WEDGE REPAI R OF MECHANI CALLY RETAI NED VANES BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention [0001] The present invention relates a nethod for

~replacing outer. bases for vane assenblies with nmechanically retained vanes

and a turbine engine conponent resulting fromthe nethod. (2) Prior Art
[0002] As shown in FIGS. 1 and 2, an outlet guide vane assenbly 10 used in
gas turbine engines has an i nner conposite base 12 and an outer conposite
base 14 that positiWEDSEAREPRPRSOF eMBEHIN I GHINfYOIRETRE Ndur vagEser vi ce. The
assenbly is bolted to the inner dianeter of a cylindrical netal case (not
shown) by three bolts extending thru the case and the outer base. The inner

base is bonded to the vanga@kthoinp and ji5: iTi8epaATal € W t hout destroying
the i nner base. The outer base to vane end interface incorporates

mechani ddl! Féeéft PénthRefevehei9@ne end 18 is flared and the vane cavity 20
n the b f o tq and
' q8loA ] Pagk #@f@by@%%ve-ﬁr%%onvggﬁaéé%_ Q1 het So POk, f&ﬁ%&e%ql;n

mechani cal Iy " ret ai the outer base. result 1s ane 22
cannot ﬁ@tbrthﬁ@lghforheabesesaambaIéﬂnﬂiunwnaqhﬂnlmupﬂuree@éinhé bases and/ or
vane. Th% ne%al case. (not pre e flared vane

end 18 inthe ou 503rﬁnﬁlrec |d%onT%% lnﬁé Oﬁi%&ﬁ Pgtgﬁglon feature

prevents |nstallat|on of replacement outer base detail w.thout conplete
renoval 2 | acement of the inner base 12 because neither the inner
base, Hear&a ePBhd 18 can fit t hrough the pinched nor the ne e d vane

cavi ty 2(@0_0&@0%] sHerouterrease 1 sntihe, f 8At YH€180S§u PHONE LD 4453 yand
10 used in gas turbine engines has an inner composite base 12
and an outer comﬁosite base 14 that positions a composite vane
airfoil 16 during service. The assembly is bolted to the inner
diameter of a cylindrical metal case (not shown) by three bolts
extending thru the case and the outer base. The inner base is
bonded to the vane airfoil and is inseparable without destroying
the inner base. The outer base to vane end interface
incorporates mechanical retention where the vane end 18 is
flared and the vane cavity 20 in the outer base 14 pinches. The
vane airfoil is both bonded to and mechanically retained by the
outer base. The result is that the vane 22 cannet fall through
the base 14 without material rupture of the base and/or wvane.
The metallic case (not shown) prevents movement of the flared
vane end 18 in the outhoard direction.
[0003] The mechanical retentiocn feature prevents installation of
replacement outer base detail without complete removal and
replaeement of the inner base 12 because neither the inner base,
nor the flared vane end 18 can fit through the pinched vane
cavity 20. _
[0004] The outer base is the feature most prone to impacﬁ and
flexural damage as a result of fan blade centrifuged objects and

fan case flexure. Accordingly, there is a need for an improved
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fl exural damage as a result of fan blade centrifuged objects and fan case
fl exure. Accordingly, there is a need for an inproved 1 nethod for replacing
damaged outer bases for the nechanically retained vane assenblies. SUMVARY
OF THE | NVENTI ON [ 0005] In accordance with the present invention, :there is
provi ded a nmethod for repairing or replacing a nechanically retained vane.
The met hod broadly conprises the steps of forming an cavity in a support

St ruct ume tener Eioz:edegmfaf:h_ﬁbeaama{gé@ ol teedaddie fidraned er@dhahiaavage through
the oversized cavity; |1l installing wedges between the base and vane end
fron1thé9t€ﬁﬁﬁglﬁén§léésﬁwb%ﬁ%souter base; pulling vane end and wedges to
rest against the oversized vane caV|ty | eaving sufficient space for
application of bondi ng adhesi ve. 0006% Further, in accordance with the
present invention, there igPMEWdOd AHEULBVRET €AYi ne conponent conpri sing

. SUPDOTfgoo8T UG Ul 8o s AN LM W LN LB RUPDOYLL ST SHCT U8y afs | east one

airfoil ‘sur aving an end positio hin the cavify, and means
p05|t|omedmwﬁhu|a mhehcdviEby feparmgﬂguwnxﬂdgﬂaaﬂnylm m@chﬁhecehaYOf t he at

| f f h Other details of
wedge rdpter e aBanthg 1 MR e el aidior e SE%henEr GBFBRRY ana

advant ages caadtitgndant Eh@peto Sﬁf@cﬁ@iefdﬁdﬂhﬂﬂéd|ﬁﬁﬂﬁﬂdu@ﬂtﬂg detail ed
description and_ t he_acconpanyi ng drawi ngs wherein |ike reference nunerals

depi ct 1in&&r& ehenfdaTRRI ERADESCR P uelE THRARVRES 1Z6608RVEF H 1is a
per5DECtldgiéﬂyﬁﬂgo%e@BegubEE&e@ﬂ'QﬁeVEHE% and vane end from the

opposite side of the outer base; pulling wvane end and wedges to
rest against the oversized wvane cavity, leaving sufficient space
for application of bonding adhesive.

[000€6] Further, in accordance with the present invention, there
is provided a turbine engine component comprising a support
structure, a cavity within the support structure, at least one
airfoil surface having an end positioned within the cavity, and
means positioned‘within the cavity for mechaﬁically retaining
the end of the at least one airfoil surface within the cavity.
[0007] Other details of the wedge repair of mechanically
retained wvanes, as.well as other objects and advantages
attendant thereto, are set forth in the following detailed
description and the accompanying drawings wherein like reference

numerals depict like elements.

BRIEF DESCRIPTION CF THE DRAWINGS
[0008] FIG. 1 is a perspective view of an outlet guide wvane
assembly used in a gas turbine engine;
[0009] FIG. 2 is a sectional view of a prior art mechanical
reﬁention system for positioning airfoil surfaces of a vane used

in the outlet guide vane of FIG. 1; and



assenbly used in a gas turbine engine; [0009] FIG 2 is a sectional view of
a prior art nechanical retention systemfor positioning airfoil surfaces of
a vane used in the outlet guide vane of FIG 1; and 2 [0010] FIG 3 is a
sectional view of a nmechanical retention systemfor positioning airfoi
surfaces of a vane used in the outlet guide vane of FIG 1 in accordance
with the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI VEDQ®) £091Y iReferdddid omew beekl 66 3, méBBELI &81 Shomh @& grechani cal
retention systemfor positioning airfoil surfaces of a vane in a turbine

engi ne OWFSHeAPrsHERLRsoRANSUR FEtOHbi W fAaTe fdséntiepe Uped12] the

”EChQniQ%kl%%t%ﬁﬁhgﬂvﬁMétSE1?9@prisﬁ§ A MRIIZ 6 crPichehedecautty 50 ,
machi ned or nol'ded into a curved support structure 52 of "a turbine engine

conponerdiveE@tisnch as the outer conposite base 14 of an outlet guide vane.
The cavity 50 preferably has side walls 54 and 56 which converge fromthe
out board edge 58 of the support structure 52 to the inboard edge 60 of the
support struct DEEASREDTRBSCRVYPTYOIBQON STHH ZAREFERRETAEMRBODIMENEdSEnd 18 of a

vane airfaqil .2 be installed_thrqugh the ,pinched end qof the cavity 50.
‘Mechani c[éjl%lllét éﬁr?%ﬁ”iw e % éﬁ'tg"ditpgﬁ?i b% TRy he? r%?%taaﬁjrféa& by a case
wal | (natetshewah. syE08d3FoFhsoend: ddinf diheroianewddcesl ogatedankt bhnat he

oversized cavity 50 so as to position the airfoil surfaces 62 and 64 of
the vandUdbifgi PRg2neTREMYARE" endialB 3% 41 fd efo 9 deo VRAGe 2gSeRP L ¥t

Cr oss- se@ig19nal ith MRNSILN 41 adjiacenbnt 9959%1399139&99@ 28 ok B second
cross-sectional .di nension d2 adjacent the inboar
pinched cavity 50 machined or molded into a curved support
structure 52 of a turbine engine component 10, such as the outer
composite base 14 of an outlet guide vane. The cavitj 50
preferably has side walls 54 and 56 which converge from the
outboard edge 58 of the support structure 52 to the inboard edge
60 of the support structure 52. The cavity 50 is sized so that a
flared end 18 of a vane airfoil 22 may be installed through the
pinched end of the cavity 50. Mechanical retention in the
opposite direction may be maintained by a case wall (not shown).
- [0013] The end 18 of the wvane 22 is located within theloversized
cavity 50 so as to.position the airfoil surfaces 62 and 64 of
the vane airfoil 22. The vane end 18 is flared so as to have a
first cross-sectional dimension d; adjacent the outboard edge 58
and a second cross-sectional dimension d; adjacent the inboard
edge 60. The second dimension d; is less than the first dimension
d; and there is a transition of thickness between the outboard
and inboard edges. The oversized cavityISO is provided with a
dimension D; adjacent the outer edge 58 and with a dimension D;
adjacent the inner edge 60. D; is greater than both bz and d;. D;
is greater than d;. As a result, there is a space 66 between a

side wall 54 or 56 of the cavity 50 and a side wall 68 cof the
flared end 18. '



edge 60. The second dinension d2 is |less than the first dinension dl and
there is a transition of thickness between the outboard and inboard edges.
The oversized cavity 50 is provided with a dinmension D1 adjacent the outer
edge 58 and with a dinension D2 adjacent the inner edge 60.. D1 is greater
than both D2 and dl. D2 is greater than d2. As a result, there is a space
66 between a side wall 54 or 56 of the cavity 50 and a side wall 68 of the

flared eyubild. Bnhé0Pd4d Jihe vane endel8cds thRsaphedht hi gbghrd hepdmbgard
opening of the cavity (Dinension D2). In order to retain the end 18 in
pl ace, @nedife A& (PoTPESiABePEed Thtordte tHacEws hie enfed§eifetail 70

i s installed fromdie Lakgeiend of (hee£avhtdcoGnThe MeAge depail 70 may -
be contoured to occupy the space 66 which is the difference between the

over si zevesiget Wetedvi 7Y 36 iandalhedf frerdthanerun <18l cfhéhsedgeidgtail 70
prefera Si I a I onver I t ut.er end
76 to t(% ﬁ%%eﬁ gﬁg 9%Eaﬁﬁ zap%§¥e$$e%§%%g%%?%§h (%¥gﬁﬁét%¥%3gﬁfg 68

i nvent i othidhhé ssittle walflfsrZ@cande74heéonrtha daperiangife thd ratviiey Bange of
3.0 degree 0 7..0 degrees to. | o adapt ati on of e repait _for any :

" toler ancaélcﬁﬁ:&ﬁeatfilé‘ﬁ§ i F‘fapﬁee{}gnggenﬁ‘e o‘i"g‘%ﬁﬁ ecfemb’a}sté;.b 'ﬂ?@%&d‘é&yd gdi1 70

may be fiafgred der a@lany 7subhablie wrater & ahvkn@Wr ddh e &dterbihd Nsato

preferred enbodinent, it is fabricated fromthe sane material as the outer

base. Fdihe &PRBH €N A8 -wdlge BEREFFLeD FRRPHETUr Rid oMmresesh- metal | i c

mat eri al; SHGH 18% , PehyuselBaneg 18 b b pefs oFdBNGE .« HASSirgiRer, ipekptorced
engi neering conposite nol ding conpound such as the "nmaterial sold under the

trade naraeYPEX3.RyHegrees o 7.0 degrees to.allow adaptation of the

repair for any tolerance variations in the vane end, or outer
base. The wedge detail 70 may be formed from any suitable
material known in the art, but in a preferred embodiment, it is
fabricated from the same material as the outer base. For
‘example, the wedge detail 70 may be formed from a non-metallic
material such as polyurethane, a high_performaﬂce,'glass fiber
reinforced engineering composite molding compound such aé the
material sold under the trade name LYTEx; nylon, or a
polyetherimide such as the material sold under the trade name
ULTEM. |

[0015] In a pfeferred embodiment of the present invention, the
sﬁpport structure 52, the wedge detail 70, and'the vane end 18
are both mechanically and adhesively secured. Any adhesive
compatible with the base, vane and wedge materials known in the
art may be used to adhesively secure these elements together.
[00186] In order to repair or replace an outer base in a turbine
engine component, the oversized cavity 50 is first machined or
formed in a support structure 52 of the turbihe engine component
10. The flared end 18 of a vane 22 is then positioned within the
oversized cavity 50. An adhésive material in a suitable form may

‘be applied to the walls of the flared end 18 of the vane and to
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pol yet heri m de such as the material sold under the trade nane ULTEM [0015]
In a preferred enbodi ment of the present invention, the support structure
52, the wedge detail 70, and the vane end 18 are both nechanically and
adhesi vely secured. Any adhesive conpatible with the base, vane and wedge
materials known in the art may be used to adhesively secure these el enents
together. [0016] In order to repair or replace an outer base in a turbine
engi ne q@PRAant, shhengversi zed £awiiYrothd filaShafehisRed oL i 0bged in a
support structure 52 of the turbine engine conponent 10. The ??ared end 18
of a vart® ZPe yalhen7gosnti ofedt wihiveddre dedvdrdsi’fed Togreeftsd, Mneadhesive
mat eri al ;i _a Ltab L Qr i t e | | t red end
18 of tﬁgd§§ng%g%g§t2§4£$hghag%}%gﬁ4ﬁ§ﬂ%'éﬁé ﬁﬁ%ﬁ%a ngﬁgé%%gtggyg#gnay al so
be appl i5¥d 2Asoat meswakl sti2 madnddicil tteranddge détadl WaEOpreheneafiter, the
wedge detail 70.is,installed fromthe |ar d.of the cavity.,K 50. a-
resul t, e°§égﬁ§ﬁ#chr$é?%n??%hn?ngmﬁﬂgﬁﬁg@bﬁﬁ FﬁS%PﬁngrﬁéFﬁgF €%?bine
engi ne capperenttiQciareestorede Hhitdesnd I8 EURPRr tresligeudkte1520 the vane
end 18 or the wedge detail 70 nust rupture for the vane end 18 to be pulled
t hr ough M4§¢ BABEUTS2L0F0B7) VeRe ord %@'%ﬁJﬁhﬁﬁﬂé§dthFﬁégBrégénPaF%vention
is that 5ot he mechanical retention is maintained, but conplete disassenbly

of the vane and inner bases is not ré&uired. This allows for reduced
t ool i ng @8 TlnspretdortreqivEarades wift Kbat Paegeatatpvent bIn tecHifiadal nerit.

Addi ti onald yochan;¥ane  asserbl) ese Wi lh Pifa, AR WARNARS ALLLokLnipe

rel ative positioning of vanes Is
of the vane and inner bases is not required. This allows for

reduced tooling and inspection requirements without degradation.
of technical merit. Additionally, for vane assemblies with more
than one vane airfoii, the relative positioning. of vanes is
maintained by the iﬁner base simplifying the assembly process
and reducing the oppoertunity for incorrect positioning of the
vanes in the finished assembly.

{0018] While the retention system of the present invention has
been described as being used in connection with the positioning
of airfoil surfaces of wvanes in an outlet guide wvane, it should
be recognized that the retention system could be used in other
turbine engine components to position surfaces of blades, vanes,

angd other radial elements.



mai nt ai ned by the inner base sinplifying the assenbly process and reducing
the opportunity for incorrect positioning of the vanes in the finished
assenbly. [0018] While the retention systemof the present invention has
been descri bed as being used in connection with the positioning of vanes in
an outlet guide vane, it should of airfoil surfaces be recognized that the
retention systemcould be used in other turbine engi ne conponents to

posi ti omuzur fiagcesaoiebl ades, vanes, and other radial elenments. 5 WHAT | S
CLAIMED IS: 1. A nethod for repairing or replacing a nechanically retained
vane conprises the steps of formng a pinched oversized cavity in a support

structure, p ﬁ@%ﬁbungo@ f:é@a@m@@do@fr@plv@&%d 1) %C@Ian%%rﬁgzeetg%&ay, and
inserting means for nechanically retaining 'said flared sald vane in

sai d oversiezegnpavbey wWhehshergect shepeddet éizlrs:werdomvemwpplogavetsu de of
the SUpH_QL”a %E"gg&:w gtru%tu}-g'e ﬁéé@&ﬁcﬂ?rﬂeﬂ%é n%ll %If Vaﬂ/@eﬁgl 0

form ng ‘Step npri ses form hg a cavi aving a “di’ fiensi-on” a jacent
an out@weeﬁgeedfcaaﬁdysuapdrins@rtmﬂgumganujﬂbﬁﬂmﬂdhamldaﬂégsrenalaﬂm@cent

an i nner e aid ort ;structure. 3, The nethod according to claim 2,
Sher of m e300 S AGER: PSP DRe L doHAAT cHE 59 o5 2o eada cHer At BetGRan B

wal | of skapbdd eatbiysapdon waklopfosaid iy et and elppaid wanractdreThe
met hod according to claim3, wherein said installing step conprises

installing said wedge detail into an end of said cavity having said |arger

di mensi gn. 1he HB€nBEL BOLoPE: £ AL Lsaflirt NG LSUTRY issiiRY FARRL ¥ENEL 8P
comprises forming a cavity having a larger dimension adjacent an
outer edge of said support structure and a smaller dimension

adjacent an inner edge of said support structure.

3. The method according to claim 2, wherein saild inserting step
comprises installing a wedge detail betWeen a wall of said

cavity and a wall of said flared end of said vane.

4. The method according to claim 3, wherein said installing step
comprises installing said wedge detail into an end of said

cavity having said larger dimension.

5. The method of claim 1, further comprising applying an.
adhesive to walls of said cavity, walls of said flared end, and
walls of said mechanical retention means so as td secure said
flared end of said wvane and said mechanical‘rétentioh means to

said side walls of said cavity and said support structure.

6. A turbine engine ccmponent comprising a support structure, a
cavity within said support structure, an airfoil surface having

a flared end positioned within said cavity, and means positioned



adhesive to walls of said cavity, walls of said flared end, and walls of
said nechanical retention neans so as to secure said flared end of said
vane and said nmechanical retention nmeans to said-side walls of said cavity
and sai d support structure. 6. A turbine engine conponent conprising a
support structure, a cavity within said support structure, an airfoi
surface having a flared end positioned within said cavity, and neans

posi tiongdnhif Watihi Ba9aky eavi hy-f08: Aechanigaly |r1}inrgers%'1@ RgqSBkdsgnd of said
at least one airfoil surface within said cavity. 7. The turbine engine

conponertt dfagitaicnreainher &i AuEhi@e subpon S%ﬁdwﬁﬂﬂkﬁ? has an outer edge and
an i nner edge and said cavity has a larger dinension adjacent said outer
edge and a snaller dinension adjacent said i nner edge and said cavity being
| ar ger Tthahesaudbﬁharedgénd c@mpdmmmtLmﬁﬂaﬂaﬂmuﬁ,nmhemmnmneaﬁdoﬁupparn16

mhereln ai d,_ nechani cal talnln ns COer'S%@- %%Fg getall osi tioned
bet ween X & &E L fa Fsoﬁnng eﬁa%??g Hh CHfdsi & Ped C8¥4EY9. The

t ur bi ne rergiane aggBROAEREN O oL a@mﬁenw\ﬁm aRird edgiee andvadgRaandrout er
base are formed fromnon-netallic materials. 10. The turbine engine
conponefHIERSEPER AAGACRAEr 8 A shRP et %ﬁﬁaﬁqlq:?aWBFNéHeFPSnﬂérger

non- met alHanC sgBkerhal--gekggted fromthe group consisting of pol yurethane, a

hi gh perfornmance, glass fiber reinforced engineering conposite nolding
conpound, nylon, and a polyetherimde material. 11. The turbine engi ne

component, ghochai i fe BhstELN-SRbEnAR0as: dehial ls,NaheAR1AULG qedge, an T nner
edge, a first e wal

mechanical retaining means comprises a wedge detall positioned

between a side wall of said cavity and a wall of said flared

end.

9. The turbine engine component of claim 8, wherein said wvane,

wedge and outer base are formed from non-metallic materials.

10. The turbine engine component of claim 8, wherein said wedge
detail is formed from a non-metallic material selected from the
group consisting of polyurethane, a high performance, glass

fiber reinforced engineering composite molding compound, nylon,

and a polyetherimide material.

11. The turbine engine component of claim 8, wherein said wedge
detail has an outer edge, an inner edge, a first side wall
connecting said outer edge and said inner edge, and a second
‘side ﬁall connecting said outer edge and said inner edge, and
said first and second side walls forming a taper angle in the

range of from 3.0 to 7.0 degrees.

12. The turbine engine component of claim 8, further comprising

an adhesive material for joining said wedge detail to said
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connecting said outer edge and said inner edge, and a second side wall
connecting said outer edge and said i nner edge, and said first and second
side walls formng a taper angle in the range of from3.0 to 7.0 degrees.
12. The turbine engi ne conponent of claim@8, further conprising an adhesive
material for joining said wedge detail to said 7 flared end, for joining
said flared end to said support structure, and for joining said wedge

detai |l ¥0asalidesdpPost - SifUcd WL BartBechdr BbngaeRULALpELAPONENT
accordln% to claim®, erein said conponent conprises an outlet guide
vane. 13tITRBUFGr bRRe &wgi Hel tioHhdrent waCl96r Brhgitotel arhfeSunpR¥in  said
supportsgggygﬁyé? conpri ses an outer base of an outlet guide vane, said
outl et guide vane has an inner base, and said vane extends between said

i nner base and said outer base. 15. A wedge detail for use in replacing or
repairi tyrbi ne . engi ne_conponents, .said dge detail .bheiLng fornmed froma
non et dr | ThEBFer P R Rau G s Seoe ae gl Gha'd Lecdht Sitle  val
f orm ngsaitiapenpanghe ¢dmphiesgange qaftlfetomm3de tran€.0 degrees with respect
to said first side wall. 8

14. The turbine engine Component‘according to claim 6, wherein
said support structure comprises an outer base of an outlet

guide vane, said outlet guide vane has an ilnner base, and said

vane extends between said ihner base and said outer base.

15. A wédge detail for use in replacing or repairing turbine

engine components, said wedge detail being formed from a non-

metallic material and having a first side wall and a second side
wall forming a taper angle in the range of from 3.0 to 7.0

degrees with respect to said first side wall.



