30 Decenber 2004 CONFORM NG PLATFORM GUI DE VANE BACKGRCUND3§F THE INXB ICN
The present invention relates generally to gas turbine engi é)s
specifically, to fan outlet guide vanes therein. A turbofan gas turbl ne
engine is typically used for powering an aircraft in flight. Afan is

di sposed inside a surrounding nacelle and is driven by a core engine for
produci ng thrust to power theOARGRMINGIRLATRQRM GDIRPpaseEaxi al |y
downstream fromthe row of fan blades is a fan outlet guide vane frane or
flowpath including a row of outlet guide vanes (0OGVs) which deswirl the

fan air priBXCKQROGDORTHE NVENEIONOI ne. The OGYs extend radially
bet ween and are nounted to an outer supporting ring, and an inner

supporting ring nounted to the front frane: of the core engine formng an

oGV frane. The s are marl er odynami ¢ menmbers precisely configured
in profile forﬁxprrﬁsfp &Ejlf‘é ?W@ﬁ\éﬁ@ﬂ%“ﬂb@q &RIMeES. iasd,

di schargedmdrecgpsebn@awgwean 3hite 8e%raﬁ L¥RbM.| v bol ted to the outer and
i nner rings, and include associ at pl at orns at the opposite span ends

thereof for def ﬁur@fﬁhegb@mlameeengme tshey;blaall\,altnsedTlier panémigraray be

t I , be dis t ted th et
in borh canregt PEriabs A T R ispPere it & et BRGR prgh arvery
r adi al Steby@tcomm\gmh@fégﬂauqm et @ JBNLE R irbiag fhagrances reduces
S

aerodynam ¢ efficiency he nunber of s sel ecte vari ous reasons
i ncl udi ng aer oBNspesed @)’éﬂﬁ\ordmr@m forethetrown off fanablatdsissa dufang’

ti f t oGV f h
ot vel y e obRe, RO of finibach. st Gt Seauder GHide vaneow t h
high vane @EWE) wiiehelivirlt the fd’h“ﬁirr &Ic’i‘ttfooﬂﬁ'éhﬁfg% ﬂgﬁ??ﬁ@ré g}'ned' Sipesed at

a smaller rad| us fromthe engine centerline axis than the o
pl at f or ns. OfYs exigndaadialiyhsivesh anthees mouated 40 laabbdetec |suppmft3'rgengg at the

_ inner pl at {0 1R ihfef supporting ring mounted to the front frame, of the core engine
forming an OGV frame.

The OGVs are primarily aerodynamic members precisely configured in
profile for maximizing aerodynamic efficiency as the fan air is discharged
from the engine. The OGVs are typically bolted to the outer and inner rings,
and inciude associated platforms at the opposite span ends thereof for

_ defining the boundaries for the fan air. The platforms may be integral with |
the OGVs, or may be discrete members mounted therebetween. In both
configurations, the platforms create corresponding gaps. Any radial step at
the platform gaps due to manufacturing tolerances reduces aerodynamic '
efficiency.

The number of OGVs is selected for various reasons including
aerodynamic performance and attenuation of fan noise during operation.
The corresponding airfoils of the OGVs may therefore have relatively high
curvature or camber, and may be assembled in a row with high vane count.
However, the inner platforms are necessarily disposed at a smaller rédius
from the engine centerline axis thar the outer platforms. For a given

number of vanes, the available circumference at the inner platforms is



30 Decenber 2004 substantially less than that for the outer Q%atfgr 04
Since the vanes are typically individually assenbl ed betmegg TreMatt and
i nner supporting rings, relatively high vane count and relatively high
canber makes difficult, if not inpossible, assenbly of the vanes on | ow
radius ratio fans. The conponents of the OGV frame are typically designed

for mni %ab%g{'g%ﬁ%gg%ﬁ ﬂ&i\@p{het&ﬁégﬁiéﬁpﬁbsi ncreasi ng the efficiency of

t he engine. | ual are bolted to the supporting

rings which af Shudesticeanddart gpicalitindiaidubie assanbri b&edf thel suter der to
prevent undesjrable aeroelastic flutter and other fornms of vibratory

stress, tha8ndadpger HpRORINngs. (relalivelye high vgre neeuntaand rretatively highowever
She ook 5 St . _ ) ol at . g
g Cyer - SRMEBnAES ARG, if REYHBRsEIE BhsBbl, bf e NArEs o BB ("

t her et o byradias mati;mfats. vanes, and tends to | ower the bending natural

frequenci es o?&p‘e assenbly. Accordin I{(, it is desired to provide an
i mproved fan £r SRERAENtS npk otb‘ﬁn(ﬁ% r SEmanfee ebypicallgnesignes ifahr oved

mounti ng ofikiGzing "R id?/e][élh‘%véi' M9therB6t For Sﬂ%%@ﬁg%e-r "éﬁﬁéiéwgylmcid‘%e
According to one aspect of the present Invention, there Ts provided a fan
out | et gui dagineneT fooripdiviluay GGVai afeitypibally n@iedt &y theduppaeting! ririgsr s
fixedly attached_at. opposite span,en thereof in a unitary assenbly; and
cach of ¢ hUTTATSATBE RS T IBRGIORY CATa HaRieneise Kiaroly 10i GHEE Gor GV ng
opposi te syf&ssiffpld %r@%}égﬁé #‘Iuﬁé‘ﬁgnﬁ%?ﬁ@lcfdfﬂ% W%iﬁfatﬁﬁﬂsfr@% "thB9S
extending from outboard surfaces thereof tor receiving correspondi ng
mount i ng bshaewdd hawetshredplpesy highi mdioead fretjuencgur f aces t her eof defini ng
fl owpat h boundagi es. According to another aspect of the present invention,
there is provi dB@WeYeFaCHRYIE OINYRIZR WO IREUE RIS Iekdtvg!Y Hiin Qlter
ci reunt er elipdrifg ! JNA npHEHG! n8YISEs YaRsErEY! & BbRGinGAHbA Ioadiet ween
outer and inner rings, each of 2 .

carried thereto by the mounted vanes, and tends to lower the bending

natural frequencies of the assembly.

Accordingly, it is desired to provide an improved fan OGV frame for
improving aerodynamic efficiency with improved mounting of the vanes in

the rings.
BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a
fan outlet guide vane comprising an airfoil having outer and inner platforms
fixedly attached at opposite span ends thereof in a unitary assembly; and
each of the platforms having arcuate sides conforming with corresponding
opposite sides of the airfoil, and respective outer and inner bosses extending
from outboard surfaces thereof for receiving corresponding mounting bolts,
with opposite inboard flow surfaces thereof defining flowpath boundaries.

According to another aspect of the present invention, there is provided
a fan outlet guide vane frame comprising: a row of circumferentially adjoining

outlet guide vanes extending radially between outer and inner rings; each. of



30 Decenber 2004 the vanes including an airfoil with outer ﬁ'b} i nBer
platforms fixedly attached at opposite span ends thereof PHLUFCERPEAYP
assenbly; and each of the platfornms having arcuate sides conformng with
correspondi ng opposite sides of the airfoil, and respective outer and

i nner bosses extending fromoutboard surfaces thereof receiving
correspondi ng nounting bolts, with opposi te inboard flow surfaces thereof

def i ni fl thb her t hpd of i
the fan ouflievangs T (35 R85 T e St B B g ar™ e
conpri si ngoppdsité @pahlends! hetadflih ROuRREly Hsdntslyyanesah dftBeWhBEmAd NY,
and engagi ng the nounting bolts wth the outer bosses t hrough the outer

ring; and hAyingl erowgte reideshieenfarming witts icegreshendingeeppositel sides, otttk
engagi ng t n t.he, i.nner . basses throug t he inner.ring.
Accordi ng ngogﬁo%%r'%ggggi‘fe V&Jt?rhearm d98% qoﬁ\%ﬁt?ﬁt me?@"i" sO'btrbSW%ed a
fan outl et sghées Vinerdsiv iréeiling e eoflespoh@ingaboritingy tflilt%tf\ﬁ)ﬂﬁsob?b§ﬂe
unitary therewith and conformng to arcuate sides thereof, and

pl at f or ms HeAang flows syréacestthergof ﬂpf@glgd‘fOWﬁﬂJhtthlgdﬁflg%es t hereon. BRI EF

exempl ary 2a 30 BEROHLY DooR HsbA et of BsSeRBIRGiE b/l Sulid.crs ™™

and advant eges frAgeeatcordingras ethed prévious aparagestr cherisimgt idiviaLibm ng
detail ed descrjption taken in conjunction with the acconpanyi ng draw ngs

in which: msiallieg eack ohfhexangs tnolbe @ar ringeand rngagingdhe sneuntingbolis f an in

an exenpl n t C | ary
ambod: mont A Btk WILGR FEhAR o GR IIERY  EeEIRE
sectional irisihe tihe agdr plagofras, autil@:tgag;ng dRe waOEntingBIts | Witts tthatiader n
Figure 1 including. a row of outlet guides vanes, and an associated nethod

of assenbl 90%‘%%@9*!1@1'#"898”% an isometric view of three exenplary
adj oi ni ng vanes pdfqrding to another aspect of the present invention, there is provided

a fan outlet guide van having integral outer and inner platforms being unitary
therewith and conforming to arcuate sides thereof, and the platforms having
different multiples of mounting bosses thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, in accordance with preferred and exemplary

2a



Figure 1, with the supporting rings being renoved for clarjty. Figure 4 is
a radial sectional view through a portion of the OGV frarre%ﬁef:‘?}'g‘?‘?rgg% in
Figure 2 and taken along line 4-4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[llustrated in Figure 1 is a fan 10 of a turbofan gas turbine engine
confi-gured for powering an aircraft in flight. The fan includes a row of
fan rot oredbadiserit®, togeathen wgthr futttedr opjests emddagvantagesthergpbris inmeref an
rotor disk 14 ich,is powered during operatio y a low.pressure turbine
of the engP%‘CE%W sq!ﬁﬁﬁﬁ'g?dTH'é ftgﬁ ﬁpg‘ﬂﬁggar‘ieﬁ‘?ﬁ?ﬁt gﬁs?rr'l%"(ﬁ% iaﬁ(se@r r'Bundi ng
fan case 18, (GSAGMEN wi hshviH8 dr a8 hadNnAWhRh: boundary for anbi ent
air 18 V\hlg?'qujlaﬂ pr&guﬁﬁé%c%bm ?an bl éﬁaes during -operation. D sposed
downst r eam f r onfigles flais bhaaldal d@-timah view thoough agpodien pf &rarp@ e ch i s
an assenbly of conponents defining a flowath for deswirling t air
prior to dP¥ARIGE thMPf‘h%a%ﬁﬂfWgef?ﬂg"ﬂﬁ d'au%cf‘%?éda'b?eoﬁ’ﬂ‘f"%i%%txﬁ?n sl% The
oGV frane | f ght peh@ssgntial ly adjoining outlet guide vanes
22 extendi%@%&)ggﬁ%l\ﬁ @gt%gn outer and inner supporting rings 24,26. The
outer ring 24 fBiguse (Paig aof enlaegdd awjshtsectional viewe threugh thefapeoydet

sui tably supported to the structural.front .frane o h r 2004
engi ne in QUIEEnVRRR iTEATRS 'WFP&PF‘ B plguLe 2nlt i"?cl’lﬂgﬁrc-’a%e'lsovg (gfr éﬁg%g’%unti ng
assenbl y Ofahdie LA 2esdcfatelififbthotloPasdentiay thawer 24, 26. And, Figure 3

illustrates an exenplary enbo iment of the OGVs 22 thensel ves. Each of the
OGVs 22 i ncl udekigame & i onlis@®@etris wigw yofchmes qxeatpiany: adigdyng rvangg ethe air

di scharged_fromthe fan blades. In accord ] present invention,
each airf o194 dr wggﬁ}eaaq%qqr?;ngdfn&scl%ﬁ%p ?ﬂﬁ@%}f%t #lgﬁ% 30,32 fixedly
attached at Opppgu}@4Sieadﬂra@itslSsebhehﬁmiemﬁaugwtaqmrﬁbn ofr thepD&ivefraiiey

unitary one-pi ece assenbly. The OGV assenbly may be formed by conventional
forgi ng anflustratedhinriggafe 2 anddiken miang linsdch as al uni num '

DETAILED DESCRIPTION OF THE INVENTION

Mustrated in Figure 1 is a fan 10 of a turbofan gas turbine engine
configured for powering an aircraft in flight. The fan includes a row of fan
rotor blades 12 extending radially outwardly from a supporting fan rotor disk
14 which is powered during operation by a low pressure turbine of the
engine {not shown).

The fan blades are mounted inside a surrounding fan case 16 (shown
in part} which defines an outer boundary for ambient ailj 18 which is
pressutized by the fan blades during operation.

Disbosed downstream from the fan blades 12 is a fan outlet guide
frame 20 which is an assembly of components defining a flowpath for
deswirling the fan air prior to discharge from the engine for producing
propulsion thrust. The OGV frame includes a row of circumferentially
adjoining outlet guide vanes 22 extending radially between outer and inner
supporting rings 24,26. The outer ring 24 forms part of the flowpath, and

the inner ring 26 is suitably supported to the structural front frame of the



or titanium As shown in Figure 3, each airfoil 28 incl udeﬁoz‘:fdalié 2
opposite leading and trailing edges 34, 36 between whi ch axi elc‘f}n tgr%s
circunferentially opposite first and second sides 38,40 of the airfoil.
The aerodynam c profile of the airfoil 28 is conventionally determ ned for
deswirling the fan air. The airfoil first side 38 is generally concave and
defi nes a mrgdsuinea sbdeentidvesigasnndrhe airfoil second side 40 is generally
convex and defines a l{@# on side. The individual airfoils are thusly

[

arcuate in radi dl'9¥Ect i"HPAEH aap@ﬁ‘?’_f%ﬁéw"émuﬁlﬁsemb'&dﬁb@e QBVsuZ%an ur e
Chereol. anjiabilseyn end MAGR AN S ABAML 5o K Sl 0

their opposite span en rreSpondi‘ng r

pl atfor s iemchadierna of tha@@Ys @2 fHmesivessnd 30a, 32a, and a trailing or aft
end- 30b, 32b which define edges_extending in the circunferential direction.
Each of the out &achngf itRAdPGNisa?? dnakidgs s iaitéeili dés saitablivcaenfigured Sor si de

30c, 32c co Ii; | - 1 ] Igfoid firs | de An n

arcuat e se(%%g\mshﬁgeﬂ-%o%%#r%{&%izr%ﬂﬁ g? 1<r'§'frr1]dblf:-lg%ée'r Ibl %%?doég%@c%gﬂg%}ﬁ% in
profile w fpnesdme mivehtioh, sechngirigildiesiuties Bidially oheeraantioinnef i gistfoghsle 38
I's generall ggnfav , the corresponding first sides 30c,32c of the outer
and i nner gloa obxedly, attaghed A1 greetityspan epds thpfRad tmanaintegid. second

side 40 is [ Yni o skees ‘ f e nd
i nner platfor ms%a e%sllfaﬁ.?bg?rél ?Eggﬁég%ﬂ%ngge%g%g?é%gB% ﬁa&ctég?é@ﬁ%%nes
and their plyatdroremsioasl forgiret and edadhiniRggefr suithble imetalf fidtnbs aldinad; oi n

each other, the 'Bl atformfirst sides 30c,32c are conplenentary in axial
profile w OhWHIUELr respondi ng second sides 30d,32d of the platforns

bet ween t he | eagy & read @éjg‘e i %5 f.0L]:Su., | | t he
opposi ng sides %*&?F\(gngilﬁcﬁ#ﬂgr%nt Ia ?’{/1% i{d%éc:&mcgsoﬁ%%trly gﬁgo&fﬂ%?}e@ﬁ%’g
pl at f or ns defli weiliagredgds Bdl, §6 shatihWeegapvhitle reedaiywertentdsi circhoiférentialiyhe

CurVatUr e oSS BresOind D& LAkl 3eho0' 1k 9T I rhhb SR ASE0 2t e
of the airfoil 28 is conventionally determined for deswirling the fan air. The
airfoil first side 38 is generally concave and defines a pressure side, whereas
the airfoil second side 40 is generally convex and defines a suction side.
The individual airfoils are thusly arcuate in radial section with a suitable
amount of camber or curvature thereof, and typically include a limited
amount of angular twist between their opposite span ends.

Correspondingly, each of the outer and inner platforms includes a
leading or forward end 30a,32a, and a ftrailing or aft end 30b,32b which
define edges extending in the circumferential direction.

Each of the outer and inner platforms also includes an arcuate first
side 30c¢,32¢c conforming in profile with the airfoil first side 38. And, an
arcuate second side 30d,32d of the outer and inner platforms conforms in
profile with the airfoil second sides 40.

Since the airfoil first side 38 is generally concave, the corresponding
first sides 30¢,32¢ of the outer and inner platforms are similarly concave.
And, since the airfoil second side 40 is generally convex, the second sides

30d,32d of the outer and inner platforms are similérly convex.

4



In this way, as the fan air 18 is channel ed between the adjQihin | 100 |s
28 as illustrated in Figure 3, the air flows along the si néﬁ}‘j&Fe‘g‘a‘i{?d‘)“

bet ween adjoining platforns with mnimal pressure |oss. The integral
platforns elimnate sonme of the gaps otherwi se found in discrete platform
configurations and therefore i nproves aerodynam c efficiency. The arcuate
si des of the pl &ifice ntheensines tahdt theiheplatiormisr asl dlustragedheimal Aigurehéd eal ong

W th Che aHoRTGERNs| A8 ot Der A SURUPORL Mrejanier gt ok are
conventi °”%¥mﬂﬁéﬂn@f\§ar¥'iﬁ athag L?‘?Mﬁl@tw% tABYeor@dhBhditigtsecdnd! dides 808\ BU L
the plattorns e

junctions o to manufacturing tolerances, aerodynam c
| osses t hewpéfthenplatfermisnbatiszeth Hientmding aodrivailing eedgest ¢fethepbimtdiler niredges

is selected to parallel the |ogal streanmljnes_of t.he aitf.low thereal ong.
S noe- the SPELHAY. S ECRPRRSTS Ciger O TR CTBITSNLBNG ARICTRDEr 8P e nareh

h . . e . . H H . i |
the corres%' §1{BRAG Helife ] g l&%%,ﬁggagéwﬂi&e%fv@ééd which FIRWAN a

anount of r and tw st may be uced in the airfoils without a
cor r espondicogdatuteangeamber edsthei airfpilsat dhenirhodrd dowarsesfaghs et the iuwer
otherw se be required for straight-sided platfornms of conventional design.
This i s pa@PAdOnef PRYoR®Sr tant for the inner platforms 3.2 which are

di sposed at a liQwpks Kl Uss ftheMahh&ir e1giis echeiMefid ibeBwah thkhadjoiniigy out er
pl atfornms 30 Mor evfléseg?éfi{'cifly, tahe tirnnerl ptatfornms 32 ill ust?%?edhi@n

Fi gure 3 améfoilo2Beapdliditraged indrigomed, ithe air dlovraéong e Wingulart 82aps t he
outer platforns 30., The limted avaj,lable cpllective, circu r f the
i pner pl at P@FWﬁePsa@%n%E'@ﬁ’{?Q?"SZW rﬂ?%m@i) fRTEFRIE V%Sed?hg ﬁ"g&%&ﬂ he
conf or ni ng 1’|‘ﬁ'ﬁ.§t PRt A dTothérdateadund intdisdraty pRititam | n
this way, Pﬂ%ﬁﬁiﬁg W dt orﬁ?eoegit enéié)%n of the i{rjm_e_r‘ pl atforrI?B on

opposi t e sicoefigufations aid fraEréforenimphyegaesodynamisgfliciensd. suitably smal |

P houme a3 S SRS S el REF SHEPS kPR o O S
generally therealong and additionally minimizes aerodynamic losses which
would otherwise occur with the air flowing obliquely acréss the straight
gaps found in conventional designs. In the event of any radial step at the
arcuate junctions of the platforms due to manufacturing tolerances,
aerodynamic losses therefrom are minimized since the curvature of the
platform edges is selected to parallel the local streamlines of the airflow
therealong.

Since. the arcuate sides of the outer and inner platforms conform or |
match the corresponding opposite sides of the arcuate airfoils, a substantial
amount of cambeér and twist may be introduced in the airfoils without a
correspondingly large increase in platform surface area which would
otherwise be required for straight-sided platforms of conventional design.
This is particularly important for the inner platforms 32 which are disposed
at a lower radius from the engine centerline axis than the outer platforms 30

More specifically, the inner platforms 32 illustrated in Figure 3 are
correspondingly narrower in circumferentiai width than the outer platforms

30. The limited available collective circumference of the inner platforms is



46 ext endi RSl

the circunferential wdth or extent of the individual pl atE1 r]:ins OE 028@ site
sides of the airfoils is also generally equal for maxim zi g SHETRT Ive
use of those platfornms, as opposed to straight sided conventional
platfornms. As shown in Figures 2 and 3, the outer and inner platforns

i nclude. respective outer and inner nounting bosses 42,44 which are | ocal
enl ar genenksprefeftib r | |

surfaces thgoreof %nggﬁegl?F?@?ﬂeﬁhﬁe@gw@[sﬁg%}jﬁgégﬁ %g\rfghet‘ﬂ%gces whi ch
defi ne theerSItqu@tf Isttsoghtdsidgs f dn thire viagn therlate‘Fbiewudtdl on exi@hsiopsseshd ncl ude

internal scre hreads therein which r Y gorres ondi ng nmounting bolts
rﬂa%‘u%“? Q5 PRRRtE: Fides Sibe airrals s ﬁlgﬁjsega sawdvind n

Figures 3 aggauly SWAIEtPphErRM! tforns,
o 7ty SOl S08TER O pAEEINAT AifpeP U Sl |
i nner bosstw 6@/ ¢om. ectively narrower in circunferential extent than the
out er bosses inA\il ew pf the ed cir.cunf rentlal width of the inner

platforms. NoredHOUDR;OAr§ ylrlc@@&wegf:e ih@viefiatle for Abe quter piatiarmssePat ed in
Figure 2 {ckidamrarePdial wilitH oF "t‘@(“cgmaﬂfi tﬁfatlnﬁﬂﬂﬁfal $6nstd %‘3&4@ bot h

coaxially aligned with the airfoil 28, as shown I n ki gures
al ong the Sld&ﬁlloélthspa'rﬂOlésassaismgeeejrfaHa$qml foraaaam:ahgﬁhalaiflg:twbmseamfoer

| th f  bet t he | eadi dges 34,36. In thi ,
the i nner Bgseddeting, &€ apBtel b Stpiat dasL ot onaspaHarmg- por i ons’ of
the airfoils 28agnshowgiAl FI%&I‘& 2 TdHI 3PkAE T AUtEE add ihQer B%?fd?n‘fs k\%ﬁid\ée' y

narrow and thin on both es thereof except as require
t i ckeni ngrespective putrviamdalinngoswesntingadossensf2rd4 swhieh ebr dodalr ect | y

- th h th f | at f h | I d
bosses. ando R8s ohotis. R Geat b, fidh Meartespdialven auiberl |y

shown in &m&&neﬁas&mdﬁ;p@sﬂwﬁbﬁnme Euhbs;%rﬁjlﬁé ihBare WupfadEB8 Uhichg

bosses 42 than the inner bosses for several dvant ages. Each outer

pl at f or m pdefing the vjlownﬂthdwr@asw fiofl thet darwaird 'Elm mdmduabbes&desalnpludeal ity
of lat-era|||:1¥erﬂal %I SV Thesen aII al chlned aft outer

crew threa herel which receive corresponc? ing mbuntlng bolts
46 extending through the respective outer and inner rings.

As shown in Figures 3 and 4, multiple outer bosses 42 are used |n the
outer platforms, and multiple inner bosses 44 are used in the inner
platforms, and the inner bosses are collectively narrower in circumferential
extent than the outer bosses in view of the limited circumferential width of
the inner platforms.

More specifically, each of the inner platforms 32 illustrated in Figure 2
includes a pair of forward and aft inner bosses 44 which are coaxially
aligned with the airfoil 28, as shown in Figures 3 and 4, both along the
radial span axis thereof as well as axially along the camber line thereof
between the leading and trailing edges 34,36. In this way, the inner bosses
44 are disposed directly below corresponding portions of the airfoits 28 and
permit the inner platforms 32 to remain relatively narrow and thin on both
sides thereof except as required for the local thickening for thé individual
bosses. Load transfer is therefore directly through the center of the inner

platforms between the coaxially aligned bosses and airfoil.



which are coaxially aligned in part with the airfoil 28 be n_the di ng
and trailing edges thereof. In the preferred enbodi nent ilrg'ﬁ&%F%{PQ?fioﬁa

Figure 3, the outer bosses 42 include three laterally aligned aft bosses
i ncluding a center boss disposed between a pair of outboard bosses. The
aft center outer boss is coaxially aligned along the radial span of the

airfoil 28, as wibl o@er PRithetnd BONRRiAOSbwANE Fguiees ihildevd Uiffdrbat
forward outer boss. The aft outboard bosses are disposed on opposite sides

of the centmuitibessf thenduteremepatied hosses 42 thanwtlie innesrhasses fRESRYSichg
irfoil 28. Th t | at f | ativel. ' t |
hi cheeni ng BHUARAER 1EACH MiEbdNR R er ey %, tpl QeR o SEER fo'vPi et 202

aft outer IFangesk egRliPer dirtumfersifldliyiignedaifp duesr besseanci ng
t he struct ?ggﬁ%ﬁdgégit?&?hereof. gs shown in Figures 2 and 4, the outer

suppor t i ng whiol &é éeaxialyaaligreidyin paitnwith thed pisfolls 88t befwvesnethedpading ¢ s
circunferential 6&5 eBt fﬂ}:ﬁ m'Pi m zing overall weight. However, the outer
ring incl u@®d ElR9 SPIPHEM POt hi ck sections 24b for providing additional

strength for acqerpRdatidi@d BibodiiEent Madtafgddm Eig@ire S, nienbster dostesl at
these discrete regions. For exanple, the engine_nmay be nounted to a

I .nmay .
aircraft fudkirejslethrentitamliyoligned aft hassesnictuding aperesbasHdisROF$ out er
ring 24 on. opposite vertical si er-e0f , ¢l ' y i ng
may i ncl ud@eEW&'F’nI%ESVI‘V ?‘ﬁﬁbc?%"?g’éffs%g @%bageg%étgt 2yt PE%; , BUafBl) ly
fromthe repghad %&)ﬁéj‘iﬂ% SRRAIIspRR &F tHehsireUtZ8, as Wiyl dobeipgr atignedreonde
engine to be"nounted to the left or right side of the aircraft fusel age as
desired. Sitheeanhizert nenwitbctheofervwaardt oretep boss. r1hHgy amOHF@%%PSP?%ﬁ%I e

a0, e L3t byl AR b ST R P R Ry
boss and t hgohWhe (ideRQRIgCaifieli €28 b aheesutas pihfovms areFiefativady Zhiarekeept or a
total of three 7 30 Decenber 2004 nounting bolts per outer platform The
i nner pl at ffor rtbe Jocair higkening: dequired fr intrasiucinch §Hhe, Sexgr ‘Bﬁ?ﬂ/-ﬁﬁ?‘?&of t he
mounting bQILI'Ee-S tﬁr%ei Qf‘ttohueceF \ﬁ%s&% 7 dganged together in a monolithic group for
‘enhancing the structural rigidity thereof. _

As shown in Figures 2 and 4, the outer supporting ring 24 is relatively
thin in radial secﬁon over most of its circumferential extent for minimizing
overall weight. However, the outer ring includes several locally thick
sections 24b for providing additional strength for accommodating mounting
loads from engine mounts located at these discrete regions. For example,
the engine may be mounted to an aircraft fuselage by engine mounts
requiring two supports around the outer ring 24 on opposite vertical sides _
thereof. In this way, the outer ring may include four locally thick regiens
24b separated circumferentially from the remaining thin sections of the outer
ring for permitting the engine to be mounted to the left or right side of the
aircraft fuselage as desired.

Since the thin sections of the outer ring 24 are more flexible than the
thick sections thereof, it is desirable to mount the outer platforms to the
outer ring using corresponding bolts at the forward outer boss and the two

outboard outer bosses as shown in Figures 2 and 4 for a total of three



I4t ed

and aft inner bosses 44. Since the two outboard outer boss 42 a gr%@
ructur al

to the outer ring as illustrated in Figure 4, they increaggqeﬁgmé
rigidity of the assenbly, and correspondingly increase the natural
frequency thereof. The aft center outer bosses illustrated in Figure 4 are
not bolted to the thin section of the outer ring, for elimnating a bolt

thereat ang,dpdite Baltd Per clsbplatikmpamhs ineguplaeidring 32 dire anuenl to
However, in the l'ocally thick sections 24b of the outer rin

_ ! as
i | | ust r at ethe mr@rgingeugingza ool YIPEHINS G oING helthHG6: inge gwasfeafvﬁ@r t he
aft center _quter boss in dition to bolting of the forward outer boss.

Si nce the af‘ﬁiaé '%&?’Pﬁeso?g't he outer ring 24 is relatively rigid, the two

out boar d bosses g tH twbobili®datd oLt sases 42 age boited tohtheceatesrridgpl ti ng
of the outer platforns providing a direct radial |oadpath through the
vanes at thssillustratédnn Wgwh énhtheyedndrgass i g rsticiurahcagigityr RE- thihes for

better accommobdatin reaction. h '

Accor di ngl ﬁss%{pﬁfyofa%ph%or\g%ﬁpeogldﬁQ?g@cg:eQ%@ilfﬁgtntﬁgﬁ 3 EF‘%FP\E,EWQ%‘%R fsem ons
of the out @k teAr2duteh BokdesCitusesednihi Fyurduhtdragndobottedntd hie tthin af t
outward bosses 42 for enhanci ng bendi ng resistance when %gined fo the

outer ringseefiom afhthe onter ripgs §8k eliminating Pehaltninegeatnghy RAURING: the

correspondin t] I ' :harein. Correspondingly, all of the
vanes 22 ISé'&bgeg%gtda{'lﬁse%%g&gpﬁ?r}tgﬂ#cz{q'ei ctions 24b of the outer ring

i ncl ude a correspPREidry IRDEN i logalbolthickb seationhe24l tofc éhe eouteossrg @ and
not in the correspondi ng out board bosses. In e I ple

. ondi ] _tth V% th ffour rrul%
out er boss iltshiated imFigine 4| 1 SOFEERINTIAG FNYW Y ofteF R ited; 195 Ahe At of
desi gn of the, indivi . .22 . ] ' r , ntd; t he
outer ring cﬁgtedeosqt%éggg%ﬂogy@&%ar%un |!'E§ng¢'§£&1g\?éerer€%|r P ggy' iSr:ﬁ(??\E%outer
pl at f or ms fRickideesion\wdnee Qitendhg®4 i tdatively digiel, theatwoautifoartdosees er

ring. And, only three outer nmounting bolts are required.for those _vanes
mount ed t o AARENQthibeltedcte dhe SrtarnENgyr¥ith, Tigy ceat O%Bng tc]%o%ner

platforms providing a direct radial loadpath through the vanes at this location
which enhances buckling resistance of the vanes for better accorhmodating
reaction loads through the engine mounts.

Accordingly, all of the vanes 22 located in the relatively thin sections
of the outer ring 24 include corresponding mounting bolts in the two aft
outward bosses 42 for enhancing bending resistance when joined to the
outer ring, with the center bosses thereat remaining empty without a
corresponding mounting bolt being used therein.

Correspondingly, all of the vanes 22 located at the locally thick
sections 24b of the outer ring include a corresponding mounting bolt 46 in
the aft center bosses 42 and not in the corresponding outboard bosses. In
this way, the four muitiple 'oﬁter boss configuration illustrated in Figure 3
_maintains identity of design of the individual OGVs 22, and permits different
mounting to the outer ring as desired. Only two mounting bolts are required
in the outer platforms for those vanes attached to the thicker section of the
outer ring. And, only three outer mounting bolts are required for those

vanes mounted to the thin sections of the outer ring.



The OGVs 22 are thusly identical in configuration but may differ I
used in the sane outlet guide vane row dependi ng upon the 9@5’??‘?‘8‘&‘?‘33% Y

| ocation therein relative to the engine nounts. Furthernore, the

i ndi vidual OGVs 22 may be forned of a suitable nmetal such as al um num for
sufficient strength for their intended use. And, the airfoils of those OGvVs

22 | ocat ed at { ot Hker 29°6}d ORRSIG! IdIRICAN!IAT cbhAgu/BRonD Bk OFTERA HRf

' r
titaniumfor the enplancedzst rengt hereof as desired. In view of the
arcuat e cogfffyremig cuseld irheheasemel attfatr geideovahe rose slapeddingoupon ofecanber

of the airfoils, an inproved nmethod of assenhl of the FO%%BZZ I s,required
for a hi gh%’éﬁé‘ﬂfd@ﬁ?“%dhﬁieﬂh r%'éﬁﬁ.%rm. &ﬁnf”i‘%'ﬂ\éa’f‘PHHF%i URRETPE ot er wi se
prevent thﬁﬁ\}i% @é@%”%‘_?{n bk Ermed G dudd ¥ ARGl Eficias Ahug F@w. More

specifically, ur e ustrates schematically that each of the OGvVs 22
may be i ndiuyffidisait! strémphaldretieirnntdneledonse s pomdii thg sintadls ofi tiypse406Y's
axially and radially i nsertjq@g t he ,correfs ondi ng out er gl ﬁt%fqrms ‘3,0 fl nt o
position. ?RelacatedBoths 1HICKEE SCCHBORL? ngh%o‘l"f F A8 "B9Y g PIEET 1Y

t hough thetiﬁﬁiﬁ’% froirqg%@gggg@@ngtﬁﬂ@merrmgéggacput er bosses 42. In this

way, the fu row of ! Intitrally installed in the outer ring
ci rcunferenti al Iry vielvobhithg sreabteotchafornvirice afljtheevanemdatferims He thsut er

and inner platfornms 30,32 bejn ested, t.noget her al o t hei r t

opposi t e sPaged F‘Fﬂ%ﬁéﬁt‘?%{)%?ofﬁ'ée %?fﬁ';t' L4 *fﬁ%%&ﬂq&?{h%@iag#%?’ﬁ@ and
correspondj r I yat €4 Phidhf Yamesicaast and Higst Ehlesr | N
Figure 3, b?gtg%i ndi wgdggl Yssaﬂﬁé?ré{? nftg:i]ugi hgiht hea | astly inst aI' ed .vane, my
be i nst al | egnfig@diiahl whict owvpoki witlerwise wevenbshe uaxibbssemhly of the

ciircunferentjal ly adjoini ng viames. As shown in Figure 2, the inner ring 26
may then b&ddyalyanesdna FRFPIEIEEPYe the full collective conpl enent of

i nner pl atforms WG S AIGUaN, IFigdrdr 2 iinbsrdtBs tsehehitdichlly thaeraehiofetiiount i ng
bolts 46 throug heinner ring In engagenent with the respective inner
bosses 44. Olids QQvimag2bal ostividbalty mistaltedvint theceorfeapondincedtpar g4 tor ns

:gjsg%fy?sgiﬁli/alang Cnah LS et rSs L AT G 8h ARG CBGker PRAMAR WP into
position. The corresponding outer mounting boits 46 are then inserted
though the outer ring to engage the corresponding outer bosses 42,

In this way, the full row of OGVs 22 may be initially installed in the
outer ring circumferentially adjoining each other, with adjacent ones of the '
outer and innér platforms 30,32 being nested together along their arcuate
obposite sides. Irrespective of the amount of camber of the airfoils and
correspdnding arcuate curvature of the platform sides as illustrated in Figure
3, the individual vanes, including the lastly installed vane, may be installed
radially into position without obstruction from circumferentially adjoining
vanes. 7

As shown in Figure 2, the inner ring 26 may then be axially installed
inside the full collective complement of inner platforms 32, followed in turn
by installing the respective mounting bolts 46 through the inner ring in
engagement with the respective inner bosses 44.

The OGVs 22 described above with conforming arcuate platforms

enjoy substantial benefits in agrodynamic efficiency, manufacture, assembly,



9 30 Decenber 2004 and operation, including vibratory respgnse and |
carrying capability. The conforming inner platfornms have %meﬁﬂﬁg‘g@?}agce

area and permt a large nunber of OGVYs to be assenbled in a single row,
wi th substantial canber if desired. The nultiple outer boss configuration
of the outer platforns permts the use of a relatively thin supporting
out er 1 i ng A FGaBERAMERMiNG Libk1RP Feshisbarld Ba8 Uyl chastify. nanet the
outer platforms. However, the same configuration outer pFa or may al so
be used at coOREoMyoglinpet platformsebavemsinghutrheudaterrea modf perndary ibrge

substanti al ckl i ads, t hrou the QGVs thereat. \Wile there have been
descri bed H&Bﬁ?(ﬂ %n@gk%r@ E%ﬁﬁ“i'fgggg Ll B'é‘g?epw’f’g\“’!‘ %a%%r%"&b? it
embodi nent gegired he THLSAOkipld Rtk WbssOLbAF ur's?ighf of HHeC Bt didodagyent i on
shal |l be apparent to those skilled 1n the art romthe teachi ngs herein,

and it is, peroitefthecyseledia eelativelyethée cupedriing oater dpgdrkitg ehhansedl |
such nodi figations, as he t.rue and cope of the

foll vt h . g |
i nvent i on. SHELSEPRidH ;‘/?%hﬁaqvﬁthglargie Srt%'angoofjgl‘élé’i'ﬁ?reﬂlaﬁ Nt t EIW@Hent of

the Unit e%e%_éﬁr@géﬁé%d?ﬁtibﬁ\b@@éﬂ ﬂﬁtf@ﬁng%b%ga%oaﬂg udbdl T2 tRBYb AR HiK t he
followng clainms in which we claim 10 30 Decenber 2004 CLA 1. A fan
out | et gui @ectienreot thpouteming for earryiog Isubatanigl bucklingalvddsthesugh thé or s

fixedly at bgac\g?eg?%% opposite span ends thereof in a unitary assenbly; and
each of sal s havi ng arcuate sides conformng with corresponding

opposite sides @fhifaitHedl hd(d lheeANdedRBRAEChEN WHA! arNdohSiDBFed ROIRES
extendi ng from out board surfaces thereof for receiving correspondl ng
npunt i ng bBraferredi andoppemiplasyi admdimentsy ofuthecpresentriowénter, rmither
f1 q’wpat h %%W@artio%%' of the invention shall be apparent to those skilled in the art
from the teachings herein, and it is, therefore, desired to be secured in the
appended claims all such modifications as fall within the true spirit and
scope of the invention. | '
Accordingly, what is desired to be secured by Letters Patent of the
United States is the invention as defined and differentiated in the following

claims in which we claim:
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2. A vane according to claim1 wherein said airfoil includes:_ a concave
first side, and said outer and inner platforns have corregéé?ﬁ‘fie‘l‘?gerc%ﬂ%ave

first sides; and a convex second side, and said outer and inner platforns
have correspondi ng convex second sides. 3. A vane according to claim 2
wherein said airfoil further includes opposite |eading and trailing edges
ext endi ng between corresponding leading and trailing ends of said outer
and inner @LAIMS nms, and said first sides of said outer and inner
platforns are conplenentary with corresponding second sides of said outer

and inner platfqr b en said | eading and trailing edges. 4. A vane
accor di ng Bo cl %Q&I%Hfd%v%?%mﬁr@&igd inner platformis narrower than

id outer plat i MirfdiMchaAhe | i th
sai d outer plat i BirfgiNthsdhg bORS a‘?ﬁﬁ%ﬁﬁerﬁ;@angeghgﬁﬁk%&%att%ﬁﬁé&"‘%{ an

said outer bosses. 5. A vane according to c erein: sard

i nner pl at bopasitespan epda tipereof ivf a Lioitaryr assemablyf and nner bosses coaxi al |y
aligned with said ai rffoi | . etﬁgﬁen sai d Leadi E&g?nd %&gi i nq edges; and 11
30 Decenber 200£%Ui #' ot B OFBP mhaYdg gacuate of d QIteMiBgsVithd a
plurality @Brrebé?l%ﬁb'dbpﬂsitgf‘&@e@fdf AHid HirfAPSHRP reﬁigb’éggggdfeglahg”ﬁﬂef n part

with said airfol between said | eading and traili vane
accordi ng bossesexiehdingefreimouthpardisurfaces theresbies receivingecarrespemiding boss

coaxially ' i,i h idairfoil, and a pair of, outhoard.bosses

di sposed oﬁldé%gﬁ'gi %{Ss i"@@'sggﬁ’o%tzﬁ lalbggﬁcfﬂpwbggtqceﬁ thgrg;ﬁ fii'd'%%?'ﬂ\”ﬁ@t"t o any
one of thepBuRStkd)g clains in conbination wth a plurality of said vanes
circunferentially adjoining each other, with adjacent ones of said outer

and inner platfornms being nested together along said arcuate sides
thereof. 8, Af t] et ide yane,frane conprisi.ng: row of
circunf erefiti al ?{/\’% %‘?ﬁﬂfﬁféggaﬁaéfn MG NES agiq"éﬁﬁliuaﬁs'
a concave first side, and said outer and inner platforms have
corresponding concave first sides; and
a convex second side, and said outer and inner platforms have

corresponding convex second sides.

3. A vane according to claim 2 wherein said airfoil further includes
opposite leading and trailing edges extending between corresponding leading
and trailing ends of said outer and inner platforms, and said first sides of said
outer and inner platforms are complementary with corresponding second
sides of said outer and inner platforms between said leading and trailing

edges.

4, A vane according to claims 1, 2 or 3 wherein said inner platform is
narrower than said outer platform, and said inner bosses are collectively

narrower than said outer bosses.
5. A vane according to claims 3 and 4 wherein:

said inner platform includes a pair of forward and aft inner bosses

coaxially aligned with said airfoil between said leading and trailing edges; and

11



radially between outer and inner rings; each of said vanes.,jn¢cl udin
airfoil with outer and inner platforns fixedly attached a?bg%ﬁg@b?rgz@gan

ends thereof in a unitary assenbly; and each of said platfornms having
arcuate sides conformng with correspondi ng opposite sides of said airfoil,
and respective outer and inner bosses extending from outboard surfaces

t hereof receiving corresponding nounting bolts, wth opposite inboard flow
sur f aces t her eofsaikbutdérnplatfoonpiachudesoarfdewardsouter Bods and aqdoratityngf t o

| aim 8 wh ' h. of ' irfoils fur. . ingl.ud ' l. [
R T S g TR o R L
ends of saibdtwedresaidndadingeindirailihgedgesand said arcuate sides of said

outer and inner platforns on one of said vanes are conplenentary with
correspondi ng arcuate sides of said outer and inner platforns on a

circuntfereptial layyas AcebRiny W LIAR YeRReicth Si® 2% HGteR M sbg%élhps Fdges.
10. A frame according to claim8 or 9 wherein each of said airfoils
i ncl udes: egntsy hossesardiallyodignedewith said wirfall, asidde paimef eabeantbessemd

i nner pl at ARl on i STRNG! SAITANRR S TSt Si des; and a convex
anﬁ sal CP at

second si de, outer and i1 nner p orims have correspondi ng convex
second sides. 11. A nethod of assenbling said fan outl et guide vane frane
according to any e of cl.ai 8 to 10, .conprising: ,individually .

Mhatal |1 g 7each Ay AdE oo 6 AnyhPae dif bR MeRauHrgaon JA GO tatiar
mount i ng beliths awplukaligi 6F eaidevahes sercune sl cadjomitig reddhnBtheraMith
installing said 1nner ring, inside said inner platfornms, and engaging said

mount i ng b8fieseRt PRes of $aich puier R bwer iafyymss Reing; neded tpgether along net hod
accordi ng t8idiArdLifteltdésfHdigss conprising circunferentially adjoining said

vanes together, wth adjacent ones of said platforms being

8. A fan outlet guide vane frame comprising:

a row of circumferentially adjoining outlet guide vanes extending
radially between outer and inner rings;

each of said vanes including an airfoil with outer and inner platforms
fixedly attached at opposite span ends thereof in a unitary assembly; and

each of said platforms having arcuate sides conforming with
corresponding opposite sides of said airfoil, and respective outer and inner
bosses extending from outboard surfaces thereof receiving corresponding
mounting bolts, with opposite inboard flow surfaces thereof defining flowpath
boundaries.

9. A frame according to claim 8 wherein each of said airfoils further
includes opposite leading and trailing edges extending between
corresponding leading and trailing ends of said outer and inner platforms, and
said arcuate sides of said outer and inner platforms on one of said vanes are
complementary with corresponding arcuate sides of said outer and inner
plattorms on a circumferentially adjoining vane between said leading and
trailing edges.

10. A frame according to claim 8 or 9 wherein each of said airfoils includes:

12



nested together along said arcuate sides thereof. 13. A fr accordj to
any one 019 clains 8 '?o 10 wherein said inner platforns ar g%ecemgerdidbg'
circunferentially narrower than said outer platforns in each of said
vanes, and said inner bosses are collectively circunferentially narrower

than said outer bosses. 14. A franme according to clainms 9, or claim210 or
- 13 when dependent on at least claim9 wherein: said inner platforns each
i ncl udes a pair aofcdnwawer firgtndidef, t ahdnsaidoassiers arabarnal | platibrrgaedave t h

said airfoil N Sai di.n nd trailing edges; and said outer

pl at f orns ggéﬁgbﬁﬁﬁlﬁgecgngapg?\?ﬁr%%!@gp boss and a plurality of |laterally
al i gned aft outer dopwerssecwrakisidd,yanli gaidd ouferpant Wirldt pRitfdras havé

bet ween said |l eading and trailing edges. 15. A franme according to claim 14
wher ei n saicﬁ‘rr&PPOB‘ij}?'Src%'é’%é?CPﬂ ISE’(?%- a center boss coaxially aligned with
said airfoil, and a pair of outboard bosses disposed on opposite sides of
said center boss. 13 30 Decenber 2004 16. A frane according to claim15
wher ei n ondlef fametieshef asaemblieg said fasuputietpuide vana feame asearding koss and
not in sai o) | a her one of said vanes includes

nmount i ng bon?;gr}%n&[:)(g ﬂ%gﬁgqgu?%ggﬁgmbbosses and not in said center boss.
17. A frame accdndividgally iobtalling acbhr of 6saidheames teaisdidowtger ringg amdt| udes

| ocal Iy thi t . | ops,. and sai.d Quter bosses gre bolted to said
thin  Yect cOREORg A tOGEiNE Poys 00 SRy ufe Bossis iyt SakCaubr ahd: 35 A
frame accom@dng to claim 17 wherein said center bosses are not bolted to
said thin section,afﬁnd sa(_jd outer bosses are not bolted to said thick

section. 19. A H2lB09 1SS0 Biea&NgdRIAR A% NnafRIaieIims AN eagroing seid
platforns bRrlinguifsakith ARIIBHEL Bodddd (RANIGH SilGnitt g uat e si des 1 her eof,

and said platforims having different multip of nountil ng bosses thereon.
20. A vane according to claim19 wherein:

12. A method according to claim 11 further comprising circumferentially
adjoining said vanes together, with adjacent ones of said platforms being
nested together along said arcuate sides thereof.

13. A frame according to any one of claims 8 to 10 wherein said inner
platforms are circumferentially narrower than said outer platforms in each of
said vanes, and said inner bosses are collectively circumferentially narrower
than said outer bosses.

14. A frame according to claims 9, or claim 10 or 13 when dependent on at
least claim 9 wherein:

said inner platforms each includes a pair of forward and aft inner bosses
coaxially aligned with said airfoil between said leading and trailing edges; and

said outer platforms each includes a forward outer boss and a plurality of
laterally aligned aft outer bosses, coaxially aligned in part with said airfoil
between said leading and trailing edges.

15. A frame according to claim 14 wherein said aft outer bosses include
a center boss coaxially aligned with said airfoil, and a pair of outboard bosses
disposed on opposite sides of said center boss.

13



said platforns have concave first sides and convex opposi t?oi)%ﬁé}ﬂﬁ' Sidas;
said inner platformincludes a pair of nounting bosses coaxially ari gned
with said vane between said | eading and trailing edges thereof; and said
outer platformincludes a forward nounting boss coaxially aligned wth
said vane at said | eading edge, and three laterally aligned aft bosses. 14
30 Decenber 2004 CONFORM NG PLATFORM GUI DE VANE ABSTRACT OF THE DI SCLOSURE
A fan outlet guide vane (22) includes integral outer and inner platforns

(30, 32) copf.or myn 0 arcuate sides ( ZCdéth reof, and. nmultiple
tount | ng baBses A 3k e i, B, FlEinG PHerbic Bk (F o veBEs inflicbhRe far o
toI con}‘ or rrnmurhinghEo&ainesaiﬂde@tbr)rbds@péﬁd i m}g ﬂrﬁrs@ﬂy wtﬂd‘ardebéss‘ds?r@h%_ The
[ ' ' ti t t correspondin
;ntjpfoloft iengglﬁg I ngcerﬁ,ség;qitlj np(pz{jm?e\/sgir@udqesl rr]r%’ouon‘[ing gol\{g r}relsbot(r)l said outbgard J

bosses and not in said center boss.

17. A frame according to claims 15 or 16, wherein said outer ring includes
locally thin and thick sections, and said outer bosses are bolted to said thin
section, and said center boss is bolted to said thick section.

18. A frame according to claim 17 wherein said center bosses are not
bolted to said thin section, and said outer bosses are not bolted to said thick

section.

19. A fan outlet guide vane having integral outer and inner platforms being
unitary therewith and conforming to arcuate sides thereof, and said platforms
having different multiples of mounting bosses thereon.

20. A vane according to claim 19 wherein:

said platforms have concave first sides and convex opposite second
sides;

said inner platform includes a pair of mounting bosses coaxially aligned
with said vane between said leading and trailing edges thereof; and

said outer platform includes a forward mounting boss coaxially aligned
with said vane at said leading edge, and three laterally aligned aft bosses.
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