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
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turbine (HPT) extracts energy fromthe hot gases to
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In O%éritg Iw?tﬂgt%m? {hethr(])(te combustion gases, the various components of the HPT are
typically formed 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 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



engi ne. Engine efficiency is directly related to the
tenperature of the conbustion gases -1 generated
during operation, with higher conbustion gases being
used for increasing efficiency of the engine. Mdem
gas turbine engines exploit the strength of the

gefdipRl &Hulri?% oFlafibn, VRIE Sigef BhBE&Rn AR %&?ﬁ% b QL ¥ ¥ nereasing

coolin ereof for maxim zing engihe e i ency,

cffigipncy odthsengibe.ai ning a |ong useful life of the
engi ne. However, further gains in engine efficiency

i mi . i | abl | | by th
M8 Tk il 0505 8 BE e ol B e
andl tiennfehal cvling ERSET forAB SORSINOENinc iy, WRNE LI bhRintng a

in further advancing the efficiency of gas turbine
longseRid life of dhe eneinenh dlayeqviss further sajas wfengime sfficiency are limited by

the ' ' hst ant. al | reat

ANl St AN A TR, A Bl b 0L

froaxthe compeedrby nodem superal l oy netals. One type of
ceramic material for a gas turbine engine is ceramc

mat.ri X conpasj t CMVO) i ich silicon carbide fibers,
APl B e St i s e R At ch e
en@héh AR kel YeledIRWCUS of C@Err@'mcc o&ﬁt)&{e&l&l i@ Kan withstand
ductility and require spectal nmounting to pr event
subsfaptisllyi greatst teagwmratives ef wombirtion qrasdsdthhe peestatlyt Bgictienced by
cﬁrittle ai | ur aep corregponding%r, sﬁgrt usef ul ..
PRSP e R e PUE VRNt Corar: alcgal 1or 2 gasstupiypp pRgine is
cer@RE MBrMOMEhdSRE PERAR) inYwhigh léﬁﬁ?n cRrbideOftbety Ghd Qﬁbémfﬁﬁ in a
conventional netal conponents of the sane engi ne. e

silieest cantyide metixfonsirengthrand dombgitef erential ly utilized in
the direct flowath of the hot conbustion gases and

orted.in netal.c onents which do nqt experience
HoBRHe e Bettslhg ok rshio dne rebee (Pesielmoubtingr grovent
excREPRLEESs Thebdif WHitle @BEIdABR 8 RO REHilRE Ginll B rrespondingly
ceramc materials have a relatively

short useful life.

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.



| ow coefficient of thermal expansion conpared with

net al conmponents whi ch expand and contract as

tenperatures increase and decrease during the various

portions of the engine cycle. -2 In view of the
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airfoil contour of said vane; flexible sheet netal

¢W5ﬂ¥es | am nated around said airfoil contour of
said retainer, and fixedly joined thereto; and a woven
sheath encasing said |eaf plies and fixedly joined to
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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.,




with the airfoil contour of said vane; a flexible |eaf
surrounded by said retainer and fixedly joined
thereto; and a woven sheath encasing said | eaf and
fixedly joined to said retainer. 3 An additiona
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together with further objects and advantages thereof

IS nore part|cularly described in the foll ow ng
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acconpanyi ng draw ngs in ich: Figure 1 is a partly
sectional and schematic view of a exenplary frrst
stage turbine nozzle in the core engine_of a
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ceramic vanes illustrated in Figures 1 and 2 nounted
in an outer netal band using a surrounding collar

Fig®Rl 1 is 3 Paflyddbfortil bid 8heRiatia VIRH of RAKehplSE ‘ﬁtrét%‘?@e turbine

I'sonetric view of a portion of the collar seal
nozzle in the core engine of a gas turbine engine.

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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illustrated in Figure 3 nounted in a correspondi ng

slot in the netal band. Figure 5 is a partly sectional
i sonetric view of the collar seal illustrated in
Figures 2 and 3 in isolation fromthe correspondi ng
end of the ceram c vanes nounted in the netal bands.
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A high pressure 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



engi nes which would al so include a | ow 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
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Théc %anéshgrecgr%?eréb‘fy &% ‘Sv?tﬁ )thos simple radial flow channels extending
between 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



significantly | ower than the coefficient of thermal

expansi on for the netal bands (26),(28). Accordingly,

in order to effectively nount the vanes (32) in the

supporting bands (26),(28), the nmounting apertures
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integral sma tabs or
outboard of the outer band and inboard of the inner band, such as integral small tabs or

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 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



fl anges (not shown) which overlap in part the
apertures (30) over the correspondi ng ends of the
vanes. A portion of an exenplary configuration of the
collar seal (34) is illustrated in nore detail in
Figure 4. Each collar seal includes an annul ar backi ng
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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.



retai ner (36) maybe fornmed of Inconel 625, the
flexible leaf (48) may al so be fornmed of |I|nconel 625,
and the woven sheath (50) may be forned of Haynes 188,
which is a cobalt-based superalloy. The thin | eaf
(48) and woven sheath (50) are commonly joined to the
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retainer.

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



As best shown in Figure 4, the proximal ends of the
two leaf plies (48) and the encasing sheath (50) are
commonly joined to the retainer (36) by welding for
exanpl e which results in a weld bead (52) extending
along the circunference of the retainer (36). The
difee@tl € tHelidivigteat3Blor biaded (ol EHbwit)] frﬁ@ kndiida® %ﬁ{es JaPé tﬁ@féfore
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qﬁ% Lgynference of the retainer. In this way, the
Adivi dual col | ar seal s (34) are fixedly joined by
the|r rigid retainers (36) in the corresponding slots
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(34) nmounted in the ban Duri ng eration

bandsnthey tarosubens és VR rOtkong, anlimig] ynd Hippirghmbienent Wlthln the
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Sm@gnver@d{r%eq%gg Wff—'ﬁﬁ es?egf HERIFG 2pe Spaptine apggturcs (30).
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The individual vanes are therefore subjéct t

(30 ydethe wallardseals (per corngspongdinglyp affecs tespebificHecdtioh of the vane
As i ndi cat ed

stlon ses duri.n ration
en%ég{ggie cofrﬁ%’og s Spreyndim ‘Fﬁ'é‘gé‘ﬁ?mﬁgsti on gases causes
the ceram c vanes and the netal bands to expand and
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figure 3, which vary during operation along both the pressure and suction sides of the

collar seal itself as well as between the corresponding 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 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.



whi ch nust be carried through the collar seals (34)
into the outer and inner bands. Since the individua
vanes are |l oosely and not integrally nounted into the
respective bands, they are subject to various
rocking, rolling, and slipping novenent within the

Tn SR plefctét bR indG Ghe a'ité‘ iR'e8M g Sjiﬁtﬂ c &b Eﬂ%@&n‘ A€ 162088 are
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t dth J 1 I 34)
B g ST N TR N

intv@iteed By WS siifd thdadeRes.r espondi ng surroundi ng nounti ng
apertures. Accordingly, the airfoil configuration of

.the coIIar seal 4134 and flexibility of the leaf (48)
Figites 3 pechfrillpstiate ﬁé@léﬁéfsea’rﬂ?‘l)omou@e@l int theawwastoadiegtsopporting

B8O Bl B AES 6P (RIS B B, o

coddpsian thfaugu rthe S)utbohﬂdCéhd/af yhedu ¢rﬁﬁesogw) 3hit8 catedMind, and
bot h 4 essure and suction sides of th col | ar

corggsppndiply|throgh i fnbsard sevelche thertisey Freﬂ’ffowaﬁn@ﬂﬂd with the
corlr&ggﬁcﬁﬂg B0t E@é Ibblﬁg n‘l? fe%i llgﬂ}ﬁfe c? o&ﬁ arecP 2“@1'9 Sgpliguration

ures 4 an
illustrated al Biggretdnei r | ocal axi aI axi s V\,hl ch corresponds
with the radial axis of the vanes nounted in the

e e e Bt LTSS e
- seald B BBWn3A F srﬁ&ﬁ e e){flz %@#d&?ﬂ%e&é(ﬁéﬁgs f‘cefl%? the
er eo

increasing flexibility t
_ sheptha @d lnailthb:eoif which drivés thoadbitiarckeal mcfaﬂheﬂ ﬁul&[@éhgﬁgeﬂmn Svith

bett er conforminththe a|¥? configuration
@

thellf rfsneﬁ%ves YHSS et anmicd thssin: « Hee feaf and sheath of eaeh sel may

Ot o GO O Y 00 5470
sealingfrdtly 86 wavoaiotvatisianding relative X, 56 mdvementcbf dfe Vit in the

lies of.the |eaf 8) are preferably
cor{e%od{&ﬂﬁﬁ‘ﬂ‘g}q B?rt‘g?sr(éé hferential ly offset around the
perimeter of the collar seal between the two plies
In thé'prefdfedtetbodRAGY ALE@ALd NOFiYre e HitClefithed (¥6)) IBAKARS (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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i ntroduced by the slits thenselves. Figures 3 and 4
illustrate the collar seal (34) nounted in the
correspondi ng supporting band. During operation, the
pressurized air (16) is suitably channeled fromthe
conpressor through the outboard end of the apertures

THe3XVerl SophlRgts QHﬁﬁfatéaqach g@(g ) maf'bk %ﬁﬁ%?ﬂgl&qg%fé%ﬂrg& 9 better

t he i nboard end of ures i i'nner
copforpingeith thersubsipoiall r:lnaygemi tatowadltise baiiel’lg:t\ﬂfﬁml’ltseldadmg and

conpared to t onfjgyration | lustrated
tralﬂpngr_e%éﬁr Ese\ﬁggseging%té mayglée&%g st gjisslg@pge qugﬁ:tj her geconform
no€ Bhiy Witlp ﬂ{eeﬁerﬁﬁ%’t&aﬁﬁ"oﬁrc%ﬁtoﬁlf of ﬁfe inBlidtlaf Yale GQUE Bt 81180 the

seal s as shown in Figures and 4 to exert an I nwa
cylimdricek watqyr efthgoater end innpr lnamd$ ewhish datyraramduhiedfas shown in
Fi Feof whi ch drives the collar seal in further

ealing engagenment with the respective vanes being
nmounted therein. The |eaf and sheath of each seal may

Thb hretaiabo(36) ﬂaishe@n iRFigRes M g sfik fEﬂéBlySaUHEﬂrltokirlﬁ bar which
talnertﬁg to muintain line o cont act seal I Ng
confpips KB e Aisfoil onigur 96 thewans ends| andimey e yuitablyemaghined in

cot?fgg%ug}ﬁl \iﬂ\ﬂﬁailg rI‘uPr?ernrcg g; cﬁ;gtl?o ﬂaﬂ' A clﬁ%?%gglt tge%? p&les 9E8) are
preférahly ¢hib, ﬂémlelershéalrﬂﬁﬁl Whieh mdyﬁib‘ cdiiveforaflP Fornfidto sh?pe to

d‘fﬂ 4h (CiSHd)G rrented around the circunference o
adifinally ifclids i Sl {op hpiending ingpost Bery theretlyeugh. n
manuf acture and for better conformng with the three
é“n{{ﬁ ' i
P e el Bl BT Aol BBk Rt bidfg i e
enqaﬁngslgeaﬂme(sm) toFthe r@(hrq:ﬂlw (3¢)ewldch then cesfkmi elhbétah@s leaf
1|n Fiqure %‘ncludst ree segnents al ong the
pleﬁragg %163 1@ fherdesiredeaiytoil comeur neat ed by t he

correspondl ng splitlines (58). And, each collar seal
TStk ASEIES SR B 5 et
configagil ey leeidly matchimethb egirespbndjng portine oﬁﬂﬁ&ﬂp;ﬁc&teﬁlvd@e from its
lea&u;l‘g edge having a relatively large width with large diameter curvature to the
relatively thin trailing edge having a small 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 inéludes the pressure-side portion of one

mounting aperture and the suction-side portion of an adjacent mounting aperture.
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The seven segnents illustrated in Figure 5 may be
separately manufactured for better conformng with
the substantial change in contour of the vane between
its leading and trailing edges. The seven segnents
may then be suitably assenbl ed together to conform

T sephbits WE &0t dogr 6 1?5@%%%01@%&1@19 t}Jhrg {ﬁrtgé) guggpﬁmg slot in
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am{;ﬁl%xé@hﬁmwﬁﬂher[{%ﬂ a%?x%ﬁ)pdﬂ%me?%eﬁgﬁ%ﬁ ¢ %&ggﬁl@g ceramic

vaes6) extendlng in nost part therethrough. The
initially flat sheet netal segnents of the collar seal

%Ire I%fd along with the _encasin sheath (50) to the
o g cirech camtmdhmehs afusiipteel n FABIFS Gonfl &r b axiabsmitéases (60) of the
outdEbaHd (b@aionfdﬂn' @ﬁqﬂﬁdﬁﬁﬁ’ g}ﬁeﬁ%gtelgl né?%)t(nl gi)aéssuerg s1de of the

airfoil ‘contour
colbe skal (134) thd leamng &tigel thenedf] gul @ith th@Yasbephihias i(F3)Cpidiyg the
configured fo ally matchi ng the correspondi ng
PG M Push OI’tSlﬁie §§ larpeglat hertradling qdge. | eadi ng edge
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In tho pReRérkid i ' J ks
B iRl IS AR MM, e B hORriAE (6)hdes
seven gwgmbets dufviriBheng rm@mmeosisdﬂionﬁ atbluﬂ:irgo Edchr o&realarmmd the

o PR B b B o L S
havaighedd@pdriionsCHYéETond! ai)ﬁttﬁl? Qall) gﬁrai ﬁ%h&f ﬂé%@ﬁﬂl‘f&ence thereof.

conform ng thereto, segnent

Anduthadmgl lral phesed®=aph mwlahfs severu Bekmdnes haaanlg regd qebgifons or
ort [Xeln) of col | ar eaI particul ar. advant age of
secfig-abfing okl e Rl i rcineitetdie e

nultl-segnent collar seal in the correspondi ng bands,
In €€ h:oﬂﬁ:nicﬁ&n QM Ee RAIMM bddld)SthE adclh | RpfbAYr Biag- bel r!u@parately

out
manufactured to locally conform with the corresponding 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 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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band, and simlarly the inner band, include axia

splitlines (60) which separate the band at the

| eading and trailing edges of each vane and nounting

aperture (30) extending therebetween. Each band

segnent therefore includes the pressure-side portion
prokin@M @nd RGBS WEICRAE bEAY & ARGABRE iS %%dr@ ¥ fr ARaBRh ‘%Q the

of an adj acent nmounting aperture. 11 Three segnents o
reHer (¥ ar seal nmaybe conveniently mounted in the

supporting slot in the one-half aperture and four
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of ¢tor eodlapsaticangspadmgiwith thanekl splilitd@opsehe batl as illustrated in

.embdinent illustrated in Figures 2 and 5, the axi al
Fl@'ﬁ??tl i nes (60) of the outer band (26) conformwith

the first segment splitline (58) on the pressure side
The'rethingr IF; | f

e O Lt SR AR EH gl TR 0 Bt Pl Blthe o
slog ircwhish bsazgesaterial iy tealohwueniselyl trapped foe fimadd braging dgecollar

n the preferred,enbodiment illustrated_in Figure 5,
seq ﬁ%?’%%fbdnﬂﬁ? i fagd aF%?nt?g@}?a HET e. cHipaRbasd AEHKS of the
retiiad (36) ?:ﬁfeér&ﬂ)f inkcRASs A are@fid bpgb?m??éi%}r'raﬂﬂgﬁg%dﬂﬁgf&tendmg

around ci rcunference thereof.
alopg lercirhederenqes@ Yhe cotlaushal vdedeis alsegapmerged ftahé agrespehding
rti r secti butti each ot her around e
soRRF3E, B AR P o Y S L Bkt
beIAGH) Which YBRH QY RIVeSEHTBALS Pt‘s@i\éﬁa&ﬂcoﬁﬁ gurat%ﬂ. i ons or
sections abutting each other around t cl rcunference

..of the seal. In this construction of the collar seals,
The tyeo kealplies {8 e encaging sheatls €199 aretvedlged atsimirf proxinrab dndsdo the

la_ng gﬁ@lsl gﬁ)ﬁ%gi%m:n\ﬁ‘s to? ﬂ{erlgafc p?lreg %ISI(E) gl?e%{hni%d%gé glggr?esfal?yf 96 (rllggree
bend which permits the remainder of the leaf plies and sheath to extend over or overlap

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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supported, and sinply abutted together in the nounting
slot (38) of the bands as illustrated in Figures 3
and 4. Preferably, the segnented | eaf plies (48)
overl|l ap each other around the circunference of the
collar seal to provide internal seal joints. This is
redsliteSTbadih @ Whiidh $do@Mdl @iring | i a |
P (48) has % tongﬁg&grﬁ{lgg O?%ﬁzﬁ{)%&%iq%ﬁmgé?éeﬂglsﬁ eeci)uirhv\gkél ymay '
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. d.r. [ 36) .f ting.with
P DU b 3B B B
vaaey wiikilidhaigtalrgdd effledivd suppbr 84 sdaRh&erot.he segnent.

The tab (62) illustrated in Figure 5 is provided over

e full straight portion of the |leaf ply, and
In Figuie AathePreseue fowe P ofithe pressunizad asri@ tends leabtatehihe Aeaf plies

hep ‘f t i i [e f ttach t to the
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rotoiee tHeappat nidiet emtl fHehths c@i&ij{erbleclavi@wiidedplﬂ:%iti@ﬁym@&%. O this
e of tpe seven collar seal segnents illustrated in

oogtrses, e lophlics angisheadh may thapebendtnbopiobaifulse beng (6#) when

: { i nt . f .
ST BB TR NSRRI b
lealf pliet iand sheatitl and fmadetsing abk imégrith@ft e vead ijdihi 6€8e4B8P) for

of. the coll .Se corresponding with the axial
ensé]ﬂillngf‘ﬁ?‘]@e“s?@'&lfc‘edﬁjﬂ%‘é’ﬂﬂ‘éﬁé% as illustrated in Figure

2. The retainer (36) illustrated in Figure 4
Fighteb Anuakhtes dREhHEGHy AR é&kﬁrﬁlﬁg bf R WaliB i sddith D the cgh&f seal
I n which braze material nmay be convenienCly trappe

in 4 prefgedreathodimenti Ahe the leaabbliesr(48)sefxack seument maybcastehtbled
nd_ segnent.s rin n e. The . inboard surface

tou P AR STER R 1R TRt SOl iepiuit dbe P el ens of the

leaP pli&earidCitcat | 8¢ tHeH| AR %%&ﬁfl)ﬁitﬁ)ﬁlg ?&big& Tegig%ﬂtg 38Fand

circunference of the collar sea whi ch | a

suitablyrfeeldattheretot he corresponding splitlines (58). The
retainer (36) also includes a flat |and (66) spaced

The & leBsttibloh BBl e A el S e iy SSgetre? bl dfent Wit the
tabs (62) of one segment being inserted into the corresponding groove in the adjacent
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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The two | eaf plies (48) and encasing. sheath (50) are
wel ded at their proximal ends to the I|and (66). The
proxi mal ends of the |leaf plies and sheath include a
generally 90 degree bend which permts the remai nder
of the leaf plies and sheath to extend over or overlap

bahlieibaatt doadhsti witia tHeAHitalye MR ?Qraﬁ@ﬁ‘ B¢ rtypl%;ﬁ] endifl a‘«gmésGﬂl) metal

thusly defines a ful crum’for I es an
baggetaphd ifrosrensienalriarbineaoedesr . The | eaf plies (48) and
surroundlng sheat h (50) have connDn tip or distal end

rgm.t he be ) are
R A seaf (PR B S oG 6 o7 B Paffeoppnes and
prabdmteﬁb&tﬁfebﬁaaﬁ fﬂlldfehfwn@ 6T @hta@ the'\BombktoAl SReP ROV nozzle
the pressure forces P exerted by the pressurized air
Pagsgss Retw ssghe gpassathen ipiaes rhe leakpecepiite arressirizet eéif past
th@édlﬁ?se%ﬁd surroundi ng sheath into sealing contact
h the vane around the perineter thereof. The vane
|s nevert hel ess subject to differential novenent with
mmllmés paonldd l‘mﬂuentkmlpﬁmtsl,ﬂbd dre dehenicenpey atduiceodn@date the

vaiiqris BEER I oy S5 Portitan i Gmahgad bak dop o B prasshre foads of
theSqtistii] @isky/ nd @letdﬁﬁer%faﬁéxﬁﬂgoh 1??3[351311 b@0ed IR vanes

correspondi ng collar seals i ncl u

and bands B¢ ot the bperatingempedane oftht Iuombuz&ioatgasm ﬂmugnﬁmtvanous
anes while still maintaining effective
po@ﬁﬁ%%ﬁ? éﬁ E@%ﬁ@“%ﬁ refor. In Figure 4, the pressure
force P of the pressurized air 16 tends to rotate the

Segr@itingbof 8% coBattesliRANs Bk mclawaﬁ&mg!mn@ﬁﬁlmdaﬁ gsgﬁieh{s% the

. movenent between and bands nmay tend rotate
dlffeé‘alt logal @gtwfsthe st beingrauppertedc owd pm'mlta thqapsoyfuumﬂy flat,

t ccurrence lie
i ABEE el Rl e OO e BT GicD snBorB ayt e icol
coﬂ@mvﬁhtlfehﬁ{rﬁgrvﬂtéﬁdﬁ%ﬂly REAn&P & Qﬁé ‘aﬁfmlTQ@ntBﬁij 6f lﬂﬁ@ rting
(64) mnimzes stresses’in the leaf plies and sheath

TetREAS (PR)-nt ai ns the integrity of the weld joint or bead
(52) for ensuring a long useful Iife of the collar

The géémented construction of the individual collar seals (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 skilied in the art from the teachings herein, and it is, therefore,
 desired fo 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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Figure 6 illustrates schematically the assenbly of the
various segnents of the collar seal in a preferred
enbodi ment. The two | eaf plies (48) of each segnent
may be assenbl ed together and encased in the woven
sheath (50) therearound. The proximal ends of the
C éﬁﬁ plies and sheath are then placed in abutnent with
H retai ner segnents (36) and suitably wel ded
thereto. The so-preassenbl ed coll ar segnents may then
1. be jfoédikelsdabfpet M@bine vagdetni@iing: Wi th the tabs (62) of
one segnent being inserted into the correspondi ng
e adj acent segnent, and assenbl ed
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suitably brazed rn'their nmounting slots (38) as

i ndi cated above. Final assenbly includes trapping the
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assenbly. The coI I ar seal disclosed above permts
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Figures 1-3 into supporting netal band segments in
both the outer and_ i nner bands (26),28. The vanes
2. (324 seahasserding do elaimo} Whﬂﬂ‘?lvlsdlﬁaret@mfpmn@dc$am resqated bead

extgﬁﬁnji ﬁon% 01id S }é?lge rggg egd?tex(oa ytf{?gﬁagr?d afgr said leaf

e nmounti ng aper
phds andi sheath &¢ aekied andaidibind md Perldhie oVéHdpahid beadf i gurati on
of typical nmetal vanes in nmetal bands found in
turhbi ne nozzl es. The collar seals (34)

|
3. ¢o ”n%ﬁgéléﬁ%?@as ¢ elpin 2 pehexsin prid shegthewaps stound said dsad plies and
con‘fﬁﬁﬁ Sth&&qh eQ{(:)le 684 Gl foRClontar 3{3 ?E{ (Erettilﬁérggt{(f) id Ilgm}nonl Ly joined

contain t usti on gases € nozzi e passa

witlp prowieal etldlteoﬁsaldéeafphba;to&atﬁmtameil ng any | eakage of the
pressurized air past the collar seals. The coll ar
e resj for, the ceram ¢ vanes

sea I OVi sil.i ent suppor
4. o‘L‘a?E@cﬂ‘fﬁ?f ggéotc:l?ém 3n where?npsmé ?eaf plies include slits for increasing
ﬂex1b_111ty thereof, and said slits are offset between 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 cach other around said

circumference; and
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various differential novenent between the vanes and
bands due to the pressure | oads of the conbustion
gases and the differential expansion and contraction
bet ween the vanes and bands due to the operating
tenperature of the conbustion gases through the
various portions of the typical engine cycle.
Segrveidt soggheafedt 18 Fids! Mcluge AorB@isThthiidgd8adnO6@kr around said
~tailoring of the individual segments to the different
cirpgoftengont our s of the vane bei ng supported, and
permts the use of initially flat, thin, sheet netal
| eaf, plies and woven fabric sheath (50) which conform
-wi t K PRInGNoZzls ompgisiagour of the vanes when fixedly
joined to the airfoil contour of the supporting
retaj The se nt ed constructian of. the
oA pheed i, MG BRI e tag! RpirerEatly spaced
apdfﬁzﬁ;%ﬂhf& e%n&iﬂgragﬂll. ARy ggont our of the annul ar
out'er and innef bands in whi'ch the nounting apertures
(30) are found and sealed with the conplenentary
col haplusiti} of (Binic ndbilkevdnbgr eachalifrikie eppetas Céndd esktending
herein what are considered to be preferred and

wdaiddands;of the present invention, other
- nodi fications of the invention shall be apparent to
those,skilled in the art fromthe teachings herein, )
and® iPl“fhgéf of ﬁ%‘haéfSSﬁH%ﬁx ¥4vipgd) 2t enependstecsa # ipfespective
[ l.l such.modifjcations as.fall within .
oncRR S8 BEbu ol e SRR TR sl g i e el i seating
engAS&REH iR With; Whdt 1s desired to be secured by Letters
' Patent of the United States is the invention as
defined and differentiated in the following clains in
- Whi edeh wésaid edlir sealbinluddsMS 1. A col lar seal for a
turbi ne vane conprising: a rigid annul ar retainer

having a circunferential airfoil contour conform ng
wi t hrigidrpanslar fegsiiner baving ercirohméaérdial ainfdil contour conforming with

7

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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flexible sheet netal leaf plies |am nated around said
airfoil contour of said retainer, and fixedly joined
thereto; and a woven: sheath encasing said |l eaf plies
and fixedly joined to said retainer. 2. A sea
according to claim1 wherein said retai ner includes an
arcuate bead extending along said circunference

10t hergabza9 acoehih@ el i '
plies and sheatﬁﬁareaﬁé?Jgg%?g%ggﬁggﬁgﬁgggﬁghgé%@%%gmham

seguantédposal e bratnfencdheral, add c4it defferit@l 161 verlap each
wherein said sheath waps around said |eaf plies and

othep aoyndreaid pispuanderencar ound said airfoil contour of said
retainer, and is commonly joined wth proximal ends
of said leaf plies to said retainer. 4. A sea
according to claim3 wherein said | eaf plies include
slits for increasing flexibility thereof, and said
slits are offset between said |leaf plies. 5. A sea
according to claim4 wherein said retainer, |eaf
plies, and sheath are segnmented around the
circunference thereof, and said segnented | eaf plies
overl ap each other around said circunference. 6. A
seal according to claim5 wherein: said segnented
retainer includes portions abutting each ot her around
said circunference; said segnmented sheath includes
portions abutting each other around said
circunference; and -16 said segnmented | eaf plies
i ncl ude portions abutting each other around said
circunference. 7. A turbine nozzle conprising:
radially outer and i nner bands having a plurality of
circunferentially spaced

-18-



apart apertures extending radially therethrough; a
plurality of ceram c nozzl e vanes, each having
opposite ends extending through said apertures in
said bands; a plurality of collar seals fixedly joined
at one end to said bands, in respective ones of said
aperture, and having opposite tip ends surrounding
said vane ends in sealing engagenent therewith; and
11eaghcgifar sedall f60ld @rbmeaksel BehpiaeSs: an rdoglhlr aBAWearhaving a
.retainer having a circunferential  airfoil contour .
CLCHRSFHhy iR cAntowHonigrning with s i il entans phsaidyape; a flexible
? ledtls@¥bitldRd BHa&H rBRinet add®@edB) jofRd DA% RLAHesfRichasing
| airfoil contour of said retainer, and fixedly joined
| sapdHesfend fixedy janeddo erid séfaiaeth encasing said leaf plies
| and fixedly joined to said retainer. 8. A nozzle
| according to claim7 wherein said retainer includes an
12arhﬁc wedl ?cb@‘ﬁﬂlgdlﬁlxcﬂeiﬁd HP?Nhﬁ‘rm GaRlaledf gs Ie@nigétat _egmiﬁd s]?id airfoil
t hereof . space teral om a ] and, .and sai ea
COBWOP%%P Saidfoanenend drantieye mftwagilésr GeregRE- and bend to
overlap said bead. 9. A nozzle according to claim38
wherein said |leaf plies include slits for increasing
13f Peseabrecording kretleint 12 avhereimiseid Jpdfteomprisesofnfosiplies Hinedlyeinined
' L i - : ' to claim?9
tofeflelof SR reRhcl 3 sl poch o SRR R | e
segnented around the circunference thereof, and said

1R R e anede cfhm T pheRin 54 SReGouor v 048 gy leaf and

colvfefifis RAINIhSIroEid AN ARBH cBhtohesPlaBretdh@yY] 4 i8 commonly joined
circunferential airfoil contour conformng with the

withi reximel ensisobsaid epf pligs do saidhestainerf | exi bl e

15, A seal according to claim 14 wherein said leaf plies include slits for increasing

flexibility thereof.
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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| eaf surrounded by said retainer and fixedly joined
thereto; and a woven sheath encasing said | eaf and
fixedly joined to said retainer. 12. A seal according
to claim1l wherein said leaf is |am nated around said
airfoil contour of said retainer, and is cantil evered
outwardly therefrom 13. A seal according to claim 12
wherein said | eaf conprises two plies fixedly joined
20t dgehhaicomingsaicthihetaliwsin: @nibretdditr tomgri®sahigdd BaThaving said
u_mardly tgen fr n1 14. A seﬁ accord| to cla|n113
CERIAN A1 el pligs spyeprseoticrable shept pygsal fixedlyaigined g said
r1§i@l3£r%%nfbﬁ§'§wﬁﬂiﬂsﬁﬁ @t Rciel d airfoil contour of said
retainer, and is commonly joined wth proximal ends
of said Ieaf plies to said retalner 15. A seal
aGgc ' a lies
ZIé?;I s:%éldifcg(rgdlltng é{? lé% Sﬁlin%%‘ évh%%g( eagﬁie atmer t‘ll’hC?u €5 E iréuat%\ ead eix?endmg )
altmgcmirbl cinguntfereataihrrebb sp&bed dater aﬂﬁlfd)nh adbnd; lant Saidr IEaf plies and
17, A _ seal accordlng

of f set tween  said
shgh By qledS st i and b o V&R beade pl i s, and

sheath are segnented around the C|rcunference

thereof. 18. A seal according to claim17 wherein said
225 ég?ﬁ@hﬁ@@rd%fo pleine 21 ovhar¢insaidalerf plisseand surrownting shegth have

coﬁ'lh{ U(H;tﬁr ﬁﬂ&g)g fgﬂfrcﬁaq fsald i)g éi A%dsb%ﬁ'lﬁ %B(rl:%?éf%gtagfé tﬁ%rgﬂb%ht

erein segnented retal I ons
abuttlng each ot her around said C|rcunference said

ted sheath | udes t i tt eac
23, ABTOLT GeFA CoBrisiny CORY Shich hd fenet oSy alprality of
cirt@fer@iblp s d;bef(lédl upgt aﬁ@ﬁ.ﬂrésoéiﬁerﬂhigt ialdﬁlg y QRGBhRIUBRY a plurallty of

ar ound sal ci rcunf erence. ) A seal accor di
ceqagleRozzlp Z!essnﬁ@hélaﬁmg§ap‘éﬁltﬁéﬂéﬁ ﬁ@ndmgrfbmuglegal apqrgw in said

baldB a Bﬁ\‘élﬂ? oP&l se%lsrffx‘éﬂf 8191@ Qﬂf‘H ?go St th ﬁI reggécg% ones
conpri se Tl exibl e sheet I X y jOIne
of shidi appetvenes, t and dewingr oppmmtdwtqs azndb wrrdmdilng csordt mme.ends in sealing

engagement therewith.

24. A nozzle according to claim 23 wherein 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.

-20-



21. A seal according to claim20 wherein said retainer

i ncl udes an arcuate bead extending along said

ci rcunference thereof spaced laterally froma | and,

and said |eaf plies and sheath are welded to said

| and and bend to overlap said bead. 22. A seal

according to claim21 wherein said |eaf plies and

surroundi ng sheath have common distal ends spaced

fromsaid bead and being flexibly deflectable

ereapout. 23. A turhine nozzJe conprising: radial

YN TR éﬁﬁlaszb%keﬁrﬁa SRAFhENAERs pind said fwo-ply leaf
an@i JoRFHHING RAEW I bdousd 3G hiANRhbnBResT SHiE $etS LRI MY commonly
_radially therethrough; a plurality of ceramc nozzle
- Joipgéwath proxdmalieads eigsasbisdailice toasaifisrelsinieendi ng t hr ough

said apertures in said bands; a plurality of collar

seals fixedly joined at one end to said bands in
28 dsperztd acsodivesto déins 27 cvhapdr taid daf phiad inchade rsdjts for increasing
fkpgﬂgsite tdi p ends surroundi ng said vane ends in
Mgty fyreodngagenent therewith. 24. A nozzle according

to claim 23 wherein each of said collar seals

conprises: an annular_retainer fixedly joined to said
29 dnBezzle Agrorhng ) ok 38 whetstesrid aetainps fledf| pliepnansusheath are
seGiRERQL JIbitH o Efeuklieretd dglobr, contour of said vanes; a

I exi bl e I eaf surrounded by said retainer and fixedly

~joined thereto; and a woven sheath encasing said | eaf

and fixedly. joined t@ said retainer, and includi .
30 Bl desfiink 0 T P XIS pL Tl reigr soPREse 3 Bgjd bhr having
sait eiyf@R contogl; add said lODZiee catFRIcOBGb1E @héd dhdtal Rkedly joined to
- wherein said leaf is | am nated around said airfoi

saig SR tosondarmywith el ABTOIl cOAQUF-s canti | ever ed

outwardly therefrom 26. A nozzle according to claim

25 wherein said | eaf conprises two plies fixedly
31j 8i neatle pergedihg to #laimad@® whetedn seid, retaibr dbeltddsngp emolte bead

dl. f = | dj
o BRI s SEECEpISLEL, BnC S0mA BB REEFH B v

plitswrdphsath fafwelduddo s mdnEd baeY ©Wvedapaaiibedd sai d
airfoil contour of said retainer, and is comonly
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joined with proximal ends of said |leaf plies to said
retainer. 28. A nozzle according to claim27 wherein
said leaf plies include slits for increasing
flexibility thereof. 29. A nozzle according to claim
28 wherein said retainer, leaf plies, and sheath are
segnented around the circunference thereof. 30. A
nozzl e accordi ng TORBNEEWAIEWEIIeAR SRl d r et ai ner
conprises a rigid bar having said airfoil contour;
L ..l j rise flexible sheet netal
Agﬁﬁgﬁgﬁtgrgﬁﬂiaﬁ$%f8§§ﬁgprigid bar to conformw th said
airfoil contour. 31. A nozzle according to claim 30
A coli@r RbhIN3pis GohRiRbd R alth®iedRS 718 Vakd ﬁmﬁ §hbsad (34) includes a
- extending along said circunference thefeof space
retaingr £16) hpying g strremfesential 2irfoil sentour eoaforming with drchaicfhid attour

of Sl S5 A POl TR Sy R ] 5
jointl BEr@EURE wove blieath GORkndadd) thé &aﬁ@#@a)i I8 Aixb8ly jBined to the
i ne_nozzle vane (32). The seal (34) includés a

tur
refaingt fi%hen pnEyepRidy sgrbaduneng (the eollanseali(34) uibndscanstasdrof a

oo SPRZERL o U] B SR g8l TR

(36) and fixedly joined thereto. A woven sheath (50)

Figencases the leaf (48) and is fixedly joined to the
retainer (36). In an exenplary enbodi nent, the collar
seal (34) surrounds. one end of a ceram c turbine
vane (32) nounted in a nmetal supporting band
(26),(28). Fig. 3 ' -
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