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SEAL BACKGROUND OF THE | NVENTI ON 5 *166166*  The present #1Pvamianni00®| ates

.general |y t 3QY8¥1387% bi ne engines) and) nore specifically, toPSE4S294Hetein.

In a gas turbine engine, air is pressurized in a conpressor, mxed with
fuel in a conbustor, and ignited for generating hot conbustion gases which
fl ow 10 downstream t hrough several turbine stages which extract energy
therefrom The pressurized air surrounds the conmbustor and is used for
cooling the liners thereof. The pressurized air is also usnﬁmmmmmmﬂlmm her
conponents of the engine as wefrSHAPRReRING FHRfine is for

conponents which are suitably joined 15 together, various typesisabs+static
seal s nmust be provided therebetween to reduce or prevent undesirable

| eakage of either the pressurized air or the hot conbusti oﬂmﬁmmﬂm ",

seal s have different cross-sectional configurations for sp ,""m mﬂ
sealing different conponents. For exanple, the seals may have g,shape
cross-section, or an E-shape, or sinply circular cross-sections 20
dependi ng upon the specific application requiring sealing) Sone seals are
full rings, or they may be circunferentially split at one location to

el imnate undesirable hoop stress therein. Another type of seal is in the
form of a BAGKGRBOUNDRKF TEEINYENTIONsposed i n conpl enentary sl ots between
adj oi ni ng conponents. 1 15 January 2003 The seals are subject to various
diffegential thermal novenent between the adjoining conmponents including
diffefential radial novenent, differential axial novenent, or both.

Rel ative radial and axial deflections are comon between the aft end of the
conbust or out er The peesemb ihviehtiort calates deredligito ghs turbiner eryfnes, ahd | mere

adj oi ni ng hi gh_ pressure turbine nozzle. Under the high tenperature of the
conbust i orSREEHcAlY, 9 s@alstherein-he conbustor, the outer liner can expand
radially outwardly significantly nore than the radially outer expansion of
t he outer band. ia | Hai iRt i t S # so grow
substantially | g’ﬁg?ﬁ%’?ﬂ?ﬁ@%ﬁg ﬁA\'?gg‘ll’dl gg‘f‘\;/pcgn o??h @?@Fé&g seal is
used at t Hiuel ira ombustar, and tgnited ferdganerating hateambsistjon gases whichl flavent ar y

r adi slot, for,_accomobpdatin j fferential radial novene nd axi al

et 0ea) “dnydiiesn WBRGR shustebypik BHed i s BERRherR My he ent
axi al MOV ePRBEUHINE Ui suFbUKAS e chAMustitaard & @s8d ! @r %Uolih@ thé Qargect i on
and can distort during operation, their sealing ability can be conprom sed.

Fur t her nor thereafirel hecpressusized airris alscousat-io qoal slagneemponents ofitheranginaipt t he
seal i ng caggbi ity between the segnents. Accordingly, it is desired to
provi de an obved ring seal for sealing high excursion differenti al

radi al and axi al novenent between gas turbine engine stator conponents.

BRI EF SUMVARY OBinddtthé evigingl i€Xoriied ofrstatot compoerents wiicheareesyitably joimedeal f or

seal ing an axial gap between first and second adj oi ni ng annul ar nmenbers
defl thersbe

subj d8t t otagether ¥Aqus tYRes of stakia seals mpsthe-proYidsH Beaeniaegus9 ng
fluid changel dladefPHindbbifible CRARAGS ' 8 cither the pressurized air or the hot

combustion gases. The seals have different cross-sectional configurations for

specifically sealing different components. For example, the seals may have a

W-shape cross-section, or an E-shape, or simply circular cross-sections
20 depending upon the specific application requiring sealing.

Some seals are full rings, or they may be circumferentially split at one
location to eliminate undesirable hoop stress therein. Another type of seal is in
the form of a flat, straight leaf seal disposed in complementary slots between
adjoining components.



first and second axially opposite loops integrally joined together by a
coextensive web in a collective ring having a circunf er ent 15arfiiary 2063nd
sheet- netal gauge; said first loop being arcuate in section, with radially
outer and inner sealing |lands sized to engage a first annul ar groove
extending axially in said first nenber for acconmodating said axi al

:ﬁ g U:' f]'ng?h% %’sfﬁﬁ@ﬁﬁﬁaﬂo L&R0s Qﬁér&glaﬁﬁ&Hgltn?ovbMerﬁ %QME%? gﬂ:ﬁ)tmn% gdlealel(%/eﬁg;[ ﬁg
o al 'y AP Lt B o R Rt ) xRV 47 P15 6580 o aal
excur si omdizhad @l deflegiond@e ngnrdersiptvesed theadtieall bithdetmbegor witer theoatder and

i nner la[ﬂ'fésforgvgrd%ﬂhgftﬁé b&dr b%deoffir?e%% Hg%%%rés@&re Eﬁtﬁr‘r@r\o&ﬂe %Bg'tﬁkgméﬁmem of
inertiato permt tw stin sai d seal to accommodat e said radial

excur si offMASHYEECf mbﬁﬁ*gﬁﬁ?ﬁ Prediceeg(f fREEUTRE efyiehteh R endccor dance

W t h pr efratfiallgcutaardly sigsifigantiy rgore thao themadidlig putbogyparsen ofthé buténbahd @nd Ob] ects and
advant ag r

det ai | ed%%ea;x@fé S'?) Tet(\)Nr?mQE@&]&%&%&F&%&%@W&I&&? ﬁgll)}e{c %Bnﬁgég#érg rawi ngs in
which: FIG 1 is an axial sectional view through a portion of a gas turbine
engi ne hawvtdi@ndly, sedforn of 1€t 642 id asuzieat WHist ibcatidh e waiap h addijal learizesl iendigks Het ween a

conmbust Or HHgtﬁéntJlrb Fh%ral ﬁ&?or%ﬁco%%oggtmg %m?reﬂqﬁl Fa'd{a ac%@mgﬂzgr{g%&af %_Iq%af 2 1s an

el evati onal ace ustr I n accordance
with an éﬁ@ﬁmaaﬁi/a WWG’@# slptfher aﬁ%‘i?t'ﬁgﬁﬂf@fﬁm%ﬂi"a‘ poggment j s an
enl ar ged,Hoasved | sinse teilean sdals\aresitalght iR bi@Es-§datondnt Gars@étbrt MG bRsatioe iteren t he

outer |i "&Liin leltggﬂ%e c]pmg oﬁ’lse% ﬁ%ﬁ%&gtgﬁ\e%aﬁpeea% ﬁ%‘SPY'&dt"@??’ngﬁ{ 3. FIG 4

|san|sonet he ring sea Pn FIG 3.
DETAI LEDWDES@MFPMfhP\FWQT%EaW’MFEMElemeISW’U@ﬂ% ated in FIG 1 is a portion of
a gas turbine engine 10 which is axisymretrical about a |ongitudinal or
?)rilcfilu dgg tcggrdipg?f |tzlisxéeswed%o growge an |91grove03 fing s\é\@ far sea%mg F\l{gr}excursnog gngf?rlegragz; 14
which is r@dﬁﬁm@dmpvﬁnwm %ﬂﬁ'ﬁﬁ?h@ﬁs g eogiog stater GowPRENks- it is mixed with fuel

and ignited for generating hot conbustion gases 18. The conmbustor 16 is
nount ed Sk i 20 and di scharges the conbustor gases 18
into ad Qfﬁégwﬁggﬁﬁﬁﬂ&Qngéhgg turbine nozzle 22. D sposed downstream
fromthe nozzle 22 are high and |ow pressure turbines (not shown) which
extr aclt | am@rrgynt‘bﬁ PISViEEanCRBINIGH de@MoGRBIRG ah afua@ay\@étwm f'l'slﬂﬁno%éﬁ@fdes sor) and
typically also wer i n 0 uci n ropul sion, t owering
o’ ror PPN PR etbed B8 kBt e o ReBESeT o BRmbRh e lind T her ' 54
whi ch deffividebanmalingperationQcdwisiotar y f or t he conbusti on gases 18. The turbine
nozzle 22 includes a radially outer band 26 which defines a radially outer

boundary e conb stion ses are channel ed
et ween’ APt eI wpPRaier Birerl el Skl p St ehi e fE T dnes 28

ext endi ngpolieztiedinb paviravagighpfefenigaispiihandsbest metphgalg@6. 15 The conbustor al so
includes a radially inner |iner cooperati ng with a radiall y i nner band of

the nozzl e, for defi.nin n at h bounda t he
orbuer L oRAIRR s6s bt @Sl S5tgn, e HRR e BHD RSPt B RSl | o° i nce
t he conbuenigage afingt anwuter lgeors extendipa raalie insaiding rembenferdiccommodating said

axial excursion:

said second loop being arcuate in section, with radially outer and inner sealing lands sized to
engage a second annular groove extending axially in said seond member for accommodating
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conponent s, they nust be assenbl ed together in the engine and suitably
sealed 20 to prevent flow | eakage of either the pressurizeth darfuaiy2003 t he
conbusti on gases 18. Quring operation, a portion of the pressurized air 14
surrounds the conmbustor inside the casing 20 and typically has a higher
pressure than that of the conmbustion gases 18 therein. In order to prevent
undesirabl e Ie e of he pressurized air 14 radially inwardly into the
conbusti&ﬁméﬁg %ﬁﬂb@ﬂ bet ween 25 the conbustor and the nozzle, a ring
seal 30 is formed between the outer liner 24 and the outer band 26. But for

the . ring,R&akh b@ﬂg qfsé&gé BiaRElWRRA s5i8 But@inBinnbl IR oPRH fﬁﬂ%n&’k@c@ﬁd b\a/t\gd the

engi ne 10 may be Ot herw se conventional in construct n and

001 12870 "i@sj%‘ti’étwg 500989 FETEN05981a BAeMibYER 97 §HC SoPhio %%%P'E‘H’ajem nt

bef i nr eersatdrediaekesrsidni ner and the outer band is subject to relatively high
excursions both radially and axially due to thermal expansion and
contracti on caused g%mghe hot conbusti on gases 18 during operation.

Accor di ngPRJEF PRECBIEFIONEF THE OBAYINEF ed i n accordance with the present
invention 5 for accommodating the high axial and radial excurS|ons at this

| ocation [ 1Rl 4es the
seal i ng e#r%é@teﬁt\%’hﬁéégc‘%t g%e ﬁel\g{%g agé %a%:eﬂoﬁ aﬁﬁﬁ%g'mﬂ V}ﬂ‘i ﬁﬁ excur SI on ring
seal 30 i abiqcts| and prvaniages therpal ds @P’e@ﬁmFLﬂafFld@iﬁf'E‘edZ“ thg iliowiRg ?ﬂa'@ﬂged section'in
Fi gur e 3. debbriptisetakeni imedniidetdn hith the acddchpaddyirgeemds axwtadnt y opposite | oops
32,34 integrally joined together in a unitary conponent by, a coextensive
septumor _web 36 in a collective seal ring having a circunferential gap or
split 38,Fl8s!ispanalisactiongyiew ttpougiriaosipn pia @8 turkinesreipe §avingea seatizunt er ent i al
ext ent of adchr@arealith bh B@nplandidobitiemideNeeh 8 cifitiéRNbutérBergamen altérpandf
unde5|rabH§rQ stress therein. 15 The ring seal is illustrated in nore
partlcularl ZIEllgures 3 and 4. The first loop 32 is arcuate in

Cross- sectlon mnth radially outer and inner first sealing |ands 40,42

whi ch ext god? GisheuiRna Nhdedkdwyof Ble@iHg Sedl Mestraded th FIS! 1h bédotdéncd vagh shecond | oop
34 is arcuatemlnﬁ% 9SS~ g@xlon%rmn&n radi aily outer and inner second

seal i ng | A48 2A L8 Qﬁg° é dip ?cunferentlally around the ring. 20
The web 36 is disposed radially between the outer and inner |ands, of the

first andFa_@emrwl ehRRRS, dxi! @cﬁbaémawtmrsmghsﬁe R Ghal AduMibd tetwwtuﬁee@htmm' ng
nmonent of i 5 Chéq{ Eptﬁ & c&% Eﬁ X|b|I|ty of the seal ring and

al | owi ng i 38 P t Yo %‘%ge gl er the high differential radial

t hermal novenent between the outer I|ner 24 and outer "band 26. 25 As shown

in Fi gur eprs. i RranGeafERlc Siewoh@pdriidnk th8 RFg SRFMREat@pRc.ace preferably convex
axially outwardly away from each other, and concave axially inwardly toward

each other) and are radially aligned or coextensive. The first and second
| oops ar eDETAIGERRFECRPTEPRCR AHRPBMENTIQN M each ot her, with the web 36

llustrated in FIG. 1 is a portion of a gas turbine engine 10 which is axisymmetrical about a

longitudinal or axial centerline axis 12. The engine



5 WO 00112870 extending axially therebetween. 15 ,|p~~~9~~1~93427 In the

preferred enbodi nent illustrated in Figure 4, the vveb 36 154 S
joined to t WEOPPAWI0 and second i nner |ands 42,46 of the oppos ﬁ@%@g é and

the | oops are not otherw se joined together at the first and second outer 5
| ands 40, 44 which are sinply axially spaced apart by the axial extent of
the web 36. In a preferred enbodi nent, the first and second | oops are

sem -circular in section) and the web 36 is primarily straight in axial

Formed of HRHIgSAnliRaP il EREEeosRE Bot 3BPunY fok i B RGEHE 1P L o as
desired. Tug chafheldd tdharanfBlaticombistnt SSVHUrerﬁhﬁ IS PiRéEwith U@ drf i rTgﬁ'itéd1
Figure 4 so that the inner |aninate 1yadexten across the circunferenti al

split 38 ilfougeneratiog hat combustion gases| 8 The gorshystge 16 Femounted insideraat e and

unr oSt rai st asBhed SR ERtdes Ind HEBISEH BERen 4 ko o ?%Pnb seal

30. Ass shovhigh rédsurd mrsonet szzid 29, DigPosed dowmaﬁ'ﬁﬁbrﬁ%?‘m 2 ggﬁ bein .

i ner 24 and the outer band 26 with the first and second
axi al |y al ihjgkdand {ow presswrehturbines e(qgtash@ad) whigho extract en@gsefromnﬂml i ne.

Tner 1 and<ImbUon dFbeY BRRRHRrDEIhE colheBs s hatcdly ALS pRanedcn,
| ands 40, 44ahdomproducieg prapdilsioh ittindst for pdwwerrigan areraft &Pfligkt.r educi ng its
bendi ng moment of inertia. Notw thstanding its specific cross-section, the

seal 30 is neverjheless a fuA rr&? exc for the circunferenti al splrt 38,
and oper at es W|t QFH@QU%@FQ@W e @Q&Umourqrémebamhme@fmm teki al

crosspgecti

provi dfgs eftectl Ofa %mbgswgé the’ o rqf"léenbra%ﬁ ﬁﬁ%&%ééf‘g‘?g%é@ﬁ whi | e
accommodat i yehbard IG eredéf rds @ xadiailyi cuter bdiuddaﬂlfdﬂﬂ% combakstmgam al

di rections, f%\rigut the seal itself signjficantly restraining

di f f er ent i aNSiABBRHIAZZIE Which,atenghanneigshbetweenna Riyality of \Féfqué'ﬁétqf@ﬁ"){ oads

2335?52?@3’;%% oalfthoEhd ¥anss ZApfbrind Teclal ardy drak glo ol deief ' ©

15 The combustor aiso includes a radially inner liner cooperating with a
radially inner band of the nozzle for defining a radially inner flowpath boundary
for the combustion gases 18 as they flow from the combustor to the nozzle.

Since the combustor and nozzle are separately manufactured

components, they must be assembled together in the engine and suitably sealed

20 to prevent flow leakage of either the pressurized air 14 or the combustion gases

18. During operation, a portion of the pressurized air 14 surrounds the

combustor inside the casing 20 and typically has a higher pressure than that of

the combustion gases 18 therein. in order to prevent undesirable leakage of the

pressurized air 14 radially inwardly into the combustion gas flowpath between

25 the combustor and the nozzle, a ring seal 30 is formed between the outer liner
24 and the outer band 26.

But for the.ring seal 30 disposed between the outer liner and the outer
band, the engine 10 may be otherwise conventional in construction and



v

annul ar nmenber through which the conbustion gases 18 are channel ed, and
includes an axially aft facing first annul ar seat or grooﬁSJéBug&ZOO&a aft
.end. t her eof WOWAI12870r ecei ves in sliding contact therein the fPEHPSI9384732

i n a tongue-and-groove seating arrangenent. Simlarly) the outer band 26
defines a second annul ar nenber disposed coaxially with the outer |iner 24)
and has an axially forwardly facing second annul ar seat or groove 50 at its
forward end which receives in sliding contact therein the second loop 34 in

a tongue- and- gr,00 eal i ng, 1Q.arrangenent. The oyter liner 24 and the

out er ’ gan dOQQ%QP@V i;agaqqa!}ecgpgg@&w&e&uttqr Hiner ané’ ttheaﬂ’éﬁleé bandhis subiest es

48, 50, d ' i ' i ect ed
during ggetrotafgl] %n Br Iﬁ%ﬁhﬁé*@ﬂg§n§?€ﬁ at%eéol&e%@d;%ﬁéﬁg? u?ﬁgﬂpé@r'liﬁ ﬁg'f‘%{‘g'gi ﬁst

t he bottonand ¢dntrattiorstcausedviey 48 dwbworhbustioni gasest t8 auring Idpardtoneof ) and

by contact ,of the second inner |apd 46 against the bottom of the second
groove 50 éFBWﬁH‘QVwéﬁei %é?@ﬁﬂ Llrﬁ‘ir"?e peorgigace wi rtbﬁrﬂf?ﬁfme%o'? s

| nper &or at rﬁﬁ&&éﬁiﬁé}%é"ﬁiéﬁ%ﬁi& A r%ﬁséi(cﬁrsfi&%' & H’){s ?&faﬂgﬁ.iﬁ@ seal
whi ch”i nproves the seali’hg conlact between the tirst and second inner |ands
42,46 and téiatively simiple and éfficiehtdesigre whidhemikinsizesatie ssating éffectivenessinds

40, 44 are &Iso favai | abl e for effecting corresponding seals with the tops of
t he respectl®f@%grooves 48,50 as required. Differential axial thernal
novenent caused by expansion or contraction is illustrated in Figure 3 in

the phantom I i ngigy %bééiﬁ@_ﬂllﬂfth? hﬁr]\%ﬂcﬁfsi&ﬁﬂﬁlﬂé%ﬁgg 30 ;dr}ﬂu&ét@d irfisortigrpCt i on

designated A. The axial siZe o e grooves , d the axial extent of
t he web 36inaFiguse|2:@nstiin enianged section: int Rigure Sst Thadeak hshutles drpsand, 34

thor o o Peartd, S, bpbste. sy 30.5A5 Ripcrelty 8RR BhelBr I8, Mo eren
7 VO 00! ¢ampBnéit by EChokitisivelseplism e Webedt ing collicive badlqingdvaviriyda out er

band 26. Differential radial novenent B is also illustrated in Figure 3 by

t he diff er eifeumigaential gapiqr spit 381 ag showniincFigure:dr The saiib3B interruptsthem To

accommodat g, | ' | al. ' . t ents,
the 1 ngctefiredbrtef R Bt e SHef ing BEHAE ot B Bifeli e dbRaGlBR REE ",
second | oopAd@sirabfe heomstresStieegini Ng contact in their respective grooves
48,5D. Since the seal 30 is an annul ar menber, sufficient tw sting
flexihbility must, be, provided therejn for permitting fhe high radial

excurl®i on wi t ho peé'i(%e%?'v‘@ ilystrated iRy mgre F@FHH"WO‘% é'ﬂ%’ﬁé an¢ diﬁﬁeto
excessi ve ; ol QBRL ; | | and
The i nt or v i 000, 82 iRitd inf Crogs EReart with tadlaly BUler WBhiar(iist sealifg 2
twi sting flandsh#0,42 whioh extendprcumfarerdiatiy aroundithevingi Simitaryhthisisgicoadi al and
radi al excprsi . capab I pdi cat ed above, the web 36 is sqggced

Llity. As
bet ween ¢ hIoGPedbisacgate in Gossrigction avt mdiallyiater A Wner Separdlsaalied o
monent of  ighsldueiseeterding RsurhidRertRN BRI the ! i ng Tl exibility

t her eof .

o\

20 The web 36 is disposed radially between the outer and inner lands of the
first and second loops in a compact cross-section with reduced bending moment
of inertia for maintaining the flexibility of the seal ring and allowing it to twist
during operation under the high differential radial thermal movement between the
outer liner 24 and outer band 26.

25 As shown in Figure 4 for example, the first and second loops are
preferably convex axially outwardly away from each other, and concave axially
inwardly toward each other, and are radially aligned or coextensive. The first
and second loops are also axially spaced apart from each other, with the web 36



15 And, the web 36 is generally concave radially inwardly in section to
permt differential radial novenent between the outer Iinals.lég gt er
band 26 wi tWOW12§Perference therewith. As shown in Figure 3P i‘ﬁgg 236 i s
preferably straight in axial section, and bent in tw flat sections from
its mdpoint having a suitable blending radius, with a radially inner
surface of the web having an 20 obtuse included angle slightly |less than
180 for both increasing twisting flexibility and all ow ng radi al

differenti e first and second | oops 32,34 w thout the
web 36 en&%%&%&&s@‘ghme%%rtions of the first and second grooves
48,50. For exanple) as the first or left loop 32 illustrated in Figure ais

cani ed 25 radi a |theopteferred Yembddimehe ilustrated iim&*i?@’ré durthegwebeBaBis
expansion thereof to a greater extent than that of the outer band 26, the

| eft | oop integrally inined ta itheyfitst and seeand inser fands«42.46 of theooprosit® lapps t he

Cor r eapondi gy, bPfs 418 i it BlrtRClogethel AR (8 S50 s Biterd °°V
Janug 'y 2@EKdsR60L 8% WhidD 4RY sirlphoaxiallyedpacel apeart Betheraxidliextent aTewedi th t he

right portion of the web 36 noving outwardly fromthe bottom of the right
gr oove 5036As this occurs) the seal 30 elastically twsts through the web
36 to position the opposite loops 32,34 at different radii fromthe engine

centerline axi gy a%rafdradEmpbaitBR, the'first 8AU s8CMPIOLRS Ard UmPiliGlial el 24

and outer band accommodat es bot'h gh excursion ere radi al and
axi al novseetian, aAndrtheevel: 86 is priraaciyrstraight iméaxiaktrass-settiorsi Theé dirst and

Faci ng. {1 SeRoud kops ANt IPGraL Web GrR reTaiahl SRR o1 GAHEY BabarfeEat ol ar
axi alg y f%ﬁg@{ ﬂﬁ%%lz iﬂcbﬁg SremBR 1ahiRates g% de%f?et?hen%'q"le'sfléﬁ‘%hbﬁﬂ metald steal

30 is seate grooves to accomo ie ditferential axial novenen
t her ebet wiaminatesnef Iplias aref iflustratad in Figuiea4 soothabdhne inmer Eminatet mayi ng

effective sealing at the two ] oops, 32.34,. nder di.fferentiial axi al
novenent) e?‘f}?é‘dr Pﬁ'&s% e sheym re&ﬁ'ahﬁﬂ‘étf épt' 'é%at%‘gd‘?rnﬁgﬂ’%izutc’ (SAIREWN ¢ he
two end | n | SineY hi gal |tk N €fakD ip o] inghi | e
mai nt ai ni %ggg??eg}eigve sea inmgagF%thr%yegmt hse‘ms?agr‘)\;\r (‘:'Ig f.‘g'?ﬁ)atgﬁ'ﬁ% | ows
the ring $kerebeveen avhile i alldwing t uhrestraimedp cincumferagtialh expansiona@mdsecond

| oops, 32, 34 spr apart ially as they are carried within the
respfasct i v@oaﬁgﬁqujs&ig,egﬁgts@a[ﬁqj'f erent radial positions under differential
thermal growth. 20 The elastic web 36 therefore bridges together the first

and second | oops shbwitirl Pigured, thé tihg $ebh36 istalinted babvéert the diter liwdr 36 i s
preferably disposed on the r adi ally inner ends of the |oops for mnimzing

seal rigi &% 9nd the outer ban¢,RBithathe fiish aaracond HeorRB23¢ heingi adalyad j oi n
h - N 4 : ) . i
nave boen aaed Wi o8 GRPeFedal R A T e SonfAeL The amoidl fe® fhere

exenpl ary peeferablyrspaced fadidlly qutwarendf the fiesttandrsecohd tinertahds 4246@md of t he
I nvention shall be apparent to those skilled in the art fromthe teachings

her e2th) arfadially inward f thediret)and-seqand eulep lands Af:441t9 pravide fisxbiity-in

the ring seal 30 by reducing its bending moment of inertia.

Notwithstanding its specific cross-section, the seal 30 is nevertheless a
full ring except for the circumferential split 38, and operates with three degrees of
freedom. The partly race-track axial cross-section of the seal in accordance with

25 the present invention provides effective sealing between the outer liner and the
outer band while accommodating high differential excursions in both the radial
and axial directions, without the seal itself significantly restraining the differential
movements, and without experiencing excessive reaction loads and stresses



"9 WD 00112870 15 Janua~y 2003 PCTI US99/ 19427 clains all such

nodi fications as fail within the true spirit and scope of 16Raniuary2003 on.
yAccor di ngl y)WQie287¢ desired to be secured by Letters Patent BFT/PS/1837t ed
States is the invention as defined and differentiated in the follow ng
clainms: 10 15 January 2003 WHAT IS CLAIMED I S: An excursion seal for
sealing an axial gap between first and second adj oi ni ng annul ar nenbers
subject to differential axial and radial excursion therebetween during
fluid chaz éphfg operation, conprising: first and second axially opposite

| oops i nt 6 2 'y joined together by a coextensive web in a collective ring
having a circunferential split and sheet netal gauge; said first |oop being

arcuate in sectMore spedifitaliyathelduterdliriee 244ilhgbtratee in Fafilre 13 dbfinéls afirsted t o
engage a first annul ar groove extending axially in said first menber for

acconmodatanmglas anamber drouglt which the sembustionogasesndd asei channetadatandi n

Second anided oh Bl St Sing 5L o PTec S8R ok B BLHE aftneC af et ©
accomrodatyieh séd¢eivesinaliding Coniict theréif the first IoBpP3D &1 8%orniveranedrécdi al | y
bet ween said outer and inner |ands of said first and second | oops for
reduci ng 56aling Arrangemenbs Jimdanly, the Puter, band 2§ defines arsespnd arnular o

acconmodat ' ' | | | t ' erein
Sai d i r el disBab oSSR tnoubr 1 24! fad dn SudlyelerdS) P
spaced apdatingrssroadannalanaseat or igrocvai 50 atlitscforveandi el avhich Irgcdivey imbet ween.
3. A sea!sﬁépordiqg to claiﬂkf wherein sai.d web is spaced radially outward
of said fislding,pEntact hreinniher sp logRy 9faln A NIUKBNCrImOve.S8aling st and
secoyyl OUta‘?faHg% t 4. A seal according to claim3 wherein said web is
integrally jorned to said first and second inner lands. 5. A seal according
to claim3 wherein said first and second | oops are sem -circular. 6. A sea
accordi ng to clEierogtenfinerc2sasdithe dutes band @6sareoaxiallyospacednapant bt thee sheet
metal. 11

first and second grooves 48,50, and the web 36 extends axially therebetween.
Sealing is effected during operation primarily by contact of the first inner
land 42 against the bottom of the first groove 48 around the circumference
15 thereof, and by contact of the second inner land 46 against the bottom of the
second groove 50 around the circumference thereof. The intervening web 36 is
imperforate and reacts the differential pressure radially across the seal which
improves the sealing contact between the first and second inner lands 42,46 and
their seats.

20 Furthermore, the first and second outer lands 40,44 are also available for
effecting corresponding seals with the tops of the respective grooves 48,50 as
required.

Differential axial thermal movement caused by expansion or contraction is

illustrated in Figure 3 in the phantom line excursion of the outer band 26 in the

25 axial direction designated A. The axial size of the grooves 48,50, and the axial
extent of the wéb 36 are selected to ensure that the first and second loops 32,34

remain at all times within their corresponding grooves in sealing contact
therewith irrespective of the magnitude of the differential axial movement

7



15 January 2003 7. A seal according to claim3 in conbination with said two
annul ar nenbers, and wherein: said first annular groove rd6gan 20031 i di ng
cont act t heW&Q ¥13%0d fi r st | oop; and said second annul ar gr oREVE&M42Ls in
sliding contact therein said second | oop. 8. A seal according to claim?7
wherein said first and second nmenbers are spaced axially apart at said

first and second grooves thereof for unrestrained differential axial and

radi al novenent therebetween, and said web extends axially therebetwen. 9.

A 7el SRRt Aot Todh A AR aleion 1 o copcave radially | muerdly

second nenbers without interference therewith. 10. A seal according to

clai m 9 wher ei Diffefsnitiell fradial mevement 8 & Giso lilustrateel N Figisrec@nbysher out er
|l i ner for channeli 'nag t heret hr ou%[p hot conbustion gases; and said second

nenber | sdifiergat fadiabi pesitiong ref bewer nliner| a4 o§h@WnbEthh?éﬁ¢mngl'{}0] oi ned

radial ardbamabdsie Y ot nd actipl Syrsbn 5T B WRketfochétha o ° 1"

. AF. S\LS Afg £631/30. vﬁ@W‘s@%@Aa&aP@&&tlo@\}/mh teMirst@id| second loops 32, 34
~ytoje [V]ca]ca]ca]ca]ca]ca]ca]ca]c ajJ ca] ca] ca ca] cal ca] ca] ca] ca] caJ ca] ca
] cRay] ca] f@&]&!’&lﬂ] sealing cantast intbpir 18 W&IQT°°V°54 50.
i 5f Pv+gOh@ xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

} cg] CZ{,;Z&%%%&%W%@]\@E ca fﬁgr?ca] g‘é’f @Ttl@f a#]g f x'b' é‘] ”csé] ca] cajc

a] ca] ca] dzd padvidgd tereinc fod] p&r]nﬁﬂhg athea}]llgh] radipt akcursioa! Wﬁlﬂht&)&ﬁ&&% 1(0)Q

) cal ca] CRPRATER] Eaﬁém%é?@sﬁe&pc | PSS SToRS Oh PEslF SBIGHEP0a Car . &) |
2] o cal D oo eAfel R At e FAINFICIES) 28 fhepiar bp Sl LS?L;?LS
]42 32_ _Q_ ;mnn;e:g; f>o|r increasing |t§ tv;gggg ggglbmty in a compact arrangement providing cal cal ca
] cal EE]FEE? By ﬁ’ﬁ?'@ﬁgﬁfﬁ‘]"émﬁﬁ%’éa}l{h ielared fBE 156 Q’Fgaﬁ%d%]:ga]:;a]:;
] ca] ca] ca@Wﬁg cal cacﬂfgﬁ(ca caJc r%ﬁ&ﬁﬁ%ﬂ@ﬂrﬁ% ca ca] c}a] c}a] c

a] ca! MvR2 NBIRRieRt twiating] }dpﬂla,] the]‘ed] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] cal ] ca] ca] cal ca] ca] cal ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca] ca

] ca | aBF109%&' % )-3] _hia
4158106 13! 8 g kR oSN facibf fd ) L0, 2
10%& ()- diffekertia’fadial- otk tetweBh&HA Buter -lineF 24 and outer band 26
109&' ()-! F#109%&' ()-)gQdEl 8: 109%& ()- | L6z 109%& g - 14z 109 ()- Y 310%&' () -
without interference therewith. As shown in Figure 3, the web 36 is preferably
straight in axial section, and bent in two flat sections from its midpoint having a
suitable blending radius, with a radially inner surface of the web having an
20 obtuse included angle slightly less than 180 for both increasing twisting flexibility
and allowing radial differential movement between the first and second loops
32,34 without the web 36 engaging cormresponding portions of the first and

second grooves 48,50.

For example, as the first or left loop 32 illustrated in Figure 3 is carried

25 radially outwardly with the outer liner 24 during thermal expansion thereof to a
greater extent than that of the outer band 26, the left loop will rotate slightly
clockwise in the left groove 48 with the left portion of the web 36 moving closer to

the bottom of the left groove. Correspondingly, the second or right loop 34 will

8



30@0% ()- YL- 10%& ()-gijkl| bC, 10%& ()-'1 10%& ()-Ls

109& ()-"Y'S 109 ()- 10 10 10y; 109 ()-  i5dE:/ 10 10/ H&%Rin(hary-2003
A09%& () - sf &sWORYIRED- 1 z 1098 ()-s 10%&' ()-sy 109%&' ()--xY:/ 102CI%@%J9637-‘1°-
109%2& ()-' 109%& ()- nml0%& ()- z10%& ()-F' @ 10%& ()- 10fPv dE / 10z

102" 3 10%& ()-S)10%& () - &10% & ()-$10% & ()- 10%& ()- 10%& ()-- +guV7/
10zz 109%g& ()- &SH109%g& ()-  109%g& ()- 109%g& ()-y 109%g& ()-! @L0%& ()- |
10z0hdE7/ 10zz " !#109%g& ()-, 10%& ()-g 109%g& ()- 9#10%g& ()- 109%g& ()- s

épi/%f/‘é ((&) ( ;1a_ d%é)@iﬁé%\msgl ?r{%é%a#ﬁ@#ﬁ%%‘e ﬁ&ﬁt( 50%8;/%%&)@% 36 moving
outwardly from the bottom of the right groove 50. As this occurs, the seal 30
elastically twists through the web 36 to position the opposite loops 32,34 at
different radii from the engine centerline axis.

S The use of the ring seal 30 between the outer liner 24 and outer band 26
accommodates both high excursion differential radial and axial movement
therebetween in a compact and relatively simple configuration. The outer liner
24 merely requires the singular axially aft facing first groove 48, and the outer
band 26 merely requires the singular axially forwardly facing second groove 50.

10 The dual-function ring seal 30 is seated in both grooves to accommodate
differential axial movement therebetween as well as differential radial movement
while maintaining effective sealing at the two loops 32,34.

Under differential axial movement, the ring seal 30 has an undeformed,

common radius between the two end loops and simply slides axially within the

15 two grooves while maintaining effective sealing. Furthermore, the same

configuration allows the ring seal 30 to elastically twist for permitting the first and

second loops 32,34 to spread apart radially as they are carried within the

respective grooves 48,50 to different radial positions under differential thermal
growth.

20 The eléstic web 36 therefore bridges together the first and second loops
32,34 for permitting this dual capability. The web 36 is preferably disposed on
the radially inner ends of the loops for minimizing seal rigidity. But, in an
altemate embodiment the web 36 may instead join together the first and second
outer lands 44,46 if desired.

25 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
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UWXY.Z 2§ defined and differentiated in the following claims:
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1 @Oo%& ()-110%& ()-!#1 &10%& ()- 10-u 10-u 10-uS;

s10% u& ()-. & |/10011aB~\= 10L109& ()- y 10%& ()- 109&' ()t5 S3nuary 2003
-#10%.L& ()-3 yy 109%& ()- f 109& ()- 1\11A22/33}7?~\= 103'f 109%& ()- 3%
109&' ()-! 3"y#10%&' ()-!03sf 10%& ()-& | F10%&' ()-10%& ()-333)4344u5a?~\ =
10! + Y4#10%&' ()-!F1f 109&' ()-F.109%& ()-3,y 10%&' ()- F+#109%&' () -

(109%& ()-u56 666616 66bC 10! 10%& ()- y10%& ()-@10%& ()-Y 10 10 10@
s10%&' ( \WHATI§AINMERIB77889dELC 10! #10% & () -

10% & ()-s@0%& ()-10%& ()--#10%& ()- 10%& ()-99:Q:9;;a?bC

10! 0' #109%&' () - Y% 10% & ()-! F"#10%&' ()-f'10%& ()- 10%& ()- 10%& ()-;
4<<<<- ==dBb C Arpexcussion eeakfqrsealingoansaxigl-gsp Setwees: first-ang seogeckadpining annular

109z &' o) Y y - Yz ! >>3| 25\ = O = | . : .

O soouimoas kit Wneradisb b and sddifedirslon iefbblveen during flud ehaoeling
10  10%@peyation10w@origing: 109& () - #10%&' ()- &L0%&' ()- y 10%& ()-

A$BI BBCDLDJE-\ = 10" *#10%&' ()- "y 10%&' ()- ! #10%&' ()- y 10%&' ()- 10%&' ()-
@.0%: ()- LDDOEWEEEFJE-\= 1036 10%&' ()-35 109%& ()-

S3#10%& () - 3CIEICHE serorBi@xallyarRbsile I3ogs ibGsERAlly jioiFU-IBBEREChy @CoetendE: Wb i

10%& ()-!L! ]aog@ueéili\/e)ﬁrﬂjﬂt%%‘ga(éir'cumferential split and sheet metal gauge;

said first loop being arcuate in section, with radially outer and inner sealing lands sized
to engage a first annular groove extending axially in said first member for
accommodating said axial excursion;

said second loop being arcuate in section, with radially outer and inner sealing lands
sized to engage a second annular groove extending axially in said second member for
accommodating said axial excursion; and

said web being disposed radially between said outer and inner lands of said first and
second loops for reducing bending moment of inertia to permit twisting of said seal to

accommodate said radial excursion.

2. A seal according to claim 1 wherein said first and second loops are convex axially outwardly
and are axially spaced apart from each other, with said web extending axially therebetween.

3. A seal according to claim 2 wherein said web is spaced radially outward of said first and
second inner lands and radially inward of said first and second outer lands.

4. A seal according to claim 3 wherein said web is integrally joined to said first and second inner
lands.

5. A seal according to claim 3 wherein said first and second loops are semi-circular.
6. A seal according to claim 3 wherein said first and second loops and web are sheet metal.

11



10 10 10@ 10%&' () - GWEEEEEEEENC 1010%K () -3" @ 109K ()- 10z 10z 10zS;
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10%44& () -fS10%K () -!10%4& () -yl0%i& () -f$10%& () - 10%K ()-JIcIJIISKKKAELC
10, # 10%4& ()-!'S 10%& ()-@ 10%4& () - S10%4& () - 10%4& () -

109%4&' () - KLKLLMVMVHEDC
10s310%4& () -.s$10%& () - @ mMO%& () -*Y"10%H& ()-' "10%& () - &#10%K& () - M2N5
N6N7 NSNHNKNEeE! aerending glaior 3 gosagnhinatign withosak! two-annglar m@rbers, and wherein:
10H, 910%1&' () -s6" 1091& () - NFOOP>PPPdELC
10S!I 10% & () - $10% & ()-YI0% & () -f#10% & () -#10% & ()-10% & () - PQ QQQRRIED
C 10$Y" 10% & s@jo- fBatammiag 'grgove receives in sliding contact therein said first loop; and

10% & ()-$10% & ()-10%N & ()-10% & () - RRORRAELC 10$Y"10% & () - SHAL10% & () -
10 & ()-$10% & ()-10% & ()-*10% & ()- Normal" "Headi ng 13]c" "Heading
23] c" " Headi rigicescond appual grgovsieseivesinarliding coBlact thetaiaeich ge@diddoop. Headi ng
73] c" "Heading 83]c" "Heading 93] c"A "Default Paragraph Fontk O#Y+3};
CD7KOTVXZ\ N bdf hj K& 9VEMR6789: ; <=]g hz!$0&t " -*+U. . 13u569;

PRI PP DA GH M&Wmmdnpmemmdefesspmd akially apart

Roranar '%“gﬁ“*“%t%{fagﬁw%sﬁ%ﬁé%ﬂﬁéﬁﬁﬁﬁwaﬁ&mzm fadial movement

therebetween, and said web extends axially therebetween.

9. A seal according to claim 8 wherein said web is concave radially inwardly in section to permit
differential radial movement between said first and second members without interference
therewith.

10. A seal according to claim 9 wherein:

said first member is a gas turbine engine combustor outer liner for channeling therethrough hot
combustion gases; and

said second member is a gas turbine engine turbine nozzle outer band sealingly joined to said

outer liner by said seal ring for accommodating both differential radial and axial movement
therebetween due to said combustion gases.
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