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

generati ng hot Coﬁgﬂﬁ i LPR, pressure
turbi ne (HPT) extrac @ggrfgﬁmg’#{sﬁé%ot gases to
power the conpressor. And, a | ow pressure turbineé
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application, or to prqvide external power through a
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turbiendFREs kRgdipides a first stage turbine nozzle disposed

at the outlet of the conbustor that first receives

therefrom the hot conbustion gases which are then
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turn rotates the rotor blades of the conpressor. In_
extigety exdditionel enesgyafiom; e gases coPowst Roripgiaeses fan fre an aircraft

[ c ents_qf the, HPT.ar typi,cal Ly forme f
rortols, i STRERARE, B30 bl Rl epbbiiiety s LTS o
mariradiadudfrRBapplitatiohker nore, the nozzl e vanes and rotor

bl ades are typically hollow and provided with cooling

circuits therein through which is circulated a portion
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ustion process and correspondi ngly reduces the
efficiency of the engine. Engine efficiency is

In odier ¢ withstarel tht ddt combukstiort gaspe that vareu Eorhprments i thet P are
typigﬁﬁreérmédl of superalloys which maintain their strength at elevated temperatures.

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 downistream 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




generated during operation, with higher conbustion
gases being used for increasing efficiency of the
engi ne. Mbdern gas turbine 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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For example, céramic 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.




In view of the substantial difference in coefficients
of thermal expansion between the ceramc material and
supporting nmetal conponents, substantial thernal
stress can be generated in the ceramc nateri al
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The seal includes a retainer having a circunferenti al
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h ention, in accordance with preferred and exenplary
erg nts, together with further objects and
advant ages t her eof, is nore particularly described in
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Figures 1 and 2 nmounted in an outer netal band using a
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The invention, in accordance with preferred and exemplary embodiments, together with
further objects and advantages thereof, is more particularly described in the following

detailed description taken in conjunction with the accompanying drawings in which:

Figure 1 is a partly sectional and schematic view of a exemplary first stage turbine

nozzle in the core engine of a gas turbine engine.

Figure 2 is a planiform view of a portion of the turbine nozzle illustrated 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.




Figure 4 is an enlarged, partly sectional isonetric
view of a portion of the collar seal illustrated in
Figure 3 nounted in a corresponding slot in the netal
band. Figure 5 is a partly sectional isonetric view of
the collar seal illustrated in Figures 2 and 3 in
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bandhi ch is axisymmetrical about a |ongitudinal or axial
centerline axis (12). The engine includes a

. multjstage axial conpressor (14) configured for
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conbustor a j,ne I L, t ur bi ne
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the conpressor (14). But for the turbine nozzle (22),
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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




-4 engine for extracting additional energy fromthe
conbusti on gases to power an upstream turbine fan

(not shown). In marine and industrial applications,
the LPT may be used to drive an external shaft for
powering the drive systemof a ship or an electrical
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Thectrtpnn anizla(dd) ilkuspited ar Blgne € dickides radalosmpar @d ihger bands

the supporting bands (26),(28) which are_ preferably
(26)@8h eachrhaving r 3 plwrality s clreymiseentisllyy spaged rapam canettpies {30)

‘%M; edpab : I :
ext or r%g? (ﬁ%yakhfgﬁ%%gﬁﬁé}guper awgy%#ﬁgu}%ﬁéasgﬁgggga t- aségpqor
suppating thel dppyste ridlial whdd ofzi cogregndimigeow afi ball(wWBRA)zzlervanése(32).

first stage turbine nozzle (22), the tenperature of

.t he ,conbust j.on se 20) ma e further increased in
Each e GRRI PO SO (TR O TARCP RS APl ASREE o cotipared o
the SégpoftirR Bh)ﬁd@f%‘),mg W Be prdl&rabl§AGAIC MRNRPantid indIaNA; be
sufficient strength at such el évated tenperatures for
fornersefithe typicabGMCibhisrialsiesaribell iabevegd wheneas thp bawdsineay. beThamed

vanes ar r ef er abl |l ow With two sinple radial
oftqzm%ag;%ﬁwg{f,gu@msé:ﬂ%qlglgase@ae%glﬂoytshe opposi te ends

t hereof through which a portion of pressurized
By G LEs@hicalahes ﬁegﬁh th@firsb Stagd e B6kzIHA2D)) theopmbaiah®dof
: for internal cooling thereof. The conpressor_ bleed

the gombystigh gasey (2D seeyie fysher inereased dn thegpngine ferufugtherdpereasing
i n vl 2 . Con

the bR BREASE GOR bt . Shs PRbich PRNE OO Bbve b b
such dlevdtbibteEHERRirss fAaRari B2 uitable wsefNkifeidadng bperatvner

than the coefficient of thernmal expansion for the
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(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




of the opposite ends of the vanes (32), and the ends

of the vanes are nounted in those -5 apertures using
correspondi ng collar seals (34) which nount the vanes
to the bands, as well as seal the vanes to the bands.
More specifically, the plurality of nozzle vanes (32)
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integral small tabs or flanges (not shown) which

As GN&IN @ Figureant addne, areiddivi@sal (BHds anefullyh@apped around the
correspondi ng ends of the vanes. A portion of an
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flanges (not shown) which overlap in part the apertures (30) over the corresponding ends

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 circumferential 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




nount ed end of the vane (32) as illustrated in Figures
2 and 3. The retainer (36) illustrated in Figures 3
and 4 is nmounted in a corresponding recess or slot 38
formed around the inner surface of each of the
apertures (30) As shown in -6 Figure 3 each vane
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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.




The woven sheath provi des wear resistance and heat
protection fromthe heat |loads emtted fromthe hot
combusti on gases which fl ow over the exposed surfaces
of the ceram c vanes during operation when nounted
bet ween the opposite outer and inner bands in which
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ret.al ner (36)., As bes hown in Figure 4, the proxinal

entlé%ﬂgoﬁfoqti(ﬁ‘g \7&?@@‘3@{3’165'% (48) and the encasing
sheath (50) are comonly joined to the retainer (36)
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the individual collar seals (34) are fixedly jolned by
exampbe which gesylty &t aicotingoyssgrpze jontt(hd dorg depindinfagenst of she
retafn%) around the perinmeter of the nounting apertures
). 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 seals (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
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conmbustion gases (20) flow axially through the
opeailer gi ng nozzl e passages defined circunferentially
bet ween the adj acent vanes for being properly -8
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andtthe nedta \bahdsdtot expinel @idudontracicht (@i fisentirated Corkd3pordiidig with their

..conbustion gases during . operation. As indicated
diffgis eoetiiqienty ehbemal sreieion; rerbemols thombgauEA mssuesirop

C 3
A e R o S T
whidh frfustrtentarrédehrough the tellarfsedlhSediriito thepates amhinner bands.

Furthernore, the substantial pressure drop of the

. copbust.i on gases across the nozz|l e vanes creates .
Singo g dp e A ROFD Y A Loy By Bt respective
banlld) R O4re tsliGje@ab [vafioReRkRing 3hllidg) bRd SMSiPRleRAH WiRHE the

bands. Since the |nQ|V|dua1 vanes are | oosely and not
smallruegnading clearantequiovidedbativeen thependsi and mamtiug aperivess (30).
re subject. to. various r.ockin r.ol | i and slippin
Forfl b e e St e Hities ey PEPaioB R ithres

300 RAY titeebl REEREM4) BaTBRRENAP AFERUNS SRBIFRPBEIISEST th
( %gﬁ%. Furtherngr£, nanufag%gring toI%?gnces for th?aVaIle
endy Byihe cerrspenslingsuropingmanntingpparencs.ur es  (30), and

the collar seals (34) correspondingly affect the
LEi.e ] t . n en j g
AccEREfUL e RS Rt e YROGHATREE el obd Rsgibiiy of the teat

(48)Amdchetithn (0y thekdd€ iy b Qsdd t6 @b dngiipead h@bmdfodhleahe Gdrloak local
seal (34) and flexibility of the leaf (48) and sheath

movegwEnt phbe vate ehdy iptheuseunting apertuei @b seomarenhsae ¥,Y in

o | .

i A U P opoFVRRL 90 AR 08 B0 5 o

collfiri sgairigel as whil adbetwean thelcorRgpaiiiigleadi aldarglinpoddaed thereof,
pressure and suction sides of the

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.




collar seal itself as well as between the

correspondi ng leading and trailing 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 nounted

in _the engi,ne. Eac | y.j.ncl udes lurality. o
In th? pirdiud S ien e B Pl S SRTetal PR DROT G e ar
preREMSy 10nBRIRyA: éiﬂ&ﬁmféi"&_ﬁiaﬂ? lofit@ kot thB Pefimicp bfikhe collar

ends for incréasing flexibility thereof. 'In this way,
seak thetweemfthe| tives phesy thsecof donimaprove isealingi biyiakducing any leakage
. .canti|ever fingers which better conformwth the
mtrgﬁ?‘f%#)?’ﬁ’@&ﬁgi%%?%‘fe&n of the supported vane around the

full circunference thereof including the opposite
Figineadiang 4aifldstiateaihl i coDareReleS 4 phduite $15 tHeCoa@shon8ing tsupporting

sides. -9 In the preferred enbodi ment, the slits (56)
bandn DasiRg gfperent s presesized aimElo) dafsujtady chasneled from the

I ' ' ' i.all f t
conri Ao P U hd e REAHE BTt Bt ek §apE and
corteygonfingBsthidvghabé int@atdmidoviths eplkinigs iy theethued bahdawith the

| eakage introduced by the slits thenselves. Figures 3
corgsppnding qollan yegls depmganpwted ppsideafiovs gympaseth te thej Gongiggration
: | g supporting band. During operation, the
11111%%@%1‘2%” ed‘ﬂai r (16) is suitably channeled fromthe

conpressor through the outboard end of the apertures
The( @03surizedt dve(16) bets ovamntie eatid outaw rsnesqeaanel oljthy 1bdividuglhcollar

T
sheMR Shd feaf HL0F YHRN &flel e Qff1af QA irgﬂ%‘@&ﬂ Qling bﬁgﬁgﬁgﬁ eflth

Iin Figure 4. The pressurized air (16) acts over
the eenpectiyeouney bejug hawtedrtheredf The l¢afidindishicath of sdatlaseal may

seal s, shown in Figures 3.and 4 t xert. an i.n dl
* thergfore Jefle 4 eition oy fig sUmopipaTieinet (oo mainfiy ling of contact
sealifpe vl thwhagd SUthHRSaddie S@AtRr XS hovetheht bF MBS vane in the
seal i ng engagenent with ~the respective vanes being
cormgsnendied mdvetied apertfites (3®af and sheath of each seal may
therefore deflect as required fromthe supporting

o Rt il bR TR P B8 R e BB G RRBOAR 2. anc

she@h (SB)eary 3BEnénfed MBund 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 iflustrated in Figure 5 includes three segments along the
- pressure side of the seal as delineated 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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correspondi ng nounting apertures (30). In the
preferred enbodinent illustrated in Figure 5, the
retainer (36), leaf plies (48), and sheath (50) are
segnent ed around the circunference of the individua
collar seal for advantages in nanufacture and for
better confor t he thr di nensi ona

The§iyE GRS aRed i etk B G FRESES Paradued fprhpter

Conﬂfﬁﬂm%aﬁflﬂl hd §Ds@ni |cﬁ§nglbiiﬂ dentoS Ve vind bt ils lelBhg and
exanple, the collar seal illustrated in Figure 5

trailipg ¢dgge s Theewen mﬁﬂ@yath@h@e fuifebly pesegbladdogsitlse togonform

t 2al | orres d|n e
o i S, oSl SRk SFEFIERT LaPusi ol B e
cylih@tidal SEFOMUL SheahrBEBnH hlﬂles H&ids @mumioﬂ&hémé affuntél] &Rhown in
~also waps around the | eading edge to the beglnnlng of
Figungd. pressure side. -10 The seven segnents illustrated
in Figure 5 may be separately manufactured for better

m{ﬁ:&ﬁﬁé& T GG ke d fﬁeﬁgﬁﬂg gaa[?lh'sa th%féglﬁré gﬁﬁﬂ}gg%r bag‘;%mch

vane ‘between its
confemns rwitte theeatfsil nentodrhefinthe &ameﬁdabimd AP evab;hﬂabiy agehined in
to _confor pot onl mnth t he, per neter alrf
cong 0BT MU o MG ontrollste ac %saileﬁ Hé8) are

i
preisa%a:b cyhlﬂ#%ﬂﬁ gﬁl’ub‘f@ Eﬁe@fjfnef&i wWhilg: Iﬂﬁ% Bt c@l%nh&'ﬂa?l %@rﬁeﬁape to

are nounted, as shown In Flgu
add'rtianaiil}rﬁeclu(leﬁl)e shtsl(ﬁ@tex&héuig immbitgartdlscrdhengh5 i s
preferably arigidrod or bar which conforns with the

N A S L, 2 S A O e
enc, shehth §50)B i ﬁ%ﬁ retdi6yr d%ﬁ{vhﬂz!h'tﬁél dAmAtRe sheet metal leaf

preferably thin, Tlexible sheet netal which may be
plies and wavdnshedth o the desd misfosirapeur.o  addi ti onal | y
include the slits (56) extending in nost part

i L 0 AR A e S
conffaad for (&d)ly batchhig the @rﬁsaﬁcﬁﬁiﬁig%fﬂdtﬁﬁ‘)thﬂﬂpﬁ&tédk%ﬂe from its

conforns the sheet netal 1 eaf | i es and woven sheath
leading edge hegng adreativelyi largeomidihy rWIﬂer@g@nd‘im'@@t@mpurs’@@fﬁem dhe

relafs?\?)eel% :ﬂﬁl C%g]h)[n% edﬁg %Lmﬁg é)sn{ahll HEhbd! glg'vé Férquﬁs gt ﬂi%yU‘a?l?ng

‘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 Figure 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 includes the pressure-side portion of one

mounting aperture and the suction-side portion of an adjacent mounting aperture.
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configured for locally matching the correspondi ng
portion of the supported vane fromits | eading edge
having a relatively large wwdth with | arge dianeter
curvature to the relatively thin trailing edge having
a smal | dianeter curvature or radius at the trailing

d th f. id f th I | .
T SEmienR 0% 8 el o B B Eorepnty woyfied fubE SwbEimenyt in
the toehalf Qiperditd, antl WS 8tphicAR oY #l6 nekt ERr &l lnddy B&8dnvehiently
generally convex with the three major segnents

mowed Br e mgxt hd-apegurei dhe bandfssgment. sEgrastire ase¢mbply may then
' t he, | eadi d
e N N

this configuration is the assenbly of the
Thesel razed dgnd Mgneepts iy theebe subledueat]¢ piledsogotith Be cdinplets, the
such as the outer band illustrated in Figure 2. The )
anng{ar gentingify of the, hangs and drapping therehghweenyihp gorrpspendjag ceramic
vangXi @l splitlines (60) which separate the band at the
'eading and trailing edges of each vane and nounting
aperture (30) extending therebetween. Each band

In teepreferred embodifrentillustritedde Figuines JanelsS tireexéil dglithinest(6@rof the
ou oo Coga FalBine R PSSt opteing 5B) oh R Seaiest the
coll@f s BediOhk 36adiRAbdg¥BYerbSr, GANVARM f1at it %ﬁgﬂﬁ%g@y Pittifg the

supporting slot in~ the one-half apertu an our
pressurgrand suctio sidesoftbs toltap bdahat themhilingyddee convenient |y
mounted in the next half-aperture of the band segnent.

The entire, assenb then | aced, i;n a v m
in e CRRRTERR Wt e SrinEhESEh eBaaiph Moruces
- sevérN8E@hdhts hRGInS Oerldl P&Ridnd R sesQEHYE B R tiREYeabl] @hedp Caround the
subsequently joined together to con‘g ete the annul ar
n

circgfarenegi thoreef  (Siailprdy dbe avevenr Sspthn0) hiedledss t sgisem segmaents

rr ndi Al -vanes. .l n the.pref.err
ha G TR B G RLH Sy e e ataby e wRoigrenge thpreot.
And; the ttwvb e $169) (48f eddhCinclobéCheveRNdgrhdfly HaGif X Wrfibhs or
the first segnent splitline (58) on the pressure side

sectigms gbrdting ech gthes smind g cireymaterengeipfifje sathe t her eof , and
with the last splitline (58) joining the pressure and

ICt | I Of,t r 4Se t rail
i A e UL 8 st A B0 Sl
martuffietisead) te fuceltly ceaifeinn evith( 6 )cotraspoudi@g portions 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 illustrated 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 of the leaf ply, and terminates near the
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seven segnments having end portions or sections
abutting each other around the circunference thereof.
Simlarly, the woven sheath (50) includes seven
segnents having end portions or sections abutting
each other around the circunference thereof. t he

prob i G e RSk tEAC B DERHRE S a%@%”né%ggﬁifﬂé fo the

retadie@(@y). the circunference of the seal. In this
construction of the collar seals, the seven segnents
may be separately manufactured to locally conform

Thepongue-ge-grep vedsistnef the opetappigdealipliehmay & @sovidadpg any one

[ t i<
or SHRRAAESbvef B IR <P S QO Bl 7 e PR e
the dudl dealify of Sieabiients hel segrrallyedter@ahedp kﬂeelﬁaf(p'l&); and woven
she@téerl ap each other around the circunference of

| IT4p P@f&%lﬁmgéa‘:ﬁr(é@l Y b%@lgmﬁaqedé’éé@np@).aﬁff@ twvﬁpgﬂmgs (58)
o P4 500 S5 RaEA LR, B RS pPD B by SEl b

Fighte@m t he correspondi ng segnments of the other |eaf ply,
sheat h (50) and ret ai ner (36) for mating with a
roove xt_.adj ace ment whi ch, the
The S Gl P gy X St S RS B o UEmhaving o
sloﬂiﬁ %VH@pbrﬁﬁezﬁlaﬂehﬁMﬁﬁf@é Sshviiently) el %rlﬁm%@waﬁﬁg IRV lar
full straight portion of t'h eaf ply, and
sealt @gmenfams ﬂmfebmdt segments Zupng xianffactered Thecinberrd winifade df ghe
be SI|| str din Fi ure4for achnen t he
retaie L36) @pererably MRy ot s i gt U5 e Lot (o Fgtening

- alofViBE AGRhRENbES tho Lol sEALYwiBh R M6 dede@bd Ake B Resp@iding
nore of the seven collar seal segnments illustrat ed in

splittings (38).5 Tha resajaer| (30l mnlpdmﬂattlhmi (66} spaceb bakerally fbém the

t t nt t t he | eaf
e 0 ST B B e et A s o2y
be el im nated, |f desired, at thetvvo splitlines (58)

Thdﬁvotlbeﬁ” plied 48y atﬁl&a’ﬁbas@ﬁgr ﬁﬁ&ﬁ@ﬁ@lai’fgw&lﬂéd]aﬂtl‘ﬂ@r @%ékﬁﬂlal ends to the
I|t||ne(60) of the bands as illustrated in 8ure

lanflz 66 hébe prozimal ends3efjthe leafipliesnd gheath mclyde e ggnerally 90 degree
seot T AR LB ARG ARG 0 o el
the bedd (64 Maceantilcazried gnanhé&. Clelt@hd (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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seal segnents into the band segnents during

manuf acture. The inboard surface of the retainer (36)
preferably includes an arcuate or sem circular fulcrum
bead (64) extending along the circunference of the
collar seal, which is al so segnented at the

orofe RGBS o 2B HlSeRE ot RSP HShs TR ey
rocR 82 £bIN Bdkbadthiclafiveé @) 1he Glutey Ghd/ iy Bards, 3RA/h@LdrVesPoriinapeMar

configuration. The two |eaf plies (48) and encasing
sealshiaelvde pwiiyicar ﬂembﬂl&edoraaccemmorla%goﬂn&rmlateﬁd@ov@lmh of the

veng 8 A sl REP PR s tPle Bl i ch

permts the remai nder of the leaf plies and sheath to

In Eigire Ad tievigressare foxerlt apthe toiessirad a(rol4) tehds 1@ rotate the leaf plies
cantijl evered manner. The head (64?1bt husly defi nes a

ands Yyeath gtackwises Whereasegiffessniial gneysinesh betsernand: hands mesyctend to
he | h
oud 0 948 1T SRUP B B B0 USEUOA, B i

occamencef the heat bheimmlcbh(eﬁn)mayahda berel abotf the ifelotuy bédde(ﬁ#]obvhen
for, acco def | n about the bead during

atlng
drivsp dhezeargyp %ﬂgmp@a%d b gum prad (6D mppugzey, F%eégespn the
leafSHIRSLAH s'%ath h&dhh ﬁ&W 'tﬁﬁqn@%rﬁt?'((;fﬁt}le diuid g&nt BPBERT [ gfor
Ives the tip en [1Tes an surroundln
emmhngnieﬁllﬂé@bmeCdMB@tt W|th t he vane around the
perineter thereof. The vane is neverthel ess subject to
di ff. i al Wth t outer and in er ban
Figtis dfTusTRles St T e Hiseroly 25 o7 \aEions Seemsh ot e e seal
in aQ5r6feFred SbdditheRD erRitlveNe A plibd@8) BE Bich Qe In@ay bENBsembled
vane may rock or roll in space relative to the outer

togethet and eaeaserhinde venven sheatic(50) depreratindg Thelpreximak eds of the
o R 7 PR e SRR S B

suitABy MeRled igetef f ective support and seals therefor. In
Figure 4, the pressure force P of the pressurized air

16 tends to rotate the leaf plies and sheath
Thegogesappessble W@Wﬁmﬁh@n b jonsddagather e ehimantawith the
tabsb@aﬂﬁ t Bgn EREALEL m{oh%e c?) ];srp%fl!ilﬁg &Qzﬁslﬂ%ﬁet Qd}acent

Wrse 1 opposition théreto. -l i'S

seg@&ﬂpﬁd%%blé&@gbiﬁﬁfm the @BurRing sEICEBH oMy bahdN26%5(128). The
about the ful crum bead_ (64) when
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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driven therearound during operation. The ful crum bead
(64) mnimzes stresses in the leaf plies and sheath
and maintains the integrity of the weld joint or bead

(52) for ensuring a long useful Iife of the collar
seal. Figure 6 illustrates schenatically the assenbly
various ment 0 e
ban‘égr) é‘% g{r%lfke nérr%%o\g} fs.]aﬂr ccfnf{1 a? 1c:cﬁl (“21%31 Vi es in ﬁqetal

bmﬁemﬂﬁnmeﬂﬁmasﬁwﬁt&zﬁﬂzle&oget her and encased in the
woven sheath (50) therearound. The proximal ends of
the, leaf plies and sheath are then placed in abutnent

Theypallgr seals (381 spmpletebeepiririedhs seppored en@;ucr Tt corageg vaggs and
r T n
Proy e Ry RS e RRRS e b RS AR e (Y by e
passages betgrmnthehen&g wlmlsenmﬁmzmgtanytlmag@bf thepwesdunigd air past
g 0 in the adjacent segnent, and assenbl ed
the %@% in the nounting slots (38) of the bands
(26),(28). The retainer segnents (36) are then
TheSéHlfaAMals baae qlesmbnt brtdTRIAhd BGarkilcOfRed AR) a@Bmmodate the
i ndi cate above. nal assenbly I ncludes trapping the
variongliliffiechntial m@mnbbtttmmhe waneswod haidselge 6F the peeshure loads of
col ] ar. seal 0 et her the vari.ou
the E8mBlied Hhtos A0 Mo HiBC{ERA) RO GatfFiskiOR BoORER the vanes
and%‘éﬁ@é"ﬂﬂe)to tht B efuldink AmyR8ahre G S QaRstRROMRe B Jlish $he various
mounting of the ceram c vanes (32) illustrated in
porfngof s typigaliengioe syshpor t i ng netal band segnents in
both the outer and inner bands (26),28. The vanes
orn
st SRL P 561 Bl P HEHPLoPSANRRGALA st e

differeatlecd] icyigoi Wi then@na beihg I%Brtédi @hd pérniilkahé uke of-idiflally flat,
bands in stark contrast with the uni tary configuration

thing phegt sptableatiplics jand sexen fabrigshesth (S9hwhishicgntoam; with the airfoil
[
con&)?up g[bé q}aﬂéesn%’?{%%ﬂé‘%?‘& e)%?uegstb %e %ﬁ ], & c%ﬁ %lfsthé %g%ﬁomng
retammqsci)and provi de effective seals ther ear ound to
contain the conbustion gases in the nozzle passages
bet ween .t he vanes, ng any_| eakage ?f t he

Thepeeggxgmefi 298stgyction ég”mﬂe t%“@B?lr]‘éﬁ ag sggls (34) additionally permits

matching of the cylindrical contour of the annular outer and inner bands in which the

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 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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The collar seals provide resilient supports for the
ceram ¢ vanes and accommobdate the various
differential novenent between the vanes and bands due
to the pressure | oads of the conbustion gases and the
differential expansion and contraction between the
vanes and bands due to the operating tenperature of
CLAHéSconbust|on gases through the various portions of
t he typlcal englne cycle. Segnenting of the collar
sea it l.ocal tailoring of the individua
1. seg}r&re al%? bé?ef\émel? P& contours of the vane
bei ng supported, and permts the use of initially
f | ad sigidtahiuilar ietaéiet hawh@h clrembfefintiglidsit comote rohfdhning with
sheath (50) which conformwith the airfoil contour of
the pigfoil\copleur Qfiveld vaP%edl y j oined to the airfoil contour
of the supporting retainers (36). The segnented
tg t (
GTTHE SRS Bl RECHC Kophats Al oD il tique of sei
mﬁmn@nﬁ&dﬁxaﬂyj¢m£¢ﬂmmmbamxbuter and i nner bands i n which
the nrmounting apertures (30) are found and sealed with

b QRRS IR BPE P C LD 8 BALY ifeio oyl fgefer "

preferred and exenplary enbodinents of the present
2. | NVRRehlofcordidieto Ol fIl GAblelN Sai@frethid@r int¥aIes ia@Narciife bbad
be apparent to those skilled in the art fromthe
ext@é%rﬁlmssanbmumfe@n@ therepE spaeerb latsrgd befrom dielend, eandt sgidpleal
i.n .t cl al ] _.su i fications
pheg gl%#l glﬁ%%h Qﬁe(ftﬁ) said 1 ueanél%er% 0 ovegg}%gaéd gggf i he
i nvention. Accordingly, mhat is desired to be secured
3. by Aetdl eccorddag endlainf 2 whereldsaidestiedth trgiss drsuridheid leaf plies and
Lnvention as defined and differentiated in_ the
confogmg &wwﬂchra%sai%w@ml epntow fjsgidietaings; angd iy gommenly joined

I onprising: arigid
WIﬂgaﬁJnk?ﬂal%?%t ai ng}&ﬁgg%sﬁggﬁd\é?%ﬁrﬁf erential airfoil
contour conformng with the airfoil contour of said

4. vanfe sedl laeodriing ts klagh 3neherkin sedlf lepl plés ihdndendite tbranauasihg
f oi | '
ﬂexﬁ)allltg tl%elréof O:ind sm%nilt%%;e g sefc’ l?étvdveen said leaf plies.

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 each other around said

circumference; and
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retainer, and fixedly joined thereto; and a woven
sheath encasing said leaf plies and fixedly joined to
said retainer. 2. A seal according to claim1 wherein
said retainer includes an arcuate bead extending

al ong said circunference thereof spaced laterally from
a land, and said leaf plies and sheath are welded to

o PRl A ke R POtaS BB o offe” S e

circimftded@af plies and conforns therewth around said
airfoil contour of said retainer, and is conmmonly
joined wth proxinmal ends of said leaf plies to said

7. r etAitwmbine ndzzldcamaisimpecording to claim 3 wherein said
| eaf plies include slits for increasing flexibility
thereof, and said slits are offset between said | eaf

pl iradially oulsr gad |inngs hepdy hayving acplasakitysofwpisruaifprentiglty spaced
retajner, |eaf plies. apd sheath are segnmented around
aPa’ftﬁBeW?Sa}Fﬁ@Pgﬁ%alfm%@r?uggnd sai d segnented | eaf

plies overlap each other around said circunference.
5. i ng ol ai 0 N
rerAPRERly MR RIS Y Rl B Py BR0TE e

throBgh Shid Gper@b¥ieseMpamdssai d segnented sheath incl udes
portions abutting each other around said

circunference; and -16 said segnented | eaf plies

i ncl pidetipooft ¢odlas saabsulitedhygjoamd et ondrend tr sithbarsla; itk respective

circunference. 7. A turbine nozzle conprising: ) .
oney efcfiaidl apprivig: and hamiagionprsite Hasads warprndjng sa vang angyingfealing

circunrferentially spaced apart apertures extending
eng??&a}ea{ﬁi et‘"ﬂb’r‘aé’fihrough; a plurality of ceramic nozzle

vanes, each havi ng opposite ends extending through

Sal JPPEaIdHAR: defls SRtk fheiands: |

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.
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a plurality of collar seals fixedly joined at one end
to said bands, in respective ones of said aperture,
and havi ng opposite tip ends surroundi ng said vane
ends in sealing engagenent therewith; and each of
said collar seals includes: a rigid annul ar retainer
havi ng a circunferential airfoil contour conforning

mﬁt the air cont Qur, of. s ane;
107 B o8 BBk o S & WS roRG 18t S B TR o
[

Se%%ﬁ%%“aﬁfﬁ%emaéﬁfﬁgg L e T e TR
othérGirdied shid ciahffck@lcal ner. 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 |l 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 nozzle according to claim9 wherein

said retainer, |leaf plies, and sheath are segnented

around t he circunference t hereof, and sai d segnented

| eaf plies overlap each other around said

circunference. -18
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