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10 DISCUSSION OF THE BACKGROUND ART

Gas turbine engine cornp031te fan blades have dovetails or roots
carried by a slot in a metal disk or drum rotor. During operation, under high
compressive loads and relative movement between the root and a wall of the
slot (often referred to as a disk post), wear and fretting erosion have been

15 observed, particularly in the blade roots carried by the rotor. Composite
blades made of stacked or layed-up plies of a reinforced polymeric material,
for example an epoxy matrix reinforced with a fiber structure such graphite,
glass, bc_)ron, etc, as is well known in the art. Examples of such blades are
described in U.S. Patent Nos. 3,752,600; 4,040,770; and 5,292,231.

20 Generally, in such known structures, it has been common practice to dispose
metal outserts or metal shells between the blade root and the dovetail slot of-
the carrying member, in the splayed design conveniently used in such
assemblies. The contact between the metal slot of the carrying member and
the metal outsert or shell at the juncture between the blade and the slot has

25 resulted in wear and fretting erosion at that interface,

In order to overcome such fretting and subsequent erosion, a

composite blade root and a rotor assembly was developed as described in U.S.

1



Pat ent »No. 5,573,377, entitled "Assenbly O A Conposite Bl ade Root And A
Rotor™, which is assigned to the General Electric Conpany, tiiéisem2004
assignee as the assignee of this patent and which is hereby incorporat ed
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examples of such a coating matenal include self lubricating films or cloths

such as a fabric weave of polytetrafluoroethylene (PTFE) fibers such as Teflon

material fibers, glass type fibers, and organic aramid fibers such as Nomex

20 material fibers. Also, a spray of Teflon material or other forms of PTFE

material can be used. The low friction coating helps prevent the blades from

becoming locked in the rotor slot during deceleration of the rotor during

operation. An additional benefit from use of the low friction coating in this

combination is the ability of the blade root to slip at a predictable loading

25 condition and provide damping for the blade during resonant crossings and

potential blade instabilities, due to the relative motion between the blade base
and the rotor slot wall,

A shim disposed between the low friction coat and a slot
provides a desired hardness and surface finish to obtain still more improved
30 performance from the low friction wear coat material. The shim is particularly
important where the slot wall is a titanium alloy in which desired wear
properties are not always achievable. The shim extends the life of the wear
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provi des a desired hardness and surface finish to obtain still nore -
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SUMMARY OF THE INVENTION

According to a first aspect of the present invention, a gas turbine engine blade
roof shim is provided, the shim comprising a longitudinally extending base having
distal first and second transversely spaced apart ends; a first longitudinally extending
leg acutely angled inwardly towards said base from said first end; and a first low
coefficient of friction coating on a first outwardly facing surface of said first leg.

According to a second aspect of the present invention, a first rotor assembly is
provided, the first rotor assembly comprising: a plurality of composite blades carried by
a rotor as a suppott member, each of said composite blades including a plurality of
bonded composite plies comprising an airfoil and a blade root shaped to be carried by
said rotor, said blade root having a composite root outer pressure pad disposed on said
root and carried by said rotor, said composite root outer pressure pad comprising a
plurality of non-metallic composite plies bonded together and with said blade root; a
plurality of circumferentially disposed blade root receiving slots having a slot wall at

least a portion of which is shaped to receive said blade root, said slot wall including a



bonded conposite plies conprising an airfoil and a bl ade root shaped to be
carried by said rotor, said blade root having a conposite root7Math004
pressure pad di sposed on said root and carried by said rotor, said
conposite root outer pressure pad conprising a plurality of non-netallic
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According to a third aspect of the present invention, a second rotor assembly is
provided, the second rotor assembly comprising: a plurality of composite blades carried
by arotor, each of said composite blades including a pluraiity of bonded composite
plies comprising an airfoil and a blade root shaped to be carried by said rotor; a
plurality of circumferentially disposed blade root receiving slots having a slot wall at
least a portion of which is shaped to receive a blade root, said blade including a root
outer pressure face facing said slot wall; a low friction wear coat on said root outer
pressure face between said pressure face and said slot wall; and a shim carried by the
slot wall and disposed between said low friction wear coat and said slot wall, said shim
having a first low coefficient of friction coating on an outwardly facing surface of said
shim in direct contact with said low friction wear coat.
In an embodiment, the shim may be for use between the composite blade root
and the wall of the slot for receiving the root in a rotor of the engine.

In another embodiment, coatings suitable for use in the present invention are

polytetrafluoroethylene powder dispersed in a resin binder and other coatings which



plies conprising an airfoil and a bl ade root shaped to be carried by said
rotor; a plurality of circunferentially disposed bl ade root rl@derchizélg
slots having a slot wall at [|east a portion of which is shaped to receive
a bl ade root, said blade including a root outer pressure face facing said

slot wall; frlGti oat on said root outer pressure face
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rotor of the engine. In another enbodi nent, coatings suitable for use in
the present invention are polytetrafluoroethylene powder dispersed in a
resin binder and other coatings which 4 17 March 2004 i ncl ude

pol ytetrafl uoroethylene. In a further enbodi ment, the | ow coefficient of
friction coatings on the legs of the shimallow the blade roots to
properly seat in the slots of the rotor obviating the need to rebal ance
the rotor during engine assenbly or reassenbly and testing. 4a 17 March
2004 BRI EF DESCRI PTI ON OF. THE DRAWNGS . 5 The novel features believed
characteristic of the present invention are set forth and differentiated
in the clains. The invention, together with further objects and advant ages
thereof, is nore particularly described in conjunction with the
acconpanyi ng drawings in which: FIG 1 is an exploded view illustration of
a conposite fan blade and shimof the present. invention as assenbled in a
dovetail slot of a gas
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turbine engine rotor. FIG 2 is a fragnentary perspective partially
sectional view 10 illustration of the conposite bl ade and dfiNtarcim200de
assenbly of FIG 1. FIG 3 is a further enlarged diagrammatic fragnmentary

view illustration I root and shimin the
dovetail slot. DETMW%W@EW@%g* expl oded vi ew
illustration of a conposite fan blade |o of the present invention carried

by a supporting nember, Ty gxaiPf@tus Bebdkvedr Hapibtofisthe 95 thidl b
engi ne rotor 12 through a dovetail slot 14. The bl ade 10, re&res?ﬁ?%tnltve
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bl ade i s §ar ridaichiped recormjunetidi? witRethe actorgpinying drawingE i Sahich:and 3, the
bl ade 10 includes a plurality of |ayed-up conposite plies including a

first plurality of stru al. and lo carrying airfqil plies 20 in the
airfoil and a second pl LC}‘LrI ity agfe%gﬁe%zgebq lﬁegt%étzom ﬁ?@r@mmﬂe;gn biader oot
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to forma pair of root, outer pressure pads 28. 5 17 Marc
conposite bl ad8rbigeiengingd@ton wo of the non-metallic root outer pressure
pads.28, one at each |obe 2-9 of the dovetail root 18, which are shaped to

be carried by slot wall fi .t | . r 8.
i ncludes a root end 3o ?)(Itégn%ilﬁggﬁﬁ%ﬁ%ﬁgﬁefﬁﬁﬁngﬁ%ytfeézﬁ%gﬁgtvheewroot
5 towar di@ r odtlugtmation of desomepdsitedlade arhshinoirethefastdrablyl oftFIGL) s 34
cooperates wth the outer pressure face 32 to carry the-bl ade root 18 when

assenbled. In the exe Iy, emhodi nent th resent jnvyention, the bl ade
root 18 including thenglt}per?’ 6%&’5%2‘%? rggltaa%gféﬁ%g{aggn%th &W&?gﬁaﬁ view

stresses due tiblustration of the assembly of the blade root and shim in the dovetail slot.

DETAILED DESCRIPTION

15 FIG. 1is an exploded view illustration of a composite fan blade
10 of the present invention carried by a supporting member, for example, a
disk or drum of a gas turbine engine rotor 12 through a dovetail slot 14. The
blade 10, representative of a plurality of circumferentially disposed blades
carded by a rotor in circumferentially disposed blade receiving dovetail slots

20 14, has a composite airfoil 16 and a splayed dovetail root 18 through which the
blade is carried by the rotor 12.

Referring further to FIGS. 2 ahd 3, the blade 10 includes a
plurality of layed-up composite plies including a first plurality of structural
and load carrying airfoil plies 20 in the airfoil and a second plurality of root

25 plies 22 in the root 18. The root plies 22 are bonded together, such as by a

process well known in the art, to form a pair of root outer pressure pads 28.



centrifugal forces expected to be experienced during engine operation. 10
The root outer pressure face 32 of the pressure pad 28 conprii7désrch @004
radially inner surface 33, which cooperates in contact with dovetail sl ot
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during oper atmdmldll‘lméhe:@ntaﬂ pa@EBfa;necéeSllglmﬂl a% adfurtatiompu stressels ndiey to
surface 33 andce another. 25 A low friction

wear coat 38 Onn%xﬁglggtﬁo ?esse%gggt%ﬁéggg %"2’%83 Yaie W%H%OPSWIOPS I s used

to help reduce friction |nduced stresses in the blade root. Such a wear

coat is topically appl i dmetmoaddte@w&iumﬁfathg.?mfeh@pf&sﬁﬁ@pacBQS coﬂp@fé@‘ses
of such a coatin ter| al include @lg H‘?l ubricating filns aor cl ﬁths
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"crowni ng" helps prévent
15 juxtaposition with dovetail slot wall radially outward portion 39, generally

diverging radially outwardly from junction 36, for example, at a small angle
such as in the range of about 1.degree.-2.degree., beginning at the junction 36
of inner and outer surfaces 33'and 35. This feature is sometimes referred to as
"crowning" with respect to the assembly of the blade and rotor and enables

20 induced crush stresses, due to centrifugal force loading during operation of
the rotor, to be dispersed in both the root pressure pad and the blade
structural or airfoil plies along the full length of the pressure face 32 during
operation. The centrifugal force load tends to move the inner surface 33 and
the outer surface 35 towards one another.

25 A low friction wear coat 38 on the outer pressure face 32 of the
blade root 18 is used to help reduce friction induced stresses in the blade root.
Such a wear coat is typically applied to and cured on the pressure face 32.
Examples of such a coating material include self lubricating films or cloths
such as a fabric weave of polytetrafluoroethylene (PTFE) fibers, organic
30 aramid fibers, or glass type fibers. See U.S. Patent No. 5,573,377 for examples

and some commercially available fabrics. Also, a spray of Teflon material or
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from becom ng | ocked in the rotor slot during deceleration of the rotor
during operation. The shim40 is di sposed between the.|ow fiZiMdrcloaOtear
coat 38 and the slot wall 34 provides a desired hardness and surface
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pr event any rellatlve Jjotion between the slot _wall and the shim avol ding
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pressure faces. Use of a relatively soft naterial on the side of the shim
t hat opposes such sl ot \iﬁielshlimlmHexnadémﬁﬁlbln%&ﬁﬁtéﬁl\éﬁcﬁrﬁéb&@l rhn®en the

wal | and %he & rntlt ﬁﬁ‘ﬁ?%ﬁl’ ngorf {teéatnl Qg a sm earrna(t)gnal having a coating such as
copper or a copper alloy on one side. In another form, the shim can be a
bimetallic material such as a strip or sheet of an iron base alloy, for example,

steel secured with a strip or sheet of a softer material, for example, copper or a

copper alloy. In the example of a bimetallic shim having a relatively hard iron

20 base alloy on one side and the relatively soft copper or copper alloy on the
other side, the soft side is disposed opposite the slot wall to help prevent any

relative motion between the slot wall and the shim, avoiding fretting or wear

of the slot wall. According to the present invention, the shim in the forms
described above includes material properties and surface finish on the side

25 that opposes the low friction coat that improves performance of such a
coating. The other side of the shim that opposes the slot wall and the rotor

can be of a different material, which is sacrificial, so that the shim does not

cause wear or fretting of the slot pressure faces. Use of a relatively soft
material on the side of the shim that opposes such slot wall helps to prevent

30 relative motion between the wall and the shim, preventing fretting or wear of



7 17 March 2004 5 the slot wall. Also, it forces substantial!y all notion
to-take place between the Ilow friction wear coat and the shirmlareheos t he
coefficient of friction is known, and the optl m zation of the bI ade r oot

stresses can tl I ape

di sposed thr oﬁg%gut‘bhéy ab};é(laédg%m gﬁt}e ggégég tél?%gr g}% en
life of the sllnmfzietloﬂ' meas bmahalnrdcthadhﬂnawhlem)ﬂheu:deﬁ’ﬁ-kém cﬁiﬁ@gdhgﬁk@@ﬁ%go
havi ng dlstal st nd seco versely space t .ends an
respectively, & Qﬁthp@%fq 08t AER$SES 63R gﬁ%ﬂiﬁg“hk@%ﬂ ﬂf%ﬁ&ﬂﬂﬂzh
respectively, I e
fi rgt and secc‘)/JE ée@gnlgggfa%ﬁgy?g a¥e Fais%? bgérgldﬂhgag@%}g% l%a‘\%v\é’é%gogt?)fl? cﬁ eg@%f e%g(}: I on
coatings 578 aitbiatonightsbpeenlifedftheshimm@ost and second outwardly facing
surfaces 84 and 86, respectively, of the first and secondl egs respectively.

b0l yLet rat | uor oot hyi ene 1pe R ieica Joraipall ¥ Bindis Baia 6o bawine
ﬁoat h ngs \c/iml Cﬂl&éﬂk&ﬁﬂiﬂ@ﬂﬂ@b&'&tﬁi traﬁévﬁ@ﬁbmdeﬁf@artﬁdg& 9?@%%”&913@'&&@1%(;“
n cri bed jn connectjo us enbodi nents, exanples
cg?rbl ﬁgt i oﬁ: %@é?ecopaq%‘ﬂuﬁﬁmMWﬁ@B&%gﬁg%@ end g8, raspeetively,ihat are art s
i nvol ved that sbf &tlhﬂﬂrd tﬁgﬁ@? (}le-’ne Hake ?roY:??l’rxe?ﬁ)‘stcgncf@é@ohH tdé%;ﬁl%lne q

vari ations and a CatIOI’] partln omits scope as
in the d@pendﬁdstcami monw}m\reoeﬂfetemt hﬁﬁmctﬁmemﬂmg;se@cancbad fespea:twelyv;/rmt are

mvent on. ot eR sirebdBer Y el e fR i ANT Al re3pec Rl dhiRe fost nose

skilled int handr%céﬂid)Mg@h@sﬁ@ﬁ%lyngﬁnbﬁg Qb@tlﬁ%ﬁjsultéblé $or udeR! BeOpRsent
desired to be.secured in he aﬁuended cl ai ns such nodifications as

fall within tHVentiea arging Ytea'ﬁ Qrashiaylene ppwdendishersed.inzpresin binder and
other coatings which include polytetrafluorcethylene.

15 | The present invention has been described in connection with
various embodiments, examples and combinations. However, it will be
understood by those skilled in the arts involved that this invention is capable
of a variety of modifications, variations and amplification without departing
from its scope as defined in the appended claims. While there have been

20 described herein, what are considered to be preferred and exemplary
embodiments of the present invention, other modifications of the invention
shall be apparent to those skilled in the art from the teachings herein and, it is, _
therefore, desired to be secured in the appended claims all such modifications

as fall within the true spirit and scope of the invention.

25 Accordingly, what is desired to be secured by Letters Patent of
the United States is the invention as defined and differentiated in the
following claims:



Accordingly, what is desired to be secured by Letters Patent of %?qlqlmted
States is the invention as defined and differentiated in the ach

clainms: 8 17 March 2004 CLAIMS 1. A gas turbine engine bl ade root shim
conprising: a longitudinally extending base having distal first and second
transversel CLAPMISd apart ends, a first longitudinally extending |eg
acutely angled inwardly towards said base fromsaid first end, and a first
| ow coefficient of friction coating on a first outwardly facing surface of
said first leg. 2. Ashimas clainmed in claim1l, wherein said coating
conprises polytetrafl uoroethyl ene powder dispersed in a resin binder. 3. A
shim as cl ailred iAgasl tatbinelengifeaslgdarodasis dprl@i@gi ncl udes

pol ytetrafl uoroethylene. 4. A shimas clainmed in claiml1, 2 or 3, further
conprising a second Iongitudlnally extending | eg acutely angled i nwardly
towards said base Iéngindimaiyesauiimnrbecthaaing dstaldiestend skemdapiilesbignt of
friction coating on.a second outwardly facing surface of said second |eg.
5. A shi m aSP25eLi3kag 8" ﬁ Sclaim 4, wherein said coati ngs conpri se

pol ytetraf | uoroet hyl ene powder dispersed in a resin binder. 6 A shim as
claimed in claim er.ei.n cpatings inclu 9 17 NMarch 2004

pol yt et raf | uor o.e?ﬁﬁti%'tu$nali q:%qr@;ngaigg H‘H?l}' apgledinvwaraly {Gwsids Said base

from said first end, and

a first low coefficient of friction coating on a first outwardly facing surface of
said first leg.

2. A shim as claimed in claim 1, wherein said coating comprises
polytetrafluoroethylene powder dispersed in a resin binder.

3. A shim as claimed in claim 1, wherein said coating includes
polytetrafluoroethylene.
4, A shim as claimed in claim 1, 2 or 3, further comprising a second longitudinally

extending leg acutely angled inwardly towards said base from said second end and a
second low coefficient of friction coating on a second outwardly facing surface of said
second leg.

5. A shim as claimed in claim 4, wherein said coatings comprise
polytetrafluoroethylene powder dispersed in a resin binder.

6. A shim as claimed in claim 4, wherein said coatings include



a plurality of conposite blades carried by a rotor as a support nenber,
each of said conposite blades including a plurality of bonded’®Bé%%% e
plies conprising an airfoil and a bl ade root shaped to be carried by said
rotor, said blade root having a conposite root outer pressure pad di sposed
on said roobo@ﬂﬂmma@bémgbhy,said rotor, said conposite root outer pressure
pad conprising a plurality of non-netallic conposite plies bonded together
and with said blade root; a plurality of circunferentially disposed bl ade
root receiving slots having a slot wall at |east a portion of which is
shaped to receive a, bl ade root, said slot wall including a radially inward
portion and’a raZ’SrQqu?SWWFBmBWW:on and shaped to receive and carry at
| east a portion of a root outer pressure face of said conposite root
pressure pad; said pressure face having a radially inner surface extending

froma root end, @PHANY Of SRIMRASte biages cagigd oy @olox B8 AdiURBOR Memberjaast of on

with saidi @aiﬂrcompbﬁi@é?aaéﬁl\iﬂledding%iﬁhrﬁlit?@?b&ideﬁ%hpo&?é BlidsBaprisiHg bace
bei ng pressed tovvar s and carried by said slot wall; said root pressure
face radi al PJfodane dade reekshargd &b carisd biygaid retegisald Bladiopbhavingsar t i on,

when assenbbmgoatara@t du@erﬂiré@mé PAd 8iBBSRA MPid rdot XhPeRREd bPBaiestbnNi Ng at
sai d junction, between sai root pressure face inner and outer surfaces and

general |y GRIJESPHIPRSItS 0t aytpyPressUia Pas Fompasieg a glvrality af ranpaelllisg anount

which is a tompbsiRliies banddd Bgether Sd\eith sa@YRbe pdotcent ri fugal | oading on
sai d bl ade during operation of said rotor assenbly, to allow at |east a

portion of said radially outer surface of said root outer pressure face to

be pressed towar dphgakty obtisunitérehtidligdispbbed BHYMRA reﬁ:'érvirﬁg%ots%wihgg slot
oper atron; a O&f rictiqgn We:'ﬁlé, coat on sal d root outer pressure T ace
H’alBF‘ g g

bet ween sai thraporfion.af whigh is5hgred i regeive a biagereotaaid glodbwelh a shim
carried by ireridsigad radmily irvsld gosibASad altB8MBESLINAIdhdriM drd SHabed ty\RBEive Oat

and carry at least a portion of a root outer pressure face of said composite root
pressure pad;

said pressure face having a radially inner surface extending from a root end,
and a radially outer surface extending from a junction with said inner surface toward

said blade airfoil, said inner surface being pressed towards and carried by said slot
wall;

said root pressure face radially outer surface and said siot wall radially outward
portion, when assembled, being in diverging spaced apart juxtaposition beginning at
said junction between said root pressure face inner and outer surfaces and generally
diverging radially outwardly therefrom in a diverging amount which is a function of a
predetermined amount of centrifugal loading on said blade during operation of said
rotor assembly, to allow at least a portion of said radially outer surface of said root
outer pressure face to be pressed towards said slot wall radially outward surface
during operation;

a low friction wear coat on said root outer pressure face between said pressure
face and said slot wall;

10



and said slot wall, said shimhaving a | ow coefficient of friction coating
on an outwardly faci ng surface of said shimin contact w th sHiMpha@ps
friction wear coat. 8. A rotor assenbly as clainmed in claim?7, wherein said
coating conprises polytetrafluoroethyl ene powder dispersed in a resin

binder. 9. Ar ot czrsfdm&:en‘leld)bya‘ﬁe elotivaiegnd mspés@urﬂeﬁueémﬁ&low fAtoh WwaRthAO
10, A rotor assenbly nprisin

i ncl udes poI f.l uaroe | ene.

plurality o1La r%() Qv pal ég'"b'%ﬁvﬂr?ge%l OW(’&WPC&"@P”“EWQ@#'”%QF én@Hg’fﬁB@'Vt e
bl ades i ncl dadimgsarfael wf shid sYindin ddaAedits 848 RS frRtioh Wesr &REPr i si ng an
airfoil and a blade root shaped to be carried by said rotor; a plurality

of circunferentially disposed bl ade root receiving slots haV| ng a sl ot
wal | at Ieast a portion of which is shaped to receive a blade root, said
bl ade inclu I‘OLCHOt out er ess re face facing said slot wall; a | ow

friction we r co a,bsgﬁrablygglcagn? In Glimst wherein said seatiRgsPMRISES pr essur e

face and saipdlystefiusvebinyleas doadetdispersad in@ceb tirfder.s! ot wal | and di sposed
between said |low friction wear coat and said slot wall, said shimhaving a

first low coefficient of friction coati ng on an outvvardl y facing surface
of said shimin direct contact with said low friction wear coat, 11. A
rotor assemly aibr%a' nmed in cl Ft m%ﬂl,o further conprising: said shimhaving
a | ongi t udi mal I y eI A5P4TRP!K 38 Slapmed Wgtaimst wherqin said spgtingdaeludes

t ransver sel polyfedaéidoragi@ayenends, 11 17 March 2004 first and second

| ongi tudi nally extending | egs acutely angled inwardly towards said base
fromsaid first end and second ends respectively, said first |ow
coefficient of friction coating on a first outwardly facing surface of

said first cond | | tudi.nally extending | eg acutely angl ed
i nwar dl y tO\XIQT dsisrgfe assemtgiy omprising: y g leg y ang

a plurality of composite blades carried by a rotor, each of said composite

blades including a plurality of bonded composite plies comprising an airfoil and a blade
root shaped to be carried by said rotor;

a plurality of circumferentially disposed blade root receiving slots having a slot
wall at least a portion of which is shaped fo receive a blade root, said blade including a
root outer pressure face facing said slot wall;

a low friction wear coat on said root outer pressure face between said pressure
face and said slot wall; and

a shim carried by the slot wall and disposed between said low friction wear coat

and said slot wall, said shim having a first low coefficient of friction coating on an
outwardly facing surface of said shim in direct contact with said low friction wear coat.

1. A rotor assembly as claimed in claim 10, further comprising:

said shim having a longitudinally extending base having distal first and second
tfransversely spaced apart ends,

11



base from said second end and a second | ow coefficient of friction coating
on a second outwardly facing surface of said second |eg. 12. X Maghgpo4
assenbly as clained in claim1ll, wherein said coatings conprise

pol yt etraf | uor oet hyl ene powder dispersed in a resin binder. 13. A rotor
assenbly as clainmed in claim1ll, wherein said coati ngs i ncl ude
polytetrafluoroefhéi e. 14, A{oto asseanP/ r|S|nPapIuraI|ty of
shinms according totZRY SEFANJPNYIUGInaLY extendings egggcutp\ly@@g ed irwrraly tewgridse

i ncl udi ng a saitterse d@aesdM firsbendatd S6boha eABY radpectRencl ains 7 to 14, 12
COMPCSI TE BLADE ROOT ATTACHVENT ABSTRACT A preferred enbodi ment of said
present invention is a gas turbine engine blade root shim(40) for use

bet ween a corrpomstaiﬂ fbét&@lﬁcb@fﬁéaenﬁtlcﬁ)‘noﬁﬂﬁ'c@atlnw&inlaﬁ}%t @utﬁbﬂﬂy ffaelhgrsﬁﬁ evg,fng the
root in a rot%(ap% of the engine. An exenplary enbodirent oOf e shim

(40) incl ud&8 tudi nal |y extending base (60) having dlstal first and
second transversely spaced apart ends (64, 68), first and second
| ongi tudi nal Iy exten acutely anqled inwardly towards the

di X
base (60) fromt ﬁesePP?‘gg’"ﬁ'ﬁ'g’s ¥ 85@"@ Redeq arutelyaygled nwardly fawasdgisaid econd
| ow coef fi cibass from dald sdcoad eAd@ahd BEScédnBowdRefieRnf bffddtion %@aﬁr%%’rf‘&’ second

outwardly fac rfaces, (84, 86) of the first and second legs (70, 72),
respectivel Y4 {W/iﬁ‘i‘a'}ﬁga%?qfﬁ?ée OEﬁﬁ"géﬁ $Wdrle3- use in the present invention are
pol ytetrafl uoroet hyl ene powder dispersed in a resin binder and ot her
coatings which include polytetrafl uoroethylene. Figure 1.

12.  Arotor assembly as claimed in claim 11, wherein said coatings comprise
polytetrafluoroethylene powder dispersed in a resin binder.

13. A rotor assembly as claimed in claim 11, wherein said coat:ngs include
polytetraﬂuoroethylene

14. A rotor assembly comprising a plurality of shims according to any one of claims
1i06.

15. A gas turbine engine including a rotor assembly according to any one of claims
7 to 14.
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