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2004. BACKGROUND COF THE | NVENTI ON The present

i nventi on §aeOAH QUTERATOA THNGCIHOR dH{&MBIISPR oyed i n

Eigh_}enperature operating environnments, such as the

ostile r j t (e} i ne.

Vore par COOANESTS AREERAN VAT QYA TRE AR ot ng

the incidence of cracks formng in a conbustor
CROYSOPEAR ERCEAT QRETIATIID RPPENGIATEONS appl yi ng a

coating that reduces the convective and radi ant heat

transfer to the conponent. A conventional gas rbi ne
This rigianeonsinuatipa-inyisel Rasent APPHeBeofagHPTHRS %ﬁ&efiw géat%f patent

t e nmbusti on chanber

appgl(e%?g? cﬁggé}[%l/}%oh2%@?%28&?&%%&%2%%%%0n liners. The

upstream ends of the conbustion liners are secured to
BAGIK GROWNID -OHTEAEANVENTIOMt defi nes the upstream end

of the conbustion chanber. A nunber of

circunferential |l y-spaced contoured cups are f.or |
T RESHAE AP ESUTERY SRS GO BE R RO SR ppPature
opé’i’gﬂ_ir?%‘ eRBorPients, RUH @b ithy hobtilai thédiglenira@hént ¢ffa gas turbine
sw rler assenblies, is individually munted for
engine.r dhre ipagicalatlyethisminvention telates int isdveing disnivgigenesnof cracks

chanmber. To m nimze i . Arom / r
forfgg £ oo elsoaetiol Hen SRS BB Ploating tha
rediBésARE cbP@etiteind rellider heaoiensEérto tinsdoaroasnt. component
regions in and adjacent the welds may exhibit a
propensity for cracking, ich is_believed .
A spryengopalbeas PEbing éfnﬁ}“é‘hoyél?ﬂ SxRey ETSEPSPRFS ARpligatipgs has 2
cofBLES bitE O QQ?QB%Je@_r&m?&Qﬁ&?tchar@brt(ié?ﬁ%e@%?iﬁner and outer
convective cooli1ng by inpingenent and fil mcooling of
cotbestival kireds. r & orpstrérs codenf did eorpbestion direrthptsi gecured to an

crackin However .
annular-s 1apgd dome that deﬁlsigscﬁlea&p}sg'e r}lsen fGhd (c)ct)mbustlon chamber. A

number of circumferentially-spaced contoured cups are formed in the dome wall, with
each cup defining an opening in which one of a plurality of air/fuel mixers, or swirler
assemblies, is individually mounted for introducing a fuel/air mixture into the

combustion chamber.

To minimize weight and promote combustor efficiency, the dome and liners may be
integrally welded together. Under some circumstances, component regions in and
adjacent the welds may exhibit a propensity for cracking, which is believed
attributable to the high radiative heat transfer to which the components are subject.
On this basis, convective cooling by impingement and film cooling of the welded
regions has been attempted to inhibit cracking. However, such attempts have not

been successful.



been successful . BRI EF SUMVARY OF THE | NVENTI ON The
present invention generally provides a coating and

wWoreaaoak9bdr reduci ng the incidence of cracki ngP€TU82005/012975
conmbustor assenbly of a gas turbine engine. Mre
particularly, the invention concerns conbustor
assenblies that conprise at | east two conponents

BRIEH SENNIARAT OETHD INFENTEON wel d regi on, and where the
wel d regi on and regions adjacent thereto are prone to

cracki ng at .conbust i t ' i L i
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withiathe gombision charabeyiof dheggas AWbingre@gisr t han t en

m croneters, and the outer surface of the ceramc
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IS e to cracking. The nethod entails thernal
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and i€ s Eaeh O EraPiroaipeds SRao e, ladirgeEt or te
boRBEdak 6h YhidIZiBe Céramid ctifaiedepblitdd. t en m croneters, and
then processing the ceram c coating to forman outer

surface that is snoother than the surface of the bon
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e S 200 gt NS Lt BG4 1 Do,
depositing a ceramic coating on a surface of the bond coat by thermal spraying a
powder having a particle size of not greater than ten micrometers, and then processing
the ceramic coating to form an outer surface that is smoother than the surface of the

bond coat on which the ceramic coating is deposited.

The coating system of this invention is preferably characterized by a dense ceramic
coating that has sufficiently low emissivity and low thermal conductivity to be
capable of thermally protecting the weld region from thermal radiation incident on the
combustor assembly. Low thermal radiation absorption by the ceramic coating,
preferably in combination with backside cooling of the weld region, effectively
minimizes the temperature within the weld region to the degree that the incidence of

cracking is reduced and the overall reliability of the combustor assembly is



conbustor assenbly. Low thermal radiation absorption
by the ceram c coating, preferably in conbination with
whawksdees cool i ng of the weld region, effecti vECTUS2005/012975
mnimzes the tenperature within the weld region to
t he degree that the incidence of cracking is reduced
and the overall reliability of the conbustor assenbly
sigriificdnglyiifapeavetl] y i nproved. Ot her objects and advant ages
of this invention will be better appreciated fromthe
fol | owi ng defail ed description. I EF, DESCRI PTI
OthoygbiBits VePgareot TS 1y epueT it o b dRbE gl fom the
foll¥ivaW &etggigggilgscqiéﬁioﬂ_gl e annul ar conbustor structure.
Figure 2 is a cross-sectional view of a weld region
that joins the done and inner liner of the conbustor
BREF DESGRIP BIONQFUFBEDRAMINGHbWs a coating systemin
accordance with a first enbodi ment of this invention.
. Figure 3 I - ' | ewvof '
R
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
Figpfeeh 8 crosvention vidw bf heveliiesgiontibat joims itheef domesae] inperaliner
conbustor 10 of an gerospace gas turbine engine
of thegioBttedor URFYIR B HiEure Doftd SIPVET & (REELREHLE o Agtpriance
: ' - [ iy Figure 1. The conbustor 10
anEggggkp§ggg§?ﬁggﬁ%%RgﬁﬁgTarshaped conmbusti on chanber
12 delimted by an outer liner 14, an inner |iner 16,
Figared3 as d omwess-sepiconel vidwhe! 4 goatmgysystem ins Aespsdange Wit gecond
8.as jncluding,a swrl cup package 20. The conbust or
mné%ﬂ%”&%“ﬁ%”d%‘%?ﬁ?|y di e-formed sheet netal attached
by wel ding to the outer and inner liners 14 and 16.
DESWIL BDl BESBREPT N OFOTHE MEVENHEON 14 and 16, done 18,
and the weld material include nickel, iron and
cobal t - base superal |l oys, .such as.a cobalt-base al
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aergﬁgg% %%84%% ehgite ABNCIHYAFiAROUt R P¥etiinCdfahe c@RBustor 10 is

tungsten. The linhers 14 and 16 and donme 18
shawmreisubjesttdn iroFignee toibaspmbnstpr hPngenerally defines an annular-

shaped combustion chamber 12 delimited by an outer liner 14, an inner liner 16, and a
domed end or dome 18. Figure 1 shows the domed 18 as including a swirl cup
package 20. The combustor dome 18 is generally die-formed sheet metal attached by
welding to the outer and inner liners 14 and 16. Suitable materials for the liners 14
and 16, domé 18, and the weld material include nickel, iron and cobalt-base
superalloys, such as a cobalt-base alloy having a nominal composition of, by weight,
about 40% cobalt, about 22% chromium, about 22% nickel, and about 14.5%
tungsten. The liners 14 and 16 and dome 18 are subjected to the combustion flame
and the resulting very high temperatures that exist within the combustor 10. As an
apparent result of the high temperatures sustained by the liners 14 and 16 and dome
18, the weld region between these components, and particularly the weld region 22

between the inner liner 16 and the dome 18, are prone to cracking.



and the resulting very high tenperatures that exist

Wi thin the conbustor 10. As an apparent result of the
wohe@e/ov@pper at ures sustained by the liners 14 pamuiBi05/012975

and donme 18, the weld region between these conponents,

and particularly the weld region 22 between the inner

liner .16 and the.do 18, are prone to.cracking. .
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represented i n.Eigure 2 as conprjsi - ' .
bohERPESEE 8r WML Gl B TR e R0 fu TR bofL §OR s i
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ond coat 26 1s at least I0 mcroneters Ra, nore
miproafeteratRay morel mraferably atriensoir tneiceonRaers ke, ckhiph prenetss the

adfon i SR K053 (4 HHdB PR o hE PRI Ba i flosited

to 2RRIkndQ O rtaB o@D toABBuiTh G RiGbAktrs, TR phéfefablyadioyt 200 to
about 200 to about 300 microneters, which is

absuff 300cinésrometsrsp vduehdis fficientrto qirpvide agpsprveinaf platinum that,

when expaos to . the oxidizin [ f
REgreRae ROR B Rl 9T s Y shP IR th HombB6 12, foms an
adb&eht SLHLNWY sdalatnop Bl ehatt fremaciehé adhesfont dfethe eeamic layer

| ayer 28. The present invention seeks to reduce the
28anmpunt of heat transferred to the wel ded region 22 by

t he conbustion flanme and hot conbustion gases by
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Bcrostructure and su ce finish. In particular,
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i P Tt S PRURER PR EHO et T8, B o igbartcula
Figure 2 represents the ceramic layer 28 as having a substantially dense
macrostructure and a smooth outer surface 30. The density of the ceramic layer 28 is
at least 5% of theoretical, and more preferably at least 10% of theoretical. The outer
surface 30 has a surface roughness of at most 3 micrometers Ra, more preferably 2

micrometers Ra or less. Consequently, the outer surface 30 of the ceramic layer 28

has a smoother surface finish than the underlying surface of the bond coat 26.

Both the density and surface finish of the ceramic layer 28 is achieved at least in part.
by the process and materials used to deposit the ceramic layer 28. More particularly,
the ceramic layer 28 is deposited by thermal spraying (e.g., APS) an ultra-fine

ceramic powder with a maximum particle size of about 10 micrometers, more



at | east 5% of theoretical, and nore preferably at
| east 10% of theoretical. The outer surface 30 has a

WG u0bAae®9s oughness of at nost 3 mi croneters RaPCTVDEE05/012975
preferably 2 mcroneters Ra or |ess. Consequently, the
outer surface 30 of the ceramc |ayer 28 has a
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by the process and materials used to deposjit the
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n
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ceram c |layer 28 to maxim ze density and at its ‘
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des ed. surface r,ou ess. of e .Cer 28 .
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mechani cal | hand. The ceram c | ayer 2
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e y about 400 to about 600
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effective thermal barrier between the weld region 22
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reseeabl e t hat ot her ceram c materials coul d be
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commonl y-assigned U.S. Patent No. 6,047,539 to Farner,
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Figure 3 represents a second embodiment of the invention in which the desired
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surface for the coating system 24 is achieved by overcoating the ceramic layer 28 with
a smooth outer coating 32. The outer coating 32 can be further tailored to serve as a
barrier to thermal radiation, while also potentially having the advantage of being more
resistant to erosion and infiltration than the ceramic layer 28. Preferred compositions
for the outer coating 32 include aluminum oxide (alumina; Al,03). Suitable processes
for depositing the outer coating 32 include thermal spray techniques. A suitable
thickness for the outer coating 32 is in the range of about 25 to about 200

micrometers, more preferably about 25 to about 50 micrometers. If necessary, the



ceram c coating is deposited to have vertica

m crocracks, thereby resulting in a segnented
wor@cosdpict ure that renders the coating resi sP@NUS1005/012975

particle erosion and thermal strain. Figure 3

represents a second enbodi nent of the invention in

whi ch the desired surface for the coating system?24 is
oute€ bo@B Dyaroaies degblistgdtdyehandr @anmecHaaicat t28chidvietthe desired

snoot h outer_coating 32. The outer coating 32 can be
outeysurfpse Tinigh) for °P@“§%%@@H%§‘a barrier to therma

radi ation, while also potentially having the advantage
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ceramc | ayer 28. "Preferred conpositions for
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bIe r ses f posi.-ting .t he
anfifir oS Ui P BB RO S 25, EEORR AL e 30
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range of about 25 to about 200 m crometers, nor
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systens 24 represented in Figures 2 and 3. reduce
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I
R ddpfibeof, SFPT b o P EEHER PR REBCROIERDY 2 Gc.
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ceramc Iayer 28 or the outer coating 32 is

fflclent cantly re uce
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wel d region 2 Laf | ddi ti onal
‘h%E%PW 8? P%ﬁ“ﬂ%ﬁaﬁﬁ i%%hgg“%@%g'gnﬁkhleved by
dlrectlng cooling air, in the form of i npingenent
and/or filmflow at the backside of the weld region
22 (i.e., opposite the coating system 24). Wiile the
i nvention has been described in terns of a preferred
enbodi ment, it is apparent that other forns could be
adopted by one skilled in the art, such as by




substituting other TBC, bond coat and substrate
materials. Accordingly, the scope of the invention is

W e00e®0dopiri t ed only by the follow ng clai ns. CLRCVBS2005/012975
A conbustor assenbly (10) of a gas turbine engine, the
conmbustor assenbly (10) conprising at |east two

onents (14,16, 18) wel ded together to define a weld

CL Pon (22) that is prone to cracking at conbustion
tenperatures sustained in the gas turbine engine, the

1. Webdhnb R ORsdntd) (PAVAMOeaR thibifeGfif BRseshihtdr lassetbly (10)
during operation of the as turbine engine

comppriging b r1¢a§‘e o reomripanents %b‘* @ hoieldsdi W@etbﬁfof% defiee pyweld

ac ,ng st em
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turlﬁﬁ@‘b‘hlghﬁd e Wil a6l (Q@aha\(lﬂ@)a blyrfztclaeéxmlsecsm dlaieg during
powder havi ng a particle size of not greater than 10
opeiptiqropfethe gas tuiliee engis, A @aré%lil@ﬁh 38 having an outer
surface (30) that is snoother than an outer surface of
t ) gBprayed
o e SR R N L L S e
metabhccbmdnoht (2Sh andiat:enamzecbatmgt(h&)tddphstedme bomnd a@é%%) by

) of .the coating.system (24) i surf
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. mbust or assenbly (10) according to any one
surtﬁifcec)lfdlerlmnﬂ cohtr @apen WhICbhbfr esamici ooeting (2%) kedeppsited. ‘
ceram c coating (28) has a chem cal conposition

&n& Z) t§1g a?esSS r}} l%g laXcoiéingitB %?anllna c¥1tcutac{e?1 ngtpﬂq zhfb he outer

bus ’of asse

surBe QB0 BOtHeoatig OyteRf(24) igiansurfact lof cthtglfbrﬁmc coatmg (28) that
characterized in that the bond coat

hagcbrsrripolisheddmpass # s sptehaessig n@%%f@ﬁtﬂ” aP3 r%lFfOrW“é?{é Ra.

chrom um alum num and yttria. 5. A conbustor

3. a% %s{o} Oa)ssé}gﬁ?r@bﬂ gacE@rd Y 1Ny 0bneC lotl dIBmb 1 NihRt@h 2,

racteri z at the bond coat (26) has an
chmﬁeﬂml iauthftabe cr:nangch MngZ&)‘ hast a Cleesgitalj@mposition consisting
ers.. 6. Ac r..assenbly (10) according to
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4. A combustor assembly (10) according to any one of claims 1 through 3,
characterized in that the bond coat (26) has a chemical composition consisting

essentially of nickel, chromium, aluminum, and yttria.

5. A combustor assembly (10) according to any one of claims 1 through 4,
characterized in that the bond coat (26) has an average surface roughness R, of at least

10 micrometers.

6. A combustor assembly (10) according to any one of claims 1 through 5, further
comprising means for convective cooling a surface of the weld region (22) opposite

the surface protected by the coating system (24).



conprising nmeans for convective cooling a surface of

the wel d region (22) opposite the surface protected by
WO b@ooo@bs ng system (24).7. A conbustor assenbP@T/$D)5/012975

according to any one of clainms 1 through 6,

characterized in that the conbustor assenbly (10)

conprises a liner (14,16) and a done (18), and the
7.weAdcomigistor 4R2nblve(H))| avogrdiag Ity 4101 0Re tdfeclammdustioough 6,

liner. (14,16 nd the done ( . A net hog. of
chﬂ@at‘f@?% I%Méﬁ‘i CoBbusier asgali‘ﬂéﬁ% (8 5ompaFof dinct 61416) and a
SERNTAN BTl 10D ALaBBEIL L SRR 181410
anddpdoea{$)( 14, 16, 18) wel ded together to define a weld

region (22) that is prone to cracking at conbustion

S QP BSHcr TOB T Ra T B 01 SR e b P afsrHbustor
| asSHBING10P6f atda®Rudinet él%i&f;lf‘ihé vbbhoregémBly (108 comphoidg at

conprising the steps of: thermal spraying a netallic
6flr$évs€11rﬂ

least o comporeréy (194l o dddlegctber tordstineladveld geaion (22)that is
PSR % RSN Gu AREHAL B ARBAPRR L e, e

wélariegiohe(23) haviag Neirf:@e expbsed tvaflahbs duthiWpERisn ofnte gas
t hen processing the ceramc coating (28) to form an
tughigeesn2angs theaaethadyomprging hesigpsCher t han the surface

of the bond coat (26) on which the ceram c coating.

thérdB) sﬂ)t%yﬁ%%‘}ﬁétﬁﬁ’iqibﬁgctl cft%ﬁ g%g%qh@%cgio@ e Wel k&igh 82);

characterrzed I n rocessing step conprises
polishing the ceram c coating (28) to have a surface
depositjhg @sserahimotatige @Bk ont th awrfacend i theneansl 0aRA26)10y thermal

nmet hod_accordi ng to _any .one.of, cl ai 8.and 9 .
SPERAPEE PRI SV A RIICIY pes BOMY ety thu) O Picdingises pathen

to have an average surface roughness Ra of at |east 12
protessiapRh€ kéramic coating (28) to form an outer surface (30) that is smoother

than the surface of the bond coat (26) on which the ceramic coating (28) is deposited.

9. A method according to claim 8, characterized in:that the processing step comprises
polishing the ceramic coating (28) to have a surface roughness of not greater than 2

micrometers Ra.

10. A method according to any one of claims § and 9, characterized in that the bond
coat (26) is deposited to have an average surface roughness R, of at least 12

micrometers.



