PRESTRESSED CERAM C COATI NGS ' [ 2112667 The present

i nvenijon concerns a nmethod for -applying a ceramc coating to a netallic
substrate and to ceramc thermal barrier coatings, and particularly to
coati.ngs 5 graded fromnetallic to ceramc conposition obtai ne ]uilgﬁéﬁ’?
carry;ng out . SBRESTRESSED CEBAMDOCQOATINGSe devel oped in the gas't
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row of turbi necaitayling bntleaialmethedLeakage of work- ing nedium gases
over the bl ade tips. gﬁg g& gFgeagg%cdgggibﬁga gﬂdtﬂgtgggs QkpiRR! i ca-

tion described herein were Ic use conjunctlon
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meeds are high tenperature c bil] and resi stance

-Addi ti onal}¥, FRREST $uﬁﬁf¥r?§$ ?zﬁaﬂﬁ gﬁgguate 25 surface abradability
to prevent destructivenimbdetnrgasetupbinehengines| eworkohgrmediian gaseact
df the seal by, C t P 1 548 to
Dillion entltlh%$£¥? ﬁ&ﬁé&f%ﬁg %gegébg%éggg"oy gwg gkgﬁégP&bégﬁgﬁgg et al
30 entitled "F#@heﬂbﬂpbréggﬂé Ebrhﬁab?ﬁ)Nﬂrerﬁ&PaadedN@GnQGSorOWSepﬁr|ng

Same; . 3 879 8&irbOn& sﬂsalﬁg ebrea&ti-heéio '\hskswaaSQrangthefmswahgre
Abradable Material"; entitled Cbatin for Metal
Surfaces 15 me ium. A shroud, termed an outer air sea circumscribes

each row of turbine blading to inhibit the leakage of work-
ing medium gases over the blade tips.
' The graded ceramic coatings and methods of appl;ca-
- tion described herein were developed for specific use in
20 - conjunction with turbine outer air seals. Durable structures
éapable of long term, reliable service in the hostile
turbine environment were sought. Specific needs are high
temperature capability and good resistance to thermal
shock. Additionally, the seal material must have adequate
25 surface abradability to prevent destrudtive interference
upon the occurrence of rubbing contact of the seal by cir-
cumscribed rotor blades. , _ :
U.S. Patents Nos. 3 091 548 to Dillion entitled
e "High Temperature Coatings”; 3 817 719 to Schilké et.al
"~ 30 entitled “ngh Temperature Abradable Material and Method .
of Preparing Same"; 3 879 831 to Rigney et al entitled i
"Nickel Base High Temperature Abradable Material";
3 911 891'to_Dowell entitled "Coating for Metal Surfaces
and Method for Application“; 3 918 925 to McComas
35 entitled "Abradable Seal”; 3 975 165 to Elbert et al
entitled "Graded Metal-to-Ceramic Structure for High
Temperature Abradable Seal Applications and a Method of
Producing Said"; and 4 109 031 to Marscher entitled
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] Met hod .for Application"; 3 918 925 to McComas 35 entitled "Abradable
el "; 3 975 165 to El bert et al entitled "Graded Metal -to-Ceranmic -
@fucture for H gh Tenperature Abradable Seal Applications and a Method of
‘}dgcing Said"; and 4 109 031 to Marscher entitled -2- "Stress Relief
{Metal -Ceramic Gas Turbine Seal s" ake representative of the known ..
concepts applicable to ceranmic faced seals. As is discussed in sone of “Whe
above references 5 - and in particular detail in US Patent No. 4 163
071 to Weatherly et al entitled "Method for Form ng Hard War - Resi st ant
Coatings", thwgtirEeRilier Wf NMerabicdtamic Ubss rNirbine Wbéabsrhgreer anic
coating is applied nay be preheated to control either residual 10 stress
~or coating deepriesent@nioreldf, thsedindwratcorngcdpiss bempl icablentbor m
tenperature. Al though many of the materials and nethods described in the
above pat ent sexamicndaced seals ghly desirabl é, the structures resulting -
~t herefrom have yet 15 to achieve full potential, particularly in hostile
envi ronment appl i cat iAghsis Jigausaethiin sare 9f the akeve npefereneaseri al s
and nethods continues. The present jnvention conprises a nethod for .
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of the metallic substrate to which the ceramic coating is

‘applied méy be_p:eheated to coﬂtxdl either residual
10 stress or coating density. Generally, such heating has
béen_to a uniform temperature. |
Although'many of the materials and methods
described in the above patents are known to be highly
.desirable, the spfuctufes_reshlting thérefrom have'yet
15. to échievé-full pqtential,.particularly in hostile
' environment applications. Significant research into yet
improved materials and methods continues. |
. fThe present invention compnises é method for
'applying a ceramic coating to a metallic.subsiiate
20  including the application of one or.mbté §;éded |
interlayers of métallic/beramic ma#erial betﬁéen;the
metallic substrate and the ceramic coating chéracterised.
by the'imﬁrévement of: cdhﬁrolling the metallic |
substrate temperature during the interlayer and ceramic
25 deposition steps such that the tempetature-of'the
substrate at initial dgpbsitibn:of the material

comprising the or each'interlayer is greater than or



substrate at ‘initial deposition of the material. conprising the or each 7,
interlayer is greater than or -2a- equal to the tenperature of the (;
substrate at final deposition of the material conprising the prior layer{ %/’
(if tﬁﬁ?e Is one), and such that the tefgerature of the substrate at fin
deposi‘tion of the material conprising 5°°° said interlayer is |ower than

t he tbﬂperature at initial deposition of that interlayer and | ower than or
equal to the substrate tenperature at which the subsequent |ayer is to be
appl i ed. Accor dgy i%&'\ﬁaé’%&hﬁ@fkf@w@% Lhe fadl at EPYEES are
~continuously applied-wth varirations 1n the netal/ceramc conposition being
made without | rdeéddeiiicl o ke aha e P4 D CESmp PISH N, -rtﬁé'fffotnléy'@.?”ate g
tenperature being made in transition zones during the coating process. 15 A
prinmary feature(if ghererisaiie) )@l ifuch sshatetkontémpepatbper 6Bl thérai n
m smat ch. Substrate tenperature control during the coating process

establ i shes a tsuhEsbrrate atchBirl alepdsition tof thhatmatédial eomprisimi ch
material within the part is essentially stress frees. Mdul ation of the
substrat & t enpaaidirimteniayer \isitloeexh than e eemperstureyat, initial so
Quring deposition of the uniformconposi- tion layer itself, incorporates a
~preferred di st deRasignion of that interlayer and lower than or equal to

* the substrate-temperature at which the subsequent 1ayer-
is to be appliéd.
According to one detailed method,lthe'graded
10 layers are continuously applied with variations in the
metal/ceramic'cpmposition'being ﬁade without
| interrupting tﬁe coéting procéss and-variations-in
substrate temperaturé.being made in transition zones

during the coating process.

15
A primary feature of the p:eéent invention is
the control of thermal strain misﬁatch. Substrate
temperature control during the coating process
. establishes a tempetature charaéteristic-in the coated
N 20 - par£ at which mater;al_within the part is essentially

stress frees. Modulation of the substrate?temperature;
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not only at each successive



of residual strain t hrough the | ayers. 5 A princi pal advantage of
the . Qresent invention is attainnment of safe stress to strength ratios in
tthe-gpati ng. Safe ratios are maintai ned throughout the range. of .
t._ atures and tenperature gradi ents 40 which the part is exposed during
J pperating cycle. Failure of the 10 coating is_.prevented even ler |
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advantages Qfddilfe SPNatd SILA) ¥h! StPENOER FBLLOaPRATERE (N Lhe
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t he invenﬂ(ﬂPQ#ﬁFQhég
i |l ustrati onp@ftdiiferitinnss aid coampegaturergradiéntsdtsewhich theas
turbine engine;, Fig. 2 is raph illus | e t r t he
ot al cubst B (1 mrRtfed Fuit curd ppetatihg (ORELE HELEGELTSE Phe

met hod qfo t kot eents i prevented éven wnder stemperatere ceernditiengual
strain at r : e pl ot UPkdh f 46§Pbe8IFaRPERANE LA
coating appll edé}g% t*’:&#efg%%qgégghiép%ésent ‘:lﬁav%%{li X ElggF 4,is_a graph
depi cting t hE2QRQRsE, 11Qe3TChpehe. the PREF18hiRLE %ﬂjgt edfed 1828y ¢
coat ihng aPpléﬁérQ%iweeﬂﬂP@ﬂn@ﬁtt heegi@aalt comprasstve atdeSsgs SEni tfl_e .
graph depicting the stress.to stren rafi a ank.c g applied-
to a turbiné?%éh@ﬁcaﬁfesﬁﬁ}aﬁﬁéthguﬁégﬁﬁgﬁggt?%% %ﬁgégn F%gg%?gon under 35
engi ne aSelthermzh stwesseskinfteramicti but net tevsuchavaduescasdwerdd,

:Bg|3?ﬁgl tqcéggg £Q0¢h¢bon. The process of the present invention for

The foregping, features and advantages of the pre-
sent invention will become more apparent in the light of
the following description of the best mode for carrying out

20 the invention and the accompanying drawing.

Fig} 1l is a simplified illustration of the process
of coating a ceramic faced-séal of a gas turbhé engine;

Fig. 2 is a graph illustrating temperature control
of-the-metai_substrate to which a graded ceramic coating

25 is applied by the method of the présent.invention;

Fig. 3 is a graph depicting residual strain at
room temperature plotted as a function of coating.depth
in a coating applied by the~methqd_of'the present invention;

_ . Pig. 4 is a graph.depiéting_the-stress free-tempera—-
30 ture characteristié of a cetamic.COating“applied by the
‘method of the present invention; and . -
Fig..S-is'a graph;depicting the.stress to strength
ratio of a ceramic coating-applied to a turbine outer
.air seal by the method of the present invention under
35 engine accel to sea level takeoff condition, sea'level
takeoff condition, and decel to idle condition.
The process of the present invention for applying
a graded ceramic coating to a metal substrate and the
resultant structure are illustrated with respect to an
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are Illustrated with respect to an outer air seal 10 of the type

graded ceran1c coating to a. netal substraté and the resultant structur(l%j)

ulilfZzed in a gas turbine engine. The netal substrate 12 is typically
manuf gt ured of a nickel base all oy, such as the alloy known in the gas 5
turbikne industry as INCONEL 713, and has a bond coat 14 of netallic
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ceramc so&nebﬁheomndhstaytu@ rmt:eule:a.yeusen‘aﬁdl haata Bohllr gbatniar | ayer 16
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. chrom ung. 2%, {4 &%i‘#&g‘&é %&cd%&?”i‘iﬁcééé?. 3%8 ﬁéLéBcgréséﬁ.Q&é%ﬁks%:
cobalt. The second Inte or exa a mxture of zrrconiu

oxi-de (zrO[err]) bjdherght Bl§ﬁﬁybPP@e°BéFcéﬂtaFGSQ?EaﬁH weteAlRtREreri al

by weigpp 28yerkt efngaaaeanine(-.ai%erbmcca&éﬁamabzr iatrBading the same
conposition utilized i eac

succeedi ng® ﬁEFﬁFFcSPﬂﬁPﬁgggﬁﬁr iﬁs 2a HPgﬁQFe§#8§8FtF8ﬁ°g$mSBFaHFCQﬁﬁFEr|aI
than t he pinterlayer 2fAdmayl,cfoer egampdet iobeod méxanre ofit sirabnihmn t he

| ayer 10 bgy34RS§yr83 )%?”Hei((gﬁgpkb%% Qe.ecauedr&gagesﬁangoé%ﬂ&?ﬁ ceram ¢

material, zii- conl umi
netal/ceraﬁﬁéerﬁﬂérPHyHﬁigthséx YePGFFGEtf659?@onhGyGPgrbinﬂéﬁgrﬁﬁén are

utilizegds aff bhét eméatiee ebeaimenechadi ehandonidflseeongoba¥eon2g of
porous Ceragromi BEaSElc lumgnugoiguﬁ%; yttrium 0.65%; and balance
essentially cobalt. The second interlayer-18 may, for
example, be a'mixtﬁre of zirconium oxide (2r0,) by weight
_ eighty-five percent (85%) and CoCrAlY material by weight
20 fifteen percent (15%), the CoCraAlY material having the same
composition utilized in the first layer. In such embodiments,
each succeeding metal/ceramic layer has a higher proportion
of ceramic material than the prior layer and a lesser
proportion of ceramic material than the layer to be subse-
25 quently applied.

One hundred percent (100%) ceramic material, zir-
conium oxide (Zr0,), is applied over the last metal/ceramic
interlayer. 1In a preferred form two layers of deposition

&« = are utilized: a first layer 20 of dense ceramic and a
30 second layer 22 of porous ceramie._In practice, the porous
'H layer is of decreased density and is applied as a mixture
of zirconium oxide (2r0,) powders with two and one-half
to ten percent (2% - 10%) by weight of polyester. The poly-
ester is removed subsequent to deposition to leave a porous
35_ceramic face. Heating of the outer air seal at manufacture
| or in situ during operation is utilized to bake the poly- ~
ester material from the ceramic.'Percentages of polyester
outside the above range may be utilized to produce corres-
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er is of decreased density and is applied as a m xture of zirconium
'\ea[err] powders with two and one-half to ten percent (2[err] - 109 by
Yght of polyester. The poly- ester is renoved subsequent to deposition to
cave -a porous 35 ceramc face. Heating of the outer air seal at

anuf acture or in situ durlng operat+of +s utilized to bake the poly- ester

material from.t es -of polyester outside the above
range nay b@?ﬁ‘?frqu’ﬁ Yr%&p?% %‘g}%%%?és- .-5- pondingly varied porosity.
The purpose of the cErarparpese nof nbherceramic afacingrmater$adl igtancture
s twofol d: eyl é‘l%‘@fﬁ?&uﬁ Dertiszo1al ety oot ifeSubERLERELI T OM

t he hot mnrklng ne ases |ne to he substrate woul d

be ot her seb%";@f)ff%""ed, %r%@?d%u}a%t%F%dﬁﬁ% §]éﬁl ﬁ'écﬁﬁﬁisaagl ng

t her rr?l excuﬁédﬂﬂﬁ gdsdde <§f reh@seirbete r 86 Owh DERJERe \sabstiataswoutai ve
interferenc

the_cpatin ocess rat ure of
t he substrat el tQﬁﬁW?%ﬁl%ﬁP?ﬂe%feﬁﬁé %vgé%g?ﬁea?ﬁ?gaéi B?#shlng
resi dual str&nnommmﬁatiugrthstmairsxcurshensanﬂ thactireumseribedubstrat e

heaters 24 S‘fasna 1159&‘& fv?:{t &&é%@ti@eiﬁﬂéifgﬂén&%e“e' ves are

applied by techni ques conventional 1n the industry. A
pl asma sfray gun 26 Dyr cﬁh?h%Oiﬁkﬂ%rBr°6¢sﬁvthﬁetEPPﬁ§§HBF§ a@fethe

i nj ected, issulseedte tDs tEGYEFSELED mpgféaeeemihean dégﬁéé EBe edbatrate
as the coating. is; bUI|t§%ﬁh ﬂ ﬂgglred eg%Fa eB Eﬁna st reagg%B carries

the coating o FHESSR Y 1RcPAFFPERE 18 cBapHa.

Coat i ng nixtﬁaaturﬂdasnaiersubstraaegbdatersozl|aneuproptdedlﬁor Ehasges 'n -

e kg ERERSE T S O LS BeSSLBB Lomptai oo

15 spray techniques conventional n the industry. A plasma
spray gun 26 in which the powders, or mixture of powders
are injected, is caused to traverse in repeating pattern

' across the substrate as the-coating is built to the desired
-depth. A plasma stream 28 carries the coating powders 30.

20 to the surface of the article to be coated.\Coating mixtures
are preferably changed in continuous operation. Changes in
substrate temperature are made as rapidly as possible in
transition zones, immediately prior to, during or immediately -

: subsequent to each powder composition change. '

25 : The substrate temperature cycle for coating the
above described component is displayed by the Fig. 2 graph.
'The coating layers with initial and final substrate '
temperatures at deposition is as follows._

| | | Depth ~  Ihitfal . Final

30 Coating Layer inch im Temp.  _ Temp.
Metallic Bond Coat ~=0.003 (0.067) 1000°F (538%C)  1500°%F (816°C)
First Interlayer 0.030 (0.675) 1500°%F (816°C) ~ 1075°%F  (580°C)

- Second Interlayer 20.030. (0.675) 1225°F (6639C)  1125°F (607°C)
Dense Ceramic  =0.030 (0.675) 1215°F (657%C)  1010%F (543°C)

35 Porous Ceramic =0.035 (0.7875) 1010°F (543°C) 900°F (482°C)
As is viewable both in the above table and in the Fig. 2
graph, each interlayer of metal/ceramic composition is
applied under: varied conditions of substrate. temperature,




subsequent to each powder conposition change. 25 The substrate
tenperature cycle for coating the above described conponent is displayed b
thqﬁlg 2 graph. The coating layers with initial and final substrate
tenperatures at depositi on is as fold ®ws: Depth I nitial Fi nal

30 Goat L il
Bond an![ n?err ig{a&)g-n(lo 067) o%x@ err] F (?ES err C) 15((31'3. erra] F eij.c
(816[err]C) Fi 1 hdamegidid BRSO rtﬁ“@ -
%ggg% er r% F)S( 58-_@{;% Orﬂgﬁeggi[mﬂ;’% d§;r %aﬂyﬂf% [tﬂfé ké}tﬂﬁjﬁé&ﬁ:@ gig F
err er rr

1215 F3(6 e‘ﬁ%‘i“@}“ Y F 35 AR5 &
[err][8r6]35 EOsﬂZﬂ:)e |tehfemartur e 5]413:[ ?firxial) E?ﬁﬁ{m =} (eﬁm{ drn‘qet?,)- As is
vi ewabl e bot h ;i &e@q_sa & 13RI 3:& dﬁéil:ra%égrt%?tﬁ: rlayer

of netal/ceram € conposition I's ap r varied co tlons 0

substrat e t enj@idtiale deposigion frhfﬂﬁ iatqrelr%%-t lﬁ‘@mrqundlﬁ‘ t he

tenperature atpdrpedatdgROdt ithe AnddiEddd Qfeﬂviééif arﬁea:ingre&o:ﬁgﬁsw a-
ture lower th or- equal, to .th ature ich t ubs uent
layer is 8 bgqr%ﬁr q i gqség'p "?t 8 %% % i nal

depesi ti on of ceomtinudumly |lcpatring pﬂméswvdrowém,t rggesit raatteransi-

Compor atur o a0 AcHe, HREE dd Mbrilardn EHARNG 0" G QUARELL Lon

i kely desi r e¢hamaeot i cal consi derat [ ons | n a continuously coating process,
however, suggest a tMA3SiinHdrdhtAGN chléh@rﬁlﬁﬁéﬁnép the

o g e S G 0
acconnndatedlatn;tnhrqxerucannmgdqﬁednhytgrading the coatings and:- by
: inducing compressive strain during layer deposition. The
cumulative strain graph set forth in Fig. 3 is character-
"~ istic of parts manufactured by the present method. The
20 graph shows increasing compressivé strain measured at
the back of the subsirate as incremental changes in coat-
ing depth are made. The smoothly increasing strain indi-
cates the lack of severe discontinuity at any coating depth.
Strain reversals, if occurring, would appear as peaks or h
25 valleys along the curve. '
As is discussed previouslg, the coating is designed
- to have a stress free characteristic at a preselected
temperaturé. The stress free temperature is intermediate
of the cold condition and the maximum temperature. Fig. 4
) 30 illustrates an essentially stréss_free structure at a
temperature of appraximatély twelve hundred degrees |
Fahrenheit (12009F, 649°C). Stress values at various
coating depths in the d;ffering compasition materials are
plotted. As the temperature of the structure is reduced
35 from the stress free temperature, the metal substrate
side of the structure tends toward tensile stress and the
ceramic side tends toward compressive stress. As the
temperature of the structure is increased above the stress
" free temperature , the metal substrate side tends toward
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~.at the/back of the substrate as increnental changes in coat- ing depth are
“The snmoothly increasing straim i/ndi-- cates the lack of severe '

di sconti nui { %oy 0% 1GRALIGAPRINY (B UdtAflE SRS tddad YiLId, VOUKd
appear as peaks-or vall'eys al ong the curve. I's di scussed previously,
t he coating itengddiegsdFeass-have a stress free characteristic at a

presel ected tenperagyge. sThE S PepH ESPINPAP dtrRds tdtfvmi@t e of the
col d condition and the nmaxinoum tenperature. "Fig. 4 30 rllﬁga{ates an
essenti al Py SALIOS ACZOSS G GOF ga%r%ﬁziﬁjé’rbfa%r?pr WGHHR \PE wel ve
_hundr ed degr eagihehcondditionl? QandiYilonss 49 lrrstir@tedStams acmd Ligso at .
various coati ' S . dif\fer) 111 | pl otted.
As the t errpers% uﬁ%‘?}gﬁ ttﬁgcetsotqr%ug(ltﬂr’e élés&rdggl%%}%fo% (;r%vteéf’]leaés%e:éfgf free
tenperature, (Ble mamd deesl firomisea dievele takenfifrko tidhey (Bward tensile

stress and t pRges! ATIC cOndA i, Sy SRS P H St 1d'Sid he
tenperature of the structure i's jncreased above the stTess free%égor%ﬁerature ~
ﬁéty r

the medf €364 1AYETs Ofe Makfrdaloigmpins well helnw &ifakiq d the-
ceranm c side (1ends tabowed vkt |faiduresdis fixpedtded. Expregdive ptresng
of engi ne condnicad Ho BiEEeE W20 MG 000G U Mcdidddy 7Y
(A); steady. Fhet effest ofc/sukstastie ((Bmpenatune cdontrol saxnd || t akeof f -
toidle (O.aiffering coefficients of thermal expansion between.
15 materials of the successive layers are matched to achieve
that result. _ _ o o S
| | Although this invention has been shown and
described with respect to detailed embodiments thereof,
it will be understood by those skilled in the art that
20 various changes in form and detail thereof may be made

without departing from the scope of the claimed invention.



Under all:conditions, the stress to strength ratio in 10 each layer of
mat er~al remains well below a ratio of one 5 ave mhlch failure ifs
expected Excessive stress induced by dlffer strain en | ayer
avoi ded. The effect of substrate tenpefgtur e?m ,mﬂ iffering
coeffi-cients of thermal expansion between 15 ”w ﬂg successi ve

| ayers<are matched to achieve that result. Although tHﬁsslnventlon has been
shown and ‘described with respect to detail ed enbodi ments thereof, it wll
be understood by those skilled in thegtust hat 20 various changes in form
and detail thereof may be made w t hoUt departing fromthe scope of the

clai med i nventipn. A methdd /AfdéS dpplying fa nPéramié oto8pphyi 86 & ceramic
coating to a netallic substrate including the application of one or nore
graded inter| ayetalbic neikstratecirolwding cthel applicabibneef dbhe oetal lic
substrate ‘and the ceramc coating characterised by the inprovenent  of:
control I'ing tmormetgtaded sinkerlarersnpemetakl foycegambe naterialer and
ceram c deposition steps such that the tenperature of the substrate at

initi al Teposiketween the netallic substratepandtheteeramieaenatingr| ayer
Fs greater than or equal to t he te erature of the substratigat fina

‘deposi tion of IMFaRterissd e HPEEeRARtof nyePntFelitRdethe one),
d h that th f t h bst.r at final t f_th
Enterial compietabiis subitrate nﬁefﬁ%uﬁe&f% f%é'?a P DRESTLARET B0fe o

E ST ARt @éme%%tu%e bk
the substrate at initial deposition of the material
10 comprising the or each 1nter1ayer is greater than or
-equal to the temperature of the substrate at final
deposxtlon of the material comprlsing the prior layer
(if there is one), and such that the temperature of the
substrate at final deposition of the material comprising
15 "said interlayer is lower than the temperature at initial
deposition of that interlayer and.lower than or equal to
the substrate temperature at which the subsequent layer
is to be applied. _ .
2. The method according to claim 1 characterised in
E 20 that it further includes the step of applying ceramic
material over the depos1ted 1nterlayer at a substrate
temperature which is greater than or equal to the
temperature at which the final deposition of interlayer
material occtrred.
25 - 3. The methoa according to claim 2, characteriaed
in that the ceramic layer is applied in a plurality of

depositions made at decreasing metallic substrate

temperature. .



is_to be ap The met hod according to claim1l characterised in *
. thatOH further I ncludes the step of applying ceramc material over .

eposi t r"ﬂ”ﬂ['m" a substrate tenperature which is greater than’
lat which the final deposition of interlayer

rr'al occurred 28 The ogghbod according to claim 2,
characterised in that the c:_eramc | ayer is applied in a plurality of ~
depositions nade at decreasing netallic substrate tenperature. 4, .

. The nmethod according to clains 1, 2 or 3 characterised in that it includes
the step of defositi ngrhee methdd @duowd ot togelaiknselpelabki 8 substrate
prior to the step of ‘applying the initial deposition of graded 5
met al | i ¢/ cer asihanaateniged citpribathglit hindlndes avke. step of d@pesittihgd
according to any one of the clains 1 to 4, characterised in that the
ceram ¢ | ayer & fetadlicy hand, gaatingicdinithe amtehbseqaehstyaue Brierond
density which is less than said first. densjty The net hod
according to &W%%ﬁear%f @PRling -the ml@“%h‘&?ﬁ@?éﬂ-?@@fn9¥ﬂﬁ§dt he

metallic/ cer c |nterla ers apd the ceram c

Ing;gr!sa: scggBHegﬁi o c@&m%&i’: a Bev\h’éF%Fia?ﬁE'substrate 5
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to 4, characterised in that the ceramic layer is applied
‘at a first density and subsequently at a second density
which is less than said first density.
10 6. The method according to any one of the cl.aims 1

- 5,



short duration. 7. A ceram c coated articl mnm“uﬂﬂ J tal
substrate; a netallic bond coat adhered to sai 3‘“ I rate; at
I'east one interl ayer of netallic/ceramc corrp05|T|o°n ddhéred to said bond
coat; and a ceranmic |ayer adhered to the9 ast of said interlayers,

charasteri z- edy %%__I % dl?‘ertqlrgtfc G G edidilaG! @R 1% 15d dH me-tani.c/

characteristic Su ree strain reversal 15 acrioss _t he dept

of the coating ceg'amic iA’FeG'lJ-taé’rerﬁ ands ddie greramiges %%é%ﬁ@ﬁéeﬂ in a

conprising: a WndlintioR rcaa%m%; desc SN drerdi MRy elibstaaite net al
substrate; at |east one int erI of. netallic/.ceram oSl t| on a(y;ered
to said bond 2(FempsFRture @t tt?lﬁ% c GOFPRS LIS ¢ %ﬁf‘gtr% FsB 0% ai d

~netal lic/ cerarﬁdﬁmﬂﬁgerﬁlﬁjefcmtiambws mut&a'lamnaﬂsayﬁrom(ﬂmxem afb said
first ceramc I?ég 3:‘1‘8 ng a density less than the density of said
te

first layer chd ‘that said ceranmc coated article has a strain
charac- 25 teri?stic s@bmi&! lopated antdsdia e amprifdng g.a nehkdph, and

free of strai “sh%\é%rr'ﬁé A rRRRINe BRld Hatd Qﬂlfé}f&d Rﬁb ghid irfgeian
coat ed artlclefabrlcate g/the net hod of clains 1, ?i ;)
> 10 substrate; t least one interlayer of metal ic/ceramic

composition adhered to said bond coat; and a ceramic

; layer adhered to the last of said interlayers, characteriz-
ed in that said ceramic coated article-has a strain
claracteristic substantially freé of strain reversals.

15 across the depth of the coating. _

: 8. An outer air seal of a gas turbine engine, -
comprising: a metal substrate; a metallic bond coat
adheredto said metal substrate; at least one interlayer
of metallic/ceramic composition adhered. to said bond

20 ¢oat; . a first ceramic layer adhered to the last of said
metallic/ceramic interlayers; and a second ceramic layer
adhered to said first ceramic layer and having a density
less than the density of said first iayer characterized
in that said ceramic coated article has a strain charac-

25 teristic substantially as represented by the Fig. 3 graph,
and free of strain reversals across the depth of the
coating. ' : '

9. A ceramic coated article fabricated by the method
of claims 1, 2 or 3.




