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Badkground&&&ﬁ#éssl nvention ' Thi's invention relates toﬁ_i‘.s
abradabl e seals, nore particularly to the wse of a laser to texture
the surface of a seal material to provide inproved abradability.

The efficiency of nodern gas turbine,engknesdepends upon a tight seal
bet ween the rotating conponents (bl a@%ﬁ-&ﬁe stationary conponent
(shroud) in the fan, conpressor and turbine. This seal is established by
allowing the blades to cut (abrade) a groove in an abradable seal materi al
whi ch prevents a substantial vol Bagkgrdundiof the Inventiorki ng past the bl ade tip.

Traditionally the seal materials have been fabricated fromwoven netallic
fibers or sintered netallic particles and brazed in place. Wile these

material s ar ¢ $R%iihVentioh 261as 46 @biadable Qk4ls, et pAHANLY t6 A éet%f and

| ow strength, their resistance to particle erosion i s poor

results in rapa &hsbn&stemturqﬂleemrfalce of a seal'nmtnabwsprofndmmm\wﬂ degr ades the
seal and the effi ncy of the engine rapidly decreases. Seal
materials in t#ga YYadvanced engine utilize thermal sprayed - coati ngs

whi ch performthe SeHE efii&icy OF Mmsderd a@ﬁﬁ«bﬁé@nﬁﬂé@@@d&h&s 8656H 2 tight'Seal

which are easier to apply and easi er ace en an engi ne I's
overhaul ed. ~ betweem the mtaingi wmnemtnébled@gamy@m gationaryccompenendr i ed to

either maxim z r o re5| stan ze abr il i . However,
it has hot beeﬁhm}@ Qléefag com ztgrht“f’Fes S‘é@? %

si mul t aneousl yallowm% the blades toT&\ﬁ (hﬁﬁdé)f Fﬂ@wﬁ aﬁaﬁﬁnatﬂe\ééﬁrrﬁaﬁeﬂaf orm
abradabl e seals is Known In he "arT as shown by U.S. Patent

4,291, 089. Sucwhinhprevents asubstantial uommemfaan from leglsingipast the bladeuiyst rate to

provi de an abr that .is.t atin V\/mc seals t he
space between f#@ﬂ@yﬁh?éﬁﬂt%ﬂﬁ a‘é?ﬁn 8 eépﬁﬂB’v%BY Crelative
thereto, and WRbeR drSsibreddfétallic particles 4t biasedeint glade. PWHIR! thbdeVMaterials
movenent between the substrate and the adjacent surface. Such a seal is

initially fornew wllyhbradad dup ta$heiyhigh daignal peresisy and low istengthethelr form a

Cont 0. 1 Sl AL SR8 e i AAE A8, OGR! 1 o,

relative rmvemmis loss of material degrades the seal and the efficiency of the engine rapidly :
decreases. Seal materials in the more advanced engine utilize thermal sprayed
coatings which perform the same function as the braided abradable seajls, but
which are easier to apply and easier to replace when an engine is overhauled.
The properties of these sprayed seals can be varied to either maximize erosion
resistance or maximize _abradability. However, it has not been possible to
maximize these two properties mmultaneously ' _

The use of thermal spray powders to form abradable seals is known in

the art as shown by U.S. Patent 4,291,089, Such powders are used to form a
coating on a substrate to provide an abradable seal, that is to sa.y a coating
which seals the space between the substrate and an adjacent sﬁt_‘face movable
relative thereto, and which is abraded to a controlled extent by relative
movement between the substrate and the adjacent surface. Such a seal is
initiall}; formed by thermal spraying a powder onto the snbsirate to form a |
coatmg with a slightly greater thickness than the spacing between the substrate
and the adjacent surface, so that the coatmg is abmded by relative movement
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bet ween t he su g%srsate and the adjacent surface to a slightly lTesser
t hi ckness correspondi ng to the spacipgng between the substrate and the
adj acent surface so as to provide an efficient seal there between.
Such seals are used for exanple on turbine or conpressor bl ades of

925t urbi ne. enobASen BBk A3 Sy S8l surface o LUTERNF sser iRl 9° 2

~ seal between the bl'adées an € Or "COomnpresso

One of the probtemesponding ayitkt siacihgbetwedal the sitisadRdnd healjacent! uratodyce
a thermally sprayed €oating which, on the one hand has sufticient

st ruct ur ?! as t%pm;@m ofificient sral there, betaegn.| §ucbmémwgwedgfopew1mlgh_ )
Fosi stance 1o cPANBersy somprenpE Bl o kst gl oRiEAS bl Biash, o7

coating during uixerafti € pRavidaoh Seal ibetvdeg thé!BRdes and the dhrbit@Sor EBTRpreSsoP
conpressor bl ades, the seal coati ng is subjected to i mpi'ngement by

abrasi ve particheesiegytrained in the air and ingested by the engi ne.
povder parti ol e has naind profodd B bRSRNEs SR SFRE sl 3f &y produce
surrounded by a thermallyl spyfjed @oatif Whichf offtiieconethandafas daffidiem atub@talexanpl e
in US. Patent No. , 914, 507. Such powders are known as conposite

powder Is wi th t Beengthnhich neverthelgsy isilowenopgh tvgpr@n@mb@igbiéﬁm?dw’ wder
ti . On it : Lhis. ki i

rlggest ed has. paf are Piner BBR RS o sefficiend b rSisheld oo Y peftiiese) o

ni ckel alloy, anpiaingdebtie dbeflabloshl Smising during ubd. For exampleCinile cagé ayi ng

such powders have been useful as abradabl e seal coatings on
conpressors and of apfushineor campEessen blgdes, ther ssaleoatingiis supjected to

2br agebl o scal SHHDRCRER b orgye paricles cgilipd U BRI BypE)" O

conprising cuttiefigin®. pattern with a laser into the surface of an

abradabl e seal material effectjve to provide inproved abradabilit
in the area of the pdRoaghype of powder used to form abradable seal coatiggs,c8achesci pti on

of the Draw ngs : ' mdthltis shi | | e
descri bed, by w&‘?wg?r particle hasélxa_rrp e#%%??lmir?é? er eﬁggﬁ?%&%ﬁemg%ébn%da}%%ﬁg
draw ngs, of whiadlyer of metallic material, as described for example in U.S. Patent No.'

)
*

.

3,914,507. Such powders are known as composite powders, with the powder
particles being known as composite powder particles. One composite powder
- of this kind which has been suggested has particles each having a core
surrounded by nickel or nicke] alloy, and abradable seal coatings formed by
thermal spraying such powders have been useful as abradable seal coatings on
compressors and turbines of aircraft gas turbine engines.
| ~ Summary of the Invention -

Briefly, this invention provides an abradable seal and a process for
preparing an abradable seal comprising cutting a pattern with a laser into the
surface of an abradable seal material effective to provide improved abradability
in the area of the pattern. '

' " Brief Description of the Drawings
Embodiments of this invention will now be described, by way of

example, with reference to the accompanying drawings, of which:
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Figures 1-3 are draw ngs of a gas turbine engi ne conpressor shroud

ring having an abradable seal coating therdon with a cross hatched pattern,
with Figure 1 being a top plan view, Figure 2 being a side plan view and
Figure 3 an enlarged portion of the abradable seal from Figure 2.

Figures 4-6 are draVFiggeesdf3 areqgdmawingstofreegasrgrbine engine esmpressorrshooud

ring having an abradabl e seal, coating thereon with a tubular cell pattern,
Wi t h Fi g}mgeg%%?ﬂggﬁd?'zlssﬁﬂl atjng, ther ‘U'rtgaéxﬁ%si Jaeh| an vi ew
and Figure 6 : i : s adl Fi gure
3 S R B S T2 PRl e pRE e B %M o
Figure 7 Figre/d an ealargsad portion of ¢he abiradabie geabl fioat Figure @i th Figure 8 a
cross sectional view,, of Figyre 7, and Figure 9 show ng a_top, pl an
view of a slanted stFigHes $apredpwings of a gas yrti ¢, 6Rging gompresirssheeid | onal

i f Fi : = : ' i fr
battern pr oducdiPgaving an abragable sedl toktif wirEiibwiin hWnRabelt baiel Wit

vi ew of a patt &Figurer 4 beingch top flamwielg Eigure 5 being a side plan view and Figure.6
Detail ed Descri pt iran of the | abradabl e seal is

nyentio .
prepared with t3e® %"6361?05“9%‘%% e@bmgﬂmeéeﬂaﬁf?@rﬂg“m +  into the surface
of an abradabl e seal I4_ : i -ovigde . . ans of
nodi fying the surf qc%&ggééa‘in% &%@@ﬁ‘?“é‘t“gﬁéfgfm?fe‘@ ﬁg?b%ﬁ}giwﬁtgshé%eg? _
erosion resi st ashowinguttop plani view of isiriped qatteiw with FHigurt 8 a drosH sectional viel s
surface nodi fication_js a_pattern, for exanple of closely spaced

hol es, a cross ®aFignre 7, and Figare 3 showing:a,top plan ¥iew oy slented stripesk patisey or
sl anted stripe td: , . s runni ng perpendi cul ar or
parallel to thgwg@gl@%fr% lﬁgﬁ%g@gﬁégs"l%i%ﬁlg rg?s enhance :
abradabi l'ity. Vari ouBigugaé 1 &showsa ¢opplanview of hepattepupreducelitey Example 1.
texturing could al so_pe accopplished acrgss the width qf the seal caonptact
area to furt h‘éw%ﬁiﬁ@wﬁ ﬁé"PaBﬁBd’éW © @waﬁﬁrwwegwgw Ka@Plegsent i on
all ows an er osi on resi shaal, o bR of%fd 1AVRhAs4 @] to be nodified
to i ncorporate good abr product. Existing
abradabl e seal s do nAn gbraiablesseahisgrepared withctheuse bfa ilaser Gscut a pattern

The abradable seal nmategial .can_b t her mal ,spr coating, or,

pr ef abri cat ed sﬁé‘éfhe( F)Of\ﬂ;ﬂiabﬁ%ii@e JSapeHal Of%selg P"’Bfﬁ‘ﬁ’éi%teri ng
or br azi figanObf AbBfEying e irfilcs otnWbadsBRWal Maieligl #hich has good

Advant ageously a nore
erosion resistance, but requires improved abradability in the area. This surface

modification is a pattern, for example of closely spaced holes, a cross hatch
pattern, a tubular cell pattern, a striped or slanted striped pattern, a pattern of
lines running perpendicular or parallel to the seal or other patterns which also
enhance abradability. Various patterns are shown in the Figures.. The .
texturing could also be accomplished across the width of the seal contact area
to further enhance the abradability in the area. This invention allows an
erosion resistant abradable seél'material to be modified to incorporate good
abradability in the same product. Existing abradable seals do not possess these
characteristics. o _ - _

- The abradable seal material can be a thermal spray coating, or a
prefabricated sheet (panel) which is attached to a component by sintering or

brazing, or other materials as are known in the art. Advantageously a more



WD 98/ 26158

. -PCT/'I B97/ 0

er osi on reﬁs?anﬁt seal material can be utilized since by th.%cf’FR?éM?“Bn

I mpr oved abradability can be inparteg to this material by |aser
texturing. Gas turbine engi ne conponents are typically of a

ni ckel - based, cobalt-based, iron-based or titani um based alloy. The

br adabl | | .s0_be of
{1 ant um bascd, PO Re AN el Rafe et i 1 by dia isvandgn dinmeavede

made of erosion db@ﬁagnﬁ tcamb tohi oys,
FeCr, CoQr, FeGrAl , b linpdtad o' éﬁ%&%ﬁ\}\%&asﬁ ﬂg!oiﬁﬁﬁigg G4 é‘uﬁ}’é
or Co oxi des rﬂngmedmmpmnﬁsm typmallymfdanc:kei-tblasedg debaltbated niren-besed or cs.

;E)riazlabl e seal eh%ossh%%graho UL[thﬁ %ﬁgg&?‘b‘ﬁ&e : nﬁg ‘F?i‘uag%’r eS 2 2l aﬁmt'he

material can al sghsePNit@hidmBded, iron-basedEhiRkéllbasdifbd Waﬁsaasé@ﬁidjpbf‘gaxpﬂé on

nitrides, bentonite, oxide, nitride, borides, I'icides
internetal |ics, made eberosienaesistant raatgnalp lincludios Ni@o huuys; :N1€|rAl a].loys,

Laser texturing &s-U t | Qt he f 3 t eal
material a patt el?%:ﬁo&{ %eﬁ!‘{q r%ﬁ%@&‘“t‘ M?ﬁﬁaﬁg&eﬁaﬂ W’el’l al .
Vari ous patt er nsoraCe eﬁae@tmﬁ‘ﬂes rHoride, lpHides! Sficides SR cONft 5L I pes
as shown in Fi gures -10." Figures "1-3 show use of a cross hatched

pattern cut evenipossibletto tmlhzadmmammaam supface itsdlf ad-thgabeaiaBlebseahow a

t ubul |1 | .z 7- t t
b oo 1 SCUREHeRE. T gne RO RAT i Mobale e e b oAl o
on the parti cul aheBR paratles, intluding bofsh ARG bentonite, oﬂfdeaﬁfﬁlﬁ@bbéﬂ&éé

required. The pattern |s also cut rnto the material in
to a depth that ﬂh@d@ﬂ,am@mgtamzpe@ﬂewmme@ums €ah rlastiys, cmxlymgscquerat i on.

Typically the depth f out nches, -
while the width of tﬁiéasgg??xgﬁﬁ 313%?(99\& té’ntér‘ﬁ ﬁ‘ffo?f‘?‘ﬁég’fﬂdﬁﬁlg can be
fromO0.125 to 24mhateeilEs paftén Gtecle WD dn pfme@fabﬁaatﬁﬁty% thée nfaterfidl.
pattern) - remai ns on two sides of the pattern, i.é. on the edges of

t he expected bl aYierious patternszarp efﬁe@n\@rmohudmgumleéagms hatglmsamdmsp& asce
during operatio s th
agr edgbl 2 sea: %é’t% gvrn | lgleﬁg&%s I5 ho Flé)’ ;;i g%hg‘gq‘ssﬁf Sucﬁo#s%&lﬁfg m clit

conpressor wth mtqoaietaurxuaalebmp@amm | Figurés3-6ah6® Lfublilae cell (circled)! ade
path 4. Additional areas of uncut (no pattern) abradable seal material 5

i s shown on bot HPatiereWhile Rigurep Z110shawastripes qut datpdhe surfasa. ahmsclmmfa of
the Patt &0 sGOLHE PRAGH s WedeRabionhR$aHRH SR Akl Sdemb Hegrs! 0N
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and to a depth that the blade is expected to cut (abrade) during operation.
Typically the depth of the pattern would be from about 0.01 to 0.1 inches,

* while the width of the pattern can vary depending upon the blade and can be
from 0.125 to 24 inches. In one embodiment, uncut material (i.e. no pattern)
remains on two sides of the patterh; i.e. on the edges of the expected blade

' path, to'provide increased erosion resistance during operation of the gas |
turbine engine. In the Figures the abradable seal material 1 is shown on a -
shroud ring 2 of a compressor with a pattern 3 being cut into the area of the
blade path 4. Additional areas of uncut (no pattern) abradable seal material 5
is shown on both sides of the pattern 3. In Figures 3 and 6 the depth 6 of the
pattern corresponds with the expected depth of blade incursion.



A standard | aser may be used to cut the pattern. A‘typical | aser is a

Rayt heon F&,ﬁf&(z}f% | aser equipped with a 5 axis notion cont rgllfforgpasat ed .

at approxi mate 5 kilowatt. _

Example 1 The surface of a 3®4- stainless steel plate
approximately 1.5 inches w de and 4 inches long and .100 thick was
mechani cal | y roughened using 60 nesh al um num oxi de in an aspirated

grit blast cabinet. Ah@apdad SaséfnalHRIU¥RY to cutmegﬁﬁélﬁyeﬂt?ﬁ giledsed isha @
bondcoat of Ni-5w %Al to a thickneSs of . ches thick. The

surface of the &YmmSSmYﬂﬁhseheqmedswmyédwmmMn controllerdperateil Cr Al
bentonite (an abradabl.e atoiﬂgl tQt a thickness of approximately

. 150 i nches. ThﬁtW‘f”&E@ MWdthdabl e coat | ng was machi ned to produce a
surface whi ch was essentially flat and gxai@lan i N surface roughness.

The coated plate was nounted in the jaws on e conputer controlled

X-Y table of the | asdhe Wfam@aé%pﬁhgmmmplmapprwdmtdy Ilcﬁmmbes widde

conput er whi ch uc a verse pattern at OXI

astorr] and - nd 435 Joie 280 hieR B0 e BHsE R SianBhi PR REhy 1
The | aser was &sh Igmqq ISREL f the
abr adabl e coatlﬁlém%lgmgr@ﬁ& de tﬁﬁgf appar%%lnat ea!;/& lg% ?ﬁgcﬁéﬁﬁap
Exanpl e 2 sprayed coat@hwithia b«mdeoaifofeNBﬁ)m%Ahtma thickneseeof qmams
approximately 1,

h | 10 Kk
mechani cal | y roHﬂ%ﬁéﬁ%sm}S sgga%gfhthe “éc"lag?”&%%hﬁﬁg‘gg??agél’m i r\Q?Zd .
grit bl'ast cabi ggp @mpdeﬂﬁo%; ﬁuhﬁl‘i& coating) to §Fili1€1fx§‘é§sl ngg@fsaxﬂ% |

bondcoat of N -5wt %A to a th| ness . 004 The
surface of the bifittinches. wihe sﬂr&cetdfdhcrabradﬂwlayemngowasmachmed to prdduce.\laCr Al

bentonite (an abr dabl oatln ss_of pr oxi ely

. 150 inches. Th&¥ & 0‘1’ st%ggngaﬁgglggp%(fggg M% ﬁéﬁ‘?ﬁﬁ&'ﬁf to produce a
surface which was esmtdoaiddwté&}asaﬂ&mﬁu froth8 N‘s St kePEinpRerOEiiftied
The coated plate was nounted i n the clanping flxture on the C guter

control led X-Y Xyl tablsf of the lasene caxnpmogpmgramsvamwmwnamhmﬂ tethei n t he
conmput er which produced ,a .noti.on l,ch ved the coa Iate | d I near
manner across t (RMPHEF Fhuch gipdu fﬁf#mg’r?% t&"ﬁﬁﬁé’&@e"ﬁ ?tﬁghgg ﬂ’rﬁﬁ
WO 98/ 26158 separated by about .050 inches as shown in Figure 11. The laser was
PCT/ 1 B97/ 01645 - 6-

energized and allowed to engrave the surface of the abradable coating to-a
depth of approximately .050 inches.
Example 2

The surface of a 304 stainless steel plate approximately 1.5 inches wide
and 4 inches long and .100 thick was mechanically roughened using 60 mesh
aluminum oxide in an aspirated grit blast cabinet. The plate was thermal
sprayed coated with a bondcoat of Ni-Swt%Al to a thickness of .004-.006
inches thick. The surface of the bondcoat was then thermal sprayed coated
with NiCrAl bentonite (an abradable coating) to a thickness of approximately
.150 inches. The surface of the abradable coating was machined to produce a
surface which was essénﬁally flat and uniform in surface roughness.

The coated plate was mounted in the clamping fixture on the computer
controlled X-Y table of the laser. A program was written and loaded in the
computer which produced a motion which 'movéd the coated plate in a hnear

manner across the surface. The motion was stopped every .050 inches and



activated.the laser to fire. At the end of the traverse Iength the plate
- was: - ¢ i . 050 inches in the perpendicular directiog_.a ffset
of .025 inc‘h@gg}ig&& " was incorporated in the traverse in orggiﬁg%ﬁdgf ce

the next row of holes in "between thegprevious row. This pattern was
repeated until the surface was conpletely traversed and engraved
with the pattern shown in Figure 12. The hol es produced were spaced

3PProximRtely - Ol Hos 1B o' Be” APBie Ul SHaEh Jraperse tengit’ B pial Wasp e oo ne
for preparing anngbtead®8bendRein ﬁﬁgpa%&a{mw%ﬂama Bffset of .025 inches

cutting a pattern wth a laser 1nto the surface of an abradable sea
mat eri al ef f ect i was incorporatedién thepraverss inlordetdbiplace\the nextrrewaofholed int he

pattern, wherein sai-d gbradable seal . material seals the_.pace petween the
conponent and an%eéﬂf%{b PIEYIPPS, FQW- -§W§'P&fm@ﬁ\¥§ﬂﬁ i

abraded by rel até'dﬁ[[, ggﬁp&g%&%@ﬁgﬁ rn‘zﬂl@ hRACENt rface
and wherein the pat ler IS In an ar a%ﬁgﬁ?{gﬁgqﬁgﬁt V\hwitngﬁ I?ggﬁa j'aggﬁt
surface w || abrhales prodoceshweregspaceskapproximately .0502nches aRd owers appfoxirhately 1
further conprising. . . appl ying an abradable seal material to

t he component. vxﬁh%otlﬂ‘é‘eﬁé’FFErn being cut into the surface of the seal

mat eri al . _ 3. Process of claim2 wherein the conponent and the
abradabl e seal material are netallic. ' 4. Process of claim3
wherein the conponent is a gas turbine engine component and is an all oy
selected fromthe group consisting of a nickel-based, cobalt-based,

i ron-based, al um num based and titani um based all oys.




5. Process of clali mznﬁherel n the abradabl e seal material is an all oy -

sel ect'ed fw@gjﬁgsgrou "l"im,”"[)on based al | oys, al upgtrsvrioseusd
al I'oys, titani um based ased al | oys, cobalt-based all oys,

NiCr alloy, NiCrAl alloy and r'AIY“aIons-’ﬂ\here Mis selected fromthe
group consisting of Fe, Ni or Co or m xtures thereof. 6.
Process of claim5 wherein the abradabl e seal material contains.

non-netal | i ¢ panih4tliselaimed:
8 7. Process of claim6 wherein the non-netallic particles are

sel ected fromthe grdup cdhprecessnipr prepasinganrabradable, sepk farantomponent des,
nitrides, borldggh sizlicides, internmetallics, plastics and pol yners.
8. Process ofPCPHPMEa wherein the adj acent surface is a bl ade.

9. Process of claim8 Vdil | 1patfeen dﬁmtiﬂlﬁér ﬁxhﬁﬂﬁaduiﬁwofﬁn\ﬂbfd&aﬁlet he

range of about 0.01 to O. |nches : Process of claim9

wherei n the pat sadnnatgndeetf&mwta ptsmdmgﬂwpabmdabﬂliym@mérealocﬁstMy spaced
hol es, cross hat cpémstrl pes, and |ines perpendicular or parallel te the
seal . Process of claim8 wherein-there is uncut seal

material on two sideg of tP@cddsiof Tldim 1 further combfising: Process of claim4
conprising applying the abradable seal material "by thermal spraying a

metal lic alloy powder. applying arg abradahie seal nasérialitaithe doroponent withothe

?8pltﬁgngoﬁrggngl;{pa ablbeﬁgeglllt%&xe surfacé/ofa{ht aseﬁl ngtenalsheet of seal material

3. Process of Claim 2 wherein the component and the abradable
seal material are metallic.

4, Process of Claim 3 wherein the component is a gas turbine
engine component and is an alloy selected from the group consisting of a
nickel-based, cobalt-based, iron-based, aluminum-based and titanium-based
alloys.

5. Process of Claim 4 wherein the abradable seal material is an
alloy selected from the group consisting of iron-based alloys, aluminum-based
alloys, titanium-based alloys, nickel-based alloys, cobalt-based alloys, NiCr
alloy, NiCrAl alloy and MCrAlY alloys where M is selected from the group
consisting of Fe, Ni or Co or mixtures thereof.

6. Process of Claim 5 wherein the abradable seal material contains
non-metallic particles. .

7.  Process of Claim 6 wherein the non-metallic particles are
selected from the group consisting of boron nitride, bentonite, oxides, nitrides,
borides, silicides, intermetallics, plastics and polymers. '

8. Process of Claim 4 wherein the pattern is in an area and to a
depth which a blade will abrade in creating a seal.

0. Process of Claim 8 wherein the depth of the pattern is within the
range of about 0.01 to 0.1 inches. '
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14. An abradables f“ﬁ i apattern cut into the
- surface of with a |aser effectiv

i mproved a %}?)}3%@{ 3 u Eﬂ mﬂ& ﬂl he pattern wherein sa? Erﬂg @wﬁj
seal material seals the space between the-@#ponent and an adj acent surface
noveabl e rel ative thereto by being abraded by relative novenent between the
conponent and the adjacent surface and wherein the pattern is in an area
and to a depth whichiphe 4basept ChlihPetieitd theifiiidfls seeeqeﬁaﬁdrﬂ%@ seal .

15. Seal of cla|m14 whereln e seal materiral® 1s a net ic al
9 - 16. glwpl cunﬁlsnngmfm}bsely\,{spaoed lholdsgcross hatch,cstrpéspand dinee| ect ed

fromthe group consigtin ron al t oy, alum num based al | oy

titani um based HF@S?‘% ﬁ‘lliag?é tﬁ Fﬁs" cobal t-based alloy, N C alloy,

Ni CrAl alloy and McrAhY a'#r@dési’"ﬂ?tﬁnﬁfu 0 et onsi sting
Seal ?O ﬁﬁﬁﬁ#%&hgrel n t BleRed

of Fe, N or Co. e abradabl e

seal materi al cmﬁtmaisbyrthmmitsptabmg pmietallid aitoy powder. Seal of
claim 17 wherein the talli cles . .are s I,ect t he group
consi sting of bor on r’rat r| (r;;eéoceé%ﬂfdﬁl{“e’i CoIRpHsiag al’ﬂ? %ab@aggl
silicides, inte t 19.
Seal] of claiml ere n %F%’i} atb eﬁéeng1 ﬁ?@rtlﬂg:‘% I n the formof a
sheet adapted to be dst acﬂ-’afdcds.oﬁ()yam 8 whbreire theng) isnmcab sgad nmatérial on two

20. Seal of cl 9 Wwherein the pattern in the seal material is in an
area'and to a d ﬁ CPRE™h ade wil| abrade when creating a seal .

14.  An abradable seal comprising:
a pattern cut into the surface of an abradable seal material with a

laser effective to provide improved abradability in the area of the pattern. |

15.  Seal of Claim 14 wherein the seal material is a metallic alloy.

16.  Seal of Claim 15 wherein the metallic alloy is selected from the
group consisting of iron-based alloy, aluminum-based alloy, titanium-based
alloy, nickel-based alloy, cobalt-based alloy, NiCr alloy, NiCrAl alloy and
MCrALlY alloy where M is selected from the group consisting of Fe, Ni, or
Co. |

17.  Seal of Claim 15 wherein the abradable seal matenal contains
non-metallic particles.

18.  Seal of Claim 17 wherein the non—metalhc particles are selected
from the group consisting of boron nitride, bentonite, oxldes, nitrides, borides,
silicides, intermetallic compounds, plastics and polymers. '

19.  Seal of Claim 15 wherein the abradable seal matenal is in the
form of a sheet adapted to be attached to a gas turbine engme component

' 20.  Seal of Claim 19 wherein the pattern in the seal material is in an
area and to 2 dépth which a blade will abrade when creating a seal.

21.  Seal of Claim 20 wherein the depth of the pattern is within the
range of about 0.01 to 0.1 inches.

22, Seal of Claim 20 wherein there is uncut seal material on two
sides of the pattern.

This Sheet Has Been R

LT




——
—

21. Seal of claim 2”" [ th of the patrtern is within the fan'ge
of ‘about Owdilosre1R. 1. mm", " [)22- Seal of clai m 2Go¥mBYnDIs4s her e
is uncut seal material* of two ®sicdes«0f the pattern. 23. Seal of

claim 14 wherein the pattern is selected fromthe group consisting of
closely spaced holes, cross hatch, stripes and |lines running perpendi cul ar

or parallel to the seal. .24, A gas turbine engi ne conponent
conpri si ng: 23.  SeahofyGlaim did wherein the pavters 18 splected from: the gTOUP t he

surface of an a | e 't eri alio . ef fect to.provide

i mpr oved abrada%@gi %fs‘fqﬁ%bg?ﬁg‘gé%ﬁ L%e#e&ggﬁﬁéﬁ%&?\gseﬁgﬁ 1%%?""6' dable
seal material s dicalas paaraliel wews skdle conponent and an adj acent surface
10 noveable relative thereto by being abraded by relative novenent between

t he conponent and t h@4adj o @as tushing £aging ¢@MPRRENS CAMPASINgAt tern is in an
area and to a depth which LAC, A e i reating a
seal . . 25. @mﬂwﬁcﬁmm%néq ﬁgag%f ﬁ'gg%%eﬁ%‘.al
material is a nabfidhble sehl Miterial with a lase?@ffectivecid protide impfoved abeiaBilityt he

netallic alloy is selected fromthe group consisting of iron-based all oy,
al um num based an theareaiof 4hg pateBsed al | oy, ni ckel - based al | oy,

copalbased ooy, M el 5 (el 30500, Bl 8 JABERLY A,
clai m 26 wher ei inétilticalogdabl e seal naterial contains non-netallic
particles. 26.  Seal of Claim 24 wherein the metallic alloy is selected from the
group consisting of irdn—based alloy, aluminum-based alloy, titanium-based
alloy, nickel-based alloy, cobalt-based alloy, NiCr alloy, NiCrAl alloy and
MCrAlY alloy where M is selected from the group consisting of Ni, Co or Fe.
27.  Seal of Claim 26 wherein the abradable seal material contains
non-metallic particles.
28.  Seal of Claim 27 wherein the non-metallic particles are selected

s

from the group consisting of boron nitride, bentonite, oxides, nitrides, borides,
silicides, intermetallic compounds and plastics, polymers, and other organic
compounds. _
29.  Seal of Claim 25 wherein the abradable sezl material s in the
form of a sheet attached to the gas turbine engine component.
30.  Seal of Claim 25 wherein the abradable seal material is a
thermal sprayed coating.
31.  Seal of Claim 24 wherein the pattern is in an area and to a depth
which a blade will abrade when creating a seal. | |
32.  Seal of Claim 31 wherein the depth of the pattern is within the
range of about 0.01 to 0.1 inches. : _ _
| 33.  Seal of Claim 31 wherein there is uncut seal material on two

sides of the pattemn.
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28. Seal of clalmz7m [rretalllc partlcles aré selected from
t he group ﬁ'ﬁm ng mr‘ Hm bent onite, oxides, _
bori des, bgﬁs KC eon*pounds and pl astics, F&@%ﬂmfasnd

ot her organi ¢ conpounds. - of claim 25 wher ein the
abradabl e seal material is in the formof a sheet attached to the gas

t urbi ne engi ne conponent. ' 30. Seal of claim 25 wherein the

abr adabl e seal naterial i C.I%ﬁﬁé"?ﬂ' Seal
of claim 24 wherein %ﬁe eo?nral&?%%?%fg]e 5 sele&%eﬂtfﬁo%tp%kr%upm ade
“wi || abrade whegongsisting lo!ﬁ@lo%el?@phced holes, cross hah, stripevhndfingsl mnfiingl wher ei n
the depth of the pattern is wthin the range of about 0.01 to 0.I inches.

33. Seal of cpeipefidiculaser parallelitethe sesl.uncut seal material on two sides of
t he pattern. 34. Seal of claim 24 wherein the pattern is
selected fromthe group consisting of closely spaced holes, cross hatch,
stripes and |ines running perpendicular or parallel to the seal.

THIS SHEET HAS BEEN |
REPLACED

——
Thls Sheet Hag

T



