CERAMIC COATING SYSTEMS AND METHODS BACKGROUND [0001] The disclosure relates to
ceramic coatings. More patrticularly, the disclosure relates to substrate preparation for ceramic coatings.
[0002] Components that are exposed to high temperatures, such as a component within a gas turbine
engine, typically include protectiye coatings. Far e I nents h urbine blades, turbine
vanes, blade outer air seals (Bé%f@ﬁ%&ﬁﬁi@&ggﬁﬁﬁgmtﬁgﬁ%ﬁ | panels) typically include
one or more coating layers that function to protect the component from erosion, oxidation, corrosion or the
like to thereby enhance component durability ar]g r(;?t\ i 5m ient operation of the engine. [0003] As an
example, some conventional turbine blade oute ét?} %E;)n Lﬁe an abradable ceramic coating that
contacts tipe001le tmnei dttmtes suelatbst thecbhdeniescabradygs iareating upon operation of the engine.

The abrasjon betyv en h :fmd the blade tips provide a minimum cIearanFe between these
10'S S5 t'ep epar

he outer air seal
componen‘?s‘rf1 g{f&at%‘ttggs O(\:Nogporgnrgl %g%ps 0 adles is reduced to there‘b)P Maintain engine

efficiency. fOveetimec invatited 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
period of use. [0004] Similarly, the turbine blades may have an abrasive tip coating which properties are

chosen to FBE)%dZﬁ the BOAS abradﬁble coatings.

Components that are exposed to high temperatures, s uch as
a component within a gas turbine engine, typically include
protective coatings. For example, components such a S turbine
blades, turbine vanes, blade outer air seals (BOAS) , and
compressor components (e.g., floatwall panels) typi cally include
one or more coating layers that function to protect the
component from erosion, oxidation, corrosion or the like to
thereby enhance component durability and maintain e fficient
operation of the engine.
[ 0003] As an example, some conventional turbine blade oute r air

seals include an abradable ceramic coating that con
the turbine blades such that the blades abrade the

tacts tips of
coating upon

operation of the engine. The abrasion between the o uter air seal
and the blade tips provide a minimum clearance betw een these
components such that gas flow around the tips of th e blades is
reduced to thereby maintain engine efficiency. Over time,
internal stresses can develop in the protective coa ting to make
the coating vulnerable to erosion and spalling. The outer air
seal may then need to be replaced or refurbished af ter a period

of use.



SUMMARY [0005] One aspect of the disclosure involves an article having a metallic substrate. The
substrate has a first surface region and a plurality of blind recesses along the first surface region. The
substrate has perimeter lips at the openings of the plurality of recesses and extending partially over the

respective associated recesses. A ceramic coating is along the first surface region. [0006] In various
implement§9§§s%the ﬂ@%iﬁb@%"@&%@ﬁé&%@ﬁﬁvgﬁﬂ&%@%@g a blade outer diseal or a
combustorchagivepil biehghropeatiesteate chagdretorsbadechgtiBg and an outer lagaSfabradiiblayer metal
laminate. The coating may comprise a stabilized zirconia (e.g., gadolinia-stabilized zirconia). An MCrAlY
bondcoat &Y B&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 to form the indentations. The indenting raisgs) vty of the first surface region at perimeters of

The coating}€%phiicd?6 #-PEGHSHr

the indentations. The raised portion}ilare deformed partially into the indentations so as to form the lips.

g .AiBeIe8t R VARVESAPIeMiEiRdfons, the deforming ¥ Bomprise a

pressing. {HORAICTHedatails Thensubsimatere@bofilisienisaare set forth in the acs®raigadryingdirawings
and the descripti(ﬁ? beﬁ%m@)ther featurng, ott)éec s, and advantages will be apparent from the description

and drawifige! A8 (IS BRIPPOPEERIPHBN OF THE DRAWINGSE "edion.
The substrate has perimeter lips at the openings of the
plurality of recesses and extending partially over the
respective associated recesses. A ceramic coating i s along the
first surface region.
[ 0006] In various implementations, the article may be a ga S
turbine engine component (e.g., a blade outer airse alora
combustor floatwall panel). A substrate may be one of a casting
and an outer layer of a multi-layer metal laminate. The coating
may comprise a stabilized zirconia (e.g., gadolinia -stabilized

zirconia). An MCrAlY bondcoat may be between the co
substrate. The recesses may be arranged in a regula
The recesses may have a transverse dimension at the
85-98% of a transverse dimension below the lip.

[ 0007]

indenting the first surface region to form the inde

The article may be manufactured by a method compris

indenting raises portions of the first surface regi
perimeters of the indentations. The raised portions
partially into the indentations so as to form the |

coating is applied to the substrate.
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[0010] FIG. 1 is a partial sectional 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 coined substrate. [0013] FIG. 4 is a partial sectional view of the substrate
after a firs} t@ﬁ of (cg?atin . [0014] FIG. 5 is avga tiaflqseg):tional view of the substrate after a second stage
of coating | BB95] F1) KAOHSARENCLBENERR Ve DS IRIO UM MR Groothing, [00LEFEIS. 7 i a

partially sqhressitigized central longitudinal sectional view of a turbine engine.

[ 0009] The details of one or more embodiments are set fort hin
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. 1is a partial sectional view of a substrate a nd

indenter during indentation.

[ 0011] FIG. 2is a partial sectional view of a substrate a nd die
during a post-indentation coining.

[ 0012] FIG. 3is 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.

[ 0014] FIG. 5is 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

smoothing.



[0017] FIG. 8 is a view of a blade outer airseal. [0018] FIG. 9 is a view of a combustor floatwall panel.
[0019] Like reference numbers and designations in the various drawings indicate like elements.
DETAILED DESCRIPTION [0020] An exemplary indentation process starts with a metal substrate. An
exemplary sué; rate i ting or machinin %e, @(?(r)d\a nickel- or cobalt-based superalloy for a gas
turbine en§i ]sc mpéi@n%?ﬁ@r??gtﬁ?ﬁﬁg%gﬁ& tég ﬁﬁ&g??c@%&ent). Alternative sub&Pks may be
roll or othegeshieeiamatasialffartudsiie eugineomponents. The substrate 20 (FIG. 1) is placed in an
indenting press and the indenters 22 are pressed into a first surface region 23 of the substrate creating
indentations 24 (which form blind recesses in the substrate). The indenting causes material flow outward
from the indentations into areas therebetween so as to raise the surface 26 above the initial level 26'. The
distributiort 8P4y rafsify Bt UEWRERIF QRNAITSSGH the distribution of the indenters. If the
indenters are sufficiently far away, then at least portions of the surface 26 between the indenters will not
be raised. This material flow may create especially elevated zones 28 comprising raised lips immediately
around the[ '@@fg}ati(mé_'gpg Indentess PayicR ke ﬁ&‘é@\%ﬂ%a{ﬂggl] 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 spffad®pr mike stfideneethanibe Z3antbdeyi pssipreuch ofi¢hessidjacent area. [0028]Each

exemplarydpﬂ&pﬁg ﬁ?d,'éagglimg%ig?é# fysan outer surface 40 along a lower/distal portion 42 is cylindrical
(e.g., aright circular cylinder, athougﬁ ot?ier cross-sections and



varying cross-sections are possible)). Each indenter extends upward/outward from a distal/lower face 44.
An exemplary Indenter diameter D1 along the cylindrical portion is essentially identical to the diameter D2
of the indentation it leaves. The exemplary indentation base 50 is essentially flat, meeting the adjacent
lower portion 52 of the indentation sidew E5|_4 éﬂ%g@?&fﬁfﬁ? emplary pre-coining indentation
depth or height (to the apexes of the Ilpsﬁ I—ﬁ%ﬁ D1 and D2 are about 60mil (1.5mm),
more broafdy02ad]-2. M@@hﬁb&ﬂ/@ﬁﬂ@m&ncﬂxpm@&s ptat<aiing ndentation depth or height is H2. An
exemplary di meter t the com dli 3. Exem Iary D3 is less than 98% of .more narrowly,
85-98% or %5%}6 e%efm:ﬁ 6}9/ lcf’? ?c% &F@ 9\"7\? Heqﬂié'zoz -D2)/2 (for a cn%ﬁl?g f}%lentatlon) of the
lip is 1-7.506.9f, D2 amarkehaoravalya2t-Fdsed hpdahoyg fometers, more narrowly,dl §edStonremeters. For
example, when D2=1. 5mrght31 e SDlar rotr S|rog (';5 0. 75m(r)n Alternatively, ap exem elﬁ{ AR might be
2-15% of & lotarradius ﬁ@bﬁ Paé xemp arytﬁi Is 20mil (0.5mm), more broadly, 0.2-1.0mm
or 0.1-2. OrAiterAateweauqblshmmnnm/dEptbll-tﬂr BIIIE(ASIH§EQH i5-115 micrometers,atesi@l f@rrowly, 15-65

mlcrometer Al ary A f xemplary web thi 21 (FIG. 1)
between adjga(fi{n mdeYF?t) %?%E%O%I (%@rr%%? mear broa }? 0.1-4.0mm or 2&?8%%%1, more
narrowly, 30-10096ti [@DREISEhand deatiavemiarmybararpirgsedn one or more regotarafit®ys. For example,
depe”din%ﬂﬂﬁ%é%é\ﬁw%Q;ftﬂ?e%m%%aﬁ&l{%g Fhathg POAS) local curvatyjre, may require slight

deviations from an exact regular pattern/array and larger surface features may interrupt arrays or

separate distitieh orayHIing esearpeayTERIBHGSEIR//athg iof the indentations NEeNiig-dimensional (2D)
hexagonal agayd it Gtetial iGN SUBRAH ROAMHRXFHBIREtIBACENter spacing S igkgQrnls of D2.

therebetween so as to raise the surface 26 above th e initial
level 26'. The distribution of any raising of the s urface 26
will depend upon the distribution of the indenters. If the
indenters are sufficiently far away, then at least portions of
the surface 26 between the indenters will not be ra ised. This

material flow may create especially elevated zones

28 comprising

raised lips immediately around the indentations. Th e indenters
may then be extracted.

[ 0021] After the indenting, the substrate may be transferr ed to
a different press. In the exemplary implementation, one or more
second dies 30 (FIG. 3) in one or more stages defor m (coin) the

raised lips 28 over/into/across the indentations. T

his may leave

the lips (now shown as 28") deformed/pressed/coined flush or
subflush to the remainder of the adjacent surface o r may still

leave the lips 28" merely less proud of the adjacen t area.

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

a right circular cylinder, although other cross-sec tions and
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[0024] Alternative indentation planforms or cross-sections include polygonal (e.g., triangular, square,
hexagonal) indentations and annular indentations. Their respective transverse dimensions would
correspond to the diameters above. The DR of an annular indentation would correspond to the diameter.
[0025] With roll-formed sheet metal as the. s,Jiitr te, the pressing and coining may be performed as
continuou BRABOSSIES S CURRS G B RIS, i) SRR R aterial may then BeGsiMiRed to other
layers anduipvibat/turmweddritorthe ik ofvthreadéndatersommment (e.g., for an pkegnplary floatwall,
various featurestma be machined, moluntinﬁﬁfeatﬁregs.m g}%ﬁ.secured to lih IIaminate, and the laminate
may be de'ﬁ)qﬁ{bart ﬁ{g‘?}ﬁ% conicdl %8&% T S B 5|c[§ ]'885%&5?%5;} & via a multi-stage process
appropriatalentivalpartioe ldiaemetersb. This maydofdive iapplyiation mésavbermiagbarrier coating (e.g., on
the combustar panel), Qn a BOAS se nt it may.inyolye an abrasive coating (for abrading blade tips) or
abradableec)é)%qipﬁga(yc))'geearﬁ?gl e a)? ﬁ%{fést%% gfg@Yy] %e’tl exemplary coating p(rrgggatslg gﬁgér]nulti-stage
process. Téadjaamhjhargrrodess hchidos depesiting esidewiaoat and then depolBifidgabae or more

additional [ e . ic) oat is an MCrAlY re M is at Least one

of nickel, c%%@flt% ga#ié%%%&ﬁé@é%%ﬁ%ﬁ@eﬁ%& (@(%@I (HVOF) depositi(c%r\ﬁ} ﬁr? r.exemplary ceramic

abradable @it gtedhepapexsasnelfdhenipe)smbilized zirconia layels!(@.d.). &@&STMY/ 6 a yttriaustabilized

zirconia (Y, b/izaaqg g@éur@%éﬁﬁgxl(_@%ﬁgg [AQg8l QHQH@/”FO?E?%HHQ Jprocess, the profrusion of the lips
i ion Sidewall tends to shield th

above the lower portion of the indentation Sidewall sto shield the sidewall and the peripheral portion
of the bas®: THOBSUAF IExem ot SOSEFOINMEHadeRtIINbEoating available RRIdIRIGAE junction of

the sidewal W%F%%ﬁl‘%ﬁ?ﬂ%ﬁﬁé}gm %g%ﬁ%ngzgl% @ shows the bondcogt 60 as having a
I

thickness 12 along the raised, flattened surface regions between the indentations. Approaching the
indentatioftAEBEHY Y tageriessdban #6Pidaving theuRHERsRREWVHf tRe-ASUnarthe indentation

sidewall 54 ghetehelandReanbrAngRatrdsisimilarly, in %Q?W@rﬁgimgﬂﬂfﬁ"%ﬁmpa base 50, the

thickness is shown as 13 which may be similar to (e.g., slightly less than) 12. Near the periphery of the
base 50, thE HafiHPRITEHOBH G ttckPésd T8, 9h Ristinction to a bridgirg BRISHEHTMEoating may
taper so ap gofni} oy aId thecheRery, iddhe Rasevahesteaminicken toward thegpesiehsry of the base.

[0029] FIG. 5 shows the coated substrate after application of the ceramic material 70. In the exemplary

implementG8bA¥AHBRIE: AUPRBPceranmid-RIRBria 7 RIBRIANAR RIV RN AR O {2BMs. The indentations are,
however, agsaciatee ithrreativgllargcessed regidRsnighinbié e csdingr suldaae radiivdich may be

oy romauiiG e RRAIORE (F1C. 6. FRE N B QUM MABRAORe o

broadly, 0.2-1.0mm or 0.1-2.0mm. An exemplary coini ng depthH ;-H»
( AH) is 15-115 micrometers, more narrowly, 15-65 micr ometers.
Alternatively, exemplary AH is 5-20% of H 1. 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 1, more narrowly,
30-100%.

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

arrays. An exemplary regular pattern/array of the i ndentations



both the elevated and recessed regions to smooth/level the coating (e.g., close to accommodating overall
curvature of the substrate such as the original pre-indentation shape of a cast or machined substrate). An
exemplary peak bondcoat thickness 12 is 5-8mil (0.13-0.20mm), more broadly, 0.05-0.50mm. An
exemplary. final thickness 14 o E?ﬁc ramic material from the indentations js 5-40=1 (0.13-1.0mm),
more broatiiy* BG4 HRORFG! f)ugﬁ?éi? ??Eﬁ}@g % ociated with the ind@rit&tidAand extending
outward thaenagh dinecxeatipiguyl be-feeris hayading ©ndadcy26Q¥ovide some accashibodation of differential
thermal expansion and Interrupt crack propagation. [0030] In general, the segmentation of the coating
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 Bfddihg, e TRBR MSIEABRGY Bifei¥mRaIRherARs-8kp n is partially compromised.

[0031] FIGh¢Ishewsigdurineangifadfade. aqumterhrfraydhaving a fan 102, ongfr more compressor
sections 104, a combustor 106 and one or more turbine sections 108, and a case 110. The exemplary

two-spool %H@W&Q%’é}g%@H?ﬂr@gjﬁﬂ@%%@%grrﬁﬁe%rbine sections on W& high speed spool and

low speedtpiassereccamipesiavisanddld einesgiitnsooméngidpnespeed spool. Fiers/adlegeshows a blade
112 in theﬂ'ﬁs%tﬂ.%de stage of the low-pressure tyrpine. The b%gde stages rotate about the engine

centerline aﬂfIS‘H uQMlu rl'e@gg tﬂ%i}ﬁ’é)ﬂ QB8 be move in closeofég%g proximity to a
circumfereditiheteay 116 of BOAS segments. [0032] FIG. 8 shows a blade outer air seal (BOAS)
segment 120. Relative to an installed condition, a downstream/aftward direction 500, radial (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 trajling/downstream/aft end 126. The body has first and

second cirtQ¥ferbntdithRldpimadiabestipgiahas s THesHa: B8 an ID face 132 (along which the

indentationggBai§aferasitingthap shtaterded 49 coataLdiss BOAS to enviroprpessakstructure (e.g., a
main portign of the (r:% e), the exemplary BOAS has a_bgl)llurality of mounting hooks. The eﬁ(ﬁ]mplary BOAS
t

has a singl&-Gen¥aIRIS}d TREUSET A9 1285 ARG d Rorwardly-projecting diS¥%aBHh recessed aft
of the forwardigatkd24.otherexgsnpland BOhSfasmderintef first and second aft heaksapédoind 146 having
rearwardly-projecting distal portions protfuding aft beyond the aft end 126. [0033] The assembled 1D
faces of tht(ﬁ)%i E%?‘g?e%%pgw&%%/f rsaégﬁmﬁ[}/sfb@ally bound an outb%}\é? 'extreme of the core
flowpath tivarighstfeatingis endhbBAGhHZ2 nmayuraireg fisattiness for interlocking thevpitvay. Exemplary
features include finger, and shiplap joints. The exemplary BOAS 122 has a pair Qf fore and aft fingers 150
and 162 prGGUITS e A G o e S T B 05 ch, whon asser LS CLe Bositonec
radially outhcdot ofiited segorehtsbapdgrential end 130 of the adjacent BOAS.

[ 0026] Coating may be via a multi-stage process appropriat eto
the particular end use. This may involve applying a mere thermal
barrier coating (e.g., on the combustor panel). On a BOAS
segment it may involve an abrasive coating (for abr ading blade
tips) or abradable coating (to be abraded by blade tips).

[ 0027] An exemplary coating process is a multi-stage proce Ss.
The exemplary process includes depositing a bondcoa t 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, cobalt, and iron) deposited vi a high

7



[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 r

ings of six to ty heat shield papels (floatwall panels). Each panel (FIG. 9) has a
generally iﬁﬁt?&%&%’%%%@géﬂt&em?@ﬁ@§'£ﬁ§ @H)%é}llg a generally outeF5fce 242. Mounting
studs 244 abitiabteabatsguayrgrised doenoihmotbatsbilfase 242 to secure theipemeibto the adjacent
shell. The panel extends een a leading edge, 246 and a trailing edge 248 and be first and
second Iatgr%?r(%ﬁ%lghfgrgr%%lﬁ%a@é?é%%'%ﬁg%g%e%r@rﬁanel may have one oro&'&&sfa&s of process
air coolingimlels pké inetwpety thePBher and outer surfaces. The indented surface may be the inner
surface 240. The panel is shown having a circumferential span 0 and a cone-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 | {8&HheRYENY i SOAHRIRERE I DG RIGY

¥iebi¥hs may be made. FoRSample, the

nature of tapgartineli\astiglertia.0BBé Mok ficaivralipenel)] may influence detatsrefsaty particular
implementa}t1i.on Accorgir\ﬁg{, other embo.d'menfs are witt}in the scope of the follﬁwing cla.i]rﬂs. CLAIMS
S ewall t e base. The

ield the'si and the peripheral portion o
result (FIG. 4) is a reduction in the amount of coa
available to bridge the junction of the sidewall an
(the corner of the cross-section). FIG. 4 shows the
as having a thickness T » along the raised, flattened surface
regions between the indentations. Approaching the i

the coating tapers around the lip leaving the under

the lip and the indentation sidewall 54 therebelow

uncoated. Similarly, in a central region of the ind

50, the thickness is shown as T
slightly less than) T
coating tapers off in thickness. Thus, in distincti
bridging situation, the coating may taper so as to
the periphery to the base rather than thicken towar

periphery of the base.

[ 0029]

the ceramic material 70. In the exemplary implement

FIG. 5 shows the coated substrate after application

as-applied ceramic material 70 more than fills the
The indentations are, however, associated with rela
recessed regions 72 in the coating surface 74 which
interspersed with relatively elevated regions 76. A
machining process may flatten the coating by removi

elevated areas (FIG. 6). This may involve removing

8

2. Near the periphery of the base 50, the

ting
d the base
bondcoat 60

ndentation,
side 64 of
largely
entation base

3 which may be similar to (e.g.,

ontoa
thin toward
d the

of
ation, the
indentations.
tively
may be
subsequent
ng the

material from



What is claimed is: 1. An article comprising: a metallic substrate having: a first surface region; a plurality
of blind recesses along the first surface region; and perimeter lips at openings of the plurality of recesses
and extending partially over the respective associated recesses; and a ceramic coating along the first

surface region. 2. The article of claim 1 being.a gas turbine engine component.
% 8 8|on% h'?leg P

oth the elevated and recessed re to smoot vel the
coating (e.g., close to accommodating overall curva ture of the
substrate such as the original pre-indentation shap e of a cast

or machined substrate). An exemplary peak bondcoat
is 5-8mil (0.13-0.20mm), more broadly, 0.05-0.50mm.

final thickness T 4 of the ceramic material away from the

thickness T

An exemplary

indentations is 5-40mil (0.13-1.0mm), more broadly, 0.05-2.0mm.
FIG. 5 further shows faults 78 associated with the indentation
and extending outward through the coating. The faul ts have the
tendency to provide some accommodation of different ial thermal
expansion and interrupt crack propagation.

[ 0030] In general, the segmentation of the coating provide d by
the indentations helps the coating accommodate diff erential
thermal expansion (e.g., of the coating and substra te) to avoid
spalling. The lips, by reducing bridging across the indentations
help. With substantial bridging, the accommodation of

differential thermal expansion is partially comprom ised.

[ 0031] FIG. 7 shows a turbine engine 100 (e.g., a turbofan )
having a fan 102, one or more compressor sections 1 04, a
combustor 106 and one or more turbine sections 108, and a case
110. The exemplary two-spool engine has high speed/ pressure
compressor and turbine sections on the high speed s pool and low

speed/pressure compressor and turbine sections on t
spool. FIG. 7 also shows a blade 112 in the first b
the low-pressure turbine. The blade stages rotate a
engine centerline or central longitudinal axis 114.
blade stage move in close facing proximity to a cir

array 116 of BOAS segments.

he low speed
lade stage of
bout the

Tips of the

cumferential



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 outer airseal; and a combustor floatwall
panel. 5. The article of claim 1 wherein: the coating comprises a gadolinia-stabilized zirconia. 6. The

arice of ) IR U SO LB BODRIRE? A LRl RS AL s

120.
Relative to an installed condition, a downstream/af tward
direction 500, radial (outward) direction 502, and
circumferential direction 504 are shown. The BOAS h as 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 fo

rmed) and an

OD face 134. To mount the BOAS to environmental str ucture (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-projec ting distal

portion recessed aft of the forward end 124. The ex
has a pair of first and second aft hooks 144 and 14
rearwardly-projecting distal portions protruding af
aft end 126.

[ 0033] The assembled ID faces of the circumferential array
BOAS segments thus locally bound an outboard extrem
flowpath through the engine. The BOAS 122 may have

emplary BOAS
6 having
t beyond the

of
e of the core
features for

interlocking the array. Exemplary features include finger and
shiplap joints. The exemplary BOAS 122 has a pair o f 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 circumfe rential end
130 of the adjacent BOAS.

[ 0034] The exemplary combustor is an annular combustor hav ing
inboard and outboard walls each having an outer she Iland an
inner heat shield. Each exemplary wall heat shield is made of a
longitudinal and circumferential array of panels as may be the

10



12 an MCrAlY bondcoat is between the substrate and the stabilized zirconia. 7. The article of claim 1

further comprising: a bondcoat at least along areas of the first surface region away from the recesses
and bases of the respective recesses. 8. The article of claim 7 wherein: the bondcoat tapers in
thickness along the bases of the respective jndentations, thinning toward the peripheries of the respective
indentatioﬁb%ﬁs’rﬁb%mg%fycf&?m%uﬁﬁ?& CRETBINSIA e arranged In a réular pattern.

longitudinal rings of six to twenty heat shield pan els

(floatwall panels). Each panel (FIG. 9) has a gener ally inner

(facing the combustor interior) surface 240 and a g enerally

outer surface 242. Mounting studs 244 or other feat ures may

extend from the other surface 242 to secure the pan el to the

adjacent shell. The panel extends between a leading edge 246 and

a trailing edge 248 and between first and second la teral

(circumferential) edges 250 and 252. The panel may have one or

more arrays of process air cooling holes 254 betwee n the inner

and outer surfaces. The indented surface may be the inner

surface 240. The panel is shown having a circumfere ntial span 0

and a cone-wise length L. At a center 260 of the pa nel, a

surface normal is labeled 510, a cone-wise directio n 512 normal

thereto, a circumferential direction 516 and a radi al direction

514.

[ 0035] One or more embodiments have been described.

Nevertheless, it will be understood that various mo difications
may be made. For example, the nature of the particu lar article
(e.g., BOAS or floatwall panel) may influence detai Is of any
particular implementation. Accordingly, other embod iments are

within the scope of the following claims.
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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. A method for manufacturing the article of claim 1 comprising:
indenting the first surface region to form indentations, the indenting raising portions of the first surface
region at perimeters of the indentations; and deﬁﬁzr ing the raised portions partially into the
indentations so as to form the lips; and applying sai é@gll% g to the substrate. 12. The method of claim
11, whereiwnhat is claimed is:

1. An article comprising:
a metallic substrate having:
a first surface region;
a plurality of blind recesses along the first surfa ce
region; and
perimeter lips at openings of the plurality of
recesses and extending partially over the respectiv e
associated recesses; 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 outer airseal; and

a combustor floatwall panel.

5. The article of claim 1 wherein:
the coating comprises a gadolinia-stabilized zircon ia.
6. The article of claim 1 wherein:

the coating comprises a stabilized zirconia; and
12



the deforming comprises a pressing. 13. The method of claim 11 further comprising: applying a bondcoat
via HVOF spraying. 14. The method of claim 11 further comprising: applying a bondcoat and, wherein,
during the applying of the bondcoat, the lips at least partially shield peripheral portions of bases of the
associated indentati l‘%J The ethod of claim rein: he shleldlng is effective to provide a
tapering thicknes@%ﬁﬁé Oﬁﬁﬁ%ﬁﬁt\fﬁ%‘r é\%ﬁﬁ (816 ‘?WQ f&ective indentations. 16. The
method of stiabiliZed velreosiiai. the applying said coatlng comprises air plasma spraying. 17. The method of
claim 11 wherein:

7. The article of claim 1 further comprising:

a bondcoat at least along areas of the first surfac e region
away from the recesses and 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 periph eries of the

respective indentations.

9. The article of claim 1 wherein:
the recesses are arranged in a regular 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. A method for manufacturing the article of claim 1

comprising:
indenting the first surface region to form indentat ions,
the indenting raising portions of the first surface region at

perimeters of the indentations; and
deforming the raised portions partially into the
indentations so as to form the lips; and

applying said coating to the substrate.

12. The method of claim 11, wherein:
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the indenting comprises pressing a plurality of indenters into the substrate as a unit.

the deforming comprises a pressing.

13. The method of claim 11 further comprising:

applying a bondcoat via HVOF spraying.

14.  The method of claim 11 further comprising:
applying a bondcoat and, wherein, during the applyi ng of
the bondcoat, the lips at least partially shield pe ripheral

portions of bases of the associated indentations.

15. The method of claim 14 wherein:

the shielding is effective to provide a tapering th ickness
of the bondcoat, thinning toward sidewalls of the r espective
indentations.

16. The method of claim 11 wherein:
the applying said coating comprises air plasma spra ying.

17.  The method of claim 11 wherein:
the indenting comprises pressing a plurality of ind enters
into the substrate as a unit.
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