1 FULL BORE COWMPRESSI ON SEALI NG METHOD CROSS REFERENCE TO RELATED

APPLI CATI ON [ 0001] This application clainms priority to U S. Provi sional

Pat ent Apwbi2esrilies3No. 61/ 164, 362, entitled "Full Bore Eammsessiooss3seal i ng

Met hod”, filed on March 27, 2009, which is herein incorporated by reference
inits entirety. BACKGROUND [ 0002] Thi § section is intended to introduce the
reader to various aspects of art that nmay be related to various aspects of

the present invention, which are described and/or clained bel ow This

di scussion is believed to be helpful in providing the reader with

background i nf or mat iFyLIt BORE JONMPRESSION SEALINGMETROW ng of the various
aspects of the present invention. Accordingly, it should be understood that

these statenments are to be read in this light, and not as adm ssions of

prior art 0 | ] extraction systens (e.g.,
oil and gggb%% ék%#%ﬁﬁ&&é‘%@éﬂbwﬁéﬁs of tubing, valves, and
connectors that are seal ed together by various seals. These seals are often
subj ect ed9081har IH'SeerWi“F%tfPr?e‘Hg'ms RIATHEY 19 Bz, PrevisiongkPatent epicationyi ds,
extrene PUESEH 68 368N EhiR%h" PP BbRIDEHRI 4IRS SERIRPMEBIhod! &S of RAdrenar
often di sposed I n renote equl pnent, such as a marine (e.g., sub-sea)

wel | head, 243008, whichriakereit nwooaiaddriapefereace i itkuentiralyd expensi ve. Over
time, these seals tend to |lose their nenory or shape. Wen this type of
damage occurs, the seals begin to hold pressure |less effectively,

particul ag A kREROUMND Pr essures and sub-anbi ent tenperatures. As such, it
may be inportant to ensure that these seals are installed in a manner which
m ni mi zes[008Rhge Thie.sgclioria intesided )to iirddugeiths teddeatd warious aspects of

art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0003] Fluid systems, such as mineral extraction systems (e.g., oil and gas),
typically include multiple segments of tubing, valves, and connectors that are
sealed together by various seals. These seals are often subjected to harsh
environmental conditions, such as corrosive fluids, extreme pressures, and
extreme temperatures. Moreover, these seals are often disposed in remote
equipment, such as a marine (e.g., sub-sea) wellhead, which can make access
and repair difficult and expensive. Over time, these seals tend to lose their
memory or shape. When this type of damage occurs, the seals begin to hold
pressure less effectively, particularly at high pressures and sub-ambient
temperatures. As such, it may be important to ensure that these seals are

installed in a manner which minimizes damage (e.g., extrusion) during installation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] vari ous features, aspects, and
advant ages of the present invention will becone better understood when the
fol | owi ngwoevsviiedssdescription is read with WO PCT/US2010/024339

2010/ 110953PCT/ US2010/ 024339 2 reference to the acconmpanying figures in

whi ch i ke characters represent |ike p;arts t hroughout the figures, wherein:
[OO05]FIG 1 is a block diagramillustTating a mneral extraction systemin
accordance with an enbodi nent of the present invention; [0006]FIG 2 is a

partial cipsensetd inehcbmipafyindSigheesSiRQmictike EhgabRAIRIr&dent like

parts throughout the figures, wherein:

[0005] FIG. 1 is a block diagram illustrating a mineral extraction system in

accordance with an embodiment of the present invention;

[0006] FIG. 2is a partial cross-section of the casing spool and the hanger of
FIG. 1;

[0007] FIG. 3Ais a partial cross-section of an exemplary annular seal in a
non-deformed (“pre-loaded”) shape;

[0008] FIG. 3B is a partial cross-section of an exemplary annular seal in a
deformed (“loaded”) shape;

[0009] FIG. 4 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a substantially constant axial cross-
sectional height from a radially inner face to an axial centerline and a linearly
increasing axial cross-sectional height from the axial centerline to a radially outer
face;

[0010] FIG. 5is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a linearly decreasing axial cross-
sectional height from the radially inner face to the axial centerline and a
substantially constant axial cross-sectional height from the axial centerline to the
radially outer face;

[0011] FIG. 6 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a linearly increasing axial cross-
sectional height from the radially inner face to the axial centerline and a linearly
decreasing axial cross-sectional height from the axial centerline to the radially

outer face;

[0012] FIG. 7 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a linearly decreasing axial cross-
sectional height from the radially inner face to the axial centerline and a linearly



FIG 1; [0007]FIG 3Ais a partial cross-section of an exenplary annul ar
seal in a non-deforned ("pre-|oaded") shape; [0008]FIG 3B is a parti al

cr oss- secwpaniooflosa exenpl ary annul ar seal in a def or ne¢Cfiusadea}43ishape;
[0009]FIG 4 is a partial cross-section of an exenplary enbodi nent of an
annul ar seal wth a core seal section. iaving a substantially constant axial
cross-sectional height froma radially inner face to an axial centerline
and a linearly increasing axial cross-sectional height fromthe axial

cent er | i nAclc@sig BEHI @ds- %l@ﬁalfr?é?@nt PRI Bl ce'i_’ltérﬁn@tcpﬁfetr'aa'all

cross-section of an exenplary enbodi nent of an annul ar seal WItK a core
seal sectouwérfegeing a |inearly decreasing axial cross-sectional height from
the radially inner face to the axial centerline and a substantially

const ant [BR13] cFYsB isexpariabtrorgisgetiornf ofan exemplria¢mbedinant ohent o t he

;ig'ng: ;yygm%dﬁe%@ﬁ/ th%afgoi%]sgggec%oh%aeingqf %r?—\inge{rﬂlsgéc?ggéiﬁé) axi%f an
cross-sectional height from the radially inner face to the axial centerline and a
non-linearly increasing axial cross-sectional height from the axial centerline to the

radially outer face;

[0014] FIG. 9is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a non-linearly increasing axial cross-
sectional height from the radially inner face to the axial centerline and a non-
linearly decreasing axial cross-sectional height from the axial centerline to the
radially outer face;

[0015] FIG. 10 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having an asymmetrical, linearly decreasing
axial cross-sectional height from the radially inner face to the axial centerline and
an asymmetrical, linearly increasing axial cross-sectional height from the axial

centerline to the radially outer face;

[0016] FIG. 11 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having more than two varying cross-

sectional profile sections; and

[0017] FIG. 12 is another partial cross-section of an exemplary embodiment of
an annular seal with a core seal section having more than two varying cross-

sectional profile sections.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0018] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not

be described in the specification. It should be appreciated that in the



annul ar seal with a core seal section having a linearly increasing axial
cross-sectional height fromthe radially inner face to the axial centerline
and a |inEarbw/deesseasi ng axi al cross-sectional hei ght Pcomsteie/oa43al
centerline to the radially outer face; [0012]FIG 7 is a partial

cross-section of an exenplary enbodi m%fnt of an annul ar seal with a core
seal section having a linearly decreasing axial cross-sectional height from

the radially inner face to the axial centerline and a |inearly WO

2010/ 1109935 3h0 2033 8cRial MSpIeRRhRGioAXA&In &hy0esgiseSiiLadesigi ght from
dially oo

the axial centerline t0 the radia outer face; [00I3]FIG 8 is a partial
cr 0ss- sedroget, glumgroux énpleaeptalishaenasHictdasisiens musiubamasiedd aghieea cor e

from the MaGeNFLpeR: SRPaR bhAR TSt AL PR ] RIS EN M hear 1y
I ncreasi ngusinasslretates sesstcdimio nahichenghvarfom bhe irapleatertatidretol arughdro t he

radially outer face; 014] FI 9. is.a partjal cross-sectiop of an

exenpl ayyMgwgr,ﬁ%ﬁ}ougf?b%ﬁLpre%iated that sugh a cJeveIopment e?fort mlgnt be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit
of this disclosure.

[0019] Certain exemplary embodiments of the present invention include
systems and methods for using an annular seal configured to expand radially
when subjected to an axial force. More specifically, the annular seal may include
a top seal section, a bottom seal section, and a core seal section. The core seal
section may include non-orthogonal top and bottom faces when in a non-
deformed shape. In addition, when in the non-deformed shape, the annular seal
may be capable of being run into a wellhead while leaving a gap between the
annular seal and inner and outer bodies through which the annular seal is run.

This gap may reduce the likelihood of damage, such as extrusion.

[0020] When the axial force is exerted on the annular seal, the core seal
section may expand radially, causing the annular seal to form a seal between the
inner and outer bodies. In addition, the axial force may also cause the top and
bottom faces of the core seal section to be deformed into an orthogonal
alignment, causing the annular seal to form a seal between upper and lower
bodies above and below the annular seal, respectively. In certain embodiments,
the top and bottom seal sections may be configured to urge the top and bottom
faces of the core seal section into the orthogonal alignment. For example, the
top and bottom seal sections may be formed of harder materials pre-loaded in a
manner biased toward orthogonal alignment of the top and bottom faces of the

core seal section.

[0021] As will be appreciated, in the present context described herein, when
the top and bottom faces of the core seal section are described as non-



annul ar seal with a core seal section having a non-linearly increasing

axi al cross-sectional height fromthe radially inner face to the axial

cent erl i r®0ant)/a09%0Nn- | i near|ly decreasing axi al cross-seeCirarsadioheisght from
the axial centerline to the radially outer face; [0015]FIG 10 is a partial
cross-section of an exenplary enbodi t of an annular seal with a core
seal section having an asymetrical, [Mnearly decreasing axial
cross-sectional height fromthe radially inner face to the axial centerline

and an asyfABjohaf@hen ir Q%@hldéférﬂ%oeﬁ%gégtrﬁé‘h@an@rtﬁ’étsthé%lf_é b abttérai ght from
the axial centerline to the radi all ter face; [0016]FIG 11 1s a partial
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appreci ate
bottom faces form substantially perpendicular surfaces relative to the radially

inner and outer faces of the core seal section. In other words, the top and
bottom faces become substantially flat and parallel to the radial axis of the core
seal section.

[0022] FIG. 1 is a block diagram that illustrates an embodiment of a mineral
extraction system 10. As discussed below, one or more seals may be employed
throughout the system 10. The illustrated mineral extraction system 10 may be
configured to extract various minerals and natural resources, including
hydrocarbons (e.g., oil and/or natural gas), from the earth, or to inject substances
into the earth. In some embodiments, the mineral extraction system 10 is land-
based (e.g., a surface system) or sub-sea (e.g., a sub-sea system). As
illustrated, the system 10 includes a wellhead 12 coupled to a mineral deposit 14
via awell 16. The well 16 may include a wellhead hub 18 and a well bore 20.
The wellhead hub 18 generally includes a large diameter hub disposed at the
termination of the well bore 20 and designed to connect the wellhead 12 to the
well 16.

[0023] The wellhead 12 may include multiple components that control and
regulate activities and conditions associated with the well 16. For example, the
wellhead 12 generally includes bodies, valves, and seals that route produced
minerals from the mineral deposit 14, regulate pressure in the well 16, and inject
chemicals down-hole into the well bore 20. In the illustrated embodiment, the
wellhead 12 includes what is colloquially referred to as a Christmas tree 22
(hereinafter, a “tree”), a tubing spool 24, a casing spool 26, and a hanger 28 (e.g.,



4 devel opnent of any such actual inplenentation, as in any engi neering or
desi gn project, nunerous inplenentation-specific decisions nust be nade to
achi eve twe svabwpers' specific goals, such as conpl i arCe&/us2a10/024339
systemrel ated and busi ness-rel ated constraints, which may vary from one

i npl enentation to another. Mreover, it should be appreciated that such a
devel opnent effort m ght be conplex and tinme consum ng, but would

nevert hel ess be a routine undertaking of design, fabrication, and
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addi t i on, suppertang ddvideor ce may al so cause the top and bottomfaces of t he
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well 16, the injection of various chemicals into the well 16, and so forth. Further,
minerals extracted from the well 16 (e.g., oil and natural gas) may be regulated
and routed via the tree 22. For instance, the tree 22 may be coupled to a jumper
or a flowline that is tied back to other components, such as a manifold.
Accordingly, produced minerals may flow from the well 16 to the manifold via the
wellhead 12 and/or the tree 22 before being routed to shipping or storage
facilities. A blowout preventer (BOP) 36 may also be included, either as a part of
the tree 22 or as a separate device. The BOP may consist of a variety of valves,
fittings, and controls to prevent oil, gas, or other fluid from exiting the well in the

event of an unintentional release of pressure or an overpressure condition.

[0025] The tubing spool 24 provides a base for the tree 22. Typically, the
tubing spool 24 is one of many components in a modular sub-sea or surface
mineral extraction system 10 that is run from an offshore vessel or surface
system. The tubing spool 24 includes a tubing spool bore 38. The tubing spool
bore 38 connects (e.g., enables fluid communication between) the tree bore 34
and the well 16. Thus, the tubing spool bore 38 may provide access to the well
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prevent oil, gas, or other fluid fromexiting the well in the event of an
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[ 0025] The tubing spool 24 provides a base for the tree 22. Typically, the
tubi ng spool 24 is one of nmany conponents in a nodul ar sub-sea or surface

m neral ewoOraoriles3system 10 that is run from an of f shoPeTS2&101024389 sur f ace
system The tubing spool 24 includes a tubing spool bore 38. The tubing
spool bore 38 connects (e.g., enables Jluid comuni cati on between) the tree
bore 34 and the well 16. Thus, the tubling spool bore 38 may provi de access
to the well 7 bore 20 for various conpletion and workover procedures. For
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t ubi ng spool bore 38 °to seal off the well bore 20,” to inject chemcals
down- hol ehangsr éekgdewd ringotssisdesediadially indo itha rdcepees dbbsthgovglieade, and so

forth. [0 r 0 ' Y i exanpl e,
the wel 1 Bor Snogeiyr 2R 48 T Riet PULOAIg v A 2 B8 Y eeth, “5r "even
20, 000 posuntisthaethedmngee28 nudvebaiong thadmttoeh lagding idte4én neral extracti on

system 10 nmay enpl oy vari ous nechani sns, such as seals, plugs, and val ves,

to contrdiooasp rFoslkes Rinting rive) 52 Afay dfss bexaenbed ipinegrarged 28alives are
enpl oyed to r_egul ate the flow and pressures of fluids in various bores and

channel s t&IAHUEROREIMeES iNR PRGNS g PR ANE POLIBM 1200INB4ING 151N ce, t he
| || ustratiggh hangero 4% lﬁ?ﬂ@erég \HQ'trﬁ’éismegﬁ;&eﬁaﬁ@%r@&eﬁaﬁg%b tdl)g typically

di sposed within the wellhead 12 to secure tubing and casing suspended in
the wel | |Bodisg2ing Sehaay @l9er sy cepled prathie basionhiamding fing ¢oMiaral 1 ui d,

hem | ini T f ) i I b 40
Chor oo it Bshh SR ¢ e G bD e prffifed 8 PaSss3 o1k 8RR8I 0ARE Fhan” L, ®
conmuni c%t(i.oAsW'gt:Hﬂ C}_héﬁ)p mlghm@tmm [rmyrrﬁtaiﬁéiramz é:t\giﬁn Mogelhtbeottwg Qar?ﬂihg (C))(n)le (2)2
nor e ea e | SPOS et ween e anger | | S
o o EHINGEE pREmay Sf Sk Ao oo ey a0 1N SIRP g S s BEh ot | o of
L casi NSpIERPRindky g8 OMBOEMLBArMinE! o dp laFemdianges i o udes a
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Dobar s Bl Al sa R Kob B Sl A g dd s hproer 20
60 between the bottom landing ring 46 and the top landing ring 52. As a result of
the engagement between the top landing ring 52 and the bottom landing ring 46,
the top landing ring 52 may isolate any vertical movement of the hanger 28 as a
result of pressure either below or above the hanger 28 from the bottom landing
ring 46. The top landing ring 52 “rides along” with any movement of the hanger
28 without transferring or off-loading any load, thus preventing damage to the
hanger lockdown ring 48 and maintaining integrity of the hanger lockdown ring 48.

[0030] In certain embodiments, the seal assembly 42 may include a lower

seal body 62, a lower test seal 64, an inner metal seal assembly 66, a middle

seal body 68, an outer metal seal assembly 70, an upper seal body 72, an upper
test seal 74, an upper seal actuation ring 76, and a carrier nut 78. The lower seal
body 62 may abut the top landing ring 52 when the hanger 28 is installed, landed,
and sealed in the wellhead 12. The middle seal body 68 may be connected to
the lower seal body 62 at seal 80, such that both the lower test seal 64 and the
inner metal seal assembly 66 fit between the middle seal body 68 and the lower
seal body 62. In certain embodiments, the inner metal seal assembly 66 may
include a pair of Canh seals, such as R-Canh or MRD-Canh seals. The upper



bottom | anding ring 46, a hanger | ockdown ring 48, a | ockdown actuation
ring 50, and a top landing ring 52. The bottom |l anding ring 46 nay be

t hreaded wo 20toe11bsager 28. The | andi ng assenbly 44 may PoTatseowi43danger 28
in place and may be | ocked into position via the hanger | ockdown ring 48 by
radi al | y engagi ng recesses 54 of the Qfllhead 12 (e.g., the casing spool
26). Once the landing assenbly 44 is |'ocked into place, the |Ianding
assenbly 44 (and the hanger 28) 8 may be | ocked by actuation of the

| ockdown g Baawz ridy'Se BOnSatSEY td e rhitl e Bbgl BBkl 82 RYcABhArS | ocked
radially into the recesses 54 of the wellhead 12 The han_rgér 28 may be

adj ust ed thg augraneiahseal asaamybyr 7 Qtsvieiweerr thenupral seglikedyt haand e hanger 28
noves al o I i ring. 4 T i ring 52 may
al so be t'ﬁgjgﬁa%g%ﬁ%tgw h%qe8 ﬁgﬁ%@gnfgag'Pne%%éﬁ&%ﬁlséﬂﬁeoéﬁ(h%@hfers@ %é%le top | andi ng
ring 52 aasbehtdly d0nmaynidciodera pair s6Camty séals hsuobigs R-Cant treMR@ganh28 via the
sane outer (fli a'(rl}liet ~threads. The O&J?gndi 29 ring 52 mia% al so be coupled to
Che. bot t GFRAM HIIG g BoRaTSea! o aSiPSEONERd odnediRpREsedhat
engages aqdi@afsSrigp70 bt 5@ Sa05L MR HE lishdritest skl 7ARtsShithech itee tOp | andi ng
ring 52 may rotate in sync with the bottomlanding ring 46 but may not

al | ow | oadPRer gaskRIdynE ap@ina wieparseal agidalie) ingge52 and the bottom | andi ng
ring 46. In other enbodinents, the top landing ring 52 nay be coupled to
t he bot t d®0B&hdi hbe uppgr 6t s¢al 74 anslthanowkicipabssal #40naY generailphef eat ure, or

th i , i . S i 60
et ween L EER AT AATR S haddg FR b RS T Re RIS ARG BAM8S | esur
of t hEGemﬁmmnblelu@é p\etegerftz‘aasgaz)mdda&nﬂ Salﬂaledi rlrgthEZNalrné_adh?. rgrt om | an]gi nﬁ
rrn , the to 1 Ng Il may, | solate any vertical novenent of the
nanger - 2e e G g, 3B depics Palioh SOsBstesiPaR OLmbGL TR AHGAR 28 1 rom
the bott ogad| 88Gh BthdnldioRed FPre-ldaRehdigiape antOd&8rmed ¢esadtladnghap th any

8
movenent of the hanger 28 V\ntEout transferring or off-Ioading any | oad,
t hus pr eViéapecityetia anrlarsesh 8Adgedy, fordkaienacrhangithes the tpwaiitestaeal ng

| ntegri ty@@% fh%}d@%g?é?‘srt sFQPﬁ%M&tr&H&Qn‘lﬁp. Eg%‘%}é{hu‘r‘a@@eﬁi 86 | ments, the

seal asse i nclude’a T ower sea , a |l ower test seal 64, an
i nner netlatateddetwssreabagiabbouter bodylB8, areappdradgialinren body €0, aed al seal

assenbly 70, an. er sea dy 72..an upper test seal 74 n upper seal
ot uati orfomen g e S5t | iy oicT et Biieen e 00 Bt R hBay abut
the top lipAgh tﬁtﬂjyfgm&a?%é@%ﬁrét@é Hyaddthierddal 941 Fok mstRide, If @slgahuiand seal ed
in the well head "'12. The m ddl e_seal body 68 ma% be connected to.

seal 86 is the upper test seal 74 of FIG. 2, the outer body 88 may be the casing

spool 26, the upper inner body 90 may be the upper seal actuation ring 76, and

the lower inner body 92 may be the upper seal body 72. However, if the annular

seal 86 is the lower test seal 64 of FIG. 2, the outer body 88 may be the casing

spool 26, the upper inner body 90 may be the middle seal body 68, and the lower

inner body 92 may be the lower seal body 62. Furthermore, although illustrated

in FIGS. 3A and 3B as being installed between the outer body 88, the upper

inner body 90, and the lower inner body 92, the annular seal 86 described herein

may be installed within any combination of radially inner and outer bodies and

axially upper and lower bodies.

[0032] The annular seal 86 may have a cross-sectional composition generally
comprised of three sections, e.9., a core seal section 96, a top seal section 98,
and a bottom seal section 100. As illustrated, the core seal section 96 is axially
between the top and bottom seal sections 98 and 100. The core seal section 96



the | ower seal body 62 at seal 80, such that both the | ower test seal 64
and the inner netal seal assenbly 66 fit between the m ddl e seal body 68
and t he Iwoenigaeds3body 62. In certain enbodi nents, thePCHASRONMLEBEI seal
assenbly 66 may include a pair of Canh seals, such as R-Canh or MRD- Canh
seal s. The upper 9 seal body 72 may b«,? connected to the mddl e seal body 68
at seal 82, such that the outer netal geal assenbly 70 fits between the
upper seal body 72 and the m ddl e seal body 68. Again, in certain

enbodi menhgy bb%ngk% dF%h%lasﬁ@r%ler 6§ﬁﬁiEQHha?9ndW\)hllbriﬁé séalRabfiorP! Canh

seals, such’as R Canh seals. In dition, the upper seal body
72 may bed&anchbetien seal s%no{mmﬁ@rmsﬁ@e @mﬂﬁ@eﬂcﬂﬁ hardey nr@etalssauth &, such

that the i V\ﬁﬁnl nd t he
upper sea Bﬁgenét%?o%%rerﬁ%g?%é% FE%}B@%V ué é)& onsggg;%l C?Q%yboél%tnﬂe | ower

t est seal séad sevtiongEdtemaly e dmflgaltedatotwgelt@daradi byttMIfh@estdifethbaogaasea?B is run
into the well hﬁﬁd 12, agg%exp?nded r adi gy once the a ﬁgr 28 i s | anded
and seal etPAIRNOPRANREAN M alpggimenia BRC BEHRPEEL parti al
Cross- SeClhhé’l%d%/f ORANE HRIBWRF Yrrieh %65?925 ‘?@btﬁé@ v»'rd?d@1 tA8 fosi8d A 'seBfon
("pre-1oaded") shape and a deforned {I| oaded shape, respectively. The

annul ar s¥&aNGHekgiion seal seetiand80 My wigeHbe t@ﬂngnqi bademiases elelp 64 or the
upper t eséc%ré eahy geAc'tloh|9|6qﬁltoré?‘§L?&Etéﬁh%]&%ggﬁreé%,@nrﬁgﬂ%ﬂ{ re%ﬁ?&t B8 /Ha P

| ocat ed er radia I nner abody 90,
and a | ovets ohtuleaddrey sealrsexctibo8g t82loskrihaddp taf thg boree qupms’[amcmdarne body 90

d the | | d b oth 94. F
ot ance. P Rea SSihn YAh e Biien sSTRECIT To0 S B8 108384 41 @ . ¢ he
out er bOdMaﬁﬁeﬁWNch%éﬂ@n@@éhl’%sﬁ)@@id t?cﬁtonﬁ Feocd R Sie b&@@eab@é%o?@ﬁmy be

t he upper seal actuation rin and the | ower inner body 92 may be the
upper seaP“@%?n?ﬂﬂgnfﬂéﬂb\VB'ﬁh is pubgiantiphypespensicylardg rﬁ@'aﬂ}‘]@nleb@@@ test seal

64 of FI pper inner
body 90 reyieTiEePs oF eipra A ¥R e r b AR SRR, ot o DDy b
t he IO\NerbciEm famdy % 2ddiiant iheentaimeemeodinwnis) thé hostleaseal 86may GS.  3A and
3B as being installed bet n.the outer d 8. the body 90,
and the. 1 BrHE kR T8y odB i afitRs Reche e HeBelP Rl Er ey be

i nstal | edgrobidd mozamr.mg‘ggmgqh@gegf naigél y i nner and outer bodi es and

axi ally upper and | ower bodi es. [OOgZ]The annul ar seal 86 may have a

Cross- Sec[*()t)%{i A@@é@éﬂlﬁéd)ébcﬁ)%nmla'tb(e Rangyr =5 Uéfn RiheRtoBEWelRgade. 9., a
core seal section 96, a top seal section 8, and ottom seal section 100

As i1 1 ust FAdEeI2NHar oAl S6J8aY beeekagRd saialy. o N WasEVEErANTHET op and
bott om segly 88ThAyPHS 8 Gt $86h thEh GireRif aSfR-a&BRhbQ Pprdioata)

shape, the annular seal 86 has a cross-section with non-orthogonal top and
bottom faces and the radial width of the cross-section of the annular seal 86 is
approximately equal to the radial width Wyg between a radially inner face 106
and a radially outer face 108 of the upper inner body 90, leaving a gap Wyqp
between the annular seal 86 and the outer body 88. In other words, the total
radial width Wi.ia between the radially inner face 106 of the upper inner body 90
and the outer body 88 may be equal to the radial width Wy,g between the radially
inner face 106 and the radially outer face 108 of the upper inner body 90 plus the
gap Wgsp. Since there is a gap Wgap between the annular seal 86 and the outer
body 88 while the hanger 28 is being run into the wellhead 12, the annular seal
86 may be less susceptible to extrusion while, for instance, running through the
BOP 36. As such, the annular seal 86 may remain capable of creating tighter



may be conprised of an el astoner or rubber material while the top seal
section 98 and bottom seal section 100 may be conprised of harder

mat er i al swo0mm1ees3f abric and certain netals. In particeCarngs2ei®243ep seal
section 98 and the bottom seal section 100 may be configured to urge top
and bottom faces of the core seal sectllrl]on 96 into an orthogonal alignnent,
which may forma seal with the upper ner body 90 and the | ower inner body
92. In other words, the top seal section 98 and the bottom seal section 100
may urge s bogt tﬁ@ﬂfeb@rttheﬁhharaegeafséQﬁc@eéﬁﬁ a38on? B&iiaon Ahnhg! o 2
substantially parallel alignment with respect radi al axis of the core
seal sectingtallg@on i nginbeigedhe gap of the bore. For instance, the top seal
section 98 and the bottom seal section 100 nay be pre-loaded in a manner
whi ch nmay[0084H t ©nge dlee hapgeridB ibdandad drctesaled in the weliheadda), theect i on 96

b out or TR b M ahaTRRbE A, ¥l P Sodhimd Id At ave of o
the top adefoledd (roddedyshaps haditgtd _OmbsstBclft@Wv&hBub@tbﬁﬂlalryﬁcbrtr&)gohbe annul ar
seal 86 maétl ncl ude one or nore radi a”%ﬁ)‘ nner gro ves 102 and one or nore

radi al | y ‘98t RAUGBY Bt 0dn PEIET WOEHL 43¢ HRp 1ebe %Qfs\mﬁmé [ 0033] As
desc“beddé?{?ﬁféééd Wg@bbﬁgtﬂ%sﬁ%ﬂg %r%llélstotéeﬂaa&l EV df'ﬂﬁé’aﬁrﬁlﬁa?’fédl@éad 12, the

annul ar seal be retracte I n other word annul ar seal
86 may beTmanrﬁdlgejateleasmrpartﬁatthmneuoﬁtrwatmaiI@l@d Esxmetbatrswﬁnbuiaded ) shape,

th - d bott
e o Bl B8R I (oS R R AT oWl hisPBadly bRLAEATe bR 2ot t o™
?ggromd nazaaisgamdil in thgv&dﬂ?ea@d(iag’he}ai?éﬂh kaHb$ab§tweated aétaehahdl psantlbyer f ace
an a adl out er ace 0 e ner 0 Vi n a a
veap Dot JBE g A AR FaMPoBSTS Sousthe AUt Shal BB SHBE HAl BiRe T abr 05 Lo
total r adsabpibdlidubhidi i ecseen ho th@%of@éﬂéaalsle&ndm@@bf freomriff el bbe upper

i nner body he outer body 8 be equal to the radial wdth Wi
bet ween tmay gataran (eyg.i M@rCW@SSJQB) %uﬂﬂ1 thﬁbthﬁafdd@l wgdtbaf e atreméarlos of t he

upper in in bet ween
t he annulnsgegal gggﬁcrégs [@%p%rﬂ&gg@g{}a bo 9@@“”"&9%\{@&5 ﬁ1e hgﬁaglglgr 5% ?tge bei ng run
into the md)frteadjpbérlnhbebadmeoandmabu&ﬁ body 88delgesadmlisxepisidi)e t o

t i whi | h, th
ol ar CSMAR Sy R G nBier Pk sBafoTRge i Rprr frd thetos + "
2010/ 11095RPGTHPEHY 876330 ddoionales eeEsibEnt FERrPle hes@nnul ar scal 86

si nce damage from extrusion duri ngol nstallation is mnimzed. [0034] Once
t he hangefOMFepsionpidag CarrRIsed Heston A6 brkingEgasiaeradial widtfgdl.ar seal 86

I
?F‘XaﬁéBa%d[@%éﬁiﬁa%?ﬂzofzﬁéiﬁé‘%&%ﬁ% AR o U URERR el SRR ¢ op
and bott dnefc@oeeseallsectnoméﬁ nvayr ey biaked boghe perticatar geofretréss used, be def or rred

into bein ant ar al | di al axi f the, annul ar seal
e Do et G ) e B YepftediSn JoL Bk AnoRE G ife APl R s *That i s
di stri but g Mfdﬁ@\emé\h@/éiprﬁﬁferlafmémbbémerﬂ@ tAB Gotd1§edl @vLtion %leriaybOdy 92
once the hanger 28 is |l anded in the wellhead 12. The axial force Faxiai is

creat ed a@xﬂaé‘§§ﬁd'iaﬂy Byt 1G5 of RO raé’ﬂaltvﬂ@th&fﬁ%ﬁ@'ﬁlﬂ@r 89 \B36- tAfe annul ar
seal 86. r c?v%PaJ eghAt eal 86, the
core sealtﬁgé%@?{)\ﬁbg@bw@tﬁuﬁ?& !aér36 Zne gg ﬂHeéh r%r%%? gé%aysam al

conpr essi gra)iuall}catpply]atradiabfolrtajF.aJ.m betitdendhe mrdaalgnImEaiaCséI@IG @6hé ncreases to

t he total r t er f 106 of the
upper 1 it uter oo Rk e LBt Ao g™ L bR AR or <
speci fi cahly, apmiusirged inFIGHEIL ane 385 dhe wgno@ne%ozawﬂmfawsngrﬁﬂwm the top
and bottom of the core seal section 96, decreasi ng the heig e.g., axial
conpr ess|Qﬁ{?r%pngﬁ@th@&t@s§%Pal@g{t?}bnax@@%racﬁah&%%%ﬁ'%”}q@qha ial width
(e.qg., ra\m@he_expanm on) of the core seal section 96. The degree of radial
expansi on of the core seal section 96 may vary based on the particul ar
geonet ri r anount of
The i a1 PR D I Al o R B e e e
core seal ameﬂan smal 86 nmayyvary patwiearaeiabdiyndnys.5F K80 othroughe 12 fllustrater adi al

wi dth of the annular seal 86. As the radial width of the annul ar seal 86

i ncreases, the annular seal 86 nmay gradually apply a radial force Fradi al
between the radially inner face 106 of the upper inner body 90 and the

outer body 88, creating a seal between the bodies. Also, as illustrated in
FIGS. 3A and 3B, the two grooves 102, 104 nmay slightly deform under the
stresses caused by Faxial and Fradiali increasing the sealing vol une.

[ 0035] The particul ar cross-sectional profile of the core seal section 96 of
t he



annul ar seal 86 may vary between enbodinents. FIGS. 4 through 12 illustrate
12 exenpl ary enbodi nents of the annular seal 86 with varying core seal
section 9sopnwiilhess. For instance, FIG 4 illustrates amCeASapoAL4839

enbodi nent of an annular seal 86 with a core seal section 96 having a
substantially constant axial cr oss-seq%i onal height (e.g., axial distance)
froma radially inner face 110 of the Core seal section 96 to an axi al
centerline 112 of the core seal section 96 and a linearly increasing (e.g.,

di ver gi ngdyeidialy Shesdinmeped bﬂﬂé'anﬂ@!ag @Eal(% With véylrgq cteSle@ns&dtiohrgym t he

axial centerline 112 to a radially outer face 11 the core seal section
96. | n otprefilegoir®s instanasp FG.okillugbaigs @nexesinlaiy drakedimest of an aenyar e seal

er pendi ket £ BBl Sl nali B BB Sah ol g (-9
cen: er: : Ecﬂ?galarﬁgﬁtln ejgutzemmmmdfe?, firomol pahdiglly mmer féwcﬂ)mifgge:cgad Bgt %; ﬁl
Chalan arSea et bl Sl ConleTREuT 2 d i tre oL s ibTee St 8

speci fi caldegrlyt rﬁlﬁ‘eé’éihg 5' %ﬁ\%’ﬂ@ﬂgpﬁlﬁﬁ&ﬂsé BectigPRl ﬁaghb@t%ogkufaﬁces 116, 118
and t he radi a centerTine 120 of "the core seal section

subst ant i diftapceliendhe akiebaentpdingddildplaradiatyouteidaca 14 pbther@ram al
centerli f 112 to
Che. 1 nal 5 SEcififod oln SREE RBRE BuATRIC {6 AR hiipuBit Rbe HTBIF e Srer

exenpl ar ys%hbectmt—% maly teencrenactbazed easha@6ga substantial g ogkradorsd ¢d.gon 96

havi ng a | i near.l creaS| nv axi a cro onal

nat gt ¢ PepEsdial T ERkA BehEr e 1 FEANCRRANA o Rt ERBRT RS 2D T he cor e
seal SeCtéééﬂoﬁ@eWeéH"@]e&édi%llyﬂ'ﬁi’éfr%de' 0 éﬁ@tﬁ@‘aﬁﬁl%e@%rﬁné%é aﬁ@@n‘ on 96 and
a substanti al Iﬁgf constant axial cross-sectional heig

di st ance)oylvg ly peglgdi(a4g..cygraing) gac gtweeRdhe gyabsgnier []? rl £f 114 of

t 010 SBrBInG) SectioTaoatyoeRdne aabsarjoae 4 2rance

th | the t

e oS D1 BETadBRFbLRRIatE 114 DbRESAARICRY, ho S P bistMdeAfRnee Rfion No ¢ OP

|1 E\S/ar dgytaﬂdgb@hbrF éacgasg 1Gony 8ragidring ra;céaitciamherbee ?E@rmf thaecoirﬁcﬁeal $e|gct|(|onner face
an axl,a e 1y nti ona e

er pendi ot BAv e srE ey BEasted FoeRa BT EhRbartart atous B ATl &

cent er | i neent@iine 9eLtdnaMmagineeeictifeady frahn tendxedlldenteriide?1 emb thie f adi al I'y
outer face 114. More sgem fically, the axial distance between the top and

bottomfar@Q@”!(PHteriﬁ@e W the radial centerline 120 of the core seal

section 96 ngﬁ decrease linearly fromthe radially inner face 110 to the
axi al  Wd0986Dh/ 1¢0o%aeelvs biS2h HLeraigg anexemplary embodiment of an annular

seal 86 with a core seal section 96 having a linearly decreasing (e.qg.,

converging) axial cross-sectional height (e.g., axial distance) from the radially
inner face 110 of the core seal section 96 to the axial centerline 112 of the core
seal section 96 and a substantially constant axial cross-sectional height (e.g.,
axial distance) from the axial centerline 112 to the radially outer face 114 of the
core seal section 96. In other words, the bottom face 116 and the top face 118 of
the core seal section 96 may be characterized as having an inwardly angled (e.g.,
converging) section between the radially inner face 110 and the axial centerline
112 and a substantially orthogonal (e.g., perpendicular to the axial centerline 112
and parallel to a radial centerline 120) section between the axial centerline 112
and the radially outer face 114. More specifically, the axial distance between the
top and bottom faces 116, 118 and the radial centerline 120 of the core seal
section 96 may decrease linearly from the radially inner face 110 to the axial



centerline 112 and nmay be substantially constant fromthe axial centerline
112 to the radially outer face 114. [0037]FIG 6 illustrates an exenpl ary
enbodi mrerwoabieanosanul ar seal 86 with a core seal secti @0TAG201aW24339 a
linearly increasing (e.g., diverging) axial cross-sectional height (e.g.,
axial distance) fromthe radially inngg face 110 of the core seal section
96 to the axial centerline 112 of the CTore seal section 96 and a linearly
decreasing (e.g., converging) axial cross-sectional height (e.g., axial

di st ance)cdrfieithé H@2%H%a§88%@béthﬂﬁm§%rkparﬁ Rnt fdl Blidcehttrfie Iﬁ@ﬁ) 114 of
the core seal section ) the bottomface 116 and the top
face 118 tbe radiellcovler &acgl 1iecti on 96 nmay be characterized as having an
outwardly angled (e.g., diverging) section between the radially inner face
110 and t)0@33ki aFl@Genilesiratae ankxeambararenbagimehiofaryamelléresepl 86aditver gi ng)

W ih Che APUR Bl et Al Sinsafy Bl 94, HRRMhors R R "o ol
cent er | i neeclidal Nége (8jpecaxidl eidtayce) thiven ehd ldiadly stregrdacd ¢1vetimetdeget op and
bottom faces 116, 118 and the radial centerline 120 of the core seal

section S¥akagCigI&stbeaxAl genierinehi3 Aldhe £arepegl Seatien 9P #0€ 4110 to the
axi al ce i f enterline
112 to t ﬂér%:agg:agff%%g@?@r&?%%@@%ﬁ&ﬁ%@ d??%o%l%cetlroggmélaﬁt (@@ aJM?'I ustrates an
exenpl ar ydigiaboeli fientthe Axiahcentalingr! 12dalthgmdigltynouierciece 1§éeqf theeeericon 96

havi ng a n c : i Lal . Gr 3 nal

hei gh'? (eéég"’II ggé[!(c%ﬁa?jbe I @ﬁ% ?'(‘%r gI% ?ﬁwg#amaﬁt@rtoﬁ zgééﬁ%%o %t he core
seial secltctcma seél semtlbh®6anayabe©aatmériz@el delizavirig aheunmrdlygetylel¢ﬁsggﬁn 5(96 and
a |linear , |ncr asi n v n, a ross- sectional height (e.g.
o al i B0 Srehin bevenane Felliihedress 1BLTENBS AR SPRNBG o1 f ace
114 of thﬁ?%@aﬁ%a@%@dgﬂéﬁ 85g., an\%rBI?l"g ‘é@étﬂiﬁ bdthBeR®d axuf ace 116 and
the top face 118 of the core seal section be characterized as having

an i nwar mqnt%rhge dd2@Eadghe radialreeyentgceslddt I/Vdih “b%hwé?pllﬂthb?%@fdhal ly inner
f 110 t t
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face 114,diwiahbebbafvéew\thpdopandimnofn fabes pri 6f 118amndt ther radia cgetedimal | y at t he
axi al cen |ine 112, S i fical i st e. between the top
andbot £ off B8 cpigsed BeCuditE s Brekioe TBSaAnlran ik BAABH Bt HEBCor o seal
section 96 gmythe ki asstetineerrd and ﬁfé'?‘de'&?eds@din@bhyfrbﬁﬂﬁfe d@qe 110 to the
axial centerline 112 and nay increasé linearly fromthe axial centerline
112 to tH‘eer\t%fdjﬂﬁﬂﬁ?t@maeﬁadfaildeouiqréfac? 00%9]FIG 8 illustrates an exenplary
enbodi ment of an _annul ar seal 86 with a core seal section 96 having a

non- 1 i nea[DDS’o8hecE3@agerﬁgly( EI@ 7 illgsirates gnreyemplaryl engbasimesbef arpaamulaei ght
(e.qg. the core seal
section 9 l {eha%)%%elge(r:en |§negﬁé\ﬁéé Ifngﬁgygégr‘éeﬁgléé%. ection 96 and a
non- | i neamdmvergmg)easalmgos{seseg:tlpndi v fafi ( eg@ adaladistancySrane the auidllyhei ght
(e.g., axial |st romth j al erline to, .t adi ally outer
facd 114 bhen RS PG hae pEsery a5t is8 o6 brbe anlal femeliney 14 HahB5ofom f ace
116 and tdmy %@@tld‘na%aﬁéﬁll‘hfeaﬂ@ﬁhcﬁéés@n@@é aetding Bbalrysdsectibaarct eri zed
as having a concave profile fromthe radially 1nner face 110 to the

radially Idﬁ]@*étr(efgac@“%'ﬂs’[amﬁ I‘frqfﬁéhq aviabeanieriine 4 18fo theerasialy puterdaet i | e
occurring I I I

i st ance-bar ane cole 8al SeRUGHRE, M WOreRT e Boudih (AL 110 b (|
centerli rfac&ZOSmﬁthmeorecseal saallonﬁcmaprbe%armyemMmBa/m@anIlmwamim y from
the radi al ner face 1 e.axial, ce l.ine 112 tent with
the concaviiet BT eoBfSeinel stifioke iiel i FRAAY hAS dd 168 RTErT) . "t he
axi al di spasmcenketineen bhe ah%t@@@l;béhéléméé G evekdibg) dddtioanskiiveenr adi al
centerline 120 of the core seal secti ¥1| ncrease non-linearly from

t he axi altheaxtadcentgdineibld and e nadidliyouierdagee 14. a4 thedowRehdi12deqft " wi t h
h 1 ly,
the concatﬁ@ g%f%'o'c@uﬁ)ﬁg ge%'ﬁg %I?ya@@%ogﬂéfﬁﬁtélﬂﬁé’% 1é’a ﬁ/rllour%;s?emk iQadPlfpnver sel y

FIG 9 il trates an Iment o
axial distance between the top and bottom faces 116, 118 and the radial



seal 86 with a core seal section 96 having a non-linearly increasing (e.qg.,
di vergi ng) axial cross-sectional height (e.g., axial distance) fromthe
radi al | y woreero/fieese 110 of the core seal section 96 to Phe/ts01@l0243ent erl i ne
112 of the core seal section 96 and a non-linearly decreasing (e.g.,
convergi ng) axial cross-sectional hei glﬁt (e.g., axial distance) fromthe
axial centerline 112 to the radially outer face 114 of the core seal
section 96. Mre specifically, the bottomface 116 and the top face 118 of

the core &&briggqbb @R tt%cd@%eﬁ?sé&ir%h% rﬁéy %l%@re%§e hﬁééﬂgfrémctﬂe\fﬁéﬁ ppofile

fromthe radially inner face 110 to the radially outer” face 114, wth the
hi gh poi nnng2facef! 10te thwaxiekesiteting d 18 @adrman ceraserlmergly dom the axalal

centerli G&qﬁn&]‘%t@@ %gjg‘bal tcﬂ'@ 'ﬁé!ﬁ?hgl stance between the top and bottom

faces 11 and ine 120 of the core seal section 96

cont e 1 100890 Ele OF Bladatel AR 45, s BR O A Bt s e D ot fom
faces 116a cdrb&eaﬁbéétlcﬁnr%/ha\tlh@aa)drﬁlinedtirlytc@ﬂmash@tQ@e@ncér’ﬂ@rgmg aadl bottom
faces 116, 118 and the radlal centerline 120 of core seal section 96

may decr eH88S-ABHIANBhBGIENY (&g omiahdSRCa) fr%ﬁf‘%ﬁ‘ﬁ“ﬁ'@’ ippor iagetHe QTdleg al | y

outer fa t f drods gbottom
faces 11(&% %%éa %gg%ﬁ%th%h?l {:ﬁgtelﬁlgte\ggéadg tggdr)r% %aglggﬁn{)odl ngrp}? of an

annul ar sredl-liggrlyiin¢reasiogr(e.gsahivergegl axial oBstecienaihegy (met axiel |

l'i near| S er g I.al: - i I ht (e.g.,
L nearl Y HEGHEOR € as cSRBNFGSBIY A LRl aRE: ARR IR BT (o1 9,
96 to the;wksedlztuarwﬂ eMIormepélclf&:awly mbe)oa:torrefmeaﬂmmmeno?ﬁamﬁmm |
asymetri i near ncreasing (e.g.., div ng) axia sectiona
ol oht (g corezalSeatan SREE e rdBRrizes 26 TEdinGd poRa FRONIG HORE r ad al 1y
outer facgelddiafy innBefLer ! Oﬁ%@he?@cﬁiél‘l;%bt@@fao@blﬁﬂ MAGhE \RRpbint 104 of he
illustrated enbodi nent, the top face 116 he core seal section 96 nay be

char act erm@@@ng@vmramﬂwgo@usrumgmﬂraw atyth@retxrab@@nt@rhr(e@ R, Apeughsridecul ar to

the axi al oansEhL DEeihkerad 8253 bElohdathe) [Rd) il atebenliane 120) section

bet ween t y I nner e axi’al centerlrne 112 and an
out war dl ycemgllieel 12€.ofl the chreesegl septiondds ian deetease monkimeary &lonctwet er | i ne 112

and the r Ly outer e, 114. However nver sel . bottom face 118
o he’ ool D e 116 BEmaialRpR e 1 OB RE bl B SB oty
angl ed (eprﬁflle cﬁ@ﬁé’ﬁfpﬂarﬁtﬂboﬁ&ﬁ%@% brg wagn Slﬂﬂﬂama(ihéihklﬁl dl@fé‘h'bef ace 110 and
the axial centerline 112 and a substanti ally orthogonal

per pendi cRAMWFER A& 9P and betiere iaeas| 11 11§2n§ﬁhe ﬁ%ﬁ“ﬁ'l Qeélterilﬁe t1g@ of 1 al
I di al |
center| | ”&nr%%gél SHsibh 4B rﬂ?%%?ééée%ﬁ?ﬁﬂeﬁrlg F‘cgt?rﬁmée %ﬂﬁlt%e]rﬁ rﬂﬂgﬁg?%ra tatly

outer face As such, e axl al stan op an ottom
faces 116theIaﬁaﬁiyldunehmaea‘didalconmateat Withéhd 2onasvetgrefilemf ¢hestopl argkct i on 96
may decrﬁgst%ﬁ nearl fﬁﬁmthe radially inner face 110 to the axi al
centerli y 'increase linearly fromthe axial centerline 112 to

the radi a]!OOXO]OUt 85n5gr(§gly, I]-'Ab 9 :hustrates an exemplary embodiment of an annular
seal 86 with a core seal section 96 having a non-linearly increasing (e.qg.,
diverging) axial cross-sectional height (e.g., axial distance) from the radially inner
face 110 of the core seal section 96 to the axial centerline 112 of the core seal
section 96 and a non-linearly decreasing (e.g., converging) axial cross-sectional
height (e.g., axial distance) from the axial centerline 112 to the radially outer face
114 of the core seal section 96. More specifically, the bottom face 116 and the
top face 118 of the core seal section 96 may be characterized as having a
convex profile from the radially inner face 110 to the radially outer face 114, with
the high point 122 of the convex profile occurring generally at the axial centerline



[0042] Al t hough FIGS. 4 through 10 illustrate the core seal section 96 have
two sections about the axial centerline 112, the axial centerline 122 may
actual | y we 2ary11e953al dat um al ong the radi al wi dth of tireTasE@0H2689 secti on
96. In other words, the transition between sections of the core seal
section 96 between the radially inner gace 110 and the radially outer face
114 may occur at other |ocations al ong],) the top and bottomfaces 116, 118.
For exanple, a transition nmay occur at a point 5, 10, 15, 20, 25, 30, 35,
40, 45, 5o ORs s@@n tﬁéax&pdlsya'i_’rce%iwgén theop CHndgo%%oﬂﬂf fdcls 1r1@d||ﬁ§aﬁastance
between the radially inner face 110 and the radla y outer face 11

| ndeed, tthansdial eerdeming 186 qlithecorgrsgapseciiondtomgy timereaspnamtingaiit om f aces
116, 118. rtal [’g?@ e nsition may
occur al ofﬁ%rﬂttﬁégg%%%ggﬂaéﬁggggﬁnaft ﬁﬂ%% % negﬁga ﬁg’*r%gﬁ?r@&gtﬁ Lgn t wo

varyi ng cearvex pecitie oﬁade tpp@fnldltmtt@erctacessﬁe 008 3BfroirariyntHeaandal, distatge 11
illustrates an exe enbo ul ar, sea core seal
sectton SRONEEN AP oGt P deptsat s B arBde silial Ghterie SRPRsTct fone.

In parti CéHré%eaFé&hoﬂrbGdﬁQy abéreége ABAUINBErIP BB BE Md ReAtepitfee1 2R section
96 having a linearly increasing (e.g., diverging) axial cross-sectional

hei ght ( ethg.radighy @Utedf%leahlf’epoﬂﬁ?l@iﬂnt wehthgicenvex prafilerofthe top1am of the core
seal sect f t axial datum 126 of the core seal section 96, a
substant|6ﬁbﬁ?%ctr?§t@r§fﬁiél al cross-sectional height (e.g., axial distance)

fromthe a e core seal
section Q@b‘lﬁ]d ﬁ Wﬁ@%@t&%% eeagﬁjr??fr? ﬂgoﬁ%?bte@ %@r‘?{ﬁg soeifal %8

Cross- seﬁhﬂtma?loréilleegmecﬂ@n 86 hagixigadn asystrastienl, linearyt decrsasingde.gxi al dﬁtum
128 to the radia uter face e core, seal section 96. In other
wor ds, th@W@fQ”&%%/Xé%&rQ%S%Pﬁ'&”?'ﬁ%e'QWdefga’c@(@I%Sta'f‘cq e deradiadly section 96
nmay be chahaclaBe 128Gf A BGHI 23 3ECtRKIIRICth a&lw kbeftekiPedt 12 & tM81c8HNT)
section between the radially inner face 110 and the first axial datum 126,
a subst antgahbegtiasy 3thagd aalasyemetricy elineanliiiceirasing ée.oh&livargivg) axebhl dat um
126 and t l.].el 13 terline
120) sect¢}§%§%8@v[b\&gﬁﬁ%ﬁht%a¢ éﬁ(ﬁigﬁ%’ﬁga ﬁémﬁfégaéngcéﬂgmsngg‘(;n og@?al dat um
128, and radciheuterdaean td pf tegioed sEal. @cilodl%en\gmnegspesélcailpmbmWeen t he

d i.al 128 and t di ut f 1 ifically,
he. axi al IS BEORBREEn eGP 8y BIRSLBRGHe PaRRectan b1 BRG" he rad &
center | i nghakd@eted B€havir @%@s%bll?@ﬁhbéﬁhaﬁ"@e gﬁbem&fm tb'tlﬁ‘é*arI y from
the radially inner face 110 t first axial datum 126, may

subst ant |%21'41|)Peé‘lﬁf§'ﬂ%ﬂ1ﬂ2 ﬁﬂ@lﬁafeﬂl@' fq ﬁhﬁtra@'ﬁl %nta@ﬂ@ﬁ@?ae@tmbﬁéwg@emﬁi axi al

datum 12 t t he

radi al | nggﬁagg r?ﬂae% W?%iﬁ{%ﬁa gﬁ@éﬁﬁh}g?r%ﬁéﬁg%@ﬁa& é@?arrp ary

enbodi mendiverQiren saoimn betweealth@axial céntarlicerid 2sawl thseadlatbylogﬁrlfam ng nore

t han two ﬁ i cross-sect,i onal rOfféng 1jgctl ons, art| C FIG 12
a €

depi ct s anlnarares sarvasselys e by L PO S R Sy near |y

decr easi rl§bém@cwrlﬁwégmvm)a@hdeIQhﬂ%ﬁéds(éfgtlélj’mbrdil@g JHctioe. 9., axi al
di stance) fromthe radially inner face 110 of the core seal section 96 to

the firstogiwean thrtagialyiangrfacpd 18 ane the axiakeitedinedd2 a0d & near | y

ncr eas a t axi al
Idl st ancIe;@*drsc;tsdnﬁH Ita Lyg %(%\d;gé gl ﬁggé &Z% B3 Egﬁgé%ﬁc}ﬁmag)gng?a@at umX|128 of
t he core paalleldethd radla)@enMImeamO rseahdnybd@mfe@atbemglaa eepterlineohhaand ng)

Gt om 128 B4ag ALy PRRY 1R, PR F oo 78 e BB ER o R KB licn 061 7

ot her worfstgtont I‘E&:ebqt1160ml8@ﬂd tﬂé.facmd:ehtmme)mzo @ftmeldcﬁe @éaltée@tuomge seal
section 96 may be characteri zed as 9 an in

conver gi nygYy Q@Efﬁaéﬁ lipeamheEamthe ra@atlbnnm arﬁ?ﬁe1r10ft86€e ﬂ'@' g%telf“ﬁé 1%@r st axi al
datum 126and5‘ﬂ?1ag%d’|’@é MneMg! s b Sxial SHAYEiBE A9 té?rﬁ‘éia%rhlg%m&%cé he first
axi al datum 126 and the second axial datum 128, and anot her i1 nwardly angled
(e.g., coh\erging) section between the second axial datum 128 and the
radially outer face 114. Mre specifically, the axial distance between the
top and bottom faces 116, 118 and the radial centerline 120 of the core
seal section 96 nmay decrease linearly fromthe radially inner face 110 to
the first axial datum 126, may increase linearly fromthe first axial datum
126 to the second axial datum 128, and may decrease linearly fromthe
second axial datumto the radially outer face 114. [0045] Therefore, as
illustrated in FIGS. 3 through 12, the specific cross-



sectional geonetries of the core seal section 96 nmay vary between

enbodi nents. However, all of the enbodinents illustrated are characterized
by subst amDi2ald/mo95en- ort hogonal (e.g., not substanti al | yCparsado®k438® t he
radi al centerline 120) top and bottom faces 116 118. As such, as
illustrated in FIG 3B, as the axial f1§rce F',a, is applied to the top
and bottom faces 116, 118 of the core Seal sectlon 96, the core seal
section 96 may expand radially while the top and bottom faces 116, 118 are

forced '”[b@4 Suhﬁﬁéh H PI'dS( @frﬁ&?@?’ﬂ@hlu(sﬁal% the%BRaséé’éltseéiléryg@ﬁé@e' el to the

radi al center i ne 12 shape between t upper inner body 90 and the | ower
i nner bodyvogsectipgs aheutdbe@xeéaenteém Ur? (52 @Xd@la@&ﬂ“éerha@m ar may actpalty al force

Frad, a, i per inner
boay’ o0, 2% SAF KAl eyl ABREMORNTRIGN] (L6 BRN-HIRE fnghber | O
rran% 3e susoreist trieltgartsmonametween odiidrisceftthe Bereasehl 3btiymed bewvdenprine, specific
enbodi nent s ave own n the drawi ngs and have been
Cooor ! bedapialg e ash.F L7 AN R oA qufd 3aBe T 44 Betx csch 21 BBATt ot 1 e

i nventi Orlobétld?%tald)rﬁﬁ ﬁiquﬁ dn@l diftto fﬁcte§‘3|1t3011é‘eFB|aé>Edrﬁb!leaé tlapkiBn di scl osed.
Rat her, the invention is to cover all | fications, equival ents, and

al t er nat i M8y opaun atregPaint »i 1, t1he 28,725,130, aﬁd4%c45p50055,t% 65nvents. ¢, as
defined bys tgae f g54,01RG rARRENSEACE baliBen thdFa&fy MAer face 110 and the

radially outer face 114. Indeed, transitions may occur at any point along the top
and bottom faces 116, 118. In addition, in certain embodiments, more than one
transition may occur along the top and bottom faces 116, 118, creating more
than two varying cross-sectional profile sections.

[0043] Forinstance, FIG. 11 illustrates an exemplary embodiment of an
annular seal 86 with a core seal section 96 having more than two varying cross-
sectional profile sections. In particular, FIG. 11 depicts an annular seal 86 with a
core seal section 96 having a linearly increasing (e.g., diverging) axial cross-
sectional height (e.g., axial distance) from the radially inner face 110 of the core
seal section 96 to a first axial datum 126 of the core seal section 96, a
substantially constant axial cross-sectional height (e.g., axial distance) from the
first axial datum 126 to a second axial datum 128 of the core seal section 96, and
a linearly increasing (e.g., diverging) axial cross-sectional height (e.g., axial
distance) from the second axial datum 128 to the radially outer face 114 of the
core seal section 96. In other words, the bottom face 116 and the top face 118 of
the core seal section 96 may be characterized as having an outwardly angled
(e.g., diverging) section between the radially inner face 110 and the first axial
datum 126, a substantially orthogonal (e.g., perpendicular to the first axial datum
126 and the second axial datum 128 and parallel to the radial centerline 120)
section between the first axial datum 126 and the second axial datum 128, and
another outwardly angled (e.g., diverging) section between the second axial
datum 128 and the radially outer face 114. More specifically, the axial distance
between the top and bottom faces 116, 118 and the radial centerline 120 of the



1. An annul ar seal, conprising: a top seal section; a bottom seal section;
and a core seal section conprising non-orthogonal top and bottom
faces relwDizom/tiwsa radi al axis of the core seal sectioRrCaitspasoe3det ween
the top seal section and the bottom seal section, wherein the core sea
section is configured to expand radiai y when an axial load is applied to
the top and bottom faces of the core al section such that the top and
bottom faces are deforned into an orthogonal alignnment relative to the

radi al aXéo'“-‘re%feaFéLfénBHr% rﬁﬁfﬂnc?é‘e?ée' IRarly Zon tH @B@H&/%neﬁé’ée ofo & @em 1,
wherein the top and bottom seal sectlons are confrgured to urge the top and

bot t om f difébaxdal datemciaioe mayae swetiamially soostanefromttne fesiaxishdpgpmmia. 3.

i ol or doung S8R afiefidld 12 B PECERRTRRER LRRCHRTRCRATREES: 1o

radi al | y gaitertoftae eadialfy. odtbefaganiudar seal of claim 3, V\,herel n the core seal
section conprises a substantially constant axial cross-sectional height

from t he joadapl | ¥iG.neEilusteates bnoier axémplatatmodimértef @aranseflseaect i on and
a linearly increasi ngeam al cross-sectional height fromthe axial datumto

the radi &9 YB& &re ggaasectign I aviignrL tNaB4WosRNENG LIRSS Sa@P@li n the core
seal seotiaflcepmmbiEeh frlibaalio, APBESRE 9amtid o 0BSiARELhRNGa el oht

fromthe radially inner face to an axial datum o core seal section and
a subst angdcibhp6d@mvdigaatingadyadeareasing é»0t iconwergingi) ghial criosmsenionsti al dat um

to the raﬁlé.i&ktl ()é.gc.’,uéﬁél Ji&gﬁce) it the radially inner face 110 of the core seal

section 96 to the first axial datum 126 of the core seal section 96, a linearly
increasing (e.g., diverging) axial cross-sectional height (e.g., axial distance) from
the first axial datum 126 to the second axial datum 128 of the core seal section
96, and a linearly decreasing (e.g., converging) axial cross-sectional height (e.g.,
axial distance) from the second axial datum 128 to the radially outer face 114 of
the core seal section 96. In other words, the bottom face 116 and the top face
118 of the core seal section 96 may be characterized as having an inwardly
angled (e.g., converging) section between the radially inner face 110 and the first
axial datum 126, an outwardly angled (e.g., diverging) section between the first
axial datum 126 and the second axial datum 128, and another inwardly angled
(e.g., converging) section between the second axial datum 128 and the radially
outer face 114. More specifically, the axial distance between the top and bottom
faces 116, 118 and the radial centerline 120 of the core seal section 96 may
decrease linearly from the radially inner face 110 to the first axial datum 126,
may increase linearly from the first axial datum 126 to the second axial datum
128, and may decrease linearly from the second axial datum to the radially outer
face 114.

[0045] Therefore, as illustrated in FIGS. 3 through 12, the specific cross-
sectional geometries of the core seal section 96 may vary between embodiments.
However, all of the embodiments illustrated are characterized by substantially
non-orthogonal (e.g., not substantially parallel to the radial centerline 120) top
and bottom faces 116, 118. As such, as illustrated in FIG. 3B, as the axial force



6. The annul ar seal of claim5, wherein the top face is substantially
orthogonal relative to the radial axis of the core seal section between the
radi al | y woreero/fieese@ and t he axi al datum and outwardly amgras2oenmsen t he
axial datumand the radially outer face and the bottomface is inwardly
angl ed between the radially inner fac? and the axial datum and
substantially orthogonal relative to ﬁe radi al axis of the core seal
section between the axial datumand the radially outer face. 7. The

annul ar sgal, |§ép;§i|e%|'t6‘tﬁe tdﬂ‘&rﬁ&bBttérﬂ%@é’J ﬁ@qeﬂs ci 5 b@r% sCé?a!TEéétﬁﬁ‘ﬁg@ linearly
i ncreasing axial cross-sectional height fromthe radially inner face to an
axi al datthmosfe sérl sectien Qémays@cnarﬁlrradt@ﬂy while e idpyantbbotées ifagpsakital

Cross-sec I I face.
The annulyré)g%a{f)rb%{j qn1It i%}&?té& Ilgﬁrﬁopﬁﬁélgg}% Efarﬁ%ﬂ* ?5 amgpt#ﬁfﬁléses a

:cl nearly rdeal ee:stlerlmeabaoalcshapr)]@behmnhermipehm'r@hboﬁy emalh_hethe af!lm@r! l'y inner
ace to an _ax tum of the re seal. section a |linear ncr easi ng
axi al crdeeer ok ST s oo SeRL AR ta S Hhangar ARl B O BesRaeout or
face. 9.isHn Plé‘ré’éteé%é wétn heaiuierdod)BY ShdM tHNGIER lither @iy BRCt | on
conprises a non inearly decreasing axial cross-sectional he| ght fromthe

radi al | y ¢raakng ageal QQiWQﬁné&QS&I befie¢sim of the core seal section and a
non-linearly increasing axial cross-sectional height fromthe axial datum
to the rdf046] y Whilerthe invention mayteesugneptible te yarioes mediicatians amekrei n t he

core seal ' ne ial 8BSt sectional
hei ght f r%%?ﬁ#\/%r}gﬁ]ﬂg’ﬁdf%ﬁﬁnerw gh{;er?é)ﬁy %? %'h%g\ﬂ @gnwg? of )égr%gr e seal
section ahd drawivgs |dnd&fﬂVb)b%ﬁCU'%&ﬂbe§‘@lrﬁd'&taI" helreﬁmSHsaet/elolitaalhohtd lght fromthe
axi al datu toth radi al | uter fa

understood that the inve tlon IS not mtended to be limited to the particular forms

disclosed. Rather, the invention is to cover all modifications, equivalents, and

alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.



11. The annul ar seal of claim3, wherein the core seal section conprises a
linearly increasing axial cross-sectional height fromthe radially inner
face to awDiznev11es8al datum of the core seal section, aPsuhlrst@nR4Bey
constant axial cross- 21 sectional height fromthe first axial datumto a
second axial datum of the core seal sggtion, and a linearly increasing

axi al cross-sectional height fromthe Second axial datumto the radially
outer face. 12. The annul ar seal of claim 3, wherein the core seal section
conprises a linearly decreasing axial cross-sectional height fromthe

radi al ly #ﬂnﬁ@ face to a first axial datumof the core seal section, a
linearly % f §sing axi al cross-sectional height fromthe first axial datum

to a second axiphnSl@hrdedlf cdhgrigqg.e seal section, and a linearly decreasing
axi al cross-sectional height Tromthe second axial datumto the radially

outer face. 1BtopTeaal aeeiidnar seal of claim 1, wherein the core seal section

is conprised oaf b@tfbrﬁlsgﬁfé)%@'bnpén ubber material. 14. A sealing system
conpri si ng: an “annular seal conprising a core seal section having

non- or t hogonala tarp seatsésionwonipistyy nat-atthogoniad t@p amdlbeltoraXasenf the core
seal section while in a .non-deforned shape and orthogonal top and bottom
Faces rel Ay (o TaHE! R RLINeGiTe Srl SHa0B STePosBibe0teeh tie RRIFR! i n o

def or med sdtaBR ahauRe Bollymadkadsbalon addraiRMd estetseal S&ctionls apskiduwéd om faces.
15. The sealing systemof claim 14, wherein the annular seal is configured

t o expandorex@pad Irgdially when gafaxiakiepdsinapelied to the top and bottom faces of
the core seal section such that the top and bottom faces are deformed into an

orthogonal alignment relative to the radial axis of the core seal section.

2. The annular seal of claim 1, wherein the top and bottom seal sections are
configured to urge the top and bottom faces of the core seal section into the
orthogonal alignment.

3. The annular seal of claim 1, wherein the core seal section comprises an
axial cross-sectional height which varies from a radially inner face to a radially

outer face.

4. The annular seal of claim 3, wherein the core seal section comprises a
substantially constant axial cross-sectional height from the radially inner face to
an axial datum of the core seal section and a linearly increasing axial cross-

sectional height from the axial datum to the radially outer face.

5. The annular seal of claim 3, wherein the core seal section comprises a
linearly decreasing axial cross-sectional height from the radially inner face to an
axial datum of the core seal section and a substantially constant axial cross-
sectional height from the axial datum to the radially outer face.



16. The sealing systemof claim 14, conprising: a radially inner bod

radi ally

outer body; an axially upper body; and an axially | ower bod

y, a
y; 22

wherei n twe 2arvibes seal is di sposed between the radial IPgTiUSRE0/0RBAY,

radially

axial load is applied fromthe axiall

outer body, axially upper body, and axially |ower body and

body. 17. The sealing systemof claifilt16, wherein the annul ar seal
seal against orthogonal faces of the radially inner body, radially outer

body, axi@lly #RP&inIaR0a BREaM 5aUKIRIRI 10BIEYe NEsidhiill def or med shape
caused by the axi al . The sealing systemof claim™4, wherein the
annul ar s@moge@abﬁalaiwg tta(bl@e é&maltam @frthe gare seal iseolivn b,@tmaegdh@diadlallwr ge the

top and b

A net hod,

and the radlally outer face and the bottom face is inwardly angled between the
radially inner face and the axial datum and substantially orthogonal relative to the
radial axis of the core seal section between the axial datum and the radially outer
face.

7. The annular seal of claim 3, wherein the core seal section comprises a
linearly increasing axial cross-sectional height from the radially inner face to an
axial datum of the core seal section and a linearly decreasing axial cross-
sectional height from the axial datum to the radially outer face.

8. The annular seal of claim 3, wherein the core seal section comprises a
linearly decreasing axial cross-sectional height from the radially inner face to an
axial datum of the core seal section and a linearly increasing axial cross-

sectional height from the axial datum to the radially outer face.

9. The annular seal of claim 3, wherein the core seal section comprises a
non-linearly decreasing axial cross-sectional height from the radially inner face to
an axial datum of the core seal section and a non-linearly increasing axial cross-

sectional height from the axial datum to the radially outer face.

10.  The annular seal of claim 3, wherein the core seal section comprises a
non-linearly increasing axial cross-sectional height from the radially inner face to
an axial datum of the core seal section and a non-linearly decreasing axial cross-

sectional height from the axial datum to the radially outer face.

11.  The annular seal of claim 3, wherein the core seal section comprises a
linearly increasing axial cross-sectional height from the radially inner face to a
first axial datum of the core seal section, a substantially constant axial cross-
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installing an annul ar seal having non-orthogonal top and bottom faces
relative to a radial axis of the annular seal between a radially inner
body, a raOi2aldyowsat er body, an axially upper body, andpam/tszéialok433¢ ower
body in a well head; and applying an axial force fromthe axially
upper body and the axially | ower body,to the top and bottom face of the
annul ar seal, respectively, causing ta annul ar seal to expand radially and
the top and bottom faces to be defornmed into a substantially orthogonal

al i gnmentsdcabadli ndgitdrdni the et rﬁkialad‘dtém% éé"%:oﬁﬁ@*'ia?'daﬁﬁﬁ'of the?Cbre The net hod

of claim 19, wherein the radial expansion of the annular seal creates a
seal bet viashsetlion; aod &l lingarlyirareagioy axiaticioge-seaiivrdl hgightifrem thedy. 21. A

system CQJH%ESQX[%ﬂg}ur%torghﬁgﬁg{éﬂz@fersf?@é- configured to nount between

t ubul ar cofponen raction system wherein the annul ar seal
conprises: a first layer; a second |layer; and 23 a core di sposed

axially betwe the first apd second | ayers, wherein the core is nmade of a
mat o 31 Gt che RaHIRTREA P QA aqwOetEh e SEreal SArIOnRenI et Zand or
second | Ry detreeR Mg AhI*%odDsdbtionbl Nei§IRTTRIR H%e ARfaIfaAh& thYe GxRand under
an axial load to causé radial expansion of the core.

first axial datum of the core seal section, a linearly increasing axial cross-

sectional height from the first axial datum to a second axial datum of the core

seal section, and a linearly decreasing axial cross-sectional height from the

second axial datum to the radially outer face.

13.  The annular seal of claim 1, wherein the core seal section is comprised of

an elastomer or rubber material.

14. A sealing system, comprising:

an annular seal comprising a core seal section having non-orthogonal top
and bottom faces relative to a radial axis of the core seal section while in a non-
deformed shape and orthogonal top and bottom faces relative to the radial axis of
the core seal section while in a deformed shape caused by an axial load applied
to the top and bottom faces.

15.  The sealing system of claim 14, wherein the annular seal is configured to
expand radially in the deformed shape.

16.  The sealing system of claim 14, comprising:
a radially inner body;
a radially outer body;
an axially upper body; and
an axially lower body;



22. The systemof claim 21, wherein the first and/or second | ayers conprise
geonetries which are angled and/or curved at |east partially non-orthogonal
to the axwel2oiooames3 23. The system of claim 21, wherei nPChaskéwse43and/ or
second | ayers conprise convex and/or concave surfaces. 24. The system of
claim 21, wherein the first and/or Egnd | ayers conprise angl ed surfaces
having an angle at |east greater than™about 10 degrees relative to a radial
direction of the radial expansion, and the angled surfaces extend al ong at

| east about 1QyRGEFARE a%u?ar%égl' |§'d| ok b@fwéé??th%%éh'aﬁihrﬁ%@'bod 25. The
system of claim21, wherein first and/or second | ayers conprise

zi gzaggi ﬂ@d@JV@atﬁé)OdYZ@(laﬂW@Wéloém atd gxiallyromver bady eedihe Byiaf ioadt and/ or
o o raci SEeR) G Fof el ey bR Ay 1heBRBAORY Boove ™S A conpr st on
caused by the axial |oad.

17.  The sealing system of claim 16, wherein the annular seal forms a seal

against orthogonal faces of the radially inner body, radially outer body, axially

upper body, and axially lower body when in the deformed shape caused by the

axial load.

18.  The sealing system of claim 14, wherein the annular seal comprises top
and bottom seal sections configured to urge the top and bottom faces of the core
seal section into the deformed shape.

19. A method, comprising:

installing an annular seal having non-orthogonal top and bottom faces
relative to a radial axis of the annular seal between a radially inner body, a
radially outer body, an axially upper body, and an axially lower body in a
wellhead; and

applying an axial force from the axially upper body and the axially lower
body to the top and bottom face of the annular seal, respectively, causing the
annular seal to expand radially and the top and bottom faces to be deformed into
a substantially orthogonal alignment relative to the radial axis of the annular seal.

20.  The method of claim 19, wherein the radial expansion of the annular seal
creates a seal between the radially inner body and the radially outer body.

21. A system, comprising:

an annular seal configured to mount between tubular components of a
mineral extraction system, wherein the annular seal comprises:

a first layer;

a second layer; and
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a core disposed axially between the first and second layers, wherein the
core is made of a material softer than the first and second layers, and the first
and/or second layers are configured to axially compress and radially expand

under an axial load to cause radial expansion of the core.

22.  The system of claim 21, wherein the first and/or second layers comprise
geometries which are angled and/or curved at least partially non-orthogonal to
the axial load.

23.  The system of claim 21, wherein the first and/or second layers comprise

convex and/or concave surfaces.

24.  The system of claim 21, wherein the first and/or second layers comprise
angled surfaces having an angle at least greater than about 10 degrees relative
to a radial direction of the radial expansion, and the angled surfaces extend
along at least about 10 percent of a radial width of the annular seal.

25.  The system of claim 21, wherein the first and/or second layers comprise
zigzagging surfaces.

26.  The system of claim 21, wherein the first and/or second layers are
configured to radially expand by at least about 5 percent of a radial width of the
annular seal in response to the axial compression caused by the axial load.



