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; e3e} D@ 6dTU_ - 1 | MPROVED BUSHI NG FOR A JET ENG NE VANE 18 RILB22003r ound
of the Invention 4 5 1. Field of the | he present invention
relates generally to a bUShI ng 7 for “mmm“mﬂ@lmﬁm and nore specifically to
an i nprovedy@ obMsdat ng which is |ess expensweSQD o manuf act ur ep@fgs 9
facilitates shipping and installation of the bushing. ZO 11 2. D scussion
of the Related Art 12 Jet engines generally include an axial air 13
conpressor which supplies conpressed air into a 14 conbustor. The front
section of a jet engi nayli mmmmlm the axial air conmpressor. The axial air
conpressor 16 general | jlmmmﬂ‘ veral cénsecutive stages, each 17 having
a nunber of stator (stationggys vanes in a shroud 18 and an equal nunber of
rotor (rotating) vanes. Rotor 19 vanes are deS| gned and arranged such that,
as the rotor 20 vanes pasEMPROTEIE BUS _ ) N iad
they take in a volune of air, conpress the air and pass 22 this conpressed
air into thé next stage for further 23 conpression of the air. Sone jet
engi nes, sugh as the 24 CFNEG-QEEKQEWWred by Gener al
Electric 25 for exanple, have thirteen stages of conpression. 26 Stages 1
through 5 of this engi ne have stator vanes in 27 which the pitch of the
vanes i s vaBi abl 2. ThBEipldcbf ofh®SInventian abl e stator vanes can be

adj usted togvary the gRe\ghidEnol; %'ehtigﬁai‘@lf{% H@{eq%gﬁpw g phifixg! ure

and 30 pressure of the ai i s subsequent I'nto
conbustor t8 be EBFbiPnetPtwi %m*%m&ﬁamgm FEGCifHEaééYt frustn ot mpraved
engi nes canst her bghbeg witicd iandesve epenspust tof mahufaanube antewhiich

accurately for d AT e it
provi des th% W@éb%%{f%B%ﬁ%%%%@f&gg% ?’usd%?/ ol a %2%‘%%%% ot with
greater cobProl over the anmount of thrust 2 produced within the engine at
gi ven engi fg spegds. hosc¥sLXSRbe thhanihagpiak@t is bringing the jet in
for a 4 |lapding, he o he can keep t he engine r at _ver i gh, RPMs
and vary tﬂg pitch of‘&??\e N2\ 52 o) g%er?éréﬂ Y6 I’e‘%@‘f#us?n\m t#’r?fhealr
engi ne. | fl3her ecompaepeobl emhicth 7 suppliielsot dwempresspd ckihjrgeninta e a
(hust ot Du) || vonbiisbopt sificieBhy SOLALEA LEC /A Gholle $hatfhel? a

pitch 9 Whl ch incyreases the anount of air directe stator, thus
i ncreasi ngtPhe t hREist3Xdduddl IRPTERESEPTengi Abe Tweiehj FTabFEMPEAEECH] | ow
the pilot 16 quig&hgrdPlyr othicluddy ustevurtanoubohaubugﬁre ady;agtest, hee&ENs at
which 13 t r ot r ot t he
engi ne 15 ngcrlgédig oa\c‘/)e I'nc U(?Jfg ‘("Qt%@i%gqylggég ? ;%68{1:1
nount ed bet®een andi ﬁnerecmﬁlouambmar@f aﬁomrer(rwaghnemd vssaem V\RPFO:EE

under st oody $ hat eaﬁassa:’e\éoaeeigﬂeé8am&ta%gai naycn n@handﬁ 88Vvenal rstages,
each havi ng, many 19 ad?usta e \vanes onl

t
vane 20 i s2%hown' iR §3s9 anrehﬁos'fﬁ:cf{ud‘é%n%ssbf‘n@l ;g)al A %}?fa#?gghown
at 16 in RYy. 7 apbeyuthkeshowa wmoldle | of 22iF gromprews chhe sahel dndnppkace

betvween pogpi onseRPE Zdmpid S%QQ Oilfn'l‘ﬁ'i:osrtrlf&'dneit"“ sthde AR U‘Eﬁr@ﬁervane
10 24 al so_] ncl udes dr vev\gg mounted within outer 25 shroud, 15. A

steering n%%hanlg?ﬁ‘?ﬁ%?s’s% ecﬁbﬁl'eds%‘etéetthéntﬁ"ﬂ%s'pd?‘f?%na’ﬂ kg
rotate the24ane CEMS$ ¢hiturtbofaly engiae shnofidctdreddbyhGenarail Eheotidiéds.

25 for example, have thirteen stages of compression.
26 Stages 1 through 5 of this engine have stator vanes in
27 which the pitch of the vanes is variable. The pitch of
28 the variable stator vanes can be adjusted to vary the
29 volume of air intake and thereby control the volume and
30 pressure of the air that is subsequently injected into
31 the combustor to be combined with fuel and ignited. The
32 thrust of the engines can thereby be varied and the
33 amount of air can be metered accurately for maximum fuel

34 consumption. This is desirable because it provides the
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28 In order to facilitate the rotation of the vane 10, 29 a {fgushiygods
nmounted on spindle 16 before it is 30 nounted between portions 20a and 20b
of inner shroud 14. 31 A prior art bushing 24 is shown in Figs. 1 and 2
Since 32 the rating tenperature of the jet engine can reag

bushi ng 24 %3&%}9? made froma material that can 34 V\nthstand&]{/ﬁg eoi r4errel y
hi gh tenperatures to which it vy 16 JULY 2003 WO 00/ 43642 3 PCTNS00/ 01224
1 will be subjected. Therefore, bushing 24 is typically 2 forned froma

pl astic which is capable of withstanding 3 these tenperatures. One prior
art bushing 24 is forned 4 froma plastic raterial sold by DuPont under the
5 trademark VESPEL. However, this material is not capable 6 of being nelt
processed, neani ng that it cannot be used 7 in an injection nol di ng process
to formthe bus B 4 y f bi,ll of
the 9 VESP [Berl a gh ne?g%rzne (ﬁt}e h% et S ”EE{OL{,Q % éhr‘%t

i ncl udi ng & ci r ARFBIGEH ivithrpdhe 238‘-9(1!1}% a"—Z)S{l@I1 ‘ﬁﬂgm%rﬁwchﬂl i sFemen

cut in halfzto fe@tranapqerwwﬁ&a lﬁea 12D. 1sAanLﬁgih§ hard f: pRdEJS om a
hi gh 13 ten&z)eratur -reS| an erlal) %g& hi r;ﬁg‘rqove 14 28 to
hol d parts gb% gﬁ’i’nEFSp nEPEES HEYSRhRRe Y&FY
mounted to § nnerilngilr leM&zlantasvaeycItlhlee(pl:m:l'ab@f/eth&7vﬁmest a¢d hgemepes ti es
of the matesial wused chitubheylBhIRNANH Sl éﬂﬁléh@Qezfts Lhe-SEguh rgent

t hat each 19 bus |ng e separate I urre
el astic band 30,thSudHilRf des st‘R/éI"y’-Ct ldtb Q?d\?s’iﬂﬁ%d: Heh ¢ ek W the
manuf act ure Shigpishg tshﬁtpmySbbﬁQSeérmeZQaﬁéw diﬁrttﬁdcét&tedsrttﬁbtéﬂepﬁ% user

i s problemgjic g%tﬁse ﬁéﬁégseéhrt‘t}%h%ﬁs&nt’“%@ ngsrarfn?é&'l ?n’z'g the

di sassenbli'ng 2 uring s us re extra
reassenbl iy thét@lﬁé?ﬁfngtbélﬁorenﬁe?%ltlﬁstfdﬁ edhamsthepzedugad 1by the

Furtgfrml)rnms: tle@ch Q'?ét a%@ﬁs@ﬂﬂlgg@aﬂé@ta%f?tf)%ﬁ'@' iide ptal

Spln e e c |1 C an IS I nstal,l.e |1 O
boshing 2aBn t BESGE RErhEeT EhEheRE Thantha A2l FiE St skhecRPEY o o
jet 30 endidne |$heemsutlctr isveogatang.bushing is repl aced, the 31

repl acenenty of the b%%hl&g&,@dq_ﬁ Gonpl der ahlay ihe 33 expe adyeh {dre
required to rebuild an engi ne. r% WO 00 43%4 4 16 J% ?7%%0 i
15 described above lncludes a blade. 12 which is rotatably

16 mounted between an inner shroud 14 and an outer
17 shroud 15. It will be understood that each stator of a
18 jet engine may include several stages, each having many
19 adjustable vanes. However, for simplicity, only one vane
20 is shown in Fig. 7. Vane 10 includes a spindle,
21 partially shown at 16 in Fig.7 and fully shown at 16 in
22 Fig. 1, which is held in place between portions 20a
23 and 20b of inner shroud 14 within aperture 18. Vane 10
24 also includes a drive portion 22 mounted within outer
25 shroud 15. A steering mechanism (not shown) is coupled
26 to the drive portion 22 to rotate the wvane 10 within the
27 inner shroud 14 and the outer shroud 15.

28 In order to facilitate the rotation of the vane 10,
29 a bushing is mounted on spindle 16 before it is

30 mounted between portions 20a and 20b of inner shroud 14.
31 A prior art bushing 24 is shown in Figs. 1 and 2. Since
32 the operating temperature of the jet engine can reach 550°
33 F, bushing 24 must be made from a material that can

34 withstand the extremely high temperatures to which it



PCT/ US00101224 1 What is needed is a vane bushing for a jet16eh§i¥n2003 whi ch
is sinple and i nexpensive to manufacture, and which 3 is easy to ship and
install on a jet engine vane. 4 5 Summary of the Invention 6 The present
i nvention moav3ezted to a bushing for 7 a jet engi ne vane WOTAs0081224
injection noldable and a therefore is sinple and i nexpensive to
manuf acture, and 9 is fornmed into such a design which enables the bushing
to 10 be easily shipped and installed on a jet engine vane. 11 According to
one enbodi nent of the invention, a vane 123assenbly for an engine is
di scl osed, the vane assenbly 13 conprising a vane conprising a bl ade having
a spindle 14 di sposed at one end thereof and a bushing nounted on the 15
spi ndl e. The bushing conprises first and second half 16 portions, each half
portion havi ng wigéndealsupierteshi ci Thetefomdybhelring 24f iissttypiingddy
di sposed ap a 1§o£inéat fQBﬁ‘\ %f @ésﬁfé whileh OIstEspgeﬁalx o %ﬁf‘c%@aha@agr 19
di sposed at a second b side of the

of

finger di sposed~Bf%§ §888ﬁ5a5P685 RE B5d9T ?ftbgFﬁﬁéﬁgtﬁé FFr§Pr§ﬁG
second ends of fhembody.pTasticr sthal&rial saﬁhhdlﬁrngnnanhavandedlsthace
bet ween t hgm wh i ss ddiad, . Wi ahiy, n The
first and geconggﬁa%?ag%f?@%ﬁ%?argisna |fg%213£%%ﬂghl ls'ngk %ﬁ% %é vane
such that 6he tﬁfrHeFPﬁg@PléfPﬁﬁéezéegecﬁﬁénhaﬁftbéFtF5n0?§npéc§?eﬂsﬁétmeen

;he flrs$ aﬂd ?Znsﬁﬁﬁﬂﬁgébﬂﬂehsmaﬁdﬁhg brbabgbahb E@&ﬁlQﬂs %ﬂﬁhﬁhg bhi rd 23
i nger o e a orti i.s l.aca et ween t he i rst secon
fingers ofEt he %ﬁla Ihak b%r& aég ¥Ea %r%?émﬁgaﬂ r%t AtdeSed dgHSIf
portions fartheVESREbompmﬁgeadsﬁnd dmnuhghifitdnge ditsposkapat shoenf inst
end 32 of 1phe bpdy, pQrthﬁEluEhﬁgSS”bi%@ﬂHE@EeEL%QQegEEbOQ Y] QF%% pbane

whi ch bst ant |y t bod
S Y baBhoabbraSHh e B Eheho fhEs s shRLE s o Gripoda Y
enbodi ment2of taedi ne€btion,Am ZelVaseiasdsard y Ior arradmglﬁmm sadi adhhsed,
the vane 3, asse{@x’n%efﬁé‘@fé Si-é‘gl X&E%&g&‘?ié '”9% g?laégﬁ harhid gréox?B' ndl e

di sposed at one en er eof a cylindrrica havi ng

second porti ons28i FRydepid @aétttsa@rfédatné ghbhtegather R ﬁfl?lrréilepd-ﬁt P@ﬁlﬁas a
first 7 fwger thepepefidaé asf mbahteadcef ihRerbdakbna aad as8deseendefii nger
disposed % e§§ % end of the bushing, 9 the second portion having a
finger di osed® poi nt 10 between the first and second ends of the
bushi ng. 1T The bushPug to tbeurnppertiles 9fi e mytetribal ngsedein2tbe t he

first and;gecondap@riénse 0Bl usiiAfl £4 and thd Glpi Nedidift bERAE N@a@pound
t he spind at the 14 f| e second. portion i

|l e such t 0
bet ween tﬁg firkps Bn%ng s?&&%ﬁ eﬂ@éﬂ?&% qqﬁe??4s?h%oFFﬁBireTBnﬁchFdlng
to yet an@0her thiéodlashicobanfie3d? |buehtngn24aluaner&ssamblyohenmang

engi ne | 531,51 858 Waddnd e A9 IR N EHAENGA cHen U ARYER £ om

spi ndl e 1 di sposed at gn a bu ha
cylindri caP bod? eTﬁé“BSﬂﬁtH§§rat§IGPewﬁP@huéﬁFeﬁasPFPG%FEft&ﬁ keFeHS&dge

of the bogdy to sheoveirasigei efe t uditidigsandrd? grdmebalo Oﬁi&lalsb&nlbﬂnnb

extend fr t he e 2 d 0 j ht u and
| ower edgggn of ?‘Ep‘p@ﬁ b%&pﬁ#e&sl o?hggdyt% ql?il‘ré%{e#] ?9&?@ tE‘)elen PEek
constructe8 25 aﬁasaﬁwahg@a thepdushingh befess g t1s bens‘éa%b«aérpnytbe
pried opepg 27 Vagebyshi npureheemat-ed anééeeEEhnSEthisﬁrﬁh&gztbemﬁgt

o o nodThe it init AR dh R s Hien e Edrd Beat 3B

spindle. 28 is installed, the installation of bushlng 24 on the

29 vane 10 is very time consuming. Since, every time a jet
30 engine is rebuilt, every vane bushing is replaced, the
31 replacement of the bushings adds considerably to the

32 expense and time required to rebuild an engine.
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31 According to yet another enbodi nent, a bushing is 32 di stfddked 200Be
bushi ng including first and second half 33 portions, each half portion
having a substantially 34 sem circul ar body, an upper end, a | ower end a
first w 642 6 16 JULY 2003 PCT/US00/ 01224 1 side

side . The¥%}rs{é§ide of the body of 2 each of the first angesecgﬁgﬁ al f
portions have an 3 internedi ate finger disposed internedi ate the upper and
4 | ower ends of the body and the second side of the body of 5 each of the
first and second half portions has an upper 6 finger disposed at the upper
end of the body and a |l ower 7 finger dlspo§ed at the | ower end of the body.
The upper 8 and | ower fingers having a distance therebetween which is 9 no
| ess than the width of the internediate finger. 10 The first and second

hal f portigns are cow%gEqua%égbéyuaéugthe |rst$$F$n§8rfét QEt%n%gi%'”dle

such t hat the 12 internediate fi $ ort| nis
posi ti oned 2bet w8 CthdSuppBPLanp o\ﬁﬁxpﬁfﬁégﬁstefmﬁ“ﬁ‘éfi%%%or@%WCh

portion ang the iisneaisiedicaishif agar inkthbe df sefonded@ide pedrd.on is
posi ti oned ,bet ween the upper and 16 lower fingers of the first half
portion. 14 18 19 Brief Description on of the, Drawi ngs 20 The invention
wi Il now b& described in greateEnmmanELaiLtmallnmmﬁﬁmnnce to the

acconpanyi gg drawi ng&'he' %r%%e\ﬁ'%' Ci‘ihve%lghgmsldhieétéérEBeEt b\&%h!hSWfBE a
prior art vane 24 hushi shown reno from a, vane; |s an

Expl oded vi/ew of t RECpr FRIERL (B MSistionthg SHAREISR FpLasble; ARd.
i's a perspéctiveheredcofe dsvaniendleskindg i2&xpeasidengot maaufarstrepbaddnent
of the pregent %EVEB%QB %@oSMM‘e{ G A Lﬁ@@hae s%ﬁxé: g%)oénﬁét%“

expl oded vi ew o e vane bushin acc galto t 5 rst nt of
the inven®Pon; %2 ppg§ily Fglgpﬁér §B@cf~?9§a% o ar@%ﬁW%mw 33

accor di ngitho the fi I slccetrigtgnmestomd dnwdimeant bonché himwentlidifr & &ahg

|nstalledlgn a %%g%hﬁqy for an engine is disclosed, the vane assembly

13 comprising a vane comprising a blade having a spindle
14 disposed at one end thereof and a bushing mounted on the
15 spindle. The bushing comprises first and second half
16 portions, each half portion having a generally
17 semicircular body having a first finger disposed at a
18 first end of a first side of the body, a second finger
19 disposed at a second end of the first side of the body
20 and a third finger disposed on a second side of the body,
21 between the first and second ends of the body. The first
22 and second fingers have a distance between them which is
23 not less than a width of the third finger.

24 The first and second half portions are snap fit onto
25 the spindle of the vane such that the third finger of the
26 second half portion is located between the first and
27 second fingers of the first half portion, and the third
28 finger of the first half portion is located between the
29 first and second fingers of the second half portion.
30 Each of the first and second half portions further
31 comprise a semi-annular flange disposed at the first end
32 of the body portion, the semi-annular flange lying in a
33 plane which 1is substantially perpendicular to a

34 longitudinal axis of the body.



16 JULY 2003 WO 00143642 7 PCT/US00/01224 1 Fig. 6 is a perﬁbﬁﬂfﬂﬁ@ﬂwleM/of
t he vane bushing 2 according to the first enbodi ment of the invention,
shown 3 fully installed on a vane; 4 Fig. 7 is a perspective view of a vane
nmount ed 5 wotdolaPesd shroud of a jet engine; 6 Fig. 8 is a creesasendiznnal
view of the bushing of 7 the first enbodi nent of the present invention
nmounted on 8 a vane, taken along line 8-8 in Fig. 7; 9 Fig. 8Ais a

cl ose-up view of the bushing of the 1.0 first enbodi nent of the present
invention nmounted on a 11 vane, as shown ig Fig. 8 12 Fig. 9is a
perspective view of a vane bushing 13 according to a second enbodi nent of
the present 14 invention, shown renoved froma vane; 15 Fig. 10 is a
perspective view of a vane bushing 16 according to a second enbodi nent of
the present 17 invenAtooardshigowio i anctiadnosadqiisidritogt theFiigvehtion, aa

per spective vie 0t nd o] nt of
t he presen? 20 yﬁgénﬁ%ﬁ%%ﬁ h_:ld}g éﬁ g%gi{ posqtst d&gglgggg. 1@? %l%

per specti vé V|eﬁﬁ§ﬁm§1Vaﬁ@m@E§ﬁ#ﬁ§ EQYaﬁRNQﬁmEF%%#QQtﬁlPba@ﬂbbthEEtaof

the preseng 'nVQﬁihQMe aiéﬁaaéaréHWWE@ Ehamﬁhéﬁﬁﬁﬁ andl 24 dyildndk3chs a
perspectlvg V|eg g e bushi %g ? ac% d|n % t he Ehlrd egﬁodl t of
t he presen " ﬁPﬁo af?nES t&F & s@Flﬁﬁ REFEr r MG

t he draw n§s, aadtauhedpmmjennmfbyheﬁ twhE|Ger$ﬁpprtﬂun\Mam buﬁhrsg of
the preseng i ”V?%é@? ?&bus Ae&eaée%“fﬁf‘é% ShaWL # ”tﬁégfbus%l% rSt

32 enbodi nent of a“vane |2g_40 of resent _1 nvention, |n
i ncl udes tfo i dBAEPRE| IiRses A0 speser éFé‘B45%ﬁ@%$ ?B@e?ﬁthSnb§§Pﬁ&9e 16
to formthe busbhagsédond pokidd Yha2A®dy WD Hndeb4disposed at a point

10 between the first and second ends of the bushing.

11 The bushing is secured on the spindle by placing one
12 of the first and second portions on the spindle and
13 closing the bushing around the spindle such that the
14 finger of the second portion is located between the first
15 and second fingers of the first portion. ’
16 According to yet another embodiment of the
17 invention, a vane assembly for an engine is disclosed,
18 the vane assembly including a blade having a spindle
19 disposed at one end thereof and a bushing having a

20 cylindrical body. The body has a slot which extends from
21 an upper edge of the body to a lower edge of the body and

22 a number of slits which extend from the upper edge of the
23 body to a point between the upper and lower edges of the
24 body, the slot and the number of slits being constructed
25 and arranged to permit the bushing to be temporarily
26 pried open.

27 The bushing is mounted on the spindle by prying the

28 bushing open at the slot, placing the bushing around the
29 spindle and releasing the bushing, thereby allowing the

30 bushing to encircle the spindle.

31 According to yet another embodiment, a bushing is
32 disclosed, the bushing including first and second half
33 portions, each half portion having a substantially

34 semicircular body, an upper end, a lower end, a first



4

8123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 28 JRAYZH036 27
28 29 30 31 32 33 34 PCT/US00/ 01224 Each part 42 is injection nolded in one
piece froma material which, while being capable of being nmelted and
injection nolded, is also capabl e of withstanding the very hj

t enper at ur e¥08YA¥¢? enced in a j et engi ne once the part is f&cﬁgl&soozpﬁg
material nust al so be nmachinable, since, in sone cases, in order to finish
the part, each part may be machined to bring it within specific tolerances.
The material presently contenplated as the greferred material for this
application is a conbination of approximtety 80% of a material sold under
the trademark PEEK by Victrex USA, Inc. of West Chester) Pennsylvania, and
approxi mately 20% pol ytetrafl oroethyl ene (PTFE). This conbination of
materials a#' Owssgggp Iagé ﬁh%%%%nho sll?lef or 'ﬁg fﬂ'zrsty s %%hlcyf We k%ocl'l

i nexpensi vel'y, conp prior —art procéss of ning a Ye? into
t he desi red2shap%achrlov%ﬁ/eﬁhean9n?ﬁ3& epngdl SR pbadEswartinns have an

characterisgics ggee+hbedaedor engay ag dp@@éhtﬂaé&rnmdi&dor@wm éweaﬁaon

As sh F h b fl

bor t1on 46, EaciL SOH i e PRGY.EEE She R Eige, o .00 Rl anee,
upper end 69 of ®achspfiethé Hbugt pandi secand praki rm:e!:i¢mgﬁm§)oam@pp% and
a lower finger 5;fh M@oéé@ Jt0Wele %Pge§2eﬁa &f'etﬁé‘”ﬁoéird&n@f bPQOIe:a

port|0n44onv\h|ch%£0$ finger 48 1s he ot her side y
portion 44,7an ihtRg ’aﬁ%’?ﬁ‘h@éﬁ' the IlQWPSr rRd aF 'éh?)oli"h@ybet%%nuﬂ’i%r
upper end 68 andandviswendimdedis hadynpostdidtatdce Uppeebebigen wRiendis ower

finger 50 have Co, et |aII e same as
the width of i n%éjrr];%ﬂlét &n%%er %ﬂ \Clig;fl ned‘%ﬁgﬁﬁggglkst gn ggget ween
upper edgel®4 and | ovwEhe clifestoand sacendehnbf epﬂwgms S5@re Hovmgeructed

di stance bgfweenaAPpeFrindtdetASeatha O\ﬁ@e bhbges églﬁ@ye beu &k eeh et £Ran
16 JULY 2003 0014364 PCTI 115007 012 4 1 |nt er madl at e

the width f%

finger 52 al | DAF$EPeRERRsi HHPFET t R 2 l'pl:‘;ﬁts THh t A is®
install ed b3 a spdsilttored! Befweenhéhacowpperatamsh bcbwehebrfisgéremqﬁwethn@r mal
wear 4 asspgi at egbdbhl hQ?fb%Qan‘lQndU B%r J.fx{tf&}ﬁ%dgﬁtgasfﬁg%zwé’é hen

defi ned by t he di stan e bet ween porti on 44 and | ower
edge 66 of1RipperSeFoRErha: mm@ﬁ 18 E%E%F?ﬂqdalk?%): Rl e URPEHAD

di st ance M\Neenlcﬂnéhefirma‘s asffyecHel fifrdtnthalfegostaohi.nger 52 and the
upper 9 e 60 of body portion 44. Lower finger 50 has a width, 10 defined
by the di stance between | ower end 62 of body 11 portion 44 and upper edge
68 of | owe¥8finger 50, which is 12 substantially the same as the distance
between theel ower 13 edge 588&f£i D oht 242 44 O : &d he Iovver end 62
of 14 body,portion 4 These nmensi an the fingers .48

al | ow each2 art 42 oﬁnt‘%e J'tx)ﬂ‘lYeht-‘mn :gll r?terl%%k )#’r?q gnot% ?arpart 42
of the buskh}ng 4detmih mthsrgfernacal ted the tansonpanyiiagl Sluswings vaie 10.
18 In Fig.2®, ongnfxakt! 42 of bushi ng 40 is shown 19 nounted on a spindle 16
of a vane 10. As sho ,in 20 . Fi , the di stance between uerr and | ower
fingers 483 and 50 i ht &f |%ﬁ’ésﬂel°i'1’dé’te Fiew ehsd PRART; RFoovane

di amet er o24 spi rolshibtg, Tdeswedl aremovied drebar at cranlestall 23 part 42 onto
spindl e 16,gpart 42 i ingd;up t o rsa48, 50
and 52 argzl n cont act E sgwncﬁ}g%ﬁbéﬁga% par ?sb?)?%sse on?% e

spi ndl e 1626 26 M#@ﬁmna’r’m Rigwerlif i ngers 48 and 50 to be flexed 27

gway fromamter mdsd: atméi nger1552 gnggﬁ@ectgval |v€1\§u28o§p§nd)|ae1e1@o\h@hﬂ@djs
et ween upper and. lq n 4 50 .and internediate

Once uppePLp nd I%%?\,%dl tr?g J‘tha ‘Bg%?gl %&?‘&8&’8?8“? ﬁrdgeg§£°pass
beyond 31 2%e wishewn pegnovsd sfyowllae vedie;upper and | ower 32 fingers 48 and

50 and intgynediate fpiger 452i9nan hagliddd NPl NOE £19E MRlanROShh RSy
t her eby enﬂagl ng s |n Je 16 34 within part 42. Once npunted on sgl ndl e 16,

upper and 16 &€ the first embodiment of the inventio
Fig 5 is a perspective view of the vane bushing
33 according to the first embodiment of the invention, shown

34 partially installed on a vane;



W O 00/ 43642 10 PCT/ US00/ 01224 1 |ower fingers 48 and 50 ant® Y{ltef0R%i at e
finger 52 span 2 spindle Z6 approximately 270. However, a span of 3
approximately 250 to 280 nay be used. The same process 4 is carried out to
i nstal l th@’qv)‘!%éﬁﬂpart 42 on 5 spindle 16. 6 As shown in Fi §CT&S0E24 o t he
configuration and 7 size of upper and |ower fingers 48 and 50 and 8
internmedi ate finger 52, when both parts 42 are installed 9 on the spindle
16, internediate finger 52 of each part 42 10 fits into the gap between the
upper and | ower fingers 48 11 and 50 of th& other part 42. The resulting
bushing 40 12 conpletely covers the spindle 16. 13 Figs. 8 and 8A show
cross-sectional views, taken 14 along line 8-8 of Fig. 7, of the bushing 40
installed Qn 15 a spihdl e 16, of _a_vane 10.which is ted to inner 16
shroud 14. TOnce bushidg§ ‘4 i’ssiﬁsPSFFBBCBﬁvipi"ﬁawe"%, he “poosi %c‘js Nghd
spi ndl e 162are sgrdwdihgdtbethedrinsdr embadiBer0 o fitthe Gnventimmr ssiowaud

14. Portioga 20%,30¢ 20Rt21¢ed%acs Wtk f 0get her via nut and bol t
assenblies 70. This 20 assen%l,y ol ds vane 10 in place, while allow ng it

to be 21 r8tated abofi9spihdl 516 BSXSRectdVSotWigtar P§ & vRnepmeunte
enbodi ment sare 23thdanti ehkoutihef eai fethcertgiatk f or preassenbling the 24
bushi ngs before theygare shi;pped, B , L0 rohl em

of having tgo reassenﬁ?g'bésﬁ%ngs ctrﬁgg %Eggg{’:%%g ‘é%‘gségngf%d{’&%?‘ﬁﬁé 8

shi ppi ng hds be&heefinFhacvbodimeny athdhsopresentcénvgehipar mognatefl pushi ng

40 can be g8 sepakahel ytakbACheong o1ide & Nd eilp, #;he need for the 29

el astic bapd to hold_the prior art bushing in place on 30 the spipdle 16
has al so b&en el i m nAt&d. R cohhtentodl He tcgf t‘?ﬁe%‘ﬂ{%‘}ﬁ% 8? FEE
present 320i nvefiiret iesnbeiddwenat o0 tihe Fmpsent- lihvelusiimgn@@ntey 88 be
injection,qpol de¢;,B 048 BhEGR Ygi Pyl he, same material 34 as that used in

t he enbodi nent 01‘*et Fi'gs. 3-6.. Bushing 80w . 16 JULY 2003 WD 00/ 43642 11
PCT/ US00/ 2224 1 i nc%&ﬂes % ¥$r s RARSPRESE IR Bl cBAd Bpafdn®2BuURRLBE are
2 att?ph_eubtﬁ_ eackoatiiay alteng aa meigchAen?cﬁie:reaw %/,ofS fdu':l_aee Béesenaol ded
as a livi in : p S [ e formed in one piece,

whi | e al 3(9395 prg\ﬁlygﬁgigpheg{%%éer%%§$0%%% ts‘%él\% in Figs. 9-11, 6 part
82a of budhing 80 inE&Hdes‘-Qa b9dg mevspestéBenaiawy 9fam upare buehéngss, a
|l ower finggr 90agedraihbange 8 Porddcdhdl 0Qbddineated ¢ Ongha@n ppesenend
102a of b gy 84,9 of Eart 82a. Part 82ph of bushing 80 includes a body 10
portion 92’havi AYVERCFRPer ABAVR: $7 13 fkI5eh PYRF %4 M iange 11 portion 100b,

di sposed aBong an uppPég-.erid 1ld2baofpehepective? wifewarf 82lwans Bushing 80

| s Tormedyguch Lagbrulifad! 8bancke Daldkhia 14nboadfient aB¢ ! BReCnggegbntibper
and | ower _fingers 38 ana 15 90, as well as the distance between hinge 84
arid the 8Rd 161BVePREERmeBRAYR IR rAfRrOREP BO9HSIOYihan the di aneter of 17
spindl e 181 This perRigs a2t her o4 pearbseBlbvandi8@b ofo &l 8vime nbushédgont o

t he spind 16 itLi ; ] t Ot j - i,hg 80
is instal #gd ongécégla%a%eéﬁg%ﬁﬁ%ng%{:#@iﬂ;p%niér%ge S’g‘re%ghgzéagﬁggg%'as
shown by 8&#rowsShownj gempyed2fram)a syane f iand ng ei t her of parts 82a and 82b
ggto the 28f_8pi ngl e #8g.hiymgeds yacgfé&is@&gbgsgi RELekB @foundvér!i@dlBﬂs?ghQﬂ e
andt FO\SNQ?B?i Intget?gggghgﬁra 8 oggr&g; pggf‘% 2ae‘§'ﬂ‘a§$'ﬂ$‘£tlt" ?reé?gt gg%innngSSRtoP Pet
part 82b afe 27ipvemtiiand positioned such that when bushing 80 is in the 28
cl osed poghtion shown in Fig. 10, internediate finger 94 29 fits between

upper andzleower fingers 88 and 905 t her ebx 30 Soveri ng the spindle 16.

29 Referring now to the drawings, and motre particularly
30 to Figs. 3-13, the vane bushing of the present invention
31 will be described. Shown in Figs. 3-6 is a first
32 embodiment of a vane bushing 40 of the present invention.
33 Bushing 40 includes two identical parts 42 which are

34 mated together on spindle 16 to form the bushing 40.



31 A third enbodi ment of the bushing of the present 32 invelfi {¥lnY 280&Zhown
at . 120 in Figs. 12 and 13 Bushing 120 33 may be infection nolded in one

pi ece using the sane 34 material as that used in the enbodi nent of Figs.
3-6 and w wd6o/4Beky 2003 WO 00/ 43b42 12 PCT/ US00/ 01224 1 9- l¥ctrmmehizzg 120
I ncludes a body portion 122 and a 2 flange portion 124 di sposed at an upper
end 126 of body 3 portion 122. Bushing 120 includes a slit 128 which 4
extends conpletely through flange portion 124 and from5 upper end 126 to

| oner end 130 of body portion 122. 6 Bushing 120 al so includes a nunber of
slots 132 which 7 extend conpletely through flange portion 124 and from 8
upper end 126 to a point between upper end 126 and | ower 9 end 130 of body
portion 122. Slit 128 and slots 132 10 permt bushing 120 to be fl exed open
to allow thé busBaply park20t2 oibe iprjessédnomialdedl thepeky pisdal fromon a
spindle 12 36. | : Sf, Ot p ' space .t r qal
expansi on o% thgﬁ%ggﬁ%%baggbéghdé?é?gtﬁ%§§ﬂ gg%éﬁ%ﬁa??o%égggdéég%ggfgg%\the
normal wear 3assotPaeedien WPtAethe IRusAlRY £apabie Wi | ithetendinghshe and
descri bed herei nveeyt Righl¥egpechtigest éﬁﬁéﬂiéﬁcé&bﬂﬁyiangeEh%ngﬁlﬁenbh@& it
will be 18 ganifgﬁg t %Qose sk'gled int ? art tQat.v rloustl b

modi ficati oRs and-teaPfafgehEnt 058P the paffS nlPCBEiRfde™Fwi ~RER De
departing fFfom t heackpralblie arpinsopdrofeanse cabegnddmnl pirdexi meeftiniehc bheept .
For exanpl ey thep22ei ntaidedpate fhd@ebeof mbbRihdd SteANIrsagONC: ephedigent s
23 may have_upper and_] ower. edges which are tgpered, rather™24 than
paraliel, a8 shoﬁﬂe?+ﬁi?m59%iﬁﬁaﬁﬁs'lH%§U€W£§r presentdys eonsepRlAEeA t he
upper and | swer &sngdres poeferbed2mmaAtemed t SopodHiis/ehppadeaptiohheid aper ed
i nt er medi a 27 £ %ﬂﬁp Is LS.l Rstalle shi ndl-e. , 28
while the %?nge %%ﬂ% ? e sé%gﬁﬁgg%%%§%§%§¥ ?§°d%§6¥6§£ﬁﬁﬁﬁaas #% Héh%?
living hinde, itthe|fradenade RREOPY Victmex WMadns . 825 Wegtsghestiprhe

forned sepapat el yeandshi ngadh ¥y a31 attaghad usi a?;ﬁﬂbﬁi{&%eé hynge 20%
t nyventi on.are

structure. ,Eurth e whi l.e the bushi o] present .i

descri bed ég forgéggé??F%E;ﬁﬁﬁﬁéhri%ﬁ%h p%ﬂgéngine ,lfhecﬁﬂgﬁpﬁ %oﬁay°§4 be
used for ah§ appreeexriabsi mliigwsh gompdakngshandsgtohebey fognerl ¥a2008 WO
00143642 135PCTNSRE{ D3 2%hdl 2Re¥BeHB88GE1DEd dUmRerdd €20l StHESIae. art
AccordlngI¥ 2 the inventive cgﬁFept S Boi |imted tqﬁ%hg gart cular 3
forns hereff shoRFCSTRF d85cmMaskdndnge i Phibetr 12804 thfyi 48BEHCDy SPARSs cope

of the appgfided Bowevesr, wny material which possesses the characteristics

18 described above may be used to form the present
19 invention.

20 As shown in Fig. 4, each part 42 includes a body
21 portion 44 and a flange portion 46. Each body portion 44
22 includes an upper finger 48 formed at the upper end 60 of
23 one side of body portion 44 proximate flange portion 46
24 and a lower finger 50 formed at the lower end 62 of the
25 same side of body portion 44 on which upper finger 48 is
26 formed. On the other side of body portion 44, an
27 intermediate finger 52 is formed at a point between the
28 upper end 60 and lower end 62 of body portion 44. Upper
29 finger 48 and lower finger 50 have a distance between
30 them which is substantially the same as the width of
31 intermediate finger 52 as defined by the distance between

32 upper edge 54 and lower edge 56 of intermediate finger
33 52. However, the distance between upper finger 48 and
34 lower finger 50 may be greater than the width of



WO 001 43642 14 WHAT IS CLAIMED I'S: 16 JULY 2003 PCT/ US00/ 0T2JLY 2003A vane
assenbly for an engine, the vane 2 assenbly conprising: 3 a vane conprising
a bl ade having a spindle disposed 4 at one end thereof; and 5 a bushing
nmount ed onwspdodiasfal ndl e, said bushing 6 conprising first angcEasaneibal f
portions, each half 7 portion having a generally sem circular body having a
8 first finger disposed at a first end of a first side of 9 said body, a
second finger disposed at a second end of 10 said first side of said body
and a third finger disposed 11 on a second,si de of said body, between said
first and 12 second ends of said body, said first and second fingers 13
havi ng a di stance between them which is not less than a 14 width of said
third finger; 15 wherein said first and second half portions are snap 16
fit onto smid sputetmedfatsai divaee Brhtbhallissi dfdhi ekphhsiongess ofheai d

d hal | [ 8.said first ,and second.fingers of
said 1 ret? nar ronies et ThE RS e d V18 T aka  Bpa 28R AT ERLRal o PR
portion is320 |%emat &deheropenutationi oft debriecdadnf i hher snafmadai dedd
second hal{ porddg¥eidted Jienvene BasRihLY48f Claigarl £ MiRdLidy %fs;er 2

said first_and secand half rtions furthér conprise a 3 sem -annu

fl ange di s?)osed”’a%&é'ai ‘E]Jeh?g‘g éﬁdtgf SGaRcBo ST HPP&%IfP% R -@hinul ar
flange |yiég i rbedypl poetbomhiteh arsi siedranedge | g6 peifpanshenti| findexr 248,

longi tudi nal 6 @ax s, Ofiss@&slﬁ(&%'ia‘fly thel Whne2993: MO Q0L£384€ Hecween

PCT/ US00/ 01224 )
8 the upper edge 54 of intermediate finger 52 and the upper

9 end 60 of body portion 44. Lower finger 50 has a width,
10 defined by the distance between lower end 62 of body
11 portion 44 and upper edge 68 of lower finger 50, which is
12 substantially the same as the distance between the lower
13 edge 56 of intermediate finger 52 and the lower end 62 of
14 body portion 44. These dimensions of the fingers 48, 50
15 and 52 allow each part 42 of the bushing 40 to interlock
16 with the other part 42 of the bushing 40 when it is
17 installed on the spindle 16 of the vane 10.

18 In Fig. S5, one part 42 of bushing 40 is shown
19 mounted on a spindle 16 of a vane 10. As shown in
20 Fig. 5, the distance between upper and lower fingers 48
21 and 50 and intermediate finger 52 is 1less than the
22 diameter of spindle 16. Therefore, in order to install
23 part 42 onto spindle 16, part 42 is 1lined up with
24 spindle 16 such that fingers 48, 50 and 52 are in contact
25 with spindle 16, and part 42 is pressed onto spindle 16,
26 causing upper and lower fingers 48 and 50 to be flexed
27 away from intermediate finger 52 in order to allow
28 spindle 16 to pass between upper and lower fingers 48
29 and 50 and intermediate finger 52. Once ﬁpper and lower
30 fingers 48 and 50 and intermediate finger 52 pass beyond
31 the widest part of spindle 16, upper and lower
32 fingers 48 and 50 and intermediate finger 52 snap back
33 into their normal positions, thereby engaging spindle 16

34 within part 42. Once mounted on spindle 16, upper and



1 3. The vane assenbly of claim 1, wherein said 2 bushing i'® 449203 rom a
plastic material. 1 4. The vane assenbly of claim2, wherein said 2 bushing
is formed froma plastic material. 1 5. The vane assenbly of claim 3,
wher ei n sai ing is formed using an injection nDIding gﬁﬁﬁ 6. A
vane assenﬁﬁoagor an engine, the vane 2 assenbly conpri sing: g@ﬁ%}
conprising a blade having a spindle disposed 4 at one end thereof; and 5 a
cylindrical bushing having first and second 6 portions hingedly attached to
each other) said first 7 portion having a first finger disposed at a first
end of a said bushing and a second finger %ﬂsposed at a second end 9 of
sai d bushing, said second portion having a finger 10 di sposed at a point

bet ween said first and second ends of 11 said bushing; 12 wherein said

bushi ng Islsecunedeenfsm r&PiaRdle b ol3npl A6kBYMEASPE $8hdel 5§t g
I d _cl %us hi ng™ar ound ald

second portions Onaéi e, and closing sa

spi ndl e suéh 155Ph §ala6fléﬁﬁﬁ°*ﬁm§£%¥¥ s@ZBnd poﬁ?WSﬁer |BcApap 16

bet ween saBd fi apprarimseebpd25d hger szsof’ aaydbé nx.ﬁd 17 e tsame. ptoéessghe
vane assemply of ¢l ai, erein ch id ndsecon
port|onsfﬂ?therE%onngg%ethgﬁ% 3%§nnu ??angé |sp Pagg dffr sPPend
t hereof , s&i d4 spindafAndParfl ange lyi ng |n a pl ane mhlch I s5

subst ant i akl yper pendagulsiouraih ong tUdl nalueamos b ééﬁf’l uah ang J U
LY 2003 WD_00/ 43642 16 PCT/USOO/012 3§ vane asse cl ai m.6,
ast

wherein sa’d 2 Bu&fingfi s WRSTed Ift%er 44 . qﬂ% The 9ade’
assenbly o8 cl aintgrmefisaee nf segekr Zmus«memgho&hf partd f#eoare phasalted

material . § 10.  Ihepyage; ﬁ&fﬁiodyﬁfte%aa%g g\m% & 55Yd ea n&gﬁ;&%s

formed using an |nject|on process vane asse
engine, thE vanglEsaéﬁEﬂbFQed%ﬁ% QfwRen the upper and lower fingers 48

11 and 50 of the other part 42. The resulting bushing 40
12 completely covers the spindle 16.

13 Figs. 8 and 8A show cross-sectional views, taken
14 along line 8-8 of Fig. 7, of the bushing 40 installed on
15 a spindle 16 of a vane 10 which is mounted to inner
16 shroud 14. Once bushing 42 is installed on spindle 16,
17 bushing 40 and spindle 16 are sandwiched between portion
18 20a and 20b of inner shroud 14. Portions 20a and 20b are
19 secured together via nut and bolt assemblies 70. This
20 assembly holds vane 10 in place, while allowing it to be
21 rotated about spindle 16.

22 Since both parts 42 of this embodiment are
23 identical, there is no need for preassembling the
24 bushings before they are shipped, and therefore, the
25 prior art problem of having to reassemble bushirgs that
26 become disassembled during shipping has been eliminated.
27 Furthermore, since each part 42 of bushing 40 can be
28 separately attached to the spindle 16, the need for the
29 elastic band to hold the prior art bushing in place on
30 the spindle 16 has also been eliminated.

31 A gecond embodiment of the bushing of the present
32 invention is shown at 80 in Figs. 9-11. Bushing 80 may
33 be injection molded in one piece using the same material

34 as that used in the embodiment of Figs. 3-6. Bushing 80



3 a vane conprising a blade having a spindl e disposed 4 at théUleh@0dher eof ;
and 5 a bushing having a cylindrical body, said body 6 having a slit which
extends from an upper edge of said 7 body to a | ower edge of said body and
a nunber ofwgloglsse48 Whi ch extend from said upper edge of sai g-Ppgib/di9242
point 9 between said upper and | ower edges of said body, said 10 slit and
sai d nunber of slots being constructed and 11 arranged to permt the
bushing to be tenporarily pried 12 open; 13 wherein said bushing is nounted
on said spindle by 14 prying the bushing ogen at said slit, placing the
bushi ng 15 around the spindl e and rel easi ng the bushing, thereby 16
allowi ng the bushing to encircle the spindle. 1 12. The vane assenbly of
claim1l, wherein said 2 bushing is formed froma plastic material. 1 13.
The vane assenbl jneludéaian fliistMpaire 828848 22 Baind paatesdl which argture
of PEEK'' d PT, . .Lhe vane se f_claim13  whegeip said 2
bushi ng isa$ornegggg%ﬁéé~§§i%ﬁéhﬂ?éﬁ?ﬁéﬁi#ﬂ% %rgégggfaﬁ' 1%r3€E§£Eg63 WO
00/ 43642 173 PCT/uSege 0B4z24s 1 M3 ded mshand fwing bpnael e whilsd bpetmigs 2
conprising: 43 fipssnongd seeond halef BGEMEQNSin €22 hplibcROT LHRD14 havedg a
generally sem circul ar’ bod havung a first 5 finger disposed at a first end
of a first 3ide B¥O¥LRing gbﬁyPlQ EeURALEOR: ngdF FROWTsdd AL setohtr end
of said 7 férst parie &iasaf dbuithineasd dnthuddsi anpedydpsposen &6 kavisgcond

si de of saig bod n igd. figest an ongl, dg, ,of id b aid
first and sgcond%?i ngérs hg§?§rl 82 d?sﬁg?\’%g Bfei]fx\?%% ?ﬁerﬁvﬁéi gh f€¥ngé
substanti al8y a BPHEIPHILO0A sAiBPorRAdJ2iPRg A upPerhend A03ai affpedy &hd
fS_econd h?I fspgr&dzlpnpa&te a%la.]p 19aktt somt (Zifsﬁ'btﬂsl’gi}igldb@ &h@mpgafa_t asaééh%hilgd
I nger o I con portion_is_|ogat et ween, sal LT an
second fi n%@rs o?oéstg}%ng%ir]?ia‘ﬁlaqgf aﬁoﬁﬁtSﬁTeéﬁagga?ﬂn?ﬁ‘Fr%El%n?i%g%#a’b?esai d
first hal flportirertion dddfiled disrased sibng 1am fupper smd d628bndffboder$2 of

said secongb hal foposdiongayd, 16. A bushing for nounting a variable-pitch
stator 2 vapne within a shroud. of, a jet engine h a nunber of 3 the
I

Vi n
vari abl e-ptich st at orBYRMRS &4,4F Formen) Sught Eﬁaﬁ g@‘at%}s‘&%%ei%?‘iﬁﬁrhg a
bl ade havily a Shpimgie e84dli apdseHeSendls ong wppet hatiddlowdef ingdrwranpes and

gﬁgg[ ;f]'t i“gir?G fige! andysecand gl fdiQ%hEQ“Eatﬁggﬂ ﬁtffhm%e P&4 Eiéx&)&' t{hé'aélﬁé‘g a
y semcircul ar body, an upper end, a lower end, a tirst aide
and a secob® si gef intermediaté finger 94 is less than the diameter of
17 spindle 16. This permits either of parts 82a and 82b to
18 be mounted onto the spindle 16 by snap fitting the part
19 onto the spindle.
20 Bushing 80 is installed on a spindle 16 by hingedly
21 opening parts 82a and 82b as shown by arrows 110 in Fig.
22 11, snap fitting either of parts B2a and 82b onto the
23 spindle 16, hingedly closing bushing 18 around the
24 spindle 16 to snap fit the other of parts 82a and 82b
25 onto the spindle 16. Upper and lower fingers 88 and 90
26 of part 82a and intermediate finger 94 of part 82b are
27 sized and positioned such that when bushing 80 is in the
28 closed position shown in Fig. 10, intermediate finger 94
29 fits between upper and lower fingers 88 and 90, thereby
30 covering the spindle 16.
31 A third embodiment of the bushing of the present
32 invention is shown at 120 in Figs. 12 and 13 Bushing 120
33 may be injection molded in one piece using the same

34 material as that used in.the embodiment of Figs. 3-6 and



9 the first Bide of the body of each of the first and 10 s &8k Y2108
‘portions having an internediate finger 11 disposed internedi ate said upper
and | ower ends of the 12 body, said intermediate finger having a width; 13
t he secondwa a@e3ef2z t he body of each of the first and 14 secead/usabNi224
portions having an upper finger disposed at 15 said upper end of said body
and a | ower finger disposed WO 00/43642 18 16 J U LY 2003 PCTNS00/ 01224
16 at said | ower end of said body, said upper and | ower 17 fingers having a
di stance therebetween which is no~less 18 jthan the wi dth of said

internedi ate finger; 19 wherein said first and second half portions are 20
constructed and arranged to be snap fit onto the spindle 21 of the vane
such that said internmediate finger of said 22 first half portion is

posi ti onedibet weehlsai dBustpiarg anzlo 23nkdwdesf iangesdy oposaidnsacmdahal &
portion and sai LN Lat g, f ik 1 d.S f rtic0n IS, 25
positionedgbetmgé%ﬁggiEgﬁgggé %%% Fgggésgénggrgnogﬁgggdggé %??s%fhgfp§
portion. 1317. PREtHABhIIRF -of EWEhEdNgs, 13hedsicAudgsh af sdatd 128§ | wédchnd
segon]g hal 4 por bk@éﬁdguthgﬁeﬁg e @oRaghf |f§.:’é§i§e3 ;;Bz%%@%ﬁdm% iaﬁag_f&}a,raer
end of sai 0 sai a ying in_a.plane [ i s substanti y
perpendicugar t§p8e5I i?%%iﬁgl o?néaﬂgnboﬁg.%fdﬁ&pq?ﬁ}%%sﬁgﬁg of
claim 16, @her eBusbang fli2Ostaland hneboiesl aahfimpert iofnsslartss f 03 Aedhfichm a
pl astic makeri a 9, i ' ' j 40 Stelg 2
mat eri al ctgrrpri é’égégé}mc)?ﬁ%rqgleg? ngﬁﬁg%ngf%ﬁe %%sbghzﬁ&sﬁ% tflcx)? “claim

19, wherei f sai UPREXt &P & dithA BN DeSYeRR: MPPeB0SNPAERRT" agAy Lower
approxi mat ol y 28#d3 1B0Fkef bddy ddwrinrshizey. of dlditmiBs awhér eloetsaind2fir st

and 2 secqopd ha ty : fo0 f p i t-er i al. +nlhe

bushi ng o?ecl ai h%i@ﬁvﬁg%% g’aziodq:gierggt Egﬁ%&i éé%&)n%) %]ngpg:r x c%)’rllls%%éfl

fornmed bylinj ectRBnt@oPeiinkgsspd onsojend phepeby installed on a spindle
12 l6. Slit 128 and slots 132 also provide space for

13 thermal expansion of the bushing 120 and for the
14 accumulation of debris from the normal wear associated
15 with the bushing 120.

16 While there is shown and described herein certain
17 specific structures embodying the invention, it will be
18 manifest to those skilled in the art that various
19 modifications and rearrangements of the parts may be made
20 without departing from the spirit and scope of the
21 underlying inventive concept. For example, the
22 intermediate finger of the first and second embodiments
23 may have upper and lower edges which are tapered, rather
24 than parallel, as shown in the figures. 1In such a case,
25 the space between the upper and lower fingers would be
26 formed to positively accept the tapered intermediate
27 finger when the bushing is installed on a spindle. Also,
28 while the hinge 84 of the second embodiment is disclosed
29 as being a living hinge, it will be understood that the
30 parts 82a and 82b may be formed separately and hingedly
31 attached using any type of hinge structure. Furthermore,
32 while the bushings of the present invention are described
33 for use in connection with jet engines, the bushings may

34 be used for any application in which a bushing having the



WO 001 43642 19 PCTI US00/ 01224 1 23. The bushing of clai m 168 JWh&r2808, when
said 2 bushing is snap fit on the spindle, each of said first 3 and second
hal f portions spans the spindle approximately 4 270. 1 2 3456 7 8 9 10
il 12 13 14yd eodsBarl7 18 19 20 21 1 2 3 4 5 24. A bushi ng cormprrinsson@i22ki r st
and second half portions, each half portion having a substantially

sem circul ar body, an upper end, a |lower end, a first side and a second
side; the first side of the body of each of the first and second half
portions having an intermnedi ate finger disppsed internedi ate said upper and
| ower ends of the body, said internediate Tinger having a width; the second
side of the body of each of the first and second half portions having an
upper finger disposed at said upper end of said body and a | ower finger

gi sposed g_tl sai dbboeedesndibbdsgirdgeatyessaisl apperapbe. | O}mgfcdcridfi@@ﬂ_?.
aving a di,stancge t her. t.yeen IS e e ; [

i nt er medi atze fi %glg‘r !1%\/\\'%21%@':@% scao:Q@e%Ers S gﬁ%észg%%gg%aflp p');\(gfret itp%ﬁ%lg?lg'aq
construct ed and f@rmangheresnbeskemp fand ofescyibgindexcenth inrpfaki @s

i nternedi age fingascatedaby Ehésgcbgéfoaoeaéoap%én@@éléwﬂﬁéi. bet ween said
upper and lower fingers of said second half portion and said internedi ate

finger of said second half portion is positioned between said upper and

| ower fingers of said first half portion. 25. The bushing of claim 24,

wherein each of said first and second half portions further conprise an

fl ange di sposed at said upper end of said body, said flange lying in a

pl ane which is substantially perpendicular to a |ongitudinal axis of said
body. w 16 JULY 2003 WO 00/ 43642 20 PCT/ USO8/ A Zz24



1 26. The bushing of claim24, wherein said first and 2 sect®dUh¥i2003
portions are forned froma plastic material. 1 27. The bushing of claim 26,
wherein said plastic 2 material conprises a m xture of PEEKT" and PTFE. 1
28. The bushi ng of claim 27, wherein said mxture 2 conprises_approxi rrately
80% PEEKT" W8/43¢3r oxi nat el y 20% 3 PTFE. 1 29. The bushi ng BfT fé]%g

wherein said first and 2 second half portions are fornmed froma pl astlc
material. 1 30. The bushing of claim27, wherein said first and 2

second' hal f portions are formed by injection nolding. 1 31. The bushing of
claim 24, wherein, when said 2 bushing is &fap fit on the spindle, each of
said first 3 and second half portions spans the spindle approximately 4
270.
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U ca. NIL}\ Fg?ﬁ%°% to J Jgﬁﬂdie of said vane such that said third
17 finger of said second half portion is located between
18 said first and second fingers of said first half portion,
19 and said third finger of said first half portion is
20 located between said first and second fingers of said
21 second half pértion.

1 2. The vane assembly of claim 1, wherein each of
2 said first and second half portions further comprise a
3 semi-annular flange disposed at said first end of said
4 body portion, said semi-annular flange lying in a plane
5 which is substantially perpendicular to a longitudinal
6 axis of said body.
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. The vane assembly of claim 2, wherein said

2 bushlng is formed from a plastic material.

1 5. The wvane assembly of claim 3, wherein said

2 bushing is formed using an injection molding process.

1 6. A vane assembly for an engine, the vane

2 assembly comprising:

3 a vane comprising a blade having a spindle disposed

4 at one end thereof; and

S a cylindrical bushing having first and second

6 portions hingedly attached to each other, said first

7 portion having a first finger disposed at a first end of

8 said bushing and a second finger disposed at a second end

9 of said bushing, said second portion having a finger
10 disposed at a point between said first and second ends of
11 said bushing;
12 wherein said bushing is secured on said spindle by
13 placing one of said first and second portions on said
14 spindle and closing said bushing around said spindle such
15 that said finger of said second portion is located
16 between said first and second fingers of said first
17 portion.

1 7. The vane assembly of claim 6, wherein each of

2 said first and second portions further comprise a semi-

3 annular flange disposed at said first end thereof, said

4 semi-annular flange lying in a plane which is

5 substantially perpendicular to a longitudinal axis of

6 said body.
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1 9. The vane assembly of claim 7, wherein said
2 bushing is formed from a plastic material.

10. The vane assembly of claim 9, wherein said
bushing is formed using an injection molding process.

1 11. A vane assembly for an engine, the vane

2 assembly comprising:

3 a vane comprising a blade having a spindle disposed

4 at one end thereof; and

5 a bushing having a cylindrical body, said body

6 having a slit which extends from an upper edge of said

7 body to a lower edge of said body and a number of slots

8 which extend from said upper edge of said body to a point

9 between said upper and lower edges of said body, said
10 glit and said number of slots being constructed and
11 arranged to permit the bushing to be temporarily pried
12 open;
13 wherein said bushing is mounted on said spindle by
14 prying the bushing open at said slit, placing the bushing
15 around the spindle and releasing the bushing, thereby
16 allowing the bushing to encircle the spindle.

1 12. The vane assembly of claim 11, wherein said

2 bushing is formed from a plastic material.

1 13. The vane assembly of claim 12, wherein said

2 plastic material is a mixture of PEEK™ and PTFE.

1 14. The vane assembly of claim 13, wherein said

2 bushing is formed using an injection molding process.
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1 15. A bushing for a @spindle, the bushing

2 comprising:

3 first and second half portions, each half portion

4 having a generally semicircular body having a first

5 finger disposed at a first end of a first side of said

6 body, a second finger disposed at a second end of said

7 first gide of said body and a third finger disposed on a

8 second side of said body, between said first and second

9 ends of said body, said first and second fingers having

10 a distance between them which is substantially a width of
11 said third finger;
12 wherein said first and second half portions are snap
13 fit onto said spindle such that said third finger of said
14 second half portion is located between said first and
15 second fingers of said first half portion, and said third
16 finger of said first half portion is located between said
17 first and second fingers of said second half portion.

1 16. A bushing for mounting a variable-pitch stator

2 vane within a shroud of a jet engine having a number of

3 the variable-pitch stator vanes, each variable-pitch

4 stator vane including a blade having a spindle disposed

5 at one end thereof, the bushing comprising:

6 first and second half portions, each half portion

7 having a substantially semicircular body, an upper end,

8 a lower end, a first side and a second side;

9 the first side of the body of each of the first and
10 second half portions having an intermediate finger
11 disposed intermediate said upper and lower ends of the
12 body, said intermediate finger having a width;

13 the second side of the body of each of the first and
14 second half portions having an upper finger disposed at
15 said upper end of said body and a lower finger disposed
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17 fingers having a distance therebetween which is no less
18 than the width of said intermediate finger;
19 wherein said first and second half portions are
20 constructed and arranged to be snap fit onto the spindle
21 of the vane such that said intermediate finger of said
22 first half portion is positioned between said upper and
23 lower fingers of said second half portion and said
24 intermediate finger of said second half portion is
25 positioned between said upper and lower fingers of said
26 first half portion.
1 17. The bushing of claim 16, wherein each of said
2 first and second half portions further comprise an flange
3 disposed at said upper end of said body, said flange
4 lying in a plane which is substantially perpendicular to
5 a longitudinal axis of said body.

18. The bushing of claim 16, wherein said first and
2 second half portions are formed from a plastic material.

19. The bushing of claim 18, wherein said plastic
2 material comprises a mixture of PEEK™ and PTFE.

20. The bushing of claim 19, wherein said mixture

2 comprises approximately 80% PEEK™ and approximately 20%
PTFE.

1 21. The bushing of claim 17, wherein said first and

2 second half portions are formed from a plastic material.

1 22. The bushing of claim 18, wherein said first and

2 second half portions are formed by injection molding.
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FI10% & ()r Z 23. The bushing of claim 16, wherein, when said

2 bushing is snap fit on the spindle, each of said first
3 and second half portions spans the spindle approximately
4 270°.

1 24. A bushing comprising:

2 first and second half portions, each half portion

3 having a substantially semicircular body, an upper end,

4 a lower end, a first side and a second side;

5 the first side of the body of each of the first and

6 second half portions having an intermediate finger

7 disposed intermediate said upper and lower ends of the

8 body, said intermediate finger having a width;

9 the second side of the body of each of the first and
10 second half portions having an upper finger disposed at
11 said upper end of said body and a lower finger disposed
12 at said lower end of said body, said upper and lower
13 fingers having a distance therebetween which is no less
14 than the width of said intermediate finger;

15 wherein said first and second half portions are
16 constructed and arranged to be snap fit onto a spindle
17 such that said intermediate finger of said first half
18 portion is positioned between said upper and lower
19 fingers of said second half portion and said intermediate
20 finger of said second half portion is positioned between
21 said upper and lower fingers of said first half portion.

1 25. The bushing of claim 24, wherein each of said

2 first and second half portions further comprise an flange

3 disposed at said upper end of said body, said flange

4 lying in a plane which is substantially perpendicular to

5 a longitudinal axis of said body.
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2 material comprises a mixture of PEEK™ and PTFE.

1 28. The bushing of claim 27, wherein said mixture
2 comprises approximately 80% PEEK™ and approximately 20%
3 PTFE.

1 29. The bushing of claim 25, wherein said first and
2 second half portions are formed from a plastic material.
1 30. The bushing of claim 27, wherein said first and
2 second half portions are formed by injection molding.

31. The bushing of claim 24, wherein, when said
bushing is snap fit on the spindle, each of said first
and second half portions spans the spindle approximately
270°.
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