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BACKGROUND OF THE | NVENTI ON PCT/ US99/ 19428 The present invention rel ates
,general |y t oWae/12080bi ne engi nes, and) nore specifically) to BEEUSIYIdIS%i n.
A gas turbine engine is an assenbly of various stator and rotor 10 15
conponents which require various types of seals to prevent undesirable

| eakage of either the hot conbustion gases therein or conpr air
Axi al 'y adj oi nin conponents typically use a ring se MWW
axially the m‘m mﬂm@\we ring seal may be a conplete 360 ne rray
be ci rcum‘e it at one location for elimnating hoopiseads and
stresses therei n60¥He split seal tic sothat it my freely
expand with an adjoi ning stator Nﬁ%ﬁ%bﬁﬁ EE hoop restraint or stress
therefrom Ring seals are also axially elastic so that they may be

initially axially conpressed between the adjoi ning conponents for effecting
a seal therebetween. R ng seals nmay have various transverse cross-sectiona

configuratigns - seal s for exanple. These shapes
provi de the%ﬁ%@ﬁ%&j@pmpyfor ef fecting good seals around the
circunference of the seal ring. However, the circunferential split
interrupts the ring to forma gap which is a | eakage site, although snmall.
Anot her§ ver si on Eb'hetmeseritrilg/eatam relates generally t0 gasiturbinerenigiriess agdemorehi ch

25 spans the legaﬂm er en (fhap to reduce or elimnate | eakage thereat.
Since this SPEQ! ¥1t°|§?@l'°u gge ‘wo components, it is correspondingly nore

conpl ex and expepsi tt@rbﬁﬁ”%gﬁéufse an!B8s8Rbly SO MYRH0D Bngl HoRP! ¥

attached to the sedl ring to span the circu rentia at all tines.
The segnent compbvﬁmfsaﬂmlyh aquire rvadousatyplae of seajs by praviedt ugdcmrable leakager adds

to the desi e d.,cost I.ntroduces ¢ rrespondlng heat
affected sofbeteras fit saibisipR aasesfHestin o maiRsat Hroo03 o Gol | 2920

PCT/ USRP/ 19428 nﬁ&%ﬂ?%djdlﬁngfsfﬁscdmﬁcﬁf@ty\@p% dy*u.s,é Ben@SEAl ged or
preventing excessive stiess thereat which undesi rably reduce the life

of the sli pagisdly theqebeﬂmenngyhe ring seal mayi beea opmpnle’tpﬁ@oe rmmpers eaitanayr

Si mpl § Tyi ng PErcHRteantahasa AEGHE Moafion o i ittnd e Bath ppky s 3Ge.e

| NVENTI ON Atiseétain. | ThE UsHis s8alSi§ ahdiBily) @lastie ft,oathﬁt taHay erf@uy eRparkP With defini ng

a gap. An arcuate bridge extends across th eﬁ%a and nest's in the seal ring.
r

The bridge 2didinieg witor Sempepadt witheutwhoom resigitices stiesss tharefromg SKing| y in

i oLl L0 gpBR! 8 il SN S0hLR o6 A RS RRY b8l oRNF TRy | (hsasae

The bridge a P enhd en rlng oh an pp03|te
side of the bgweem thb éd@amn@rdontpbnenttsha*eﬂdmﬁn@a@barthembettmmr m t

differential circunferential novenment .

Ring seals may have various transverse cross-sectional configurations
such as E-seals or W-seals for example. These shapes provide the required
axial flexibility for effecting good seals around the circumference of the seal ring.

20 However, the circumferential split interrupts the ring to form a gap which is a
leakage site, although small.

Another version of the ring seal includes a circumferential segment which
spans the circumferential gap to reduce or eliminate leakage thereat. Since this
slip-seal includes two components, it is correspondingly more complex and

25 expensive to manufacture. The seal segment must be suitably attached to the
seal ring to span the circumferentially gap at all times. The segment is typically
attached to the ring by welding which further adds to the design complexity and
cost, and introduces corresponding heat affected zones. The welded joints are
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t her ebet ween. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS The i nv&REPHRTY 4GP3
accordance with preferred and exenpl ary enbodi nents, together with further
obj.ects and wHmrieeeges thereof, is nore particul arly descri be@#cCrushdreq2s
foll owi ng detail ed description taken in conjunction with the 20

acconpanyi ng drawings in which: Figure 1 is an enlarged, axial sectional
view through a portion of a gas tur bi ne engi ne turbine nozzle support

of the pr oo BRpesRllybess et unich sFd et A tblolel o i UB Mo pRERERE ™"
bridge seal slrééslmbf@t%ldHW&Jléwmeaﬁaﬂly rédUc%qhémr@afthEIsgvéeaIB is an
enl arged, partly sectional view of the nested bridge and seal ring, and

correspondi ng ci Accerdingbhit is|desitpd toH@mpedie shin aeaIStfaeehmmaaﬂg (Weldlﬂg Qrabel ed

seal in'2 oty FePScd Mok i) S0 eRIRacSEpEE d. SERERn a0
an al t gr nat gnainftire®Réredf. t he present invention. DETAI LED DESCRI PTI ON OF

THE INVENTION Illustrated in Figure 1 is a portion of an exenplary high
pressure turbine 5 nozzle 10 of an aircraft gas turbine engine which may be

sealed in a OchﬂI RSN vention. The nozzle includes a
plurality og@?e?&@ﬁererﬂ al ygs"Sace I Slart nozzl e vanes 12, only the
radially inner portion thereof being illustrated, which turn and accel erate

hot conbustion gases 14 received froman . upstream conbustor (not shown).
The vanes are i nfetfighincudestanserl dingowith aézircamfwemal splihdefinipaedgas MRich is

inturn nmou ngly
join the nogh[qegtél ﬁﬁ&#ﬂe %g%h\hﬁgcf%%?ﬂfe g%%ghlrjt %%éhélgeéf gﬁdnnu hgst ed
bri dgelgseal w&ﬂhdes amamrchurend whith engages ¢hie ecalatrizpsolenrin fridtionhie nestramt i on
is elasti cal axi aI %essed ther ebetween to reduce or prevent radial

| eakage t hef tial 9 sl moyement frerebetween. Dhe bridas; elsg: ingudes B gur e
11s just Oﬁf?%%bﬁ ?&%ﬁgiﬁﬂ the sEBY ik oE%P?Pb&lttehﬁdg%? tlﬁé’ég;P P\ﬁthe@gé @ﬁct@ﬁt o

conventi ona present”invention I's Speci direct

i nprovenent $ham thee amﬂorZ@ndt stel fpedmut:hdlffermtiaer \mrswnfementmht imovgrentused
at any suit%1le |l ocation in the gas turbine engine or other apparatus. 20
The seal 20 SRUFENi nstal l ed in Figure 1 and in isolation in Figure 2,
and is@n asserrbl y of conponents including a seal ring 22 having a si ngl e
circuntferential split defining a corresponding circunferentral gap 24, and
an arcuat e BRIEFODRSCRIREON OfF THEQRAMINGS al |y across the ring gap 24 to
prevent | eakage thereat. As shown in Figure 1, the seal ring 22 has a
serpentine 25 transverse cross-section, and the bridge 26 has a

conpl ementary 5e"m@%wéiﬂioﬁrnﬁ%%c§ﬁﬁn'c8Qvnth*br@férf&’aﬁdﬂéﬁ‘erﬁﬂ!rf@ﬂ%@&ﬁﬁém@' form
for sealing axially adjoining stator conponents. As shown ‘in nore detail in

Fi gures 2 artegehen Methbrfllllﬂw objertsc lande sdvariagss ntheresf, imdnoie @aticaaryhi ch
et " oL 34 Yotk iald oS5l R Feof R UAR e e
20 accompanying drawings in which:

Figure 1 is an enlarged, axial sectional view through a portion of a gas
turbine engine turbine nozzle support including a nested bridge seal in
accordance with an exemplary embodiment of the present invention.

Figure 2 is an elevational, end view of the bridge seal illustrated in Figure

25 1 in isolation.

Figure 3 is an énlarged. partly sectional view of the nested bridge and
seal ring, and corresponding circumferential gaps thereof within the dashed
circle labeled 3 in Figure 2.

Figure 4 is a transverse cross-section of a nested bridge seal in

2
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' 14 February 2003 WO 00/ 12920 PCT/ US99I 19428 end 30 whi ch t E&PTHRY 2903,
circunferentially overlaps the seal ring 22 on an opposite side of the gap

, 24, I n accor‘garaﬁ@lgm th the present invention, the bridge 26 %@@ﬂg

seal ring 22 solel'y in friction, with greater friction at th or - end 28
to restrain or 5 prevent differential circunferential novenent

t herebetween, and less friction at the slip end 30 to permt substantially
unr est r ai repdorante wathtarabiternatelerhbodimiant lof theviresenit invesitioni t h. * The seal ring
22 itself may be configured to seal adjoining nmenbers in any conventi onal
manner, with its circunferential gap 24 being closed by the bridge 26 to

prevent | qyRAR EBESHRIPMIDNIDS 1 INVERTRONAgS 26 10 provides a siip
e

j oi nt at ring gap 24 permtting unrestrai ned expansi on and contraction
of the seal ring 22 while simultaneously sealing the gap 24. Mbst

significantl 0 | din brazin r ot her nmechanical connection is

regui red bet ﬁéﬂ-‘%‘ﬁ\g&ﬁglm&gﬂ? 3rfﬁ qgn@R'BPiQfg%’ SXLMPIRBHhN@HUPrESEWE tHEiNe t he
conpl &xi ty [ ' i ' L oci at ed
5 T ior ew 1P o B erdlGas NI Witicr R D 588 i sBEMERAR Chel
nested conkithytheapiesentifrivegtion.i cfheonozeié yinclédess A lavality 63 gircienferertialyh t he
seal ring 22, 8nd bri d?ﬁ 26 hav? co%nent&rp( serpentine transverse

cr oss- sectIRAsed\FRaH ngEde, Vafies| 19 hndie irediplly dnner spartien ctherepf ReiRg essi bl e

t her eacr oS, difatdd) et flm @naeéacb@aat%%ae&omﬁ&ﬁgaeég %Y f}iagavéa‘ﬂﬁﬁm fand 16
8 ecl y con

and support flange 18 in a pocket therebetween s I ca I gur ed
t her ef or . Upistreagatombusfor{noiabiown). dfke ¥anesate integeally gitdchedfto maddially y

the 301 partnsrsRol WoRBIe B L s 1 S By e S rPdtend 1 ont act i ng.
the adj oi ni ng nArdgest?BedihghBioinTtie heX¥AE Sendraiie #8 tatife %@bb&?ﬂaf\?’eya

plurality of radially open slots or grooves 34 to effect the axia
el asti cal | 18, @mannelasinested:brisige sast 20dn acyerdasemwitt @ prefartas embediment al | y

fl exible, radially.rigld i - .an e t he serpentine
confi gur at%ﬁ‘e\/ﬁﬁvgﬁ“%ﬁés f%%ﬁ%‘?ya%?@ia‘?&ﬁﬁ'&gﬁ?ﬁ'ﬁ eﬁ@é’Yeﬁf g%gﬁd'fqenar 22 and
bri dge 26 d,rbl‘,el,qtrgghﬂgak dthevepast. are 30 preferably formed of thin gauge
sheet nmetal nesting together in substanti alalé i dentical serpentine

1

croséSsection. Hreappiigatian of dhe serl B dliustat igureehds iystone of @00/ 12920

14 Febr uar g3 PEL U8/ A5d 2 RRSTRE dibitd'Ss SERRERICH, SABRR. | Tt Tt od

in Figure ona
present invention is specifically directed to improvements in the seal 20 itself

which is otherwise conventionally used at any suitable location in the gas turbine
engine or other apparatus.

20 The seal 20 is shown installed in Figure 1 and in isolation in Figure 2, and
is an assembly of components including a seal ring 22 having a single
circumferential split defining a corresponding circumferential gap 24, and an
arcuate bridge 26 extending circumferentially across the ring gap 24 to prevent
leakage thereat. As shown in Figure 1, the seal ring 22 has a serpentine

25 transverse cross-section, and the bridge 26 has a complementary serpentine
cross-section which may take any conventional form for sealing axially adjoining
stator components.

As shown in more detail in Fiqures 2 and 3, the bridge 26 includes a
proximél or anchor end 28 which nests or circumferentially overlaps the seal ring

30 22 on one side of the gap 24. The bndge also includes an opposite distal or slip
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equi prent. As shown in Figure 2, the bridge anchor end 281%F?%rﬂﬁ¥ye%ogﬁtial ly
overlaps or nests the seal ring with a greater extent than the bridge slip
end 30 to 5 frlct glly secure the anchor end while allow ng the slip end
to slide rel atQf8! ?J(} the seal ring under radial expansion and ngﬁlﬁ%@%z

In a preferred embodi ment, the bridge anchor end circunferentially overl aps
the seal ring greater than a quadrant) or quarter of circle, and the bridge
slip end overlaps the seal ring | ess than a quadrant. Since the bridge 26
is 10 attaendd30 ovhier alsmpestsrgf cirusnigrenyiatiy pvenlaps el sedlering: 2eoh @msenbl y

thereof, it _1is have excessive friction at the slip end 30
whi ch vvoul &P BPE@%%@atq@%sgﬁé?ant lally unrestrai ned expansi on and
contraction of tlH%cé@@anbéWh%é résérimRPBeH $he Brid A5ty se in
size of the end ga In the p?)ef erred errbodll-‘rrerrlt o8 ust ag ﬁl@gé I gure

2, the bri ding zzspgly i frigtion, with gr@am«fﬂcta:rsadbecarfombr end 125 tloa'esttglnaors econd

[ | f d h d |
2 ourd 5 e Vantfidrhnfi oRierBni e eres setetstiEh, Ahd BER SRcta fton i t h
both the ritRg g éﬂtﬁ3br!od§&nﬁﬁs@2$§t§ﬁﬁhll?9ur%\é§l$élﬁ@é'&ﬁér&n@é%lchHﬁeFeﬁﬁaF he

correspondi ng end gaps 24, 36. this two-ply conf |?urat|on the bridge gap
36 i s di spseeementthewawither Big $esal Iripgak éssifroay be tooefiginag tgapaladjoiningi n a

thererr am MampRISEER" carEhfon iAaRtre i i ufbRfrenfiy 680 24 RENSG ('
relatively cidued b &iedRdgd 26 tb \me@aﬂaeaébg%&hé@aenaurtmss/u&gsttﬁéﬂbhabé 26

unrestrained slip novenent between the slip end 30 and t he adj oi ni ng seal
ring Hp. 2mr@dHE§@dm1qv@;|§t)thengogaag% RECHBingewnresBainsd @xpsngiorranst | east

t hree quad m zi ng the
frictional ﬁ&;@&@@rﬁ%ﬁhg% Srsurﬁgfa{"%g#ig%ﬁ@'*%{“%f%@% I al
circunferential mmes@mﬁcaduymdsmmw, duzmggoroméatneman@bleccﬁmbetnon is
circunferential differentjal novement between bri dge and seal ring 22

occurs at trAguiEed pesneendhe Jinaridd ?% thebridgg ZQOWM weuldeingraage the
T2t B OB 58 il 0

PCT/ UBP9/ 13nafkwith. pEhe ibnieigs emidi seal wingharehsiimplysjothedatogethér B§ their mgstdd gned

with each other. Suitable circunferential force nay then be applied to
ci rcunf ereﬁqr{gQPSﬁt'PBtUétr@ff'Pﬁ@"er& and bridge relative to each other to

ci roun er ent i al | Xs SGAPYS dififechd AR5 R 22 ML igRe! 56! naiend

nesting therebetmeen weve si hce the se i's loaded primarily in
axi al conpressaplemettary ng;eqpm'ltlael drgnsiversee g¢resd-sédtionsi fwhiidy @re cuadialhyent i al

force applied ther ht change the relative cjrcunferent]al
posi ti ogpof Symne §55L St'PP tQOHRPfsg ble &‘@r%%f?ﬁ:l"é ef grlal diraetiomi ng

assengy ed ttf&nr‘é | tHel i dge r g t

substant i al %ﬁeg{er aglaiﬁn?qﬁ?%ﬁt %ea?gaggl %ﬁpl ghg g%)‘?lqél’ g‘?t mi)né dé&tkﬁte seal
for preventthegpbdtaegeapecaﬁcaﬂy\comﬂgmdd$meraimre stresses therein. And, since
the ring 22 and id e est t oget her out d|n
brazing, or ot he?'l:' gcﬁ @b%ﬂ%?ﬁ s%ai’?\ 9%%9‘@9@3 §?\é\ﬁm '%g

relatively giiam @pp“d%@lefréeasefbeﬁaé S2Swhith ebifectitiély HefiRE ke SéMBAIKE €rc%§f ect

its

section and provide sealing surfaces for contacting the adjoining members
25 16,18. The reverse bends 32 are defined by a plurality of radially open slots or
grooves 34 to effect the axially elastically compressible cross-section. The seal
20 is therefore axially fiexible, but radially rigid in cross-section due to the
serpentine configuration which has a generally hat-shape.
‘The nested seal ring 22 and bridge 26 illustrated in Figure 1 are
30 preferably formed of thin gauge sheet metal nesting together in substantially
identical serpentine cross-section. Sheet metal is flexible and may be readily
4



'ul'timate strength. 15 As indicated above) the seal 20 rray1ﬁ§\‘?8ru§%2003
conventional transverse section and still enjoy the benefits of friction
nesting. For %? Figure 4 ill'ustrates an alternate enbodi E e
(se‘al, desi gna eg'ﬂg ? having a transverse cross-section in thelpggnvgn 9|4%€al
formof an E or W Although the transverse configuration of the seal 38
illustrated in Figure 4 is slightly dlfferent 20 than the conflguratlon of

cor responci e o eCSebdbrthBoSfank 8faRATI, Hafer R SeBtl Shiveptonal.

bridge 26 dgjuigraentby di fferent versi ons of the reverse bends 32 and radi al
sl'ots 34. Wiereas the ring gap_24 illustrated in Figure 2 would be hi dden

within the 25 bri%ighowmsin %‘Qufeh%- tﬁéér'd%an@"%@ﬂde%ﬁ)@mnﬁgfwiﬁ@’ gwlap@r t he

br 1 dge. gap JorPar Tpel it el AR BAS, 1ng AR S %0 dher eas
the cogresgepubraly tsec@l@etheamwdher ehtievrileadlioRthg thelstibr i th slmeFtewr\@. t6 woul d
be hidden by the seal ring 22. an both enbodi nments, however, the seal ring

22 defi nes thasealAng yrser radial @@aﬂﬁ@ﬂ@@ﬂ GRRtraetiamgages the correspondi ng

portions of the j,npe rt f al s
thereat. The corlpegp%e?l ng brlgsmn")éH 918 biléaé]%gb/%%cqﬁkéggvﬂ ry 2003
PCT/ US99/ 19%A&fBiaps the' sel ringIgeegtenthad edqdaarantpoedyarter of girdlg, drtbthedstidgel ng and
gaps 24, and nor mal l&r& do not ot herw se grow de a seal with the adj ol ni ng

band 16 anoP'PI gvarapsTine §eal ring |egs Ahan fyquadragt %‘%9"%50@9% 6t her
sui tapl e transyenYEt r%ggﬂfd@mﬂgwna il P @%@g%éégggmésughf&e two

conponent s e|n retaln r|ct|on antially
unr est r ai namdﬁsfrénleebcmhaae elxbasmﬁ fneumaatsthershpaddcﬁorwmienwm pfevehttheeal

ring during on. Wile there have heen descri herei n what are
Consi dor e SBRATTEG LBrestiaita Sahammi I PO RN B 54 e delh o

i nvention, i | be apparent to
those skille Roﬁﬂg&ﬁﬁr@ %ﬁ?ﬁgc@%%%ﬁfsrl]iés‘é’ﬁgéeeﬁﬁ g?&‘ it is, therefore,

desired to be selouheoreferredenmdﬁndudllwtmtettlnd?lgumtmhhev’oddge e8tis imtheas f al |
i thip th t f th t what

desi 1 B3 1o BENGIAREONEIOL 608 SRenER SeronrC BRI PPl teNing AdHicRe | he

i nvention agaglgpi mrﬁmdm@té befAm F@Lﬁ@' 3l ”Inttrlf% édﬁ'n{;&m;aﬁ thedezp gpﬁsé a 8

abpuq pi es pue ;ue~penb a ue4; aa-e€al eas pfes sdeNano ~

ua~a~wno-~ rd“m:dymnstumt@epumw po&rsthamgaMand;bmgeza extending substaptiallyd ' g 0
"pue dlls B thuet ua; xa ~a,ea-6 g ;I nn 6uu | eas pies sdeNano

~( pel ; ua~a-~ 8 Hﬁr eo‘i%'i?ép%é'ﬂﬂeﬂpgépﬁ? j*adnn Z W el o o; 6ul p~oooe | ees d
~g sz 'uol ~as- 55m~0th%U|iwtﬁglyl a@oriﬂgeulaxnuﬁplthe(lbrﬁigwegéﬂn%w's edi§fssedoul ; sau
Ie ew ; aads aye a6pg§I pue 6uu | eas pies ula~adnn g W 0; 6ul pl oooe Ieas d

s~2Quaw Greumisres lyoadjgaa@um@efm@ee@p &4 wittmo«ajsmle geadrent adiggent aul ;

Figsaé. 2L oSt RBBop 47 ks Aol P BHBReRIaAN e oretl S8 BRI O0t

~(1 1 eol ; set girquntferantial aBnSERXNE sip lend 30-ig FelBtiRsly Short eeuvéwmbmy@p@pl ~q
pue 6uu |l eas pies ula~aynn ~ wlelo o; 6ul p, roooe |eas ' uawanow

| el ; ua~a~wn 6|t@|enguteaswtpﬁtamttajmnbestrpmmllpsmpve@entebmeaaheg%lmeqsiue '
uawanow I~el ﬁgngtwaé‘?ﬂ"ﬂgé’@?‘gé&&ﬂ;ﬂ esay 0; pua aodaue pies ;e uol;out

~a; eaab as pies sabe6ua abpuq ples pue :deb

pies as; ~o apl sColrespdrafinityly, the Wgeuandr@asenalmextehas GVePat desdtethreed pua
dll's a;lsoddo ue ul 6ul;sau, pue - es ~0 apes auo_uo 6ul |eas ples a;

Inn a6pl ~q phadrants aad: a-pogien of “Eﬁllfelﬂﬁh quadran\for emaxirpizing the Hiction
E?}Nﬁ'ef""ﬁg g@b\g@#‘?&gQﬂ%ﬁ}%}?%@é’l&gﬂ@%%@@ﬂ%ﬁﬂalpéi'r%um‘?&%nﬁéleﬁ\oéérﬂeﬂfa
therebetween during operation. The sole circumferential differential movement
between the bridge and seal ring 22 occurs at the slip end 30.
30 The two-ply seal 20 may be readily manufactured using conventional
equipment, with the seal ring 22 and bridge 26 being initially formed in
S



:deb a 6ul ul ~ap 46nolu;a,ra~l; ;lids |el;ua~a;wo~lo a pue 4FeLP<5‘I'a%§QO3ssoI a
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8Zh61 / 66SN. L | /00 OM EOCQZ ~enga~ ti 6 14 February 2003 _A

00/ 12920 PCT)‘L%@@? 428 slip end overlaps said seal ring | essPERY§%19428
Quadrant. 7. A seal according to claim5 wherein said bridge conprises a
ring having a circunferential split defining a bridge gap. 5 8. A seal
according to claim7 wherein said bridge g i's disposed circunferentially
adj acent t segenting isggtie withothejg %laﬁéo%r@é) hging aligaednvdthweache othesai d

accor i ng. Sures e ferEhtl Ol il A6 F Aol Koo tdiefer o

of radiall ¥ingipa Bi'id%b&emlv@ftd eath ttiet tglcRBUmPRahNalR EEYPEBItHE @nd gaps

crosssecti on. A32. A

~xsni d ZU] a&]&aeamhqamplebq %ﬁ]llcrmg]nﬁpaa]twwamwm dilowgver] siate d]a:sqatapca] calc

g]r gﬂ P’?\é\] %@%gh F@%gﬁﬁ ?@A@@%'§§+§§]d&5'r8a?%%[ﬁﬂa'p'Cg{ﬁ%]'% ﬂf“@a*f (,3:5']y calcalc

a] ca] ca] Cabﬁedm%ma}mécafpw&d:almét@al WAL alriight T@hdwge" the relative
FSETE": "<"H' Y"i | fa\ cal ca] ca%@a] caU] caU| ca] ca]ca] ca] ca] ca]ca] cal]c
a] ca] ca] ca]C!fal}fD@]'%fa]%QP@h?'ta thajcaRF 243 ca] ca] ca] ca] cal #THAHHSXSSNIVOERSEB'

&) e on) cal ca) oA et aPoa e SHRARALEr Maficiid ApeabRHIRP SREMG 22 SPHGT 1500

33%4, 4. 4: 4144 2| YOSV WHille: &lso perm:ttmg substantlally unrestrained radial expansion
#>: >| >U>h>y>) >>>| ?{ upkf &}a] cal] ca] ca] ca] ca] ca] ca] ca] c$a] ca

] ca] cH caupaa]C@atn?@taarb%ﬂtga]S@aq @ap e gpesrpdian ciupdesirable siRagEs33+ 4, 4.
4: 4K4Z741 8

#>: >| >U>h>y |"!f°u§f<”f°e[t(ﬁ]"8%]zca?5] caT%gaﬁ ca E%m%}/é\g]steg]tgg?tggj ‘é’é?%%tj c$a] ca
] ca] ca] caU]WHk]m g Ubrazinga]oradthed nwelchahical diskond dﬂ\é&h@@!ﬁﬁ@éfshéﬁb@f’/m& ()-'1
0%m& () - fle%r& () - 10%r& () - Q%sr&ﬁé- 10% & ()-F0! 10%r& ()-A

10%n&: () -, Felabivgie scmplfo@ﬁﬁ % €0 fisets wiRh (vyoulmmw!§e affect s

1097 () - "efrfate sha¥E#. (' T 10%m& () - F+10%m& () -

15 As indicated above, the seal 20 may have any conventional transverse
section and still enjoy the benefits of friction nesting. For example, Figure 4
ilustrates an alternate embodiment of the seal, designated 38, having a
transverse cross-section in the conventional form of an E or W. Although the
transverse configuration of the seal 38 illustrated in Figure 4 is slightly different

20 than the configuration of the seal 20 illustrated in Figure 1, the same reference
numerals corresponding to the same parts are used including the seal ring 22
and bridge 26 defined by different versions of the reverse bends 32 and radial
slots 34.

Whereas the ring gap 24 illustrated in Figure 2 would be hidden within the

25 bridge 26 for the seal 20, a corresponding ring gap for the seal 38 illustrated in
Figure 4 would be ex.posed. Correspondingly, the bridge gap 36 for the seal 20
illustrated in Figure 2 is exposed, whereas the corresponding bridge gap for the
seal 38 illustrated in Figure 4 would be hidden by the seal ring 22.

In both embodiments, however, the seal ring 22 defines the outermost ply

30 thereof which engages the corresponding portions of the inner band 16 and
support flange 18 for effecting seals thereat. The corresponding bridges, in

6
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The seal ring 22 and bridge 26 may have any other suitable transverse
5 configuration for effecting sealing, with these two components being retained
together by friction-only to permit substantially unrestrained differential thermal
expansion and contraction of the seal ring during operation.
While there have been described herein what are considered to be
preferred and exemplary embodiments of the present invention, other
10 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
15°  States is the invention as defined and differentiated in the foliowing claims:
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an arcuate bridge extending circumferentially across said gap, and having
a serpentine cross-section being complementary with said seal ring for nesting
an anchor end of said bridge with said seal ring on one side of said gap, and
nesting in an opposite slip end of said bridge with said seal ring on an opposite
10 side of the said gap; and
said bridge engages said seal ring solely in friction, with greater friction at
said anchor end to restrain differential circumferential movement, and less

friction at said slip end to permit differential circumferential movement.

15 2 A seal according to claim 1 wherein said seal ring and bridge are
symmetrical in said serpentine cross-section, and elastically compressible
thereacross.

3. A seal according to claim 2 wherein said seal ring includes a pair of

20 reverse bends collectively defining said serpentine cross-section and providing

sealing surfaces for adjoining members.

4, A seal according to claim 3 wherein said seal ring and bridge are sheet
metal nesting together in substantially identical serpentine cross-section.

25
5. A seal according to claim 2 wherein said bridge anchor end

circumferentially overlaps said seal nng with a greater extent than said bridge
slip end.

30 6. A seal according to clam 5 wherein said bridge anchor end
circumferentially overiaps said seal nng greater than a quadrant, and said bridge
8
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10. A seal according to claim 9 wherein said seal ring and bridge include a
plurality of radially open slots to effect said elastically compressible cross-
section.



