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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 frame: of the core engine forming an

oGV frane. The ﬁs are marl Féerod nam? menbers precisely configured
in profile for xPFﬁS?P d‘e// graretheteyoas tubing sngimes. iasd,

di schargedmdrecgpsebn@awgwean 3o 8o Vafiod YRUrRA.! v Dol 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
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aerodynam ¢ efficiency he nunber of s sel ecte vari ous reasons
i ncl udi ng aer oBNspesed @)’éﬂﬁ\ordmr@m forethetrown off fanablatdsissa dufang’

el a1 vel y oS85, (AREREGT of finsibath.Rsiirigo Sty Ehavier GHide varwew ¢ h
555y o g S S
pl at f or ns. ORYs axigndg@gdially between and are mounted to an outer ‘supporting rlng,
and an inner supporting ring mounted to the front frame, of the core engme
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



nunber of vanes, the available circunference at the inner for |.s.,f 30
Decenber 2004 substantially less than that for the outer pBQ?%%nggféﬁ)ce
the vanes are typically individually assenbl ed between the outer and inner
supporting rings, relatively high vane count and relatively high canber
makes difficult, if not inpossible, assenbly of the vanes on | ow radius

rati o fans typically designed for
m nim zi ngSyﬁgéiggggﬂgﬁgg\?\gf&ématﬁﬁ'gtrhgﬁ{"t%ésgﬁfﬁgﬁgasi ng the efficiency of the
engi ne. The i ndiSimgtutie @Réss arectybicaillg adividoally adsémbldiebstweier thiengutet ngs

which affects the vibratory natural frequencies thereof. In order to
prevent uABEsINgD KIPROFG dingsc relativelyr highd vanaesounsr ard grlativehathighy

stress, the,{g% I : | at i hj ral, fr ncy. B{pwever,
t he desi ree?o m nrln%ilg,g (\El\*gl thfe 'fgéﬁi"?@sbggmr{ee’l g??%@ﬁvgﬂitﬂgo\ﬁ%% Séulﬁ’ orting
ring, yet eadibsmatio fapnshas | ess resistance to bending fromloads carried
thereto by the unted vanes, and tends to |l ower the bendi ng  natural

frequenci es of tRE £98FRANISNES pekdhgi AYpY, Trame s agesivbically o designede fan

i mproved f i r [ Vi reQEl v LG ef §d Ci it {.oproved
mount | ng of TIREZIng, B cvefall WRIGY WkteRE S AR AR e KO o i
Accor di ng engimee Ewpéadivifual r@GMsea]Emltylm)iﬁantched tdﬂefl’l@dé@mfrﬁwg Fﬁﬁcsﬁ fan
tlet i de. I S| airfoi avi n uter_ and inner platforns
fixedly at MAGHEATEESG Mo 3IbratoEs Aivtwial raatiensts eraof inteipr JasERmeyt and
each of thandbdtdits Berdaubio naie ahe heehrbRNELUBIAGNISEAhEEORAA NY
opposite sides of the airfoil, and respective outer and | nnér BoSses
ext endi ng shiowdchhaveboeslativaly hghesatutsd fregiuehoy. recei vi ng correspondi ng

' i th ite jnboard flow surfaces thereof definin
m) g%;? ﬂ Bgttnz éhp\gxngefver,ol}?lgogéstire o m?na}m?ze we\%ht requires a relatively thin outerg

supporting ring, yet a thin ring has less resistance to bending from loads
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



Accordi ng to another aspect of the present invention, there._i r ovi a
fan outlgt gui de vane frame conprising: a row of circunfergﬂgﬁﬁgpgaﬂﬂﬁﬂ
adjoining outlet guide vanes extending radially between outer and inner
rings; each of 2 30 Decenber 2004 the vanes including an airfoil with outer
and inner platforns fixedly attached at opposite span ends thereof in a
unitary assenbly; and each of the platforns having arcuate sides

Fespect | ve i vaneS s AiRd AnBuEBAR. udaetd orits afermBhbtr anBthet ot ner cor
recei vi ng eppbsitd epdh HhdsOHBE TN @hhﬁang%édénﬁlﬂ%oéﬁ& @achIAAEbIAHShs
surfaces thereof definin flomg th boundaries. There nmay be provided a

met hod of AQey¥egbaraugte sides, coo g guithi gorrespendingneppesiler gideg obthae
previous p a [ Sl i ndi vj dual | installi each of the vanes
Dot e our BirtlE AR RRBREAE Mue g JHfet dhossis: Extoniie” fitn coutbRi 2o ee
through theufdtss thehgof asckilingt @bl‘ﬂe@thBi‘ﬁgi MR&Untiigh DolisNSwilk bppositser

platforms, and engaging the nmounting bolts with the inner bosses through
t he inner inhegrd Aewosuifasgsttberasddeningsiawpatbooundagieesent i nvention, there

pi atf or ms. bei ng TATE AP Periiotfietfa Matidshel AkFrBing e af Plebielide.er cor
and the pl ghherframeavcogrdind ftbetrenipravibus PhaagrdpHIO bOiNpABINGO FEEEdALIARY eon.
BRI EF DESCRI PT| ON OF THE DRAW NGS The invention, in accordance with

preferred Hisplingspraoy thavatesiscdemeutergog. aneaoagingdhe tragenting bolts h
further objeats a d g r.eqf . J € J Ly, [ bed in
further | COLAR! e B A DA AT 8! outeP, R Sy bbb it P
acconpanyi rgidl ahvé ngseri platfoired, aht gerigading themauhiig Softsi witialthaiianet hr ough
a portion of a fan in an . )

bosses through the inner ring.

According 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
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exenpl ary Turbofan gas turbine engine in accordance with a enp/ ar,
enmbodi ment of the present invention. Figure 2 is an enlar gg(&ﬁgﬁ‘%g & 2004
sectional view through the fan outlet guide vane frame illustrated in
Figure 1 including. a row of outlet guides vanes, and an associ ated net hod
of assenbly thereof. Figure 3 is an isonetric view of three exenplary

adj oi ni ng smbedinoéntsFiapatherlwithi furthereotjeqip@andi adyantages teeragf riamdered f or
clarity. Figure 4 is,a radial sectiqnal view,through a portion_of the OGV
frame |11 0ateHsy [dpserbare ® e cIRNng ierlede deSarbusT At

DESCRI PTI WYYENE S8%d iha®swidhshihavAehl is a fan 10 of a

t ur bof an g?gé'%tﬂgﬁle engl né&13 COE i gluged fodrb plovveri ng an aircraft in flight.
The fan i ncl udeBigare dwisolinfadal sexitinabiviekesthtougixeepaiticg phdi &N yn @Ot war dl y
froma supporting fan rotor disk. 14 which is powered durin jon by a
| ow pressu?’éemﬂ‘ag\i’,r?é'%ﬂfaf‘h%a%ﬁﬁf @e (‘?ﬂﬂ'n%ﬂ'év\?ﬁ‘g’r%cef a\’%‘%ﬁlaargeeg(%g{rpgé unt ed
i nside a syrk b O if séntlfveafigdn i n part) which defines an outer
boundary fgélbgﬁgﬁ%nt aﬁé@g V\?’]‘i ch is pressurized by the fan bl ades during
-operation. Di sPigues 2dswast eelangdd exial lrectionabvigve ghigughs the fizn owliietet
guide frane 20 which is .an assenbl y. of nents_defini {pl th for
deswi rli ngO¥ide yane dfame ! ‘b?trqtsgdﬁnsEWHF%ngqE%H&WHeae%& n%fngb'?e rgg' uci ng
propul si onybfidisind i 8sdRtacklgBtHioCotAREntoly QHer@bTCi Tounferentially -

adj oi ning outlet guide vanes 22 extending radially between outer and inner
supporting ri ngBigde Bis ahdsometic view Gfthree raxepiaryopdioling | \vaRsat®, and

the inner jn 6 i, ui tably .supported t h | front frame of

the 3 30 CEbbRbar RV Gt R decheh frBAsed SFBHE E olre 2

I1lustrates a prgjupé usd STRIdHISR@tiBREPABW tIbugG $8PdonZsT the OGV frame
iilustrateq in Figure 2 and ta_lken along line 4-4.

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



their supporting rings 24,26. And, Figure 3 illustrates an | ar
enbodi nent of the OGVs 22 thensel ves. Each of the OGvs 22 Pﬁ?ﬁ%@ﬁ?ﬁo“

airfoil 28 suitably configured for deswirling the air discharged fromthe
fan bl ades. I n accordance with the present invention, each airfoil

i ncludes radially outer and inner platforns 30,32 fixedly attached at
opposi t e spagirenihsa thevenfiona) ramnngrt egral, or preferably unitary one-piece

ssenbly. Th I be f d b ti | f ' d
machi ni g of U @URe HATeS dchefTTel TrauRiing Sroemiiiiuihe AG\GHEAM | n
Fi gure 3, ' il 28 al-AC axi ak !l ye. oSy t: LN n ailin
el:lggs 34, 32?;%#& su;%é]&*mhpcﬁmggi g:ai%é’ex;(%ﬁ%’s*ég@gu?f é&éﬁﬁqg%l 3“ gﬁ%@b[a{\é fi ?st

and second esnistetini3Bt 40 thé QG¥s &2 freinhseldde aerodynanmic profile of the
airfoil 28 is caonventjonal Ié determ ned for deswirling the fan air. The
airfoil first sifshagf ithe Jdh¥sallyinelhdesvan afririt@B pudablypeenfigured Sode,

wh t - k. Qi ' ' I conv efi.nes, a
St on si qesilhg' theSSEACbE Horh Snd R Balis ° N £ BBENEE Wi TnE e on
W th a sui tpadent imventionofeachnbiefioiloinchidesatadislyt baterobndainthet hGainhy

I nclude a Iin'%%efl mount of angul ar tw st between their opposite span
ends. Corr d 'ﬁ@qﬂy, afgehed rat; ARPRRIte: SPaRdends dhergof: o aRs intagralides a

| eadi ng or Jm 3 aih ‘ {ch
define edggis@frg}?fe' | r’ng r?gﬁ{eﬁﬁ@cé? %gg%@g%nmhtaergg% g%{%@ﬁ&d@%b%@r{ﬁ%ﬁ out er
and i nner plyatdroremsioabk forging ade snathiningust suifable imetal, dsudd0as 3Aenmmant or mi ng

in profile wwth the airfoil first side 38. And, an arcuate second side
30d, 32d of X A&@YUfer and inner platforms conforns in profile with the

L P L e
pl atforns and wailingaedgesc 84¢36 ebetwiren, wiickc eaxtidlly aktdralsl chegwifierentidiey 40 is
glegte ][ glr lmz §8§g§¥%ﬁ}s&% Y g%qrh(}-@ilgigges. 38?28’0%%ﬂe%]}rféiheT l<Jat;31eerro \r/]r(ljarlmr::ngrroﬁ!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



4 30 Decenber 2004 Since the vanes and their platforns as hbbjstrgte%) I,n
Figure 3 circunferentially adjoin each other, the platfor g gé
30c, 32c are conplenentary in axial profile with the correspondi ng second
sides 30d,32d of the platforns between the | eading and trailing edges of
the airfoils. In this way, the opposing sides of the circunferentially
adj oi ni ng out er Simek theneranekatahdr tseideplatfermsr esatifusttaged nil |Figrane 3

t her ebet ween whi.ch foll ows fhe curvature or ca*nber .of t.Ge aé f%ils at the
| nboard 11 GICUTHeESdlITadin GacRrONgh e IR fIEnEIes SORRZCMAEE as
the fan air | I i Ir-RhRginagdd gl

B e e e e e e X
adj oi ni ng pif ahkoplatfowns betindemathe teasiing ant osailing resigeat @fgtha airfsfilat f by ns
elimnate sone of the 8&?8 .ot herw se found in_di E)I.a,tform

t
conf i gur at tBi§s&d RePRPATRI | SiHeD P sthgeFBW??g‘?ﬁeSE%r@ﬁf ieaéj URDYoHeL ANt yat e
sides of tRe, ol ALiQrAE .o%ﬁﬁéraerélMeIYn%Hf‘qlifg?éb fdrebe@éen GANAT flllowd figs eal ong
y mninizes aerodynamn c

and additionall'y m osses which woul d ot herw se occur
with the aicurfdtaré ng cahibien sl theaairfois at hive #bamrgHlow gaptaces widhe router
conventional designs. In the event of any radial step at the arcuate
junctions &NdiRReHPISLIOEMSs due to manufacturing tol erances, aerodynanic

| osses therefrom, afg @W,”&ﬁﬁesriaﬂcgfrt’r@ i§ WheHneldl Betwben tnbaadjernmgfdges
is selected to parallel the |ocal streamines of the airflow thereal ong.

Since-the airfoilst 8sasldbusifatetidndtigare 8ndhe raie floyyseiangréhe sitfasdan 8aps mat ch
e e L Baer SBRPS Rk Re il ol eBUeCldshe, TR A 2
Ciherwon Bt SR aahg drvel ghigomavnigtouiges dbusts e,
This is parcontigleationsi anbthesefioré imptavesiaenedynsinaicteffigiengy2 whi ch are '
di sposed The arcuate sides of the platforms ensure that the fan air flows
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 cambér 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 i.n Figure 3 are
correspondingly narrower in circumferentiai width than the outer platforms

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



ci rcunf er el iR

at a lower radius fromthe engine centerline axis than the 8§er EI ?Of rms
30 More specifically, the inner platfornms 32 illustrated irji eﬁfﬁ" o ere
correspondingly narrower in circunferential width than the outer platforns
30. The limted avail able collective circunference of the inner platforns
is 5 30 Decenber 2004 nore efficiently used by using the conform ng arcuate

sides of t orBlaHitRNNY udedshPading!thel éaHfBhhirt/ Setatd HubSiot HBbladiind at eral
wi dth or extension of the 1inner “platforms ol opposite sides t he
ai rfoil s ningterd gérsdraighitysidgsial inathés vy, tthbl Iyt atahidthoompextentionhef gssenbl y
of arelatively ég{}%ﬁ nunber of v.gnes in the OGV row. Although nore

¥ Q5 @PrHte; pdes f diheptitiofls may 86, 9enerallc Pavalmng ent i al
width or e LRGN | ' e

N roils i SRyl ppahi e dss Bl o BrolRveRRatd funblEF vBet I | hose
pl at f or s, thes O&Pposed to straight sided conventional platforns. As shown in
Figures 2 and 3, %hhe uter and inner atforns include. respective_ outer

l
and inner nount OHQBS"'é'QreA?!rﬁH ie@_ﬁgd? &vadble fop the oyter-plagfosmst 3@
platforms. gd epdiiRgeden®d WIGtH 8P REGLHY BF gHE %?ﬁﬁhua?#ﬁt to?%ﬁ&ﬁ%te
surfa I C defi ne e .

oppositely fromthe correspondi ng I nboar ces
f 1 owpat h bsidag&fythe @irfeileisfalso generaltpequatifor razimibingshe dffeddtivéausel ot er nal

th ds t i n_which ' di ount i bol t 46
oxt ondi ng. TEGUIRHOIESy 85 BBRPTE S Srad R Mo RGeS PIRBOSRSwN i n Fi gur es
3 and 4, nultiphg sHBWh ROS§8%sIZ s 3USRE dutet BRd iﬁ#ﬂ%{?ﬁ?ﬂ@ﬁéo{nh%deand

mul tiple inner bosses 44 are used in the inner pla e | nner
bosses ar erespetidve i outey mamdr oneer | moohtingnbosees | 42,44 xtwdnich t Aaen Ibbal out er

- be in yi f the Lipit ircunferential widih of the i
ol for e, SHBRERASET pf e Pobfnie C e fesnploh Popictive bttt od i n

Egg;r e I2y suredditetheledRidppRbitbR BRIt doArbbpditify iR 8 SufthcdBi which' e
~ define the flowpath bour_ldary fo_r the fan air. The individual bosses include
internal screw threads therein which receive corresponding mounting 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.



aligned with the airfoil 28, as shown in Figures 3 and 4, al on e
radi al span axis thereof as well as axially along the canbgﬁﬂélcﬂgg r%gbgof

between the leading and trailing edges 34,36. In this way, the inner bosses
44 are disposed directly bel ow correspondi ng portions of the airfoils 28
and permt the inner platforms 32 to remain relatively narrow and thin on

both sides therp@fo@%f @Mtidtind SOUINIRLlyf SHowhenIFRgale 8hihckeni adifferent he
i ndi vidual bosses. Load transfer is therefore directly through the center

of the i nnemultipleatt theroutsstmesntingdossexidd tharatheinnerdwsses fahgeweioil . 6
30 Decenber 2004 The outer platforns 30 .initi.al 0 ' ' I ncl ude
a di'ffer enPdVARIAERS e'%f:h ?H%rﬂ?&?rmﬁf%r%@yﬂﬁgggg%Z%ﬁggnfprﬁon%?} bosges

for several,sadyan %ﬂ%ﬁty@ﬂ&t%u?ror%i@hhq@mmraﬁf/%i@hba ifoclutetelsossesj ngl e
forward outer oss and a plurality of |ateral Iéﬂor circunferentially
i

al i gned af twhioheare bomséally aligriechirapartcwithi tie girtail dBceetvwegsnihe gading he
airfoil 28 betvveﬁlgg]tge | eadi n and trailing edges thereof. In the
preferred EREJHRIARKLIPPT H8PAbed in Figure 3, the outer bosses 42 include

three |aterally glthgnaeiciidd bRboammbRCingiragdircBiguee Hose ditepdosdes
between a pair - of outboard bosses. The aft center outer boss is, coaxially

al i gned al e¥yinchale duealatersdy alioned aftbpsens inghiding agantenROSRATHO#T gned
along the canber line with,the, for d t » bosses
are di spo?@a"v@ﬁn&pﬁagic\ﬁeo ‘iba’égd (?%S?%ge c@nét gft g%gtgr oﬁ% gﬁjges ggggﬁém
lateral |y afg¥ed fadHy tHierddnl Spani G¥OtHY sitfeill 28)8s Wedt awibeingpalignedratenar e

relatively thin except for the local thickenin re%lsji red fgr I nt roduci ng
t he. sever altheutagnbdrdgsewith theefamwasd ouster Hoser %ﬂ%@ ogthoagd RAsges St her

own " nFeleS1 b S5 SEE80T 41O U Stk S pldrnsy 5,
in radial spghithe @dRFHyMRSsirfell 28.5 Ther outef elaafurived arxtetativelpthini excepti ng
overall WEifgr t1:'he |_Ilgcv:\fznlelvtehriél\:etn?neg ?gcgueirtedr ifgrginitrno%lulcj:%jnegs tr?ee ngag}al loou%gll' H_)%séehsi.Ck
The three aft outer bosses are ga_nged 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



sections 24b for providing additional strength for acconmodgtin I,Ng
| oads from engi ne nounts | ocated at these discrete regionsgaé%F%gggﬁgﬁé,

the engine may be nounted to an aircraft fusel age by engi ne nounts
requiring two supports around the outer ring 24 on opposite vertical sides
thereof. In this way, the outer ring may include four locally thick regions

24b separ abfliringChot€ peptdudéd platfopm. t MRerien®d platioringi 32 seetrnoostedf td he
outer ring for permtting the engine to be nmounted to the |left or rjght
si de of thehe iines itk using el agl paIT @ she sepugingcholth 46 iy hesbpifgRyart “t he
outer ring 2 e nore flexi,ble than the thick sections thereof, it is
desi rabl e FBér?gtHPe{PQSB%&E éﬁ platforms to the outer ring using

correspondi ng bt fle the s@hoard oQtdretiodses 4 2k bbtetivio thmubbterrihgut er
bosses as shown in Figures 2 and 4 for a total of three 7_3_0_Dec?n‘%§erj 2004
mount i ng bakt dlustratesLitior Figusef ds nthevhdnergass  Hearsteicheraborigidtyn@int¥ t o

the inner rin i ng a onl 1 f, i [ t
f orward aﬁ‘ﬁS%f]BFYi' r‘?ﬂ‘gr C%’é@%oeog%lﬁiﬂleﬁﬁ%gsﬁﬁgh%mgﬁﬁ ggg?ﬁ%&ﬁ%@ﬁbs@s 42
are bol t ed 40 cbR@rosi@F Bdsas iflgstratedsin Figedeif dregnote béltethty thacthéase t he

structural rigidity of the assenbly, and correspondi ngl%( I ncrease t he
natural fregoteroft Her euter TiRg, faf Elimiratng gubelt thecaatsand | eELFNg1hs n

Figure 4 are no d ; t QN cti.on of the outer ring, for
elimnati nﬁ'ug&@%ﬂqoda%gsrreetélt%"%ﬁgorrggﬂ%? E‘Se(%tg nunber of parts required to
reduce wei ght. IHpvesesr, ihntiiddotalbalthickt bectiorse@4tonaf 2Mé ofiter hBnguaser ring

as illustrated in Figure 4, a corresponding nou thng bol t 46 i(s1 used for
the aft célussietediineFiaysesti d CRHEFED nSd“%‘éFI‘-WQw§° £49 i UeBFWRF dP R er
bess. Since_the thi cli fe o L)y ' L Stel i hi d,
the tuo oucabar Bk B FEpuaof iRy bE tog 1651t Octel o3t iihde It o0
bol ti ng of thigR setien offthat duensingrdy isdiehetiveelyd rigiet tthe adicabut besdg dolsseshr ough

the vanes %tretl?ti)ts blo(lztggt icé) nthe outer ring, with the center bolting of the outer
platforms providing a direct radial joadpath 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.



whi ch enhances buckling resistance of the-vanes for better corrrmd;hi g
reaction | oads through the engine mounts. Accordingly, all 3@ CPHROS Qg 22
| ocated in the relatively thin sections of the outer ring 24 include
correspondi ng nounting bolts in the two aft outward bosses 42 for

enhanci ng bendi ng resi stance when joined to the outer ring, wth the

center bosses Rt e@iay B NLAY HIBY i3y ind oo AGLASRAN HATERUG NG

bolt being used erel n. respondi ngﬁmy of thé vanes 22 | ocated at

t he | ocal | giftdrestty et irorthe 2¢dmefodthet guider vanagovndepeadingc oppestiendi ng
nmounting bolt 46 in the aft center bosses 42 and not in the correspondi ng
out board bBagisslar| igcation Shargin relpbive @raﬁuP?Q'BF’emBHPESr B: eE'B'Hf‘?r'g%&at i on

iIlustrateg jn,Fi | i | ti LosucH ak Rfurhindhy kstual
OGVs 22, a%&mgglrlénkgcgg%éis%% @“"%ﬂ’é frramﬁnlral??ﬁgd %agtt !eeq'g%tt er ri ﬁg as desired. Only
two nount i pgffiidritsstesregthefpui theit intendeldeusaut eknghl Hief eirfailsfofr thases@GW¥snes
attached to the thicker section of the ring. And t hr efoyter

|
mount i ng baPt pcated ralqgthe dhickgr serHeRS Q/fgllﬁégr‘?fgﬁﬁt g (gay ﬁge ﬁmrﬂe eTtions
of the outgr,f rlﬁgforEihé%nﬁﬁﬁ@ﬁ’?fre%@ﬂﬂth%f@’éeﬁ?ecﬁr e thusly identical in
ut may be |

configuration erently used in the sane outlet guide vane
row dependi ng uporiéheof phet arcubtr cootarmancet bértbenvang giatierms tohheengi ne

ts. Furth . the individual OGvs 22 may be forned L1 Abl
Total - suchdasiad amawh aiopamae Pl dne APl aRyPPreed Refod Rl afeditbhe ©

And, the airfail t hes : oga h ' Hest éfhgerof the
outer ri ngbin&eb?ﬁg?ngg § Qg’%(;é[tr%@mzfl?l% fsob%h?agﬁhgﬁ%gtd(\ésfﬁ engfh thereof as
desired. | gomfiguvatibnt dhict cwatild ctindrovisarpreveriit tthe axiake apsfemgb'r 9§ @ t he
desired ampunt, of canber of thF airfoils, an inproved nmethod of assenbly
of the ocvidddual vanesiinsucPPpPiele fPYh vane count and hi gh canmber

configuration whjsh YudifeahyhHighrde2 ReMRItEs diperidtRblpapaiiaih aff tHee
OGVs 22 may be individually installed in the corresponding outer ring 24 by
“axially and radially inserting the corresponding outer platforms 30 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,



i ndi vidual vanes in a conplete row Mre specifically, Fig 6f)
schematical |y that each of the OGVs 22 may be individual |5/J r‘i’g‘?rﬁ ‘Tr
the corresponding outer ring 24 by axially and radially inserting the
correspondi ng outer platfornms 30 into position. The correspondi ng outer
nmounting bolts 46 are then inserted though the outer ring to engage the
cor r espondiafgl SPErafioROmSRATIME vibkitd P réspiiise atrﬂ)elofaHldarNﬂyb eép &AM, 2Pngay be
initially installed in the ‘outer ring circunferentiall ol ni'ng each
other, wi t lsoatpraveatinoseplasforttsehavairainiranth surfece @ired faodn;serﬁﬁ]t&ldage ng
nested t oget h a hei r arcua .opposi te sides. lrrespective of the
anount of Eaﬁﬁ%ﬁf qjoagpfg 8??%’“5@6’ '”%F'PS M Withosubsteratial Gapaherie of
the platfogaspédles Bk 'rhhlﬂﬂé A REr | BbsE! %gﬁgu:%fuohh%f'ﬂ%' W AUR pIA A0S
including the lastly installed vane, e"Instal l ed ral 'y into

posi ti on wPetois \‘b\l@stwe;l@tﬁa)melfatmdvcthmmmbenmnm aluter dug diavimyg enhanesd As
shown in Fi th ner n 6. .m be axially installed inside
the full ﬂﬁ 8??\%’ g‘?’rﬁF‘ %‘% %ﬁ%’?‘xﬁ f Wt%'zgllaférmé\-/\equhe‘f%rn by
installi ngtlﬁ@@aﬁﬁés@&?ﬁgdfﬁtlﬂﬁ%méﬂﬂaﬁ@%§ M8y tahHoOH@hs&&%t tﬂ@%céﬂeﬁﬂb
engagement With the respective inner bosses 44 ed above
wi t h conf opa¢tignamet tiae @Umfaﬁﬁg)fmcafeﬂpgysubatmtt@hbuaklIﬂgaioaﬂlstthrmwgh the

aer odynami E)Cﬁ/% lf]'i‘!fr% ney, manuf acture, assenbly, 9 30 Decenber 2004 and
operati on, a vi bratory response and | oad carrying capability. The
conform ng i nnewRilithéreMRaVa e #ésBiBedURERHE vli2ar doRSiHBdd %o'

nunmber of OGVs to be assenbled in a single row, with substanti al er if
desi red. TReefatipdi pné ewemplasys smbodimentsatdfothef preisent Linventiomt faihels

e Tt ness edifestiond BF B sERntickl Bk 08B ufoss st B meter "
: E Ee i ane cfrofri ghis abacHings!heFei) ahd of IS thBbefates Cdé%ﬁeélst@%éifsebﬁt%d' Reald ¥
I C

rat es

appended claims all such modlflcatlons as falt 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:

10



through

sections of the outer ring for carrying substanti al bUCkll\%ﬂQecg o300
F

the OGVs thereat. Wile there have been described herein
considered to be preferred and exenplary enbodi ments of the present

i nvention, other nodifications of the invention shall be apparent to those
skilled in the art fromthe teachings herein, and it is, therefore,
desired to be secured in the appended clains all such nodifications as
fall withi CUAIMS rue spirit and scope of the invention. Accordingly, what
is desired to be secured by Letters Patent of the United States is the

I nvention gs def ferentiated. in the following clains in which
we claim 10 30‘5&5@”@ AVRHESRIBPISING: f an out| et gui de vane conpri sing:

an airfoil havipg QsH ﬁé\ﬂngnﬂﬁferm f QhAE fﬁléﬁﬁ# rits 2fikéd) e‘é'att% he@PBPSi te

span ends thereof in a unitary assenbly; and 'eac p attorns havi ng
arcuate si OBQOSI&IBpawengS\therbofmueﬁpmnﬂsegnhdpmmdte 5| des of said

airfoil, and res tivye ou d i nner . bosses, extend from out bgard
surf aces thereoP%Fﬁ O:fe@@f G‘%Hpﬁegﬁa N ngrevdiRingl RfRMIRG: Willhposi t e
i nboard f 1 ewrreypdReifg dﬁWsﬂ@fsﬂ@é Iof i S iR Y réHE0e | Gifter %Pdpin\‘léf‘e

according to claim 1 wherein said airfoil Includes: a concave first sid
and sai d obpesesaytending fromaotitboand BaxfaceszﬂrefeebfmdquvmmmpfondMQ Si des

and a conv nd said,outer. and inn | at f v
correspondﬁﬁdﬁ'&@ﬁ\r}g@%sg@@ngp%?% shbgar ﬂ95’n%“rg%‘ie§r@gﬁ%°ft(gefa'réﬂ ﬁP‘é’pﬂﬂbr ein
sai d airfopbuhgatider includes opposite |eading and trailing edges

ext endi ng between correspondi ng | eadi ng

2. A vane according to claim 1 wherein said airfoil includes:

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



and trailing ends of said outer and inner platforns, and sgg%flr cﬁﬁd ges
of said outer and inner platforns are conplenentary with e@EIB H rq
second sides of said outer and inner platforns between said | eading and
trailing edges. 4. A vane according to clains 1, 2 or 3 wherein said inner
platformis narrower than said outer platform and said inner bosses are
collectively narrower than said outer bosses. 5. A vane according to
clainms 3 and 4 whi euter platfdrmninehxdplsaaffonmridnouwdelsoss padra glurfatityvef d and

ft i i al.l Li d with d f d | eadi
and tran i RSBl e S (AREae b Sual SuBRel inepas WER Gald 4P Eaes
f orwar d oummmssz,lﬂnda@nﬂaﬂdaﬂra‘lmg@nggateral |y aligned aft outer bosses,

coaxially aligned in part with said airfoil between said | eading and
trailing edges. 6. A vane according to claim5 wherein said aft outer

bosses include @ v&RETREORARS téQ,fléﬁhﬁ'S' Whatdig e ‘éi‘fﬁ@ut%?'ﬂi’)s%bgflﬁélhdeaé‘d a ;

pair of outboard bosses dispose osite sides of said center boss. 7.
A vane acc@ﬁﬂtefﬁ@qsé @Wiailryealmneﬂh‘entbrm@airftgl angdi anpaimofcoutboard boasesni th a

plurality 9 S%Q?gsaa%?p%&brsqm nge%'c%lnk tfo@rso' ning each other, with
[

adj acent one uter and I nner s bei ng nested together al ong
said arcuate sides thereof. 8. A fan outlet gui de vane frane conprising: a

row of cir um‘ er.en o] ni ng outl et., gqui de vanes extendin in adl aI ly
bet ween ou er ahd %’h%@p%?f(ﬁ@g hOgf @a”‘ Qf&ﬁ@é‘”ﬂn@?lﬁﬂ? iy CoATRinR with
outer and withea plupdifterors saidi ¥adky @idupsiBrshtilly ORMERIING SHEhN ofHeds vtnfhereof
in a uni taréJ assenbl and each of said platforns havi ngdarcuate si des

conf or ni ng?@ qoﬁﬂt@ﬁ%%gﬁ@ﬁaﬂ RYtes avpk inner Nlaffarmsy beigoonegted dpgethgpalong
respect i veggidt fitusietsid & flereof.

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



bosses extendi ng from out board surfaces thereof receiving 2835 esﬁﬁ”?d&g
nmounting bolts, with opposite inboard flow surfaces thereo FPRPH,

fl owpath boundaries. 9. A frane according to claim8 wherein each of said
airfoils further includes opposite |eading and trailing edges extending
between corresponding |leading and trailing ends of said outer and inner
~platfornms, and said arcuate sides of said outer and inner platforns on one
of sai d vanes are canmapkefiestt side, want saidr espendinty ianeugtlatfsrrsshate sai d
outer and i [ for . prcunferentially adjoining vane between
sai d | eadi ﬁé@ﬁﬂ"%"ﬁéiﬁ?’.f‘%@g‘&%ﬁd%.a“R frame according to claim8 or 9
wherei n each of ssaiothvekr eddrai isidd,udnd: sdid tdeendbaine?Ophtformenpave first
side, and said outer and inner Rl atfornms have correspondi ng concave first
si des; and “QMESRORING&ONNEX Se8end £i#Ssai d outer and inner platforms have
correspondi ng convex second sides. 11. A nethod of assenbling said fan

outl et guide vane frame according to any one of clainms 8 to 10,

conpri si ng:11 ndivmeiaed ¢f assembling gaishtan ontleiguide yape frame sicdonlingtori ng,
and engagi ' ' 0 L.ih.sai d outer bosses through said outer
ring; and%“ﬂ%ﬁ%@a?ggi@hééﬁp%lg inside said inner platforns, and
engagi ng sai d mwdividualy Hostedling tachaiotl saidevarmes des saidr @uddr simgg amdher

i 1 un or e PP AR TBb ANt b ilarRaid bt REFse PRl ik avter g: of
said platfangs being nested together along said arcuate sides thereof. 13.

A frame accordi nr?sétﬁﬂany_ ne of clains 8 to 10 wherein said inner
platforns are cifRiaresaif Inner yingdpsigRetaid innerlatioss and,eagagingsaih each

of mounting bolts with said inner bosses through said inner ring.

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



sai d vanes, and said inner bosses are collectively circunf | ‘g
narrower than said outer bosses. 14. A franme according togéé?ja%%ér:@) ,bogﬁ
claim 10 or 13 when dependent on at |least claim9 wherein: said inner

pl atforns each includes a pair of forward and aft inner bosses coaxially
aligned with said airfoil between said |leading and trailing edges; and said
outer platforns each includes a forward outer boss and a pl uraﬁity of

|l aterally aligned aft outer bosses, coaxially aligned in part with said

irfoil b id Leadi p ki d . 15. .Af di
i 14 Wb o BAMP PRSI BIEOS WikrBiESRe fmdvapBliniaRea s °
al i gned w mowing boltfini aidasenhtar fiss ahd ondto iR rsdid @ediRsard dbefasse dafd

opposite sides of said center boss. d13 30 Decenber 2004 16. A frame
accor di ng BBO¥ISRi ORS Dt FrRid eYanesn chdes, mpuings bolie lin deathasaigoemtra bol t

in said cephgsedand ndbth 88 deRtsttdisout board bosses, and anot her one of
sai d vanes includes nounting bolts in both said outboard bosses and not in

said center boss. 17. A frane according to clains 15 or 16, wherein said

outer ringq4kncl ud I . in..and i §9§§' NS.: i d. bosses
are bol ted1¥'o sgﬁ ﬁér{nﬁi %&%ﬁﬁgﬁgr@a 'g{r%d‘lés%rg%cben é%mb%%%%ruge%@wé%@éssai d
t hi ck sect lawally 18in #nd think sectionsli anyl saidcbaiembbssebareibvulied W saidtthin bosses

are not b ed to sai.d thin sectipn d sai.d. outer bosses are not bolted
to said thgé@or&@@pi%ﬂﬁ. c%f_erRo]sghs gﬁ'??(gpo ﬁ%‘ﬁ&g'c&aﬁ%{'ﬂﬁvi ng integral outer
and inner platforns being unitary therewith and conformng to arcuate

si des ther&gf, n% said platfornms having different nmultiples of nmounting
bosses t het8on. A2ame @sRerding e 1A t1d Mherein: saigheerieh:bosses yeanebr ns

have concaygitdd iS5 saRi $6S s8Bfbit UNEXaiaRNASF bBsSEC IR ot 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.

14



sides; said inner platformincludes a pair of nounting boszﬁ oaxi al
aligned with said vane between said | eading and trailing 3@5‘“?1 herr

and said outer platformincludes a forward nounting boss coaxially ali gned
with 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 outl et guide vane (22) includes integral outer and inner

pl atforns (30,32) conforry u sides (30, 32 c d) thereof, and
mul tiple mounting bossesE(d}g',:égﬁ\jﬂglﬁ3 ?LgTﬁpﬁMcg?( Epl atform sides are
arcuate to conformw th the vane sides for |rrprOV| ng aer odynami ¢
efficiency. The multiple nounting bosses inprove nounting of the vanes to

cor r espondiABS §BAEIr OFnHE IHGELOBURE) . Fig. 2 15

A fan outlet guide vane (22) includes integral outer and inner
platforms {30,32) conforming to arcuate sides {30,32,¢c,d) thereof, and
multiple mounting bosses (42,44) on the platforms. The platform sides are
arcuate to conform with the vane sides for improving aerodynamic
efficiency. The multiple mounting bosses improve mounting of the vanes to

0 corresponding supporting rings (24,26).

Fig. 2
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