
FAN EXIT GUIDE VANE REPAIR METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

[001]	 The present Inventlo~ 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-wlng repalrs:to fan exit guide vane 

assemblies of gas turbine engl~es. 

[002]	 Fan exit guide vanes (FEGVs) are aerodynamIcally shaped 

structures located aft of a gas turbine engine fan and forward· of an 

engine support pylon, installed in a circumferentially spaced, ~pok~lke 

arrangement between Inner and out~r' case structures that form a b~88S 
ij

duct. When a gas turbine engine Is assembled, the FEGVs are In~lled 

between the two case structures before those case structure~· :are 

conhected with the fan. FEGVs help improve the efflCfenoyandlthiust 

output of gas turbine. engines by straIghtening :th~. air str~m· ~~'!the 
bypass duet flow. ; 

[003]	 FEGVs can be damaged or liberated dUring engine ope~jon.· 

Common causes of da~e and liberation Include _the inges+1 of 

objects that move past the fan and stn"ke one or more FEGYf' jthe 

occurrence of transient aerodynamic loads that stress the vanes I(~.g., 

surge, events), and the effects of deterioration and ~ormal wea~ &ver 

time. Moreover, once ~ least one FEGV Is liberated, l~ mls8l~i f+V 

leads to stresses -on adjacent FEGVs frequently I~dlnp to the hb~n1~on 
of clusters of adjacent FEGVs. Replacement of 0~gln8( FEGVs ·ln~~:t:on .. 

wing position is difficult or impossible. Typically, th~· o~~ wayjto ~riiove . .. . : 

the FEGVs Is to cut them In half. 

[004]	 However, when attempting to replace ren10ved vanes; new 

FEGVs Identical to the originals may not easily fit Into the engIne while 

on·wlng due to limited clearances and interference from adjacent 

FEGVs. Thus. known solutions for on-wing repairs include .destroYing 

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 guide 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
between Inner and outer case structures that form a bypass  duct. When a
gas turbine engine is assembled, the FEGVs are installed  between the
two case structures berore those case structured are  connected with the
fan. FEGVs help improve the efflclency and 'thf ust  output of gas turbine
engines by straightening the air stream n the  bypass duct flow. [003]
FEGVs can be damaged or liberated during engine operation.  Common
causes of damage and liberation Include 1the ingestIor of  objects that
move past the fan and strike one. or more FEGV lthe  occurrence of
transient aerodynamic loads that stress the vanes! ( .g.,  surge events),
and the effects of deterioration and normal wear over  time. Moreover,
once at least one FEGV is liberated, the missing,'=FGV  leads to stresses
on adjacent FEGVa frequently leadtnp to the 11611 re``Gp'on  of clusters
of adjacent FEGVs. Replacement of original FEGVs In non  wing position
is difficult or impossible. Typically, the or4ly way to remove  the FEGVa Is
to out them In half. [004] However, when attempting to replace removed
vanes, new  
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and removing munlple vanes and replacing only a fraction of the original 

vanes, or alternatively, leaving the engine with zOnes having no FEGVs. 

D~acks of these known sol~ons include decreased engine efficiency 

and regUlatory restrictions on flight times for engines having missing or 

damaged FEGVs. Generally, these known on-wIng repairs are only 

allowed temporarily until off-wing repairs can be completed. Additional 

on-wlng repairs have been attempted, but have generally proven 

unsuccessful. Off-Wlng repairs result In substantially greater costs and 

lost engine flight time than on-wlng repairs. Aircraft( operators, such as 

commercial .airlines, suffer tremendous losses due to delayed or 

cancelad flights neeesslurted by off..wJngFEGV repairs. 

[005]	 Thus, nIs 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 INVENnON 
; , 

[006]	 A replacement fan exit gUide Y$ne assembly according to the 

present Invention for installation between an Inf;ler case and an outer 

case of agas turbine engine Includes an 810011 structure having an outer 

end and an inner end, a wedge structure conneCted to the outer end of 

the aldoll structure,'a base plate positioned betwee:n the outer end of the 

alrfoil structure and the, outer case, a corifomia~l~ material, and a slip
.	 . j . 

collar having' an opening therethrough and a :re~~ fonned along the 

opening. The airfoll structure extends throughl"'et opening" and the 

recess accepts the;viedge structure to create an Inr~erenC8 fit between 

the slip collar and the base plate. The confonna'l~ material Is disposed 

along the opening and the recess In the slip col,ar,:and also along the 

baseplate, In order to provide dampening relatlv~ to, the alrfoil structure 

and the wedge structure. 

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 times for engines having missing or
damaged FEGVs. Generally, these known on-wing repairs are only
allowed temporarily until oft-wing repairs can be completed. Additional
on-wing repairs have been attempted, but have generally proven
unsuccessful. Off-wing repairs result In substantially greater costs and
lost engine flight time than on-wing repairs. Aircraff operators, such as
commercial airlines, suffer tremendous losses due to delayed or  canceled
flights necessitated by off.wing FEGV repairs. 1065] 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
assembly according to the  present Invention for installation between an
Inner case and an outer  case of a gas turbine engine Includes an airfoil
structure having an outer  end and an inner end, a wedge structure
connected. to the outer end of  the airfoil structure, a base plate positioned
between the outer end of the  airfoil structure and the outer case, a
oonformallc} material, and a slip  collar having an opening therethrough
and a re ess formed along the  opening. The airfoil structure extends
through the opening, and the  
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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 a~rdlng to the present invention. 

[009] FIG. 3 is a bottom view of a portion of the replacement FEGV 

assembly. 

[0010] FIG. 4 is an exploded, schematic cross-sectlonal side view of 

A , another portion of the replacement FEGVassembly. 

[0011] FIG. 5 Is a schematic, 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 
, 

[0013J . FIG. 1 is a simplified schematic cross-8~cti~n.al view of a gas 
. .	 I 

turbine engine .1D.O· suitable for mounting to af! aircraft alrframe (not 
, . i 

.shown). The el!1glne 100 Includes·a fan assen,bly 102 and·s primary. 
:	 I 

f10wpath defl"4. by a low pressure compresso~ assembly 104, a high 

pressure COmprj880r assembly 106, a combustr assembly 108,.a high 

pressure turbine! 110 and a low pressure turbi",112. The engine 100 

also Includes ~~ther flowpath defined by a bI's duct 114, which is 

generally ~, between an inner esse 116 nd an outer case 118. 

The bypass dU~:1141s loeated redlally outward I the primary fJowpath.. 

A set of fanexl~gUide vanes (FEGVs) 120 aretosltloned between the 

inner and outer :cases 116 and 118 aft of the n assembly 102. The 

FEGVs 120 eac~ extend radially between the i ner case 116'and the 
l 

outer case ~18t ~nd are positioned In a circumterntlally spaced, spoke­

like arrangement with respect to each other. 1 The FEGVs 120 are 

attached or ~red to either the Inner case 11~ or outer case 118 and 

allowed to "float' radlally relative to the other ~se (116 or 118). This 
.	 I· 

"float"	 Is achlev~d by the use of a slot or by thf use of pl.ns to control 

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 exploded, schematic cross-sectional side view of  another
portion of the replacement FEGV assembly. [0011] FIG. 5 Is a schematic,
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 1100
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 combustolr assembly 108,.a high  pressure turbine! 110
and a low pressure turbine 112. The engine 100  also includes other
flowpath defined by a bypass duct 114, which is  
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monon in the circumferential and axial dlrectfons.
 

[0014] During operation, the fan assembly 102 draws air into the engine
 

100. A portion of the Illnt&ke- air from the fan assembly 102 Is diverted
 

into the bypass duct 114. The FEGVs 120 a~ aerodynamically
 

designed structures arranged In a J7i1dially, 8p~ced, spoke-like

.' r., ~ 

arrangement between the Inner and outer cases 1"16 and 118. The 
. ~: ~ 

FEGVs 120 help Improve the efficiency and throat ~~ut of the engine 

100 by straightening the air stream through the bypa~lduct 114. 

[0015] In the lUu~rated embodiment. the engine 109;1,. generally similar 

to known hlg~bypass ratio gas. turbl~e engines. ~* skilled In the art 

will understand the basic operation of gas turbln~:I~ glnss, so further 

explanation h8re 18 UlII1eC8IlllllY. H_. M81111"]· 8 recognized !het ... · :1:1 
the particular configuration of the engine 100 can va~ m the Illustrated 

embo(Ument, and the present Invention can be utIli*.. with nearly any 
: ,I 

type of gas turbine engine. 

·{OOI6]·· During 'weratton of the· engine 100, on~ or 1119Fe.. of the FEGVs .. 

120 may. be~e damaged or become lI~erat~ (i.e., dislodged 

compl~tely). :;The reasons for FEGV 120 d,mf~'!j or liberation are 

numerous an~ varied, although for present PUfP08!. It is sufficient to 
, . [ " 

~. f ,. :.1. ' 

note that dam~ge to or liberation of one or mo, o~:J 'I FEGVa 120 can
 

limit the opera~on of the engine 100. Oftei'l. there' ~' reatrlctlons as to
 

the length of fte for which the engine 100 can Jp~ri. with damaged or
 

liberated FEG s 120 (e.g., an operatJonallimit 5:dJ' urs for an engine
 

having two ad acent FEGVs missing). It la d Ire.~{ perform on-wing 

repairs to the ~.ngine 100 to at least temporaril re,pr: one or more of 

the FEGVs 1~O to enable the engine 100 to re~rfl·li service reratively 
' .. 

quickly (e.g., I~ amatter of about 5-10 hours ode$~~·.lt Further repairs to 
• 'Ill,I

the FEGVs 1~O may be necessary or deslrable{ b~t!j~Ore extensive off-


wing repairs dm be delayed for more deslrablellen~I' s of time with the
 
t ·d'lIuse oftBmpo,..ry FEGV replacement assembll~·an .,1',; pair methods. 
", . . :1, 

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 circumfe1entially spaced, spoke- like arrangement with
respect to each other. The FEGVa 120 are  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 or by the use of pins to control 4  motion In the circumferential
and axial directions. [0014] During operation, the fan assembly 102 draws
air into the engine  100. A portion of the 'intake' air from the fan assembly
102 is diverted  into the bypass duct 114. The FEGVs 120 are
aerodynamically  designed structures arranged in a radially spaced,
spoke-like  arrangement between the Inner and outer cases 116 and 118.
The  FEGVs 120 help Improve the efficiency and thrust output of the
engine  100 by straightening the airstream through the bypass duct 114.
[0015] In the Illustrated embodiment, the engine 100 is generally similar
to known high-bypass ratio gas turbine engines. Those skilled in the art
will understand the basic operation of gas turbine; gins, so further
explanation here is unnecessary. However, it show recognized that  the
particular configuration of the engine 100 can m the Illustrated
embodiment, and the present Invention can be. utilized with nearly any
type of gas turbine engine. 10016]-- During operation of the engine 100,
one; or more-of the FEGVs ..  
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[0017] FIGS. 2-5 illustrate a replacement FEGV assembly 220 for at least 

temporarily replacing a damaged or liberated original FEGV 120 of the 

engine 100. ;FIG. 2 is a side view of a portion of the replacement FEGV 

assembly ~O. As shown in FIG. 2, the FEGV subassembly 220 
i 

Includes an alrfoll structure 222 having an outer end 224 and an inner 

end 226 (a middle portion of the alrfoil structure 222 has been omitted In 
I 

FIG. 2 as In~lcated by broken lines), an Inner mounting structure 228. a 

slip collar 23q, and a wedge 232. 
1 

[0018] The a~rfoll structure 222 Is an aerodynamically shaped member 

that provide.ja· fluid reaction surface that helps t~ direct (e.g., straighten) 

airflow when jlnstalled within the bypass duct 114 downstream of the fan 
i 

assembly 1O~. The airfoll structure 222 has a radial length L defined 
i 

between its inner and outer ends 224 and 226. The particu!ar shape of 
~ F • 

the alnoll s~cture 222' ~J. vary as desired for· partJeuJar applications. 

Typically, th~ 810011· stru~re 222 ill .aefQdy~mically shaped ~ be 

-substantially; Identical to: orlgiAal FEeVs· -fQr. a particular .englne. 
I :: . i~ '. . 

However; the length· LQf: the alrfOU structure 222, which is generally 

comparable ~ the OV~n;lU:~diaI length ofth$ entIre FEGVassembly 220, 

can be less than the ilengft, of an original. FEGV' replaced by the FEGV 
1 : ,I ; 
I I, ,. . '. 

assembly 22~. Short?nrr~i the length Lof the FE~V assembly 220 helps 

ease Installation betWeen;: Inner and outer cases 116 and 118 of theI ; : '•.: .' " ": 

engine 100 While on-wiit9 :.ncI allows for addlilol1 of the base plate. 248, 

as explained jmore fully: b~~. The alrfbll ~~re 222 can be made of 

materials co~monly used ;for FEGV airfolls, for ~xample, aluminum and 

composite m~eria's. It Is possible tor the a/rfoll structure 222 to be 

either a retu~lshed part or a newly. manufactured part. 

[0019] The inner mounting structure 228 Is connected to the.l.nner end 

226 of the $Irfoll structure 222. The inner mounting structure 228 
i 

enables the F!'EGV assembly 220 to be secured l'elatlve to the inner case 
I 

116 of the !eng/ne 100. The Inner mounting structure 228 Is a 

120 may become damaged or become Iiberated (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 50hours 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
to enable the engine 100 to *in service relatively  quickly (e.g., 17 a matter
of about 5-10 hours or Further repairs to  !I the FEGVs 110 may be
necessary or desirable; but; ore extensive off- wing repairs c 6n be
delayed for more desirable lengths of time with the  use of temporary
FEGV replacement assemblles and~repair methods. I ;F [00171 FIGS. 2-5
illustrate a replacement FEGV assembly 220 for at least  temporarily
replacing a damaged or liberated original FEGV 120 of the  engine 100.
FIG. 2 is a side view of a portion of the replacement FEGV  assembly
22,0. As shown in FIG. 2, the FEGV subassembly 220  includes an airfoil
structure 222 having an outer end 224 and an inner  end 226 (a middle
portion of the airfoil structure 222 has been omitted in  FIG. 2 as Indicated
by broken lines), an Inner mounting structure 228, a  slip collar 230, and a
wedge 232. [0018] The airfoil structure u 222 Is an aerodynamically
shaped member that provides ;a fluid reaction surface that helps to direct
(e.g., straighten)  airflow when Installed within the bypass duct 114
downstream of the fan  assembly 102. The airfoil structure 222 has a
radial length L defined  
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conventional pin-type connection structure klentisaJ to that used with 

original FEGVs. The Inner mounting structure 228 secures the Inner end 

226 of the airfoil structure 222 on pins (not shown) In a "floating" manner. 

In order to prevent torquing and axial movement but &tIll pennlts some 

radial movement to allow for thennal and pressure expansion during 

engine operation. 'In alternative embodlments, other types of known 

connection structures (e.g.~ expansion joints) can be used to secure the 

Inner end 22601 the alrfofl structure 222 to the inner case 116 of the 

engine 100. 

[0020] "rhe slip collar 230 is movably pQSitioned about the airfoil structure 

222 prior to InstalJatJon in an engine (see FIG. 2).. The wedge 232 is .. 
secured at the outer end 224 of the slrfoll structure 222, and the slip 

collar 230 is positioned between the wedge 232 an~ the Inner mounting 

structure 228. The wedge 232 can.be made of metaille materials such 

a8 aluminum or of a composite material. Metallic ~ges a1'8 generally 

secured to the alrfoll structure··222 -by a.welding :prQCe8s ·(e.g., fusion 
: !:. 

welding), while composite wedges are generally ~cured to the airfoU . 

structure 222 by bonding with 'stru~ural adhesiveS. 

[0021] FIG. 3 Is a bottom view of a portion of·th~ FEGY assembly 220. , . 

As shown In FIG. 3, the alrfoil structure 222 has 80 :.erodynamlc shape, 

and the wedge 232 follOWS the contours of the; ,sides of the alrfoil 
! ~. ~ 

structure 222. A pair of holes 233 extend througH; the slip coJlar 230,
•• I, 
, ll' 

which allow fasteners (see FIG. 4) to secure theFI:.C?V assembly 220 to 
f ~ • 

the engine 100. The holes 233 are located on o~PAsJte side of the alrfoil 

222. In furtherembodlments, bolt guts (not shown)! can be cut Into the 
: ~ ~: 

wedge 232 to locate the holes 233 closer to the ~Itro" structure 222 as 

necessary depending upon engine constraints; ·~ptlonally, pin holes 
• . i ~ f I 

233A can be defined in the slip collar 230 to help lQ.c,te and align the snp 
. ,l kl 

collar 230, the base plate 246, and the airfoll struQt~tr 222. 

[0022] FIG. 4 is an .exploded, schematic cross-seCtIonal sIde view of a 

between its inner and outer ends 224 and 228. The particular 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 original FEGV 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
100 while on-wing And allows for addition of the base plate. 248,  as
explained more fully below. The airfoil structure 222 can be made of
materials commonly used 'for FEGV airfoils, for example, aluminum and
composite materials. It Is possible for the airfoil structure 222 to be  either
a refurbished 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  118 of the engine
100. The Inner mounting structure 228 is a B  conventional pin-type
connection structure Identical to that used with  original FEGVs. The Inner
mounting structure 228 secures the Inner end  226 of the airfoil structure
222 on pins (not shown) in a "floating" manner,  In order to prevent
torquing and axial movement but still permits some  radial movement to
allow for thermal and pressure expansion during  engine operation. in
alternative embodiments, other types of known  connection structures
(e.g., expansion joints) can be used to secure the  inner end 226 of the
airfoil structure 222 to the inner case 116 of the  
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portion the FEGV assembly 220 adjacent to the outer case 118 of the 

engine 1QO. Aa shown in FIG. 4. the slip collar 230 Includes a central 

opening 234 and a receS8 2,36 at the outer end of the opening 234. The 

slip collar 230 further Includes a radlally inward flOWpBth surface 238 and 
1.' 

the holes 233 for fasteners 242 (e.g., bolts). Th, recess 236 In the slip 

collar 230 Is cOnfigured to mate with the wedge ~32 .to. secure the alrfol! 
I . 

structure 222. ,The opening 234 Is designed to p~vlde a close fit about 
I' I 

I·' ; 

the alrfoll structure 222 'wttha damping materlall~4~.located along the 

Interior 8U~ceS of the opening 234 and the rece'i~ 2Se. The slip collar 

230 can b~rh8de of a metallic material, suJi,~ $S; alumlnum, or a 
.: ' ' It' 

composite r:ri~etdal. The damping' material 2¥'/s a conformable 
"ll ' ,, I " 

material, and 'can be a rubber material suCh as a f'MPart silicone rubber ' 

{e.g., Silastlb:ipe slllcon&· rubber,available fro~! D~ Coming Corp., 

Midland, MI)or other material known:'to one skm~' h1 the art. In one 

embOdiment :th,e damping material ~4;4: isjtPPIlQd!tb athickness,of abo~ 
.", '0.31'15 -cm (0,~125'lnches).; :Tt;e d~~piQ~ mateI1~1244.oan be cast or· .. 

; glued Into pl~~.' 

[0023] Aa sh~Wn In FIG. 4, the wedge 232 Is ai.u~ntlally triangular 
; ;';, ,'" I ' 

shaped stru~re located at the o~r ef'ld 224 of ~e ~rfoll structure 222. 

The; partieUl*H~hape of ~ w~ge,2~2' Can va~ as desired. However, 
I " • I ; . ". . I ' 

the 'wedge ~3¥' must be Cteslgnecf ;~; as to pr~Yent the wedge from 

pulling throug~itheopenlng 234 in ~ slip collar~~Owhen in use. This 
':,' . , . i" " 

generaUy fnV91yes'specifying a minimum 'crosso~r ;srea (I.e., Insuring 

that an' adeet~~te amount of material of tM wed.'~ 232 extends beyond 
. :;: ! l;' . : . I : ~. ~ . 

the cro~-s~~ional area of th~ opening 234~: ias8umlng all of the 

confomlable' 'material 244 is missing. In one em~lment, the wedge 

232 can be:1:016 cm (0.4 Inches) In radial len~,: 0:5865 cm (0.2309 

Inches) In cl~nlferential width on each side of ~b ~Irfoll structure 222, 

and have a j::Iraft angle of 30° from a stacking lIn~iof the airfoll structure 

222. 

" 

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.
3 Is a bottom view of a portion of the FEGV assembly 220.  As shown in
FIG. 3, the airfoil structure 222 has an aerodynamic shape,  and the
wedge 232 follows the contours of the; sides of the airfoil  structure 222. A
pair of holes 233 extend through: 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 opposite 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 airfoil structure 222 as
necessary depending upon engine constraints. Optionally, pin holes  233A
can be defined In the slip collar 230 to help Iocate and align the slip  collar
230, the base plate 246, and the airfoil structure 222. [0022] FIG. 4 is an
exploded, schematic cross-sectional side view of a 7  portion the FEGV
assembly 220 adjacent to the outer case 118 of the  engine 100. As
shown in FIG. 4, the slip collar 230 includes a central  opening 234 and a
recess 238 at the outer and of the opening 234. The  slip collar 230 further
Includes a radially inward flowpath surface 238 and  
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[0024] rhe FEGV assembly 220 Includes a base plate 246 that is 

positioned between the outer end 224 of the alOOIl 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 csse 118, the base plate 

246 can be pushed into the potting material, which Is typically compliant. 

The base plate 246 has a thickness that accommodates any shortening 

of the length L of the airfoll structure 222 to ensure that the entire 

replacement FEGV 220 flta appropriately between U1e Inner and outer 

cases 116 and 118. The base plate 246 Includes a layer of damping 

material 244A on an Inner surface" and Incl,udss a protective material 

248 comprising a coating of polyt8trafluoroethylene (PTFE) or a similar 

friction-redUcing material on an opposite' outer surface. The coating 248 

facilltateslnst811atlon and: helps preVent damage to the outer case -118... .. 

However, 'the' ~tfng 2~., can be ar1iftted in alternative embodfments. 

Option~lIy, another layer ;'df:PTFE ~r~~ '.~Uar 'fr.lctfon-red.ucing material, 
, , :, ," " ":,, 'I ' , 

.. can be applied along·th~:s".rface8, Q{:the ~ge·232·ln·ordeF to r-educe 

, friCtion' and wear betwee~ ;ih, wedg~l'232, and ~ cortonnable material 
:: tt·~: i t ;:j: I;' q1 .:. :. . 

244 resulting friom incfde#l!s6PP~~ ~etWeen those components. 
.i: i: ' !f j; ~ .! iI • 

[0025] Holes 250 for tJ:1~r ~sten~r81:242are defined through the base 
F l" . , " : .' . ,. . . 

plate 246. The fastenersr,~42·~n. beirn~~rt~ ,:thraugh holes 240 In the 
, -,' -.' ·.f I '., 

sJfp cover 230, holes 250'!i~ the ba~ ~I~ 246, and Into holes 252 in the 

outer case ,11~ of the eng'he 100. .~ base pJ~te246 can be made of a 

metallic material such as alumlnum, or Qf a composite material. It Is 

preferred that. the slip ,COllar 230 be made of substantially the same 

material as the base plate 246, whIch is desllllblefor thennal expansion 

and other compatibiJlty reasons. Optionally, the base plate ·246 can 

Include pins (not shown) that align with pin holes233A in the slip collar 

230 to assure proper positioning of the replacement FEGV assembly 

220. 

[0026] FIG. 5 ;s a schematic cross-sectionaf view of the FEGV assembly 

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 airfoil
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: material 244 Is a conformable  material,
and can be a rubber material such as a art silicone rubber  (e.g., Silastic
J(r) silicone rubber, available Dow Coming Corp.,  Midland, MI) or other
material known to one skilled in the art: In one  embodiment, the damping
material 244 is applied to a thickness of about  0.3175-cm (0 i25 inches):
The damping mated 244-can be cast or.  glued into place. [0023] As
shown in FIG. 4, the wedge 232 is a substantially triangular  shaped
structure located at the outer end 224 of the airfoil structure 222.  The
particular; shape of the wedge 232 can vary' as desired. However,  the
'wedge 2.32 must be designed 'so as to prevent the wedge from  pulling
through the opening 234 in the slip collar 230 when in use. This  generally
Involves specifying a minimum crossover area (i.e., Insuring  that an
adequate amount of material of the wed a 232 extends beyond  the
cross-sectional area of the opening 234 ;assuming all of the  conformable'
material 244 is missing. In one embodiment, the wedge  232 can be 1.016
cm (0.4 inches) In radial le 0.5866 cm (0.2309  Inches) In circumferential
width on each side of the airfoil structure 222,  and have a draft angle of
30 from a stacking Iine of the airfoil structure  222. 8  
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220 (the fasteners 242 are om~ in FIG. 5 for simplicity). As shown In 

FIG. 5, the wedge 232 Is 'posltioned within the recess 236 In the slip 

collar 230, and the base plate 248 is positioned in contact with the sUp 

collar 230 adjacent to the outer end 224 of the atrfoll structure 222. The , 

wedge 232 ~secures the outer end 224 of the alOOIl structure 222 In a . ~ . 

compresslo~ fit between the base plate 246 and the slip collar 230. An 

anthgallant (l:lbrlQant coating Is applied at an Interface between the base 

plate 248 ~nd the slip Collar 230, adjacent to the layer of damping 
j 

material 244jA on the base plate 246. , , 

[0027] FIG. 16 Is a flow chart· of an exemplary non-limiting method of 
J ' 

repair accol/d'ng to the present invention. This method can utilize the 
1· . . . 

FEGV assembly 220 described above to at I.st temporarily replace 

damaged .oi missing. FEC3VS 'In;~ gas tUrbine engine. Repairs can be 

. conducted Js follows. 

, [0028] . FlrstJwhere one or more damaged FEGVs·are present, a serected .··b' .,. 
..	 {damaged} I..EGV desfredto be replaced Is removed· from· ~en tn9 
.	 Inner and 'o'Qter cases of the endlne~s necessary (step 300). Damaged 

FEGVs canIbEt: remOVed:by s~np o,r cutting them in half and l'8fflovlng 

Ii:Onnection·8tri.J~res of the ~oved :FEGV. Potting material used to 

=~j~:I:~lett:e~ca;=:8~::;
 
the same time \¥here muffiple :FE.$Vs ~re damaged.' For Instance, when 

two or mo~ F:E~Vs are remO~ed,enough space rrtSy exist to rotate one 
I ; : . .	 ; 

or more F~GV$ off the original connectfon pins without sawing those 
t	 ..: 

FEGVs In Half. Where it Is desired to install a replacement FEGV at a 

location wh~r$ the original FEGV is missing (I.~., liberated) from thei .	 . ... 
engine, It may be unnecessary to remove any exISting FEGV, and thus 

step 300 sh~~id be considered optional. . 

[0029] N~; ~ replacement FEGV assembly Is positioned between the 
I :	 . 

Inner and o.(Jter cases of the engine in a desired In~tallatlon location (step 

[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 222 to 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 244A on an Inner surface, and Includes a protective material  248
comprising a coating of polytetralluoroethylene (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 246 can be omitted in alternative embodiments.
Optionally, another layer of PTFE or-a similar friction-reducing material.
can be applied along. the surfaces of the wedge232 in-order to reduce
friction and wear between the wedge 232 and the conformable material
244 resulting from incidental slippage between those components. [0025]
Holes 250 for the; fasteners 242 are defined through the base  plate 246.
The fasteners 242 can be inserted :through holes 240 in the  slip cover
230, holes 2501i the base Mats 245, 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 composite material. it is  preferred that.
the slip collar 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 align with pin holes 233A in the slip collar  



10
 

302). The replacement FEGV is typically rocked Into place with swinging 

or arcing rnotiOns. Then an Inner pin-type connection structure Is 

secured In a;."f!oatlng" configuration to an Inner case Qf the engine (step 

304). As noted above, the inner pin-type connection ~n be Identical to 
! . 
i , 

original FE~V Inner end connection structures soothe Inner pin-type
I . ,. 

structure of if:he replacement FEGV can be Installed! in essentially the 

same mann~ras with the original FEGV. 
. t 

[0030] Once fthe Inner end of the replacement FEGV; Is secured to the 
i' I 

Inner .csse, • base plate Is positioned between the ()~er case and the 

,rest ot the ~~'acem8nt FEGVssaembly, including its ~Irfotf structure and 

slip collar (Srp·306). As,P~ of this step, the oute~lend of the FEGV 

assembly Is ~.Oved Into a relatively close fit between #Je Inner and outer 
I:' : • :1 

cases of th~~ engine. Afrletfon....eduoing coating on ~e base plate can 

facilitate sliding it Into position. The wedge at the ou~r end of.the alrfoll 

structure Is tmpr~iver~red '~!a recess in' ~8#1P. coJJar.- betweEtn . 

1he slip' co",r and t~e b~~ i~Iate .. Next, bolts are ,'n~erted thFOlf§Il-the 

slip collar a~!i: the base jPj'a'fjI! ~ ~'i ~plaoement r~FV a8Semb~ and..
into the ~~~ case :of ~e: ~~Ine' ~n.d thentlghtetne~ (step 308). The 

Ibolts affi~a.~eIY ~eure...:11,' ...:~ co.:.m.~ ..;, 'ppnents. of th~ '~.placement FEGV 
assembly tor,the outer ca.'m~ ~1'l~Jne via the co presslve :fitting of 

the wedge :a~d outer end ~f ~e alrfQil·$trUcn.ne of ttie : placement FEGV 

assembly. the damping 1'Jl~fi;rlallocated along th(9 ~renlng and recess 

In the slip ~Ilar, as well as along the base platelf provide sufficient 
: . ., 11 

defonnatloh !:to make the compreaslve fitting snu~: .rd secure. In this 

way, the out,'" end of the replacement FEGV aSsetn~~Yls secured so as 

to prevent ~~veme,nt In any direction. ' ~ 
~ . . 

[0031] Once ~ 8 first replacement FEGV Is In$talled, additional 
. , 

replacementFEGVs can be installed If desired (ste
i*310). Additional 
11 

replacement ,FEGVs are each Installed by repeating ,~e steps described 

above (step~, 30D-308). Where there is little clearan~ between adjacent 

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 airfoil 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
plate 246 and the slip collar 230, adjacent to the layer of damping
material 244A on the base plate 246. [0027] FIG. 8 Is a flow than of an
exemplary non-limiting method of  repair according to the present
invention. This method can utilize the  FEGV assembly 220 described
above to at least temporarilly replace  damaged o missing FEGVs in a gas
turbine engine. Repairs can be  conducted as follows. [0029] First ore one
or more damaged FEGVe. are present, a selected  (damaged) EGV
desired to be replaced 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 FEW Potting material used to  secure the
original FEGV to the outer case can also be removed. In  addition, it may
be desirable to remove multiple FEGVs at approximately  the some Or e
where multiple FEGVS are damaged. For instance, when  two or more
FEbVs are removed, enough space may exist to rotate one  
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replacement FEGVs, the slip colla~ of the adjacent replacement FEGVs 

can be arranged to overlap in a shingled configuration. 

[0032] The repair process described above (steps 3QO..310) can all be 

completed while the engine being repaired remains In an on-wing 

position on an afrframe of an aircraft. The replacement FEGVs allow the 

engine to return to service within 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, airfram9 (step 314). Then replacement vanes 

previouslY Ihs~lIed to repla99 ~arriaged or m~ing original FEGVs are 
. " ,~.I· . 

, .removed from .h engin8:(~[31-#3)., la$tly, new FEGVs .substantially 
I • I ~ t: I ! 

- '.-Identical· to-the'original F~G~si~re~ inst;ill~ (step 318); -The- Installation, , 

of these new :FEGV~ ,1Y;~I~I*i .~ui~8, :the removal of engine case 
. , . I .1," . ,. , 

structuresan~/or other: :er:r~? ,:compojents ~n a manner that is 

Impossible or I~practlcal Wher:i~e ~ngire IS on-wJng. 

[0034] It shoUI~ beund~r$~ that' the present invention provides 

numerous adv~ntages. Perha~s most Importantly",the apparatus and 

method of the I"resent Invention provide' a relatIVely simple, qUick and 

cost-effective ~IUUon for repairing damaged or missing FEGVs of gas 
I r" . ! 

turbine engi~ while the engine can remain In an on-wing position, 
. if' .' 

Moreover. ,the !compresslve fitting used to secure 'an outer end of a 
i:' : 

replacement FFGV assembly to an outer case aJl9ws damping to be 

provided to'enijance the robustness of the FEGV att~chment. 
I, I 

[0035] Althoug~ the present Invention has been descnbed with reference 

to preferred' embodiments, workers skilled In the a~ will recognize that 
i· ~ 

changes may tie made In form and detail without dep,ttrtlng from the spirit 

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 10  302). 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 of the engine (step  304). As noted above, the Inner pin-type
connection can be identical to  original FEGV inner and connection
structures and the Inner pin-type  structure of the replacement FEGV can
be Installed 'in essentially the  same manner as with the original FEGV.
[0030] Once the Inner end of the replacement FEGV i Is secured to the
Inner case, a base plate Is positioned between the outer one and the  rest
of the re placement FEGV assembly, including its airfoil structure and  slip
collar (step.306). As part of this step, the outer end of the FEGV
assembly Is moved 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 outer and of the airfoil
structure Is compressively secured in a recess in the slip collar; between .
the slip- collar and the bade plate. Next, bolts are inserted through the
slip collar acid the base plate of the replacement F V assembly and  into
the outer case of the engine, and than tighten (step 308). The  bolts
affirmatively secure Ile components of the placement FEGV  
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and scope of the Invention. For instance, the arrangement of the 

components of a replacement FEGV assembly of the present invention 

can vary. As one example, the slip collar could be located near an Inner 

end and the conventional pin-type connection structure near t~ o~r 

end of 8 replacement FEGV 888embty• 

..... 

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. (0031] Once a first replacement FEGV
Is Installed, additional  replacement FEGVs can be installed If desired
(steI 310). Additional  replacement FEGVs are each Installed by repeating
tie steps described  above (steps.; 300-308). Where there is little
clearanc$ between adjacent replacement FEGVs, the slip collars of the
adjacent replacement FEGVs  can be arranged to overlap in a shingled
configuration. (0032] The repair process described above (steps 300-310)
can all be  completed while the engine being repaired remains In an
on-wing  position on an airframe of an aircraft. The replacement FEGVs
allow the  engine to return, to service within 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),. ]Lastly, new
FECVs.substanttally  Identical to the. original FEGVa! re Installs. (step
318). -Tha installation - 
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What is claimed is: 

1. 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 wedge structure connected to the outer end of 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 airfoil structure is positioned to extend through the opening, 

and wherein 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 ofclaim 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. 

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  method 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
an onwuing position. 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
attachment. [0035] Although the present Invention has been described
with reference  to preferred- embodiments, workers skilled in the art will
recognize that  changes may be made In form and detail without departing
from the spirit 12  and scope of the Invention. For instance, the
arrangement of the  components of a replacement FEGV assembly of the
present invention  can vary. As one example, the slip collar could be
located near an Inner  end and the conventional pin-type connection
structure near the outer  end of a replacement FEGV assembly. 13  What
is claimed is: 1. 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 wedge structure connected to the outer end of the
airfoil structure;  
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7. The assembly of claim 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, wherein the airfoil structure comprises a material 

that is substantially the same as a material 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 airfoil structure to the inner case. 

11. The assembly ofclaim 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 ofa 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; 

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 airfoil
structure is positioned to extend through the opening,  and wherein 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. 14  7. The assembly of claim
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,
wherein the airfoil structure comprises a material  that is substantially the
same as a material 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 I and further comprising: a pin connection  
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positioning a base plate between the outer case and an outer end of the 

replacement vane; and 

fastening the slip collar to 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 ofclaim 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 ofclaim 14, wherein the gas turbine engine remains on the 

wing ofan 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 ofclaim 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 ofa 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 

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; 15
positioning a base plate between the outer case and an outer end of the
replacement vane; and fastening the slip collar to 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. 
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a base plate configured to be positioned between the outer end of the 

airfoil structure and the outer case. 

21. The assembly of claim 20 and further comprising: 

a conformable material disposed between the outer end of the airfoil and 

the slip collar. 

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


