WD 03/ 024634 PCT/ US02/ 30095 FLU D SEAL AND METHOD OF USI NG SAMVE BACKGROUND
OF THE INVENTION 1. FIELD OF THE I NVENTION This invention generally

rel at es twotode2463€l d of fluid seals and, nore particul arl YCTIws0230085 net hod
and apparatus for inhibiting a flow of fluid through an annul us. 2.

DESCRI PTI ON OF THE RELAT n the oil and gas

i ndustry, it is oftenﬁé&ﬂ?é‘? f‘ﬁ%*gg)ﬁpy ﬁiﬁég‘r}]ﬂﬁ seals in hostile
environnments. In oil and gas wel| s fI ow cont roI nment associated with
the well, such as Chri st n#&4hyaé 2 Y and the like, are 10
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t he produced fluid exits the well at very high pressures and tenperatures.
I n many casesThizdavaitiahlgeaerally edlatss nmbe ifieldebflsid seasmamdy orepacticuiarlyahaf | ow
control equi pnment may not be able to withstand the high tenperature and

pr esssir epfthddhad RpLAHESE SorfihMbiin @wafﬁula%@ugmaﬁmsatures and pressures
15 may cause the seals to extrude and mechanically degrade, ultimately

resulting in §ea| iﬁﬂéﬁﬁ’T I G T gast there is also a risk of
fire, which can da W‘MC seal s. One conventi onal
solution to these ens is,to use. netal - |s.in ce of., the
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known asreélabkrf&mgrﬁeallsdnéwﬁ%l@aﬁnvge@ne@ﬁd Inral anfbgasawee Hiay @amtma SHEMANS ed
sealing lip that seals against a cylindrical surface. However, in many
appl i cat hssnsiateilt with tesivelhldueh tas Claddtman t@as uvavess paceectus hendhtite fikeyiate f | ow
is inhibited both fromabove the seal and from bel ow the seal. One
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cross section. The seals are inserted into an WO 03/ 024634 PCT/ US02/ 30095
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fromwhich the flu

very high pressures and temperatures. In many cases, nonmetallic or elastomeric seals

commonly used in such flow control equipment may not be able to withstand the high

temperature and pressure of the produced fluid. Exposure to such temperatures and pressures

15 may cause the seals to extrude and mechanically degrade, ultimately resulting in seal failure.

In oil and gas wells, there is also a risk of fire, which can damage or destroy such nonmetallic
seals.

One conventional solution to these problems is to use metal-to-metal seals in place of

the nonmetallic seals in areas subject to high pressure and high temperature conditions. One

20 particular type of metal-to-metal seal is generally known as a straight bore metal seal and

includes a mechanically energized sealing lip that seals against a cylindrical surface.

However, in many applications, it is desirable to seal an annular space such that fluid flow is

inhibited both from above the seal and from below the seal. One solution has been to use

multiple seals that are generally U-shaped in cross section. The seals are inserted into an



is flow ng. Such conventional seals have several drawbacks, however. The
seal assenbly includes nultiple conponents that are individually machined
and i nst aWbDed/0246Bd ch | eads to 5 relatively high manuf act ecirngozsmnssenbl y
costs. Such nultiple seal arrangenents also take up a relatively |arge

amount of axi al and, thu may .be used.only in | L cat i.ons erein
suf fi ci eAP™aX %i’lciSl g%gglée i’%éna?}%i (fsféiif 5ééiivigf: Iﬁeir%%i f?@esaiilﬁ Lﬁlllrﬁgtpéln%o%vf}n?lh g're\é@%lg t he
overall _length and cost of well conponents. Further, the | egs that support
the seal IMWBs typically have certain mninumthicknesses in order to
function properly. Since the |egs are di sposed 10 side-by-side, such seal
arrangenent s frush isenygseignanbsplsphaye severdli diastbacksadiosteverpackhei seal pgsgniblp| e
wi thin the annulus. Further, such conventional netal-to-netal seals have
onl y beeinclisies nmuitipial coaspoaents Ikeet lase atdiwteatlysmatiinedvmd msthblediodhichi¢aals tto t he
val ve stem during nornmal operating conditions. Further, these seals

gener al | elaRlyikh d8HusReFingdnd @ddendALaS JucHikisitipkts8siNRanfdnddiealylakes

15 such as wat'er in deep sea environnments. The present invention is
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the present invention, .a seal .for .inhibifti a flow of fluid thrpough 20
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The seal includes a_sealing el enent di s;ﬁosed wi thin the annul us and havi ng
at | east lapgth audgashel pelbepmpongnts. cbythess theileas thatsuppert thegreakingelips typically
conponent to inhibit a flow of fluid therebetween and neans for retaining
t he seal hag @reimeminimnmathinknésseinodrdertte ferationgropanyorfinte thhdigs def dispesed he
annul us, wherein the sealing elenent is sealingly engaged with the second
conpomentidebyhside? suthatalaartdnpemeditst gy fokuisdd i gnly nitidbé tsefficidne radiglt yeea.is- 2
WO 03/ 024634 PCT/ US02/ 30095 I n anot her aspect of the present invention, a

seal for aifAfbRiwitiA tR dn@Wsof fluid through
Further, such conventional metal-to-metal seals have only been used in valves as
backseat stem seals, which do not contact the valve stem during normal operating conditions.
Further, these seals generally are not designed to seal against fluids external to the valves,
15  such as water in deep sea environments.
The present invention is directed to overcoming, or at least reducing, the effects of

one or more of the problems set forth above.

SUMMARY OF THE INVENTION

In one aspect of the present invention, a seal for inhibiting a flow of fluid through an

20  annulus defined by a first component and a second component is provided. The seal includes
a sealing element disposed within the annulus and having at least one sealing profile in
contact with a surface of the first component to inhibit a flow of fluid therebetween and
means for retaining the sealing element on a surface of the second component that defines the
annulus, wherein the sealing element is sealingly engaged with the second component such

25  that a flow of the fluid is inhibited therebetween.
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an annulus defined by a first conponent and a second conponent is provided.
The seal includes a sealing elenent disposed within the annulus, wherein

t he seal iwgosloetsent includes a first leg termnating in &ciiuss/3@esl i ng
profile in contact with an inner surface of the first 5 conponent for
inhibiting a flow of fluid.within the annulus.in.a first direction and a
second 1'agt 3 Ao annet A Hettbntneeding S o bk Mo kef bl Rilkn

i nner surface of the first A conponent fqr inhibiting a flow of the fluid

wi thin t A8 ARl detined By selibh gOmPPBR 29 & iiFARG compangmihds Pravddeddi Thesealn.
The sealing elenment further includes a tapered inner surface in a press-
fit rel ainadwdshiapealingelemenddispopashdithiglthe armduse whergirethe sealingedenadnt tidudss cond
conponent for 10 retaining the sealing elenment on the second conponent and
for i nhi @ifissngaefrhiauigf int Hdirdt! sehlihg piofitd in ¢dmeacawitl s irnke setiet wahe fiknt yet
anot her aspect of the present invention, a seal for inhibiting a fl ow of

fluids tRpRUGRefordnRbltS ARWTAILY wathid 1h8tanGQIP o8 HestaitbcBors 86PAdecond |
conponent i s provided. The seal includes a sealing elenment disposed within

the annu ll% ter%h%iﬁ% Mt J‘ gec%ﬁ? :,]slé:gﬁg}gg #)xﬁ?ﬁé] lin chnfa?tglév?tﬂ\;e\lnﬁ? qulér rs?ﬁfa!:ee 9f the first

term nati in a rst- sea e in con h™an 1 nnér surface of

the first conponent for inQhibiting.a flgwaf fluyd.within the annulus in a
st i FREPPOT SanbibtaecomemcE e anrniiin s smileS e shendelite i Sih o
in contact with the inner surface of the first conponent for inhibiting a
flow of toerfings diragtioni hhe praliag slanest futhsr el a daneessk inper Wefaen @ra Pess-t he
first direction. The sealing elenent further includes a threaded inner
surface dit relagoBBips vdthi ngoredspomhingle rtgpayed owiet hurdadehofethd esdcqudr ¢ongponenit fom
outer surface of the second conponent for retaining the sealing elenment on

t he $@coReaiptEIBe eedlinglefenddi®biahe s&pAE tor@poridnCant s enllibitingMdwoof t fhdal
for inhibiting a flow of fluid through an annulus defined by a first

conponengvﬁﬂgﬂ@aﬁgggpgmﬁg gnt is provided. The seal includes a first
sealing elenent having a first leg termnating in a first sealing profile

0,20, Con 26t B k1 SORPSRSH A B SR, SRR AR 40,
flange OfthrE)Qgeh gr? gl(ljrpu uscc?eigr)lgcril %gta 1rr;%j cc?mgc?n%gtn e(ljnds ae gelciopl cgllnggr?e%tt ishI?r\c/)in%gd.a TE-xier st

seal includes a sealing element disposed within the annulus, wherein the sealing element

15  includes a first leg terminating in a first sealing profile in contact with an inner surface of the

first component for inhibiting a flow of fluid within the annulus in a first direction and a

second leg terminating in a second sealing profile in contact with the inner surface of the first

component for inhibiting a flow of the fluid within the annulus in a second direction counter

to the first direction. The sealing element further includes a threaded inner surface of the

20  sealing element engaged with a threaded portion of an outer surface of the second component

for retaining the sealing element on the second component.
In another aspect of the present invention, a seal for inhibiting a flow of fluid through
an annulus defined by a first component and a second component is provided. The seal

includes a first sealing element having a first leg terminating in a first sealing profile in

25  contact with the first component and a second leg terminating in a second sealing profile in
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leg termnating in a first sealing profile in contact with the first
conponent and a second leg termnating in a second sealing profile in
cont act wwolistobs3i | ange of the second component. In yet amatrheso/ampect of
the present invention, a seal for inhibiting a fl ow of quid 5 through an

annul us def| fir ent and a second .cQ i [ Ovi

The ' seafortd iy Gngeaf IecapahEoaiey Sl 8 SRRPA R R et RSP
the sealing element includes a first leg termnating in a first sealing
profile 198 ECBAMARS ¢ Arshpcabing grofylgin sepagwithbe Fﬁtr%ot‘nH?Bﬁ‘H&‘i‘éﬁtseFQﬂd leg "
inhibiting a flow of fluid within the annulus in a first direction and a
second | egmimatingiat sergnd seading eeefild i eadtact gvithrtbé flarge of thosecarnd campanenthe
outer surface of the first 10 conponent for inhibiting a flow of the fluid
Wi thin the anmlygsanother Speond thé hastitonvanion] ersealt for tiftdbiting sit flow recfluidn.
The sealing elenent further includes an outer surface of the sealing

el eneqt 't}ﬁoﬁglpﬁr?§1§11fl&stderﬁ%E@ ?canﬁl!a{ Bo édamaa&pé 5&%9@@6 ?gnédﬂ REroSided aqge Of
t he second corrponent for al ni ng the seal |ng el enen on the second

CO”ponentseaefrlgcl&%:r zlt g@alllﬂ él&%erﬁ dlgcéo?«\-f\l% gjl‘rfk'ﬁrb ?hef ln’[ﬂuﬂl S, e se%ﬂﬂg aeil‘ei'?ent

t her ebet ween her as resen fnventlon

inhibitin a fla f qu1d.throu an. annulL us defi ned afir component
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di sposed within the annulus, wherein the sealing elenment includes a first

| eg t er niEgtdomponentaior inhibitigga flony abrfbad vathim theopmadys Wi & Frsidlitseiiay andiaf ace
of the first conponent for inhibiting a flow of fluid therebetween in a
first di sewhiddey eninatimeimenstcbmt)sealing profileat dongpct with tixeawerdsusiecd ofithe firsnf i | e
in contact wwth the outer surface of the first conponent for inhibiting a

f | ow @f Ebﬁa%fnhdhit CortiEIbRPGIANEER off theafl S GAitHin Hiel @BhIuein & eddin@rdire&tidn@untek r St
direction he sealing elenment further includes a third leg termnating in

a third sepld i aReQlohl CThd'sol Wg ot iR iHADRS SUOLECRuRhe fob%égéags

conponent Inhibirting a he fluid therebetween in the
direction,and a fourth e na g in.a fo a ealin 4 WO
03/ 024635 BER Lﬁgo’é/%ﬁgflg e R’“{P‘ h A PAHerS s“E‘% atdieb'q hehes 8e8h
conponent for |n? blttng flo of the qu hgrebetmeen 'Q second
di r ect | oqomponent Ior retaining the sealing element on the second component and tfor inhibiting a

flow of the fluid within the annulus therebetween.

15 In another aspect of the present invention, a seal for inhibiting a flow of fluid through
an annulus defined by a first component and a second component is provided. The seal
includes a sealing element disposed within the annulus, wherein the sealing element includes
a first leg terminating in a first sealing profile in contact with an outer surface of the first
component for inhibiting a flow of fluid therebetween in a first direction and a second leg

20  terminating in a second sealing profile in contact with the outer surface of the first
component for inhibiting a flow of the fluid therebetween in a second direction counter to the
first direction. The sealing element further includes a third leg terminating in a third sealing
profile in contact with an inner surface of the second component for inhibiting a flow of the

fluid therebetween in the first direction and a fourth leg terminating in a fourth sealing profile
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I n anot her aspect of the present invention, a nethod is provided. The
nmet hod includes providing a sealing elenent including at | east one sealing
profil e wwohBf244 annul us 5 defined by a first conponent pamdsaz/s@ednd
conponent and contacting the at | east one sealing profile with a surface of

the first co nent to inhihit | ow of, fluid therebetween., The hod
further frhﬁ(l’rg%gsmr}b?%ilqﬂeﬁam?ﬁg O?etg? PRGN cOFERPeTY Rgraﬁ’%goﬁtﬁrﬁﬁ fdloy ethgﬁiq‘“gce
of the second conpaonent such that a flow of the fluid is inhibited

t her ebet HsEsPetveRnir thsseegndpitteefiPior THE DRAW NGS 10 The invention may be
under st ood by reference to the follow ng description taken in conjunction
wi th the accolpangihay agpestiofighe presemhingntione 4 efatheskis srayided; cdibe methpd (s)
in the reference nunerals denote(s) the first figure in which the

respect i urlude$ prenidiag aueaim demappedudingntleast omeisedlingFprofiteewithih anannulus
cross-sectional viewof a first illustrative enbodi rent of a seal 15

accorgli ngefiRdtiiea RFLS6MpondAY &Y 4 SbonFlcoMpSncht hidd SortAdnE tRCaIbANBhe ¥afiMy Of a
second illustrative enbodi nent of a seal  according to the present

i nventiop; Al e i =S i |, Vi exy:.0 i i %;Jé@ét |V

enbodi rreﬁ{()dcf)% g‘g{hsaeg\lﬂfgcgg%fgt;]gﬁﬁg @%h%oﬁgfi’t ptro elggfrﬁf%t JI ﬁg‘é’tn{t: %‘%d th |%Vgérdé hle S a
Cross-sectiona iew of a fourth jllustrative enbodi nent of, a seal

accor di ngethy h“é't\“ﬁlf é%cg‘r‘ﬂesirﬁvérﬂ?g e s ?ﬂﬁr%e‘geqtso%aer%lggfuéﬁbqei %%ce PEF of a
fifth illustrative enbodi ment of a seal _according to the present

i nvent i opecopd gampomat puchghatadlow elthe iflyihis inhibijgdghergbeivgem i || ustrati ve
enbodi nent of a seal 25 according to the present invention; -5 WO

03/ 024634 PCT/ US02/ 300BRIEF HESCRB TION O hHA BRAWINGSof a portion of
Figure 6A; Figure 7 is a cross-sectional view of a seventh illustrative
enbogp ment of The $@@ntion may be understood by reference to the following description taken in

conjunction with the accompanying drawings, in which the leftmost significant digit(s) in the
reference numerals denote(s) the first figure in which the respective reference numerals
appear, and in which:
Figure 1 is a cross-sectional view of a first illustrative embodiment of a seal
15  according to the present invention;
Figure 2 is a cross-sectional view of a second illustrative embodiment of a seal
according to the present invention;
Figure 3 is a cross-sectional view of a third illustrative embodiment of a seal
according to the present invention;
20 Figure 4 is a cross-sectional view of a fourth illustrative embodiment of a seal
according to the present invention;
Figure 5 is a cross-sectional view of a fifth illustrative embodiment of a seal
according to the present invention;
Figure 6A is a cross-sectional view of a sixth illustrative embodiment of a seal

25 according to the present invention;



according to the present invention; and Figure 8 is a cross-sectional view
of an eighth illustrative enbodi nent of a seal 5 according to the present
i nvent i onwOWaiok4s34 he i nvention is susceptible to various moditSoraipdns and
alternative forms, specific enbodinents t her eof have been shown by way of

exanple in th dra n and a |be i.n detail. It should be
under st ood, g gﬂb?ﬂ?ﬁ% scrl Pﬂgﬁl lgFﬁ%é? speci fi c enbodi nents
i s not intend%d to Ilnlt the invention to th tlcular orns di clos?d

10 but on ¢ he W 7aiya CRaTESTSHOBML VW s 816V alusRveSEbHERT Gt Sea

equi val ents, and alternatives falling within the spirit and scope of the

i nvent i orccadingfd the grasynttineentippeanded cl ai ms.  DETAI LED DESCRI PTI ON OF
SPECI FI C EMBODI MENTS || lustrative enbodi ments of the invention are

descri bed bel Bigurd 8 ishe crass-eectivhalofiewcbann teyghtinotlusadativé eatbodiesenofof ansatt ual
i npl ementation are described in this specification. It will 15 of course

be appr egddtdflg it ptedtheveadgygl opment of any such actual enbodi ment,
nuner ous |np enentaylon speci fic decisions nust be nade to achi eve the

devel oper’ s S?ﬁg e 1he A9&Rn 1535\‘,({1%&8@’6 Cﬁ%”@irlo%@%ﬁ?dﬂhéﬂloﬁéf%hﬁ fgu@ﬁ!aa&ee%md

busi ness- I’6‘| a COI’lSt raints vary romone |1 nplenentation'to

anot her. ove Wi reci.ated that such vel nent ffort

i ght - be REGH SROHCEE TRErE e PR, BOTBLINY P SEPTREI B WEMPBETARR | ne
undertaking for those of ordinary skill in the art having the benefit of
this di sBesisydescribed; ig gegail It|5h9%1f1rb$t wdersiqode pewevescthat BA deéFf\‘Pi“Pg therein of
illustrative enbodi nent of a seal 100 according to the present invention.

I n the ibpegifioaneulimatyed nenntendddetodiait theOidvéniohuo dw partigdar forngs disdosad; 102
that is generally cylindrical in shape. In use, the sealing elenent 102 is
di spppedbud drhihe @natraryn tHelisitehfidn defol cvrdr BY nevdifidations, @quipalerni] arkOgteidivas
outer conponent 25 108. I n one enbodi nent, the inner conponent 106 and the

outer compeReRtthihQBe fift éd@lrk%f)pe oﬁhélgv@%&?éjs@%ﬁnggf HeQph3MQ31apRg out er

wel | conponents, respectively. However, the inner conponent 106 and the

outer component 08 (% PHIRORIMICIEBE SETFRIEIBODIMIAFRENent s t hat

defi ne an annul ar

Ilustrative embodiments of the invention are described below. In the interest of
clarity, not all features of an actual implementation are described in this specification. It will
15  of course be appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developer’s specific goals,
such as compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming but would nevertheless be a

20  routine undertaking for those of ordinary skill in the art having the benefit of this disclosure.
Figure 1 illustrates, in cross-section, a first illustrative embodiment of a seal 100
according to the present invention. In the illustrated embodiment, the seal 100 includes a
sealing element 102 that is generally cylindrical in shape. In use, the sealing element 102 is
disposed within an annulus 104 defined by an inner component 106 and an outer component

25 108. In one embodiment, the inner component 106 and the outer component 108 are inner
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space (e.g., the annulus 104) therebetween. The sealing el enent 102 divides
the annulus 104 into an upper region 104a and a | ower region 104b. 5 The

i nner coruonane46306 conpri ses a tapered outer surface 110PCThsSowsoes
conponent 108 includes a first inner surface 112 generally concentric with
a smaller dditanet r_secon inner.sirfgfe 114t I n theilltﬁ;tt{(ﬁgtegjyt

enbodi meAtd CWEE KB 1eOPIREN P REGT Yot e SIOMEYS Ty gl OniRoRghtal TyPi I QHISF cal .
The sealing elenent 102 includes a tapered inner surface %ﬁﬁ t hat

subst ant FRPnERh 08 duay ke any fafoegensiallsr congeytbe compenets that defife Anaswmhent
106. In 10 one enbodi nent, each of the tapered inner surface 116 and the

t aper ed epacere.gutfezanaulug 0 04) therepeiwicemedihe spaking elgmeat 1Qkdisidegtheannalys Aol e
Bl within a range of about one degree to about ten degrees. During

assenbl yintd be upeiregion e04aaeita 10G2r tegioprl®@dsed onto the i nner conponent 106
to retain the sealing element 102 on the inner conponent 106 and to create
an ingerferengge finher apodditiSio6acsBpiirb| £ tagaed tdrnhefkacelot herrbehispen.
Alternatively, the sealing elenent 102 15 may be attached to the inner

conmponen E:OIillg eﬂy 1383k Rded NE g alkl&%g sﬁgagzgegl% gggeralw %Shé%gtrfch FithS ?agn'xeﬁ%r 102

el ement ont € 1 nner conponent W ng "t he seali ng el enen

t |. . That is the t i face 116 i ngly . d with
e ape PR Eond Prercan ool s Pithe TLERFY REPPUmen] Fheh 20 Mg A ey
finishes of the t d surf 110, 116 Il as th les of th
surf aces | khd e enmsially ofindcsale 18 staling creans 1DR dnclus rfapesr-Ema surfice 102

onto the inner conponent 106, are controlled so as to create a reliable
seal . Foilleganrpibstantiallyymatohah teitapmed outeresusiacé at@ of theiishersompowent 166. bot h
of the tapered surfaces 110, 116 have roughness averages (Ra) of no | ess

t han1@bouhe BmBodiinehn eBRitesSthe kdpefsddhing lsudndeodicraidtthe eipered dutdd Qtlfacef1 10Nee
tapered surfaces 110, 116 have a surface finish within a range of about 0.4

m cr onet ¢ findiPtPD AP s 136 alhit LYTEBE Withiiea rarfge WP B3LOAREREr B AbRAZEB0095

I'n other enbodinents, the strength of the press-fit joint may be enhanced
D ! R0 OV O RS R RS S LR e R oy
refer enc?o Ie?arin t IeI segllflnrgp eﬂgnei\esrit 1(8alo|ni the iningr oef\rrllgorn%lltl YO6 and to create an interference fit
and, thus, a reliable sealing interface therebetween. Alternatively, the sealing element 102
15  may be attached to the inner component 106 by heating the sealing element 102, placing the
sealing element onto the inner component 106, and allowing the sealing element 102 to cool.
That is, the tapered inner surface 116 is sealingly engaged with the tapered outer surface 110.
Still referring to Figure 1, the surface finishes of the tapered surfaces 110, 116, as
well as the angles of the surfaces and the amount of force used to press the sealing element
20 102 onto the inner component 106, are controlled so as to create a reliable seal. For example,
in one embodiment, the surface finishes of one or both of the tapered surfaces 110, 116 have
roughness averages (R,) of no less than about 0.4 micrometers. In another embodiment, one
or both of the tapered surfaces 110, 116 have a surface finish within a range of about 0.4

micrometers R, and about 1.6 micrometers R,.



defined as the result of high levels of friction evenly disrupting the

rel evant surfaces and 5 causing controlled transfer of the surface materi al
from one Wody/024834 he ot her to produce an "array" of mechacirazsbt/gooaeshi ng
recesses and protrusions that, as a result of the intimate face-to-face

contact between the two.surfaces, cou t ogether. and | ntearl to.resist
Further 1 at eshpiibemBiuimEhis B8 ek B Be RS o OB% T biERGER Griihg
galling material, . such as pqlysjl oxa , bet n the rf s_to he

gal | ed. ApHigeraducing {echpifeess s iR ﬁ?ghé?gteaﬁf%éa%f@p@@ , émzreﬁbe@e_no,
116 may conprise an array of nechanlcalgé meshing recesses and _protrusions
absent gahtitengof which is bengby insorpdseted hy irpfareace fuealk purpases. Eoblingcis gsaeralien
the two tapered surfaces 110, 116, the recesses and protrusions are

coupl ed tdefieddnay thendsilnbLhlghcleees of drictém stenfyudishgrting ahe rebvambsurdates and
Irrespective of the neans, the frictional force retaining the sealing

el ement  1O&ifNcdnt®llbd REAsFEOMPAR 8NifackQfateridl fRIE 0REDBEY BB He othdt t@iprdR@stn 1. 5
times a 15 maxi num antici pated force on the sealing elenent 102 due to

pressurenw h 1.0 Wit hi er. i egi 0 : The
seal i ng e?rré#én(? %giagl il l’hgllrléghirfll Iertﬁ%%g&a |§§P9%18%50§%§ E[Seér ?n&hlg{b? #gy?l}\t&%ﬁ?i rst
seal i ng rofile 12 a second leg 122 termnating,in cond, seal i ng
rofi 1o 5ot gtk Rfydm i moouges coupls Ferler Ao St G S8fer ng
profiles 120, 124 are configured such 20 that they have radii Rl, R2
respect | Vaegl mgtombEar exgnplergallmeemay be stfeeind bl glsing 2 spliing gratesisl, guchias ed.
Rat her, the sealing profiles 120, 124 may have any chosen radius (e.g., the
radii R1polyRl)xaaes] befwrenitbe sunfaogs habe gallsd. c Adtsematis¢inpthe sBfrceefivinipdseqf thbie
sealing profiles 120, 124 nmay have generally flat portions for sealing

agai met tdperddnsigfacein {GCEI®S Wby, cohdptise lan @rdyuof hechardtudlodineshivig rdcbsses @agd 118
i ncludes a surface 126 and the leg 122 includes a surface 128. The -8 WO

03/ 02463 rd?f-aﬂoHsS%ée%Pg%ng..s Wf 2R8It b2bhe haRhaRl Bod-RETHOCOthE RreRAlthekwdXi s
130 of the seal 100 at angles Al, A2, respectively, within a range of

about °”?a}p%9e%rs§1?ffge% ﬁ%?‘l’{(?f’fg E’e%%s@?ﬁnd dﬁﬁg’ﬁ@gh{ fre c%gglgggé%%%%?%né e dike

seal i ng el'enen i's’ Sel’ect ed accor ressure of the

Flurd w ttct] Irensistt ?&rﬂ%rr] rl'zlijtler% m]b(t)i%h. FIIQrE:sp%)ég\rfg) LF fhelr}cle;nrs],eth];lfyllct?onve\l‘l tf(prlcep rettat]lging the

sealing element 102 on the inner component 106, in one embodiment, is at least 1.5 times a
15 maximum anticipated force on the sealing element 102 due to pressure of the fluid within the
upper region 104a of the annulus 104.

The sealing element 102 further includes a first leg 118 terminating in a first sealing
profile 120 and a second leg 122 terminating in a second sealing profile 124. In one
embodiment, each of the first and the second sealing profiles 120, 124 are configured such

20  that they have radii R;, Ry, respectively, of about 3.3 mm. The invention, however, is not so
limited. Rather, the sealing profiles 120, 124 may have any chosen radius (e.g., the radii R,
R») and, further, may have any chosen shape. For example, the sealing profiles 120, 124 may
have generally flat portions for sealing against the inner surfaces 112, 114. In a further

embodiment, the leg 118 includes a surface 126 and the leg 122 includes a surface 128. The



5 annul us 104 has an operating pressure greater than about 70 MPa, a
material having a yield strength within a range of about 700 MPa to about
850 MPa nwy iB@2sel ected. I n one enbodinment, the sealing @Cemsal/3@mo2
conprises a material having a yield strength within a range of about 450

MPa and about 1..00 a. .l n.si,ituati gns wherei,p t flu ithin th

Anutus S8R TRy ke gk ok iRPal B Sallutiamsertl 108 4 ol e o

i nvention may. be 10 made of pickel /chrom um alloys, such as Inconel (r)

(whi ch CBWF%E"@S” %%‘U’t“ﬁég?)@{l%@r’ff onf dagsse toghﬂuté‘gdf‘?grefé percent chromi umin

one form, beryllium copper (which conprises about 98 percent copper and
about two per &nerabEr (el materiah femthef srafing edemeitcl2) iscoglpded ardondisg teutbh as
Monel (r) (which conprises about 67 percent nickel and about 30 percent
copper i opemting prasjure bfi tieofitd d evition itheemtnm]ust 10d. dealexagpkl éthe flukDRithiythal so
define a recess 132 for 15 retaining a secondary sealing elenment 134. In

one egbodhABK 104 REOAHGYatiRAprestree@iNthan hB4utl B RIPal A ehafeHAe haviRgadield
el astonmeric material, such as hydrogenated nitrile r ubber (HNBR) “or the

i ke, Whilen iDS,ines ANAALY of SR 906 WP abid 50 RIMMbal LIS 11A%nReT O
y n ed.

general | rcul ar ross sectron, the rnvention is hot so l1m

Rat her, the seali el enent 134 y _have any, desjred cross-sect,ional.
chape. | 2678pRFrenafie Srafite desiet 417 ompRiGa BhiPRN M EMe il 1S 380 P o
with the inner. conponent 106, is _inserted within the outer conponent 108
in a diré&ages qbﬁaﬁng%ﬁ MPapandagpoug 1 09 MBg b siteatisms tvehergin the daidowihigrthe e
seal 100. The larger dianeter of the first inner surface 112 provides

cl ear ancenfiwns i is patmadade gbirpg)verwohiel @ni®idments tdi ghe grdsentO@vérgiobenmyg be
assenbl ed to reduce the likelihood of damagi ng the outer conponent 108 and,

t hus 10 pr exeetof 2kckbldliremlveakidgs, suthelghconbl® (seidh ddpristhabareab ipsgest Eont
102 is sized and configured such that -9 WO 03/024634 PCT/ US02/ 30095 t he

seal i ng Bh@hbbRSI6 i efroftfiuhng oBeabinid beh ARk BAR BhphisdLotosl 98Ce
fit with the outeﬁggggnpogeﬁ? 108 mhe%ﬁgngkalled?ﬁgﬁé sealinéhprofflggglzo,

122 ConC Bkl b IS0 SALAE 1 0 KOR SSFRRLIBR! P 085 o1
ther ebet Wioner® &v%ighhgorrﬁpr}sgse ago%rt 67 pgr)c(:grgttn?g(ei)gncf aﬂa%u% 0 Sércgn(% C 8&? ?rg oril'eof%rrgy. the
In some embodiments, the sealing element 102 may also define a recess 132 for

15 retaining a secondary sealing element 134. In one embodiment, secondary sealing element
134 is a ring made from an elastomeric material, such as hydrogenated nitrile rubber (HNBR)
or the like. While the secondary sealing element 134 is shown in Figure 1 as being generally
circular in cross section, the invention is not so limited. Rather, the sealing element 134 may
have any desired cross-sectional shape.

20 Still referring to Figure 1, the sealing element 102, assembled with the inner
component 106, is inserted within the outer component 108 in a direction indicated by an
arrow 136 to complete the assembly of the seal 100. The larger diameter of the first inner
surface 112 provides clearance for the second sealing profile 124 as the seal 100 is being

assembled to reduce the likelihood of damaging the outer component 108 and, thus, prevent

25  fluid leakage through the seal 100. The sealing element 102 is sized and configured such that

-9-



5 sealing elenent 102 as a result of the interference relationship between
the sealing elenment 102 and the outer conponent 108 provides acts to
further rwoaBm246Be sealing el enent 102 on the inner conp@eEntSoLBIs When a
positive net pressure exists in the upper region 104a of the annulus 104,

T A 2 A U il
[ 11
T OGS 0 ST e S5 B R

first sealing profile 120 against the first inner surface 112 increases.
Thus, ad!2 laed plass pacond imnsr sprfecsslide réspestvabe of iha puter corapersped 08 é&yifarm a04a,
t he ablllty of the interface between the sealing profile 120 and the first
i nner susdahiag idtéFadeaheémbétieén. f Furttebr ftheYorcd Bxerted oatthe mmghcagepoacad 106 by the
increases. Simlarly, when a positive net pressure exists in the | ower

regi on 194ingfeldriéht 30D Wk WSresulOdf thehBtetfertnte tdMRioRbRip®ERIde the fséHlﬁag edddie
surface 128 of the second leg 122, thereby urging the second sealing

profile 182 ath bt SLEABIAMEECREBRS b ARGONLAAGL OURE Bhfcht d9Pnt e

out er conponent Ive net pressure Increases W

| ower 8#pn 104b, 20 gbg force urgi ng the second sealing profile 124

agai nst L 8L EGRRONHAPOsurface 114 i ncreases. Thus, as the positive net
pressure increases within the | ower region 104b, the abi

i nterface bet W&ss & a@n@@c@ﬁw@é@meﬁ&twdh? pppet 79gign d 043 af Q@@eﬁwluﬁ A%rthe
surface 114 to inhibit fluid flow therethrough generally increases. The
physi cal fldidrthesiimesertsfa fdree ohdlys suf®e 12Bofsthedirst lbg 138ictherchnturging yhe first

wi t hstand excessive deformati on when pressure is -10 WO 03/ 024634

PCT/ Up02 ki Sprofifpll 2@ dilild dréters iréaagsindt2the fid8 iaert fimfack i 2s eflthe @uter
engagenment between the sealing profiles 120, 124 and the outer conponent

108 wi || chaboke: adyergelnt fsliret /4. frégﬁerlgb@géey withhe tl&e%}ﬁéﬁgeﬁbﬁﬁﬁmé, th?2
inhibits fluird within the ‘annulus 104 from flow ng between the upper

o5t on 1088 SPod D AURuAERLI YRR OSRERIRE nga Bl oL 194

sealing as the positive net pressure increases within the upper region 104a, the ability of the interface

between the sealing profile 120 and the first inner surface 112 to inhibit fluid flow
15  therethrough generally increases.

Similarly, when a positive net pressure exists in the lower region 104b of the annulus

104, the fluid therein exerts a force on the surface 128 of the second leg 122, thereby urging

the second sealing profile 124 with greater force against the second inner surface 114 of the

outer component 108. As the positive net pressure increases within the lower region 104b,

20  the force urging the second sealing profile 124 against the second inner surface 114

increases. Thus, as the positive net pressure increases within the lower region 104b, the

ability of the interface between the second sealing profile 124 and the second inner surface

114 to inhibit fluid flow therethrough generally increases. The physical dimensions of the

legs 118, 122 should be such that they can withstand excessive deformation when pressure is



profile 120 and the first inner surface 112 or between the second sealing
profile 124 and the second inner surface 114 from fl ow ng between the
upper regwor3ddwats and the | ower region 104b. Further, wh®@aTAISPD3M0PF ve net
pressure exists in the |lower region 104b of the annulus 104, which is

typi cal [ [m t.hen, .t sure exert .t he al i ng
10 el oot e 3o Y FRfacREFEE dpRity hEnE TR sRefeEieh o b8 shlinie oS
comnmponen Q6. Tyrning nowto Figqure 2, a second illustrative enbodi nent of
t he presi%(i 134 siil e omanoa 114 G Soubs BERBR atkclednl “200-i nel udes a
sealing elenment 202 that is generally cylindrical in shape and is disposed
wi t hi n an anndiceerdpgly. dbe isaelinghglement AR rinkibiip dhich twithpp ghey ganys 304 drom
conponent 208. The sealing el enent 202 divides the annulus 204 into an 15

upper r effoeing2betwean theaigpemneagiare fhdanar@iOdhb JoWereregioner04bo rifenentndaf8sdatiag a
configuration corresponding to the outer conmponent 108 of Figure 1. The

seal iNg elefRBN 3L GAibis flHalifgs theofndule 10UN@Gat GRSAGASNberdREn e fidf eadagl! v
engagi ng the sealing element 202 with the inner conponent 206, as conpared

to the eghogl Wﬁncpfhe':f.ﬁrgﬁ’i@ﬁerqsurfﬁ&eﬁ £ Br {;(%ltﬁle?ﬁﬁleisggmﬁl S rogsi%izﬁﬁsar{deth@i ned

on the inhner conponent 106 via a press- er ebet ween. referring

to Figure 2, .the seali ele t .202 includes a taper i nside, surface 210

R b R T R S R e S R L P

conponent 206 includes a tapered outside surface 214,_mhi§£hsyg§tantially
14

mat ches {00t EpahegdWhss p esitiye DRSS YpLs iy dheslover fegien & Anntiyg
i nvention, however, is not so limted. Rather, the surfaces 210, 214 nay

have anyl@hosbichshdypica clurmgonamal hpsratiors theapadsbere afxeps eviodienen the2Sabiegal i ng
interface therebetween. For exanple, one of the surfaces 210, 214 nay be

convéx| yelemkht WD 030t 6&4inRRT $dd602 eRORAD1 026t the dnrien dormpanianngdéy cont act t he
ot her of the surfaces 210, 214. The inner conponent 206 further includes a

threaded port iT@midd Row W FEdrd 3 £RISAEM AtV etdiboith&Ade theRREdehOivekAnti®
retain the sealing el ement. 20Z on the inner conponent 206. As the sealing

e et 26 5n AHNRERS, L ko0 HEKGPTPOBRAL B0 Ty (T
creati ngc?lins rl%!al fnhﬁrégft:) gﬁg\?secrﬁsgoosgd iV\pl iirt1) ia;[liapxgulgsh 504 defined by an inner component
206 and an outer component 208. The sealing element 202 divides the annulus 204 into an
15  upper region 204a and a lower region 204b. The outer component 208 has a configuration
corresponding to the outer component 108 of Figure 1. The sealing element 202 is retained
on the inner component 206 by threadedly engaging the sealing element 202 with the inner
component 206, as compared to the embodiment of Figure 1, wherein the sealing element
102 is retained on the inner component 106 via a press-fit therebetween.
20 Still referring to Figure 2, the sealing element 202 includes a tapered inside surface
210 and a threaded portion 212 below the tapered inside surface 210. The inner component
206 includes a tapered outside surface 214, which substantially matches the tapered inside
surface 210 of the sealing element 202. The invention, however, is not so limited. Rather,

the surfaces 210, 214 may have any chosen shape so long as they are capable of providing a

25  sealing interface therebetween. For example, one of the surfaces 210, 214 may be convexly
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flow of fluid within the annulus 204 through the engaged threaded portions
212, 216. Simlar to that of the first illustrative enbodi nent (shown in

Fi gure l)wotobe2eeal i ng el enment 202 includes a first | eg PCI/user/siopmti ng in
a first sealing profile 220 and a second leg 222 termnating in a second

sealing profil . The seal.n I 'y 182 e [ | rst
iner | SubtRed a3 S Fou TS An Bl 6 e SRute 1954127 he 3R Dok 2
outer co nent 08. A secondary sealing elenent 230 is retained in.a
ocess. 28R HchusS gy hsaaeE Baton 1 DePbisue OBt i Breeded PR Pl ade

wi thin the annulus 204 that m ght pass between the first sealing profile
220 and tatnfthe sealing slameny 2Py er the Gusk comporah 20 Asclbe serlngAlement 08fis| e
224 and the second inner surface 228 fromfl ow ng between the upper region
204a andadveacédosto thd inegi am@dirx. 20 dotile rssesbbctthe tafdeseds palde 200faba 210
features and operates in a manner simlar to that of the first

i 1] usg r atbnteet HeOdpeTEd butsild @Wade2 IH, Bhiiseerdaking fal @HI @erkbetORES fic, inhiBiting the
cross-section, a third illustrative enbodi nrent of the present invention.

[ the ThbuSRkediBIRAdL RN, 20N chERnReb b AS: Avasal gy B eront. 302

that is generally cylin al 1n sh e previous enbodi nents,

the sealing elLenent IS, 2 i.spased w t.hi.n an annul us-304 def, ned,.by an
ner - companeRthEaco IR dinnétird PRSENs S gadR GHEM I ERE RO
conprises a tapered quter surface 310. The outer conponpent. 308 includes a
first infigmestedpigeludesa fesh Eﬁgaqllgﬁe%%tg}gtlfliaéﬂ\?ﬁ eAllag KAk 20 4 #reeai lsecond
i nner surface 314. In the illustrated enbodi nent, each of the inner

sur f aces 2 germBing ¢n a gegoad skdlinggyrpiiled2de alhe stHlingsprafileng2e) 2denqt! @pinst a
includes a tapered inner surface 316 that 25 substantially nmatches the

t aper@ed 6ist éines surfare @28 hAd dfe sebend innarsuethen®Ig, rSPéctivelyt dbfithe oufe? chiBponent

03/ 024634 PCT/ US02/ 30095 assenbly, the sealing elenment 302 is pressed onto

the i nnepogoNPeaRRAHardORality ERIRhN2IMNSs re$AALd I0a SERBENT2 ACBNQANbY R ANRE
conponent 306 and to create a seal therebetween. Additionally, as conpared

R L T e
LN 3 Pl SRR BRA B 2370l LIk BB s SRR scB0f sBHEL PibeAOR5E™! Y-
and the second inner surface 228 from flowing between the upper region 204a and the lower
15  region 204b. In other aspects, the seal 200 has features and operates in a manner similar to
that of the first illustrative embodiment (shown in Figure 1).

Figure 3 depicts, in cross-section, a third illustrative embodiment of the present
invention. In the illustrated embodiment, the seal 300 includes a sealing element 302 that is
generally cylindrical in shape. As in the previous embodiments, the sealing element 302 is

20  disposed within an annulus 304 defined by an inner component 306 and an outer component
308. The inner component 306 comprises a tapered outer surface 310. The outer component
308 includes a first inner surface 312 generally concentric with a smaller diameter second
inner surface 314. In the illustrated embodiment, each of the inner surfaces 312, 314 is

generally cylindrical. The sealing element 302 includes a tapered inner surface 316 that

25  substantially matches the tapered outer surface 310 of the inner element 306. During
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contacts the sealing elenent 302 as the retaining nut 318 is advanced al ong
the threaded portion 322 of the inner conponent 306. Wen sufficiently

ti ght enedwagaioasts t he sealing el enent 302, the retaini ngPeItUSBL0pHhi bits
the sealing el ement 302 fron1beconing dislodged fromthe inner conponent

306. 10 As_in finst i,llust ive nt shown i n he
seal i ng Arshbht otk fibmel 5% |+ S STISMETY B Selfporol 18416 rkgn Id©
sealing profil 326 second | eg rmnating.in second seal i ng
profile 8 ing g 8?%%‘8?‘?“‘38@1’82@‘?’é@éni@a‘lreaéﬁéls??ét‘hef ™WePr st i nner
surface 312 and the second i nner surface 314, respectivel of the outer
conponent  30@ddjtieneBnrasacompssed tonthediranishystra e drsbcrdemamtnéhpwm ipFiaeeds 334
defined by the sealing 15 elenment 302 and inhibits fluid fromw thin the
annul us 3sethz00 intlghes paesaningmve?lB hdvingf a ths¢aded pattion G20 tlodt iid eng32hl wiklat he
first inner surface 312 or between the second sealing profile 330 and the

secongl i ﬂﬁ_@ideategofr@&%@zléfiﬁeomléﬂ @amme&esomenuhh% aSRAMly, B kIniB@4 and t he
| ower reglon 04b. In other aspects, the seal O conprises features and

oper at es ., @ls W%gc{lmg gél{ﬁmérﬁ@ob st {8 1re @] mﬁé‘ Guf B1{$hs h&da&iéécf Qi%hg/ ?h gﬂfeﬁe”t

(shown |n gure Igure 4 deplc n cross-section,

|IIustrat|ve emho nt of the e i nventi.on., l.n the |IIu trate

embodi meRPIIGH, %gfh%4%e SRMRABE. 300 o Y ey RN LB thega??@rle y
cylindrical in_shape. in the previous enbodinents, the sealin Ienent
402 is GlespataeR. \xlilﬁt mqamaa nghlf wélbafe&heoﬁépl%eewma}ﬁ%ﬁﬁ% em&%eﬁl@

and an outer conponent 408. The inner conponent 406 conprises a tapered
out er sufifoacthe4ai@r cTmponsmt 806.conponent 25 408 i ncl udes general ly

cylindrical inner surface 412, rather than the stepped inner surfaces -13

WO 030024634 RASTih WO k<3 A0&rali ¥ embddineht (shewhiin Figurt [1)isthe a¢dling ebusnadi302nt
(shown in Figure 1). The sealing elenent 402 includes a tapered inner

surface 4d@udeBal fisdings Ak @irhafiRy %h‘aasﬁﬁs?%eélﬁllge?l%ﬁlé)gﬁﬁranabﬁ t@68d 440 329f

the inner elenment 406. During assenbly, the sealing elenent 402 is pressed

onto the téxﬂﬂ%?gjg?%gg&{ séé?’lﬁ%;?offlg%%gnseal ?ﬁ@r g%%tle%' 3%‘3@50 408 QMinkfe

i nner conponen O Cr

first inner surface 312 and the second inner surface 314, respectively, of the outer component
308. A secondary sealing element 332 is retained in a recess 334 defined by the sealing

15 element 302 and inhibits fluid from within the annulus 304 that might pass between the first
sealing profile 326 and the first inner surface 312 or between the second sealing profile 330
and the second inner surface 314 from flowing between the upper region 304a and the lower
region 304b. In other aspects, the seal 300 comprises features and operates in a manner
similar to that of the first illustrative embodiment (shown in Figure 1).

20 Figure 4 depicts, in cross-section, a fourth illustrative embodiment of the present
invention. In the illustrated embodiment, the seal 400 includes a sealing element 402 that is
generally cylindrical in shape. As in the previous embodiments, the sealing element 402 is
disposed within an annulus 404 defined by an inner component 406 and an outer component
408. The inner component 406 comprises a tapered outer surface 410. The outer component

25 408 includes generally cylindrical inner surface 412, rather than the stepped inner surfaces
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As in the first illustrative enbodinent (shown in Figure 1), the sealing
el ement 402 includes a first leg 424 termnating in a first sealing

profil e 4®6 tafekeads second | eg 428 termnating in a secondPsgaiSomgpops of i | e
430. The sealing profiles 426, 430 seal against the inner surface 412 of

t he outer, o] t 408, A secondary s ing.elenment. 4 i.sretaine in
a recess 1h%?lﬂgeqqﬁﬁggrsgy}lllfsﬁrélag%Sﬂgﬂ%‘%gpgﬁs’éﬂ‘fvgdﬂ &ha ?nﬁﬁ Brading Ieuelnbe"? t é?n
within the annulus 404 that m ght pass between the first sealing_profile
426 and insbidenadapeses mpeiosuringe 6?6 bt m@rﬁnn@}ﬂi matehgh Hlesté%ﬂrF‘i gutEy Yiface 4480
and the inner surface 412 fromflow ng between the upper region 404a and

t he | owepf thegiumem elidaint 406 Duting assspblyt the seplengselernent (G2 dpprseics @atof hainnees
and operates in a manner simlar to that of the first illustrative

enbodi NneBdmpeitaW0s o fetainithe séilingldermentt402ron théénree abmp@tnnd§6 del towkdid #d t o
i ncorporate the retaining nut 318, having the threaded portion 320, and
the téregdgehepPetw@n. 322 of the inner conponent 306, as shown in Figure 3.
Afifth illustrative enbodi nent according to the present invention is shown

Lnorgure 5 AInbBe gl iR REGnBERAGhRA wn B $8fke 35 0n¢ BEAiHE SRaRl: UBPC!

sealing el ene ower sealing ele re each

general | i ndr.ical in,shape..ln.use he .seal i ments 502, .50 re
di spos edyﬁfd?‘{‘{‘f? 7 Gt j?ﬁ] &?ﬁste’g'géat&f@‘ i“hédﬁrﬁé segiing n‘?{8ﬁ%c§%€8ﬂ‘érﬁ sesgef l%§2§n
out er conponent 510. The inner conponent 508 conprises an outwardly

ext endi néfrmnasingie@ feremyicaing prafte 44ef iThescalingupipbies20e430 seeh aggistahe ower
recess 516. The upper sealing elenent 502 is received in the upper recess
514 and ftdver butee 4d2alfithgowkeremonsiud(8s A zbcandaryi sealing elembes 433vieretaipedss
516. -14 WD 03/ 024634 PCT/ US02/ 30095 The seal 500 further includes an upper

retai®i ngh AdceSs1aBadedinad bp\dey schkiigéloinggt 402tand 2fhibftofluidrigdm Gvithirethe @ahulog
el enents 502, 504, respectively, into the recesses 514, 516, respectively

and for gk &af hﬁ%nttp%'s R dNe Gk @@ﬂihg priifle 420 4nd (TSR surfR@ 44PRBEbetween
retaining nut 518 includes a threaded portion 522 and the | ower retaining

Ut 520 WACLUASE 2ubIrSRRRTD B AL MG Ahir I3 HRRASHAPH, TRAuRPa0CS

a threade i ON i Nhér

region 404a and the lower region 404b. In other aspects, the seal 400 comprises features and

operates in a manner similar to that of the first illustrative embodiment (shown in Figure 1).

15  Further, the seal 400 may be modified to incorporate the retaining nut 318, having the

threaded portion 320, and the threaded portion 322 of the inner component 306, as shown in
Figure 3.

A fifth illustrative embodiment according to the present invention is shown in Figure

5. In the illustrated embodiment, a seal 500 includes an upper sealing element 502 and a

20  lower sealing element 504 that are each generally cylindrical in shape. In use, the sealing

elements 502, 504 are disposed within an annulus 506 defined by an inner component 508

and an outer component 510. The inner component 508 comprises an outwardly extending

T-shaped flange 512 that defines an upper recess 514 and a lower recess 516. The upper

sealing element 502 is received .in the upper recess 514 and the lower sealing element 504 is

25  received in the lower recess 516.

-14-



conponent 508 and the threaded portion 524 engages a threaded portion 528
of the inner conponent 508. During assenbly, the retaining nuts 518, 520
contact twe msmaisdsng el ements 502, 504 as the retai ni ng n®CI/BLB300920 are
advanced al ong the threaded portions 526, 528 of the inner conponent 508.

Wien sufficieptly ti ened. agaj nst _the sealin 4 he
rotaining nut 4 set B3R TRREEYRARET R ubo SRR A SR o i e ik md 2 g
di sl od f th 514, 516, Th | I t 502

furt oy forc Eglak e 1oatne | Semen 10 a0t SARrhrly frios I SERERGO T o716 e

532 and a second leg 534 termnating in a second sealing profile 536.

Fur t her , resppiivebimnd foerstainigs dhesaahing sgmentsci0gddeds tilefenrr-s%hfr Bppes sFaining nut
terminating in a first sealing profile 15 540 and a second | eg 542

t er m nat 5h§ includesse doeded gaktiorg 5P2 ahd Ithe Todder r¢tacnisg alt H20 ehdwdentas thré&Hd2d
504, when installed within the annulus 506, are configured such that they

have s5i npeftfoar spee Thd %r@&tewefémbhesz'zn_@ﬁgag@s)rm%@med%@mds%hef @t @diner
conmponent 510. The first sealing profile 532 of the upper sealing el enent

502 seal 3o AgaIdP R nl T SMIch AR5 S2PbnbdiEs AUHERICLREMBRSDS A 3L t he

second sealing pro seal s against a ace 548 t he ange
512. Simlarly, jrst seal,in rofile 540 e | seal i ng el enent
304" seal sompein 3E., Pk SRR A atalni iy 5 ER. Do s e e Rt e
second sealing profile 544 seals against a surface 550 of the flange 512.
Wien a pé92t10Geisiihe reuiag wus B §¥(§aﬁerﬁd&?‘flcﬁﬁﬁ@grﬂéf‘gﬁhéﬁﬁids“gB%mBFS P+ S&ARhl us
506, the fluid therein exerts a force on a surface 552 of the upper

seal i ng eheaimpertcos@Rnent 568 e WWheaw syiffngjenty3ighitened ngainstsbasdahng pleokntsé 083304 t h
greater force against the inner surface 546 of the outer -15 WD 03/024634
PCT/ US0 2 1i0£288ning anioF 18N 526 boeventlthersgalivgy ¢lbesterI@nd26 dnm becopting distodpdd
with greater force against the surface 548 of the flange 512. Simlarly,

when a pepid ihéGeddslesBI£SYr e exists in a lower region 506b of the annul us
506, the fluid therein exerts a force on a surface 554 of the | ower

ceali 10 ¢l e S, AP RSBSOS i S99 00 A SHHBBONY
and urgi rslgahlng%rgﬁelgggg ar?é3 g lscitcr(])gd Perg0§£4| teerrnSu‘é'g'tiryg\;/i iglre]l second sealing profile 536. Further,
the lower sealing element 504 includes a first leg 538 terminating in a first sealing profile
15 540 and a second leg 542 terminating in a second sealing profile 544. The sealing elements
502, 504, when installed within the annulus 506, are configured such that they have
interference fits between the inner component 508 and the outer component 510. The first
sealing profile 532 of the upper sealing element 502 seals against an inner surface 546 of the
outer component 510 and the second sealing profile 536 seals against a surface 548 of the
20 flange 512. Similarly, the first sealing profile 540 of the lower sealing element 504 seals
against the inner surface 546 of the outer component 510 and the second sealing profile 544
seals against a surface 550 of the flange 512.
When a positive net pressure exists in an upper region 506a of the annulus 506, the
fluid therein exerts a force on a surface 552 of the upper sealing element 502, thereby urging

25  the first sealing profile 532 with greater force against the inner surface 546 of the outer
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greater force against the surface 550 of the flange 512. Accordingly, the
sealing elenents 502, 504 inhibit fluid within the annulus 506 from

fl ow ng bwowamemeshe upper regi on 506a and the | ower regi orCH0G02/3d005 ot her
aspects, features of the seal 500 conprise attributes simlar to those of

enbodi FSL?**bea%%rﬁP'aYnﬁe f@%@%ﬁ%@&@g WL Aty “ﬁvég tgne
5 50 A3, A4,
Fange. of ST leoEe 113 absther el LB Bl HOOR EIRrR B e -

cross-section, a sixth illustrative enbodi ment of the present invention.

In the i Fegien pOabeef theemilureo, the Jiad draseinyexerd & fies emp sg@%ﬂe Pdofithelonges a
sealing 15 elenment 602 and is disposed within an annul us 604 defined by an
i nner corgrding rienGD6 56k dhaebyourgerg the fipw nenling GodEile BHQ with Geater foxdedesinsirthe

enl arged view of the seal 600. In one enbodinent, the inner conponent 606

conpr § sesnrr Viakace 585 eMashéddnpohedt 310mpANEHhg ﬁﬁ&ec&ﬂrﬁééhﬁg—l‘ﬁroﬁle\/ﬁiw\enh
bonnet. However, as in the preV|ous illustrative enbodi nents, the inner

conmponen t %Rggq be any two generally
%reg%gf&ega%mt% efine an annu?/a

concentric conp nents r space (e.g., the annul us

coper 150 on SRR 4% AR LD AR

i ncl udes a flrst 610, termnating, in first sealing profile 612, and
a second ﬂp@/glga‘z%we%ﬁhmuﬁa%r IRgon R 082 @&f&lﬁ&o‘%&?glﬁg 3%t 7 ethbraspects. fersirss &
extends between the |egs 610, 614 and an anchor portion 620. The sealing
el ement ©02hd scap50Qicopwsisel altribalis isineidar rfal thessadf e antbereRiRstersivie rrsebagymente
outer conponent 608. In the illustrated -16 WO 03/024634 PCT/U802/30095
enbod meghowaninoRigares Slu4 . ade 062 £nddodinint acechaof thersutfaces62, 1584 iane dnghihed s
fit or interference fit relationship with an inner surface 626 of the

out er CopNARRNL a0RBiralSkEN53d 6t the BEal S68at BighleseA RN tespOAIVES, Withal MRGgWot hi N
the seal gland 622 under operating conditions and a seal is forned betmeen

t he seal uter conponent 608. In one enbodi nent, 5
LBt She B E%}Ee %Q%)ol nzf:q %g ecS!

t he outer conpon S a chanfer 628 that serves to guide the

sealing el erTeﬁgure %A depicts, in cross-section, a sixth illustrative embodiment of the present

invention. In the illustrated embodiment, a generally cylindrical seal 600 includes a sealing

15 element 602 and is disposed within an annulus 604 defined by an inner component 606 and

an outer component 608. Figure 6B provides an enlarged view of the seal 600. In one

embodiment, the inner component 606 comprises a valve stem and the outer component 608

comprises a valve bonnet. However, as in the previous illustrative embodiments, the inner

component 606 and the outer component 608 may be any two generally concentric

20  components that define an annular space (e.g., the annulus 604) therebetween. The sealing
element 602 divides the annulus 604 into an upper region 604a and a lower region 604b.

The sealing element 602 further includes a first leg 610, terminating in a first sealing

profile 612, and a second leg 614, terminating in a second sealing profile 616. A web 618

extends between the legs 610, 614 and an anchor portion 620. The sealing element 602 is

25  disposed in an internal seal gland 622 defined by the outer component 608. In the illustrated
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into the seal gland 622 during installation. In the illustrated enbodi nent,
the anchor portion 620 extends into a recess 630 defined by the outer
conponentw®@B8/0s466h t hat t he anchor portion 620 has a pres®CUSOnB009IS
interference fit relationship with the outer conponent generally at 632.

05" pr ov P BBRSRHAD AP SHAT SLCRriord ot B e LBl Ry Faesnlf e HhSastieRRe

out er onent 608. In some enbodinments, the outer co nt 608 ma also
def i ne_ ardeRsBiDGith EBinnSretalas g0 P1lae OMEFacPTPaRETt ) %p%ﬁbmat esealing ch
may be nmade froman el astoneric material such as pol yetheretherketone
(PEEK) , plemenie602id etainast withientbe (seaipEynd 622 unhder| dpkeatingieonditipprearnkba segddadar y
sealing element 636 is shown in Figure 6 as being generally rectangular in
Cross séainedbetvidea therseatihg elenieqt 60 abtheionidr edmpBadrin&08. i ensenbodimeyt,
sealing el ement 636 may have any desired cross-sectional shape. Still

refergi ngneldutdrl cﬂH{p%n@ht @B@ndlﬁb@ra chemRe 8 thA Q&vedR g!ﬂ@esth@ stdlingle] PR 602
surface 638 th is generally concentric with a snmaller dianeter second

out er suh&‘gg{% g addku%rmé(i)nétAli usfr at ed enbodi nent, each of the outer

surfaces |s genera y cy I'ndrical. The seallng el enent 602,

assenbl ed MAt the.ou onent i.s_pl ced d t he i nner
conponent 6061 ﬁheaﬂg‘l ﬁrétffl dHH?‘?:ta?léed OérPo \??(55 etngs ABf EFEST R0
assenbly of the seal 600. The snmaller dianmeter of the second outer surface

640 provHefdedchrscaneler compensat S8 owah thatdhe mgchprorqriien 628 has at pressEalor 600

is being assenbl ed. The sealing elenment 602 is configured 25 such that the
seal i ng eltefeencetliCretmmnsinp iwithe tHeeowerc eorfipaneni génerdlly an6ir. dorspelainnsiip6
when -17 WD 03/024634 PCT/ US02/ 30095 installed. The sealing profiles 616,

612 seal bagaemshe hidhof ipbRionosAlEind thef Ater EBpciat 608 pERIdHIChdditishelr scallhf ace
640, respectively, of the inner conponent 606. Alternatively, the inner

Cpnponeni)et@@@nﬂﬁ%eélﬂfglé!@lﬁerﬁ'gog'dﬁ@fhe%'ié}%ﬁ Bbﬁ’éﬂtBGSa general 'y constant
di aneter, rather than the surfaces 638, of different dianeters. In such

5 an. erbodi e sorhDSnRalihA%, 36 SIRL %oél%nén% RUARLE TS UE Rt Nkl 0G33881 O

retaining a secondary sealing element 636, which may be made from an elastomeric material
such as polyetheretherketone (PEEK), polytetrafluoroethylene (PTFE), or the like. While the
15  secondary sealing element 636 is shown in Figure 6 as being generally rectangular in cross
section, the invention is not so limited. Rather, the secondary sealing element 636 may have

any desired cross-sectional shape.
Still referring to Figure 6, the inner component 606 includes a first outer surface 638
that is generally concentric with a smaller diameter second outer surface 640. In the
20  illustrated embodiment, each of the outer surfaces 638, 640 is generally cylindrical. The
sealing element 602, assembled with the outer component 608, is placed around the inner
component 606 in a direction indicated by an arrow 642 to complete the assembly of the seal
600. The smaller diameter of the second outer surface 640 provides clearance for the second
sealing profile 616 as the seal 600 is being assembled. The sealing element 602 is configured

25  such that the sealing element 602 has an interference fit with the inner component 606 when
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seal against the alternative outer surface of the inner conponent 606. \Wen
a positive net pressure exists in the upper region 604a of the annul us 604,
the fl uiwotohmessn exerts a force on the first | eg 610, trematsy2/80095 ng t he
first sealing profile 612 wth greater force against the second outer
surface 64 nner e r
i ncreased’ Svﬁ”?ﬂl tﬂ}? ﬁeahﬁﬁﬁr&q eg| oﬁi%ge gagﬁ“& of;l c{e)mﬁ‘(rg §utrfa¥é[3%§ke#1}dﬁé€§esc§a i ng
profile 612 agai nst the second quter surface 6 i ncreases, thus further

i nhi bi t i RBCASYTGEO8P, resneeiive 1 % &f REIANGTFOMPOREH 6§gal ing profile 612 and the
second outer surface 640. Simlarly, when a positive net pressure exists in
the | ower regiAdisrreonglyotthe feneamogingsents0lb naye indludedan Hulkei firkge haying for ce
on the second | eg 614, thereby urging the second sealing 15 profile 616

wi t h gr egemralfyocamstaagdinmster,traghef ihas theosutrfacessib8f a¢@obdiferhnt diametenieln such
conponent 606. As the positive net pressure increases within the |ower

regi of 6@4RmbblEndn® thE séhliah RGsetly 602 ¢PAThpRAAuLR thad tiRf sdaBn pfofid€k6 1Pst616 he
first outer surface 638 increases, thus further inhibiting a flow of fluid

bet veen Lhg 55690 3 ?Aau@gomepgarkagsgzﬁl oAtk LBRpbhdRboout er sur face 638,

Accor di ng e sea |ng el ement Its d wthin the annul us 604

f 20 f1 b h 604 d 4b.
The. secondary "CRRIY R ESIR B3GRt SorraraonyPs R aghiid 8t B
conponent. 608 from entering the upper FEQIOH 604a of the angplus 604.
Shoul d tﬂ@lds@@tmaw%%&%gn dheofeshlees6H). fihareby ureangs g firsigseadpg peaftle 663

inhibits such external fluid fromentering the | ower region 604b of the
annul us Wwéthgreat@iBfovi® QBIMBPHhEIécdTIuSOHBO0OH) ofthgunrer zosipongnt £06.evienthh
illustrative enbodi nrent of the present invention. A seal 700 generally
conpld sepoditiec pdtemEsirs indredsbewithiti the inpparstgiah b4a, dnbfoticneping (s fitsnsdating
Figure 6) except for the outer conponent 608 and these comon el enents are

so nunbebegle 6&1 ragilsgt the B& 088 Vutef Q- thRCE40REreALEs OIS TuSRIREHISIRhg A0Fow of
general ly including the sane features 5 as the outer conponent %08 and

Further gl wal g, g tGSanhd ROLERS o0 sNGSRRL sT0BAupO L | nol udes

retaining nu engageabl e with the

threaded Similarly, when a positive net pressure exists in the lower region 604b of the annulus

604, the fluid therein exerts a force on the second leg 614, thereby urging the second sealing
15  profile 616 with greater force against the first outer surface 638 of the inner component 606.
As the positive net pressure increases within the lower region 604b, the force urging the
second sealing profile 616 against the first outer surface 638 increases, thus further inhibiting

a flow of fluid between the second sealing profile 616 and the first outer surface 638.
Accordingly, the sealing element 602 inhibits fluid within the annulus 604 from
20  flowing between the upper region 604a and the lower region 604b. The secondary sealing
element 636 inhibits fluid external to the outer component 608 from entering the upper
region 604a of the annulus 604. Should the secondary sealing element 636 fail, the sealing
element 602 inhibits such external fluid from entering the lower region 604b of the annulus

604.
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portion 704 of the outer conponent 702. Wen installed as shown in Figure
7, the retaining nut 706 retains the sealing elenent 602 within the seal
gl and 622wolo/oswse enbodi nents, |ess interaction i s need@dThisot/Bm®opress

fit or interference fit of the sealing elenent 602 into the 10 seal gl and

622 to retal ngifig. 950kLa% ELENRNLA0RL UBRSHMAVS iR BC SHALAY A sl

characteristic e retarning nut I'n Cross
section, ei h illustrative enbadi nent .f the present inventiqn. In
the i 11300 sEudabheempiEnti 450edt oad Tt Hustate Bamarrey @t eup
sealing elenent 802. The sealing elenent 802 is disposed within an annul us
804 defi REEXBSPL AT jthe @uter scampanere s 308 thee eemBancslcmenipre e Bosberahe
sealing el ement 802 further includes four |egs 810a, 810b, 810c, and 810d

ext endi nfufthantte sl ®lifcluiecin aftert dvenfosgy BLQ@nedilpncludigthe s8i@deatures
termnate in sealing profiles 814a, 814b, 814c, 814d, respectively. The

seal i g aetiRNRIér BpohéntBOSRMA Edrthed iddluding arth@hd rtigh 04 BASseAe70medo by
the outer conponent 808. In the illustrated enbodi nent, the sealing

el ement 80fudes o Rk 578 75 hding FURELRESARR0 78 Aekfhlel AP M titkdg bot h

t he outer conponent 808 and the i'nner conponent S a result of contact

bet ween t he. seal,i rafiles 814 3 Wk th..an _outer surfac 20 of .the
Coner - coishcne Sl sttt Shelibi Bl S Hhsin RLFiPE Hicr-Binbe
814d with ap inner surface 821 of the outer conponent 808. Wen a. positive
net pres&t DD enseafing, plsatent 6q Shihgots oAl hed é%iuméoree&{nbpﬁ’énen@s
fluid therein exerts a force on the legs 810a, 810b of the sealing el enent
802, t helashinterpgfiongs neadgd \Wp thapEsuld3y imenfriesopfitgobssaating slemenine2pnesfthe es
814a, 814b with greater force against the outer conponent 808 and the

i nnei0 cosgabglantl 62060 reéfhimthasdaling wlementb(Rothedeinvducnetthereedsing ehaxctstigics vfa

| ower region 804b of the annulus 804, the fluid therein exerts a force on
the | egs u@llGiniRlPe 70k. t he sealing element 802, thereby urging the sealing
profiles 814c, 814c with greater force against the 5 outer conmponent 808

d the i : 3N ' I-nhk bt id
W Lhi n the anhtie SBERYY AT Su s De aaane (e RaETE Pl kU Bt e

| over invention. In the illustrated embodiment, a seal 800 includes a generally cylindrical sealing

element 802. The sealing element 802 is disposed within an annulus 8§04 cieﬁned by an inner
15 component 806 and an outer component 808. The sealing element 802 further includes four
legs 810a, 810b, 810c, and 810d extending from a web 812. Each of the legs 810a, 810b,
810c, 810d terminate in sealing profiles 814a, 814b, 814c, 814d, respectively. The sealing
element 802 is disposed in an internal seal gland 816 defined by the outer component 808. In
the illustrated embodiment, the sealing element 802 is in a press fit or interference fit
20  relationship with both the outer component 808 and the inner component 806 as a result of
contact between the sealing profiles 814a, 814c with an outer surface 820 of the inner
component 806 and the contact between the sealing profiles 814b, 814d with an inner surface

821 of the outer component 808.
When a positive net pressure exists in an upper region 804a of the annulus 804, the

25  fluid therein exerts a force on the legs 810a, 810b of the sealing element 802, thereby urging
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regi on 804b. The outer conponent 808 may al so define a recess 822 for
retaining a secondary sealing elenent 824, as described relative to the

il lustratwoesemsedi nrents shown in Figures 6 10 and 7. Thecydsons@py
sealing elenent 824 inhibits fluid external to the outer conponent 808 from

entering,ithe er J,egi a of th nul us.804. Shoul d t SERON

seal i ng t}éel Seeﬁgﬁé) p@ﬁeggﬂo‘{g‘: %‘ﬁ’ewétéagr?eaﬁ%ra%fcéen%%ﬂmgg? ?uE%ri %’?’fpsorﬁglll}c e %Ztﬁqén(al
fluid fromentering tﬁg Iom$r regi on 804b of the annul us 804. In,tgﬁ)fl

11 ust r alT8H EPEBRAHERDS. SHBIGWAMREDG ROSEVREE! BISRPYS SE8ls A0 A LPRFTCRIGN R0fb 8 26
15 having a threaded zgorti on 828 engageable with a threaded portion 830 of
t he out epf thsoapuhen80808e i therais ca¢tsed forse snotha lpgs &1 QguBd0 of theesealing

retaining nut 826 retains the sealing elenent 802 within the seal gland
816. Theeleateht 802, athereb adiging niies scdhliag |ppsfdlds &ibn 8 1de ewitl prester dbricy @gainktythe as
the invention may be nodified and practiced in different but equival ent

mannes s 3pRAtSMpotddt BOPARI Bel inh&dcondfonkm §0¥e Hiuls, HRVdeMEhg SlIemB@NEH! nhiitst he
teachings herein. Furthernore, no limtations are intended to the details

of const et L he Sfh rebi SO b Q&f}k'\%gyﬁcgg Q04GR L iR
cl ai ns E‘gﬁgWH {hles t g‘{ge orfefblgvﬁde}ﬁ@ tﬁ?‘gt the 't ?e ﬁ?{gr enbodi ment s
di scl osed abo%/(ﬁ Ly be altered or nodified and all such variations are
consi der 5 $Hn the scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the clains belqw. 25 -20 WO
03/ 024634 PCT/!bseptescvyyonent fQsmayymio fefing arerses P42 far repinigg)a segpndary
inhibiting a flow of fluid through an annulus defined by a first conponent
and a secschidg ctempon824,,astdaseribedirelatovegpithd MiystrBiva esdwdimenteshomenin Migwpoeed
wi thin the annulus and having at | east one sealing profile 1in contact with
a sunb acandf. the sédondiryGeaiipredeherit @24 ihibitd flaidfektnad o tHelutertcbmpeheait 8osn;
and
from entering the upper region 804a of the annulus 804. Should the secondary sealing
element 824 fail, the sealing element 802 inhibits such external fluid from entering the lower
region 804b of the annulus 804.
In the illustrated embodiment, the seal 800 further comprises a retaining nut 826
15 having a threaded portion 828 engageable with a threaded portion 830 of the outer
component 808. When installed as shown in Figure 8, the retaining nut 826 retains the
sealing element 802 within the seal gland 816.
The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled
20  in the art having the benefit of the teachings herein. Furthermore, no limitations are intended
to the details of construction or design herein shown, other than as described in the claims
below. It is therefore evident that the particular embodiments disclosed above may be altered
or modified and all such variations are considered within the scope and spirit of the

invention. Accordingly, the protection sought herein is as set forth in the claims below.

25
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means for retaining the sealing elenent on a surface of the second
conponent that defines the annulus, wherein the sealing elenent is

seal i ngl ywernngagsas wi t h t he second conponent such 10 that paTfusomswhst he
fluid is inhibited therebetween. 2. A seal, according to claim1, wherein
the means for retaining the sealing I t conprises a tapered inner
surface of the sealing elenent in a mn relationship wth a

correspondi ngly tapered outer surface of the second component. 3. A seal,
accordin@ﬂﬂﬁgéﬁﬂﬂﬂE£J§Wherein the means for retaining the sealing 15
el ement further conprises a retaining nut threadedly engaged wth the
second conponént. Adsealffos gdilibiting e dlowi offluidthrdughraniannuhve defireditiyen festins f or
retaining the sealing el ement conprises a threaded portion of an inner

surface edmphensad 4 ftgord esEpdnest) @aogral diniphising: cor r espondi ng t hr eaded
portion of an outer surface of the second conponent. 5. A seal, according

to claiml, wherfing e]éﬂ?en'f‘ﬁﬁﬁ&eﬁ%itlﬁ@ﬂﬁi ARhiNes Whﬁ@%&tn&ﬁ S fhEERbfile

conprises a retainffng nut threadedly engaged wt e second conponent and

:/\,hn cont f}ﬁéon\fn\%ﬁ bvithhesuﬁg l of e 'ia’llrs? gﬁrﬂb(me%f toﬁnﬁl%ﬁl a ﬂo%gﬁpﬁgi'dqger&%t&llee%'; Q}l(% '
erein thé neans for retaining the sealing elenment conprises an’outer
surface of the sealing .elenent |.n ress-fit . relationship with a i nner
Surface of t nEvEBCREBISOREMAINE SeMer n BIHsSAT e T BPTBEnYT bt A
seal, according to claim®6, wherein the neans for retaining the sealing
el enent flefindsdhe awminsi ses a retaining nut threadedly engaged with the
second conponent and in contact with the sealing elenent. 8. A seal for

i nhibiting a fhemirothefséaling eldmeant ghsealingdy ongaged shéthithesbcbyd corfiparsht subh
conponent and a second conponent, the seal conprising: a sealing el ement
di spoged itk b ol dfHEe ARIAUS hitiRd teQeldiwednng: a first leg termnating in a

first sealing profile in contact with an inner surface
2. A seal, according to claim 1, wherein the means for retaining the sealing
element comprises a tapered inner surface of the sealing element in a press-fit relationship
with a correspondingly tapered outer surface of the second component.
3. A seal, according to claim 2, wherein the means for retaining the sealing
15  element further comprises a retaining nut threadedly engaged with the second component.
4. A seal, according to claim 1, wherein the means for retaining the sealing
element comprises a threaded portion of an inner surface of the sealing element engaged with
a corresponding threaded portion of an outer surface of the second component.
5. A seal, according to claim 1, wherein the means for retaining the sealing
20  element comprises a retaining nut threadedly engaged with the second component and in
contact with the sealing element.
6. A seal, according to claim 1, wherein the means for retaining the sealing

element comprises an outer surface of the sealing element in a press-fit relationship with an

inner surface of the second component.
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of the first conponent for inhibiting a flow of fluid wthin the annulus in
a first direction; 10 a second leg termnating in a second sealing profile
i n cont acwowsmbuehe i nner surface of the first conmponent PCarUSombioki ting a
flow of the fluid within the annulus in a second direction counter to the

first directign; d a tape nner I in a
press-fit rel t| onghﬁeﬁl ‘{)Oﬁélggt ?%sp‘%‘%?ﬁgﬁ‘e mfeénseff‘)rr&?anlup gth%ssﬁ%ﬁ‘f;bi:e of the
second corrpone for retaining the 15 s % Sneq}ﬁhon t he second
conponenEleBRAL RFher GomRIISEs A EEtaning Gt a0 FReresd AR SecORE comRTRsand

t herebetween. 9. A seal, according to claim8, wherein each of the tapered
i nner sum‘mléacawﬂhtthmseatlag)elﬁmnbuter surface are inclined at an angle

wi thin a range of about one degree to about ten degrees with respect to a

central axis 8f tha sebforirkbififg a Aosedlfluidthcarghi ampanholus defimad®y adfmst ei n each
of the fi rst and second sealing profiles includes a contoured surface in

cont agt goﬂeﬂ?alﬁwie%ﬁﬁd g{mﬁd}@n{ tHeSdealCc@menmRt to inhibit the flow of the
flui d therebetween. 11. A seal, accordi ng to claim 10, wherein each of the

contoured sur 1 MO 03/ 024634
PCT/ US02/ 3009é§%§§lg%?esee§?dls s Ih%tht%%%é‘l??n‘?ﬁsm A N the sealing

I t I | d h . wthi f
about 450 VP to- a1 GODTE fn?%ﬁrs%*g@% PRSP bt B g i o

the sealing el ement conprises a hater sel ected fromthe group

consi sting of Ob@eJIrsticamPeBsider mlalbmrkgI?eIl% ebPeid vithip ghe aalﬁalua In5a first

ni ckel /chromum alloy. 14. A seal, according to claim@8, wherein at |east
one of the |edsedtiont her conprises a surface inclined at an angle within a
range of about one degree to about 40 degrees with respect to a central
axi s1@f the seal. asecond legterminating in a second sealing profile in contact with the inner

surface of the first component for inhibiting a flow of the fluid within the annulus in a
second direction counter to the first direction; and

a tapered inner surface of the sealing element in a press-fit relationship with a
correspondingly tapered outer surface of the second component for retaining the

15 sealing element on the second component and for inhibiting a flow of the fluid within

the annulus therebetween.

9. A seal, according to claim 8, wherein each of the tapered inner surface and the
tapered outer surface are inclined at an angle within a range of about one degree to about ten
degrees with respect to a central axis of the seal.

20 10. A seal, according to claim 8, wherein each of the first and second sealing
profiles includes a contoured surface in contact with the surface of the first component to
inhibit the flow of the fluid therebetween.

11. A seal, according to claim 10, wherein each of the contoured surfaces have a

radius of about 3.3 mm.
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15. A seal, according to claim8, wherein the sealing profiles have an
interference 10 fit relationship with the inner surface of the first
conmponentwOl8/024836€eal , according to claim8, wherein: an @ordisde3@panet er
of the first sealing profile is larger than an outside dianeter of the

second seal i ng,profjle; .the.first, seall rofile ISl L.t.h a
first porti onqgf tﬁese?ﬂr’lﬁécro‘%%l&gft%‘télgmg? ’ \fvﬁ%e itﬁé%eaﬁ%%lg@%ﬁﬁ%ﬁn@ %E%n a?err'éal
second seal.in rofile is.jn contact Wt econd, di aneter,
portion V‘Pﬁgﬁql‘ﬁﬁté"rngghwt O 13784 WP?%OW%%M.W)?%W&S%I , accordi ng
to claim8, further conprising a secondary sealing elenent disposed in a
recess defined3by thieakagpiding ©lcdaiend. VISR thessplingctlempnt SOMRESSHfaptesal f ace
of 20 the first conponent, such that the fluid within the annulus is

i nhi bi t edeltctedrnfrbmathe gopup venwtateveddrrylliuB coppes cahickacoppedialgy,tandal ai m 17,
wherein the secondary sealing elenent further conprises an elastoneric
mat er § al nickéPchiténildh B2#4634 PCT/ US02/ 30095 19. A seal, according to claim
8, further conprising a retaining nut threadedly engaged with the second

conmponent and {yn cqn j b | d I f jENY
t he sealing ellg'men;A “lbeﬁp’{aﬁégraélé%g@nﬁaﬁﬁbﬁﬂ%ﬁ?agg%g%e?ggfe%%ﬁg?%%ﬁr%k%I aim
8, wherein

the tapered inner surface of.the sealin 5,.el nt _and.the
Cper ed SuPHPRERE! at SHETe Ll R RE A TP E arEda 2 W i
according to claim8, wherein each of the tapered inner surface of the
seal i ng &FPREN? a genral wes ohPersedl out er surface of the second member further
conprise recesses and protrusions that are mechanically neshed for
retaini ng the l8eal iAngpakhesneding émclainh 8, whereindhe saapogerafilestave an inferéasence
according to claim8, wherein each of the tapered inner surface and the
10 fit relationship with the inner surface of the first component.
16. A seal, according to claim 8§, wherein: /
an outside diameter of the first sealing profile is larger than an outside diameter of the
- second sealing profile;
the first sealing profile is in contact with a first portion of the inner surface of the first
15  component; and
the second sealing profile is in contact with a second, smaller diameter, portion of the
inner surface of the first component.
17. A seal, according to claim 8, further comprising a secondary sealing element
disposed in a recess defined by the sealing element and in contact with the inner surface of
20  the first component, such that the fluid within the annulus is inhibited from flowing
therebetween.

18. A seal, according to claim 17, wherein the secondary sealing element further

comprises an elastomeric material.
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tapered outer surface has a surface finish of no | ess than about 0.4

m cronmeters Ra. 23. A seal, according to claim8, wherein each of the

t apered iwoaB/0348f ace and the tapered outer surface has &CTurshzazm®os i ni sh
within a range of about 0.4 mcroneters Ra and about 1.6 mcronmeters Ra.

15 24. A seal i,nhi |t|n f.fluid through annul i ned by
a first corrpéhent Mgl éc“soégl(?ﬁ(ﬁo 818%811félﬁtber RS 8@3‘@?5 8}‘%{5‘@"@ ‘ﬂ%al ing
el enent di sposed within the annul us and conprising: a first term nating
in a fir§nsagedmithghepspnd eomponeahangddn capiast with thersesling glement fo d%rtbﬁe first
conponent for inhibiting a flow of fluid within the annulus in a first 20
di r ect i omgtainingsbosmling gletrenhdmtheiseepndisompsesdnd seal i ng profile in contact
with the inner surface of the first conponent for inhibiting a fl ow of the

fluid within tbe amséaljacdordiag teelapm8, whereintthoapeed idreF sirfact bétHelsesling
direction; and -24 WD 03/024634 PCT/ US02/ 30095 a threaded i nner surface of

the sgal 'eI?:Qne‘ﬁ{ SR ta%@%%@er%f&e%f&%s%@&ﬁﬂm&%&ﬂ 20 gAlegan outer surface of
t he second conponent for retaining the sealing elenent on the second

conponent . 255, A S?ﬂe %Sco%ﬂg égn g'\ghé%lﬁ%acﬂ"‘&%% AR ulefle JrigfeSt and

second sealing "5 pro Ies In ontoured surtace i N contact %h t he
surface of the flrst npone %%J|OWIOf e fluid
*her abet e clsgnenRanE BRI TR 05 19 RRBPRHDEHSRe  he
cont our ed surfaces have a radius of about 3.3 mm _ 27. A seal, according to
cl ai m 24 reoggses anchprofrusigpsihahage aeshayivally angsheds s rejainmg the sealingFlement oy a
yield strength within a range of about 450 MPa to about 1,000 MPa. 28. A
seal , acdwrdtog commhentm 24, wherein the sealing el enent conprises a
material selected fromthe group consisting of berylliumcopper, a
ni ckep/ copper 2al | oW se@l@cédrding to claim 8, wherein each of the tapered inner surface and the
tapered outer surface has a surface finish of no less than about 0.4 micrometers R,.
23. A seal, according to claim 8, wherein each of the tapered inner surface and the
tapered outer surface has a surface finish within a range of about 0.4 micrometers R, and
about 1.6 micrometers R,.
15 24. A seal for inhibiting a flow of fluid through an annulus defined by a first
component and a second component, the seal comprising;:
a sealing element disposed within the annulus and comprising:
a first leg terminating in a first sealing profile in contact with an inner surface
of the first component for inhibiting a flow of fluid within the annulus in a first
20 direction;
a second leg terminating in a second sealing profile in contact with the inner

surface of the first component for inhibiting a flow of the fluid within the annulus in a

second direction counter to the first direction; and
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ni ckel /chromum alloy. 29. A seal, according to claim24, wherein at |east
one of the legs further 15 conprises a surface inclined at an angle within
a range owoabBomedone degree to about 40 degrees wth respeqtuhzi@otentral
axis of the seal. 30. A seal, according to claim 24, wherein the sealing
profiles have an interference f.it r.elationshi ith t | r_surface of
the first corrponent?l t §al.egAn%eé§W,facaecoé ed?"'ﬁ@“% %eﬁféﬂe%%f&%vﬁl%}gggﬁr%d%o an
out si de di aneter, of _the firs} sealing profile is larger. than an ouytside

di amet er of t RETIO8QLARAQUERSIITAGE ogmfs%wp CORBOPF 4o AT eﬁF%fqa epent; n
contact with a first portion of the inner surface of the first conponent;
and the secon@nsleaierony ¢gomufonprt. i s in contact with a second, smaller

di aneter, portion of the 25 inner surface of the first conponent. -25 WD
03/ 024634 PCTREIS02/A3&4D accdzdin@tsdaim 24 oaterdh racht af the ArsraRlisechnd sdabng
conprising a secondary sealing elenent disposed in a recess defined by the

seal ing ?fcﬁﬂ@ﬂhcl@ﬂéjs d SOnfRUd Bl fadk IcdnbRt With €he Sitfab@eethefirsticBRpbhdnt to .
conmponent, such that the fluid within the annulus is inhibited fromfl ow ng

t her ebet W@l‘?ﬂttht% ffb%votﬁthéﬁﬁ%dth@n%ﬁ&(x}éérﬂg to claim 32, wherein the secondary
ement turther

seal ing el conprises an el astoneric material. 34. A seal,
according to glaimz24,. wherein the sealing.ele further copprises a
faper ed Cnner 28ur f Avteah ACDBARRL et PO B sSidhe i iikd SRR BFRall f ace
of the second _conmponent for inhibiting a flow of the fluid therebetween.
10 35. Aradiygof ahetox 3y to cl ai m 24, wherein each of the threaded inner

surface of the sealing element and the threaded portion of the outer
surface of th&7secdnstak; eerpodingto derien 24avhesein the sealing element comprises a

10  material having a yield strength within a range of about 450 MPa to about 1,000 MPa.
28. A seal, according to claim 24, wherein the sealing element comprises a
material selected from the group consisting of beryllium copper, a nickel/copper alloy, and a
nickel/chromium alloy.
29. A seal, according to claim 24, wherein at least one of the legs further
15  comprises a surface inclined at an angle within a range of about one degree to about 40
degrees with respect to a central axis of the seal.
30. A seal, according to claim 24, wherein the sealing profiles have an
interference fit relationship with the inner surface of the first component.
31. A seal, according to claim 24, wherein:
20 an outside diameter of the first sealing profile is larger than an outside diameter of the
second sealing profile;
the first sealing profile is in contact with a first portion of the inner surface of the first
component; and
the second sealing profile is in contact with a second, smaller diameter, portion of the

25 inner surface of the first component.
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36. A seal, according to claim 24, wherein each of the tapered inner
surface of the sealing elenent and the tapered outer surface of the second
menber fuwbDhB24eapri se 15 recesses and protrusions that aca/usewbanscally
meshed for retaining the sealing elenent on the second conponent. 37. A

seal for inhihiting a flow of fluid r h an _annul us defined.by .a first
component and ok sedona agiidel et ISR BRpPREE gt d B e Re Py

el enent having.a first leg.termnating in a first sealing profile in
contact 95BOsRa {2 feesssqefiged %ﬁﬁ&?oﬁﬁglmg fraent a8d iy FRptact §Vithd PEITRSE FUsERes Af a
second sealing profile in contact wth a flange of the second conponent;
and a setsrftstswaiionentesushelmt theafliid gvithin thegnnylagistishibitedfromglawing fir st
sealing profile in contact with the first conponent and a second |eg

t er m nat ihegebetweansecond sealing profile in contact with the flange of the
second conponent. 25 38. A seal, according to claim 37, further conprising:

-26 WD 03/ 024634 PRIJMSALAAAOR cldinf 32, Sthet@h @dHebshdaH scaiheaepdhiufpgaged
with the second conponent and in contact with the first sealing el enment for

retainingm%ﬁ%$%gﬁghggﬁ%h%%%éﬁéﬁiIe of the first sealing elenment in

contact w e inner surface of the first conponent and for retaining the
second sealin prqofile of the first sealing.elenent in contact with the
flange of t heSkecoRdeBoAFoRURE 1 SAEn 3.3 RSEROHF FRLTH PR RS KPERESHY,
engaged with the second conponent and in contact wth the second sealing
el enent fapered dpngr surigsetim eomtagtayithsaeqrresporsling fapered putepairkase ghtheseegnidng

el ement in contact with the inner surface of the first conponent and for

r et ai ni ngompenestfromthibisieghiflog efitbé flhie thérebdtwesecond seal i ng el enent in
contact with the flange of the second conponent 10 39. A seal, according

to ci@i m 37, wher eidrseglradcoading teclhint 34, vieadih 8gchisfahd hesaded iBktidefacaof
contoured surface in contact with the inner surface of the first conponent

for i nhitRi Laip derthiRWn@thel thRallddpoHis N6 GRSLIWE I fRBYf BRGEc ohpoR&and
sealing profilées 1 ncludes a
galled.
36. A seal, according to claim 24, wherein each of the tapered inner surface of the
sealing element and the tapered outer surface of the second member further comprise
15  recesses and protrusions that are mechanically meshed for retaining the sealing element on
the second component.
37. A seal for inhibiting a flow of fluid through an annulus defined by a first
component and a second component, the seal comprising:
a first sealing element having a first leg terminating in a first sealing profile in contact
20  with the first component and a second leg terminating in a second sealing profile in contact
with a flange of the second component; and
a second sealing element having a first leg terminating in a first sealing profile in
contact with the first component and a second leg terminating in a second sealing profile in

contact with the flange of the second component.

25 38. A seal, according to claim 37, further comprising:
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contoured surface in contact with the flange of the second conmponent for
inhibiting a flow of the fluid therethrough. 15 40. A seal, according to
cl ai m 37, watwoziéss each of the contoured surfaces have a padiuss2/afosmbout
3.3 mm 41. A seal, according to claim37, wherein each of the sealing

el ements conpri.ses .. a.nateri al V] el,d strengt it hip.a range of
Sbout 430 nPan e iraTiER G pRtdt Wi o Riba i f 0
wherein each of the sealin | enents copprises 20.a paterial selected from
the group! dh%flgﬂf F%H%FJCBI-?B%%F rfaww@ﬁﬁ%ﬁ?st sealing Pmﬁleagﬁégr%%yzg Ffenty

ni ckel /chromumalloy. 43. A seal, according to claim37, wherein each of

t he | egsirfepntdsepithdhgpinneresirfaee afithe Ses compppant andifor agtaiaig) the icend seadingange

of about one degree to about 40 degrees with respect to a central axis of

t he seal profiddofibe Gidst 0248 4]cR(ETit WSRO OND thelflankesd dlie seaamsbratipogentpawd ai m
37, wherein each of the first sealing profiles has an interference fit

rel atg onshi p Wisgdont h@tainiaiut fitediReR dbadddoniti hslscéaROMPBhent 48d irfech@at for
inhibiting a flow of fluid through an annulus defined by a first conponent

and a se : LSl B : i I i sposed
i thin ¢ REOIE SIRANEaling LORE: nARTRE L IR scifig PRALL D€ SRl el
sealing profile in contact with an outer.surface of the fi.r.st conmpongnt
For i nii Bleeht T goReBamst eithds Tl S oriRden Pind O iR i BETEn.
second leg termpating in a second sealing profile in contact wwth the
outer 16°aking perfde pf the second sealing elespsmd Hi cangact withithe tlangs o the Seeest the f1uid
Wi thin the annulus in a second direction counter to the first direction;
and an oatmporsut f ace of the sealing elenment in a press-fit relationship
with a corresponding inner surface of the second conponent for retaining
the s@aling 39. A seal, according to claim 37, wherein each of the first sealing profiles

includes a contoured surface in contact with the inner surface of the first component for
inhibiting a flow of the fluid therebetween and each of the second sealing profiles includes a
contoured surface in contact with the flange of the second component for inhibiting a flow of
the fluid therethrough.
15 40. A seal, according to clairﬁ 37, wherein each of the contoured surfaces have a
radius of about 3.3 mm.
41. A seal, according to claim 37, wherein each of the sealing elements comprises
a material having a yield strength within a range of about 450 MPa to about 1,000 MPa.
42. A seal, according to claim 37, wherein each of the sealing elements comprises
20  a material selected from the group consisting of beryllium copper, a nickel/copper alloy, and
a nickel/chromium alloy.
43. A seal, according to claim 37, wherein each of the legs further comprises a
surface inclined at an angle within a range of about one degree to about 40 degrees with

respect to a central axis of the seal.
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el ement on the second conponent and for inhibiting a flow of the fluid
within the 15 annulus therebetween. 46. A seal, according to claim45,
wher ei n esoh3ot4eshe first and second sealing profiles ineCkdss2/z0ednt our ed
surface in contact with the surface of the first conponent to inhibit the

flow of the fluid therebetween, 47. seal ,. acgordin 1l ai md46,, wherein
each of the céﬁt ou%ﬁﬂ@&?@‘ﬁ@&% t%é\%n ?7 %r 4 %ﬁjsc’fg*le gﬁség?a%g.ggr(ﬁfﬁﬁg%g.anA
seal, according to cl ai 45,_\/\/{1%r,ei n the sealipg el enment conprises a

mat er i al UHeRsTARFeATtyelationsain witlythe ipperispriacs Orfg#g ISHEOTPIIERL- 450 MPa to about
1,000 MPa. 49. A seal, according to claim45, wherein the sealing el ement
conprises a H#at er Aajeaklor edikiting p dlomt ofdlugd Bupughomsinoulug gebneddst a/first um
copper, a nickel/copper alloy, and a 25 nickel/chromumalloy. -28 WO

03/ 02463 4ompdnduba 86:20fd c@fpondns etdd sealbowerdingg to cl ai m 45, wherein the
sealing profiles have an interference fit relationship with the outer

surfage of thg stdiinglelRARBHIed within tH hBalus aRE ESthFYidig:t 0 cl ai m 45,
wherein: an inside dianeter of the first sealing profile is smaller than an

i nsi de di aneter of B eg]lfﬂ PeaRh P}dfg L gided ek %nge' pgrReofile
is in contact wt hay?gil?étte%glgt ﬂ%ﬁl of 't %3 o% er %{Jnl’ acg %’? taﬁe |¥ rst
conmponent; and_.the. second seali.ng. profi ée iS4 n contact with.a second,
| arger di anet &f %heg-g?tﬁoﬁjr?%?nt ﬂremﬁ’(])"ﬁ)ﬂrkgra Niid ngg%o‘?'l lﬂzhef zimrnéliusd% ﬁ%{)‘ﬁent . 10
52. A seal, according to claim45, further conprising a secondary sealing
el ement di spdgé‘alqnh a recess defined by the second conponent and in
contact with the first conponent, such that the fluid wthin the annul us
is inhibited from filseswinddeg teenimbiogvmensecéBl sealisgpiofilamcontichyith theatudgrm 52,
wherein the secondary sealing el enent further
10 surface of the first component for inhibiting a flow of the fluid within the annulus in a
second direction counter to the first direction; and
an outer surface of the sealing element in a press-fit relationship with a
corresponding inner surface of the second component for retaining the sealing
element on the second component and for inhibiting a flow of the fluid within the
15 annulus therebetween.
46. A seal, according to claim 45, wherein each of the first and second sealing
profiles includes a contoured surface in contact with the surface of the first component to
inhibit the flow of the fluid therebetween.
47. A seal, according to claim 46, wherein each of the contoured surfaces have a
20  radius of about 3.3 mm.
48. A seal, according to claim 45, wherein the sealing element comprises a
material having a yield strength within a range of about 450 MPa to about 1,000 MPa.
49. A seal, according to claim 45, wherein the sealing element comprises a

material selected from the group consisting of beryllium copper, a nickel/copper alloy, and a

25  nickel/chromium alloy.
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conprises an elastoneric material. 15 54. A seal, according to claim45,
further conprising a retaining nut threadedly engaged with the second
conponentweand/o24s3£ont act with the sealing el enent for fur®PoEUSy/8M093 ni ng
the sealing elenent on the second conponent. 55. A seal, according to claim
45, wherein t outer surface of | in | enent | nner surface
of the secondggbnpgﬁgﬁﬁag¥@&5%? géﬂﬁg%%gg?m t@g%”ﬁm%@@%&%ﬂﬁgg?% cl ai m 45,
wherein eacg of the tapered jnner surface of t?e seal ing el ement and the

t aper ed gUeEsTeRGsftaelatonshimpithy Besper roliths SLFORRMSATF se  recesses and
protrusions that are nmechanically neshed for retaining the sealing el enent
on the secondlconpossehrccordigg Worlamr 6248B4eiPCT/ US02/ 30095 57. A seal
according to claima45, wherein each of the outer surface of the sealing

el ement and t he insitestiametef aftthe Gfst bduding orfilel iscammpblen drah ahaisside damétacef the ni sh
of no less than about 0.4 mcroneters Ra. 58. A seal, according to claim
45, m@erg&ﬁn@@&mng%ﬂﬁn& outer surface of the sealing 5 elenent and the

i nner surface of the second conponent has a surface finish within a range

f bout 0.4 .4m . QE 1. j
?nhigi??ng a P?g&#§¥E$ﬁ%ﬁgﬁ?ﬁ?%ﬁaﬂR§%k@%ﬁﬁ?ﬁgﬁﬁggﬁhgﬁé85%5mﬁgﬁgéfﬁggﬁgﬁg;nt

and a second conpogent, the seal conprising: a sealing el enent disposed
within t AETBMEE-EE%and conprising: 10 a first leg termnating in a first
sealing profile in contact wiith an outer surface, of the first conpagnent
for inhi biti ngheseeonsiyealing prafile is Hrsbrst witdrt sepongd, farged diametere Pogian of thesecond
leg termnating in a second sealing profile in contact with the outer

surf ace ofitet hugfdct o§theduptpompanerftor i nhibiting a flow of the fluid

t herebetween in a second direction counter to the first direction; 15 a
thirdol eg tersnat iAngal, acedrdihg kdlcla@al s, fortisrebinpéising agecdnaty seblidy démentner

disposed in a recess defined by the second component and in contact with the first
component, such that the fluid within the annulus is inhibited from flowing therebetween.

53. A seal, according to claim 52, wherein the secondary sealing element further
comprises an elastomeric material.

15 54. A seal, according to claim 45, further comprising a retaining nut threadedly
engaged with the second component and in contact with the sealing element for further
retaining the sealing element on the second component.

55. A seal, according to claim 45, wherein the outer surface of the sealing element
and the inner surface of the second component are galled.

20 56. A seal, according to claim 45, wherein each of the tapered inner surface of the
sealing element and the tapered outer surface of the second member further comprise
recesses and protrusions that are mechanically meshed for retaining the sealing element on

the second component.



surface of the second conponent for inhibiting a flow of the fluid
therebetween in the first direction; and a fourth leg termnating in a
fourth seabiong24soHfile in contact with an inner surface @CTiuse2/3®ednd
conponent for inhibiting a flow of the fluid therebetween in the 20 second

direction. 60.,A seal,, according to aim 59, further co i.Si a_ ..
retaini ng nut 5¥-hre§‘d5eeé‘|’§°"° éf@%&gfﬂla\ﬁl ;4\%1 Y}ﬁéelgg%%ln%ltg%%grnsg}r% ac%(ﬁp Fﬁeaﬂlélﬁt act
with the sealing elenent for further . retaini the sealing.elenent in

cont act et Hid the frger HBFRSBAE SRR AEPSREH R %ﬁmﬁ?ﬂtaﬂ b 36 I\ 024634
PCT/ US02/ 30095 61. A seal, according to claimb59, wherein each of the
first andbauddndiosermttersRaprofiles includes a contoured surface in contact
with the surface of the first conponent to inhibit the flow of the fluid

t her ebet ween. 562. A sehh¢coadiagtaltlagn 45 vaeatimesich, ofitheowemsuefachoithe séeding
contoured surfaces have a 5 radius of about 3.3 mm 63. A seal, according

to cl qi MeRthenWiRItBE hnkPQurfRa b g s@é&ﬁ%ﬁﬁlgﬁﬁém hh$£surface TRisBWidlin BB Bfa
yield strength within a range of about 450 MPa to about 1,000 MPa. 64. A

seal , acgpy iOngm%f??Iﬁét@}sersa%d AWPR"1EE idbifeRRAR| NG €l ement conpri ses a

mat eri al selecte romtHe group consisting of beryllium copper, a

i ckel / Il oy, Q..ni ckel / Lum al | oy, 65. B di
o clai m 55, Sher ofveeRnier Sudp e BPr e hiiehian Srpnd e Ghelidia pR7 @ 10

relationship with the outer surface of the first conponent. 66. A seal,
accor di n§omponenhang sseconheprapenent the s¢al coaiisiMet er of the first sealing
profile is smaller than an inside diameter of the 15 second sealing
profile; the fisedingstamdanhdisposstlivithin theiannglonamteomprisinga first porti on of
the outer surface of the first conponent; and
10 a first leg terminating in a first sealing profile in contact with an outer surface
of the first component for inhibiting a flow of fluid therebetween in a first direction;
a second leg terminating in a second sealing profile in contact with the outer
surface of the first component for inhibiting a flow of the fluid therebetween in a
second direction counter to the first direction;
15 a third leg terminating in a third sealing profile in contact with an inner
surface of the second component for inhibiting a flow of the fluid therebetween in the
first direction; and
a fourth leg terminating in a fourth sealing profile in contact with an inner
surface of the second component for inhibiting a flow of the fluid therebetween in the
20 second direction.
60. A seal, according to claim 59, further comprising a retaining nut threadedly

engaged with the second component and in contact with the sealing element for further

retaining the sealing element in contact with the first component and the second component.
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the second sealing profile is in contact with a second, |arger dianeter,
portion of the outer surface of the first conponent. 20 67. A seal,
accor di ngwom3obes4sn 59, further conprising a secondary sealPCmgiSet/awehnt

di sposed in a recess defined by the second conponent and in contact with

the first copgponent . ' 1, thi 1 5.1.nhi bited
fromflow ng tgﬁ'er e e%e\%gg%&%gg E%&glglﬁé’tué}%é%ﬂ?g?érygoﬁtgggﬁg?ﬁ %S?ﬁ%égpg n the
secondar al i el enent further. co IS an el as ri.c material. 25
56- A’ mebrae B SRRpuredieF i oyt RS P B0 Gen pmBb T By o
sealing el ement including at |east one sealing profile within an annul us
defi ned Bkt thedlow efghe SxisktherghetWselsecond conponent; contacting the at

| east one sealing profile with a surface of the first conponent to inhibit
a flow of fluibd. thérsebenomeding &mdaitn 6 btvdiendingathhef theedritowgedbuwrfaees haye aan
annul us-si de surface of the second conponent such that a flow of the fluid

i s | nhi birddeek stheoeixet ween. 70. A nmethod, according to claim®69, wherein
retaining the sealing element further conprises pressing a tapered inner

surface of thgssealy ng GLEMBRAL (PEhith §9, v&f&éiﬁ%}&osrégiirfggélé’m&ﬁ%h?ﬁs&% er
surface of the second conponent. 10 71. A method, according to claim70,

wher el 0 rot gl o Agd 1S REALLDR ShRIE Mo LG SAIPY 10589,08bdd st he 1 nner

e S€é g e outer surface sec
conmponent. 72. A nmethod, according to claim70, wherein retaining the
seal i ng el enefit- f ér%eﬁw%ﬁﬁe fosfgglm@%m%aﬁhve%@%ﬁﬁgeméewgé%s %nd
protrusi ons of each of the inner surface 15 of the sealing elenent and the
out er sumfaigsial edleaterbiremdlmeronp aprsisting of bgryllanmeenpet a nackeleeiipagaliay, endid m 70,

wherein retaining the sealing elenent further conprises heating the
seal ilhg alckariromjpinaglicygy t he seal i ng el ement on the second

65. A seal, according to claim 59, wherein the sealing profiles have an
interference fit relationship with the outer surface of the first component.

66. A seal, according to claim 59, wherein:

an inside diameter of the first sealing profile is smaller than an inside diameter of the

15  second sealing profile;

the first sealing profile is in contact with a first portion of the outer surface of the first
component; and

the second sealing profile is in contact with a second, larger diameter, portion of the
outer surface of the first component.

20 67. A seal, according to claim 59, further comprising a secondary sealing element
disposed in a recess defined by the second component and in contact with the first
component, such that the fluid within the annulus is inhibited from flowing therebetween.

68. A seal, according to claim 59, wherein the secondary sealing element further
comprises an elastomeric material.

25 69. A method, comprising:
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conponent, and allowi ng the sealing elenment to cool. 74. A nethod,

according to claim®69, wherein retaining the sealing elenent 20 further
conpri seswotohozmaedl y engaging a retaining nut with the secongorsmwpdnent ;
and advancing the threadedly engaged retaining nut into contact with the

sealing elenment. ...75, _A;1et ' | ai.m 74 L0 inin
the seal i ng ePeyiiea T ElHRp: BERRLE A5k By donliFldh By R ALE 7O
el ement %ng tg;ea s of the se%ond 25 coqunent. -32 WD 03/ 024634

PCT/ US02 Y a7igrst OmRANRBTENIAEBM SO HOGSM ai m 69, wherein retaining the
sealing elenment further conprises: threadedly engagi ng_a retaining nut
with the secopentedingdhrepitlcashprr ssglinmpiofils Whi apwifecsdd dhs/fishepmranenieai ni ng
nut into contact with the sealing elenent. 5 77. A method, according to
cl ai m 69jnhihit 4 lew of divat thsichgtwiehn;emdedl y engagi ng the sealing elenent with
t he second conponent. 78. A nethod, according to claim®69, wherein

retaifing thergigaingiBe flaBAEBlemehtidr SEnnGRRPIdeSASAEY GEEE Bdoad cOpSiensur f ace
of the sealing elenent into a corresponding inner surface of the second

CO”pO”e”Ech%ﬁu%%h?ﬁoﬁﬁkqﬁﬁiEQQﬁﬁﬁQiﬂgﬁB& L@i m 78, wherein retaining the

seal i ng 8l ement rther conpri ses: readedl y engagi ng a retaining nut

nut i nto cont Abt -wiRennt Bai g SR 2%, e T ATEL It ORI o' "

claim 78, wherein retaining the sealing elenent 15 further conprises

gal | i ng fHECHEABPrises preseing aftanerd 1§%%nspﬁgceeqfé relingalemRBt ¢HPar surface of
the second conponent. 81. A nethod, according to claim78, wherein

r et ai ni ngoméspondngly napeeddeamtertsurface of the second component.

10 71. A method, according to claim 70, wherein retaining the sealing element
further comprises galling the inner surface of the sealing element and the outer surface of the
second component.

72. A method, according to claim 70, wherein retaining the sealing element
further comprises mechanically meshing recesses and protrusions of each of the inner surface

15  of the sealing element and the outer surface of the second component.

73. A method, according to claim 70, wherein retaining the sealing element
further comprises heating the sealing element, placing the sealing element on the second
component, and allowing the sealing element to cool.

74. A method, according to claim 69, wherein retaining the sealing element

20  further comprises:

threadedly engaging a retaining nut with the second component; and

advancing the threadedly engaged retaining nut into contact with the sealing element.

75. A method, according to claim 74, wherein retaining the sealing element
further comprises galling threads of the sealing element and threads of the second

25  component.
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further conprises nmechanically nmeshing recesses and protrusi ons of each of
the inner surface of the sealing elenent and the outer surface of the
second cowpaneme34 20 82. A nethod, according to clai m 78, paitarse?/snop®t ai ni ng
the sealing elenent further conprises heating the second conponent,

gg?gingg CE)RS oﬁzﬁi | ,[] Igllstgmf)n&na{cgé,r%tm% tto r(‘:?au%eéb?gv ere?nor%Pa?rﬂgg Ehe S%ngngaelller%g\ﬁtng the
further comprises:

threadedly engaging a retaining nut with the second component; and

advancing the threadedly engaged retaining nut into contact with the sealing element.

5 77. A method, according to claim 69, further comprising threadedly engaging the
sealing element with the second component.

78. A method, according to claim 69, wherein retaining the sealing element
further comprises pressing an outer surface of the sealing element into a corresponding inner
surface of the second component.

10 79. A method, according to claim 78, wherein retaining the sealing element
further comprises:

threadedly engaging a retaining nut with the second component; and

advancing the threadedly engaged retaining nut into contact with the sealing element.

80. A method, according to claim 78, wherein retaining the sealing element

15  further comprises galling the outer surface of the sealing element and the inner surface of the
second component.

81. A method, according to claim 78, wherein retaining the sealing element
further comprises mechanically meshing recesses and protrusions of each of the inner surface
of the sealing element and the outer surface of the second component.

20 82. A method, according to claim 78, wherein retaining the sealing element

further comprises heating the second component, placing the sealing element into the second

component, and allowing the second component to cool.
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