as set forth in claim 12, wherein the step of spraying the high pressure fluid
jet further comprises spraying the high pressure fluid jet from the nozzle assembly
through at least one hole within said second plurality of cooling holes in a direction

generally parallel to said second spray direction to remove at least one of said bond coat
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thermal barrier coating and again after spraying a second coat of said
coats of thermal Dbarrier coating. 17. A nethod as set f o012 Jnuary@086m 12,
wherein the fluid jet is sprayed fromthe nozzle assenbly toward the outer
surface of the liner. 18. A nethod as set forth in claim12, wherein the
step of spraying the high pressure fluid jet further conprises spraying
the high pressure fluid jet fromthe nozzle assenbly through at |east one

hol e wi t i s8ailrAAGARH: PO ool a 10! A8 9oL bl &oblld AERIGIE
generally parallel to sald sécond spray rection to renove at Feast one of
sai d bondaoclogtholé8b 12 January 2006 and said thermal barrier coating from

said at | east one hole within said second plurality of cooling holes. 19.
A met hod .as,set forth i l.ai m. 18, erein the high pressure fluid jet is
sprayed @hﬁoﬁaﬁl‘w@a& et BrE TS Mt ﬂ? Iﬂsma%fw%} 5K b5 RY°Rol es and
through eRGhg @R nbict Bithik AR ﬁx@&ﬂﬂﬁﬁ?{ tfifcgabliljﬁé’e{lﬁgszglﬁpﬁ/&fdﬁgh BRpaRIdwihng the

step of spraying the high pressure net hod as set forth in
cl ai m 19 thenecensi plurakity ofcwoplieg balsedrdying thpstay of sirayihg tie highr pessureefldiiui d j et

t hr ough e%ch hole in said first plurality of cooling holes generally
parallel’?b said first spray direction and through each hole in said second
plurality of cooling holes generally parallel to said second direction.

16c - 20. A method as set forth in claim 19, wherein the nozzle assembly sprays the high
pressure fluid jet through each hole in said first plurality of cooling holes generally
parallel to said first spray direction and through each hole in said second plurality of

~ cooling holes generally parallel to said second direction.

1léc






