FAN EXIT GUIDE VANE REPAIR METHOD AND APPARATUS
BACKGROUND OF THE INVENTION [0011 The present Invention relates
to a method and apparatus for repairing fan exit guide vane assemblies
for gas turbine engines. More particularly, the present Invention relates to
a method and apparatus that can be used to make temporary, on-wing
repairs to fan exit guitie vane ‘assemblies of gas turbine engines. [0021
Fan exit guide vanes (FEGVa) are aerodynamically shaped structures
located aft of a gas turbine engine fan and forward of an engine support
pylon, installed in a circumferentially spaced, spoke-like arrangement
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connected with the fan. FEGVs help improve the efficiency . and Jthrust
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[003] FEGVs can be damaged or liberated during engine operatlon-

Common causes of damage and fiberation include the ingestf,o of
objects that move past the fan and stike one’ or more FEGVJs;ithe
occurrence of transient aerodynamic loads that stress the vanes|(.g.,
surge events), and the effects of deterioration and HOrmal wea| cgver
time. Moreover, once at least one FEGV is liberated, the missing. F : 'GV
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wing position is difficult or impossible. Typlcally, the orhy way to "remove
~ 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 into the engine while
on-wing due to limited clearances and interference from adjeoent

FEGVs. Thus, known solutions for on-wing repairs include ,‘destipying



FEGVa Identical to the originals may not easily fit Into the engine while
on-wing due to limited clearances and Interference from adjacent FEGVs.
Thus, known solutions for on-wing repairs include destroying 2 and
removing multiple vanes and replacing only a fraction of the original
vanes, or alternatively, leaving the engine with zones having no FEGVs.
Drawbacks of these known solutions include decreased engine efficiency
and regulatory restrictions on flight timesZor engines having missing or
damaged FEGVs. Generally, these known on-wing repairs are only
allowed temporarily until oft-wing repairs can be completed. Additional
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assembly according to the present Invention for installation between an
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thr{%gr the Op‘?‘ﬂt‘:@? lﬂg %etgl?ed 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 assénibly according to the
" present invention for installation between an Ing\ér case and an outer
case of a gas turbine engine includes an alrfoll st?ufcfure having an outer
end and an inner end, a wedge structure conne@tedi to the outer end of
the alrfoll structure, a base plate positioned betweon the outer end of the
airfoil structure and the- outer case, a conformable Mmaterial, and a siip
- collar having an opéﬁlng therethrough and a m;o?ss formed along the
opening. The airfoil structure extends through\: the opening, and the
recess accepts the:wedge structure to create an |nterference fit between
the slip collar and the base plate. The oonfonnal?l?e material is disposed
along the opening and the recess in the slip collar, ‘and also along the
. baseplate, in order to provide dampening relativé ’to;-:the airfoil structure
and the wedge structure.



recess accepts the. wedge structure to create an interference fit between
the slip collar and the base plate. The conformable material is disposed
along the opening and the recess In the slip collar, -and also along the
baseplate, In order to provide dampening relative to the airfoil structure
and the wedge structure. 3 BRIEF DESCRIPTION OF THE DRAWINGS
[007] FIG. 1 Is a schematic cross-sectional view of a gas turbine engine.
[008] FIG. 2 Is a side view of a portion of¥a replacement fan exit guide
vane (FEGV) assembly according to the present invention. [009] FIG. 3 is
a bottom view of a portion of the replacement FEGV assembly. [0010]

FIG. 4 is an exploBRIECDESORPMONCETHEDRANNGYY of another
pottiqn of the r ent FEGY assembly. [0011] FIGS. 5 Is a schematic,
crc@gzr;lectiona;?:g)ézill(;qle\/ﬂi;?/v8 ?%g{ﬁﬂﬁ%fsﬂ%hh?gﬂ%ﬁ g asurbine engine.
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[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-siectipnal view of a gas
' turbine engine 100 suitable for mounting to asf'u aircraft airframe (not
-gshown). The er’ﬁgine 100 includes -a fan assen'fubly 102 and -a primary -
flowpath deﬂnedi;by»a low pressure oompressoé assembly 104, a high
-  pressure comprqlésor assembly 106, a combustor assembly 108,.a high
pressure turbine} 110 and :a low pressure turbine 112. The engine 100
also includes anotheér flowpath defined by a bypass duct 114, which is
generally between an inner case 116 dnd an outer case 118,
The bypass duct 114 is located radially outward bf the primary flowpath.
A set of fan exit guide vanes (FEGVs) 120 are posftioned between the
inner and outer icases 116 and 118 aft of the fan assembly 102. The
FEGVs 120 each extend radially between the inner case 116 and the
outer case 118, and are positioned In a circumferentially spaced, spoke-
like anange'menft with respect to each other. | The FEGVs 120 are
aftached or ﬁxtu d to either the Inner case 116 or outer case 118 and
allowad to “float" radially relative to the other c?se (116 or 118), This

“float” Is achieved by the use of a slot or by tht:e use of pins to control



generally forme between an inner case 118 and an outer case 118. The
bypass duc# 114 is located radially outward the primary flowpath.. A set
of fan exit guide vanes (FEGVa) 120 are ost loved between the inner and
outer cases 116 and 118 aft of the f in assembly M. The FEGVa 120 each
extend radially between the i ner case 116 and the outer case 118, and
are positioned In a circumfelentially spaced, spoke- like arrangement with
respect to each other. The FEGVa 120 a¢e attached or fixtured to either
the Inner case 111 or outer case 118 and allowed to 'float" radially
relative to the other c?se (116 or 118). This "float" Is achieved by the use

of a slot mahgﬁm?wgggumwpm& %g the circumferential

and axial directions. [0014] During operation, t n assembly 102 draws
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. embodiment, and the present invention can be. utihgt,Ii with nearly any
type of gas turbine engine. .
{10016] Buring operaﬂon of the engine 100, one or more of the FEGVs ..

120 may become damaged or become i erat?d (Le., dislodged
completely). The reasons for FEGV 120 d mag: ' or liberation are
numerous and varied, although for present purpos"’, | it is sufficient to
note that damage to or liberation of one or mo oft FEGVs 120 can
limit the operation of the engine 100. Often, there q il restrictions as to
the length of fime for which the engine 100 can epara with damaged or
liberated FEGYVs 120 (e.g., an operational limit 50' purs for an engine
having two adjacent FEGVs missing). It Is desired 1o perform on-wing
repairs to the afngine 100 to at least temporaril repﬂf ce one or more of
the' FEGVs 120 fo enable the engine 100 to return|fa service relatively
quickly (e.g., Ixix a matter of about 5-10 hours or hess};‘ Further repairs to
the FEGVs 120 may be necessary or deszrable but 7 fore extensive off-
wing repairs o%n be delayed for more deslrab|el lengrs of timé with the

use of tempo ry FEGYV replacement assemblled anJI pair methods.




120 may become damaged or become liberated (i.e., dislodged
completely). 'The reasons for FEGV 120 d nag!: or liberation are
numerous and varied, although for present purposes it is sufficient to note
that damage to or liberation of one or more of FEGVs 120 can limit the
operation of the engine 100. Often, there are restrictions as to the length
of ti a for which the engine 100 can ~operate with damaged or liberated
FEG s 120 (e.g., an operational limit 50h8urs for an engine having two
adjacent FEGVs missing). It Is d S4 perform on-wing repairs to the
engine 100 to at least temporarily replace one or more of the FEGVs 140
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radral Iength L défined
between its rnner and outer ends 224 and 228. The particular shape of

the airfoll structure 222 wttt vary as desired for-particular applications.
Typically, the airfoll - structure 22 i8 asrodynamically shaped to be
substanﬂally identtcat to original FEGVs -for. a particular engine.
However, the tength L of the airfoil structure 222, which s generally
comparable to the overall radral length of the entlre FEGV assembly 220,
can be less than the: Iength of an original FEGV replaced by the FEGV
assembly 220 Shortentng‘ the length L of the FEGV assembly 220 helps
ase installatton between inner and outer cases 116 and 118 of the
engine 100 while on-wing and allows for- addttion of the base plate 246,
as explained | |more fully: belorw The airfoll structure 222 can be made of
materials cornmonly used ‘for FEQV airfolls, for example aluminum and
composite mgterials. It Is possible for the alrfoll structure 222 to be
either a refuréished part or a newly manufactured part.

[0019] The intter mounting structure 228 is connected to the inner end
226 of the alrfoll structure 222, The inner mounting structure 228
enables the FEGV assembly 220 to be secured relative to the inner case
116 of the .engine 100. The Inner mounting structure 228 is a



between its inner and outer ends 224 and 228. The patrticular shape of
the airfoil structure 222 .will. 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 generally
comparable to the overall. radial length of the entire FEGV assembly 220,
can be less than the length of an originaBFEGYV replaced by the FEGV
assembly 220. Shortening the length L of the FEGV assembly 220 helps
ease Install on between inner and outer cases 118 and 118 of the engine

oxplaine SRR MrERa SeRbBON Siricane BAFEIHS feluege i
materia|9mj s ddigdnermounling st ukivre 226 pasusds thia innenrend
composipegngaiddirdh bweﬁabiﬁi%taﬁﬁm L%\ﬁ Tﬁ?ﬁg&g\éﬂ%ﬂ%f

arefurblg.lhed art oranew&qmanufacture part. |

mountind'<SFUBfIR ProveRt terquing.andanal mevementbut il parmits-rame
structurergtfil. foveiment tooaliuwndositheimit 338 prowvales skpahsien” during

assembl t u se,, 118 of the ine
100~ Thegﬁ% : o%ﬁttlﬁg?b sﬁp %?HX% Eﬁé’?}(igér%ﬁ'(‘)na F?n ty%?ri%
connectieANBACHAN Sirusdiires{Pig. tW%I!ﬂ!@ﬂMhﬁbﬂm usaghio serwerther

mountinghAdiueHy 226 SERERFolharvRE 22 R2A& ke AHRil $18/T R
222 on pgrﬁvgn;)}tgﬁmwn) in a "floating" manner, In order to prevent

torqumg movement but still permits some radial movement to
alli®@2fr thermEhexsiip galies 236 isqmanahbhnpositingedabiwt the aittib atricture

alternatigo £ gy %s@w&rsﬂwsﬂ@m FiEN2S PG

( ) can be used t th d 226é f?ﬁz .
e.g*, expansion joints) can be g Secure the, inner en of the
airfoil sngfé’&'ﬁgzg ﬁﬁ@#j of fhe piifpll structure 222, and the slip

collar 230 is positioned between the wedge 232 ancj the inner mounting
structure 228. The wedge 232 can be made of jme‘;tallic materials such
as aluminum or of a composite material. Metallic W’édges are generally
secured to the airfoil structure-222-by a- welding process (e.g., fusion
welding), while composite wedges are generally secumd 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 an ;aerodynamlc shape,
and the wedge 232 follows the contours of the:sides of the airfoil
structure 222. A pair of holes 233 extend throudh the slip collar 230,
which allow fasteners (see FIG. 4) to secure the FEGV assembly 220 to
the engine 100. The holes 233 are located on oppbslte side of the airfoil
222. In further embodiments, bolt guts (not shown§ can be cut Into the
wedge 232 to locate the holes 233 closer to the alrfoil structure 222 as

+ necessary depending upon engine constraints: éptlonally 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 airfoll structure 222.
[0022] FIG. 4 Is an exploded, schematic cross-sectlonal side view of a



engine 100. [0020] The slip collar 230 is movably positioned about the
airfoil structure 222 prior to Installation in an engine (see FIG. 2). The
wedge 232 Is 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 wedges
are generally secured to the airfoil structure-222-by a welding. process
-(e.g., fusion welding), while composite wedges are generally secured to
the airfoil structure 222 by bonding With structural adhesives. [0021] FIG.
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nd ean bea bber materi al such as a jwo-part silicone rubber
(e.g., Silastic J® slloone rubber, avallable fro 1!Dow Coming Corp.,
Midiand, Ml) or other material known to ore sknlldd in the art: In one
embodlment. the damping materlal 244 is’ applied to a thickness-of about
. 0.3175 om (0 ‘!25 inches) ‘The dempmg matel Jl 244 can be cast or. -

' glued into place : Ce
[0023] As shigwn 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 pljlevent the wedge from
pulling through the opening 234 in the slip collar 330 when in use. This
generally involves speclfying a mmimum crossover ‘area (l.e., insuring
that an adeqijéte amount of material of the wed&e 232 extends beyond
the cross-sectlonal area of the opening 234j rassumlng all of the
confomlable material 244 is mlssing In one ei'nbodiment, the wedge
232 can be: 1 016 cm (0.4 inches) in radial Ienéth .0:5865 cm (0.2309
inches) In circumferent:al width on each side of 1lhe airfoil structure 222,
and have a dtaft angle of 30° from a stacking Iin!e.r.of the airfoil structure

222,



the holes 233 for fasteners 242 (e.g., bolts). The recess 238 In the slip
collar 230 is configured to mate with the wedge 232 to secure the airfoll
structure 222. The opening 234 Is designed to provide a close fit about
the airfoil structure 222 with a damping materials 244. located along the
interior surfaces of the opening 234 and the recess 236. The slip collar
230 can be made of a metallic material, such as aluminum, or a
composite material. The damping: materigl 244 Is a conformable material,
and can be a rubber material such as a aft silicone rubber (e.g., Silastic
J(r) silicone rubber, available Dow Coming Corp., Midland, MI) or other

material knownto o illed in the art. In one embodiment, the dampin
matenal 244 is Qbeplfge%é@ MXS@E& Ertfé!{ﬁ*’%) a1beneplgia 248 that)
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30 from 3 gacdiipmding 8RR B holjtstiiGoroatfne (PTFE) or a similar
friction-reducing material on an opposite outer surface. The coating 248
facilitates installation and helps prevent damage to the outer case 118. . -
However, the- coating 248can be amltted in akterative embodiments.
Optionally, another Iaye,rz‘df PTFE _qr‘efa similar friction-reducing material

- can be applied along: the;'é'uvfaoés"éf 'the wedge-232-in-order to reduce
" friction and wear between the wedge 232 and the conformable material
. 244 resuftmg from mcidental sl!pp@.' ; tween those components.

[0025] Holes 250 for ths fa[stenersz 42 are defined through the base
plate 246. The fasteners. 242 can bg| lnserted through holes 240 in the
slip cover 230, holes 250 ln the base ;3 ata 246 ‘and Into holes 252 in the
outer case 11 8 of the englne 100. This base plate 246 can be made of a
metalilc materlal such as aluminum, or of a oomposlte material. it Is
preferred that the slip .collar 230 be made of substantially the same
material as the base plate 248, which is desirab!e for thermmal expansion
and other compatibility reasons.  Optionally, ‘the base plate 246 can
include pins (not shown) that align with pin holes 233A in the slip collar
230 to assure proper positioning of the replécer‘nent FEGV assembly
220, ' .

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




[0024] The FEGV assembly 220 Includes a base plate 248 that is
positioned between the outer end 224 of the airfoil structure 222 and the
outer case 118 of the engine 100. If there is potting material (not shown)
present at the Installation location on the outer case 118, the base plate
248 can be pushed into the potting material, which is typically compliant.
The base plate 248 has a thickness that accommodates any shortening
of the length L of the airfoil structure 222gto ensure that the entire
replacement FEGV 220 fits appropriately between the Inner and outer
cases f 18 and 118. The bass plate 246 Includes a layer of damping

material c tective material 248
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[0028] ~ First, wﬁom one or more démaged FEGVs-are present, a selected -
(damaged) FEGV desired o be:replaoed is removed-from between the
inner and outer cases of the engine*as necessary (step 300). Damaged
FEGVs can be. removed by sawing or cutting them in half and removing
connection structures of the removed FEGV. Potting material used to
sacure the r!glnal FEGV fo the outer case can also be removed. In
addition, it ay be destrable to remove mulfiple FEGVs at approximately
the same ﬁrhe where multiple FEGVs are damaged.” For instance, when
two or morJ FEGVs are nemoved enough space may exist to rotate one
or more FEGVs off the original connection pins without sawing those
FEGVs In half Where it is desired to install a replaoement FEGV ata
location whiere the original FEGV Is missing (i.e., liberated) from the
engine, it may be unnecessaty to remove any existmg FEGVs and thus
step 300 should be considered optional.

[0029] Nextf a replacement FEGV assembly is positioned between the
inner and ofiter cases of the engine In a desired installation location (step




230 to assure proper positioning of the replacement FEGV assembly 220.
[0026] FIG. 5 is a schematic cross-sectional view of the FEGV assembly 9
220 (the fasteners 242 are omitted in FIG. 5 for simplicity). As shown In
FIG. 5, the wedge 232 Is positioned within the recess 238 in the slip collar
230, and the base plate 248 Is positioned in contact with the slip collar
230 adjacent to the outer end 224 of the airfoil structure 222. The wedge
232 secures the outer end 224 of the airfedl structure 222 In a
compression fit between the base plate 246 and the slip collar 230. An
anti-gallant lubricant coating Is applied at an interface between the base
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cases of the engine es necessar

removed W‘!%Wﬁl@?fr%ﬂlﬂibthﬂ@ﬁgl E&@Yrd removing connection
stryoacgs of th@remmedﬁ&\/&nacuﬂnewawhamedee\ﬁecuaeal& to the
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where muasbief #@@Wmoarﬁﬁgyoammmmlmﬁb irfobb structure and

FEbVs alél]ﬁeéall&iewgw WpA G el tREPBRBEIRNd of the FEGV
assembly is moved into a relatlvely close fit between 19 Inner and outer
cases of the engine A frlctlon-reducmg coating on the base plate can

facilitate slldlng it into posltlon The wedge at the outer end of the airfoil
I

structure is oompressrvely Seeured ln ‘a recess in the ip collar; between . |

the slip collar and the base 'plate Next bolts are lnlserted through the
slip collar and the base ’p‘aje of the replacement Fli1 \/ assembly and
into the outer case of the englne. and then tlghtene (step 308). The
boits afﬁrmatlvely secure I the components of the eplaoement FEGV
assembly to the outer ceee Hf the engine via the compressive fitting of
the wedge and outer end of ihe alrfoil structure of the placement FEGV
assembly. The damping materlal located along the ning and recess
in the slip oollar. as well as along the base platel provide sufficient
deformation:: to make the compressive fitting shug: and secure. In this
way, the outer end of the replacement FEGV assemtq?y is secured so as
to prevent movement in any direction.

[0031] ‘ Once a first replacement FEGV is Installed additional
replacement ‘FEGVs can be installed If desired (steo 310). Additional
replacement FEGVs are each installed by repeating tlle steps described
above (stepe; 300-308). Where there is little clearanog betwesn adjacent




or more FEGVs off the original connection 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 (Le., liberated) from the
engine, it map be unnecessary to remove any existing FEGVs and thus
step 300 should be considered optional. [0029] Next a replacement FEGV
assembly Is positioned between the Inner and outer cases of the engine
in a desired installation location (step 104802). The replacement FEGV Is
typically rocked Into piece with swinging or arcing motions. Then an Inner
pin-type connection structure Is secured In a "floating" configuration to an
inner case fthe e éf 304) As noted above, the Inner pin- t)g)
connectlﬁ?P e%% GHE;FPAIF%VW% replacement FEGVs
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structure Is com resswe y secured in a recess in the sllggollar 'between

the slip- B8Nt 009 2 pra ePlacsmeRt FE Vs nsta
slip conqmsehtrwmmmfmmlmmwmwmw unllba
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[0033] If off-wing repairs to the engine are desired (step 312), the engine
can be removed from the airframe (step 314) Then replacement vanes
previously Installed to replace ﬂamaged or missing original FEGVs are

- -removed fmm the engine (step 316) Lasﬂy new FEGVs substantially - -

"~ ~identical to- the -original’ FEG\(sifre installed (step 318). -The installation- -

" of these new FEGVs typteell;f’ nequiree the removal of engine case

structures andlor other: ehgtne oomponents in a manner that is
impossible or Impractical when .the engtne is on-wing.

[0034] It should be unders 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 repalring damaged or mlsslng FEGVs of gas
turbine engines while the engine can remain in an on-wing position.
Moreover, the compresslve fitting used to secure 'an outer end of a
replacement FEGV assembly to an outer case allows damping to be

. provided to: enhance the robustness of the FEGV attachment

[0035] Atthough the present invention has besn descnbed with reference
to preferred: etnbodlments, workers skilled in the alt will recognize that
changes may Se made in form and detail without depfarﬂng from the spirit



assembly to the outer case the engine via the compressive fitting of the
wedge and outer end of the airfoil structure of the placement FEGV
assembly. The damping material located along the coening and recess 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 FEGV assent jy is secured so as to
prevent movement in-any direction. (0034] Once a first replacement FEGV
Is Installed, additional replacement FEGVs can be installed If desired
(stel 310). Additional replacement FEGVs are each Installed by repeating

tie step scrjbed ; 3Q0-3 ete.there is littl
clearanc est'\%%%nogﬁ%jﬁérg% abe%%%tﬂgk%é, % 5@&4@@()?{}@3
adjacentqBipRRYScol # raplacemant REQV Asgemhly of dhe prasardHnvgrsion

confiﬂﬂ)&éﬁ% ;Woﬁfit@]gﬁbﬁfﬁﬁ]aié.mw A AR _bﬂg@uatéatﬁalarmrﬁw)
can all be completed whi e engine being repaired remains In an
onaingPT5 S8, 15, CVBTHERRL R e, PEPLRCUR S LS R oyt
allow thene nfimmplacetnent FESMasemiliyin about 5-10 hours, and the -
engine with the replacement FEGVs can remain in service for an
extended period of time (e.g., greater than about 50 hours of service).
However, it may be desired that one or more replacement FEGVs
Installed according to the present Invention remain installed In the engine
only temporarily until a time when more extensive off-wing repairs are
convenient. (0033] If off-wing repairs to the engine are desired (step 312),
the engine can be removed from the airframe (step 314). Then
replacement vanes previously Installed to replace damaged or missing
original FEGVs are removed fram the engine (step 316),. JLastly, new

FECVs.substanttally Identical to the. original FEGVal! re Installs. (step
318). -Tha installation - : .



of these new FEGVs typical }squires the removal of engine case
structures and/or other ehgii a components in a manner that is impossible
or impractical when'tf-e engine is on wing. [0034] It should be under s that
the present Invention provides numerous advantages. Perhaps most
importantly,.the apparatus and methgd of the present Invention provide a
relatively simple, quick and cost-effective solution for repairing damaged
or missing FEGVs of gas turbine engines; while the engine can remain In
Whanioelaitneg isosition. compressive fitting used to secure an outer end of a
Moreover, the replacement FEGV assembly to an outer case allows
damping to be provided to entrance the robustness of the FEGV
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and N INiTér en ge structure connecte fie outer en
airfendwheraie ;the recess is configured to accept the wedge structure to create an

interference fit between the slip collar and the base plate; and
a conformable material disposed along the opening and the recess in the
slip collar and also along the base plate in order to provide dampening relative to

the airfoil structure and the wedge structure.

2. The assembly of claim 1 and further comprising: a fastener for securing

the slip collar and the base plate to the outer case.

3. The assembly of claim 1, wherein a layer of low friction material is

applied to a portion of the assembly to reduce friction-related wear.

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

polytetrafluoroethylene.

5. The assembly of claim 1, wherein the conformable material comprises a

silicone rubber material.

6. The assembly of claim 1, wherein the wedge structure has a 30° draft with

respect to the airfoil structure.



a base plate configured to be positioned between the outer end of the
airfoil structure and the outer case; a slip collar having an opening
therethrough and a recess formed along the opening, wherein the airfolil
structure is positioned to extend through the opening, and wherein the
recess is configured to accept the w?gge structure to create an
interference fit between the slip collar and the base plate; and a
conformable material disposed along the opening and the recess in the
slip collar and also along the base plate in order to provide dampening
relative to the airfoil structure and the wedge structure. 2. The assembly
of claim 1 and further comprising: a fastener for securing the slip collar

and1he baShedasentiblinef eliien Casderdin the sigseonalycofyais 4 ndieial that
a layer of low.friction material is apio led to a portjon of the assembly to
redEEPRARIA I SR8 AAMEAS 4 MAHKIALCQmRLISIRg the pAss Rirein the low
friction material comprises polytetrafluoroethylene. 5. The assembly of

clairp 1, wherein the conformable material com rj[sesa silicone rubber |
matdrial. 6. PHASSHBEIN B SLP Bl e RS AR R LPE S EEREF e admgterial
30 dinftiwiibstespsity thetbmidod staugial eohprisinghircasserabiyuofuetaim

1, wherein the slip collar comprises a material that is substantially the

same as a material comprising the base plate. 8. The assembly of claim 1,
whegein th&lardsskaibl bifeldanpirkefaheiaiamigtidingt it smbigtalatialybtivant

same as a material camprising the wedge structyre. 9..The assembly of
clai PO5RY AR EERGS RS S FHBRIEN A SRS RE Rt an
interface between the base plate and the slip collar. 10. The assembly of
Al and et GBIy Rt e 1At Bl SO S brising: a pin connection

structure for securing the inner end of the airfoil structure to the inner case.

11.  The assembly of claim 1, wherein the airfoil structure has a radial length
that is less than a radial length of airfoil structures 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.

13.  The assembly of claim 1, wherein the wedge structure is welded to the

airfoil structure.

14. A method for repairing a fan exit guide vane of a gas turbine engine, the
method comprising:

positioning a replacement vane between an inner case and an 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;
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case. 11. The assembly of claim 1, wherein the airfoil structure has a
radial length that is less than a radial length of airfoil structures 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. 13. The
assembly of claim 1, wherein the Wepége structure is welded to the airfoil
structure. 14. A method for repairing a fan exit guide vane of a gas turbine
engine, the method comprising: positioning a replacement vane between
an inner cgesitinolingachasy mlatebefwiea theginter waseraid anromeablel Sifjthe
coll%ﬂfag?sié[}l ne eag%%nd the replacement vane; securing an inner end

of the'replacemen ane to the inner case using a pinned connection; 15

positioningfwbakfgplmtsiibemmemtthe bgﬂepla&smdnﬂeamtwtmehﬁomd&hm
replagamshL v Eée%%‘éki%%‘ﬁeer?{fq%h& AN SQG0 S hasg plate and the

outer case In (%E]er t0 secure the replacement vanée RN oUteTcase With
a compression type fitting. 15. The method of claim 14 and further

comyyisin e f [ irst existing damaaed vane.from
betw%r'en t%%nﬁéﬁ%gs?rﬁegc%%ﬁ%%gu 5&1 )é%é?rr?d)r%én gl%‘g ?neé’tr(?gd of claim
15 and furttesrosomgpriSisiedistin i gethvauinfjanskevredrethis imgr casing and

darrlggggﬁ&a&%iﬁ%m between the inner casing and the outer casing,
wherein the second existing damaged vane is adjacent to the first existing

damaged vane.
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.

18.  The method of claim 14 and further comprising the steps of:
removing the replacement vane; and

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 replacement fan exit guide vane assembly for installation between an
inner case and an outer case of a gas turbine engine, the assembly comprising:
an airfoil structure having an outer end and an inner end;
a slip collar having an opening therethrough, wherein the airfoil structure
is positioned to extend through the opening such that the outer end of the airfoil

structure is retained by the slip collar in an interference-type compression fit; and



17. The method of claim 14, wherein the gas turbine engine remains on
the wing of an aircraft while repair steps are performed. 18. The method
of claim 14 and further comprising the steps of: removing the replacement
vane; and installing a permanent vane in place of the replacement vane.
19. The method of claim 14, Whereiri he step of fastening the slip collar to
the base plate and the outer case comprises securing bolts
therebetween. 20. A replacement fan exit guide vane assembly for
instal|atiommwpmw@nmﬁé@a@eeq;&iﬁemutwmﬂ td@es dhdinNthe
engine, the assembly comprising: an airfoil structure having an outer end
andag% ﬁ'éP%H{f %‘gﬁﬁ cUHsF ing an opening therethrough, wherein
the airfoil structure is positioned to extend through the opening such that
the guter d of the gir I stru efained b .the slip collar in an
intefferenc Wée t?i?b %%J%ﬂ‘ﬁrli % FYLE Bf&ﬁe configured to be
posituonedakmm\f‘sﬂﬂaﬂle mutaﬁﬂmkpégétebamhstwmﬁ@ﬂdnmﬁemﬂﬁm and
cas%ﬁé?[ assembly of claim 20 and further comprising: a conformable
mat 18|§B &ed between the outer end of the airfoil and the slip collar.



