rel at o,the field of seals used in rotating nmachinery to prevent ,
| eaka of fluids. This inmvention also relates to the field of abrasive 5 €~

seal s whi Q;'@R@LVSQV@:QhB@hBﬁQLEi BAS' BATH OSERE §PSReMOVI NG Tg) bsn = :
| ncreasi ng-ener gy cos f" ave g aced a fre um o ef{_lm t %ﬁglon of gas
turbi ne engines. EfficP&fcyP¥SRELRR| FetateRdtothe % ] &

Ef.fici encusied, ihOrothediagomachihapy ovedprévémt elexlcase il fjapisis bet ween
clesel y spaged TRVCHE 188 38" geigggge o @%’é’séfé‘fd g ggrpééi%eha"e been
expended in"the art i n the area of Seal déveloprent. e general approach
has beén sealswwhighi pregeptddibeatabhteracition etsiesn mavings are adapted
"to be 15 @%il,bh.,)én\ﬁgr_n away by novi ng conponents, thereby pernmitting the
components tO arrive at an efficient equilibriumrelationship wthout

ext ensi ve conponent weBFTEEFFHNEPReFIY heoshs RAveRlarss & Y% t hat

di scl osedonnelificieateoperdtidl 486gasdedriBiite &g ines alBEFitdidney appr oach
20 whi ch e ,dely s rasd tiechni que. I n an
abr asi ve E’L g?’)le%%f 9‘? %gﬁgsgﬁeﬁ#oﬁg%g&é% ](')%geh%t‘é‘%)’s aéc%%’tece%e%%yt H‘esgfn abrasive
mat er 18 &herelfersyheimprpuedvef ytoberances npuhagaps s hataasr i n cl ose

proxi m tychBeetl0spackldhotingPRARES Odre  NEQRERS | StfbsHdrt e other 25
conmponent avi. ng ween the abrasive coated co nent and .

I a mpi num ga e
t he uncoaﬁgg%'&ﬁpm’rgﬁt gegﬂcﬁgﬁg’f“gﬁ‘%n*ﬁu%h‘? SArfest? iy anps nt 3 339
933. PowddeveibpinentgyOhechangral approdaierhass dsbdro yhadd wheiadasist ur bi ne

' : ' 3 ' ' . 011 and
S Sh7 a7 eFpel SBrbAaRNLIN6R: Mh5s % LUOE Mol had diSadiledd HoPHR OLL an
arti cles KeFAAdYVHPFRbRUWAYCRE IPELNG (EOBROREN &S nthanshantRemidtd®st s of

porosity. tHeScohpbaehtsd 880abbOvedeserabesreisntl reballidriseal for use in .
the turbi nelsgct inOﬁ'Of gggot#{rbi e enﬁi nes havi r% pro er?’-e(s}cva ch vary
t hr ough t fe-§&aP PR-EKHESEOH hﬁxg?ré?e T FHRRMTYN rM%tes & fconposi te
of the art of abradable seals is that disclosed in U.S.
Patents 3 413 136 and 3 879 831. An alternative approach
20 which has been less widely used, is the abrasive seal

ABRAS@ABRADABLE GAS PATH SEAL SYSTEM 2125110 This invention

technique. In an abrasive type of seal, one moving
component is coated with an abrasive material and the other
relatively moving component is placed in close proximity
thereto so that in operation, the abrasive cuts the other

25 component leaving a minimum gap between the abrasive coated
component and the uncoated component. Such a technique is

- deseribed in U.S. Patent 3 339 933.
Powder metallurgy techniques have been used to

produce gas turbine . engine seals; such techniques are n
30 described in U.S. Patent 3 844 011l and 3 147 087. It is
also known in the powder metallurgy art to produce articles T .

having variable densities and containing substantial
amounts of porosity.
' U.S. Patent 3 880 550 describes a solid metal
35 seal for use in the turbine section of gas turbine engines
having properties which vary through the seal thickness.
The present invention relates to a composite



-2- plasma sprayed seal having particular utility in gas turbine englnes,‘
particularly those of the axial flow type. Such engines include al ternate
rows’of stationary vanes and noving bl ades with the bl ades being a hed 5
at’ the peri'phery of shaft mounted rotating disks. According to thfiEZ;sent
invention, there is provided an apparatusawhi ch includes closely ed
conponents bet ween which rel ative notion occurs and between which
clhearances and fluid flow nust be 10 m nimzed while direct rubbing
cdh?act nust be avoi ded, characterised by the inprovenent which conprises:
provi ding on one p:kaqmaprareuorqecaﬂl haviagl pagt&oalanguwlﬁ;{ﬂyl pal giges an

‘ab I a ayer asi ve
Tover 55 ol preihs URAIRE, 23330 R 0hELET 100 ARLE PRIGTLVS
t he corrponent cl édiPfrce %&Mg@a@ﬁ& Racludenaliarnaper sewanof t fbatienared
conponent encountﬁrﬁsaradadalaro&de@ bhadakr adakl thealéﬁéd%tﬂé’i'ﬁg bStEQched

br gd |, f at
igﬁg:z:gﬁgt Keau%%' ht%%ﬁﬁﬁﬁéﬂt°§n§8@%§eﬁ§agﬁﬁ |§°gBFh Iggb§k§he abr asi ve
| ayer and does not directiicgordingctot khecpaesdntoimeantionhehéoe epoi ng,
and. ot her featur gy Qe@d‘é?]ima?:%‘i?a(ﬂilst t}géeaeiﬁgiuaggegibggl %#CQ&CO”E

nore apparent from 25 oW n ScCri g
drawi ng. - Fi gure Fomponents P&["-Wéﬁbsyhéébt rehasive mopien| 0%517% uam ne

engi ne conpr essobetiWegw whichs cleneanpest aMe ¥ievashovingusbepéel ationship

h 2 the. 30 case. ure 3.is a
por spect 1 va Gi cwonaesel kELI HikeEs, PunnaBS RORERGE ARRF b febfpea,
Figure 1 |IIustr&&@gaQtG¢e§sdsbwttbﬁ paprovémeht wbiphesewprises: on of a
modern gas turbine eng'n9r03§d1ngCBHp89§”%g?gﬁggfﬁa% éﬂp?QPEéséﬁﬂgggg the

I nv ntlon I ngl ude rality o upon
present © oat %ng wh?cﬁ gnclud%s an abrasive layer on ggl

_ component and an abradable layer on said abrasive layer,
15 with the thlcknesses of the abrasive and abradable
.layers and the component clearance being such that in
normal operation, the uncoated component encounters and
abrades the abradable layer without being significantly
abraded itself, while under abnormal operating
20 conditions the uncoated component encounters and is
abraded by the abrasive layer and does not directly
contact the coated component. : :
The foregoing, and other features and advantages
of the present invention, will become more apparent from
25 the following description and accompanying drawing.
“ _ .. . Pigure 1 is a partiél cross section of a tYpical
| gas turbine engine compressor. :

|43

Figure 2 is a perspectlve view show;ng the
relationshlp between the compressor blades and the
30 - compressor case. | ' o _
_ Figure 3 is a perspectlve view show1ng the
compressor vanes and the inner air seal.
Figure 1 illustrates a cross section part of the
compressor section of a modern gas turbine engine.
35 Components important to understanding the present
invention include a plurality of rotatable disks 1 upon

whose



periphery are nounted a plurality of blades 2. The bl ades

y thin the inner case 3 and are closely spaced thereto. M ni num

5 etween the blades and 5 the inner case is achleved by the -
prOV|sren of a seal 4 (the outer air seal) , mounted on the inner case. . ‘o
Mounted within and upon the inner case 3 are a plurality of vanes 5 on

whose inner, free ends 6 is nount- "ed another seal 7 (the inner air seal)

whi ch i sORtes cPeT Ipherp ARel NNGad @ dyaaldtioest chladesxBenthens of the | J

di sks 1.piages atdedeatwi e rtezesqbﬁi& cdalze di skagdarsot1baueyi nte- gral v

prOJectlons ut., are arated ac r upon ni fe dges may be

mount ed. Rjge ‘gn‘flf%r%tiﬁre r?‘r%rkangler § &nggrﬂﬁ?@s ?8 reduce | eakage

and i fprohe bhier d&sezlm(achi'ﬁvedséad sthfeoprdmslionhefpa.eseai génvention is

Parti cul at e n acent the free ends
it éé Séu.gi-_%i?daff &d L0 %g%dae dnl gﬁ"e ﬁﬁ%@r 3cadi?

of the bla t he outer alr e free ends 6 of the vanes '
5 (the inner air sedfquntss withiqe And SP°Ph§hﬁré§BﬁF FA§En8i BFSate -

Fr ef er abbyuﬁs)uﬂtgecbf)rvai@é | 0y wmtﬂmrees Zreangadst ehemsagﬂoﬁnw ng .
uncoat e n F.g ew_s the

rel ationg% %a?%eéné?%-} ehée é‘n P&?h%%%ligd%ﬁl b Wﬁd ?ﬁnsegié I nner case
30, &@d smdmgtq Henbfie edgss %mund:@d onmexsensions. oBohleddiskshd. case 30

i's the sggl a&%ﬂefﬂ@te Flirf‘g'iﬁﬂi ddhaid,! Yhe dlﬁﬁseﬁboﬂbﬁﬁ‘ﬂ&véh%@el-s a three e
| ayer enb i - ment. whi ch _ i.ncl udes: an mngr abrasive layer 41 bonded to

the case9 %’Fﬁi:'?‘h‘ije‘?‘?%dlb&l% ALy eP P2 BY: SPARETSHPROPVENSER | ayer 41 |
~and an. ohniefeammhh@ | kagy e moiih Hedihd cthet &kntilfe eﬂger Beedhdt énheyer 42. Figure

315 2 PRIfPECl] VP JoSLidid'S WAlldihdd ' ARlle’ dhliOinBlodaokBgi_embodi ment
he

of the present Invention to the.inner air se I gure shows the
i nnet3caSdeMEY35 upon which are nounted a pl ural ity of vanes 50. Integral

with the free ends ofhéd hseal) eForarh iRt ither @&e@bntnamrention is
' -fparticularly suited are 1ocated on the inner case. 3 adjacent
the free ends of the blades 2 {the. outer air seal), and
- on the free ends 6 of the vanes 5 (the inner air seal).
20 . The seals of the present invention are preferably mounted
‘on stationary substrates arranged to engage moving '

™

'_(uncoated) components. -
Figure 2'is a perspective view showing the
relationship between the free ends of the blades 20 and the
25 inner case 30, and showing the outer air seal 40 ‘in more =
' detail. Bonded to the case 30 is the seal 40 of the present
invention. The embodiment shown is a three layer embodi-
ment which includes an inner abrasive layer 41 bonded to F
- the case 30, and intermediate layer 42 bonded to the abrasive
30 layer 41 and an outer abradable layer 43 bonded to the
intermediate layer 42. _ '
_ Figure 3 is a perspective view illustrating the
~ application of another embodiment of the present invention
~ to the inner air seals. Theffigure shows the ' inner case 30
35 wupon which are mounted a plurality'of'vanes SO.LIntegral
~with the free ends of the vanes are platforms or inner
air seal substrates 110 upon which the seal of the inven-



air seal substrates 110 upon which the sedal of the inven- -4- tion is,

| ocat ed.. Shown is-the two | ayer enbodi ment whi.ch conprises an inner w
abrasi ve Iayer 111 bonded to the plat- fornms and an outer abradabl er@
412 bonded'to the 5 abrasive layer 111. In operation, knife edges (

shown) act to wear or abrade a groove |nto he seal to provide sealing. For
agrodynanic reasons, it is essential t hat " | éakage, the flow of gases

bet ween t he bl adieont iiss located.t Sbowasds bhev’eme baisr cembati slentowhsigdcer s,

be\wi ni ni zed (et ilRls 2k Qﬁ?xer%bragfvésfﬂyei) ﬂfgesdr&?éd Yed rtqleb?l%.& by

turbine parts V\:hl ch interact wth sea 'em i1 s exacer
| the di mensi onal EHREH GEE AR @HtSECUPbHE‘liPhbee%ﬁY%’é blerkandad 4 he ng from

t enper at ur e |Rndabrassiviee Iayelrn 11he pl[noépéfatiabr ad&bf@ SRids lr@idﬂ i)s@io‘wl nbﬁve
been used. Suc I hay.e Lit friable nature ena t hem
to be worn avvar;}\dvgatttho:‘ft% ? g%?éf F-gr%% tgv\éa BT Hé\if"r% alsfew\%l ctgf ?S

operating cl ears®®dd®1920 to be reduced and thereby, engine performance to be

i nproved. Another significegk BéQBh?itihlh§ceféé?éE&h§reﬂ:'istéf§§Hrltﬁ.tal that
conpr essors. r .conmponents are usua e of a titanium

~alloy. Titani ugﬁag‘agp ii‘?l gpf'fe? | 935§S Retyeen ; ”ﬁr‘gl AP vi ng

titani um cdm:)orl:ém sase,sost sanedends ashd ophsks cmtsmcer‘s,ca:e mﬁmjhtizeauch' :

conbust ionis Sy Tatet I ) ne ecan
I nvol ve t enper at ur esa%%%gu Elgagboﬂﬂtzizib:igé ricf‘%?{gsgslﬁlié n\fglt?pllt 0

about 300 psi (@r@e}mvpaftﬁmwehchl in RRLoY  Fhigh pnokdsBhere

- conductive to dm@x&ble&batﬁhebyr €ReNd imENSIGRHD ¢Karyd®V &fhivdloce¥H0SI -
ti on and struc ]

operating condtiyand sagie $baEE: TR ardre e by ot TR A
operating d®ndiSt*@$$- In parti- 35 cular, during operating conditions
resulting in blade - In the prior art, abradable seal materials
' have been used. Such materials have a brittle friable
nature whiCh enables them to be worn away without signifi-
cant wear or damage allow1ng engine operating clearances
.20 to be reduced and thereby, engine performance to be
improved. ' ' ' B
Another 51gnif1cant problem is encountered in
turbine compressors. The compressor components are usually
made of a titanium alloy. Titanium is a reactive metal and
25 if rubbing occurs involving titanium components, - sustained
' catastrophic combustion can result. Such combustion is
encouraged by the en#ironment in the compressor which can
involve temperatures of up to about 900°F (482°C) and
pressures of up to about 300 psi (2.064 MPa) which, in
30-]combination, offer an atmosphere .conductive to combustion.
The present invention is a novel seal composi—

" tion and structure which provides abradable characteristics
.during normal operating'conditions and abrasive charac-
teristics during abnormal operating conditions. In parti-'

35 cular, during operating conditions resulting in blade
excursion into the seal greater than design limits, the
‘rotating blades contact an abrasive portion of the seal
.and the blades are worn away. This prevents'rubbing contact

¢

L]



excursion into the seal greater than design limts, the rotating bl ades -
cony

X)s rubbi ng cont act -5- of the blades with the engine casing, thus

adj acent the stationary conponent (the inner case or the vane ends) is of
a rub resistant abrasive material. The term abrasive as used herein,
describes a material which upon fuBbing in contact with a tltanlun1allo
conponentQf vithe hﬁaﬁh&w@hbﬁmbm@mueaasmhgt hehtist aedueid® al | oy
conmponent sy ted g aAnRsi ve material undergoing significant wear. Mre
particularly the termabrasive will be used to denote those materials in
which a wear int eract'Iih@n Rantione of thensgal| whichgbs, brmediatetnl wear

occur r§ ngad yaddree matuahmawneampaadntewhéhaﬂnaﬁ%éée & éﬂ&? total wear

.occurrin t br SRV dabl e, cops ent, the
reverse gva}.rg% Q}ednsgt ﬁ's erst@c&)‘f%L %Ssﬁgﬁmgcéﬁﬁs et’ﬁ%t 51'%% € conponent
rat her "t Hegrm h@hﬂﬁﬁ;élteed asommsedeherelin,pdescribes a matértal 60% of the

wear in awrmdwmpdﬂ e&a@uﬁq ‘i’h' ! caaea&t291thnatEftéﬂi&ﬁaéifoformone“t and
| ess than_ 40% wi | :

t onent._ In the recedlng
defini ti SHE™ %ﬁ%‘a{t e mal?§°ﬁéﬁﬁn§uﬁ5%3m‘é§£v e3r abrthenttt g‘b%ﬁ’!‘
S proteldi \mlllcayercpmponemm wighoh#&vithg abhasipei matgriabcirdesgaing be

o present. 2%mnificant wear.T r§e§ar%§éﬁlgklygSth?bEEEﬁI%gpIaryeasna Spray

~deposi tion. pracess. I'n. 0CEesS tar i'n powder
“form i's Yiddt e used [3?I°a§ﬁ&°§6 ?ﬁaﬁeal}‘aFéaéﬂlﬁuina‘ebl%fﬁ W3, of the

- powder pairtiedaeaiond&alls reaudtt A heaiedsﬁoa\derofStﬁQGEb@éPJ#éé:?d at a

Vaety Scnbrihe 39T obBaR U oRLSHRE SR e tR AR BBEC e car bt e,
chrorﬁ%mQ:farWQjGOtash Wegsn ogcurkdag éhuhhaunbnasﬁvee matexial car bi de and
WlXtheSF&ﬁﬁﬂﬂﬁgaabradable constituent, the reverse holds; that
is,most of the wear occurs in the abradable component _
“ rather than the uncoated component. In. particular s at
h.least 60% of the wear in a given interaction will occur .
- 20. in the abradable component, and less than 40% will occur
o '_in the .uncoated component. In the preceding definitions,
uncoated means having no abraSive or abradable coating;
protective layers or coatings haVing other primary
j] functions ‘may be present. - :

25 . The seal assembly is fabricated by plasma spray
deposition process. In such a process, the starting
material, in powder form, is heated in a plasma so. that at
least surface softening, of the powder particles, occurs,
and the heated powder is then projected at a high velocity

30 against the substrate whereupon bonding occurs. A wide

_variety of abrasive materials can be employed including
Ttungsten carbide, chromium carbide,._silicon nitride, _
.aluminum oxide,_silicon carbide and mixtures thereof;
particle sizes of from about 0.037 to 0.250 mm may be

35 employed. Most particularly, however, abrasive compositions
based on tungsten carbide and chromium carbide have been
successfully_employed and are preferred. In the case of the
intermetallicfahraSives-such as chromium carbide and

an abrasive portion of the seal and the blades are worn away. This -
-‘|
{ v

% chances for a fire. The portion of the seal which is immediately 5 \/

l,:



particle sizes of from about 0.037:td 0;250'nn1nay be 35 enployed. Most
particul arly, -however, abrasive conpositions::based on tungsten carbi de anf
chrom um car bi de have been successfully enpl oyed and are preferred. Iﬁ 34:
ycase of the internetallic abrasives such as chronium carbide and -6
tungsten’'carbide, it will generally be found to be desirable to enpl o2
netal lic binder to ensure interparticle bonding and bonding of the -
partlcles to the substrate. 5 The binder, 7f enployed is selected to be
essentially ndmngsteny canbidet hit apt bl genenai it de founds touhgst deséinablee,
abpordi; "1Xtﬁ?ﬁeﬁ9189{§'ﬂGt§99ﬂé @ﬁﬁﬂé%%ﬂiﬁﬂﬁﬁ%ﬁﬁhj&{ E&&Eiﬁhcﬁrb'detﬁnd
abou wei g rcent .o i nder has been uti ile in e
case of the cP?P&%lH% #8594 g?ﬁﬁigﬁ aEhe PITRASGLes, to, kg éb‘g’ts§FﬁFﬁg about
75 wei ght ser @bt bahd@rBCifaaﬂphbped Zﬁmmﬂtqsﬂemnerﬁe Oleszentlind}y
conprised of 0 h a qﬁ% lJdd Z of ten
be found desi ?‘g’é% ghelﬁ{’eaﬂgtgaﬁ&%n%w#{%%n?%o 'fgg éeensg’(r}et%l hg}(é"thh
~ abrasive nateFP&PléﬁhePeE°V ef heixtuxre RenRKising cpRbeuwro 8§ wedghkaperesnt
exanpl eI corrpbtfs euhbetaarream_sme NAhdr alBddtoys2 ?ﬁéﬂdtﬁ:t bpéfralem‘.edfaa tbbamat L I X
4raterial or ter I n nn mnt t,he abrasi er
bond coats mais’ b e§ P‘Sy 8ef‘n%1;ﬁgﬁ®£al“l' *%b Neu| off g;a c&ﬁ%’n&
a mat eri all0sekarbddef abrasheeglayer 202 mnwdannqqq;aﬂhﬂngonbontcRélWeégbalt
‘and mi xtures. %@9& o@fckScChVQH@l Bl 5 ARDLHe Perldensd d20Wh atabg 25%
by wei ght; an g1éﬁ anqg f r.om about 596to abggt 2Q% by
~ wei ght. REactFPQPﬁéﬁﬁ s° u %agiqke{aan s e &28f8ded i n
anounts on t h@towdad of tén 1be 2botind Mésﬂ'i‘&l@tt&d exslloyt hlr(:lililﬁ.tia\lll bbnd
usual | y range e i ckness
of the outer gft?r agggl gﬁQuL h&é akgloasojf%leC)m a‘%) 110613%%}%% gbtggt tég% of
t he total15h|§%h§§§at¢he §HFbra bﬁm%d%mﬂ%aqu}[ﬁﬂﬁ|QﬁiMﬂ1qvh§°@@5PsPst§Pso
fabrl cated by sameseR BRMEYAPJallbys0ed| ehdBiaip Rived at thes mattiishmaterial
easily abraded OLinder material in connection with the abrasive material.
' -~ Other bond coats may ‘be employed including alloys of the
MCrAl type, where M is a material selected'from the group :
20 consisting of iron, nickel, cobalt and mixtures thereof; '
' Cr is chromium in an amount of from about 5% to 25% by
weight; and Al is aluminum in an amount from about 5% to
about 20% by weight. Reactive metals such as ¥, La, Sc, Hf
and the like may be added in amounts on the order of 0.1%
25 to 2%. ‘ | |

The totsl seal thickness will usualiy'range from
. 0.020 to 0.150 in. (0.051 cm to 0.381 cm), the thickness
+ . of the outer abradable portion-will range from about 30% to
about 80% of the total thickness. The outer, abradable,
v 30 portion of the seal is also fabricated by plasma sp:aying.
Abradable materials are those which are easily abraded or
worn away;' abradability can be provided by_dispersing
- particles of a brittle material in a more ductile matrix.
Such a brittle diépersed 7particie can be selected from
35 the group-consisting of graphite, mica, molybdenum'disulfide,
boron nitride, vermiculité, asbestos, diatomaceous earth,
glass, rhyélite; bentonite, cordierite, and mixtures thereof.



worn away; abradability oan be provided by dispersing particles of a

brittle
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material in a nore ductile matrix. Such a brittle dispersed

m di sul fi de, boron nitride, vermculite, asbest.0s, dlatonaceous kJ

partie?arcan be selected from 35 the group consisting of graphite, ni ca,

ass, rhyolite, bentonite, cordierite, and m xtures thereof. -7-

An amount of up to 65% by vol une ray be enployed. In addition to these -

mat eri al
by vol u
varying

B SIS P R e ReThRE R BBl 8%edy BI DL SoPal ned e

ad&nﬁiannub:ﬁhssp mamgusaéss ebrbgabilagy| aagebepaobtainad or by

CO-spray, aﬁaqa a.no S t,
subsequéﬁ?qvﬂburﬁgg}q#¥ or qﬁgatgu?bg L?h g%a%£|t%d sf?%%?ﬂ%e The
mat ri X p*féfféi%m%ﬁ%alooﬁﬂlﬁ%Q%%sﬂdYZS%d”e 9%?6“%0/91’,0}’“301‘/9?0 2% of a

mat eri al
‘t her eof ,
cobal t,

naterlal

tE@';ﬁl‘éﬁﬁh fapray paremetersodei byl Ngsthg Ylather LparGichew N xtures

I df h kel
O PSRRI & PR On 14 Te b HER SHon: BPEPeStab 8E of by i1t e
sabind wisich wassibey subhseiaquengdye burnsd306£t or 7beaehedol une. U. S.

Pat ent 30&79 SBlend " RS Grirketusar, ad@heemaﬁrfﬁlﬁréféﬁéblf i ncor por at ed

herei n
enmbotf

ref erence. thin the previ bed_bounds, a variety. of
ntaiRs ;pd éﬁﬂ)l%&rﬁr% Bg @5 t3 g nt is a two-Ilayer
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 there |sPatﬁntninﬂlanﬁﬂltrhmqadmyo@escwébso absad@bhetméteayéls a though in
~a two- |a¥§riﬁ65¥p6¥éﬁgdﬂﬂerein by reference.

Within the previously described bounds, a

l variety of embodiments may be employed The 51mplest embodi-

20

. ment is a two-layer _system hav1ng an inner abrasive portion

'adjacent the case, and an outer abradable layer. The

25

30

abrasive is selected from the preViously enumerated ~group
and a thin initial bond coat may also be employed. The
inner layer is free_from_intentional porosity. The

thickness of the inner portion is from about 10% to about

50% of the total seal thickness. The outer . abradable
portion'is ccmprised of a ductile matrix material containing
a dispersed brittle;material and/or porosity. In the two-
layer approach,.there_is no intentional transition_zone
between the layers, although in a two-layer seal produced

by a. plasma spary process, a thin intermediate mixed. layer

35

might be present. _ : _ _
A more complex seal scheme is one in which :
there are three layers. The inner layer is the same as the

_inner layer in the two-layer scheme containing abrasive..

Likewise,_the_outer layer is identicalin composition  to E
that previously described with respect to the two layer

.“‘
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by a‘plasma spary process, a thin internedi ate m xed | ayer m ght be
present. A nore conplex seal schene.is one in.which there are three |aygrs.
The inner layer is the sare as the 35 inner layer in the two-|ayer scéene
cont aj ni ng ‘abrasi ve. Li'kewi se, the outer layer is identicalin conpositioni
to that previously described wth respect to the two |ayer 8 enbodi nen
apd-is conprised of a nmetallic matrix cont &1 ning an abradable nateri al
and/ or i ntent i embbdipendsany. igheombrisednoﬁua1@aﬂaLMiC|math&xthcenthﬁnﬁng

sChet
Mo 1S .iNe 3n BbES8HGSe Chaflrll G4 AOR! Ao ANt BoroBiEl. Fls"?

three | ayer approac errred ayer 1S n the
abr adabl e Iayeﬁl&§1&°Fé§ﬁlfeéFu€%n¥QUFPe|#ﬁf%§1¥§ﬁﬁ§édSF@@@P &6 kBeadabl e

materi alOI ang/ F@rl%%ﬁ&let ¥£ &n ﬁﬂeézgxexoﬁéar eﬁ:ﬁayﬁdd diaﬁﬁéor(la@)%r e onet 5

i nternedi ate contal nhs a el l a | n abrasiv rraerla
bt ht o | evel HEeet 1ARRE ARPRofeli or HE Irfttiadiate V1 a4 ) T B,

possi bl e to predwedablehthan| therakerdakletlayey @s ar mnsgﬂ#edfacentayar in

whi ch t-he conpggi thoi?eéﬁcé&elébéﬁséf’ Sl A2 dFiteli% 1V ahlgerc gBkba YS! ¥
within 15 the infernedi ate | aye I's possible to increase the_nunber of

tayers with eadRt PRQERSREhES '1§¥?Eﬂn?RP?9794ﬂwﬁhF GGF&G@FFFGﬁetﬁQKeFtS
nei ghbor s, 100l kcontadgnsha debibetratse hadiiiidmoh@abrasiye aatesiud,| evel at

the inside of a vel t t of the
Seal with bot %n?héga%r é‘se?\%g i:c)%s? %?\%‘%ﬁ?‘%&b g: ggn?%ﬁt qgg?';l E%‘ldiggﬁr’ough
the thickness Einghdysedt. isnpesiblentq mradune a ffhwrgerdsyes gralabradabl e
contents can bgyk@emneditBOghi nilﬂtléi-ﬂ{edi'&ﬁélgﬁhjéie ﬁteaihltclm Qh@eéémbééﬂtibﬁg

s f s eREL P8 SEESELychn ST e S ibtoph icuattH
exenpl ary A&t héhet hntermediahg. layer.
It is possible to increase the number of layers
with each layer having a slightly different compos1tion
than its neighbors, following the general scheme of haVing
a high abrasive level at the inside of the seal, and
20 high abradable level at the outside of the seal with both N
‘the abrasive content and abradable content varying through
the thickness of the seal In the limiting case, the _'
abrasive and abradable contents can be varied continuously

through the seal thickness resulting in a continuously

25 graded seal. ' .

| o ' The invention may be better understood through
‘reference to the following'example.which is intended to be

 exemplary rather than limiting. '

_  Example ' .

30 o - Samples simulating a compressor blade and case
(as shown in previously discussed Fig. 2) were fabricated
and tested The case segments was made of titanium alloy
AMS 4911, and the blade was made of titanium alloy AMS 4928,
The case segment had a shallow groove corresponding to the

35 pro:ected rub path. - '

' The grooved portion of the case segment was
given the invention coating as follows:
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30 Sanmpl es sinmul ating a conpressor bl ade and case (as
previously discussed Fig. 2) were fabricated and tested. The case -
was made of titaniumalloy AVS 4911, and t‘he bl ade was made of

malloy AMS 4928. The case segment had a shal | ow.groove ‘ L\

onding to the 35 projected rub path. The grooved portion of f he

gnent was given the |nvent|og coating as foll ows: -9- 1. An -

e coating of 88%WC, 12% Co,”0.010 in. (0.025 cm thick was plasma -
ed using a I\/ETO@?WBrpBasmcoetchgoq»ér%ﬂ%m(at Yo \adts, 800 anps, W
04030 An. (%Q. @QSC%)‘Ctﬁﬁbkh@aﬁaﬁfasrﬁ)a’vﬁ@poﬁt&i Qi dp D- 074 mm si ze

osi ted_whil B was translated at. 10 1n. per n1nute (25.4 cm
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‘structu
abrasi v
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eval uat
(20, 116.
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until c
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t 38 500
E’ﬂ‘. (528,25 Gl IR IR, LC Lottt et lnathedl Wk 000 P phrts
% dnz pert @iBBFﬁeé?ér“vﬁ@ H%@i@%ﬁhr@l&@ml%é:@ was bur ned

caseng a treatnent of 2 hours at [err] in air. The resultant ;
re contai ned,abgut % 05|t The seal thus applied conprised an.
e coating ab%utgﬂ ﬁg %%8£ ] ?ﬁiQﬂf°§ﬁuP dabl e coati ng

(@P3 mNa., gg%lgrtn)Ogavakinzo(o 19 cm) thiCk'ﬂas;pmaHnwconbination was -

66,000 feet . -
eepméifteanstla&ngl Hgmﬁ‘éo(?’l@ﬁ cha gﬂl.?f’ﬁ% aaopékhe i @ &

m.-nute | n ated” groove whi | e:
r"fg tﬁg%§eapgsoﬁﬁ?ﬁ'thﬁ %ogtgnhn%ﬁ‘e%) Ebl {4 o)1 away Broser ninute
theacaseas Kagowd&e| mikwer@5of NDtpart s\arsi stafdnd) ues 2ija r|tst he Ibl ade

3 n t Al & trat e sanpl e
BRIGRsRet ol actPs bed Mhnd (Lo | PO MR PLRE o The
using a treatment of 2 hours at - 1000 F (538°C) in air._

The resultant structure contained about 50% porosity.

The seal thus applied comprised an abrasive

'r:coating about 0. 010 1n. (0.03 cm) thick, and an abradable

20

coating about 0.073 in. (0.19 cm) thick. |
_ ' ' This seal combination was evaluated by translat-
ing the (uncoated) blade at a xate of 66,000 feet (20 116.8

_ meters) per minute in a path parallel to the coated groove

25

30

while advanc1ng the seal toward the coating at 0.60 in.

(1.52 cm) per minute until contact was made. Relative _
motion was continued until the blade had advanced 0.330 in. -
(0. 84 cm) 1nto the coated substrate. The sample condition

was periodically evaluated. It was observed that when the
blade sample was advancing into the abradable seal

portion, the ratio of blade wear to seal wear was about
10:90, but that when the sample blade encountered the

'abrasive portion, the blade :seal wear ratio. changed to

35

more than 99:1 and that no direct titanium to titanium
wear occurred, i. e. the uncoated blade was abraded and the
integrity of the abra51ve coated case was maintained.

»
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bl ade sanple was advancing into the abradébl e seal portion, the ratio of
bl'ade wear to seal wear was about .30 10:90, but that when the sanple @

bl ade encountered the abrasive portion, the bl'ade :seal wear ratio chan
{0 nore. than 99:1 and that no direct titaniumto titaniumwear occurred;

i .e. the uncoated bl ade was abraded and the integrity of the abrasive
coated case was maintai ned. 35 -10- GAMs 1. An appar atus which
i ncludes cl osel prgp@eed conponents between which relative notion occurs and
5 \.bet ween whi ch clearances and fluid flow nust be “nininized while di rect
rubbi ng contact Imust be afBi @eBAratws Heich -incladas) cleselypspaesdnt whi ch

porr}orijseS: prgvbd?npgneﬁtenneewem_ dnﬁmcla ﬁémmlo b %o‘iﬁgdni %c%%ahgla Wlﬂi ch
i ncl udes an rasi a, n.said com pan nd an abradabl e | ayer on
sai d abrasi vg I%aé:%,ge%vi %ﬁg?ﬁecfﬁ?ﬁﬂce%%e?dofﬁﬁg ﬂpé’sf"b‘éta & aﬁ‘f‘-ﬁél’&bgéd
| ayers and the wbdpendarectearubkindetontanic mustabe iavoidedsl oharatten-
t he uncoat ed corpeAcepl; €REO Perfdltk &1{3& adabl e | ayer w thout
' H?L}%Fé , qﬁﬁ}g%un er abi

bei ng significantly abraded jtself nor mal _operating
conditions the uncoated cBRPBHERT SR AR SPORents agsorpesite spalangasi ve
tayer and does moatilngewhighcimtheles b abriaiveoTageenbon 2aid com-

Appar at us agg@or gdi o] | terlzed 20 i.n that at |east _one of
sai d conponggt ssf)gg?gb?ﬁ%%@dé%ﬁgiﬁ{%&%yﬁ %’1 (%? .i%?%rasgve iﬁﬁﬁfat us
faccording to clYitkR thanthicknesses @f the@bnasilvet apdt hbuadebld cbaypensnt s

are fabricated ahdathétedipohéit Wlezdnck being subBPRhaLUS1ACRBEAARNY tO
I.n_that said abrasive |ayer includes, as Its

claims 1-3, cha58g£§£l%ed e.u compo i
primary abrasi vePcoRstPT LehtS dHiRahsd CTRORaty SRCONPERESyr 8 8BRedes ng
of tungsten carbheeabradaiplendayehiwicthout being significantly abraded

15 itself, while under abnormal operating conditions' the
uncoated component encounters and is abraded by the
abrasive layer and does not directly contact the coated

~ component. '
2. - Apparatus according to claim 1, characterized

20 in that at least one of said components is fabricated
of a titanium alloy. o
3. Apparatus according to claims 1 and 2 character-
ized in that both of said componehts are fabricated
of a titanium alloy. _ : :

25 4. Apparatus according to claims 143, ch&?écterized
in that said abrasive layer includes, as its primary
abrasive constituent a'material selected from the grou§
consisting of tungsten carbide, chromium carbide,
aluninum oxide, silicon nitfide, silicon carbide and

- 30 mixtures thereof. . ; _

] 5. Apparatus according to claims 34 characterized
in that it further includes a metallic bond coat between
the substrate component and the abrasive layer.

6. ~ Apparatus according to claims 1-5 characterized

35 in that it further includes an intermediate layer between
-the abrasive layer and the abradable layer. '

7. Rotary machinery apparatus, characterized in

Do
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al um num oxi de, silicon nitride, silicon carbide and 30 m xtures thereof-

5. _Apparatus according to clains 1-4 characterized in that it
furtegggi ncl.udes a metal lic bond coat between the substrate conponent and*

t he asive 1ayer. 6. Appar at us according to clai:ns 1-5 :
characterized 35 in that it further includes an internediate |ayer bét ween

t he aBkasive Iayer and the abr adabl &1l ayer. 7. Rot ary machi nery ~-
appar at-us, rac qﬁgii that it includes: a) a stationary conponent’ !
b) an abrggﬁgg coétlng ‘ixed to the stationary 5 conponent; c) an \J/
abradabl e coating af¥)i edtaFiom@ryHFRIPPBERS4Ating; and d) a noving

conponent spaced so B)hain idbra@ifRl copeiay afifikeddtovrhagstanpomeny

interacfs with said 10 abradable |layer while in abnornal operation, said
movi ng TonPOMRIMEHrh eract's with said abrasive coating and does not interact
with said statlonaryﬂcompom&m@da&le coating pffhseadfbe theurbeaebigly

provi di ng ééé%%h (pg between two rel atively nDV|ng appar at us conponents
15 while avoidin etrlnental rub interactions.c arag% él zed in it
conpri ses-: applyln Fh LR FOMROREDE, o SPASERNgSPo B Bnﬁ%ﬁ%ﬁ

appl yi ng a@pé&ﬁmidﬁu sﬂx&uﬁdﬁingumdmpqyemm tinée2@ctabrwithessddt i ng S0

‘thatin org@% S R 4 aipRdqd Byekakeh tgamaoé.ome?uncoated
conponeﬁt %@ % d%%ﬁﬁ'éggtlng ﬁ%!mé %lnen tal ‘rub.interactjon
bet ween t hecrpeReie it erzAgHs Wekhe 3¢ ﬁbéaéaﬂssﬁ‘eét&aﬁt fRg. d9gs not

interact with said stationary component. : :

8. o A method for Simultaneously prOViding fluid

~sealing between two relatively: moving apparatus components

15 while avoiding detrimental rub interactions_characterized
-in that it comprises : : . _
applying an adherent abrasive coating to one

j -

component, :
applying an adherent abradable coating to the .
20 abrasive coating y . o : o
| so that in normal operation, sealing is provided :
by interaction of the uncoated component with the abradable
coating while detrimental rub interaction between the
components is prevented by the abrasive coating.
25 '
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