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Despite the design of components to minimize leakage, a substantial proportion of

20  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 subjected to before, during and after operation, and

25  the resultant thermal expansion and contraction of the parts, such close tolerances will at
times 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. Pat. Nos. 4,936,745 to Vine et al. and 5,705,231 to Nissley et al., which are

30  assigned to the assignee of the present invention and expressly incorporated by reference

herein.




30 assigned to the assignee of the present invention and expressly
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seal using emidRirc@fiathe 8@ WI PoRIsite cases for various engine stages has been proposed. In
this instance, the use of plasma spray deposition processes is undesirable if not unusable.
20  Accordingly, another type of seal system must be employed.
It is an object of the present invention to provide a gas turbine engine air seal that
provides the desired improved performance over present air seals.
It is another object to provide such a seal that is also cost effective.
It is yet another object to provide a seal that weighs no more than conventional seal
25  material, and provides no weight penalty.
It is still another object to provide a seal that can be readily applied to composite
substrates.

It is still yet another object to provide such a seal using conventional equipment.

30 SUMMARY OF THE INVENTION
According to one aspect of the present invention, an air seal is disclosed for use in a
gas turbine engine. The seal includes a seal substrate, and an abradable seal layer on to the
substrate. The abradable layer includes at least a thermoset polymer bulk material such as a

phenolic powder and a thermoplastic binder matenial such as PEEK. The abradable layer may
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1s a cross sectional view of a portion of a typical gas turbine engine.
20 FIG. 2 is a schematic view of a plasma torch for producing the seal in accordance
with the present invention.
FIGS. 3a and 3b are photomicrographs of an abradable material in accordance with

the present invention.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
According to one embodiment of the invention, the seal is plasma sprayed onto a seal

substrate. While the seal substrate is typically a metal, such as a titanium alloy or a
superalloy material, the present invention may also be applied to composite seal substrates.
The seal material includes a thermoset polymer as a primary or bulk phase and a

30  thermoplastic polymer as a secondary or binder phase. Preferably, the primary or bulk phase
is composed of a material that is stable to a temperature of at least 260 °C (500° F), and the
secondary or binder phase has a melting temperature in excess of 315°C (600° F). Optional
additions or fillers include porosity additions, for example via hollow spheres (glass or carbon

materials) dry lubricants such as MoSi2, PTFE or graphite. Representative compositions in
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polyetherimide (Ultem® PE! from GE Polymerland of Huntersville, NC) and polyamide-

imide (e.g., Torlon® from BP Amoco Chemicals of Greenville, SC).

25 Exemplary hollow spheres include glass microspheres (Q-Cell 2135 from PQ
Corporation of Philadelphia, PA) and carbon microspheres (Carbosphere Type D from
Carbospheres, Inc. of Fredericksburg, VA).
Turning now to FIG. 2, a plasma spray apparatus includes a torch 20 (including a
power source and spray head, neither shown separately from the apparatus generally), and at
30  least two powder delivery lines 22, 24. The torch preferably is capable of simultaneously

delivering and spraying at least two separate powders into a flame 21, see, ¢.g., commonly-

owned U.S. Pat. No,. 4,696,855 to Pettit, Jr. et al, which is expressly incorporated by

reference herein. The lines 22, 24 are coupled respectively to powder matenial hoppers 26, 28

which contain the powder to be deposited onto a substrate 30, and respective sources 32, 34 of

35  carrier gas such as argon, which deliver the powder from the hoppers into the plasma torch
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(preferably uniform) plus some excess thickness (typically at least 0.64 mm [0.025 inch]) to
allow for subsequent machining of the seal.

25 An optional, additional step is to include filler (or some other material such as
lubricant (into) the abradable layer 38, to produce a seal having porosity.

As an example, several trials were run using a Sulter Metco 7MB3 plasma spray torch

with GP electrode assembly, at 500 amps and 60 - 70 volts, with a primary gas of argon at a
flow rate of about 87 standard liters/minute (SLPM), a secondary gas of hydrogen at a flow

30 rate of about 2 - 3 SLPM, and a gun to workpiece distance of about 1.4 cm [3.5 inches]. For
pure polymer abradables (no hollow spheres), we have varied mixtures which resulted in
ratios of PEEK/Phenolic between about 60:40 and 90:10. While each of the samples was
deemed acceptable, different application might require different compositions. Rub rig test
results indicated that the higher % PEEK samples were acceptable, but increased blade

35 loading. Exemplary microstructures of plasma sprayed matenals are illustrated in FIGS. 3a
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enbodi nent , e R8s parately, and then
bonded to t %QseaIC%s‘ﬁ élf#%}‘gsk#ﬁgnd;%%%?g%oﬂ%ﬁ&%ﬁng filler(s) as desired
are bl didded and Sevembempled weret preparediby plaging the abevediERK anddeda-metplendie shape
of the abradahle | o o o] . he
dies are bﬁbgg"lgaﬁrg “{‘%g‘g["r‘?'esﬁ’ n?% } 61?0 rlﬁ% t %h%%ﬁé;%ggrlogdg\l%‘%?@e%e %%tg?r?)@?g?ﬁre and
pressure ar) sel @otadiating thopdvatar & aboun 6169 Miar] 1 ¢ psddfomifaninites. pol yner

materials. Altegnatively, powde be as spr d s_above,
into a nold to béﬁﬂ?-pg@upthgﬁggal in%ld,gﬁ% %&%ﬁ%’ﬁ—eﬁg been
treated with a rel ease agemd such as78alt, e.g- sodium 20 chloride, or

boron gi'otride to facilitatﬁ seal rempyal. In tgg case of salt, concentrated
f or mul [ d to a sobstrate. very rough pure SALT

is nixedl and appl
surface is obtaikhed on thed4dold surf#@ce, and pbasma spray coatings tend to
adhere very wel I4to t he sa%. The coggi ng i s agpl I ed

5 40 40 - 20
Alternatively, the seals may be molded in an autoclave, or molded on the seal
25  substrate in situ using pressure rollers. If needed, a heat source such as an external heater or
plasma torch 1s provided.

The molded abradable layer is then removed from the molds and is preferably
adhesively bonded to the seal substrate using such exemplary adhesives as epoxies (FM300
from Cytec of Havre de Grace, MD), nitrile-phenolic (AF 30 from 3M Aerospace Materials of

30 St. Paul, MN), and silicones (RTV159 from GE Silicones of Waterford, NY). The adhesive is
selected to be appropriate for the service temperature of the intended seal system, and such
that curing temperatures and/or pressures do not compromise the integrity of the molded
abradable seal. Surface preparation of the seal substrate for bonding is accomplished by one
or more methods including abrasive roughening (hand-sanding, grit-blasting) followed by

35  cleaning with non-contaminating low-residue solvent (acetone, ethyl or isopropyl alcohol).

6



and built up, e.g., by plasma spraying. The seal and nold are then N 7004
subnerged in noving water - which dissolves the SALT and rel eases‘”ﬁg‘

nol ded seal . 15 Several sanples were prepared by placing the above PEEK and
Fi na-met phenolic powders and holl ow spheres in nolds and heating the

nol ds and powder to about 357C (675 F) and consolidating the powder at
about 0.69 MPa [100 psi] for 15 m nutes. 20 SanPEEKPhenol i cd ass

spheresCar hon spheres 1307Q---- 2245620-- 3404020-- 429665-- 54040--20
Alternati v%ﬁmﬁwg@é&rgﬂn SR SHATRITREN] 91 BRSPS CATEA OGNS ¢ he
seal 25 subgkbaicoriphosphérit d4d),Vehid REtres drotypRAISy cohfiddtet@dasliovainigal sour ce
such as an external heater or plasnma torch is provided. The nol ded

abr adabl e |33/8#9%:s t hen renoved fromthe nolds and is preferably

adhesi vel y bondetkstigy &fiBe sreht intdafsd @i thSdangles dabrikvdabplepigplaghesi ves as
epoxi es (FMBOO  from Cyte e enal.ic (AF 30

c. of Havre G ace, . Nitrile-p
from 3M3Aer eyt adlsoss molded gpd ag’bcssteg’ hsaﬁ?aa,w R/Rﬁl\éP g‘ﬂ?ﬁ'&"‘%{‘ﬁsibé‘ﬂ‘rfg%o"( V 159
from GE Si | B&R0V&SioRS of W if¥enBlehealXhibit ThRGiom e3RGRdE! Iedst a6 £00AGE e6hvefiohs
appropriate for the service tenperature of the intended Sﬁﬁqﬁs%stem and

such that meRlingbradabissrals cananosedad plymingmeand stisen with pojyestes $8159 he

integrity oknivhebmRiviRg at BRE adaBl & Sehtional pbREEsiioaPAbBErised) sls. t he seal
substrate for bonding is acconplished by one or nore nethods including

abr asi ve roughenfhadep@asceldbaRiesse Inygption s thasthe peg) PYEESRABLACEPIAE ¢| eani ng

Wi th nogpy: Cm&%& dadaBitity. S1F APrefey Bk AGRE fMesheLleMYératfes! mOPT opy|
al cohol). 6 11 Y 2004 Bondi ng may be enhanced t he enpl oynent of

b
vari ous el exdditignrresliof tie Péqséfﬁiifh’gﬂtfﬂ“d%@aiﬂf@§"ve(@4rd8¥ﬁ not Weigh ABEPHAG I aci d) ,

whi ch pr ocedi&iofd Seal YRicAAL | ¥heGOA1 Dk e pRlerk thvErloh @H bdUPpRdd WingSt andar ds.
Testing of the present invention using the sanpl es described above, as

pl asma 5 spioayeions @lasina spraysapRape andihe PEGES 8 MeYiging svriaFetl dhag enables
substrate hagnheaof Y propdikien of metal and of filler, to provide an optimal seal adapted for

15 different operating conditions. Alternatively, the inventive seal can be applied by molding the
seal and then bonding the seal to a substrate, or by molding the seal in situ.

While the present invention has been described above in some detail, numerous
variations and substitutions may be made without departing from the spirit of the invention or
the scope of the following claims. Accordingly, it is to be understood that the invention has

20  been described by way of illustration and not by limitation.

What is claimed is: -



Bot h versions of the inventive seal exhibit erosion resistance at |east as
good as conventional netallic abradable seals conposed of al um nuim MAd 2004
silicon with polyester. The seals also exhibit abradability at |east as
good at conventional, porous silicone rubber seal seals. An advantage of

t he present invention is that the seal provides both acceptable 10
durability and abradability, and al so provides these features at higher

t enper at ur Yhat IskRlaimédlisi i on, seal of the present invention is cost

ef fective, and does not weigh any nore than conventional seal materials.
The seal of the present invention can be applied using conventional plasma
spray appar af,usan aieeal iR uft i@ geStutinethPiué Rivitg lﬁlFfkaecﬁdtﬁﬂﬁ]'ltytJbﬂiprlﬁﬂQb' es

adj ust ment of the proportion of netal and of filler, to provide an optinal
seal adapted for 15 different operating conditions. Alternatively, the

i nventive sedlscdlahstsetepl i ed by nol ding the seal and then bonding the
seal to a substrate, or by nDIdlng the seal in situ. Wile the present

i nventi on ha e S i ons and
Subet tuti ondn AFSARRSEETLRCH, RGBT AR thyer BOHIRSCHGr o 31
i nvention or polyher bdlometenil a!lﬂletlfeummmtmgndﬂrmatmml Accor d| ngl y, it is to be

understood that the invention has 20 been described by way of illustration
and not by |j] at i.on. is clainme

is: 1. Anyal : sé’é‘la‘ff%?‘aﬁg‘et'?‘ﬁ' la% bﬁ{gﬁtﬁ%ﬁ%"'éﬂ%f"r‘f8‘“ﬁ%ﬁ?g Hb"ﬁ%erf%?v%at of
durability, conpetweenshout 40-800athesndi&iniatdrial andatoa 60-2b¥.akkahbglasealatdriayer on
to the substrate, the abradable | ayer conposed of a thernoset polyner bul k
material and a thernoplastic binder material. 2. An air seal as in claim1l,
wher ei n t he Abr adad seallaayedlaimoyphaein thenbrdhblehyadiaceniicradtructbet ween about

40- 80% t her noset naterl and ﬁPEUt 60- 20O thernDpIastlc material. 3. An
air seal as in 81136{?%71'?3 Wt H’é‘)'h?ﬂﬂéa% e 1 ayer has a microstructure

characterized by splats built up on one another. 4. An air seal as in claim
1, wherein the abradahl e.layer further ri t 0 about 30@6flller

Tt oral 5. +an ARt SRR maQHi . sherethite SRS PR FoT R iR BAP | &
capabl e of prode%ﬁgkaﬁﬁﬁMty. 6. An air seal as in claim4, wherein the
filler conposed of hollow spheres having a nelting point above the

i nt ended service tenperature of the seal
5. An air seal as in claim 4, wherein the filler material is capable of providing porosity.

6.  An air seal as in claim 4, wherein the filler composed of hollow spheres having a

melting point above the intended service temperature of the seal.

7. An air seal as in claim 4, wherein the filler material is capable of providing

tubrication.
B.  Anair seal as in claim 1, wherein the air seal is an outer air seal.
9.  An air seal as in claim 1, wherein the air seal is a knife edge seal.
10. An air seal as in claim !, wherein the thermoset material is stable up to at least 500F.

11.  An air seal as in claim 1, wherein the thermoplastic material has a melting

temperature above about 600 F.



7. An air seal as in claim4, wherein the filler material is capable of
providing lubrication. 8. An air seal as in claiml1l, wherein the air seal
is an outer air seal. 9. An air seal as in claim1, wherein the ailrl MAGI004
is a knife edge seal. 10. An air seal as in claim1, wherein the thernoset
material is stable up .to at | east 500F. A 11. An air seal as in claim1l,
wherein the kzherArﬂ?bF‘élé‘f“?‘E‘gWﬁF@?FEFenhﬁ’g‘pgs‘ﬁ%I ting tenperature above about
600 F. 8 1 1 MAY 2004 12. A gas turbine engine seal systemconprising: a
seal asseﬁblysemyéeﬂﬁly%asﬁghsewaﬁ;tsﬁai\é @nd ﬁ%rﬁﬂbl@%ﬁ&%?h&] th @¥8kd l@ﬁﬁ"th@d to a
bond | ayer, the abradable |ayer conmposed of a thernoset poly bul k
material anc eadebiélam?pag?ﬁeéo HHEIrEst PRIYRER Pulkuatsripband aéﬁ*ﬁ!maﬂa%lﬁ@ ne
conponent  adaBhfd bin@¢r niddriaPAnd €l ative to the seal assembly and having an
abrasive porti'on interacting wwth the abradabl e seal material, the abrasive
portion of the conponent and the abradable | ayer of the seal assenbly
cooper at i hg anenpinesdnthenent addpteg forigotion refetive taiis seahsgembly ard havisg 22, wher ei n

t he abr adabl t 40-80%
e abr 20Dl ok e S OIRNE b VAIE AR 0 lr i Y PR 40
syst em as i reogipaient 4@ thewbeadablpn lab/ﬂeofélmsadasﬂe@blmy@erﬂﬁlag tepravide swakneuct ur e
characterized by splats built up on one another. 15. A seal systemas in
claim 12, rein the abrada er.furthe rises u out 30%
i or mat o ar A et W ARaSinaByR 12 Wilteid HE pElaple IR | R8Rpba ol Y,
material is capatkentof bgpweeniabioung0-8pKrtisinbset mdérial Andsamut @ym"/em as in claim
12, wherein the fill mat er.i aI is capable of providing |lubrication. 18. A
seal system as pﬁ”&?%ﬂ?’fﬁwn%erei n the air seal is an outer air seal. 19.
A seal systemas in claim112, wherein the air seal is a knife edge seal. 9

14. A seal system as in claim 12, wherein the abradable layer has a microstructure

characterized by splats built up on one another.

15. A seal system as in claim 12, wherein the abradable layer further comprises up to

about 30% filler material.

16. A seal system as in claim 12, wherein the filler material is capable of providing

porosity.

17. A seal system as in claim 12, wherein the filler material is capable of providing

lubrication.
18. A seal system as in claim 12, wherein the air seal is an outer air seal.

19. A seal system as in claim 12, wherein the air seal is a knife edge seal.



