TURBI NE VANE COLLAR SEAL BACKGROUND OF THE | NVENTI ON
The present invention relates generally to gas turbine
engi nes, and, nore specifically, to turbine nozzles
therein. In a gas turbine engine air is pressurized in
a conpressor and mxed with fuel in a conbustor for

generating hot conmhyustiNgWVARGESOLAAR §fapr essur e
turbine (HPT) extracts energy fromthe hot gases to

r. the conpressor. And, a | ow pressure turbine
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turbine nelpAes thedeindes a first stage turbine nozzle di sposed
at the outlet of the conbustor that first receives

therefromthe hat .conbusti pn gases which are then
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i pcludes a nmyriad of cooling circuits and features
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whikh in mentdtaies thé eotortiliies of GREpAPERALE. i S not  used during
t he conbustion process and correspondi ngly reduces the

ficie engi ne. Engine efficiency is
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Furthermore, the nozzle vanes and rotor blades are typically hollow and provided with
cooling circuits therein through which is circulated a portion of the air pressurized by the

compressor for cooling the vanes and blades during operation.

The prior art includes a myriad of cooling circuits and features specifically configured

for the stator vanes of the nozzle and the rotor blades disposed downstream therefrom.

However, any air bled from the compressor for cooling the turbine components is not
used during the combustion process and correspondingly reduces the efficiency of the

'engine. Engine efficiency is directly related to the temperature of the combustion gases



-1 generated during operation, wth higher conbustion
gases being used for increasing efficiency of the
engi ne. Mbdem gas turbi ne engines exploit the strength
of the superalloy netal vanes and bl ades and the
internal cooling thereof for maxi m zing engi ne
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sil.icon carhide matrix faor strength and durability. )
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For example, ceramic materials in a gas turbine engine would necessarily be used in

conjunction with conventional metal components of the same engine. The ceramic
components may be preferentially utilized in the direct flowpath of the hot combustion
gases and supported in metal components which do not experience the high heat loads

from the combustion gases.

This presents a significant design problem since the ceramic materials have a relatively
low coefficient of thermal expansion compared with metal components which expand
and contract as temperatures increase and decrease during the various portions of the

engine cycle.



engi ne cycle. -2 In view of the substantial difference

in coefficients of thermal expansion between the

ceram c material and supporting netal conponents,

substantial thermal stress can be generated in the
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circunferential airfoil contour conformng wth the
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WSt ai ner. An alternate aspect of the present
i nvention provides a seal as defined above wherein
said retainer, leaf plies, and sheath are segnented
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and fixedly joined to said retainer.

An alternate aspect of the present invention provides a seal as defined above wherein said

retainer, leaf plies, and sheath are segmented around the circumference thereof, and said

segmented leaf plies overlap each other around said circumference.

A further aspect of the present invention provides a collar seal for a turbine vane
comprising: an annular retainer having a circamferential airfoil contour conforming
with the airfoil contour of said vane; a flexible leaf surrounded by said retainer and
fixedly joined thereto; and a woven sheath encasing said leaf and fixedly joined to

said retainer.,




3 An additional aspect of the present invention
provi des a turbine nozzle conprising: radially outer
and i nner bands having a plurality of
circunferentially spaced apart apertures extending
radially therethrough; a plurality of ceram c nozzle
: r o
A A on B A ket O PR B BRVRIE A 1R 0 BB sine
ragedly sufer xed ey inde Havdahg @ plurditg of ciraai fdrdnsinldy spaned apart
respectjve, ones of said pertures, .and havin
D5HH ieﬁ@n&ng radielly Sereiwanel ﬁ@'ﬁgaliﬂa of Sffamu B2 Gvanes, cach
i ; i o K, T
b R O SRR URB Gl dap it S PGS b ity of
coblae feats fekdbnidined ehphceny te siid diandmingespediet dues ofkait
afgﬁtherd bj ects an adv%nt%%es therﬁff, i S,.nore ..

ESEME O ART PPE PRBRT P RYR SPRETYBIE B Yo cBdt israipe
erd@Sdhdi thepdwikipken i n conjunction with the acconpanyi ng
rawings in which: Figure 1 is a partly sectional and

schematic view of a exenplary first stage turbine

gﬁﬁﬁﬂﬁ 1%ﬂ§ﬁ&hﬂﬁnﬂ§ a gas turbine engine.
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turbine nozzle illustrated in Figure |I' and taken
along line 2-2. Figure 3 is_a partly sectignal .
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Figure 3 nounted in a corresponding slot in the netal
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nozgle insthe ore Engimn aflagaswrhiesqpgingi ng end of the ceramic
vanes nmounted in the netal bands.

Figure 2 is a planiform view of a portion of the turbine nozzle iliustrated in Figure 1 and
taken along line 2-2.

Figure 3 is a partly sectional isometric view of an exemplary one of the ceramic vanes

illustrated in Figures 1 and 2 mounted in an outer metal band using a surrounding collar

seal.
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Figure 6 is a flowhart representation of the assenbly
of the various conponents of the collar sea
illustrated in Figures 3-5, and their nmounting into
the corresponding netal band in an exenplary

enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
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bapdit conbustion gases (20). A high pressure turbine
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used in various app I cal’l ons u or e
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A highpriessues turbine (HPT) follows the combustor and includes an annular first stage

 turbine nozzle (22) shown schematically in its position in the engine axisymmetrically
around the centerline axis (12), as well as shown in part in isometric view. The HPT
also includes a turbine rotor (24) having a row of turbine rotor blades extending radially
outwardly from a supporting rotor disk, which in turn is joined by a shaft to the several

stages of rotor blades of the compressor (14).

But for the turbine nozzle (22), the engine illustrated in Figure 1 may have any
conventional configuration and operation in which energy is extracted from the hot
combustion gases in the turbine rotor (24) for powering the compressor (14). This core
engine may be used in various applications, including, for example, turbofan aircraft

engines which would also include a low pressure turbine (LPT) downstream of the core



for exanple. The turbine nozzle (22) illustrated in
Figure 1 includes radially outer and inner bands
(26),(28) each having a plurality of circunferentially
spaced apart apertures (30) extending radially
t her et hrough. The two bands have sim | ar
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bet@&en the opposite ends thereof through which a portion of pressurized compressor air

(16) may be channeled during operation for internal cooling thereof. The compressor
bleed air (16) may also be used for cooling the outer and inner bands (26),(28) in any

convenient manner.

As indicated above, the coefficient of thermal expansion for the ceramic vanes (32) is
significantly lower than the coefficient of thermal expansion for the metal bands
(26),(28). Accordingly, in order to effectively mount the vanes (32) in the supporting
bands (26),(28), the mounting apertures (30) have airfoil configurations matching those

of the opposite ends of the vanes (32), and the ends of the vanes are mounted in those



wel|l as seal the vanes to the bands. More
specifically, the plurality of nozzle vanes (32) are
initially fornmed as individual or discrete ceramc
vanes. The outer and inner bands are configured as
full annular rings when nounted in the engine, and
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of the vanes,

A portion of an exemplary configuration of the collar seal (34) is illustrated in more
detail in Figure 4. Each collar seal includes an annular backing bar or retainer (36)
having a circamferential airfoil contour which conforms with the airfoil contour of the

mounted end of the vane (32) as illustrated in Figures 2 and 3.

The retainer (36) illustrated in Figures 3 and 4 is mounted in a corresponding recess or

slot 38 formed around the inner surface of each of the apertures (30). As shown in



slot 38 fornmed around the inner surface of each of the
apertures (30). As shown in 6 Figure 3 each vane (32)
has a | eading edge (40) which first receives the
conbustion gases fromthe conbustor, and an axially
opposite trailing edge (42). The vane has an
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typical profile of turbine nozzle vanes. Accordingly,
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the flexible |leaf (48) may also be ‘forne
corgmen refatent(B@). woven sheath (50) may be fornmed of Haynes
188, which is a cobalt-based superalloy. The thin
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cobalt-based superalloy.

The thin leaf (48) and woven sheath (50) are commonly joined to the supporting retainer
and are relatively flexible whereas the retainer is rigid. The sheath and leaf provide a
resilient support for the corresponding end of the ceramic vane, and a suitable line of

contact seal therewith.

The woven sheath provides wear resistance and heat protection from the heat loads
emitted from the hot combustion gases which flow over the exposed surfaces of the
ceramic vanes during operation when mounted between the opposite outer and inner .

bands in which the collar seals are mounted and protected.



emtted fromthe hot conbustion gases which flow over

t he exposed surfaces of the ceram c vanes during

oper ati on when nounted between the opposite outer and

i nner bands in which the collar seals are nounted and
protected. 7 The collar seal (34) is illustrated
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'As bestchodne ne]hgere@lf, tHehroxiatabentRrof (BSwo 18: he§ {43) dnd the encasing
hﬁ]egg (36) |S|nturn swtabléflx / Joined to
shep e >0h Aot A RgIB dpiged o Mieatatapert @) be sekding f«ame@mple which

reshIBSH! ol etk BeiH @9? Ektﬁﬁ'(ﬁﬂ? a{ﬂﬁgﬁ% J:lpcllu&tfff*r&r?c%)of% ong..td &136). The

circunference ner

ngndrrctamed@é) isdo hirasuissbly Hxddbyjoirsdao &h@@ﬁbmmg bﬁlﬁﬂb}bb‘razmg for
bgld retainers (36) in the corresponding slots

atlt»“g‘j hich rraplts e 2 soptingaus brage jowt (o @hnigribe sisarmigrenge of the

retdim?) - The proximal ends of the |eaf (48) and sheath
(50) are rigidly joined to the retainer, and the

In this way, the individual collar seals (34) are fixedly joined by their rigid retainers (36)
in the corresponding slots (38) around the perimeter of the mounting apertures (30). The
proximal ends of the leaf (48) and sheath (50) are rigidly joined to the retainer, and the
opposite distal or tip ends thereof extend vertically or radially inside the apertures (30)
for providing flexible support and sealing with the corresponding ends of the ceramic

vanes around the full circumference thereof.

Figure 2 illustrates the full circumference mounting of the opposite ends of the ceramic
vanes (32) using the surrounding collar scals (34) mounted in the bands. During
operation, the hot combustion gases (20) flow axially through the converging nozzle

passages defined circumferentially between the adjacent vanes for being properly



opposite distal or tip ends thereof extend vertically
or radially inside the apertures (30) for providing
fl exi bl e support and sealing with the correspondi ng
ends of the ceram c vanes around the ful
circunference thereof. Figure 2 illustrates the ful

difected tHR B MG S AR BEES (b EhoRRHOTHE gjd?vq&]@al Q%nets & thFrefore

ceram c_vanes (32) usi ng the surroundi ng collar sea
subigatto helrthe elevated tempiratwis andpressnrg ofdipehat chmhystioh easestduring

(nggﬁggstron gases (20) flow axially through the
convergi ng nozzle passages defined circunferentially

bet ween the adj acent vanes for being properly -8
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gﬁgirndr vanes are therefore subject to both
an t?é‘ and reontipd ap different aates ccnrmepcrmhng with their

e f
e %“8&*‘%%@?’91“” PO Bk Bion ot 68T brsrsw cron
of tthe combuantion gasssesrosante mbezlevhads &aﬂ% aér0d @%Bad doadB dhereon
C ntragﬁtca |ffere rates corresponding with their

RARIT ? eollgr sqabelBrhhintaths artst and inner bands.

Furt her nore, the subst anti al pressure drop of the

Siree T sdi AAuA3BRS AENQRS] gtrﬂﬁ V\ﬂ:ﬂzlﬁ a‘l’l?'}rge ?Jdei%oe e respective

aerodynam c | oads there carri
bandsy theylare hubjesdite anriseabskig@4pllings end sepping mbveimﬁmvnﬂﬁﬁ the

o R A T Sk kA i o
Fuﬂllidimﬁi:ébhﬁﬁﬁfa&t@nﬂ fdléi‘b&ﬁ:eﬁ ﬁﬁlﬂh@%ne§ fﬂg{ﬂs&geﬁ HenMriRP 2P tures

nnvenent with snal surroundal ng Cl earance

G0y andi the golast Smele r(34)h@m¢smmslu-@hd affentithe spgcifipdotativasof the vane

Furt hernmore nufacturrn t ol erances for the
el_lé\?i‘ﬁ@se ctOHSSrPé)elﬁl\’?ﬁm g BB ®ures (30), and

the collar seals (34) correspondi ngly affect the

Accpéingly thel fefail iconfigiatioS MAB oINS (38) BAE flexibility of the leaf
correspondln surroundln nDuntlng apertures

(48handbsheathd by, rrﬁ@f By b toadvagtagetd amomfnodaxe theovdrians local

.mo?%@%m%ﬁere e%‘le %éllgt .of the Izg@ % and Sheg&qu

figdrb 8, whidhOksy ua@@g opeiRiRNBEg Bthtthe peaife §1§Hj§lc't18n *sia%s of the
mount i ng. apertures (30), see rmverrent axes

collar seal itself as well as between the corresponding leading and trallmg edges thereof.

As shown in Figures 4 and 5, the leaf plies (48) are preferably slit along their local axial
axis which corresponds with the radial axis of the vanes mounted in the engine. Each
ply includes a plurality of transverse slits (56) which extend from the proximal ends
thereof at the retainer (36) to their distal ends for increasing flexibility thereof, In this
way, the leaf plies may be formed of individual cantilevered fingers which better
conform with the airfoil configuration of the supported vane around the full
circumference thereof including the opposite leading and trailing edges and pressure and

suction sides.



figure 3, which vary during operation along both the
pressure and suction sides of the collar seal itself
as well as between the correspondi ng | eadi ng and
trailing edges thereof. As shown in Figures 4 and 5,
the leaf plies (48) are preferably slit along their

InltREBlefeved@mbodiheht Wt Slits 66Y)"if %Ee ﬁﬂﬁé\"ﬁvg pEQseﬁf g 'l@alf (48) are

axis of the vanes nounte |n t

prefacablydlesgitndinally ar Clllyurufermtlaﬂlﬁ ‘(Dﬁisﬂelr&iﬂdt the (lﬁﬁmewh Ioﬁ khe collar
mthe theretalner

d fr ends ther t
e%SE 8" thei ‘Fvodijlelsa e@ﬂb§°f‘8fpr?\‘?crs @gngyfrf:@&“lﬁ piy \Jeakage

infediRceDby theRliks Midnseay, the leaf plies may be formed of
[ nd| Vi d}l,,la| cantil evered fingers which better conform

ith the airfoil configuration of the supported vane
Fi 1%1‘1'%%}1 énd ﬁé lpstgate the icpldayFepal (@hlcaonifed éofhej woriesmindigg tshpporting

b Db R RRNOR AR prbf kol e PR e i reaingief Mom ne

compresmr(tﬁﬁ))lgh rthemfbo@ﬂ‘d &k of \BRe ﬂbér@ﬁesOBOt) he thedutek 4Bhd, and

are refe |tud|naII circunferentially
°°*6?SP§ ingly g9 BB g of etanem@,r@fr i fhe igger band with the
t o) OV | jng b .
: egﬁ\@tﬁﬂ% Egl% s\égeisa @gﬁng %‘HJIHIF q%é&g %rrelgag%f ?}S 3% onHguration

illustratnd a1 Migere 45i gures 3 and 4 il | ustrat e the collar seal
(34) nnunted in the corresponding supporting band.

m Durin on, the essurized air (16) is _suitably
The REGHETE 217 L F9kLOveE 6‘%)?1&%% SRief AegRiganel e dnbidppl collar

- seaBd Bbwhhg Fi’g%éstyélﬁisft @%ﬁ'dﬂl lhg"g% r d&ﬁé é&%}?lgfs#?enﬂrce P on the

correspondi ngly through the
shegibeandeafstheneof Whlch rniges thardlla sehl inhfartherasenkbgpandidgent with

col |l ar._seal s ,bein ted .upsjde down conpared to the
the SRR SIS bore gUtP iR - EASnt 50 SFh of cach seal may

theR6te ofléct abrediifred #6h ﬂ?@stu%})% rétﬁ‘lﬁfne@@ {oem Hiafil ling of contact

surface area of the indiv sea s as s
sealipg Fyitu thes vahea mdtwithsnding rrelative i XiWansivgmeitr ef tledvane in the

ure force P on t sheath and | eaf thereof which
rge Q@?&W@%’G‘I&@F’%@%@&ﬂ further sealing engagenent
with the respective vanes being nounted therein. The
In thepilefedRd caitRalinher® {1LRRAB REBuBY the retainer (36), leaf plies (48), and
sheath (50) are segmented around the circumference of the individual collar seal for
advantages in manufacture and for better conforming with the three dimensional

configuration and orientation of the collar seal when mounted in the annular bands

shown in Figure 1.

For example, the collar seal illustrated in Figure 5 includes three segments along the
pressure side of the seal as delincated by the corresponding splitlines (58). And, each
collar seal preferably also includes four segments along the suction side thereof which

also wraps around the leading edge to the beginning of the pressure side.
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therefore deflect as required fromthe supporting
retainer (36) to maintain |line of contact sealing
with the vane, notw thstanding relative X Y novenent
of the vane in the corresponding nounting apertures
(30). In the preferred enbodinent illustrated in

THel @VELs ehﬁqu{lﬁfa?édniﬁrﬁg%g?r I(l)lla gg E%&%tglygrﬁ%ufa&ﬁgd for better

sheath (50) are segnent erence
confvenmgdmh theaubstitiah chesga lin tatourad\bnvagdstiveen its leadmg and

facture and for better nf or h the three
oSBT SBRB e PERS 9 (e SN Fat BT RECUgg 0 conform
no€ ehlyawitls €a poMiedieREBH %@nﬂoﬁr bh ﬁte@ﬂﬁﬂluﬂ{al Qérﬂf ﬁselts I?)ﬁt’vglgo the

in Figure 1. For exanple, the collar seal ustrate
cylindricalygontous of theloutts end hmeleb@dgnewhzsh sheyrage tioanted, as shown in
Fi@.{n? sure side of the seal as delineated by the
orr'esponding splitlines (58). And, each collar seal
preferably also includes four segnments al ong the

Ths uethinen(3%) déustrbed 60 TFighéch an@lsSi§ préfamslyad ﬁgfatdmt«lt& bar which
adi ng_edge to the begi nning of the pressure side.

wnf%@‘ﬂﬂrw é’é%ﬁfogle@ﬁ%w ithe t@tereaﬂwndrmer beseitdlyrmaclieed in
t con

conRabR) SliFR0 RS bt Wiy HDNEP i dasy are

preifergbly elad; ﬂgnblad;hedt rrﬂéthll Whick @@8sbe ddifesfitaNly FHUERNDShape to

hen be suitab assenb] ed together to conform
ad‘{tm %/na ¥ rlugethe %hﬁ%ﬁéi%tﬁ%tnw ingnest pirt theenthrough. of t he

i ndi vidual vane itself, but also the cylindrica

Thé %EQW it sHeEﬁm%{‘éﬁ Sk S OF% ofl %ﬁe}lle VW&I&Qi( %@ﬁg WA the

mount éd own I n I gure al ner
encasing sheatht ©6) tonthEirigid etider {36) vancls thenh ebefoalal YheasheétGheélal leaf

rod,or bar wth the airfoil contour of
phetsl‘?gd Vaven s V\@'to g??df ?ﬂo%gs’éﬁ‘i“tt%} y machined in

conventional multiaxis nunerically controlled

Thé@igRieRESopmbRR Jremd ccﬂiat S ﬁ Ill%ﬁ‘gted R 8 t@? ln¥a1y| d Pecifically

flexible sheet met al be conv t1ona
configyied dortlocadlyapsctting tha @dnrespomhhg pontmn bfithe stlﬂﬁ)r&kilvhﬁe from its

il G PGP i TR e vl 6t et crargprs l the
relaﬁirﬁy\eﬁhdﬁtﬂn@ &1p8 nohing o HRall diameter curvature or radius at the trailing
edge thereof. The pressure side of the collar seal is generally concave with the three
segments conforming thereto. And, the suction side of the collar seal is generally
convex with the three major segments conforming thereto, and the fourth segment being

outwardly convex as it wraps around the leading edge portion of the collar seal.

A particular advantage of this configuration is the assembly of the multi-segment collar
seal in the corresponding bands, such as the outer band illustrated in F igure 2. The outer
band, and similarly the inner band, include axial splitlines (60) which separate the band
at the leading and trailing edges of each vane and mounting aperture (30) extending
therebetween. Each band segment therefore ineludes the pressure-side portion of one

mounting aperture and the suction-side portion of an adjacent mounting aperture.
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encasi ng sheath (50) to the rigid retainer (36) which
then conforns the sheet netal leaf plies and woven
sheath to the desired airfoil contour. The different
segnents of the collar seal (34) illustrated in Figure
5 may be specifically configured for |ocally matching

"["lﬁ‘&esegﬂéﬁtg speRdiong: sﬁ:@fﬂlhfﬂe &I“VF‘QE"twg'ﬂ{t&% t}{@ﬂ%phftﬂm}gts}]ot in

its | eading edge having a rel ati arge w
th¢ angybalfiaperere pnd dow aegments @f tthe nextedoditd seal yndyhben conveniently
di aneter_ curvature ar

trail. ed aving a o
R o SO Bl B b BTG e G spardhen
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segnents conform ng thereto. And, the suction S|§e of

the collar seal is generally convex with the three
Thesp Grazed brshesmensd iy thengbe $wbsesuontlyainihed tegetten ta eomplete the

. ' r convex as, it aps_around the .

B R dS) 0P hIEL HalBRY BtrdBnicen the B poiGty ktmic
vamgyvant age of this configuration is the assenbly of the
mul ti-segnent collar seal in the correspondi ng bands,

uch as the oquter band illustrated in Figure 2. The
In @’ﬁtpé et odimpent dliysirated in, Fxgrees 2apd 5, Higwial sniidhingg 460) of the
' i foked . ' h the
URELEIL B0 CoRRB B BB T shh A8 Bresnt slgi e e
colba esealuncer (80kading edgé dgreofhaidehithvie tast Eptinbas8Y joining the

segnment therefore includes the pressure-side portion
preﬁﬁ‘“g%?ﬂgl Sum&“gqﬁé’?gﬁe@hﬁ‘f@%@qwlm%n- si de portion
of an adjacent nounting aperture. 11 Three segnents of

In 88 Preféttdd@mbR @RherRNRE 0 Y ERRLENY. ke Bieed rét%n 6) includes
supporting slot in the one-half aperture an our

sever givemerts diavirge end qtorgwisl er ssemins rabutthe  eavhy effiee rdrdbynd the

.. mounted iL.h the pext half-aperture of the nd segmnent .

circimieighe, firogts eﬁlﬂr@?ﬂﬁa@% oien ;3heath 43 dwﬂ%ﬁs \PEYEHy Sfgments

havitiénd RIrtiGRNVAREGRRAbuRINB Zh AP o@br 1BEnFER! ci%ﬁﬂl@‘%@ﬁc% thereof.
therei'n. The so brazed band segnents nmay then be

And, the tygelsaf pligso(48 catlo getlintes severc sepmemtse having ead molidons or

ont i nui t f the ba and trappi t her ebet ween t he
Sec@%nrs ra@%ﬂ% g?‘%g“ﬂt&%n"’é%ug%ﬁ?/‘éwfﬂf: et‘ﬁgwp?eél; erred

enbodi ment illustrated in Figures 2 and 5, the axia
In 84 | dohitiiRtiod 68D 1@ cbll§ seals, the seven segments may be separately

manufactured to locally conform with the corresponding pertions of the vanes being
supported, and simply abutted together in the mounting slot (38) of the bands as
illustrated in Figures 3 and 4. Preferably, the segmented leaf plies (48) overlap each

other around the circumference of the collar seal to provide internal seal joints.

This is iltustrated in Figure 5 in which one of the leaf plies (48) has a tongue or tab (62)
which extends outwardly from the corresponding segments of the other leaf ply, sheath
(50), and retainer (36) for mating with a groove in the next adjacent seal segment in
which the corresponding leaf ply is offset inside the segment. The tab (62) illustrated in
Figure 5 is provided over the full straight portion bf the leaf ply, and terminates near the
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outer band (26) conformw th the first segnent
splitline (58) on the pressure side of the collar
seal near the | eading edge thereof, and with the | ast
splitline (58) joining the pressure and suction sides
of the collar seal at the trailing edge. In the

proxiafaeleh@ dhQ@BITOShIE NS bbht! MSTTRLRET iR Fibh @Y for - atttaa‘ﬁnent to the
segnented retai ner (36) includes seven segnents

redingr fR§)end portions or sections abutting each ot her
around the circunference thereof. Simlarly, the

por ons %&S‘%V(%j?l E)sns a%gﬁsr aﬁg‘\‘/’gg‘%‘ﬁ g‘Fn%g]faBS’ ke g’aﬁonvvlé‘g]%r?g any one

orahore witter enaecdllaes@bicgmepdlludthited WFih8a’s. PiteSSjouft®improve
each includes seven segnents havrng end portions or

% BALNESf the Segnestican furgdlygotseronnect dherleafrliss @n@ aroven
sh&fin.t e I%ﬂhdln%éhb% 26223 agngetégléﬁlrﬁgérltg@ f) &es rencg ﬁ‘ﬁﬁ’l lt?vra Isé@ I{ISS (58)

t he sev n seg
of Ithrc:@il]layseabaﬂm@ﬁmd&ﬂgmﬂtﬂ?ﬁe aRfal qﬂmmﬁﬂmgoﬂﬁé bR Ss AlustriRd in
FvanSs bei ng supported, and sinply abutted together in

"BH&“mounting slot (38) of the bands as illustrated in

Figures 3 and 4. Preferably, t he segnented | eaf plies

Th@:4§)un@1"ﬁ@6} ARsteAG i 19 p%ll? ol gfr a&s ah QUG EREE aving a

the collar seal to seal jornts.
slot & which razatmaateriah n’rﬁy@mrwnﬁemenﬂyhrapbecbfm fmﬁlacteriﬁahﬂgfhe collar

Se“@lﬁ%@@ 49%? B}ﬁﬁqaﬁﬂ Q%Eﬁ%gﬁél?fz égwe 'C%‘?g ; éu%ftq%@ff the

ret!nﬁaf 38) p’refe‘ﬁzib%ahtiludééegl) arc@did of ShnitP&fiar (dun Béadr@&j &Mending

th a groove in the next a Jacent seal segnent
al Or\e |ﬂ¢qwcltcne1femmqee>§ plmwﬂlmgsdalg afhigh i alse segrﬁen;ed atrisé cta-retspmdmg

s Tetatits (REbso cnetiicyin 5 it o) Seose Bieralyrtrom the
beaaﬂ @4) ﬂﬁi@hh&ldarﬁélir 85y eltah§ P-shl'ﬁ_?%ﬁgﬁﬁgﬁ% jorleNd t her eof

which is bent as'illustrated in
attachpent to the retainer (36). The

The B’Yfgl?éfdiﬂ& {4 54 engasing sheatli (30h ercoveldédags Shaiprosiatal phdsde the
i.d t f 1
lanff o028 R i0BE o8 e P eSS ngufEa 88Nl desree

beridowhith pblﬁ’fﬂfs(?th@rerﬁaﬁ}ﬁiel' B fle 188 fi‘)’lllerp ghPdhehi o %%HEF Bl RYerlap

structurally interconnect the |eaf plies and woven
the bead (64) in a cantilevered manner. The bead (64) thusly defines a fulcrum for the

leaf plies and sheath which extend thereover.

The leaf plies (48) and surrounding sheath (50) have common tip or distal end spaced
suitably away from the bead (64), and are sufficiently flexible for accommodating

deflection about the bead during operation.

As indicated above, the pressure forces P exerted by the pressurized air (16) during
operation drives the tip ends of the leaf plies and surrounding sheath into sealing contact
with the vane around the perimeter thereof. The vane is nevertheless subject to

differential movement with the outer and inner bands under the temperature and
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sheath. The protruding tabs (62) may be elimnated, if
desired, at the two splitlines (58) of the collar
seal corresponding with the axial splitline (60) of
the bands as illustrated in Figure 2. The retainer
(36) illustrated in Figure 4 preferably includes an
prédshiROBAdNS WhidhCchA\dulide & eﬁh@ﬁ of E}le\/\@l lﬁHe FSZ'H@ The vane may

mat eri al nay be conveniently trapped urnace
rogj arthligntsn@ceorglatlm to the alites elg:hmntlsbands mrtih:he bansponding collar

riNng-na acture. i nbgard . surface of
Se?lgqmjr et A ner mgg%ﬁlglﬁiye & raaﬁ"i”?nﬁoﬁﬁt g’és Iflelye Jpaysmet of the
vaaesWwhild illl ifdinfaitlidy effecheAtiph&if InEichBNALBHr. al Oong the

ci rcunf erence of the collar seal, which is al so

}grrent at the correspondi ng, spI itlines (58). The
&P fretheErepurg farse P the eressurized pir) Iﬁw@ndm)roerfathedeaf plies

anll %h&ﬁl?lcioxﬂ(&/fsgmvﬁé?gas dd? e éa@ﬁo%ﬂ{eﬁpbﬁtﬁj Legtd }\{agnlél)é nE)a[yI tggd to

a genera I guration
rot@tt:S)hea feclf qﬂxeayndgshesﬂie aduntdrbIogkvaice MEJ)ﬂﬁﬂltI@h thbRtd. In this

? n'aéa Tds to the |and (66). The proxi mal ends of
oofyrgrnipe dhe f5p Blics el Shnda oy ithen brnd aboylihe fulbrogn bed (64) when
ari989 iRRar AL 6P 1 Ll VIRl DB B L in the

plies and sheat ext end over “or o
leaf @ips iand ahmlmandl encmteids e beegrityf o€ the auzéld (jél)lt bhbeddy(52) for

defin s @i@g for the leaf plies and sheath whic
ensé‘?f’%ﬁ I{%‘?P theollpeseel pl i es (48) and surrounding

sheath (50) have common tip or distal end spaced

Fighd 6 ﬂﬁistfat@é/\ﬁﬂﬁeﬁ-lﬁt?dﬁﬁl i a@?éﬁ%l% gﬂhe ‘féﬁgusag fﬂe%ilgry seal

flexible for acconmbdati ng ction a bea
in dnmfm*ge cthOdtm@m The twan that pliesd 48paf/each tsdsgnemt ﬂmslhleetssembled

SRR e P B by kg o
leab Pﬁésoﬂﬂdélﬁ&hsd@@ﬁ{eh pIaeR i BBhiafl G AE betaifl! Behldfie (3

around the perineter thereof. e vane IS nev
suitahlyj vedded theretdi. f f er ent i al novenent with the outer and
i nner bands under the tenperature and -13 pressure

0 S AR RSP Sl bR
tab$ (620 b€ oadsegmén beinpREerRARES th@ BEkréPEnHNE LROPE B tHA%djacent

col | ar
segment, and assembled together in the mounting slots (38) of the bands (26),(28). The

retainer segments (36) are then suitably brazed in their mounting slots (38) as indicated
above. Final assembly includes trapping the individual vanes between the two halves of
| each collar seal and joining together the various band segments to form the complete

360 degree nozzle assembly.

The collar seal disclosed above permits mounting of the ceramic vanes (32) illustrated in
Figures 1-3 into supporting metal band segments in both the outer and inner bands
(26),28. The vanes (32) remain discrete or individual components trapped by the

corresponding collar seals (34) in the respective mounting apertures (30) of the two
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seal s include sufficient flexibility for accomodati ng
this relative novenent of the wvanes while stil

mai nt ai ni ng effective support and seals therefor. In
Figure 4, the pressure force P of the pressurized air
16 tends to rotate the leaf plies and sheath

baallo K WhikEconthe VEas tHel drit@FeEnidlraiDy SFRHic St A eﬂmt@ﬂ fh metal

bands nmay tend to rotate the leaf plies and shea
bapdiiered wl ookettionalitwrbismegiles.on thereto. In this
occurrence, the leaf plies and sheath may then bend

4), when _dyiven er ear ound

TR S (4] SR At o A Bt e H Y 9B Vines and
pretide sffesivienscalRetheteaind | th eonafd tish eahbudind FRENIRIRS nozzle

the integrity of the weld joint or bead (52) for
Pagsages hehyceR the yaness ehile minintizing any deakagq efr the qugssunized witapast
thEcdilat Usir at es schematically the assenbly of the

various segnments of the collar seal in a preferred

enbodi nent. The two | eaf plies (48) of each segnent
Theywpllyecas pamvidedsilicngappats fantheereasiedahes dddeacsbvigddate the

shea(f, %5@ t her ear.ound. The proxjmal, ends of the
v il i SR e g Yk LGS R e REsEITooeds of
the &Sl %’_ﬁ&s SROMR i Ferbmt Pl g}gﬂgsioﬁ Yhd aBidackbh g@t@eer% fhe vanes

t her et o. e So-preassenbl ol I ar segnments may
angbarjds dnetd tho gperhng iempatatirerefithe coinbbstiongrasdsahoufle e vafious

ne s nt being inserted into the correspondi ng
po%?%%%gﬁgﬁ@FﬁEmﬁﬁﬁﬁag t segnent, and assenbl ed
together in the nounting slots (38) of the bands

Segrdénting 38ihe cbN&r sehilfeAhteihe KRAMBM g Fhhe ﬁ{dgw/é(;ttbg gbgments to the

.suitably brazed in their nounting slots (
differmi logaleqontompoafithe Frnedteingswppdsted, amtiberohits the wsp oif itillyeflat,

i At A1 AR R RE tglR CVb RonoR it the sl

coB@gneile Vet Qrient HRedPTHh&] & tROQirfRDCERMOSE e supporting
assenbly. The collar seal disclosed above permts

retgRne3ohg of the ceranic vanes (32) illustrated in
Figures 1-3 into supporting nmetal band segnents in

Thd d_}pner .band 26 ﬁg he, ,van :
(S e RiCot MPIRARGF cali lesfodd ey agmis
mafoyinglof the oylindsipandintir 60 HoainngRAbitet 3dd jdrer bRRIs in which the
respective nmounting apertures (30) of the two
mounting apertures (30) are found and sealed with the complementary collar seals (34).
While there have been described herein what are considered to be preferred and
exemplary embodiments of the present invention, other modifications of the invention
shall be apparent to those skilied 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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-14 bands in stark contrast with the unitary
configuration of typical netal vanes in netal bands
found in conventional turbine nozzles. The coll ar
seals (34) conpletely encircle the supported ends of
the ceram c vanes and provide effective seals

Cﬂxﬁw§around to contain the conbustion gases in the
nozzl e passages between the vanes, while m ninm zing
any | eakage of the pressurized air past the collar

1. sealscollbhsealfor b dirbBRakse fngptisiy: resi | i ent supports for
the ceram c vanes and acconmpbdate the various

differential novement between the vanes and bands due

to PR %@Lﬁﬁ Felainghfyingra cirqymierspinl strfoshrogtove sonfarming avith
1hé&ﬁ$@&ﬁm&h%kmﬁ&9£§§i0n and contraction between the

vanes and bands dle to the operating tenperature of

t he conbustion gases through the various portions of

t he fleyiblec slieete mytah deafyies . laSemtaenarong ofidt digfoit doh@ir of said

seal m.ts the_|local tailoring of the individua
retzggedr%ﬁ[etixefigj?wggﬂ’&ﬁ%%@fl nt | ocal contours of the vane

bei ng supported, and permits the use of initially

f | ab wovtdiHRatheheRing BidAbaflphiad addl 821,30 WRY &4d felihd:C

sheath (50) which conformw th the airfoil contour of

the vanes when fixedly joined to the airfoil contour
2. of fnteak apreshing iy claiest b weerein (9g) retaings inelydemntmdrcuate bead
: ' i ndi vi dual || a als ,(34) .
S S5 b8 Blurhdtfedol o el el 36 R lapa said teat
pliesand shimthodre tveRled BNt dland bhEbendn6 ov@lplsaidadrds i n which
the nounting apertures (30) are found and sealed with
3 the,conpl enentary collar seals (34). Wile there have
© beeft SEESEFITHAE ihelpisn 4 Wherin said shagswings awund sajd leaf plies and
N d . . present . .
S S B it oo P U BB [, U RB AR jned
witlp proappal readst oftsaidtlbafpdies o saldadtaiert he art fromthe
teachings herein, and it is, therefore, desired to be
sec req i n the appended. cl ai ng uch podifications

Il s . ) )
4. as 1&FF ARPAHInG p iclaimy + ybereh saiq ?%@ﬁ @ﬁ%%@déf&‘hfsh@f increasing
flexiBINGher&ST; and said slits are offset between said leaf plies.

ext

5. A seal according to claim 4 wherein said retainer, leaf plies, and sheath are
segmented around the circumference thereof, and said segmented leaf plies overlap each

other around said circumference.
6. A seal according to claim 5 wherein:

said segmented retainer includes portions abutting each other around said

circumference;

said segmented sheath includes portions abutting cach other around said

circumference; and
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Accordingly, what is desired to be secured by Letters
Patent of the United States is the invention as
defined and differentiated in the following clainms in
which we claim -15 CLAIMS 1. A collar seal for a
turbi ne vane conprising: a rigid annul ar retainer
having a circunferential airfoil contour conform ng

Wi t Baidt SugnrhfcliOlehf pladdt Pifudel pot@b ¥fGhe EABXbILE 28RBAT said
~nmetal leaf plies |am nated around said airfoil contour
cirggmfegénge. ret ai ner, and fixedly joined thereto; and a

woven sheath encasing said |eaf plies and fixedly

joined to said retainer. 2. A seal according to claim
7.1 wHeMERIRC Borzls SOBPESWET i ncl udes an arcuate bead

extendi ng al ong said circunference thereof spaced

ar ¢ aa o B e S e B By By 1 mEa e B tpaced
apﬁtmﬁMﬁﬁﬁEﬂeﬁﬁﬁéﬁwﬁmyh?”%#ﬁéghz wherein sai d sheath

wraps around said | éa and conforns therewith
around said airfoil contour of said retainer, and is
conaoplbsalifyoiofi edramit tridzgle 0%ing®)| eRRdBavify Sppekitk ealds Pbit@Rling
to said retainer. 4. A seal according to claim3
throyphrsaidrmperirgs insaid tahilsss i ncl ude slits for increasing
~flexibility thereof, and said slits are offset between

oL o g e P S0 S P B AR rsocive
o TR LUy o B o Al B dSeis

engap bRt iiRtORaL and- A seal according to claimb5 wherein:
' said segnented retainer includes portions abutting

each other around said circunference; said segnented
. Sheedch of suid valbs sy ihéladss: abutting each ot hér around
said

a rigid annular retainer having a circumferential airfoil contour conforming with

the airfoil contour of said vane;

flexible sheet metal leaf plies laminated around said airfoil contour of said

retainer, and fixedly joined thereto; and
a woven sheath encasing said leaf plies and fixedly joined to said retainer.

8. A nozzle according to claim 7 wherein said retainer includes an arcuate bead
extending along said circumference thereof spaced laterally from a land, and said leaf

plies and sheath are welded to said land and bend to overlap said bead.

9. A nozzle according to claim 8 wherein said leaf plies include slits for increasing

flexibility thereof, and said slits are offset between said leaf plies.

-17-



circunference; and -16 said segnented |eaf plies
i ncl ude portions abutting each other around said
circunference. 7. A turbine nozzle conprising:
radially outer and inner bands having a plurality of
circunferentially spaced apart apertures extending
radially therethrough; a plurality of ceram c nozzle

10V anes no£A¢ hedddihd & &W@ IiRer&R daﬁld%{ Fr[éii 8% opflfeg rzﬁ‘d%ea‘th are
said apertures in said bands; a plura

segoaitel drowatthy cjraimferkned theref, and siio sé@h&t&ﬂ@éfspheb Bverlap each
respective ones of said aperture, and having opposite

other proupdisaid girpusafertney sai d vane ends in seal i ng
engagenent therewith; and each of said collar seals
includes: arigid annul ar ret ai ner havi ng a
circunferential airfoil contour conformng with the
airfoil contour of said vane; flexible sheet netal
| eaf plies |lam nated around said airfoil contour of
said retainer, and fixedly joined thereto; and a
woven sheath encasing said |eaf plies and fixedly
joined to said retainer. 8 A nozzle according to
claim7 wherein said retainer includes an arcuate bead
extendi ng al ong said circunference thereof spaced
laterally froma land, and said |leaf plies and sheath
are welded to said |and and bend to overlap said bead.
9. A nozzle according to claim8 wherein said | eaf
plies include slits for increasing flexibility
thereof, and said slits are offset between said | eaf
plies. {17 10. A nozzl e according to claim?9 mhereln
said retainer, leaf plies, and sheath are
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segnented around the circunference thereof, and said

segnmented | eaf plies overlap each other around said

circunference. -18 11. A collar seal for a turbine

vane conprising: an annul ar retai ner having a

circunferential airfoil contour conformng wth the

airfoil contour of said vane; a flexible |Ieaf

surrounded by said retainer and fixedly joined
11t har esitar @l far wWoeBingheaieh cenp@shiI 9an SainGlal e8fair@Athaving a
fixedly joined to said retainer. 12. A seal _according .
cifemEretin AHofrerierTFoutaremeouth e airla doatosn bt FRICsaflgnible
ledHistfirded csgrgafa%ta&fer S GkeiB! B8 ther@BTarldSs Ul ShEME LR sing

outwardly therefrom 13. A"seal according to claim12
saifesfand figedly jdiesdfto sudpethigers two plies fixedly joined

together at said retainer, and abutting each other

outwardly therefrom 14. A seal according to claim13
12whe ]ncsaﬂ mcS(&‘EﬂlgStb_eaﬁihl Wt aﬂgera‘n Qgi’dldle‘i];ﬂiisd lldiMﬂatEtl }&rduﬁ?fsa'ﬁlngrfoil

conforne, t herew ar oun ai rfoil contour of sa
cop@pLhiar reli 280 Mﬁ%’ﬁmreﬁf gtatsly WEreEropr oxi mal  ends

of said leaf plies to said retainer. 15. A sea

according to claim 14 wherein said |eaf plies include
13s A segl peserding feeelginnd? wWheesin Is#iflileaf aomwrisest twbepliea fixedly joined

' | .ai ' ' f Its are
o A Ukl B T o O Bl SRy Brd PRlendibd 2 21 G g
~ to claim 14 wherein said retainer, leaf plies, and
sheath are. se nt ed around, the_ circunferenc
147 R araapoordipe atian 5 ST SHeB VPR TR, A By dpaf and
coSRERE MHeRVitheRburld daRBaifiYR IchABuLHCHIPLBRter, MIAYRImERhE joined
circunference thereof. 19. A seal according to claim

withgrogmabenss of saidilegEpfias e &aid Festipgrner i ncl udes portions
abutting each other around said circunference; said

. segmented sheath includes portions abutting each
15o08hseal acaudidg saicthioi 4 wibeie sdé ;leafnglies dhdude giite rfoe thereasing
fl'@ﬁf B{ie include portions abutting each other
SHPEUREER d ci r cunf er ence.

6. A seal according to claim 15 wherein said leaf slits are offset between said two plies.

17. A seal according to claim 14 wherein said retainer, leaf plies, and sheath are

segmented around the circumference thereof.

18. A seal according to claim 17 wherein said segmented leaf plies overlap each other

around said circumference thereof,

19. A seal according to claim 18 wherein: said segmented retainer includes portions
abutting cach other around said circumference; said segmented sheath includes portions
- abutting each other around said circumference; and said segmented leaf plies include

portions abutting each other around said circumference.
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19 20. A seal according to claim 14 wherein: said
retainer conprises a rigid bar having said airfoi
contour; and said |eaf plies conprise flexible sheet
netal fixedly joined to said rigid bar to conform
with said airfoil contour. 21. A seal according to
claim 20 wherein said retai ner includes an arcuate
bead extending along said circunference thereof
205 mamﬁadcaﬂdﬁfgab|cyaiﬁ1r1@mr}aaré1ﬁ1’kﬁ1d &tihes abtlpli®afh riplid B ARG said
. ath are d to said |lan and bend ta overl ap
a@%ﬂf GOHBYe an 'z’al i s seepre Hgrible sheetimgtal i l’WﬁbfrJé’i“}’Fd to said
rigidbsk th eaffoRh WeH sRRGRHI SRAWREI Ng sheath have comon
di stal ends spaced fromsaid bead and being flexibly
defl ectabl e thereabout. 23. A turbine nozzle

216 %u x a a%l:&gm]g & gfa%lx b@f g}eﬁ{ sa%F%ta'u?erll %{clu a0 91% arrr]:gz}/tl ggzlda exfending

Ity 6] Cl rcu sSpace apart ap ur es
al(mgt sandl cingimifacthed therdofispatt rlﬁleuglly fﬁ)n'plal.lma;l iany s@id leaf plies and

ceram c nazzl e . .each ha_in site ends
'Sh%ﬁ%8W&Wﬂ§%ﬁﬂﬁﬂﬂﬁwﬂ§aﬂhe eV s FHﬁg id bands; a

plurality of collar seals fixedly joined at one end to

sai d bands_in respective ones of said apertures, and

22h A aesoptiag te clein 24 rwkerein seidulnel Plipssail duvawdieg depatnhave
t T ' (ﬁﬂal egggﬁ%%!ﬁ%m L8 Eg%é%gﬂa beé’éo gﬁb&?&@gg agfécifférgdb%gt.

erelin eac sal
conprlses an annul ar retainer fixedly joined to said

ban and haV|n acir erent| cont ou
230 B Bting RGN ERPPH o ooty Subhefingr bedlsghayies Phuptity of
cirbhBferdtiglly eiced uprd upsitek bk t&iirh raHﬁ!l?ltH&Ethﬂﬁth b @ﬂ&bmy of
joined thereto; and a woven sheath encasing sai d [ eaf

cergfc Razglsdfapes, pashrhaying opgesita onds exteding tivych prid apiriwges in said
bau?t%L d plucRicf Bﬂcc@%}‘geklsr}g(ea gmgé'flgteoje%n@ A ﬁan%s Elel%lspectlve ones

her ear ound nozz according to c
of mdra@ﬁnmsal ahd| lesingi appositd fipiteads arrunmdmga;lad wnefemdk in sealing
enS2nL our Ofvﬁﬁ'd retainer, and is cantilevered
ﬁFWﬁ? refrom 26. A nozzle according to claim
25 mhereln said | eaf conprises two plies fixedly
joined together at said retainer, and abutting each
240€xh1éqzzl§uf.%§dmg),tq plaing 23 gwherein each 'of said collar seals comprises: an

annular retainer fixedly joined to said bands, and having a circumferential airfoil contour
conforming with the airfoil contour of said vanes; a flexible leaf surrounded by said
retainer and fixedly joined thereto; and a woven sheath encasing said leaf and fixedly
joined to said retainer, and including said tip end abutting said vane to provide a seal

therearound.

25. A nozzle according to claim 24 wherein said leaf is laminated around said airfoil

contour of said retainer, and is cantilevered outwardly therefrom.

26. A nozzle according to claim 25 wherein said leaf comprises two plies fixedly joined

together at said retainer, and abutting each other outwardly therefrom.
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-20 27. A nozzle according to claim26 wherein said
sheath waps around said two-ply leaf and conforns
therewith around said airfoil contour of said
retainer, and is commonly joined with proximal ends
of said leaf plies to said retainer. 28. A nozzle
according to claim 27 wherein said | eaf plies include
slits for increasing flexibility thereof. 29. A
nozzl e according to claim28 wherein said retainer,

af i es, .and sheat e . se nted around t he
ﬁc?‘r RQFRIcACEHTEmEL th é’?"é‘&f% Sherein SAE PN Sy HPHY $3 Byogph leaf
and LonRRe ithirewwith droufl 3hiLir (G0 ¥BktbSESF id k@hidedAhd RAVSMBonly
said airfoil contour; and said |eaf plies conprise

 jompgyithpeoximalandnet said leataligs (o seisi siner.o  said rigid bar
to conformwith said airfoil contour. 31. A nozzle
according to claim30 wherein said retai ner includes

28arh aoxzicatceoldgmdio @xitreAdiwhgredd eaid) lediiplies inchudefstitsefoe éncreasing

thereaf spaced laterally froma land, and said | eaf
'ﬂﬁéﬂ?gg%gﬁﬁﬂéheath are wel ded to said | and and bend to

overlap said bead. -21 TURBI NE VANE COLLAR SEAL

ABSTRACT OF THE DI SCLOSURE A col lar seal (34) is
29¢ npogpls agrording o claipi e Wherein aid sefainerz dyaf phigs anshsheath are

sefmébked REIHARS cReuniBleRbd BErebS6) having a

circunterential airfolrl contour conforming with the
airfoil contour of the vane (32). A flexible |eaf

.1(48) is surrounded.by the retainer .(36) and fixed| .
30) Aok SIS0 R ok kit i Bghetouies 1 BBy naving
saieéh%foiaedlatb@; Ehcﬁgﬁg Medfqiliae d(r)]ﬁlprﬁelhiﬂexiﬂil@tsﬁ%dﬁ t(hgeiz)ﬂ&@aedlyl Jined to
- an._exenplary enbodi ment, the collar sea
SmgﬁﬁFUWﬁ&%qﬁﬁﬂglﬁﬁhs%ﬁaﬁﬂmé@P§H¥c turbi ne vane (32)
mounted in a netal supporting band (26),(28). Fig. 3

31. A nozzle according to claim 30 wherein said retainer includes an arcuate bead
extending along said circumference thereof spaced laterally from a land, and said leaf

plies and sheath are welded to said land and bend to overlap said bead.
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