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2121884 CERAM C FACED OUTER Al R SEAL FOR GAS TURBI NE ENGINE TngBu?ngntlon

rel at.es to:outer air seals of gas turbine engines, and parti
seal s coated with abradable ceramic naterials. 5 [err] In nodern gas

turbi ne engi nes, _working medi um 10 ases haV|ng tenperatures_in excess of
‘[err] are expanglaI‘-‘-%Erecm-}ﬁ-gf‘ﬂgy\M—ﬁlvﬁ-ﬁii’55&-5‘-95*l LNE  ENGIRES of power

fromithe flow ng nmedium A dhicudnvienrtieh anlambsrtaloutenlairlsemhsomfbes

each Tow of LU A0 Bild %A Adl) tiy o0 0634296 96 WBLKLNGLE) UM gases

over the bl ade er al’r I'nes are,forned of a
metal lic substr%&%ht%bﬁﬁﬁ%hi%1QQR§mﬁ£ N@%ﬁfha’seoatlng is applled for
protection gf the seal fromgie dddiddeaRRER 8 oL i Ji LI03 cLas e
Ceramic materials are gel eraIIy 20 - . 've the mal
insulators and™a % Sear appert leﬁﬁ‘?‘n**ﬁ? the
‘ceram c coat i ngewekineengiresy—Ehiie-Tnareaniicepr-appiticabihdey hrn
deterioration LrﬁQgFgFggkLQgﬁaggngpﬁﬂg#gh it is adhered Durable '
structures capable o ong term 25 rel'i abl e service in the hostile

turbine environnent are soudht Mogerd GaE feEddng: enginrsy cWpEking rRedium

Gapabi | i tyloandygeesl kesiss anagpdratraisi Sheelss S0 (1 ongbbIc se turbine
el PPLLTal! el ded il SIS ! JP G- A9RIURLE BT Eaee b adBbLL T LY

@ontact of theoSepdwdny faom trher filssting ed wimadds shrdugeotermedi an outer
resistance, pargigubadly rddisdadlid @RISR dENeusBihe BQa&iﬁé‘eﬂé

e s v e PhdPe | Ao o B L SR T e MO e
alone may bB ervipye. U S. Patents Nos. 3 091 548 to Dillon entitled "High
_ Tenperature Coatings”; 3 8116&@éktéir seals of some engines are formed of a
‘metallic substrate to which a thermal barrier coating is
.applied for protection of the seal from the high temperatu-
re, working medium gases.'Ceremic materials are generally
20 . known to be effective ‘thermal insulators and are in wide
- use in such seal applications. As long as the ceramic
coating remains intact, the ceramic prevents unacceptable
jdeterioration of the metallic form to which it is adhered.
' Durable structures capable of long term,
25 reliable service in the hostile turbine environment are
| sought. Specific needs are high'temperature_capability,
and good resistance tO'thermel shock. Additionally, for
.turbine seal applications the structure must have adequate
surface abradability to prevent destructive interference
30 upon the occurrence of rubbing . contact of the seal by
: circumscribed rotor blades and good erosion reésistance,:
particularly at the leading edge of the seal to prevent
excessive wear at the incidence of particles entrained in
_ the working medium upon the seal. In some engines the hot
- 35 working medium gases- alone may be erosive.
U.S. Patents Nos. 3 091 548 to Dillon
entitled "High Temperature Coatings"; 3 817 719 to _
Schilke et al entitled "High Temperature Abradable Material

G



Schi ¥Re et al entitled "Hi gh Tenperature Abradable Materi al -2- and
df of Preparing Sane"; 3 879 831 to Rigney et al entitled "N:ickel.
Ji gh Tenperature Abradable Material"; 3 911 891 to Dowell entitled.
"Coating for Metal Surfaces 5 and Method for Application”; 3 918 925 to
McComas entitled "Abradable Seall;53.975 165 to Elbert et al entitled.
"Graded Metal-to-Ceramc Structure for High Te erature Abradable Seal
Appl i catngnMethgdqof REeRaying #aBalti ny 't Rigmneys 1 sto al%lrscher

entitl edntqc188r em&cﬁelu Bhsefn hata@éﬁé\t@r&%ﬂ&ébl@ Peer1a14 ;163 071

Egayfﬁ; erhéngb& 589 %ﬁ%h?d é&?ﬁgﬁg éﬁ??€$ :ﬂ%%HQ#%gmggﬁﬂggéﬁﬁéﬁnklr Sea

for GasandrMkméoéngpnebpplécetlepfeseht%&&\ﬂ&iﬁ thdMdQunas concepts appli -

15 cablegthigiedr amosa&assé §sai6- A §poupds n@csly ﬂbé)ﬂ? d@tgrials and
met hods descrl boye patents. are known to_ be h| |y desirable,

the strGotdtde regﬁPFFH Mﬁﬁé}eF oﬂ?ﬁ§9%°y§ﬁr??FQﬁﬁngﬁﬁaﬁ potential in
hostlIeTEmpetamuretAbpaaabmelseal Rﬁplféat&wﬁs(nnaﬁdraﬂnﬁﬁhdm)concern in

outer aiJe §§%du%ﬁgh Sggglons4|§ a%g éégiéxg%labradability
in response to COI‘] ana goo I OSi on resistance to the
ef f d& s "Stresst Relldsefenfr ¥p éa-ﬁlﬁr@mécm%l%rbm Jeaks'gsam 25

Accordi Bg163 ©h7e BBEeREAthePY§NELOAL CeALIHETed amé&dmtﬁ;ﬂ Eﬂo&fi tur bi ne

el antleFy JerEsBEPLEEAPE CORERRPEY? do T e HEH A v{q?%t “he area

of the fentdtlednsCeyamicnBacedefutenndit cSemhrfdy Gis Turleingn particle
Foxy. nELoe eRES, Sipk ppAARaderaliY e Risar Adegi ke possi o
. 15 ca to ceramic faced seals. '

Although many of the materials and methods
described in the above patents are known to be highly
desirable, the structures resulting therefrom have yet to
achieve full potential 1n hostile environment applications.

20 Of particular remaining concern in outer air seal appli-

~cations is the balance needed for good abradability in
response to blade rubbing contact and'good erosion
resistance to the effects of oarticles entrained in the
working medium stream.

25 According to the present invention ceramic
facing material of a turbine -outer air seal is formed to
first surface density at the leading edge of seal and to
a lesser surface density downstream thereof such that the
area of the first density is more resistant to wear by

30 foreign particle erosion and the area of lesser |
density is more easily abraded by passing rotor blades
in the installed environment.

' According to one detailed embodiment of the
invention the ceramic facing material is formed of two

35 or more layers of decreaS1ng density with the t0p, and
least dense, layer having a'glazed surface_at the ledding
edge region thereof. '

A primary feature of the present 1nvention is

o



According to one detail ed enbodi nent of* the invention the ceram c facing/
material is formed of two 35 or nore layers of decreasing density with
. top, and |least dense, |ayer having a glazed surface at the |eadi ng edge
region thereof. A primary feature of the present invention is 3 the high
surface density of the ceramic at the Isadi ng edge region of the outer air
- .seal-%In at |east one enbodi ment high Sufface density is achieved by
gl az+ig an ot ha-rervimkﬁ smrm denaiity. ofOther cef&nidr est Ofhs phedding
Srbodi Tent . Eadd S BB UATLE L WIE SHhd! 294 0B Oled e G52 flih Ll
ense ceramc orous Ceram c an erral
A principal advkgh eﬁ;@‘ﬁﬁcq Iﬂ@q&r@erits anhenveénbxogleuwuc@m etherypisai ity

of the sealst H¥dfd Yer@imidle |0%%@r“9f%€ﬂﬁregabf' §pE81i£5¢ I aRPSHihéhide
wor ki ng nmedi um stream are defl ectab | azed sgrface at. t he

I

| eadi ng edge r¥d oPWRIGIH® $&F 3P0§B m&ﬂ?ﬁﬁtﬂ%t% dthg, sepbAnd
abradability otlex derse menanhjcadayterpbemeeal thai petloby déraxh:aavamg any f ace
porosity int rd 20 S hdaf 8¢t ed. The -foregoing and other features and
advant ages of e present invention will becone nore apparent fromthe
-0l owi ng descrl ption and #h@®rdECdPIanpANgnsraRi . thegpresent Ainyenkian ed
Si dg el evato omglmuﬁe@ sZ&c@a-.ibtmriltynﬁfeugFHEemtan @pbsiom &f the
turbine casi . awa ey the relatio ip put er

sonl Lo the o U e it Rage, PRERIc1000 ShEr AbbaR° thPehr AOEk GRS Gheflim
outer air séaJStﬂe&mgﬁreldeﬂhﬁghabﬂﬁngrpnetheeeloﬂedlghrﬂ&ceuatabheckaﬁdiqg
at the leadin e F IS | e |ye
view of the oq?ogjegalr seal iq:ffholm S%%%PFu?? PELPR Snt g?%gg{%%%?&ﬁiégu dadée

abradability over the rotor blade tgps is maintained by

15 leaving surface porosity in that region unaffected.
The foregoing and other features and advantages
_ of the present invention will become more apparent from the
following description and the accompanying drawing.
_ Fig. 1 is a simplified side elevation view of a
20 gas turblne engine with a portion of the turbine casing
broken away to reveal the relationship of the outer air
seal to the turbine blades;
' ' Fig. 2 is a partial perspectlve view of the
outer air seal of Fig. 1 illustrating the area of high
25 surface density at the leadlng edge region of the seal; .

'~ Fig. 3 is a partial perspective view of the
outer air seal of Fig. 1 illustrating areas of high ' surface
density at ‘both the leading and trailing edge regions

: of the seal; : _
30 _ Fig. 4 is one alternate embodiment of the'Fig.
. 2 structure; o

o

_ Fig. 5 is one alternate embodiment of the Fig.
3. structure; and o : | S : ' -
' Fig. 6 is a photomicrograph of a ceramic coat-
35 1ng which has been: surface den51fied to a depth of approx1-
mately 0.127 mm. ' ' '
The invention is described with respect to a
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| eadi ng thegeipsg2@noB6the potoegbDades. Edch aodtiéit ldig ke ilsegi on 40. The

%BnEEE%QBhghhy formed of a plurality of arcuate segments,

disposed in end to end relationship about the 1nterlor of
the engine.

A portion of an outer air seal segment 30 fabri-

cated in accordance. w1th the concepts of the present inven-
tion is lllustrated in Fig. 2. Working medium gases of the
engine flowpath 20 traverse the seal from the upstream ,
end or leading edge 32 to the downstream end or trailing .
edge 34. For identification purposes the surface of the .
seal is divided into a leading edge region 36, a midregion
38, and a trailing edge'region 40. The midregion essentially

comprises that portion of theuseal'surface which is . brushed

by the passing rotor blade. The leading edge region is
forward of that portion and the trailing edge region is
rearward. of that portion.

~In the lllustrated constructlon each outer air
seal segment 30 is formed about a metal substrate 42,

Multiple layers of graded metal/ceramic materlal are adhered -

to the substrate to produce a ceramic faced seal. As
illustrated the multiple layers include a bond coat 44 of
nickel-chrome-aluminum alloy, two interlayers 46 of mixed
zirconium'oxide (2r0,) and cobalt-chromium-aluminum-yttrium
(CoCrAlY) alloy, a dense all ceramic layer 48 of zirconium
oxide (Zr02) and a porous all ceramic layer 50 of zirconium

Y



~ 25. conprises that portion of the seal ‘surface which is brushed by the E
passi.ng rotor bl ade. The |eading edge region is forward of that portion apdW
the trailing edge-region is rearward of that portion. In the illustrated

" construction each outer air 30 seal segnent 30 is forned about a netal

substrate 42. Multiple layers of graded metal/ceramc material are adhered

to X e substrate to produce a ceramc facedSSeaI As illustrated the

nul [Tl e | ayer s, 4gc! Ylgog bogle cp of b Pl I e P 10 ToR BoBhh et 'O

interlayers 46 0 Zl rconl um oxl
cobal t- chr oni uA¥& BRFRUARILY r disepesrd AUt 4 BRtentdaRRL18AE108r ani ¢ | ayer

.48 of zirconi ugeiadenodr (Bi-7899) awlRDER UBs adf  Soindh egsasgaeeSaeeéwith
zi rconi um oxi de (ZrQ2). ; e Ia er ogrlals and ag icatiqn technégues

are more fuPly discussed in QENORHIT SHIBHSHAYEE NG BRHOY
whi ch is of comiwnsesdi gneucmrewi.s htwefold: to provideTie thtrpeie barrher.
ceramc | ayerssh'ie 81 téhea &t 16 Uit | E"Mﬁéi‘ﬁg t thelli | g8s@s

thermal barrier, strate ron1t hot worki ng medi Um gases
of the. turblne°Fotﬁﬁ| HrPhéesE%sVthg VEEH%FQﬁ??ﬁqﬁﬂWHgig L FELETVARE t o
Qprovide an abrad@bsedseahdaecopradﬂdén@nlibfidﬂhmé S Riconmoda tiing -
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mat eri al char ac erls ICS I'n abra eén struc
“irotor .bl ades af@s§svativei snaﬁéée:eneeoswquﬂ\énatw:caiarcé@r@r:temtstés%r e

“not al ways congngti@ge gaoadasfa&aﬂyiifrml@t@&@& RRRY SN Fotdeh eVI ng
‘both character ti.cs in.th £ ﬁcture I s the Obj f th re%e
Coventi on Vior PLAGSReaim GREA0ERRL P HRAENoFhTTRNRRA AR B0 RPARR
particles of dustics arbkenotoatwgys nevneistent iy identtiicad liyhEoredilatedases
reach the iﬂrb'c%ﬁlp@%%ﬁoﬁy ﬁ&ﬁ?e&?ﬂ&%&t&a&@#hsur i&aéitdé?' thle0 Pahnid®

~engi ne conbust or es as’stri Face of e outer air
seal are ||ke|ftpgcture is the object of the present invention. Working

medium gases of the engine flowpath may contain particles
of dirt or other foreign matter and, by the time the medium
_gases reach the turbine area, may. also contain carbon
'~ 20 particles from the engine’ combustor. .Such particles as
' 'strike the surface of the outer air seal are likely to
erode material therefrom,;particularly”if the material is
porous and of moderate or low strength. In some engines the
- hot gases in and of themselves may be erosive. B
25 _ It is, therefore, that seals of the present in-
vention are fabricated to include an area 52 of high
‘surface density ceramic in the leading edge region 36
- relative to tne surface ~density of the ceramic in the mid-
region 38 over the rotor blades. Resistance to erosion
30- is improved w1thout destroying desired abradability over the
blade tips.

X

In the form 111ustrated by Fig. 2 the area of
high surface density is produced by directed energy techni- -
ques with localized heating for examnle by plasma torch or

'35 laser. Ceramic at the surface is melted by the directed -
energy and when cooled forms to a very dense condition
‘and glazed appearance. Particles and gases striking the



material therefrom particularly”if the material is porous and of
ate or |ow strength. In sone engines the hot gases in and of :

sel ves may be erosive. 25 It is, therefore, that seals
e present in- vention are fabricated to i ncl ude an area 52 ‘of hi gh
surface density ceramic in the |eading edge region 36 relative to the
surface .density of the ceramic in the &Ad- region 38 over the rotor bladﬁg

Resi st ' 0 r t i red
Fbr adariaas dre¥ BUetecterch LR QUead WoUh LEELIONMRLR €O |
area of high surfacer@niﬂirlefeF@eér6&9§Bd°§yt¥!¢r‘ék§éﬂn%rfé¢ glechni - ques
with | cxeidagd Mﬁi&g fier opxamel erl¥r BEaguB2yoLelRsd @b | a8 .tHeram c at
the s rface IS .t t.he .di rected ener X and en cooled forns to a
very d‘fnqﬁ egﬁ%cd. j‘}é{ddegﬁﬁeﬁgﬁﬁﬁg re Ak Fif o Rpases striking
t he Glﬁaatgéramd lesserddiepthis mayrbehaceseptabievbut the tdepieh gmisin. The
Drefer et dend fledih ol p:816608:805h! Vg8l Stdfle IS (he or der of
0 especl a en

0.127 -0.254 mm 1 nt an1c Wt se structure at the
 surf acSutgiakent Ranteddde apg: gecragd B@taéeeﬁ?a%%a*ﬂ&st% RRpth nust

fi(r]I st Uﬁm%ﬁﬁéﬂl@h&ﬁicda&lﬁm\ﬂl@w&tgstﬁ& peﬁbﬁkaBGBsﬁﬂeﬁeztlcﬁfWEicﬁnt hpart life
an n naot e eat s.to _pe at e wt t he porous
subéﬁf #E ﬁﬂﬂ%ﬁ? X0 hF a&ﬁng ag?ﬁggﬁﬁlenggﬁ%g¥ % |?y'§s likely to

. cause Ihml Srasiing at ttlh@ iinterface between the glazimy andl the
~ subst raétﬁoﬂ%ieesﬁr{@&tes%@.@dnkngpﬁfu%@ geagrd. ?ﬁ&ﬁé&%até’i‘ﬂf‘ﬂ held to

depths wthin the preferred ran deSired ver ck, network in the

_substreﬂnfﬁmqqlq [AeRid S i 1§hFhBr§FSEEﬁ stargee2 st 1ing will be
avoi dedverti cadneradiodietsiork iin the substbatdewil bbl tkeéDly Sipeneittatepr oduce

an of £3nd Pla A Sor¥adl 320 paNIThG @h11NBel 4851488, €IBE some
embodiments it may also be desirable to similarly produce
an area 54 of dense or glazed ceramic at the trailing edge -
region 40 as shown in Fig. 3. | | ’ |
The advantages of the present invention may be -
20 collaterally achieved in other forms such as the ‘structure
illustrated by Fig. 4. Dense ceramic, such as comprises the
first. ceramic layer 48, is deposited in the leading edge
region 36. Porous ceramic in the layer 50 remains over the
blade tips. Dense ceramic may also be depdsited at the trail--
25 ing edge region as shown in Fig. 5. '
Acceptable densification of zirconium oxide
(Zroz) ceramic has been aéhieved by plasma gun melting
utilizing the METCO 7mb gun with type GE nozzle under condi-
tions shown in the following table:

30 Gun |
Distance to Workpiece 31.75 mm Y
Current: . ' 680 amperes
. Potential | 75 volts
Arc Gas S
35 Primary - Gas - ﬁitrogen
- Pressure . 0.344MPa
- Flow Rate 2265.36 dm3/hour

Secondary - Gas Hydrogen

'S

A



region 40 as shown in Fig. 3..The advahtages of the present invention na
be 20 col laterally achieved in other feorms such as the structure
illustrated by Fig. 4. Dense ceram c, such as conprises the first ceram
| ayer 48, is deposited in the | eading edge region 36. Porous ceramc in the
| ayer 50 remains over the blade tips. Dense ceram c may al so be deposited
at fhe trail- 25 ing edge region as shown’ i Fig. 5. Acceptable
densification of zirconi urpessgaréZr Q2) ceraginpadas been achi eved by plasma

gun nelting utilizing the_NETCQ,7 gun e nozzIl e under condi -
SRR 30 ot B S

tions shown in the follow _ 30 @ Ane 0 Wor kpi ece

31. 75 mm Curreffeat Traverse 680 anperes Potenti al ,

75 volts A edg Primary - Gas .3 m/minN trogen - Pressure

0. 344VPa - FIOM/Fate 2265. 36 dnB/hour Secondary - (as

Hydr ogen - 7NumpeZss@fcPasses o 344VPa 1Flow Rate - = 1415.85 dnB/ hour

Heat Traverse Incr8meat between Passes © 3.17 m. 3 mi-min. Nunber of Passes
1 Increnent be QR %§S§§ehe§ 17 nmm Substrate Preheat Tenperature - start

Room tenp. 10 ni sh Room t enp. Cool i ng
hbne The photomeE@G§ﬁ§pﬁeof FEart6 shows Rerm degmm. of pene-
n ' 10 Temperature - flnish -~ Room temp.

Cooling. " None

¥

The photomlcrograph of Fig. 6 shows the deoth of pene-
‘tration achleved Densification effects are greatest to a
_ -depth of 0.025 mm w1th penetratlon to a depth of approxi~-
15 mately 0.127 mm. . : _
Although the invention has been shown and describ-
ed w1th respect to detailed embodiments thereof, it should
be understood by those skllled in the art that various
_changes in form and detall thereof may be made without
20 departing from the scope of the clalmed 1nventlon._



traton achi eved. Densification-effect$ &re great est to a depth—of- 0. 025

h penetration to a depth of approxi- 15 though

venti on has been shown and describ- ed W|th gm Lmum
extiod nents thereof, it shoul d be understood by thesecsku art
various changes in formand-détai|l thereof may be nade w t hout 20
departing éﬁ éhe scope of the clained invention. -8- CLAIMS: 1. J‘
An outer ait S€al of the type circunscribing the turbine rotor blades of
gas turbinks engi ne afd DUWRK #¢raseaddPhigtB8gEYPRGFLFCYRFITRIRARE t he
b:c adﬁs ?m@r@ﬂﬁﬁméwmg Hlhaek! adea gad ukbshéi eggedgeandgi on rear ward
of the es, characteriz i n_conpri e_ceram c coating
havi ng ﬁ a'l"% ing, 3 4&@ ﬁ%’ A e %85 gaeag gﬁ%agggé%? e seal than
at 10 the midir@iqm afpddimgs ddle blades and aThHaDMBg adqeseal according to
claiml chal if Jaﬁzqur‘h yﬁkh%amaa%@,t' eaaw&i;aﬂzta&slﬁ SbmpeLssur face

e tra e

density at t regi on the seal than at the E\dregl on of
the seal . ing: ;n abradab é’e(ﬁi?%c goptdag h&&’:ﬁ?dhﬁﬁh?ﬁ BYEFHT] or 2
char act erld@dsitfy tdlattl'&allcéafdigig)@d@fe reglien d€nshéysealetilantata depth of

_approx 'gh%d%% 1on %rgng 450 the coating. 4. The outer air

seal ar acterized in that said abradabl e ceram c t
coat i ng i 522I rconi um'llbﬁ dmyexr @iyx. seal according to claim 1

characterized in that said coatlng further has a higher ' i

surface density at the trailing edge region of the seal:
than at the midregion of the seal. _
15 3. The outer air seal according to claim 1 or 2
characterized in that said region of higher density
extends to a depth of approxlmately 0.127 - 0.254 mm
-into the coating. ' -
4, The outer air seal according to clalm 3
20 - characterized in that said abradable ceramic coatlng is
zirconium oxide (ZrO ).




