CERAM C COATI NG SYSTEMS AND METHODS BACKGROUND [0001] The discl osure
relates to ceramc coatings. Mre particularly, the disclosure
relates to substrate preparation for ceramc coatings. [0002]
Conponents that are exposed to high tenperatures, such as a conponent
within a gas turbine engine, typically include protective coatings.

For exanpl e, conponent ne, bl ades, turbi ne vanes, bl ade
out er aFP sealsnFBOAS)%Egﬁg?goﬁgéﬁégérS%%Wﬁﬁ%éﬂﬂé EQ%QD floatwal
panels) typically include one or nore coating layers that function to

protect the conponent from erosion, oxidation, corrosion or the |ike
to thereby enhance conponent dur abiBACKFRIHNDMai ntai n effi ci ent

oper at | arocafa it e £ngi 18105 1:A0G; AL 2R CxBIDRE: SOIP: £OOVERLIOnal

turbi ne blade outer air seals include an a e ceramc coatlng
t hat cori’cad-’d'{l@JtllaﬁéLY@f thhediacbpaerd| nelost sudiv tdwdts tidaeebbadpsarabt ade

t he coat J4hQ pera of the engine. The abrasion between the
out er aﬁkﬂgeal %1% ? e %ﬁgaé tips provide a m ninmum cl earance between

these conponents such that gas flow around the tips of the blades is
reduced to thereby maintain engine efficiency. Over tine, internal

StrESSGQO©®Q]de@@ﬁ§6héﬂE§'%%aRF%&%C%&¥65883Eb”91§9 HB@? };g%%%?ﬂ* d2h as

vul nerabl e to erosion and spall he outer se én Sveed

to be r@ppéﬁ@@néﬁtr@ﬁﬁhbnshe@aaft@mbznqxﬁngxmaﬁ typecally include
protective coatings. For example, compcnents such as turbine
blades, turbine vanes, blade outer air seals (BOAS), and
compressor components (e.g., floatwall panels) typically include
one or more coating layers that function to protect the
component from erosion, oxidaticn, corrosion or the like to

thereby enhance component durability and maintain efficient

cperation of the engine.

[0003] As an example, some conventional turbine blade outer air
seals include an abradable ceramic coating that contacts tips of
the turbine blades such that the blades abrade the coating upon
operation of the engine. The abrasion between the outer air seal
and the blade tips provide a minimum clearance between these
components such that gas flow around the tips of the blades is
reduced to thereby maintain engine efficiency. Over time,
internal stresses can develop in the protective coating to make
the coating vulnerable to erosion and spalling. The outer air

seal may then need to be replaced or refurbished after a pericd

of use.



[0004] Simlarly, the turbine blades nay have an abrasive tip coating
whi ch properties are chosen to abrade the BOAS abradabl e coati ngs.
SUWARY [ 0005] One aspect of the disclosure involves an article
having a netallic substrate. The substrate has a first surface region
and a plurality of innd recesses along the first surface region The
substrat S he openi,ngs of the pluralidt

recesse g?exlﬂ”g? yﬁa |a%Fy%o§8rB? %eges ?@%pass%%|§¥g§ tip
recesse&oaélﬁgrahnchcpabpémmiésEﬁKﬂEpHdEEﬁItkShb&UﬂéaCﬁerBgABnabradable
[0006] In various inplementations, the article may be a gas turbine
engi ne E6APpORERt (e.g., a blade outer airseal or a conbustor

floatwal |l panel). A substrate may be one of a casting and an outer
layer of a nulti-layer metal [aminate. The coating may conprise a
stabilized zirconia (e.qg., gadolim qﬁﬁh ized zirconia). An MCrAl'Y
bondcoat may be between the coating a e substrate. The recesses

may be goonasgedrid asdeegulodr tmat HesBlodheer ECRSERSs MY davield having a
transverse dinension at the |lip of 85-98% of a transverse di mension
beIOM/tH@tPﬂﬁlc FBBBYT2TRe BT i RS RF D atafufdEtir 8HTHFCa Fedhoy and

conpri 5'a”91'u9§§@tcyn9ftl!9§1rf]di r8dc S dACE IrRPILAR 9 rEQr BuLREce region.
i ndentations. The indenting raises portions of the first surface

regi on ahepenbAErars b#stherimrient atinhait The rarséddporti bhs are
def ormed H?Eﬁ&@# £l Pé&#@@s '&9&“&@&&9&%&%&&5%9%%&“&&' ps. The

coatlng 1S a to the substrate
respectlve associated recesses. A ceramic coating is along the

first surface region.

[0006] In varicus implementations, the article may be a gas
turbine engine component (e.g., a blade outer airseal or a
combustor floatwall panel). A substrate may be one of a casting
and an outer layer of a multi-layer metal laminate. The ccating
may comprise a stabilized zirconia (e.g., gadolinia-stabilized
zirconia). An MCrAlY bondcoat may be between the coating and the
substrate. The recesses may be arranged in a regular pattern.
The recesses may have a transverse dimension at the lip of

85-98% of a transverse dimension below the lip.

[0007] The article may be manufactured by a method comprising
indenting the first surface region fto form the indentations. The
indenting raises portions of the first surface region at
perimeters of the indentations. The raised portions are deformed
partially into the indentations so as to form the lips. The

coating is applied to the substrate.



[0008] In various inplenentations, the deform ng may conprise a
pressing. [0009] The details of one or nore enbodi nents are set
forth in the acconpanyi ng drawi ngs and the description below O her
features, objects, and advantages will be apparent fromthe
description and drawi ngs, and fromthe clains. BRI EF DESCRI PTI ON OF

THE DRA 010 F G 1
substra&éwgﬁa i Holerter” dur' ﬁGePﬁBE%%§§P8n Ctléhgﬁr%%ﬁ§N%%y Fogprise a

parti al psescisianal V|em10f a substrate and die during a
post-indentation coining. [0012] FIG 3 is a partial view of a
surface region of the coined substrate. [0013] FIG 4 is a partial
sectional view of the substrate after a first stage of coating.
[0009] The details of one or more embodiments are set forth in

the accompanying drawings and the description below. Other
features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a partial sectioconal view of a substrate and

indenter during indentation.

[0011] FIG. 2 is a partial sectional view of a substrate and die

during a post-indentation coining.

[0012] FIG. 3 is a partial view of a surface region of the

colned substrate.

[0013] FIG. 4 is a partial sectional view of the substrate after

a first stage of cecating.

[0014] FIG. 5 is a partial sectionzal view of the substrate after

a second stage of coating.

[0015] FIG. 6 is & partial sectional view of the substrate after

smoothing.



[0014] FIG 5 is a partial sectional view of the substrate after a
second stage of coating. [0015] FIG 6 is a partial sectional view
of the substrate after snoothing. [0016] FIG 7 is a partially
schematici zed central |ongitudinal sectional view of a turbine

engi ne. [0017] FIG 8is a vi ew of a blade outer airseal. [0018] FIG

915 a iawedl Aconpustor floatyall panel, L0191 Like v eferante ;.
nunmber s "an esli gnat| ons the varil ous araw ngs | n nlg
el ement sectional view of a turbine engine.

[0017] FIG. 8 is a view of a blade outer airsezl.
[0018] FIG. 9 is a view of a combustor floatwall panel.

[0019] Like reference numbers and designations in the various

drawings indicate like elements.



DETAI LED DESCRI PTI ON [ 0020] An exenplary indentation process starts
with a netal substrate. An exenplary substrate is a casting or
machining (e.g., of a nickel- or cobalt-based superalloy for a gas
turbi ne engi ne conponent such as an airseal or a combustor
conponent). Alternative substrates may be roll or other sheet
material for use in such conponents. The substrate 20 (FIG 1) is
placed in an indenting press afd*RéED REERREFSIO® are pressed into a

first symfo2eq regi&fer Ofy ﬂH@e%%%%EBﬁtErSEgég'QQaf@QeWEEH'é”H%EQi

(which formblind recesses in the substrate). The i1ndenting causes
mat er i alsulsgwaset-wandekeopl & he $¢kﬁ#ﬁ%ﬂaom561mﬁwtam@agrtmenébeimeen

S0 as tq r ISeP%hg ﬁHELgfe 39 & gf%tg] 'J“tlzgralﬁvelford u% rbine

di stributi’ any rai sing ¢ surtace Wi " "depen
dlstrlb@m@aneotombenendeanehsasIintimrsmﬁmmﬁemsc@mbusmBEIcbﬁpbhgn{ﬁr
n at | east ions of the surface 26 between the indenters

@W?Y’ t[ﬁ&&rfl& t4¥§. S gﬁ%rﬁﬁ?%rlﬁ%’h‘?? ey e PdiEE §BFELI BREGL LR bvERRd

zones 2§seORpr isticAgchbap&REnt & psThemBeh Allne @ourdcthe)i ndept atigonsy
The indenters may then be extracted. [0021] After the indenting, the

subst r af® FE{CPE1NPaRELEF IRt BNR thITHIGR 2% @4€ PFRSERE eRBAPRaFyrst
i mpl emeniat-heR, +QRELAT 25DEE §ﬁ&0€ﬁb§¥f§%éﬂkﬂézkghg?ggP%gggﬁh8£snP5e

st ages deforn1(00|n) the raised lips 28 over/i
i ndent atlivbash Thirs hhyndenvecshes | ipstiimnenbstioateds Z8e) indenting

def or me S d S b to t he remainder pf the
adjacen%ggurgaglg[t%rgagf fi%H ?u?éﬁég {%e Iﬁﬁ%l en&g}gpgs|ég§ p?%%%sof
the adja@emEbateaen[®622$ Eﬁcfefs&nmﬂeuaunf@d@naeraBBvbStﬁylnndti@ﬁl

t r,surfac 40 a lower/distal portion 42 is
i P 283PY 8552 ERE R iRt BoPElS o ihaen s Lok RSugheotREFSce 26
Cross- se@uuoagp@nd upahytRg &1 OSsrsectdOns ame passhhke)) . IEa@ﬂale
i ndent er extends upward/outward froma distal/lower face 44.

exenpl ary Pﬁaéﬁﬁe?rll§H€¥é$lT?t%ﬂ(ﬁﬁft4ﬂ§&by¢@ﬁ@rﬁ@aﬂeééﬁtpéﬁti@ns of
essent i %Heyshg@at:bcgk bochden di el ffe12 ,Qf LihE h%@eebakéggeat This

| eaves. The exenplary indentation base 50 is essentially
meet i ngmeheradlaéeny howetrrpore i orrSAadflyt kd eivadedt abhen 28 dewsbtiSihg

at a rigg&sgagh?psA@mﬁégfyégiy £¥§G§5ﬂ€HeDQnB%%%QE§%Eg? gggtgn&gnters

may then be extracted.

[0021] After the indenting, the substrate may be transferred to
a different press. In the exemplary implementation, one or more
second dies 30 (FIG. 3) in one or more stages deform (coin) the
raised lips 28 over/into/across the indentations. This may leave
the lips (now shown as 28') deformed/pressed/coined flush or
subflush to the remainder of the adjacent surface or may still

leave the lips 28' merely less proud of the adjacent area.

[0022] Each exemplary indenter 22 is cylindrical (e.g., an outer
surface 40 along a lower/distal portion 42 is cylindrical (e.g.,

a right circular cylinder, although other cross-sections and
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hei ght (to the apexes of the lips) is HL (FIG 1). Exenplary 01 and
02 are about 60m | (1.5nm, nore broadly, 1.0-2.5mmor 0.5-4.0mm An
exenpl ary post-coining indentation depth or height is H2. An
exenplary dianmeter at the coined lip 28 is 03. Exenplary 03 is |ess
than 98% of D2, nore narrowy, 85-98% or 88-95% An exenplary
protru5|on 4R, where AR=(D2-03)/2 for C|rcul ar |ndentat|on{ of the
lipis - fy%ngf:rﬁﬁs for et RAr r ohf y ‘?5%:@}8 )15 EPER pndesteteFETeRDT e

nar r ow Yipwhdfouliva-aMet ehSa Epét@mr@b@s mhan Q2=hr5een @a%eﬁpl ary
protrusion is 0.75nm Alternatively, an exenplary AR m ght be 2-15%

of a | oddAepagirusipBeger B Bopnst Whes aydyindekenpi BpytHPD| &S 2ons¢ntially

0.5m) 4 c | y,00 d
(0, S gsiond ypoOugads 0 of O E9, oo g5k

m cr oneteesp lAryveindenvet yon dxem)l 20 yi AH § =rB-i20%yoff 1Ht, Ancexegptiey
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(0. 5mM re bro Omn or -
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| di th t ft
par | G SRR IEParTE. BEo Ehet BORS) TERAN uratbre: mhy. rBEERAEY D

slight dewi ations f5Om aforexact: rsaﬁul amcRat bepphay! ay. ansl 4.5 ger
surface features may interrupt arrays or separate di stinct arrays. An

exenpl aPy SrégQrsr pat ?é?Wh@?hyPWtT%ﬁ%mnﬁeMﬁ:tlopsdapth or height
t wo- di ng@smgnain(&@mmm%m&rg@%t(gg & Ogl Shnﬁ%z% nargay, an

exerrpl ary on-center spacing Sis 13 ternatl ve
i ndent atixenprphanf Bs rms ore gy adsrs €618 orfs Dk nchande rpotnmgdnal 8Ge9§ 3,

triangulgar gssquafe, . hex | hdent at j ons . and nylar_i.n tatl ons
Their r egpggtl vgﬁt FANSY g%]g}éﬂ%}%rn%slloon% 45 ul"§ &S ?gsTgbﬁaD% (ﬂt H

di anet ecd raboue. 1h062b4t Wt h ¢l thd OerdLsSheat. seebd@l Das mdwe: narrowly
substraé 5o the Egeiignﬁ and coi ni n%%ng:% be perforned _as continuous
processés>Fe’j FPEPRS Ce Hve IMFHPdHeet STaPePL SF ORBY S hen
be | ani rﬂa&eexhﬁp%heﬁhé@y@;—i neh, T amnt @%m&@éwdpwﬁ@uéb@n shapg, Bmrt.he
ul timate _conponent (e.g., for an exenplary floatwall, various

f eat ur e$1RBYNBEIHBERI nel, e RPNt A HYy SRedtivihds beay -BESseéupedotal t hedius

| am nat g¢  gnd Eh@5hagfn@t§ FBY. Beedeharyed, tos thefir st ecen cabre

segnent shape) .
broadly, 0.2-1.0mm or 0.1-2.0mm. An exemplary coining depth Hi-H,
(AH) is 15-115 micrometers, more narrowly, 15-65 micrometers.
Alternatively, exemplary AH is 5-20% of H;. An exemplary web
thickness T; (FIG. 1) between adjacent indentations is 20mil
(0.5mm), more broadly, 0.1-4.0mm or 20-200% of D;, more narrowly,

30-100%.

[0023] The indentations may be arranged in one or more regular
arrays. For example, depending upon the nature of the particular
article (e.g., the BOAS) local curvature may require slight
deviations from an exact regular pattern/array and larger
surface features may interrupt arrays or separate distinct

arrays. An exemplary regular pattern/array of the indentations



[ 0026] Coating may be via a multi-stage process appropriate to the
particular end use. This may involve applying a nere thermal barrier
coating (e.g., on the conbustor panel). On a BOAS segnent it may

i nvol ve an abrasive coating (for abrading blade tips) or abradable
coating (to be abraded by blade tips). [0027] An exenplary coating
process .is a _multi-stage o] S.. The exenpl ary process.includes
Heposi t /g a tHERACBATSANRE £ horl BFTRAATHY. Gé r FoFe Addi tRonar? 2o
coat i ng alrayer S aheefemp CLF RNbE) carfie € XGIHY idlgy sbardeaat 2583apr My Al Y
(where Mis at |east one of nickel, cobalt, and iron) deposited via
hi gh vel ocity oxy-fuel (HVOF) deposition. An exenplary ceramc
abradabl e coating conprises one or nore stabilized zirconia |ayers
(e.qg., d4006324]arnllterratitier iiadehabitkbrediahfeons aof Y54 9s\Hetdidns

pl asma spr APS). [0028] During the spraying process, the
protrusﬁgﬁﬁﬁﬁgtHQ YEpe2ab %egtheéﬁ%ﬁ&ﬁu%ﬁﬁﬂi%ﬂ?aSF'tH@XPHB%ﬁ%btion

si dewal linbends th enshh gl dathel S daywdd t Anddshe Ther i-phesabcperLi on of
the base. The result (FIG 4) is a reduction in the anobunt of coating
avai | ablt€argVBrEageinaes jemet yonl dfcatiesgicdshalel thrddiprebase @pees.
corner of the cross-section). FIG 4 shows the bondcoat 60 as having
a thickness T2 along the raised, flattened surface regi ons between

t he i ndent ations. Apprqaching the indentation, the coating tapers
around tIR82F p Wigdvinrd e rordessras B2tet hetlhs pPuinRF e, the

i ndent aii-@R sshdewal! c8fniherebelw Jargelne uncoabadinshik! rb¥esiss a
central region of the indentation base 50, the thickness is shown as
T3 whi cHenfly - b&13i Bl &fr$b- (B resllitgmg ypheess malign) af2maRebiper Hee
per! Phefiir0hatRE 8SELROr 110e LOAUNNGLARRLS fhelih i hBECKAESSnaJDUSe
in distinction to a bridging situation, the coating may taper So as
to thi nthewaidimhee peripbreeyt t e the base amathkempiihan fhoekeall owar d
t he perigheré o% tge base. hQOZ%J FIGt15 sh0@§ th? cgated substrate
after appricati on-ofrthe clran & HE T a0 - PY £RaCBLERplaY y°°

i mpl enmeskatired, tbhehasiapphaed, catdnie Meindhatle AQynbeedeéhapmédlts the
the indentations. The indentations are, however, associated with

rel ati veéFySFBEQBLERL r 8YFBFRT 7238t he coating surface 74 which may be
interspersed with relatively elevated regions 76. A subsequent
machi ni ng process may flatten the coating by renoving the el evated

areas (FEl ) .~ Thi.s may invol ve renoying terial fromboth th

o) ovat odCRET) SUlude Tyl Bs E8 SnBBt T BURT (WA R (@ Ate £

cl ose t @haceamAndal ingenyelisd | TRV aldif € rofolReapplying a mere thermal
barrier coating {e.g., con the combustor panel). On a BOAS
segment it may involve an abrasive coating (for abrading blade

tips) or abradable coating {(to be abraded by blade tips).

[0027] An exemplary coating process is a multi-stage process.
The exemplary process includes depositing a bondcoat and then
depositing one or more additional coating layers (e.g.,
ceramic). An exemplary bondcoat is an MCrAlY (where M is at
least one of nickel, ccbhalt, and iron} deposited via high
velocity oxy-fuel (HVOF) deposition. An exemplary ceramic

abradable coating comprises one or more stabilized zirconia
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substrate such as the original pre-indentation shape of a cast or
machi ned substrate). An exenplary peak bondcoat thickness T2 is
5-8m | (0.13-0.20mm, nore broadly, 0.05-0.50mm An exenplary final
t hi ckness T4 of the ceramic material away fromthe indentations is
5-40m | (0.13-1.0mm), nore broadly, 0.05-2.0mm FIG 5 further shows
faults 78 associated with the indentation and extendi ng outward

t hr ough lelereodei figr FheSt armdsohay &/ titifd & edbidyzed prLovpdea sonel))
accommo i Qn..o Lffe i a ermal expansion and interrupt crack
propaga??%nggfoéégf&%ngggé%rg%%gzhe segnentati on of the coating
provi ded by the indentations hel ps the coating acconmpdat e
differential thermal expansion (e.g., of the coating and substrate)

to avoi ¢ogpegh! i]ﬂg_rin%'echlei %%’ra?&(nﬁe ugkBgs brifgi g @GO W the 1ips

i ndent ati ons hel p. th substantial bridging, the accomrpdati on of

di f f er enbioge ther rakcexpansion ¢% e tirddniaddopr safisedll[0e03dd R G
7 shows g .Lyrbipe SEQ&{J&%OQ %eu% ok i lillrel}%fla?) fe%hngfatﬁé”b&%: PN
or nore CONpressor Sections £\ 4, "a ‘conbustor 06 “and 6he OF RO e

t ur bi nereeclliton8It084) ahsl & cade-tlikh ithehexemphatyofwoespbod engi ne
has hi gh speed/ pressure conpressor and t ine sections on the high
N LR S A R el R A SRR IR A L

the | ow(speedospeel of Ftke drédSossdtows)a H1ade 415808 the hbhstcdt agle
stage of the |low pressure turbine. The bl ade stages rotate about the

engi ne éénf@vipfecofntelteat Tordiongdithal raxFedi18latt HedbfsHHa s ade

stage Mg ibAsChesReLACLRY DEARUIEANHL A el REeREEal n QLR &Y {13,
of BOAS séegnents 120 (FIG 8). [0032] FIG "8 shows a bl ade outer air
seal (BOAS) coegipat tapers Refeunaethe ldr ikssvanedheondierohde ab4 of

downstr . Lr I 0 adi al twar Lrect] 2,

and cir?ﬁ%iggéﬁ?ﬁgltﬁ%rﬁ@@%%ﬁ?éﬁf%ié%gQé 3ﬁ£ggTﬁge%%aghﬁgsiggﬁ%?g body
porti onut22ahadi ngiail eady ngi nupstaeadflomsaridnend tB4 andeatation base
trailing/dowstream aft end 126. The body.has first and. second

i rount SPenbrB LEAGEIOS it of H0Hs A5 aR L TR0 et bty TS i (52
face 1321(aheng wekshthhe) indentati @ns payipReforsBdinansh an ) frage

134. To mount the BOAS to environnental structure (e.g., a main
portioncGPtERE £3BEYS PhE ExerptAmPBoAS Mg dNpParaLREyieR RBuUdti ng

hooks. EB6aBXREPLAL Y. BOAS e &8l 16l 68Nkl Q6MALd: 0L NGOk

142 having a forwardly-projecting distal "portion recessed aft of the
f or war dtErdPre24PhThe exebipd dpas BARS Heas tdgpaithiekehi kswaaddtsecond

aft hoo d 14 i rearwardl y-projecting distal portions
protrud %é%éﬁF%geggngh%ﬁ%é% t end 126. [0033] The assenbled ID faces

of the circunferential array of BOAS segnents thus locally bound an
out board extrene of the core flowpath through the engi ne. The BOAS

122 may [pave;f eatdir es Qs Rher kegkgagswgt@%{@yaf@&er% ¥ fe@hupgs
Th ary BOAS 122 has

i nclude fingér and shiplap joints. e exenp a pair

of foretardcatanirngersrisd dhd WsXhw ajxeowilag yf Fomlehentarson, the

ci rcunt %Egﬁﬁag%keg“%%%ﬁi@r&ﬁ'a%%dfﬁ %’H‘ﬁbr%s%%%?l' ‘%q’léér gBQ‘)fh{i!ﬁl‘?{'aegions.

radi al | y outboard o e second Circunterential "énd-1 o] e

adj acentrhBOASdentations are, however, associated with relatively
recessed regions 72 in the coating surface 74 which may be
interspersed with relatively elevated regions 76. A subsequent
machining process may flatten the cecating by removing the
elevated areas (FIG. &). This may involve removing material from

both the elevated and recessed regions to smooth/level the

coating (e.g., close to accommodating overall curvature of the
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[ 0034] The exenplary conbustor is an annul ar conbustor having inboard
and outboard walls each having an outer shell and an inner heat
shiel d. Each exenplary wall heat shield is nmade of a |ongitudinal and
circunferential array of panels as may be the shells. In exenplary
conbustors there are two to six longitudinal rings of six to twenty
heat shield panels (floatwall panels). Each panel (FIG 9) has a
gener al bybpinaEe( fAehngs t Hee comslistadr Oufdmdenfasaprnaceapaochml st

gener al Ly QULRLnSUT Lage: MOUNtI0 S1dits 244 0,OLRRCLER! LALSIIBYS .

extend fromthe outer surface to secure the panel to't adj acent
shel | . TheSpénell ¢Rtepds. betmeemaerd dadiaty ved@e 0246 - afdma Anagkemyglary

edge 248 .an tween first second.lateral .(circunferential) edges
550 and 3830 ThoCKEREr Foy have See mionbrsonit by ety ErELadd ki
cool i ngihakasaZ2b4nbet wepnd dhel i pNer3-andn@it, emoser baeadlyThe. o hdentmed.
surface may be the inner surface 240. The panel is shown haVir%%ﬁﬁﬁn

ci r cunf EfEnt PafUEHRRT 0SARES af TdHe: Wik &gy of. WAtRathenteen

the panghy axsUhbang HRENREQ ! Shidhe! adieodatdngonenw sgudtseritOnpd2
nornal thereto, a circunferential direction 516 and a radi al

di rect i 68n8EACY[ DO3BFOThHEE oF O raC EEWatEMNs Havé fHesanteatr ipeygnal
Neverth 1 N pgggs vari.ous nodifications may be
%&SﬁﬁSlbbe%%?hlgge%ure 6%2§ﬂ% pa fﬁc&ﬁ%%

made. FOr ~exanp e na ar ‘article (e.g., BOAS
or floatwall panel) may influence details of any particul ar

i npl enentation. Accordingly, other enmbodinments are within the scope
of the &@bb@%‘rﬁhcééﬂéy%l, @%@lM@g%@ﬁ&ak§oﬁl@fn@ﬁg'éﬁating provided by

the indentations helps the coating accommodate differential
thermal expansion (e.g., of the coating and substrate) to avoid
spalling. The lips, by reducing bridging across the indentations
help. With substantial bridging, the accommodation of

differential thermal expansion is partially compromised.

[0031] FIG. 7 shows a turbine engine 100 (e.g., a turbofan)
having a fan 102, one or more compressor sections 104, a
combustor 106 and one or more turbine sections 108, and a case
110. The exemplary two-spocl engine has high speed/pressure
compressor and turbine sections on the high speed spool and low
speed/pressure compressor and turbine sections on the low speed
spool. FIG. 7 also shows a blade 112 in the first blade stage of
the low-pressure turbine. The blade stages rotate about the
engine centerline or central longitudinal axis 114. Tips of the
blade stage move in close facing proximity to a circumferential

array 116 of BOAS segments 120 (FIG. 8).

[0032] rIG. 8 shows a blade cuter air seal {BOAS) segment 120.

Relative to an installed condition, a downstream/aftward
9



1. An article conprising: a netallic substrate having: a first
surface region; a plurality of blind recesses along the first
surface region; and for each of the blind recesses, an
associated perinmeter |lip at an opening of the recess and extendi ng
partially over and circunscribing the recess; and a ceram c coating
along the first surface region. 2. The article of claiml| being a
gas turgpﬁécéhaﬂnéoeonﬁﬁﬁbﬁ%.(OUtward) direction 502, and

circumferential direction 504 are shown. The BOAS has a main
body portion 122 having a leading/upstream/forward end 124 and a
trailing/downstream/aft end 126. The body has first and second
circumferential ends or matefaces 128 and 130. The body has an
ID face 132 (along which the indentations may be formed) and an
OD face 134. To mount the BOAS to environmental structure (e.g.,
a main portion of the case), the exemplary BOAS has a plurality
of mounting hooks. The exemplary BOAS has a single central
forward mounting hook 142 having a forwardly-projecting distal
portion recessed aft of the forward end 124. The exemplary BOAS
has a pair of first and second aft hooks 144 and 146 having
rearwardly-projecting distal portions protruding aft beyond the

aft end 126.

[0033] The assembled ID faces of the circumferential array of
BOAS segments thus locally bound an cutbecard extreme of the core
flowpath through the engine. The BOAS 122 may have features for
interlocking the array. Exemplary features include finger and
shiplap joints. The exemplary BOAS 122 has a pair of fore and
aft fingers 150 and 152 projecting from the first
circumferential end 128 and which, when assembled, are
positioned radially outboard of the second circumferential end

130 cof the adjacent BOAS.

[0034] The exemplary combustor is an annular combustor having
inboard and outboard walls each having an outer shell and an
inner heat shield. Each exemplary wall heat shield is made of a
longitudinal and circumferential array of panels as may be the
shells. In exemplary combustors there are two to six

longitudinal rings of six to twenty heat shield panels

190



3. The article of claiml wherein: the substrate is one of: a
casting; and an outer layer of a multi-layer netal |amnate. 4. The
article of claiml| being one of: a blade outer airseal; and a
conmbustor floatwall panel. 5. The article of claim1l wherein: the
coating conprises a gadolinia-stabilized zirconia. 6. The article of
claim1 wherein: the coating conprises a stabilized zirconia; and
(floatwall panels). Each panel (fIG. 9) has a generally inner

(facing the combustor interior) surface 240 and a generally
outer surface. Mcunting studs 244 or other features may extend
from the outer surface to secure the panel to the adjacent
shell. The panel extends between a leading edge 246 and a
trailing edge 248 and between first and seccnd lateral
(circumferential) edges 250 and 252. The panel may have one or
more arrays of process air cooling holes 254 between the inner
and outer surfaces. The indented surface may be the inner
surface 240. The panel is shown having a circumferential span ©
and a ccne-wise length L. At a center 260 of the panel, a
surface normal is labeled 510, a cone-wise direction 512 normal
thereto, a circumferential direction 516 and a radial direction

514,

[0035] One or more embodiments have been described.
Nevertheless, it will be understocd that various modifications
may be made. For example, the nature of the particular article
(e.g., BOAS or floatwall panel) may influence details of any
particular implementation. Accordingly, other embodiments are

within the scope of the fecllowing claims.
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an MCrAl'Y bondcoat is between the substrate and the stabilized
zirconia. 7. The article of claim1 further conprising: a
bondcoat at |east along areas of the first surface region away from
the recesses and al ong bases of the respective recesses. 8. The
article of claim?7 wherein: t he bondcoat tapers in thickness

al ong the bases of the respective i?ﬁg?&gtions, thinning toward the
peri pheries of the respective indentations. 9. The article of claim1l
wher ei mhdthel 4 eslessesd are: arranged in a regular pattern

1. An erticle comprising:

a metallic substrate having:

a first surface region;

a plurality of blind recesses along the first
surface regiocon; and

for each of the blind recesses, an associated
perimeter lip at an opening of the recess and extending
partially over and circumscribing the recess; and

a ceramic coating along the first surface region.

2. The article of claim 1 being a gas turbine engine
component.
3. The article of claim 1 wherein: the substrate is one of:

a casting; and

an outer layer of a multi-layer metal laminate.

4. The article of claim 1 being one of:
a blade cuter airseal; and

a combustor flostwall panel.

5. The article cof claim 1 wherein:

the coating comprises a gadolinia-stabilized zirconia.

6. The article of claim 1 wherein:
the coating comprises a stabilized zirconia; and
an MCrAlY bondcoat is between the substrate and the

stabilized zirconia.

12



10. The article of claim1, wherein: t he recesses have a
transverse dinension at the |lip of 85-98% of a transverse di mension
below the lip. 11. The article of claim1l wherein: the recesses are
circular in planform 12. The article of claim1l wherein: each
of said recesses has a single said associated perineter |ip. 13. The

articl e/_of yal rg}{’ltiv%heg e(#fl:ﬁltﬁgn rec Eﬁ?e?rf%@%pﬁfﬁ : from each

ot her. 14. e article of claim I er el n: rrecesses are

i ndent ati onss bondcoat at least along areas of the first surface
region away from the recesses and along bases of the

respective recesses.

8. The article of claim 7 wherein:
the bondcoat tapers in thickness along the bases of the
respective indentations, thinning toward the peripheries of

the respective indentations.

9. The article of claim 1 wherein:

the recesses are arranged in a reguiar pattern.
10. The article of claim 1, wherein:
the recesses have a transverse dimension at the lip of

85-98% of a transverse dimension below the lip.

11. The article of claim 1 wherein:

the recesses are circular in planform.
12. The article of claim 1 wherein:
each of said recesses has a single said associated

perimeter lip.

13. The article of claim 1 wherein:

the recesses are separate from each other.

14. The article of c¢laim 1 wherein:

the recesses are indentations.

15. The article of claim 1 wherein:

13



15. The article of claim1 wherein: faults associated with the
respective recesses extend outward through the ceram c coating. 16.
The article of claim15 wherein: the faults provide a
conbination of differential thermal expansion and interruption of

crack propagati on.
faults associated with the respective recesses extend

outward through the ceramic coating.
16. The article of claim 15 wherein:

the faults provide a combination of differential thermal

expansion and interruption of crack propagation.
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