WD 2012/ 033910PCT/ US2011/ 050819 ANNULAR SEALI NG DEVI CE RELATED APPLI CATI ONS
AND PRI ORI TY The present application clains priority under 35
US C MO6wr/3sibed States Provisional Patent Appli catrcorusSaniosisiNunber
61/ 381, 213, titled the sane, filed Septenber 9, 52010, which is

i ncorporated herein by reference as if set out in full. BACKGROUND In
many i ndustries, it is necessary to provide reliable seals that operate in
extrene conditions including high pressures, high tenperatures, and hostile
chemi cal s. Conventional elastoneric seals may be damaged or fail conpletely
under such conditions; ther ANNUEARSEALING DBY3EGEs are the preferred
solution for these extrene applications. A conventional netallic C, V
or U seal is often fornmedRELorepAvreicaTedNs ANDIPORIIYEr ances required to
control installation forces can be difficult to achieve using sheet netal.

| n addi ti on, Thegrésentrapplidatich tlarek Priosiny wideess U@l H1 1@rte Usiitee@Btafedr med from
anneal ed material to facilitate the form ng process. These parts would then
requi r epRURichhiPagint APpFIGAGSH SéHal Nuinber 610381208, diRdttheldamiel fi2l Sepembauch as
solution heat treatnent followed by precipitation hardening) to achieve

opt i sruNAYe! RhicRis ifdorporated herBhvytefeRaad astif @abuEAKull.t he seal typically

experi ences di nensi onal changes that are often difficult to predict as the
magni t ude of the changes are prop@idkerainbO the residual stresses in the
formed part. Al so, the shape of the typical formed C, V or U netal seal is
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flexibility o e cross 20 sectional geonetry. Accordingly, there is a

need T Obondftiofd HlBinz>Righ drll rrggf}it?%:ggmfpamr@sctaua sttt th@Hfcals NeCSiveMichafNd

tol erance 1 ssues co U shaped seal s manuf act ured
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parts manufactured from sheet metals are often formed from annealed material to facilitate the
forming process. These parts would then requirc additional processing in the form of heat
15 treatment (such as solution heat treatment followed by precipitation hardening) to achieve
optimum materia]. strength. During heat treatment, the scal typically experiences dimensional
changes that are often difficult to predict as the magnitude of the changes are proportional to the
residual stresses in the formed part. Also, the shape of the typical formed C, V or U metal seal is
difficult to machine from pre-hardened materials due to the inherent flexibility of the cross
20  sectional geometry. Accordingly, there is a need for an annular seal that can be manufactured
without the stress and tolerance issues common to traditional C, V or U shaped seals
manufactured with traditional sheet metal processes. As such, a cross section geometry that can

be machined from hardened materials is needed.



5 bi-directional pressure applications. A nested arrangenment could be used
in a uni-directional pressure application. SUMVARY The annul ar seal i ng
devi ce diwolomadifierein may be summari zed as a netal | i cpcirnug2daithasoshas a
cross section conprising: an axially extending body portion; a spaced apart
pair of sealing arns 10 extending axially from said body portion, wherein
each said sealing armincludes a radially opposed arcuate (convex) sealing
surface; and wherein said spaced apart pair of sealing arns are spaced
apart a radial distance greater than the width of said body portion.

Al t er nat i velnysonteheitioal mpblcatisssadeduralyniiseals ewy rbie eetl. aStackimgorandsiing waditgpnahat
has a cross section conprising: an axially extending stem portion; a

bul bousCpof tor dih shapednggatsa thiradeblingd pplosduicarcenatailtl i uspaticgles perfommeasce. and
an axial groove forned in said bul bous portion, wherein said axial groove

i S W deFurtheanorchthensi eatisks heeddbidarsirmniapeeat thanhcan be stagkedior eestidiorrextndanhe
annul ar seal conprises a netallic ring having a cross section that includes
an axi akdalingwiteadidigorivaghe Redst saxfiohafiheged. Masthcked uiraligemendcoald weaisad in

hei ght. A spaced apart pair of sealing arns extend axially fromthe body
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sealing surface. The arcuate sealing surface may be convex, for exanple.
The spaﬁ,%gls licatidh! Of sealing arms are spaced apart a radial distance
greater than the radial wdth of the body portion. In an enbodi nent, the
axi al height of the body portion isgseRRyly greater than its radial wdth.
WO 2012/ 033910PCT/ US2011/ 050819 ~I'n anot her enbodi nent, the spaced ,
apart pair Phe sfdlat %liﬂ%ﬁ@vif@&ié&&@d Rerbinmdy Kb QRO ad B ctallie! H@ahA hagcond
groove forned between the spaced apart pair of sealing arns. The axi al
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comprising: an axially extending stem portion; a bulbous portion having radially opposed arcuate
15  sealing surfaces; and an axial groove formed in said bulbous portion, wherein said axial groove
is wider than the width of said stem portion.

In an embodiment, the annular seal comprises a metall_ic ring having a cross scction that
includes an axially extending 'body portion having a radial width and an axial height. A spaced
apart pair of sealing arms extend axially from the body portion, wherein each sealing arm

20  includes a radially opposed arcuate sealing surface. The arcuate sealing surface may be convex,
for example. The spaced apart pair of sealing arms are spaced apart a radial distance greater than
the radial width of the body portion. In an embodiment, the axial height of the body portion is

commonly greater than its radial width.



10 the nethod may further conprise inserting a second netallic ring into
the gap and engagi ng the body portion of the first nmetallic ring with the
body portwonofo3sdie second netallic ring. BRI EF DESCRI PPCONSOH 1/05#81DRAW NGS
The acconpanyi ng drawi ngs, which are incorporated in and constitute a part
of this 15 specification, illustrate enbodi mrents of an annul ar sealing
device and together with the description, serve to explain the principles
and operation thereof. Like itens in the drawings are generally referred to
usi ng the same numerical reference. FIG 1 is a top view of an annul ar
seal i ng devincsnottec embbdignenty tize piacest apant quap ofrsgalingbaouis rdefings 20t @ooge iasd a
cross section of the annular sealing device shown in FIG 1 taken about

| i ne 2 ma®;include a $ekéhd Srobee forped betadeerpthe spaet iapart paiewf ofaling ermes The axial
sealing device shown in FIGS. 1 and 2 in an exenplary installation; WO

2012/ 03BOERREMYS3P pdrtioh By e gtedter thah sheatepiifstiegmthl grooss. section of the
annul ar sealing device shown in FIG 2; FIG 5 is an enlarged cross

section of ARoakdRithplatsien!d wiﬁge?ism aGhpsiigng plupalty 9 caadomeerp nsdtallic

enbodi ment; FIG 6 is an enlarged cross section of an annular sealing

devi e AREONKEAH tHelboy IpbiioH engages the sealing arms of an adjacent metallic ring. A method
of closing a gap between components, such as cylindrical components, is also contemplated
herein. The method comprises providing a first metallic ring and inserting it into the gap. The
method may further comprise inserting a second metallic ring into the gap and engaging the body
portion of the second metallic ring with the scaling arms of the first metallic ring. Alternatively,

10 the method may further comprise inserting a second metallic ring into the gap and engaging the

body portion of the first metallic ring with the body portion of the second metallic ring.

BRIEF DESCRIPTION OF THE DRAWINGS
The ‘accompanying drawings, which are incorporated in and constitute a part of this
15  specification, illustrate embodiments of an annular sealing device and together with the
description, serve to explain the principles and operation thereof. Like items in the drawings are -
generally referred to using the same numerical reference.
FIG. 1 is a top view of an annular sealing devi_ce acqording to a first exemplary

. embodiment;

20 FIG. 2 is a cross section of the annular sealing device shown in FIG. 1 taken about
line2-2;
FIG. 3 is a partial perspective view of the annular sealing device shown in FIGS. | and 2

in an exemplary installation;



, exenplary enbodi nent; FIGS. 4A-6A are an enl arged cross section of an
annul ar sealing device having alternative axial grooves; FIG 7 is a cross
section iwbustwym@siing several annul ar sealing devices st achas2oin/ososnest ed
arrangenent; and 10FIG 8 is a cross section illustrating two annul ar

seal i ng devi ces stacked body portion to body portion. DETAI LED DESCRI PTI ON
Provi ded herein is an annul ar sealing device having a configuration that is
conduci ve to standard precision nmachining processes such as mlling,
turning, and boring. Accordingly, the 15 annul ar sealing device according
to the enboBiGrdng an chiwged dress sbetiosiofi the@suilarsealimgrdsyige slwovai intFdGcd, and ti ghter
tol erances for critical seal applications. Furthernore, these seals nay be
f ormed fronFiItaisdmnadarged pross featiclenfan amiudari sehlingf daviadi aveordingniala stcaid | ity
t hr oughout processing and while in service in extreme conditions. For

exanpl eexchipfarg edbodigntgonpri se All oy 718 in the solution heat treated and
preci pitation hardened condition. Al so, the annular 20 sealing device

desi gn al | ops. fors & eflkREd Testh saétfoanefedre adrfuldr Nehlingr dsvicteacsomingh® 4 eithdancy
for critical applications. As shown in FIGS. 1 and 2, annul ar seal 10

is ig tg@“{p%yrhqf,o(ﬁméjnpg havi ng an outer dianmeter D and a cross sectional
wdth W FIG 3 illustrates the installation of seal 10 in a gap 3
FIGS. 4A-6A are an enlarged cross section of an annular sealing device having alternative
axial grooves;
FIG. 7 is a cross section illustrating several annular sealing devices stacked in a nested
arrangement; and -
10 FIG. 8 is a cross section illustrating two annular sealing devices stacked bbdy portion to
body portion.
. DETAILED DESCRIPTION
Provided herein is an annular sealing device having a conﬁguratiqn that is conducive to
standard precision machining processes such as milling, turning, and boring. Accbrdingly, the
15 annular sealing device according to the embodiments described herein results in more
consistency and tighter tolerances for critical seal applications. Furthermore, these seals may be
formed from unhardened or pre-hardened materials for dimensional stability throughout
processing and while in service in extreme conditions. For cxample, the seal may comprise
Alloy 718 in the solution heat treated and precipitation hardened condition. Also, the annular
20 sealing device design allows for stacked seal arrangements that provide scaling redundancy for
critical applications.
As shown in FIGS. 1 and 2, annular scal 10 is in the form of a ring having an outer

diameter D and a cross sectional width W. FIG. 3 illustrates the installation of seal 10 in a gap 3



WO 2012/ 033910PCT/ US2011/ 050819 between two cylindrical conmponents 5 and 7.
As can be appreciated fromthe figure, conponents 5 and 7 preferably

i ncl ude Iwadoizmnsshianfers in order to facilitate install acrars2afi/osesas 10. |t
shoul d al so be understood that width Wis sel ected depending on the
application to fit in the gap 3 between mating cylindrical conponents, such
as, for exanple, conponents 5 and 7. 5 Moreover, it should be appreciated
that while the exenplary enbodi nents are directed to sealing cylindrical
conponents, the seal cross sections disclosed herein may al so be applied to
ot her geatwednr bves cylindricBl @omponentsa S dadail] edsvFawbefapphesiatado froms ¢het figureof t he
annul ar seal 10 shown in FIGS. 1-3. The cross section is conprised of an
axi al | ycangoaerds 6 gnd a3 gyefprablyiincludlcadinsbaméfremradertto faslitate shstatlafion of sedk unk.
A spaced apart pair of sealing arnms 30 extend axially from body portion 20.
A transi.i hrhduldalksé be uhdenibod that widtls Waik isclgeted dependiyig be tlicoapphichtioy to Adin 24,
for exanple. Each sealing arm 30 includes a radially facing arcuate sealing
sur f acethdZap Setwekl ratitigutisdricabubrngonsntp osuch @s) fof thange, axinpbnausopund 22
formed therein to create the spaced apart sealing arns 30. Axial groove 42
Serves Mordo@etit shdulEbE sppdcaned Mt wiiRdhe €giplaeyetbodimsitabie dileeted andealinipd
creates a cavity 15 by which the nedia being seal ed can increase the

cont act ¢ylipBK&ES cainpbitatss BRl schNérdss @6®shs’ dSldskd Rereinmbymalseedappiad td1gther
performance. A second axial groove 44 may be fornmed in the bottom of axi al
groove mefMesCan be appreciated in the figures, groove 44 has a radial
width that is smaller than the radial width of axial groove 42. G ooves 42

and 44 i ncl pde grigdidetafidd 334 ¥ané BRREGLINEOYthe RRfuIIRIAN i BdhokatinegROSI RYI | 45
and 24 at the shoulder area 27 of sealing arns 30 acts as a flexure 20
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confi gured as a prel oaded seal. Thé stiffness of the flexure may be varied
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groove 42. As can be appreciated in the figures, groove 44 has a radial width that is smaller than
the radial width of axial groove 42. Grooves 42 and 44 include radii 43 and 45 respectively.
The material between radii 45 and 24 at the shoulder area 27 of sealing arms 30 acts as a flexure
20  which allows the sealing arms to flex inward. Thus, seal 10 may be configured as a preloaded
seal. The stiffness of the flexure may bc varied by changing the depth and/or radial width of

second axial groove 44 and the radius of radii 45 and 24, thereby changing the shape and



10 pressure. To that end body portion 20, in this enbodinment, includes
chanfers 22 which also facilitate installation. Sealing arns 30 are
spaced apaotor/m3adbal di stance slightly greater than thecmiusténiofosihe body
portion 20. Thus, nultiple seals may be interconnected, or stacked,
together with the body portion 20 of a first seal inserted into the first
axi al groove 42 of an adjadcent seal. This stacked 15 seal arrangenent

provi des a redundant sealing systemand acts to stabilize both seals. Wen
used in a stacked configuration, the radial width of the body portion 20
shoul d thckaesaldf wachglidéroared Rdw Flenexialagtoates dBf [4d care showh to Herrs gghérally ar ns
30. The axial length of body portion 20 al so sets the distance between

seal s t fecphgul@shagelcbus ealld fgmanhes gadnaficspsieh aeakirdle omhedikt.act i ng t he

adj acent seal and potentially distorting the sealing surfaces. Accordingly,
the axial | eaghf serfaced3badyrfqentithome 20mpaientsao Gesailed (dohgondrhe s dedpt?Hoof t he
first axial groove 42. The body 'portion 20 nay be sized to fit in the
second ghiple) A ONSvfh-the figurdy] ¥alihgoaaided 32, aroaudiallp@pbposed. Zhe arayatbsealisged t o
hol d the seal during manufacturing operations, as a bearing surface during
seal 51 ngirAkd ab iptdVidedNdlideOcdrodit b@dinst @ SRRE IcBMPHRINVE HhichCiatiRaseYhe surface
2012/ 033910PCT/ US2011/ 050819 i n stacked seal arrangenents. Body portion 20
al so adggsdift b 368! wienQRRFaRl 1§18l ]!ﬂntii{g andreni Bhbl YTRUIE RO rddnGEt Al that i on

whi ch reduces or prevents "rolling” of the sealing arns during installation

of one gk tprs-lazﬁirng;sglriiag@ 38t Refor chtigall | TRE dARchsRAE A Bdn3k RPERIVES off dhe 44

al so may be enga hol d the seal during manufacturing and/or
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exenpl ar'y enbodi nent . al” 210 1 nc es a truncated body portion 220.
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of spaced apart sea that extend axially from body portion 220.
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232" AxPaP VG are 1ocate tween the spaced apart sealing
ar ns ZSgdegoovtgﬁ 2042 and 244 include 10 radii 243 and 245 respectively.
Seal 215HHRC B 4¥ i n applications where a single seal is desired or
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surface 332. The arcuate sealing surfaces o he seal | ns cqnti nue
around B¥Hdya spekedi oAngy Gt?onTmfsr?d‘Ph%‘d@b%tflsthﬁé%‘iyap%?ﬂ H‘u E}gl‘l‘g{ b %’{?j{]ﬂ‘ogéf face
inthe formof a Uor C shape. As with the‘%evi_ous enb?gié’ﬂants, &&e seal

i ncl udet® qiwwaqongrrggg]égeﬂqunaq{dhc sealing arms 30. The axial length of body portion 20 also

sets the distance between seals to prevent the sealing arms 30 of one seal from contacting the

adjacent seal and potentially distorting the sealing surfaces. Accordingly, the axial length of

20  body portion 20 may be greater than thé depth of the first axial grobve 42. The body portion 20
may be sized to fit in the second axial groove 44.

Advantageously, body portion 20 may be used to hold the seal during manufacturing

operations, as a bearing surface during seal installation, and to control the spacing between seals



20 344 | ocated between the spaced apart sealing arnms 330. G ooves 342 and
344 include radii 343 and 345 respectively. Seal 310 nay be used in

appl i cat iwo0mss|oa single seal is desired or multipl epsealssottijosdsigdo not
requi re spacing fromeach other are enployed. WO

2012/ 033910PCT/ US2011/ 050819 FI GS. 4-6 show various "exenplary

enbodi nents of the annul ar sealing device generally having a first and
second axi al groove 42 (242, 342) and 44 (244, 344). Referring now to FIGS.
4A- 6A, alternative enbodi nents of axial grooves for the annul ar sealing
devi ce @mrQadhbd ¢eal erangemcdntsof Bodye pattibe 20adlsos eddsxto dhe geab'svesseral stabiliwandai t h
respect to the annular sealing device 10, but 5 could be used in

conj uncgiaity \Bukifig anstalladion séadh Rglucksvercpretéhts 2dlling3 16X, ther sepliveg hinkse during
Referring first to FIG 4A the annular seal 101 is provided having a

si ngl e msaRdticdlloFOHEark? Brior tBheaoth@! TYe e end &Bombagiali goes/ca42, éldatlsovmbyybe
rectangul ar shape having a width Wand a depth D that is relatively

const an&ng@%&d%%o]ﬁihﬁ‘e WaldurinfmaRaakiuAgy aiddr isdalhbive rel atively straight
sidewal | s and a relatively flat bottom 33. Wth respect to annul ar

seal f ng devigg, %Q&xsﬁﬁt@yar@lﬂﬂmlaﬁséﬁlﬁo &lordindo 4Gecodd Brinilary @abbdighede\Seak i s
simlar in that it has a single axial groove 42b The axial groove 42b

simil arbia’o Eé\ﬁdé ARSI Sy Hoktio/ 200 SenildR X4 {Re Trsl @RibBdiRenildScrivell abovsr @ave 42b
is formed by relatively straight-sidewalls 31 that extend to a first depth
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331, having a generally arcurate shape with a radius ri. e shown as a

single gadi léﬁfgjarmtﬁ@ i Jg&é@ aa%@dﬁli@ﬁ@m%‘%)’cu% sf:an@ESQrfE% 243! 'A@@ilegr&@@é b4z The

single axia roove fornms a generally U shape. Wth respect to
figure 6 i g Lidgd-
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Interf a(3:1eos is 51m1la2rqg' %{ 01'% gtga]fl Psgcor@/n c2)1&me?lg'Sd]éscnbed above except it does not include a

15  body portion. Seal 310 includes a pair of spaced apart sealing arms 330 that are joined by bridge
portion 326. Arms 330 extend axially from bridge portion 326. Each sealing arm 330 includes a
radially facing arcuate sealing surface 332. The arcuate sealing surfaces of the sealing arms
continue around bridge portion 326. Thus, the seal has a continuous arcuate surface in the form
of a U or C shape. As with the previous embodiments, the seal includes axial grooves 342 and

20 344 located between the spaced apart sealing arms 330. Grooves 342 and 344 include radii 343
and 345 respectively. Seal 310 may be used in applications where a single seal is desired or

multiple seals that do not require spacing from each other arc employed.



resulting in inproved sealing performance. FIG 8 illustrates a pair of
annul ar seals 510, according to a fifth exenplary enbodi nent, wherein the
seal s ar ewetacksaviend to end or body portion 520 to bodpcCparstéians@29. | n
this arrangenent, the pressure P is effectively sealed fromeither
direction. 5Also contenplated herein are nethods of closing a gap between
conponents, such as cylindrical conponents, incorporating the seals as
descri bed above. The net hods may include the steps of providing a first
metallic ring and inserting it into the gap. The nethod may further

conpri se i NBIGSt drgshawserions cxatpary iconbodingntsnifahe i peaing demiga genggaliyhe
body portion of the second netallic ring with the sealing arns of the first
met al | i kavirighgfirstridesedomidiaxial groovd142 (2d21d) dfH 4248 844heRefeaingrmosetoi €8I t i ng
a second netallic ring into the gap and engagi ng the body portion of the
first npAglAl iaRerhitihg émboldirhdies sEalidlngodvesorahe hivtulgrealig dei| drée pravided.
Accordingly, the annul ar "sealing device has been described with sone degree

of part EgdaloR el altefafi RCAxe ghdvEd e SHERRPVEl Yesputb@Cthéeitusar sédling devitel1 () ut
appreci ated, however, that the present invention is defined by the

fol | oW g EbheAlse® it @bt witi alnutif teathg H&EceI0, 210,310, of thelllk@! REferring first
nodi fi cati ons or changes may be nmade to the exenplary enbodi nents w t hout

depart i popiGr QR) {hB GnhdlNaRAI i%ﬁ@i@_&f Baviri ¥ sthgledxiaPgRbve 42,Vhe axial groove
2012/ 033910PCT/ US2011/ 05081 at is clained is: |I.An annul ar seal,

ot el R O D o el e gt heP Y e
; pace
apart Painkaf a36R! h8Gitth ™. © XA Aehsa3d Bhve/ reldiivBly! R0 d¥eRANS BPhndWer €1 N
relatively flat bottom 33. With respect to annular sealing device 10, provided in FIG. 5A, the
10 annular sealing device is similar in that it has a single axial groove 42y. Thc axial groove 42,
similarly has a maximum width W and a maximum depth D. Thec axial groove 42y is formed by
relatively straight sidewalls 31 that extend to a first depth D; at which point the straight sidewalls
31 nan;ition to a concave bottom 33, having a generally arcurate shape with a radius r;. While
shown as a single radius r, the'arcurate shape may be formed by variable radii. The single axial
15  groove 42, forms a generally U shape. With respect to figure 6C a third embodiment of the
single axial groove 42 is provided. Again the axial groove 42c has a maximum width W and a
maximum depth D. The axial groove 42, is formed by relatively straight sidewalls 31 extending
to a first depth bl at which point the straight sidewalls 31 transition to a triangular shaped
bottom 33, formed by two converging surfaces.
20 FIG. 7 illustrates several annular seals 410 according to a fourth exemplary embodiment.
As shown in the figure, seals 410 are nested to provide redundant sealing. Body portions 420

establish the distance between the sealing surfaces. Axial groove 442 creates a cavity by which

the pressure P of the media being sealed can increase the contact forces at the-seal interfaces



each sealing armincludes a radially opposed arcuate sealing surface; and
wherein the spaced apart pair of sealing arns are spaced apart a radial
di st ance woeat»n33dihan the radial wi dth of the body portipamus2oiiiososseal
according to claim1, wherein the arcuate sealing surfaces are convex.
103. The seal according to claim1, wherein the axial height of the body
portion is greater than the radial wdth. 4. The seal according to claiml1,
wherein the spaced apart pair of sealing arns defines a first groove and
further conprising a second groove formed between the spaced apart pair of
seal i ngreailtibg il Kaprohed seding gecformancg tHGe|&illustistesvagragi of airalapseled 18@par t
pair of sealing arns define an axial groove having sidewalls and a bottom
wher ei Nadcbid2ofot DARK 2Seraplagnasbodirsdngpeherein thsealfhee swektedamdde dghdgr bodyc| ai m
1, wherein the spaced apart pair of sealing arns define an axial groove
havi ng sirdenstd & tag parth@t $20Min whie eeirgeinbst, hetpressure s rcifsets ctynzaled iiver gi ng
surfaces. 207.The seal according to claiml, wherein the spaced apart pair
of seal }iidr akdfioslef i nes a groove having an axi al groove depth and wherein
t he axi al height of the body portion is greater than the axial groove
dept§l. 8. Thg)sge@dhteRfpfatdddhdiint fe Ghalhdds of MMRigeh pap R vaeh LdipoRi@dd, isich as
surfaces are convex.

cylindrical components, incorporating the seals as described above. The methods may include

the steps of providing a first metallic ring and inserting it into the gap. The method may further
comprise inserting a second metallic ring into the gap and engaging the body portion of the
second metallic ring with the sealing arms of the first metallic ring. Altemnatively, the method

10 may further comprise inserting a second metallic ring into the gap and engaging the body portion
of the first metallic ring with the sealing arms of the second metallic ring.

Accordingly, the annular sealing device has been described with some degree of
particularity directed to the exemplary embodiments. It should be appreciated, however, that the
present invention is defined by the following claims construed in light of the prior art so that

15  modifications or changes may be made to the exemplary embodiments without departing from

the inventive concepts contained herein.



WO 2012/ 033910PCT/ US2011/ 050819 9. The seal according to claimS8,
wherein the axial height of the body portion is greater than the radial
wi dt h. wo 201b339ihe seal according to -claim?9, furtherCraspoi®sosgye a
second groove formed between the spaced apart pair of sealing arns. 511. A
sealing system conprising: a plurality of interconnected netallic rings
each having a cross section including: an axially extendi ng body portion
having a radial wi dth and an axi al height; a spaced apart pair of
sealing arnms extending axially fromthe body portion, wherein each sealing
arm i ncivides chimediisal | y opposed arcuate sealing surface; and 10wherein the
spaced apart pair of sealing arns are spaced apart a radial distance
greater than the Amdghnalar véallicbmpfisihdre body porti on. 12. The sealing
system according to claimll, wherein the body portion engages the sealing
arms of an agk@nRMngMeviak kicfoss betgon includingl3. The seal i ng system according
to claim11l, wherein the arcuate sealing surfaces l1l5are convex.
an axially extending body portion having a radial width and an axial height;
5 a spaced apart pair of sealing arms extending axially from the body portion, wherein
each sealing arm includes a radially opposed arcuate sealing surface; and

wherein the spaced apart pair of sealing arms are spaced apart a radial distance
greater than the radial width of the body portion. ’

2. The seal according to claim 1, wherein the arcuate sealing surfaces are convex.

10 3. The seal according to claim 1, wherein the axial height of the body portion is
greater than the radial width.

4, The seal according to claim 1, wherein the spaced apart pair of sealing arms
defines a first groove and further comprising a second groove formed between the spaced apart
pair of sealing arms. |

15 S. The seal according to claim |, wherein the spaced apart pair of sealing arms
define an axial groove having sidewalls and a bottom, wherein the bottom has a concave shape.

6. The seal according to claim 1, wherein the spaced apart pair of sealing arms
define an axial groove having sidewalls and a bottom, wherein the bottom comprises two
converging surfaces.

20 7. The seal according to claim 1, wherein the spaced apart pair of sealing arms
defines a groove having an axial groove depth and wherein the axial height of the body portion is
greater than the axial groove depth.

8. The seal according to claim 7, wherein the arcuate sealing surfaces are convex.



14. The sealing systemaccording to claim11l, wherein the spaced apart pair
of sealing arns defines a first groove and further conprising a second
groove fowvoediZnssaeen the spaced apart pair of sealing &CWaIS2011/0508145. The
sealing system according to claim 14, wherein the body portion engages the
20first groove of an adjacent netallic ring. 16. The sealing system
according to claim1ll, wherein the spaced apart pair of sealing arns
defines a groove having an axial groove depth and wherein the axial height
of the body portion is greater than the axial groove depth. WO

2012/ 033910CT/ U3Ha 1skdl0&0&Bthg to claiml¥,. wHdnein 3@ bxinlghagis tofithabody portign i
claim 16, wherein the body portion engages the groove of an adjacent

met al | i grefiten@an the radial W@dthThe seal i ng system according to claim 17, wherein
the arcuate sealing surfaces are convex. 519. The sealing system accordi ng

to claim 18)9.f ur tier seab &fdording) o IHMCON CLrGied Qumpfisiigrad seehdveesove hermanced
apart pair of sealing arnms. 20. A nethod of closing a gap between

COMPONER§tHeenCREEHak&d dprit phir OF sedlif@arthsf i rst metallic ring having a cross
section including: an axially extending body portion having a radial wdth
and an axi af; hei gtgaling system, comprising:

a plurality of imerconnecfed metallic rings each having a cross section including:

an axially extending body portion having a radial width and an axial height;
a spaced apart pair of sealing arms extending axially from the body portion, wherein
each sealing arm includes a radially opposed arcuate sealing surface; and
10 wherein the spaced apart pair of sealing arms are spaced apart a radial distance
greater than the radial width of the body portion.

12. The sealing system according to claim 11, whercin the body portion engages the
sealing arms of an adjacent metallic ring.

13. The sealing system according to claim 11, wherein the arcuate séaling surfaces

15 areconvex.

14. The sealing system according to claim 11, wherein the spaced apart pair of sealing
arms defines a first groove and further comprising a second groove formed between the spaced
apart pair of sealing arms.

15. The sealing system according to claim 14, wherein the body portion engages the

20  first groove of an adjacent metallic ring.
16. The sealing system according to claim 11, wherein the spaced apart pair of sealing

arms defines a groove having an axial groove depth and wherein the axial height of the body

portion is greater than the axial groove depth.

i1



10a spaced apart pair of sealing arns extending axially fromthe body
portion, wherein each sealing armincludes a radially opposed convex

seal i ng swofare33and wherein the spaced apart pair e@eCTasadilnssay ns are
spaced apart a radial distance greater than the radial w dth of the body
portion; and inserting the first nmetallic ring into the gap. 1521. The

nmet hod of cl osing a gap between conponents according to claim20, further
conprising inserting a second netallic ring into the gap and engagi ng t he
body portion of the second netallic ring with the sealing arns of the first
metallic ring. 2ZhEhealimgtsygemakcatiogitngaimn §&pvizetintienbaiymodimmnngages ¢lor di ng
to claim 20, further conprising inserting a second netallic ring into
t he gapgraont ofragadjacent te@llibathg. porti on of the 20first metallic ring with the
sealing arns of the second netallic ring.

18. The sealing system according to claim 17, wherein the arcuate sealing surfaces
are convex.
5 19. The sealing system according to claim 18, further comprising a second groove

formed between thg spaced apart pair of sealing arms.
20. A method of cloéing a gap between components, comprising:
providing a first metallic ring having a cross section including:
an axially extending body portion having a radial width and an axial height;

10 a spaced apart pair of sealing arms extending axially from the body portion, wherein

each sealing arm includes a radially opposed convex sealing surface; and
| wherein the spaced apart pair of sealing arms are spaced apart a radial distance

greater than the radial width of the body portion; and
inserting the first metallic ring into the gap.

15 21. The method of closing a gap between components according to claim 20, further
comprising inserting a second metallic ring into thé gap and engaging the body portion of the
second metallic ring with the sealing arms of the first metallic ring.

22. The method of closing a gap between components according to claim 20, further
comprising inserting a second metallic ring into the gap and engaging the body portion of the

20 first metallic ring with the sealing arms of the second metallic ring.
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