FAN EXIT GUI DE VANE REPAI R METHOD AND APPARATUS BACKGROUND OF THE | NVENTI ON
[ 001] The present invention relates to a nethod and apparatus for repairing
fan exit guide vane assenblies for gas turbine engines. More particularly,
the present invention relates to a nethod and apparatus that can be used to
make tenporary, on-wing ré€pairs to fan exit guide vane assenblies of gas
turbi ne engines. [002] Fan exit guide vanes (FEGVs) ~are aerodynami cally
shaped structures located aft of a gas turbine engine fan and forward of an
engi ne support pylon, installed in a circunferentially spaced, spoke-Ilike

arrangenment between_i [ ter _case structures that form a bypass
duct. Wen a gas.tufﬁmgﬂg 'W%L%NE&%HR&,ETHHQ ANBAPRARATUS: o | ed
between the two case struct upAgKEHOURDIFOTAEIRYENSIGNCt Ure' are connected
with the fan. FEGVs hel p inprove the efficiency and thrust output of gas

turbine engil@d by sttha grrsent dyentien selatest foeanmpthodhand wpparetusdintt 11 ow.
[003] FEGVs can pgfifg ﬁ%xmgulde%hgfﬁge@ﬁﬁés% a&tmﬁnegﬂbg%gowom@mmn

causes of damage an | beration 1 nc e 1ngéstion o | ects t hat nove

past the fan andpaticulrdy, dhe peasentinentioexelates fea nrter archappasatus thatsi ent
aerodynam c | oad 7 anl ranaialt , d the
effects of deterlé%'ﬁ g?@%&gﬁgﬁ%?ﬁ%ﬁﬁ%@épno@gg re?ﬁ'%;{&qﬁpbgg%gg@?vgﬁge at | east
one FEGV is | i beassephlies lobgas Bihingei®s. | eads to stresses on adj acent FEGVs
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arrangement between inner and outer case structures that form a bypass
duct. When a gas turbine engine is assembled, the FEGVs are inét'ajled
between the two case structures before those case structure‘é éfare
connected with the fan. FEGVs help improve the efficiency and ‘thérust
output of gas turbing engines by straightening the air stream in the
bypass duct flow. L
[003] FEGVs can be damaged or liberated during engine opelj'a{ion.r
Common causes of damage and fiberation inbfudeithe ingestijonj of
objects that move past the fan and strike one or more FEGV:Es,i&the
occurrence of transient aerodynamic loads that stress the vanes (é.g.,
surge events), and the effects of deterioration and rznonnall:wear éiver

time. Moreover, once at least one FEGV is liberated, the missing FEGV

leads to stresses on adjacent FEGVs frequently Iéadinfg to the lib?qré;fiion
of clusters of adjacent FEGVs. Replacement of ofiginai FEGVs-ih_ z'm on-
wing position is difficult or impossible. Typidally, the only way to ?'réﬁiove
the FEGVs is to cut them in half. |

[004] However, when attempting to replace removed vanes, new
FEGVs identical to the originals may not easily fit info the engine while
on-wing due to limited clearances and interference from a_djébent
FEGVs. Thus, known solutions for on-wing repairs inc!ude:desttpying



on-wing due to limted clearances and interference from adjacent FEGVs.
Thus, known solutions for on-wing repairs include destroying 2 and renoving
mul ti pl e vanes and replacing only a fraction of the original vanes, or
alternatively, |leaving the engine with zones having no FEGY/s. Drawbacks of
t hese known sol utions include decreased engi ne efficiency and regulatory
restrictions on flight tinmes for engines hhaving m ssing or danaged FEGVs.
General ly, these known on-wing repairs are only allowed tenporarily until
off-wing repairs can be conpleted. Additional on-w ng repairs have been
attenpted, but have'generally proven unsuccessful. Of-wing repairs result
in substantial | yagd é%me\rlng:Mtwlﬁvanesmndtrewagnmenwa fggmttion iofiehet dréginadn- wi ng

repairs. Aircraf e nes r t remendous
| ooaes due 1o delaiHnoRpRAaBlE ibaho, i3 BRRE Wb 2Bhés bAy iy Feoy
repairs. [065] Tﬁmwbacks pbthéss knawh s«ﬂutmmmuﬂﬂieademédsedea e @ffielonayus for fan
exit guide vane G@ﬁfr@pﬁﬁj&s t hat ﬁ—i ﬁll{ esse rt he. g gngl .gms w.th ZXI sting
repai r techni que§ RN ts-on - lig W\lrﬂ &IN5 AVIRG RiSHg Ofent f an
exit guide vane damegéd FEB\Vr dbargrdly, these mfoemeeﬁ-wrrrg/%ﬁau@nak%nly

install ation bet I nner e and an qQuter , case as_.turbine
engi ne I ncl udes \éﬁ’ Cﬁ‘l’ HOl‘%f{ISf Hs}ﬂsl WG VERRIS5ANGRR QPmp@Fﬁﬂ agﬂd'ﬁ‘wq!nner end,

a wedge structurenm@ﬁ {Jﬁiﬂs thavé hBedh tRlerpid, Obut hbws étjefn%i%lllk( Pforvaﬁture a
one

base plate positi ween the outer end of the airfoil ructure and
the outer case, HN¥BHRE Wabq)@"’\f'l'ﬁ EsPRis reséz'ﬁd"é“%ﬂ?'ﬂ'“'&(ﬂ@%?"ﬁ%ﬁﬁﬁ@ an openi ng

ther et hrough andlo%t ERGIRS RighPliBGhaN Gﬁﬂwﬁd‘%paﬁé)ewrﬁﬁﬂ Jﬁé@at@fsr fsﬁbllu agtructure
extends through' the openin recess accepts the. wedge structure

nd t he
to create an int @rpmmeeqmeafrﬁne%eﬁuﬁeérﬁremmoymlasw | z!mdd@%@db&ée pl at e.
The conformabl e pRididadlights ndtstRRstES by off-wing FEGV repairs.

[065] Thus, it is desired to provide a method and apparatus for fan exit
guide vane (FEGV) repairs that addresses the problems with existing
repair techniques. |

BRIEF SUMMARY OF THE INVENTION

[006] - A replacement fan exit guide vane asse:nibly according to the

" present invention for 'installa_tion between an im;:ér case and an outer

case of a gas turbine engine includes an airfoil stn.icture having an outer

end and an inner end, a wedge structure conne¢ted to the outer end of

the airfoil structure, a base plate positioned betwa;e'p the outer end of the

airfoil structure and the outer case, a confonﬁablé material, and a slip

collar hawng an openmg therethrough and a recess formed along the

opening. The airfoil structure extends through the opemng, and the

recess accepts the wedge structure to create an mterference fit between

the slip collar and the base plate. The conformable material is disposed

along the opening and the recess in the slip co!lar and also along the

. baseplate, in order to provide dampening relatlve to the airfoil structure
and the wedge structure.




al ong the opening and the recess in the slip collar, and also along the
basepl ate, in order to provide danpening relative to the airfoil structure
and the wedge structure. 3 BRI EF DESCRI PTION OF THE DRAWNGS [007] FIG 1
is a schematic cross-sectional view of a gas turbine engine. [008] FIG 2
Is a side view of a porti-on of a replacenent fan exit guide vane (FEGY)
assenbly according to the present inventidn. [009] FIG 3 is a bottomview
of a portion of the replacenent FEGY assenbly. [0010] FIG 4 is an
expl oded, schematic cross-sectional side view of another portion of the
repl acenent FEGV a_ssenbl)é/ iéf Ollé FIG 5 is a schematic, cross-sectional
si de vi ew of a portion RIEFDESCBIFIIONQR THEGRASNGS| y. [0012] FIG 6 is a
fl ow chart met ho f on.
DETAI LED DE CRI PTI ON ﬁ'é%f3]" S%@Eém?&?sagﬁ %ﬂ:ﬁ&ﬁal:]&liég; @a%%kg:%&%&@@és sect i onal
vi ew of a gd808]t ur bin l%r?giﬁrﬁeSld&@@“edaabntlenfot)a rﬂplammeig fao exit gaidecr af t
airframe (not enbly 102 and a
primary fl owpat Hgﬁg]gFEg\z)eaﬁgeglb'}eaC%g&eggglr"j'eéd@%n%rté@ségﬁ&gsserrbl y 104, a high
pressure corfpi¥ssor aEkenbisyadpmaviewndfus porticasdehblrpplhbéneat REGW pressure
turbine, 110 and g Iq%\grlypressure turbine 112. The engine 100 also includes
anot her flowpatha B by a bypass duct 114, which is generally formnmed
Ibet weeg andi[otflfag caseFlGld.64 a3 Gnaexplodedy sciaaﬁatibl&oss—%tﬂroh;m@?sfv:lumof-114 I's g

ocated radially outward..o A set o anexrt gui de
vanes (FEGVs) 12@ngt§13rg,(ay?repéﬁgﬁ%@ﬁ%%ﬁkﬁ%%wwgw and outer 'cases 116 and
118 aft of tibmifjan ase@)is iy akddBematis cross-sectional side view of a portion of the

- replacement FEGV assembly.

[0012] FIG. 6 is a flow chart of a method of repair according to the
present invention.
DETAILED DESCRIPTION
[0013] FIG. 1 is a simplified schematic cross-sectional view of a gas

turbine engine 100 suitable for mounting to an aircraft airframe (not

-shown), The engine 100 includes-a fan assembly 102 and a primary -

flowpath deﬁned by a low pressure compressor assembly 104, a high
«  pressure compressor assembly 106, a combustor assembly 108,.a high
pressure turbrne. 110 and a low pressure turbrne 112. The engine 100
also includes another flowpath defined by a bypass duct 114, which is
generally formed between an inner case 116 and an outer case 118.
The bypass duct 114 is located radially outward of the primary flowpath.
A set of fan exat gurde vanes (FEGVs) 120 are ’pesrtroned between the
inner and outer cases 116 and 118 aft of the fan assembly 102 The
FEGVs 120 each extend radially between the lnner case 116 and the
outer case 118, and are positioned in a crrcumfe'rentlally spaced, spoke-
like arrangement with respect to each other. | The FEGVs 120 are
attached or fi xtured to either the inner case 11Q or outer case 118 and
allowed to “float” radially relative fo the other cese (116 or 118). This

“float” is achieved by the use of a slot or by the use of pins to contro!



FEGYs 120 each extend radially between the inner case 116 and the "outer
case 118, and are positioned in a circunferentially spaced, spoke- like
arrangement with respect to each other. The FEGYs 120 are attached or
fixtured to either the inner case 116 or outer case 118 and allowed to
"float" radially relative to the other case (116 or 118). This "float" is
achi eved by the use of a slot or by the use of pins to control 4 notion in
the circunferential and axial directions. [0014] During operation, the fan
assenbly 102 draws air into the engine 100. A portion of the "intake" air
fromthe fan assenbly 102 is diverted into the bypass duct 114. The FEGVs
120 are aer odynamatig ifthe sirsygiesential ansaxigl disectionanged in a radial |y spaced,

spoke-|i ke pange i 3 ' t 118. The
FEovs 120 hdP oy ovouiREbSigtrt B feR2ebefiDll ' Shut 88 p Y2 Al fe 100
by strai ght eni ng19Be Aapeortion oéthe “intakeli gh ftde the/fonsssembly 1024s divedeB] I n the

by teni ng 1o irtalctigh b 1
i gh bypacs rat 500 DYHEERCORECFIA " Thd SR 1A ol Nerfbpelr ol

under st and t he bdssignazbestatidtares ofarrgaged uimbi ae radigliynespaced, f spidkadike

I ' h ' . ' houl d bg ' h h
par 1 cul ar cont | BURMARRIRRSY S INET 208 T G35y TRLANRE: | el ratcd

e][rbodi ment ¥ and FEGVﬁrmgngﬁlgiimym_éitmeﬂiaﬁnb;_eand 'tl#rhs"iﬁdiitwttdi tﬂ@%g Meany type
of gas turbine en e.. . ring operation of the engi , one or
nor eof the FEG\/s18ngs'ﬁ&9mﬁB%’8 ﬁé%‘é‘@%ﬁaﬁ?uﬂ%ﬁ@ﬁﬁ%p?ﬁ?i ggﬁtﬁ (i.e.,

di sl odged ¢gu1B] et el Vih.thd mﬁlsfr%a@ﬂﬂaoﬁmerﬁﬁwe’h@@&edmﬁﬁiﬁ%eﬂérdll}rl%ﬁﬁiﬁri on are

nuner ous and varjed, al t,hﬁg h for present Pgu oses_jt:is sufficient to note

. I p. ;
that damage to of® KNowet Bigh-oipass ratiegas tWibpe op Nehe EResASKld iB4Re afti ni ¢ the
operation of thewfn@hdiRsthA thObhsiB. opchfioR dFf gas’ RiMiAG GhiyMBS, 36 finther

explanation here is unnecessary. However, it shouldibe recognized that

[£2]

the particular configuration of the engine 100 can vémy rom the illustrated
. embodiment, and the present invention can be utili

d with nearly any

type of gas turbine engine. . _ _
{0016} During ifoperation- of the engine 100, one or more-of the FEGVs ..

120 may become damaged or become !ibferaté;:i (.., dislodged

completely). The reasons for FEGV 120 daj.mag or liberation are
| : it is sufficient to
e FEGVs 120 can
limit the operation of the engine 100. Often, there are
the length of tl;ne for which the engine 100 can opera‘{z:'e with damaged or
liberated FEGVS 120 (e.g., an operationat fimit of 50 #IEJUTS for an engine
having two adj:facent FEGVs missing). Itis des:ired: pcry perform on-wing

numerous anq varied, afthough for present pui’posﬂ

note that dam%ge to or liberation of one or morofe of
restrictions as {o

- sl
repairs to the ffg‘angine 100 to at least temporarily repl%:e one or more of

the FEGVs 120 to enable the engine 100 to reiuﬁn to service refatively

quickly (e.g., m a matter of about 5-10 hours or l_IesS); Further repairs to

the FEGVs 120 may be necessary or desirablef but ;_pﬁore extensive off-

wing repairs can be delayed for more desirable |engths of timeé with the

use of temporeffzry FEGV replacement assemblies and ife:pair methods.



the length of time for which the engine 100 can operate with danmaged or

| i berated FEGVs 120 (e.g., an operational |limt of 50 hours for an engine
havi ng two adj acent FEGVs missing). It is desired to perform on-w ng
repairs to the engine 100 to at |east tenporarily replace one or nore of
the FEGYs 120 to enable the engine 100 to return to service relatively
quickly (e.g., in a matter of about 5-10 %fiours or less). Further repairs to
the FEGVs 12,0 may be necessary or desirable, but nore extensive off- wng
repairs can be delayed for nore desirable lengths of time with the use of

tenmporary FEGV repl acenent assenblies and repair nethods. 5 [0017] FIGS
2-5 il lustrdPBlB repl El&e® lipsicate ageplaeanent FEG\bassemblye 229 for ehlpastar i | y

repl aci ng a damaggdnsrarih/ lREbaheS 845mat ' 100. FIG
2 is a side view %ﬁ_pa p%r t F%n gf %ﬁe"g#éebg{)%@g%ﬁ%%gg%' FQ%&WV%&O. As
shown in FIG 2, engiseriB0y HGbads asisleviaw of a podion df theareplsicefrent FEGWuct ure 222
havi ng an outer ¥ ap. i eprh 226, (a saqdl e portion t he
airfoil structur%e%&ﬁa?}geeﬂns oérﬂrlg3 ed FﬁB lg—'l &{e f@égswisﬁ'&gg%ﬁf@ @?f br oken
lines), an inner inbudesiangaigfoll structure 22ZBhaving ah iquteradrida?2423Ad aaridher wedge
232. [0018] The ai.LfQkl, .St 2 i S an . aero .cal |y shaped nmenber
that provides a %In é ingr(%ﬁyﬁgt?%gﬁpfoihe %ﬁ?f{] Stﬁgﬁlﬁg&?gwﬂ?%&;‘ﬁ O('Bt.?%.e'," :
strai ghten) ai r FIGv2 abdmdicated ay lbeskewilinbs)nan mebyastng setctdré42gpwnst r eam of
the fan assenbl %.10% %E& aglirq‘rfoi I Sﬁ;@ﬁ‘:t ure 222 has a radial length L
defined between [ir €ollap 7ad: c?\_“.fﬁ‘i’%e? ds 224 and 226. The particul ar shape
of the airflodig]st r ucThe eirffiZstiicture \BAR Vs 2H AR6dyreehitaly shapbl theérater
appl i cati ons. Tﬁ%{ cal I_aolﬂ, ;tne, airf.oil ;?truct re 222..1 s (aerodénam cally
shaped to be suB@tRFRVICEs 3 tyidgerqtion suraeedhy toreirac (S SERIGHR)| cul ar
engi ne.  However ajrfid\e vdh@ﬁgﬁélalled%it?ﬁrhmeada(pﬁés Hudt 1A Y CownBereain of e et | S
generally conparable to the_overall radial length of the entire FEGY
assenbl y 220,  assembly 102. The a;rfo;] structure 222 has a radial length L defined

between its inner and outer ends 224 and 226. The particular shape of

the airfoil structure 222 WEIE vary as desired for particular applications.

Typically, the airfoil structure 222 is aerodynamically shaped to be

-substantially identical 'to: original FEGVs -for. a particular engine.

However, the length L of the airfoil structure 222, which is genherally

comparable to the overall radial length of the entire FEGV assembly 220,

can be less than theflength of an original'FEGereplaced by the FEGV

assembly 220. Shortening the length L of the FEGV assembly 220 helps

ease installatjion beﬂweeh;f inner and outer cases 116 and 118 of the

engine 100 \A?hile on-wing and allows for addition of the base plate 246,

as explained more fully below. The airfoll siructure 222 can be made of

materials commonly used for FEGV airfolls, for éxample, alurninum and

composite méterials. it is possible for the airfoil structure 222 to be

either a refurt?ished part or a newly manufactured part.

[0019] The inner mounting structure 228 is connected to the inner end

226 of the airfoil structure 222. The inner mounting structure 228

enables the FEGV assembly 220 to be secured relative to the inner case

116 ofthe?enghe 100. The inner mounting structure 228 is a



can be less than the length of an original FEGV replaced by the FEGY
assenbly 220. Shortening the length L of the FEGV assenbly 220 hel ps ease
i nstall ati on between i nner and outer cases 116 and 118 of the engine 100
while on-wing and allows for addition of the base plate 246, as expl ai ned
nore fully below. The airfoil structure 222 can be nade of materials
comonly used for FEGV airfoils, for example, alum numand conposite
materials. It is possible for the airfoil structure 222 to be either a
refurbi shed part or a newy manufactured part. [0019] The inner nounting
structure 228 is connected to the. inner end 226 of the airfoil structure
222. The inner noomueintional tpinkiyper cort28tiore stnidtere tbrticAEGRY thatsasdd WitB20 to be

mount 1 ng. <t et uPhIBYE RV Ene BB oRoR a2 it e ot B, Lt ur e

‘identical to thap2éstthewifdil shoaciuge 220 ofr piay$not BRewhY TR “f) ' idingE ruct ure
228 secures the |nner (tand 226, of .the'a‘gi rfoil structure 2272 on pins (not
shown) in a "fl ol PHHEF IoRmsyERt torquing apd axiahmoyerpent: but sl Permitnremaxi al

movenent but sti kddifehBvdrfert ABEalloha fHr dhe R AfNbreksuré! dxpundion r%!ﬁﬁé”a' and
pressure expansi on during _engine operation. In alternative enpodinents,

other types of kRGBSR eRSHoa: ildplteMmalive anekodimenys, olbgpdyrasonf kBPWRs) can be
used to secure tRenndchoestreighed 28 g0 faxbaiicH ofhdd) caf r tft he inner
case 116 of the .enngi ne 160. §0828]f E"I)She él i% cglclaatb%;‘%uitg S%%éraebtﬁ?/

posi ti oned about inNRE eld (226i of the il staicture 228 ,1p dhe inper wgseal118t9fdhei n an
engi ne (see Fl Ge@ﬂ%-ﬂj@ wedge 232 is secured at the outer end 224 of the

airfoil structure a'n_d the slip collar 230 is positioned between the
wedge 232 ab@20he i nnEre slipuwellan0 is mayebly pesitios:d atwut thecrjdoibgauchiie be nmade

3/‘; dggtsala'r chggfg%?lyﬁoﬂbcmstaﬂﬁticﬁxl WP ERYIAE (Sde RIS UTPORAd GiellBh Y303k~ Metallic
secured at the outer end 224 of the airfoil structure 222, and the slip
collar 230 is positioned between the wedge 232 and the inner mounting
structure 228, The wedge 232 can be made of metallic materials such
as aluminum or of a composite material. Metallic V\;redges are generally
secured to the airfoil structure-222 -by a-welding 'process {e.g., fusion
welding), while composite wedges are generally sécured to the airfoil -

. structure 222 by bonding with structural adhesives.

[0021] FIG. 3 is a bottom view of a portion of the FEGV assembly 220.
As shown in FIG. 3, the airfoil structure 222 has :atn.aerodynamic shape,
and the wedge 232 follows the contours of t:he:i sides of the airfoil
structure 222. A pair of holes 233 extend throﬁg?t;j:the slip collar 230,
which allow fasteners (see FIG. 4) to secure the F‘EGV assembly 220 to
the engine 100. The holes 233 are located on oppos:te side of the airfoil
222. In further embodiments, bolt guts (not shoWh;)i can be cut into the
wedge 232 fo locate the holes 233 closer to the airfoil structure 222 as

< necessary depending upon engine constraints; ‘Eptionaliy, pin holes
233A can be defined in the slip collar 230 to help locate and align the slip

collar 230, the base plate 246, and the airfoil structﬁfé 222.
[0022] FiG. 4 is an exploded, schematic cross-sebiional side view of a



secured to the airfoil structure.222 by a welding process (e.g., fusion

Wel ding), while conposite wedges are generally secured to the airfoi
structure 222 by bonding with structural adhesives. [0021] FIG 3 is a
bottom view of a portion of the FEGV assenbly 220. As shown in FIG 3, the
airfoil structure 222 has-an aerodynam ¢ shape, and the wedge 232 fol |l ows
the contours of the sides of the airfoil 7structure 222. A pair of holes 233
extend through the slip collar 230, which allow fasteners (see FIG 4) to
secure the FEGV assenbly 220 to the engine 100. The holes 233 are |ocated
on opposite side of the airfoil 222. In further enbodi nents, bolt guts (not
shown) can be cutpoitiochdhe IREGVadsemilg 220 adjazeat o theeouterl eeme2B® of theer to t he

airfoil structure 222 e K p I ng. upon i ne,constrai.nts.

Opti onal 1y, pi n RBODE 1005 A SEARDIY EIFREIE B BB 230 dfeder 300810 e

| ocat e andzglzl gn op. eanQqu angd l‘eeessm al\tttHiEoﬁtesendeﬁthe odéhing264d. tThe ali IrfOI L]

structure is.a 0 ti SS cti,onal side
view of a 7 porl‘e‘P |lﬂﬁé§%§t§?e§§‘§’ ?‘gﬂﬂfda Q'E'efﬁ”ﬂaﬁ" W{g"%&%grﬂ“{!ase 118 of
the engine 100. tﬁehabeeezarférféét&ené 24eregslbdnspoth@reca§923em thdagipa centr al
openi ng 234 and a recess 236, at the out ehw;'nd of the opem ng8234 The slip

col l'ar 230 furt hé&pllargsP g eenfiguregyfcnple Wiy ihe vadas arst in segyve eabted and the
hol es 233 for fa%%rﬁ&ﬁfeszﬁzTh@oﬁenlné)Qi’A E)desﬁh%dﬁ@??éfdezé%@ldsé fit BEotﬁ' ip

collar 230 is configured to mat 2 secure the airfoil

structure 222. THe élﬂéhﬁﬂgdﬁlﬁlzz% vifb 3 Q%E‘“ﬂ@ﬂ?ﬂ%‘i%ﬂé lecated fdong; theapout  t he
airfoil struct “r?ngl%% sWhhBesof g@g@ﬁlng@gﬁr n@'th@@ce%?@%eq'h@s‘ﬁﬁg:oﬁi}e
t he ‘openin e

i nterior surfaces recess: 236. The slip collar
230 can be nmade @B0acarebsl maéen@ft &r mefallics makerigh %MQh'rriaﬁuﬁWmmUWh orc@nposi t e

T o CHROE L 2] g ROATR S B8 ol Can be o
. material, and can be a rubber material such as a two-part silicone rubber

(e.g., Silastlc J® silicone rubber, availabte from Dow Corning Corp.,
Midiand, MI) or other matenal known to one skliled |n the art: In one
embodiment, the damping matenal 244 is: applled to a thickness.of about
0.31756 cm (0 125 mches) The dampmg matena] 244 can be cast or- -
glued into place : - o

[0023] As shown in FIG. 4, the wedge 232 is a substantlally triangular
shaped structure located at the outer end 224 of the airfoil structure 222.
The partlcular shape of the wedge 232 can vary as desired. However,
the wedge 232 must be deSigned so as fo prevent the wedge from
pulling through the opening 234 in the slip collar \230 when in use. This
generally mvolves speclfy:ng a minimum crossover area (i.e., insuring
that an adequate amount of material of the wedge 232 extends beyond
the cross-sectlonal area of the opening 234) assummg all of the
conformable material 244 is missing. In one embodlment the wedge
232 can be 1.016 cm (0.4 inches) in radial Iength 0 5865 cm (0.2309
inches) in clrcumferentta! width on each side of the atrfoul structure 222,
and have a draft angle of 30° from a stacking hne of the afrfoil structure

222



(e.g., Silastic J(r) silicone rubber, available from Dow Corni ng Corp.,
Mdland, M) or other material known to one skilled in the art: In one
enbodi ment, the danping material 244 is applied to a thicknessof about
0.3176 cm (0.125 inches). The danpi ng material 244-can be cast or, glued
into place. [0023] As shown in FIG 4, the wedge 232 is a substantially
triangular shaped structure |ocated at tfie outer end 224 of the airfoi
structure 222. The particular shape of the wedge 232 can vary: as desired.
However, the wedge 232 nust be designed so as to prevent the wedge from

pul l'ing through the opening 234 in the slip collar 230 when in use. This
general |y i M0&4les spébe fREGY assembiym2R0 cincedes @r bagee pldte. 46 thatsigri ng t hat

an adequat e am)u f 2 £ ds be

cr oss-gect i onal ?’3@8'&%@5%%” %ng'r @W@fﬁﬁﬁ ﬁ@@ﬁﬁ”@t"q wa%&‘leor mabl e

Ergt Zri al h24;1 i S m:atarlcagp 11$ofthe eaghggﬂoﬁﬁtthemhepm@mat&&?(@ehm ﬁf 016 fm I
inches) in radia cm in circunferentia

wi dth on each si & ‘°’(?Pl %@eg@%@?? E‘ICPH‘ER B'ﬁ 3192 er Caskd 1%&1\}1"&9 Qaﬁ?r%{?tﬁ angl e of

30 froma stacki Q@G lchA ®ePushé®intd tHeQidttirf hatetisl @hlcﬂ?@typid@gﬁédmﬂt%t FEGV

assenbly 220 inc F’ aﬁeﬁa}?%%ﬁgl ate 4 that is positioned between the outer

end 224 of the ai has gothickpess; that agsomarodataseany: shasteninge engi ne

100. If there isopakd il o il atmtstmwn@)zzzpfoeéﬁmre%af % leﬁ@"eal lation
| ocation on the outer case 118, the base plate 246 can be pushed into the

potting material reRiggement & ﬁciﬂfnz@ﬁlfltil aeernﬁrlatawtbehﬂmtltmgeemasﬂ@uzara has a
thi ckness that acammpfiakes A8y PROBSIBRE 288 ridlRich BB br Bbmbhg 21 1ol

structure 222 to ensure t e entire replacene : _
appropri atel y beMm@erial 244Ai omen ianer sitace, arndhinslides @ pradective. matedalbase pl at e

Izﬁgl ng!suge; r gt {egglggemﬁgsﬁge fﬁhtmﬂ%%"oly@traﬁﬂ%eﬂ?leﬁ@ (PPPE] oP Y it and
friction-reducing material on an opposite outer surface. The coating 248
facilitates installation andihelps prevent damage to the outer case -118. . -
However, -the-eoating 248 can be onﬁitted in alternative embuodiments.
Optionally, another Iayerz’of PTFE er‘a similar friction-reducing material_

- ¢an be applied along the surfaces of the wedge 232-in-order to reduce
" friction and wear between the wedge 232 and the conformable material
. 244 resulting from mcndental shppage between those components.

[0025] Holes 250 for the fasteners 242 are defined through the base
plate 248. The fasteners 242 can be lnserted through holes 240 in the
slip cover 230, holes 250 in the base plate 2486, and Into holes 252 in the
outer case 118 of the engine 100. The base plate 246 can be made of a
metallic material such as aluminum, or of a eomposite material. i is
preferred that.the slip coliar 230 be made of substantially the same
material as the base plate 246, which is desirable for thermal expansion
and other compatibility reasons.  Optionally, the base plate 246 can
include pins (not shown) that aligh with pin holes 233A in the slip collar
230 to assure proper positioning of the replacement FEGV assembly
220. ' .

[0026] " FIG. 5 is a schematic cross-sectional view of the FEGY assembly



248 conprising a coating of polytetrafluoroethylene (PTFE) or a simlar
friction-reducing material on an opposite outer surface. The coating 248
facilitates installation and hel ps prevent danage to the outer case -118.
However, the coating 248 can be omtted in alternative enbodi nents.
Optionally, another |ayer of PTFE or -a simlar friction-reducing material.
can be applied along the surfaces of the gwedge 232 in order to reduce
friction and wear between the wedge 232 and the confornable material 244
resulting fromincidental slippage between those conponents. [0025] Hol es
250 for the fasteners 242 are defined through the base plate 246. The
fasteners 242 ca@2bGéhe Meneeslzﬂaramjg‘mﬂedlneﬁieszor mimpieity)s |Aspshoemdn 230,

hol es 250 in the 4 i_n ter. case 118
of the engine 105@1‘ﬁe as %Ig?%?%g%g'&o&%dgg 5?°egstzi$§t'aﬁﬁ?cs"ﬂat erial
su?:lh aszggu[)n' nurrgollar 280, and tivepbaset plateeR 46 is Positibted m ccpﬁaﬁ@vimetﬂgtdnpt Ithe slip
col | ar e sta e mat er . as t epate
246, which is’ degﬁraa%?@aﬂ %8%%“@5@%@2%3"thﬁr?d*%'?%%‘f:?%%ﬁg%rti Blity

r IeasorIS_- t hqot ! Onﬁbvlbdge tzzgg Ee@ﬁ&sﬁhet@l_t&%dfi’ls‘m of thel amen at'rurau:(enzr.!z fhawn) that
align w pi n hol es e slip co ssu 0

posi tioni ng of tﬁ%mP'@B?'%é'ﬁgﬁWePE%%P E@%E‘e%%yz“é rF‘O%' I?fl %fo pﬁ\"s a
schematic cross- ﬁﬁlﬁg I&hﬁlub\"bﬁw c@fmﬁ@e b4 atsaemt&rraca be&?éb:{ﬂnl%afsest eners
242 are omttedln 5 for sjinp hown in FIG 5, the wedge

232 is positioneBiaif ?ﬁ@ rﬁ“’l%g"er §&%§9“a23%38 naddEFF@“E[“P ghe dayer o6t @e'opmand t he

base plate 246 |§,a@§;?44mgﬁtﬁébé‘sgrmég§4gm th the slip collar 230 adjacent
to the outer end 224 the airfoil structure 222. The wedge 232 secures

the outer ed@22p4 of Flge Gais aoﬂqw wadﬁmneemlaw pon-tirpiipg asethed ofi t bet ween
the base plate 246 gndcb} | rﬁ Pebét itiihtionn Tlﬁs“HeﬂQﬁll ¢t Liitl e bR cant

coating is appli e at an. ace et ween the bas
FEGV assembly 220 descnbed above to at least temporarily replace

damaged- or mlssmg FEGVs in a gas turbine engme Repairs can be
conducted as follows.

[0028] | First,iwhere one or more damaged FEGVs.are present, a selected -
(damaged) ‘E:GV desired fo be'replaced is removed- from between the
inner and oute'r cases of the engjinees necessary (step 300). Damaged
FEGVs can be removed by sawiing or cutting them in half and removing

gonnection structures of the remcwed FEGV. Potting material used to
secure the orfglnat FEGV to the outer case can also be removed. In
addition, |t n|1ay be desrrable to remove multiple FEGVs at approximately
the same tlme where multiple FEGVs are damaged For instance, when
fwo or more FEGVs are removed, enough space may exist to rotate one
or more FEGVs off the original connectron pins without sawing those
FEGVs in half Where it is desired to install a replacement FEGV at a
location where the original FEGV is missing (i.e., liberated) from the
engine, it may be unnecessaty to remove any existing FEGVs and thus
step 300 should be considered optional.

{00291 Next a replacement FEGV assembly is positioned between the
inner and outer cases of the engine in a desired installation location (step



plate 246 and the slip collar 230, adjacent to the |ayer of danping

mat eri al 244A on the base plate 246. [0027] FIG 6 is a flow.chart of an
exenplary non-limting nethod of repair according to the present invention.
This method can utilize the FEGV assenbly 220 descri bed above to at | east
tenporarily replace damaged or m ssing FEGYs in a gas turbine engine.
Repairs can be conducted as follows. [00¢8] First,};where one or nore
damaged FEGVs are present, a selected (damaged)- FEGV desired to be
replaced is renoved. frombetween the inner and outer cases of the

engi ne-as necessary (step 300). Damaged FEGVs can be renoved by saw ng or
cuffing themin h303). Thd remamamemjFEG)hle.'moall;nrmkedllntmlpl%e(vﬁhté%g‘mmved
FEGV. Potting material use peure t he ori g@nal FEGY to, the ouyter case

can al so be renmov¥darqng @Pfl 0 er? B Aeh PIERE  SANECHY SUNBES Ml tipl e

FEGVs at approxi ngdcatad intehgloathigh cbhfmrramrte gitihiéridage DERAS emdife (iemged. For
I nst ance, Wnen t nor, e FEGVS are renoved, enough space na eX| st to
rotate one rm#@’ﬂ?@\f@?ﬁ FDGYEe the INgEHRIN-RG-GANRESHA candke idepticalifo sawi ng

those FEGVS '” hetdinal WERS'? ihrieri éhadEsrineesior Qtrudtﬁrbél'dndatheeiﬁh@rcﬁﬁfﬂ?pe FEGV at a
| ocation where the original FEGV is mssing (i. | i berated) fromthe

engi ne, it may begtﬁlt?ﬁﬁ@é?i dhe yewlecqreemxfé%%waeme mﬁtatjedcoe@eseﬁoﬁy Mg step

300 shoul d be congjgierg né}péérﬁlﬂ?the igihaPiEdgxt; a replacenment FEGV assenbly
i s positioned between the! 1 nner anol outer cases of the engine in a desired

i nstal | ati on{008@at i on Qnsecthe joner3aw) of thdeplageraend MBGV Reercursd ty theal | y
rocked into placeguyut &s%"‘%'lfﬁs@ﬁa&at@rrs %Bﬁr#ﬁ%d@éﬂm@&? theTQ@t’ér %?sé BRG ! N-type

connection structure 1s secu confI. gurati1 on to an inner
case of the engi rresl(eftteerenmmenAEEﬁHt@eembhrwepIUdlne its nntoi! shiunture prd

connection can b esllbdr.%rlet &?ep 586) As part of this step, the outer‘end of the FEGV

assembly is moved into a relfatively close fit between the inner and outer
cases of the engine. A frrctton-reducmg coating on the base plate can
facilitate shdrng it into posatron The wedge at the outer end of the airfoil
B ~ sfructure is compressrvely secured in a recess in the slm collar; between
the slipr collar and the base plate Next bolts are mserted {hrough the
slip collar and the base ;plate of the replacement FEGV assembly and

into the outer case of th " engrne and then trghtened (step 308) The

bolts affi rmatwely secure all the components of the replacement FEGV
‘ {' the englne via the con"lpressrve fitting of

the wedge and outer end of the arrforl structure of the replacement FEGV
assembly. The damplng material located along the openlng and recess

assembly to the outer case 9

in the slip collar as well as along the base plate provide sufficient
deformation: to make the compressive fitting snug and secure. In this
way, the outer end of the replacement FEGY assembly is secured so as
o prevent movement in any direction. .

[0031] Once a first replacement FEGV s in:etalled, additional
replacement'-FEGVs can be installed if desired (steré) 310). Additional
replacement FEGVs are each installed by repeating the steps described
above (stepe:_' 300-308). Where there is little clearanofe hetween adjacent



original FEGV inner end connection structures and the inner pin-type
structure of the replacenent FEGY can be installed in essentially the sane
manner as with the original FEGY. [0030] Once ;,the inner end of the

repl acenent FEGV is secured to the inner case, a base plate is positioned
between the outer case and the rest of the replacenent FEGYV assenbly,
including its airfoil structure and slipcollar (step 306). As part of this
step, the outer end of the FEGY assenbly is noved into a relatively close
fit between the inner and outer cases of the engine. A friction-reducing
coating on the base plate can facilitate sliding it into position: The
wedge at the out eeplacvaimerit REGVsithd slipl collatsrof tieiadjatent capicessiit FEGvssecur ed in
a recess in the sli BPCOl col|ar and the base plate.

Next, bolts are iAY taéﬁ‘"gﬁ?&‘@‘f?m‘?‘ﬂé‘aéﬁﬂﬂeﬂ&g" 1guralion- ¢ he base plate of the

repl acenent [BES3Y assemhé Yeguid rocawdémsb@ulfa@bvwﬁépﬂﬁaoomo?w\ af.beand then
ts affirmatively secure al| the conponents of

ti ghtened (step 30
t he repl acenent ﬁEa?’et%fgs”ﬂwgl {he §nging bripgrepaited femaing iBngh r@-VINg t he

conpressive fi tt;gegméﬁ ontaheanmﬁ&eof@adau@kaﬁerrrmépa&eﬁqaﬁt EEGYPhllowineuct ure of
the replacement FEGV assenbly. The danping material |ocated along the

openi ng and rece§89INE {0 M iq $prwige I"‘%EF"" QP@“W@“IO hoyirg | apddhe pagipa d6thp| at e,
provide suffiCi efe réaﬁa‘cemm FE@v%%aﬁ&&ﬁamﬁ sﬁaﬁﬂyﬁﬁﬁh\éﬁtehg;& h&bcPN and

secure. In this he outer end of the replacenment ly is

secured so as t@m@\ﬂanﬁfeﬁiﬁ?éhﬁihﬁbQ%@rmutﬁ oleseryies). Howael, !Cﬁ@ébé first

I t FEGV
rﬁgt :ﬂarergnlf de5|drb§ldéc?§'ttagbh§%{)nﬂg%réﬁt on(!;‘lt %%ﬁgi%%dng%g are each
instal | ed by rep@eaaentglrwa@tm mlmw@ﬂed@mtheam@e eolydpaperily3ad) a Wer e
there is little h%q)[’ Rie ea&{:‘&@@gépa}& aré%Bxln?e‘ﬁ?éﬁ‘?”t FEGVs, the slip
acenent

collars of the a Jace
[0033] I oﬁ-Wing repairs fo the engine are desired (step 312), the engine

can be removed from the airframe (step 314). Then replacement vanes
previously installed to replacé damaged or missing original FEGVs are
. removed from the engine (step 316). Lastly, new FEGVs substantially -
- - identical to-the original FEGVs:
of these new FEGVs typica
structures and/or otheri en

e instalied (step 318). -The installation- -

-'-re..*;'quires the removal of engine case

'conipénents in a manner that is
impossible or |mpract|cal when the engine is on-wing.

[0034] It should be understcod 'that ‘the present invention provides
numerous advantages. Perhaps most importantly, the apparatus and
method of the ?"present invention provide a relatively simple, quick and
cost-effective solution for repairing damaged or rhissing FEGVs of gas
turbine enQineé while the engine can remain in an on-wing position.
Moreover, fhe g;cornpressive fitting used to secure an outer end of a
replacement FEGV assembly to an outer case alléws damping to be

. provided o enl'fiance the robustness of the FEGV attachment.

[0035] Although' the present invention has been described with reference
to preferred embodiments, workers skilled in the art wil recognize that
changes may be made in form and detail without departing from the spirit



can be arranged to overlap in a shingled configuration. [0032] The repair
process described above (steps 300-310) can all be conpleted while the
engi ne being repaired remains in an on-wing position on an airfrane of an
aircraft. The replacenent FEGVs allow the engine to return to service

Wi t hin about ‘5-10 hours, and the engine with the replacenent FEGVs can
remain in service for an extended periodizof tinme (e.g., greater than about
50 hours of service). However, it nay be desired that one or nore

. replacement FEGVs installed accordlng to the present i nvention remain
installed in the engine only tenporarily until' a tine when nore extensive
of f - wi ng repai r sarar ecaEn v theriovention.33Fol instericetivg arepgemsnt of e engi ne

314y Then r epl SPEIERENG -0l Pt fenf BRGV HeBRNE 05 Wale lebiigea o
M ssing origi nalcdnbi@vis As ene esampiedthersipcbifer oeulyl beeloCatod medd &) mnlsast ly, new
FEGMS.substantia“%¥F@% entical .to.the original S, are InBE?P ed (step

318). The instal¥ e ForvRatienal A "'E'%'PEGFI 'f"S?tur'%d'\?PF We' r emoval of

engi ne case st rgmf offiepRBEMent KEG assimilyje conponents in a manner that is
i npossi ble or inpractical when the engine is on-wing. [0034] It should be

understood that the present invention provides nunerous advantages. Perhaps
nost inportantly, the apparatus and nethod of thepresent invention provide
a relatively sinple, quick and cost-effective solution for repairing
damaged or m ssing FEGYs of gas turbine engines while the engine can remain
in an on-wi ng position. Moreover, the conpressive fitting used to secure an
outer end of a replacenent FEGV assenbly to an outer case allows danping to
be provided to enhance the robustness of the FEGY attachment. [0035]
Al t hough the present invention has been described with reference to
preferred enbodi nents, workers skilled in the art will recogni ze that



changes may be made in formand detail w thout departing fromthe spirit 12
and scope of the invention. For instance, the arrangenent of the conponents
of a replacenent FEGV assenbly of the present invention can vary. As one
exanple, the slip collar could be |ocated near an inner end and the
conventional pin-type connection structure near the outer end of a

repl acenent EFEGV assenbly. 13 Wiat is ckainmed is: 1. A replacenent fan exit
gui de vane assenbly for installation between an inner case and an outer
case of a gas turbine engine, the assenbly conprising: an airfoil structure
havi ng an outer end and an inner end; a wedge structure connected to the
outer end of theWhatkaldimedis:ucture; a base plate configured to be

positi oned between the outer end of the airfoil structure and the outer
case; a slip collar having an opening therethrough and a recess forned

al ong the opening, wgeneplacdhéntafant ekt difidel Ghaké eaés%n‘lhﬂﬁ'féﬂ Heesliatibe extend
t hrough the operb%%%and wherein the recess is confidured to accept the

wedge structure R8P dnngy Cas 1A aly effekcase; o2 uae dvrbinecenging tael | ar and

the - base... plafgsgmblyaéypl.,ﬁ,,s nformabl e material disposed al ong the opening
and the recess in the sli coIIar and al so along the base plate in order

to provi de dampening al'"‘él"ﬁ"oﬁlfélcw Baingyan piger erd antaninger andl t he wedge

structure. 2. The as %emhﬁ_e truchdé Nechn8digd fid" #HaCoufe? BHd T 'Hle airfoil
 structure;
a base plate configured to be positioned between the outer end of
: :;:fhé airfoll structure and the outer case;

ip: ) lar having an opening therethrough and a recess formed
along the opening, wherem the airfoil structure is positioned
| :"‘to extend through the opemng, and. wherem the recess is
‘com" gured to accept the wedge structure to create an
: .;.mterference fit between the slip collar ancl the-base plate; .
’ '?3and
a conformable matenal dlsposed along the opening and the |

recess, in the slip. collar and also along the base plate in
order to provnde dampemng relatlve to: the aurfo:l structure
and the weclge structu re.

2. The assembly of claim 1.and further compnsmg
a fastener for securing the slip collar and the base plate o the
:f outer case,

3. The assembly of claim 1, wherein a layer of low friction material is
applied to a porlion of the assembly to reduce friction-telated wear.

4. The assembly of claim 3, wherein the low friction material
comprises polytetrafiuoroethylene.




a fastener for securing the slip collar and the base plate to the outer
case. 3. The assenbly of claim1l, wherein a |layer of low friction materi al
is applied to a portion of the assenbly to reduce friction-related wear. 4.
The assenbly of claim3, wherein the low friction material conprises
pol ytetrafl uoroethylene. 14 5. The assenbly of claim1l, wherein the
conformabl e material conprises a silicong rubber material. 6. The assenbly
of claim1l, wherein the wedge structure has a 300 draft with respect to the
airfoil structure. 7. The assenbly of claim 1, wherein the slip collar
conprises a material that is substantially the sane as a materi al
conprising the base plate 8. The assenbly of claim1, wherein the airfoi
structure conprlég naterlsé Pa s substantially the sane as a materi al
dge o

conprising the '%‘? raseem agm Thavhgtalr #he y conformatianmatanial fur t her

conprising: an a@bh@ﬁéésag\gméd@rmm}tmé{éﬁd}osed at an interface between the,
base plate and the slip collar. 10. The assembly of claim1 and further

conprising: a pin connection structure for securing the inner end of the-

e O T Fuctute L OThS Bsdehfif of Bdfly 1 Wherbihtng SRR hruBfure hal W b, M el

the airfoil structure has a radia ehgth tha éss than-a®ridi al | engt h

of airfoil strucﬁtﬁfbéllﬂblfesmﬁtt@H‘@Iallﬁﬁhstrl.@ture gui de vanes of the engine. 12.

The assenbly of claim1, wherein the wedge structure is adhesively bonded

to the airfoil structure. ' '
7. The assembly of claim 1, wherein the slip collar comprises a

material that is substantially the same as a material c}omprising the base
plate.

8. The assembly of claim 1, wherein the airfoil sti‘ucture compiises a
material that is substantially the same as a mate.;rial comprising- the
wedge structure. '

- 9. The assembly of claim 1 and further comprising: - - - - _
‘an antigallant lubricant disposed at an interface between the base
plate and the slip collar,

. 10.  The assembly of claim 1 and further comprising:
a pin connection structure for securing the inner end of the airfoll
structure to the inner case.

11. The asserribly of claim 1, wherein the airfoil étructure has a radial
length that is less than a radial length of airfolil strudtures of original fan
exit guide vanes of the engine. |

12. The assembly of claim 1, wherein the -wedge structure is
adhesively bonded to the airfoil structure.



15 13. The assenbly of claim1, wherein the wedge structure is welded to
the airfoil structure. 14. A nethod for repairing a fan exit guide vane of a
gas turbine engine, the nethod conprising: positioning a replacenent vane
bet ween an inner case and an outer case of the engine, wherein a novable
slip collar is positioned around the replacenent vane; securing an inner
end of the replacenent vane to the inner gase using a pinned connection;
positioning a base plate between the outer case and an outer end of the
repl acenent vane; and fastening the slip collar to the base plate and the
outer case in order to secure the replacenment vane to the outer case wth

a conpression type.fi Thergserhbly of Rfaimet, howralh tid dedyd dtradtoref s vidigsd
conprising the step of. .renmpving a first existing danaged vane from between
the inner casi ndc’ﬁ??da'[fﬂ'bs%lﬂr}?l@?' casing. 16. The nmethod of claim 15 and
further conprising the step of: renoving a second existing danmaged vane

frombetween the nns‘r casi n@) and the outer casing, wherein the second
exi sting damaged Waneh g’eglﬂda b AePaINg Acfan; ed guide vene Pf Ygaadudinmne. 17.

The nethod of cl anfinkdthe'MiethBd Borpsigs turbine engine remains on the wng
of an aircraft while repair steps are perforned. 16 18. The nmethod of claim

14 and further conpri BP§PRINE askeplgsement yantohegen Rn inBpr gaeenand amne; and
outer case of the engine, wherein a movable slip collar is
positioned around the replacement vane;

securing an inner end of the replacement vane to the inner case
using a pinned connection;

positioning a base plate between the outer case and an outer end
of the replacement vane; and

fastening the slip collar fo the base plate and the outer case in
order to secure the replacement vane to the outer case
with a compression type fitting.

15.  The method of claim 14 and further comprising the step of:
removing a first existing damaged vane from between the inner
casing and the outer casing. '

16.  The method of claim 15 and further comprising the step of:
removing a second existing damaged vane from between the
inner casing and the outer casing, wherein the second
existing damaged vane is adjacent to the first existing

damaged vane.

17.  The method of claim 14, wherein the gas turbine engine remains
on the wing of an aircraft while repair steps are performed.



installing a permanent vane in place of the replacenent vane. 19. The net hod
of claim 14, wherein the step of fastening the slip collar to the base

pl ate and the outer case conprises securing bolts therebetween. 20. A

repl acement fan exit guide vane assenbly for installation between an inner
case and an outer case of a gas turbine engine, the assenbly conprising: an
airfoil structure having an outer end andgan inner-end; and a slip collar
havi ng an openi ng therethrough, wherein the airfoil structure is positioned
to extend through the opening such that the outer end of the airfoi
structure is retained by the slip collar in an interference-type
conpression fit. 181. Themetwandiiciaimf4andifurt!izd cangriding tHestemospr i Si ng: a base

plate configured to b Lhoned.hetween the outer end of the airfoil
structure and the out%PpO&i@ th8 Rtackiiet ¥and: B

installing a permanent vane in place of the replacement vane.

19. The method of claim 14, wherein the step of fastening the slip
collar to the base plate and the outer case comprises securing bolts
therebetween.’

20, A repléjcement fan exit guide vane assembly for installation
between an inner case and an outer case of a gas turbine engine, the
assembly comprising:
an airfofl structure having an outer end and an inner end; and
a slip coliar having an opening therethrough, wherein the airfoil
structure is positioned to extend through the opening such
t[;_at the outer end of the airfoil structure is retained by the
shp collar in an interference-type compression ._ﬁ't. |

21.  The assembly of claim 20 and further comprising:
a base plate configured to be positioned between the outer end of
the airfoil structure and the outer case.




