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BACKGROUND OF THE | NVENTI ON ' The present invention relates
generally to ceram c coatings for use in gas turbine engines, and

nore particularly to ceram c coatings which provide sealing and thernal

I nsul ati on. _ Gas turbine engines are well known sources of
notive power, e.g., for aircraft, and generally ___include conpressor,
conmbustor and turbine sections. As illustrated generally in Fig. 1,
conpressor and 10 turbi ne sections each include shafrlth,srgmmaenc;anmnlmﬁ ng
di sks 1, each carrying a set of blades 2 |ocated : il fow
housi ng or case 3, with intervening sets of stationary Hm‘gg dto
the case. Air seals 4, 7 are provided between th e bl ades
and the case, and between the vanes and the disks to prevent air

| eakage between those conponents. Ar is ingested t hrough an
engi ne inlet and corpRBSSEHANINGDURABLE GERAMIQ COAJING bd bl ades 15 in

t he conpressor. The conpr esgy@lAngl RAS eid'poefign h fuel in the conbustor
to generate high prem%mﬁmses, whi ch cause
rotation of the turbine sections and associ ated fan conpr essor
stages and are then ejecte QL provi de thrust. The
case 5|Ss i ntended to C£|sore %@U@%WW I combustion products
around t he ti e pésentlivetiion dedates geneﬁallyt&mcbaﬁd‘gefdﬂu@&iﬁgistﬁﬂ:me engines, aadd t he
case, which | reduces fhe efficiency, I he. 20
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proportion of GWrbkxﬁ@kgﬁﬁe are well knowl selircESQE foNePowerl €lg. afoP SiFdrE, bid @&ﬂfaﬂ%' ng
gas turbjne engi ne occurs between the tips_of the b ades_and

case, anerclséﬁ F$S0h Sopbystor and tythine gesHiens. Aﬁaluftﬁ'@dmly indFig lagompsessqrrand
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abradabl e materjals. See, e. us
pressure and temperature gasses which cause rotation of the turbine sections and associated fan

compressor stages and are then ejected out an engine exhaust to provide thrust. The case is intended to
prevent leakage of air or combustion products around the tips of the blades, i.e., between the blade tips
and the case, which leakage reduces the efficiency of the engine. B

20 Despite the design of components to minimize leakage, a substantial proportion of any leakage
which does occur in a normally-operating gas turbine engine occurs between the tips of the blades and
the case, and between the tips of the vanes and the disks. One manner of eliminating such leakage is to
fabricate all mating parts to extremely close tolerances, which becomes increasingly expensive as
tolerances are reduced. Moreover, given the temperature ranges to which the parts are exposed before,

25  during and after operation, and the resultant thermal expansion and contraction of the parts, such close
tolerances would likely result in interference between mating parts and corresponding component wear
and other damage. Accordingly, gas turbine engine designers have devoted significant effort to

developing effective air seals, and particularly seals composed of abradable materials. See, e.g., U.S.
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Rat. Nos. 4,936,745 to Whe et al. and 5,706,231 to-Nissley et al., which

are assigned to the assignee of the present invention and expressly

i ncorporated by reference herein. ch seals require a bal ance of
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SUMVARY %ﬁﬂ@? ‘E According to the present invention,
a seal is-disclose I'ch has partlcul ar use-in a gas turbine
It is an object of the present invention to provide a seal with enhanced erosion resistance, which

25  maintains good abradability.
1t is a further object of the present invention to provide a seal which provides significant
thermal insulation to the underlying seal substrate, even if an abradable portion of the seal erodes or

fails.

30 SUMMARY OF THE INVENTION
According to the present invention, a seal is disclosed which has particular use in a gas turbine

engine. For example, the seal may serve as an air seal in compressor or turbine sections of the engine,

THlé—;;;T“AQ BEEN
REH-K /ii:ta _

and cooperate with a set of rotating blades of a section.
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engi he.. Fer exanple, thé seal may serve as an air ¢$eal in conpressor or

tur bi ne sections of the \é’hgl ne, and cooperate=#ith a set of rotating
bl ades of a section.
3 The seal includes a seal substrate or shoe, which is
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detail ed description and attached drawn
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dllustrates another enhodi ment of the present invention. 20 -
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nowto FIG 2, a blade outmnEHiDESQBHTId}&QFTCHEWABNM@ the present
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| ocal area 18 of the seal. The illustrated seal 10 |s i ncor,. por at ed

into a gas turBlGé ‘%’fﬂjﬁ"ﬁ@“‘(‘?ﬂ‘@mk)z u fllugtzaigsapther gmiqdiprat of the present invention.
conprggsor or turbine stage. Particularly in a turbine stage or |ater

conpressor stage, the ceramc materials are preferably al so
t hermal |y insul at i BETAILED-PESCRIPTION| OF THH:-PREFERRED EMBODIMENES| unction with

a rotat ing bl a?’ﬁlp%ﬁé&?{o Iplépi %%hadg oﬁt&%lir%%ﬁslo ﬁl@orﬁ&%tﬂ%lt%%r%t%vkﬁio? (:BR. ﬁsahown)

applied to the rom
Pat. No. hetaBslioertan mhhfemaluaﬁnadiye; lMdimayﬁ:eé‘om%miapt ofmbom’lm@dseby 30

reference ‘herein. The abra l e cer and t he bl t nt.er a
area ref eF’Pﬂ?FW%WEﬂ%’aIB grgéa%? wf‘ﬁflﬂpgh%tg?m j?f’#{éf
CO- expensiedE e lilfustedied seA2qa s ifdofpdrated imb b gk tifbide el (FIG. ¢) memmpre iri éither a

- compressor or turbine stage. Particularly in a turbine stage, or later compressor stage, the ceramic

o ——————

materials are preferably also thermally insulating. In FIGS. 1 and 2 the seal is used in conjunction with
a rotating blade 2 that typically includes an abrasive material (not shown) applied to the blade tip, as is
known in the art, ¢.g., from U.S. Pat. No, 4,936,745 to Vine et al., which is expressly incorporated by
30  reference herein. The abradable ceramic and the blade tip interact in an area referred to as a blade rub
zone, which is at least partially co-extensive with the local area in which the abradable ceramic is
applied. Those skilled in the art will recognize that the present invention may be incorporated into other
types of engines and in other applications with equal effect, and the present is not intended to be limited

to gas turbine engines. ——
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applii"ed. Those skill ed i-.:n.the art will recognize that’ the present invention

nmay be i ncorporated i nto ot her types of engi&s and in other
applications with equal effect, and the present is not intended to be
limted to gas turbine engines.
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preferably up ‘H\)e d%nse, erosion resistant layer 16 of ceramic material is then applied, preferably along the

entire alumina layer 14, i.e., corresponding to the portion of the seal that will be exposed to hot gasses.
The layer 16 is applied to a thickness of preferably up to about 75 mils, more preferably up to a
uniform thickness of about 50 mils. The dense ceramic layer provides erosion resistance, €.g., against

35 the hot, pressurized gasses in the gas path and any particulate matter entrained in the gasses, and also
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The abradable ceramic layer 18 is then applied, e.g., to the portion of the seal 10 that interacts

with the rotating blade tips 2. While various ceramics may be employed to provide satisfactory results,
we prefer to use a porous ceramic such as the ceramic described in commonly-owned U.S. Pat.
35 4,936,745 to Vine et al. This ceramic material has been successfully used by the assignee of the
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35. "'4,3936, 745 to Vine et al. This ceranic materi al: has been successfully
used by the assignee of tMe ' Cama

6 _present  invention to provide superior sealing in gas turbine
englnes bet ween bl ade or vane tips and cooperating cases or disks.
The' abradabl e ceranmic | ay I s, preferably conposeq of tria stabilized
zi rconi a Rt PyEen t pro WEF“QH“?]P‘&“&W& bifs AnsRs e oryma bty The
layer 18 icgopefaBigdasdsloy disitsS The abradabl@l&&hxhﬁﬁgbﬁk ﬁi@feﬁem&ﬂpdsma yREAREBliBHr ay,
and conforms to and fills in the recess A raded section
exi sts betziewid Withabpype8 w/g yitrinandighout 20/ 235 Vol A’R‘H@F‘%amlﬁﬁf 136p 50

bet ween tk l W&oﬁ&eﬂﬂoﬁf l?smas?m§f*}ﬂdw&5s$‘§n@ﬂl@£ &bﬁ&ec@é‘s P%rzlbﬁyyeﬁmé&
simlar to graded inter t he dense ceram c | ayer. seal

10 is t5her$emmlsﬁﬁel&twqe¢ ﬂinéwe!slé@n?ﬂlc!aaerdés ﬂbematmwmgemﬂ@mwsm@mfve

PG 3 1ot [k ot e yer 1 e T ERR BAGRYEE oL Blcormic mer T

shoe that seid@8isnieh nbChinedifineessarp)te desireddimagiony amdohtorremove hieextrhrrdies madgiak one.
The seal 20 includes a shoe 22 simlar in many respects to the shoe
10, but t K&-SKES PPPUHERMES o pl anar surface. An alumina layer 24 is forned

on the - sife.3 1ﬂﬁst1§te§)%%9iﬂknt%th%fe§éﬂt @Venfibr ifdofibratiay @ khoe thaf dvestid i S

applied to the shge 22 surface, in a simlar _tqo the |layer 14

descr ilBed baysmae-expstiag trench aea @Fé#ﬂ%mﬁ’é?'@r Qﬁsﬁlszot%#%ﬁp? Fsimgarinmany| i na
| ayer mg&% th the3hdERB ik tHR e 95 ﬂ@ﬂn\fs §iilﬁlal' ﬁfrfaw A AmifeR g b fdortle@¥iethé O

the | ayer However, the layer lied so as to and forma

trench 27 Shdehordhmdmtwla@?@d@mmlamérfomed 159Pﬁ%§’éhﬁ§l‘m 22 sugfpge) mé@wmﬁe
h
b ea of 't N b 1PabBSRRRE FEGRN Gl Bicr 26 R BT, BY ik 1 A1

area of the ng appli I on pidly
t r aver si n@4fidwemannesprefatably siglilat tovieat d«scﬂmeatmvaﬁmﬂmeiqyeralﬁ glowever the layenl& ilae

trenc areat de rraterl e, ar dj acept nch
oo 15a" Bapiel ot S i rors flic 57 il hhieh S AR ARIeRE 2Rls bl arb s, THET
rerrlow Sg mﬁﬁﬁrﬂt@%em&i%mmddﬁ%g&ﬁgﬂldy&eﬁﬁbmm'ﬂt&)ymm@n&&ad offhel@mzr? is then
applied in the nner cri pbed aboy ever provi rench is

desi gned @gring applica g&% 6 griby ’?ﬂ'fﬁ’éﬁ'?vﬁs g the gugstrae E“S"r“ﬁ?ﬁ%ﬁ asprg fpray gun
mechani cali} ﬂﬁefxﬁféﬁ‘iﬁgt it GRARPIEN 13 tHe Afkas RAHRGH @) Where the trencifis € be fomfe@lorby Ng

bl ade tip renoves only the abradabl e ceramc. .. One advant age

of the pr@pplying ¢ paiform dense eosanti layerppdremaring material ﬁfbﬁsé? definggtrench, 'F‘m&%q“%el y

dur ablg ﬂ[“"@ G ¢ sRAedb

rel atlvel y a B“rcexl%ia irlrééi%‘%?lga I‘Eere yglgogérrb}llélv?érég q?fl a vwéntsages of
bot h mat emk&hatﬂb@nwmrﬂme@éramxcdmoamb@amwlamWVW@rWMEIWPPmt,
enhanced

n,.resi st an 0 seal. as wel | as significant
t her mal i ﬁ%ladft?w&%@ﬁ%fw %Png'ﬁ]ée g@ﬁgbie t her eby reduci ng
cool i ng requi r g advanthgy of tegréset invertion i3 sy the Bdigmﬁ)rmitésﬁﬁpm’léhﬁgly&fuﬁbm ency

gai n. ' Accardingly, even if_ the porous, r| al des,
there i s tmpalydnsulstipg SAmielayes and a\lgeal prea afarglé'ave a%fagahhkp'aﬁert ﬁ?f&
t hat ges t Gin%&%f%&%ateﬁal‘é‘xmésen& Bf?&lﬂélﬁé &&mxé 19,%: efoeia@rmednmait i on

provi abradabl e material in | ocal i zed area, _i.e., only where
the seal mtslen epgnstsnwd the aeabwrﬁélraawm@cawhmbwlaﬂng capacity gf the depse.comghc, of

"OLa11 NG Bl o RO O o DS ER B oS and

t he seal . ove sent |nvent|on may be
enpl oyed \mccdtdmglg,@mﬂﬁae porais, #imdablcmtenalremdes, there is nognged tp p@yldacwnsw based or

with substrate ma r%%{ &0 5 {1}% agrgh@]s %&%@é’ge 0 adﬂinwebr&ﬁ'é s{geﬁ%ﬁ BBViHesEEhe

separate upon uni ense ceram-c I's provi ded
t he undf orabﬂaﬂalﬂtﬁﬁatafabinladeallzeﬂ infeayrire), only where the seal interacts with a cooperating component,

such as a set of rotating blade tips, thereby enabling good sealing between the blades and the seal.

As noted above, the present invention may be employed with a conventional bond coat that
overlies a substrate, or with substrate materials that form an adherent alumina layer without a separate
bond coat. When a uniform dense ceramic layer is provided, the uniform layer provides uniform

35  thermal insulation of the underlying substrate, thereby minimizing thermal gradation along the substrate
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35 ‘therfmal insulation of ' the underlying substrate thereby mnimzing

thermal gradation al ong The substrate
7 ,material. Wile the above-described enbodi ment of the present

invention has particular utility in the hi gh pressure turbine section

of a gas turhine engin t he . nventjon al so.be enpl oyed in W
pressure HIB n%@&eia&vﬁ"eﬁ%ﬁf"g@ﬂ?’“ g&ﬁ"’t‘?’ﬁsﬁ',’t 1nyEntiop o%ﬁ‘écg{af Bt‘{%(/\ﬁ“tﬂhe any
unshr oude digh baskfe tibing setiordT a gas turbirRRAgiMS the invention may also be ekipyakia lowof

present invention, provides other advantages oyer known ﬁéa@ a‘ghe
i ncor por aPfesHre turbine setionor comprsTsar seetion, Ar & qopgestionyyithany washtou &l ‘Ffa\%?"r‘iba“
signifi carg;,éiﬁé_ hi gher erosion resistance, and thus a | onger-1ived

seal . Incorporating a layer of durable ceramc |ayer under the abradable
cerani & wi ||  The sealnfgresegtinyentigproyiden othenpdeantagesoyerdmpyn geals.o TheBeomomtisn to a
significa | | : ed
above,  soats B Bfhnfl1dh Groldesy Gl il SEMaD sihhes crosion BhEce BB AR
provi de 1Qongérdived sexiabicoxpomatingajayer nf dutablelveramizdayer endgr. the abmadable aeraria will

correspondi ng, t e.assu ' t hat the ceram.c . £0 el el

er oded. THE""%F ég?ﬁm%’%@gb EPEETPIN twalsnﬁqub%ggo%% °gﬁ1%;l/&ﬁ 0%?&;8%% ng
aibr 0 ZWheﬁujgg mty ftibiihve, MBc?mﬁdaﬁ]g?ﬂﬁhﬂly orilf mcﬂﬁddalih ' lﬁc@anhh ic ﬁﬁfc;iiﬂmusaﬂ'uﬂd daﬂ by
about 0.2 - 0. o Qf the total airflow t hrough the engine, . and t.hus

enabl 48 a sigBifirausingling Ao Hesrab P@mimin WW%&W&?%&@SSW@BM%W%. 8
% Such | gy & féﬁl}terddgd.‘i‘féﬂe'p?éséﬂfe!ldaﬁbé&‘d@ﬁéﬂ%@ubs&hﬁﬁﬂ 16w boofifi 4iFPT OVement

of only about 0.1%1is consi dered very significan

t.
Wi | e t he rqguisenesnts, iiendieramionnt of epoligg-ain an be teducodby ahowh 2 + 08 deefihe tetgl airflow
enbodi men i_ati RAV . e

! hﬁoulgp :ﬂ%ﬁg% and thus en p ?{s :at%%gg@ﬁxgg ﬂ-nrﬁbwﬁ‘&dt %El%ﬂﬁé ofggou'ir@.q 0.8

wi t hout depa ventron or t co of

t he fol | o%.r8pch ingirosementdrcefficienayls ysmarkablesgiven thaeaningemverneabof anlyabouti@d % is

i nven %on has, beel dg‘s’ﬁritbe_dm_ by .. way of illustration and not by
| i mitari offoridered very SIeRpR '™ cl'ai ned i s: 1. A gas turbine engine”

air seal conpr Vdiileghe present invention ks btensiedofibedabeve in detailed embadiments munérogsdher ent
al um na forped ov&r -t he.subst

ate; . a lL.ayer of. durabl e.ceramc
Tt er | al  APAPUS AT SHOSHNORE iRy hemids ishout departing from the spict ot the Mpucprion or e scpe
nmaterial 3Pt kfewing cldinsO Adtordiighy it tobb Bndetstoddthet tEeinddntion Had Bexh described by
way of illustration and not by limitation.

THIS SHEET HAS BEEN
REPLAGED




2: ' The seal of claim’l, wherein the seal substrate is conposed of a

material selected from t"ﬁ’é group consi sting essenti‘®#dy—of—nrcket—base;”

cobalt base, iron base superalloys and m xtures there

The seal of claim1, further conprising: ml! mﬂm Hllﬂﬁ"
appl i ed to t he suegtrate wherein the al um na Iayer | ond
coat . What s claimedis’ The seal of claim3, wherein the bond coat is a

MOr ALY or al um ni deaBadglitfiR@hgine air seal comprising: The seal of claim1, wherein
at | east one of the Ceramc rrat erials has a thermal conductivity | ess than
15 Btii-in./ftpesalgubstrate;[err]F. 6. The seal of claimai,
wherein the du 5 L, Of a base layer applied on

t he al um na Iaygag reofélﬁ%n out er @%e?’”@gﬁe romthe base | ayer by a graded
interlayer, t helayeradduarabletepanhiayeateridl applied todtherluminaslayaromd adj acent to the base
| ayer .correspondi 0 the bo d | aver. 0 pt the outer

| ayer correspof‘f&l‘i1 8"‘*@‘8%’?{“ l% oanlgca‘i"ar%agﬁf? J}Hb%%%% s}geal of claim
6, wherein the base Iayer S conposed of stabilized zirconia. 8.

The seal of claimé6 in the durable ceramc is C ose f a eri al
sel ected from the gmﬁ?ﬁé’g ﬁ’whﬂe‘@ éf’ﬁl?‘g’FW“Sp‘E@F‘?% gﬂf‘?‘-“ﬁ‘é‘a%m

Zi T CONi &, RARE Sorisrigsd ?Gfrﬁél&%ﬁ &baﬁ%s@'xﬁn%ﬁs’élﬁhﬂei‘aﬂeﬁ ahd frdirestherydf! I i a
stabilized zirconia and m xtures t hereof The seal of claim
1, wherein the abradable ceramc rraterl al is corrposed of yttria stabilized

zirconi a. "lﬂé)sealofllgiﬁuﬁ &e&#’n 1, wherein the abradabl e
bet a

ceram c materi a] has a porosity o bout 20 - 35 vol. %
a metallic bond coat applied to the substrate, wherein the alumina layer is formed on the bond

coat.

4, The seal of claim 3, wherein the bond coat is a MCrAlY or aluminide bond coat.
I

.. -

5. The seal of claim 1, wherein at least one of the ceramic materials has a thermal

conductivity less than 135 Btu-in. /ﬁ2-hr -°F.

6. The seal of claim 1, wherein the durable ceramic layer is composed of a base layer
applied on the alumina layer and an outer layer spaced from the base layer by a graded interlayer, the
graded interlayer having a composition adjacent to the base layer corresponding to the bond layer and a

composition adjacent the outer layer corresponding to the outer layer.

7. The seal of claim 6, wherein the base layer is composed of stabilized zirconia.

8. The seal of claim 6, wherein the durable ceramic is composed of a material selected
from the group consisting essentially of ceria stabilized zirconia, magnesia stabilized zirconia, calcia

stabilized zirconia, yttria stabilized zirconia and mixtures thereof.

9, The seal of claim 1, wherein the abradable ceramic material is composed of yttria

stabilized zirconia.

10. The seal of claim 1, wherein the abradable ceramic material has a porosity of between

about 20 - 35 vol. %. . T ey
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9-. 7 -11.  The seal: of claim1, further conprising: a
cooperating component supfforted for novenent rel atiwe toumnmllﬂﬂu”ﬂm
with the abradable ceramic material in a rub zone, the absbHalliElR ]

positioned proxi mate the rub zone. 12. The seal of %l &imfl,*
wherein the seal is an outer air seal and defines a gas path surface, and
t he dense cerall.c eXhesedofglainnl, fodther comprising:gas pat h surf ace. 13.

The seal of | giachr\hfbbnd 4)FpHERRE mb Rl ot B4 kndReAiRh WA e dAdable

uni form t hi ckness. clarm1, rein the dense
ceran ¢ deémmigsnateriabip 8 suh zoné theabradablddemmicpasitionsd [proximatd thé g zonspl i ed in t he
recess of the dense ceramc. 15. The seal of claim 14, wherein
t he abradable ceramic is applied to conformto the recess. ' 16.
The seal of cl d2m 14he wabsfelaiin 1,kehekiddhe ssallisin aatee aifl edal and defines @ gaspath sttfare,

dense cer%g‘lé‘gggmgg%ggxtén&@gf}g\{ﬁedegﬁrggéquﬁf%ﬁ%orrespondl ng to the shape of

t he seal € engi ne seal system

conpri si ng: a seal assenbly havinga superal |l oy substrate; an

erosion resistant ceramc |layer applied to the_ alunina iIq‘gé/er; .and_ an
Oy

abr adabl e ceradPc ndheserkaf clamp|.ivdereindhedenss cgrmiglaysr is aprl wdpghthickesss t ant

ceramc | ayer, and an engi ne conponent adapted for notion relative
to the seal assenbly and having an abrasive portion interacting with the
abradabl e cerar#tc | Tpescal of claim §whersinghedenseaseramicisigfines a rdcessdhagbradablp casamict h

t he | ocal A%ayrges%&gtahﬁggpnr sievg%(ge}%ﬁtéegsgcgrgtn}che conponent and the abradabl e

ceramc | gear” y cooperating to provide sealing.
18. The seal systemof claim 17, further conprising: an MCrAl'Y

or al um ni de -bqnd cqat on .t he bstrate, .t al unm.na | a f ot me n the
bond coat. 157 “he S"’fg‘?fcﬂ‘“ﬁ'ﬁlg @E&PMP@%‘%@W&W@%{W@%%‘F% dense
ceram c | gxgds. | S conposed of a base layer on the alumna | ayer and an

outer |ayer spaced fromthe base | ayer by a graded interlayer, the graded
i nterlayer having a conposition adjacent to the base | ayer corresponding to

the bond | ayer 1gnd &g seal of claim 14, wherein the seal substrate defines a recess, the dense ceramic is

applied to provide a recess corresponding to the shape of the seal recess.

17. A gas turbine engine seal system comprising: .

a seal assembly having a superalloy substrate; an erosion resistant ceramic layer applied to the
alumina layer; and an abradable ceramic materiél applied to a local area of the erosion resistant
ceramic layer; and

an engine component adapted for motion relative to the seal assembly and baving an abrasive
portion interacting with the abradable ceramic layer in a rub zone at least partially coextensive with the
local area, the abrasive portion of the component and the abradable ceramic layer of the seal assembly -

cooperating to provide sealing.

18.  The seal system of claim 17, further comprising:
an MCrAlY or aluminide bond coat on the substrate, the alumina layer formed on the bond

coat.

19.  The seal system of claim 17, wherein the dense ceramic layer is composed of a base
layer on the alumina layer and an outer layer spaced from the base layer by a graded interlayer, the
graded interlayer having a composition adjacent to the base layer corresponding to the bond layer and a
composition adjacent the outer layer corresponding to the outer layer.

9 .
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conposi tion adj acent the outer |ayer correspondi ng to t he outer

10 20. The s®al systemof claim 17, V\/ne‘f- Uﬂ"jﬂ"j’i ﬁﬂlﬁ
| ayer includes m crocracks. . 21. The seal

wherein the abradable ceram c material has a porosity of ‘bet weén about 5 -
35-vol. % 22. The seal systemof claim 17, wherein the
conponent conp?d. sesThe sealisystanmef chim i’ whﬁrpmlthﬂtbtlsammglwrtmﬂ'ﬂqwlﬁssenbl y
in a blade rub zone, the abradabl e ceram c | ocated proximate the bl ade rub
zone. 23. The seal systemof claim 17, wherein the seal is an
outer air seal2Bnd Tiefseal agstem ofatin i1, Iwhmumﬁlmcabxadaiﬂmbetammha;@rmmswﬁs

applied the en as path surface. 24. The seal system
of clai maﬁégwgﬂﬂg‘?"‘é? B#Yu‘g %ense ceram c defines a recess, the abradable
ceram c | ayer being applied in the recess of the dense ceramc.

25. The seal system of claim 24, wherejin the abradable ceram s. applied
to conformto the rBigseal system of claim 17, sherein theycgmpoognt %"{S&srﬂﬁfa“@@?‘*ﬁ

wher ei Nt Re-2RM withhSicaRis&mbf ik #8Rdrub k6BGhe abmsbxd&&mc RR4taT Préxiinsite ﬁﬁp| i ed

so as to define a correspondi'ng recess. . A et hod of
gener at i nbjade TiraiBl e ceramic coating on a superal | oy substrate, conprising
the steps of: form ng an adherent alum na | ayer on a superall oy
substrat e; applying a durable, insulating ceramc |ayer on the

al umi na | ayer,23nd The seal system of claim 17, wherein the seal is an outer air seal and defines a gas path
surface, and the dense ceramic is applied along the entire gas path surface.

24.  The seal system of claim 17, wherein the dense ceramic defines a recess, the abradable

ceramic layer being applied in the recess of the dense ceramic.

25, The seal system of claim 24, wherein the abradable ceramic is applied to conform to

the recess.

26.  The seal system of claim 24, wherein the seal substrate defines a trench, the dense

ceramic is applied so as to define a corresponding recess.

27. A method of generating a durable ceramic coating on a superalloy substrate,
comprising the steps of:

forming an adherent alumina layer on a superalloy substrate;

applying a durable, insulating ceramic layer on the alumina layer; and

applying an abradable ceramic on at least one local area of the durable ceramic layer.

28. The method of claim 27, wherein the step of forming an adherent alumina layer

includes the steps of:
applying an MCrAlY or aluminide bond coat on substrate; and

forming the alumina layer on the bond coat.

29. The method of claim 27, wherein the ceramics are applied by plasma spraying.
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appl ying an abradable ceramic on at |east one |ocal area of the durable
ceram c | ayer. ' ~28. The nmethod of clai m27, Wnerﬁllm l"ﬁ’ﬂ]mmgm,
form ng an adherent alum na | ayer includes the steps of:

an MCrAl'Y or al um nide bond coat on substrate; and f'or i nY

al um na | ayer on the bond coat. 29. The met hod of cl ai m 27
wher ei n the ce3(hm CEheanathod oftlaio? Tpwhepdimtherstepsofiapglyingthe dense ceramic includes the 30,
The net ho cI aim 27, wherein the step of applying the dense ceranic

i ncl udes T teps of : applying a base layer of a first stabilized

zirconia al ongaﬁpl}eagaluaﬁélagarbﬁajﬁmstabxhzed zirconigghdng itheglumimadaygr,aded i nter| ayer
on the base | aye an ou er layer of at |least a

second st abil i |b|y&¥ﬁa|d§dl8ﬁﬂf5f‘fég‘g¢‘§%aégla¥ﬁ *80% ayer, the graded interl ayer

having a C0rrpoaﬁjplyn%n%ddeaﬁydabf:tt%a&:fa%edaa@aauﬂay&msm mempgiadbdrigemert the base
| ayer and a_conposition adj acent the outer

1 th 1
e A graed ntbrager having eormpOb RS Eeng 1o 4he BAT IRy A oIS B e e et Ay ¢
| ayer fo%ﬁ@%iﬁ&ﬁdﬁfzen@th%ﬁt&rlhﬁ} corRbpRhdifto tHe@ilef RGergr oUp consi sting

essentlal certa stabiliZed zirconia, nagnesia stabilized zirconia,
calcia stablllzed Z|rcon|a yttria stabilized zirconia and m Xt ures

t her eof . method a0 y\%&} sy adahl e
ceramc materl?ﬂ i's app |e§?flmhavghegénb§%05| t%&n}l tween about 20 - 35

vol . % selected from the group consisting essentially of ceria stabilized zirconia, magnesia stabilized zirconia,
calcia stabilized zirconia, yttria stabilized zirconia and mixtures thereof.

32, The method of claim 27, wherein the abradable ceramic material is applied to have a

porosity of between about 20 - 35 vol. %.
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