1 FULL BORE COMPRESSION SEALING METHOD CROSS REFERENCE TO RELATED
APPLICATION [0001]This application claims priority to U.S. Provisional Patent Application No. 61/1
64,362, entiM2HEMIBATE Compression Sealing Method", filed on March 2 PCA0S20MHIBHSEY herein
incorporated by reference in its entirety. BACKGROUND [0002]This section is intended to introduce
the reader to various 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. Accordi%ﬂtg&gﬁé@g@ﬁﬁ$§6ﬁht@é Arleiﬁ&smlt:em%s are to be read in this

light, and not as admissions of prior 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 vari @s seals Oﬁ%ﬁ sAgp ctg ﬁ\rsh environmental conditions, such as
corrosive fluﬁgﬁrﬁ&r Sell:esg?%r%aéée)ﬁ} et rﬁréf l-.ﬁ)g . Moreover, these seals are often
disposed in e equipment, such a amarine.l(ée. .y SUD- ee%) wellh whijch can.make access
and repaird(ﬁ@tﬁi angﬂéﬁspeelﬂgt?\(/:glf'@veci %%,Wk'\%% st%eér'sgfeﬁao os|8rs]%lff%l|r’e PﬁeAﬂgﬁ?%lroghape. When
this type of dmalé 64865, dndtisshl$biedoreo Colthbresisarskadwefidethaly, filationlddgrett high

pressures aggl’ %—@Wﬁﬂt @_mg[ﬁtw&?%%@%c%igwg&% imq&r_t&mrgq%,ensure that these seals are
w e.d.

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

BACKGROUND

[0002] This section is intended to introduce the reader to various 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



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
WO 2010/1Y0038P3192382010/024339 2 reference to the accompanying fi§GrEE$A0MHRISERe
characters represent like parts throughout the figures, wherein: [0005]FIG. 1 is a block diagram
illustrating a mineral extraction system in accordange with an embodiment of the present invention;
[0006]FIG 2 is a partial cross-section of the casing spool and the hanger of

reference to the accompanying figures in which like characters represent like

parts throughout the figures, wherein:

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

accordance with an embodiment of the present invention;

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

FIG. 1;

[0007] FIG. 3A is 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. 5 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
substantially constant axial cross-sectional height from the axial centerline to the

radially outer face;

[001 1] 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 3A is 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 ("NWaPFEHNEMBe; [0009]FIG. 4 is a partial cross-section of an exdapEPIERBIdHhent 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 lineagy increasing axial cross-sectional height from the
axial centerline to a radially outer face; [0010]FIG. 5 is a partial cross-section of an exemplary
embodiment of an annular seal with a core seal section havin% a linearly decreasing axial

cross-sectioS FREIE IR HIeSHERAIIHIEL oM da i derRBIRHESAR B iRd@Mially constant

axial cross-seetiofddieight from the axial centerline to the radially outer face; [001 1]FIG. 6 is a partial
cross-section of an exemplary embodiment of an
[0013] FIG. 8 is a partial cross-section of an exemplary embodiment of an

annular seal with a core seal section having a non-linearly decreasing axial
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. 9 is 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. 11is 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



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 centerNH@ 81t 93hally outer face; [0012]FIG. 7 is a partial cross-sech6h/BPHH E9&d#3lary
embodiment of an annular seal with a core seal section having a linearly decreasing axial
cross-sectional height from the radially inner face ta the axial centerline and a linearly WO
2010/110953PCT/US2010/024339 3 increasing axial cross-sectional height from the axial centerline to
the radially outer face; [0013]FIG. 8 is a partial cross-section of an exemplary embodiment of an
annular seaPfIRT6E ANeEHER ASVRIGERIBHSHaLPS, d%%r‘@a?é]ﬁgeﬁi'i)'&?%%gs%req:‘?ﬁﬂﬂﬁl height from
the radially iprgsdiaasutneivaoiapleeniatiitenaspbaroratbisiuly inaisash ghadiakcradsesectional height
from the axiﬁ! centerline to the ra*dialla/a?uterf ce; OOlAdFIG. 9 iﬁ]ast/)artial cross-sec(t]ion of an

exemplary ahe, S\I/I%Igﬁ?[)sfas ecific goals, such as compliance wi em-related an
business-related constraints, which may vary from one implementation to another.

Moreover, it should be appreciated that such a development effort might 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-



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 axi¥I@2MeMIARSEo the radially outer face; [0015]FIG. 10 is a partial R¢BSESIENRI4BP an
exemplary embodiment of an annular seal with a core seal section having an asymmetrical, linearly
decreasing axial cross-sectional height from the radjally 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 SEXCSORRONREDINY FE-IFEP MGS VEIgRTy ErsR18aREdRAN PIofte &iBRECahd [0017]FIG.

12 is anothefapestier ko ssreestdnsetwnaxe mylasyhe pepdinrutof aurfacssasiaea with a core seal
section havin re than two varyi cros;—sectional profile sections, DETAILED DESCRIPTION OF

SPECIFIC E IWN@[BH ] &7 rﬁ}berec%eeél 3%?888im'8n%h8f e’ ?e%@%tt?ﬁvention will be
described balmvbdthesdatescHre de fidodimartitcite anydeatanisiaftitd ttreepseséseotivention.

of an s Tol e e ok B L A S S B e Sppreciated tht in
the described as being brought into an orthogonal alignment when in a deformed

shape due at least in part to the axial force, this means that the top and bottom

faces of the core seal section are deformed in such a way that the top and

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. 1lis 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 development of any such actual implementation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve the developers' specific goals, such as
compliance Wi &\WtEPSPelated and business-related constraints, which mBCFAGAEHIHAE
implementation to another. Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would neverthelass 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 configufdd IS AHINF - ARURT FHFeR Q80180 HRESYSIBH K MBYPIiHOMS, the annular seal
may includedainje seadisectiobuplépiio s arlipealion 2 anadddesicessemsantomset® core seal section
may include non- r}ho oopal t%p Iand.bottom faces wheg iF a nCﬁn-de orme? sha)Pe. In addition, when in
the non-defé‘r?ﬁ%ﬁ‘o%ﬁaﬁé, RN RHPUE AT IR BE TR AN SYBLRE TR it A SHEIHRS A While leaving a
gap betweeththédlastraits sedlaitenhethansysigter b thelsi deo agiunmimghtoloe Zheusesdadis run. This

gap may regyy Q‘Sr”lkgﬂﬁ]g%)g " danade, %H?@o@?g%‘é%ﬁiﬂ@ﬂ?r%ﬁ’é té‘o‘?rbH‘.e Wr%’c{g&? ig exerted on

the annular seal, the core section may expan y, causing the annular sea ofih a seal
between the inhdoand ooftshoseliesssal dddittowethd Grizd/furdeerme)iged clusenthdedp and bottom

faces of the Gore, SRALRECUIQR ARG RIS A fatasan QMR AHAUMAR, SRHRIE%IBEAQular seal to

form a seal between upper and lower bodies above and below the annular seal, respectively. In certain
embodimenB!SPRIERS pNehatteier Jenresedtipitsthtay e eanfibliMal 20-lRfe HetBP and bottom faces of
the core sea)\gdiaRdnievie 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 bottmoAgices Phthedre spalaanianclRRLiARVdlbef aleprgriaiedel. thep igsent context
Jes e e o ot oo R g e Vel 162 Farnatate, dhediee 25 non-
may include a frame that is disposed about a tree body, a flow-loop, actuators,
and valves. Further, the tree 22 may provide fluid communication with the well
16. For example, the tree 22 includes a tree bore 34. The tree bore 34 provides
for completion and workover procedures, such as the insertion of tools into the
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



5 orthogonal when in a non-deformed shape, this means that the top and bottom faces of the core seal
section do not form perpendicular surfaces relative to radially inner and outer faces of the core seal
section. In dH22WHId893he top and bottom faces are not flat or parallel to aPGHESWREB#IBE core seal
section. Conversely, when the top and bottom faces of the core seal section are described as being
brought into an orthogonal alignment when in a defarmed shape due at least in part to the axial force,
this means that the top and bottom faces of the core seal section are deformed in such a way that the
top and bottom faces form substantially perpendicular surfaces relative to the radially inner and outer
faces of the ¥ LSRR FPBIREIHLARR MYt BRI FacE bR substantially flat and

parallel to therashakards @inie coredseal sedtionvdNii]FIG ahdsdispirel dingranubivaf illustrates an
embodiment of g mine% Extra%ﬂo%ﬁ@en] 0. As di cusselg_i elow, pne or more seals may be
employed th?%%%h%?ftet glétee glo) \gell URRSt6d AnBIET PRSI 2 Rlﬁ’n%gy be configured to
extract varicispeine raislauddwatuvkd, resoetréas; tooladiog/yaiecantbiss (erth, oil and/or natural gas),
from the earth, or to inject substances into the earth. In some embodiments, the mineral extraction
system 10 40846 basébeavgll, bosarZlceay sientdinreieNniash (e ssULLsubFes @x35Rlm) thes illustrated,

the system }Q inglidesyayuglinerdd oednied B4 E)!?lgéé' seeest 14 ¥ Boveldbodlpavell 16 may

include a wellhead hub 18 and a well bore 20. The wellhead hub 18 generally includes a large
diameter huBHRPD N 88YRECSIRIHAEDN OFBRECIREIYbdhe Ponaial FedigHiN tSXBAMedd tiidvellhead 12

to the well 16:5182 3w elbaath bt aas e hslednultipiggcomppognisthat caieplard regulate

activities and conditions associated with the well 16. For example, the wellhead 12 generally includes

bodies, valvERIUAE 4821WelalG o8 FRINRE RIHAS SRUNGHY ReAHRIETRIWEHo Gt "2aUIRIS ulate pressure
in the well 1fheamsliniagt sleesucalsoavwaspiednsutheoredl Sadechantiethentibigratadigenbodiment, the
wellhead 12 includes what is colloquially referred to as Cékj]lristmas tree 22 (herg?inafter,.a "tree"), a
tubing spool BACE LIS LR PR a RGP BT e bie AR, HARGRr A0cH = C80Ag hanger).
The system Héhgeayoinchsie) diherg e vicapidelyadesposgedithithieveliibaddl 22anddaviees that are
used to ass me %Ha &gnltrol SyasriOlrJ1 &?mrPt%%e\,%ﬁ ftrheez\e{e!elltrw1 %d 1r20'v|i: I exar % in the illustrated
embodimenﬁJI egsys e 104nclades s ru'nnlng {601 30 suspen ed from a aniPs ring 32. In certain
embodiments;diailiaretingaiolig0 ¢heéovieaie thjgsionairgridosn fomtbffsHwrehangsel2d ieuge 16 and/or
the wellhea € ' syrfa ing tool include a
4 ﬁgﬁ%@%@ﬁﬁ%@%ﬁqﬁ%ﬁ&&& kﬁé € ﬁé(rs'&”ﬂ?e %gé?”ig, 408\ RS may,

device suspe were e wellhead 12 via a crang or other supporting device.

[0024]The tifdac2ooameregRLipIEIMdastae ity spRelvbesenssansl therwsll bareed fitigsoand controls
for operating e welld 6, 5Pp NGl dN KRS A 2B AT OB A MAE (DB dhppsed about a tree

body, a flow-loop, actuators, and valves. Further, the tree 22 may provide fluid communication with the
well 16. For@@%ﬁﬁf@? si8esp2%hefudes a tree bore 34. The tree bore 34 provides for completion
and workover procedures, such as the insertion of tools into the well 16, the injection of various
chemicals HEBS)?RJJ well {5, 2aAGRETRARAFRFEFSFRASIIR kPSR RBmMPPY wBIR1E (2., oil and
natural gas)raaydpe seguiaediarmhe htedgia2hintiaded?afsenirngisanodyth2[rehid2 may be coupled to
a jumper or a flowline that is tied back to other components, such a nifold. Accordingly,

N6 &al i 0§ sfhead 120 !

produced min@Yats méey SW Hort S\Vv%rl]lgfé 0 e hq‘atanoqu Via tive wéliNedy 1 aérf%/or}ethe tree 22

before beingasuigcpodppingher cisiagsaclliiesnéunlesvauapiee atse(@MP3 86hatay also be
included, eitlgsr?jrvg%dg R Bm i) g% z?rﬁg%? ggeparate device. The BOP may consist of a variety of

valves, fittin controls to prevent oll; gas, or other fluid from exiting the well in the event of an

unintentionglypgpse Gf BEFEIHIEM M AURP 8RS URFRG UL mbly 44 may include a
bottom landing ring 46, a hanger lockdown ring 48, a lockdown actuation ring 50,
and a top landing ring 52. The bottom landing ring 46 may be threaded to the
hanger 28. The landing assembly 44 may locate the hanger 28 in place and may
be locked into position via the hanger lockdown ring 48 by radially engaging
recesses 54 of the wellhead 12 (e.g., the casing spool 26). Once the landing

assembly 44 is locked into place, the landing assembly 44 (and the hanger 28)



[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 veS¥8I W ¥iif48& system. The tubing spool 24 includes a tubing sgSol/b62818824338 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 accessgto the well 7 bore 20 for various completion and
workover procedures. For example, components can be run down to the wellhead 12 and disposed in

the tubing spool bore 38 to seal off the well bore 20, to m!ect chemicals down-hole, to suspend tools

down-hole, {9FEPRIRCKSALARGIHHAE, FHAS PRAIRMD GBI WEIP S 9E G stain elevated
pressures. Remgsanaplaidive we here MkeayrittiidamnesslresdsriergasdnkOvidihedd, 000, or even

20,000 pounds per sguare i réPSi)' Ac oniin ly, the mineral extractign system 10 may employ
vatious mechirL e THR A <eRl D6 LR JUaTH) ORI PR A B G, For
example, plsgshatichviiledsaage edthlogedst@alegutate thediovsadohgrassdi@s of fluids in various bores
and channels throughout the mineral extraction system 10. For instance, the illustrated hanger 28

(e.g., tubing[A@AgYer orTbasioR leadisrrisonadidany dispdxethigsiectie hellrraen 28o secure tubing and
casing suspenggf B8R RSra iGN AMRIRNIdE S RAIG B&t@WWﬁHH%@%@h@%ﬁFhemical

injections, and so forth. The hanger 28 includes a hanger bore 40 that extends through the center of

the hanger 20thsaUAS: 18 TheIRNESMARYR HiR ANt enEctlRpeSpodMssHs 3d BRdAPe well bore 20.

One or moregeplg May e Rispaseshebyasedne hangsfia® aanuthg Hijngske@ 24 and/or the casing
spool 26. [0027]FIG. 2 depicts a Partial cross-section of the casing spool 26 and the hanger 28 of FIG.

1. The hang@P8E$iRueR 89 13RI IRALSNARIES RAAGSSBVRIE ShES IHRTIRR A diger 28
against the welliagduth, (@ tcpoRINGHY EIRASAGrEROQtaE) il Byneagingthpatimnehiieg a landing
e T b A 2 Y REARP Bl (R RS AR MRS U SRl @ faning

bottom landing ring 46. In other embodiments, the top landing ring 52 may be
coupled to the bottom landing ring 46 via a key and keyway, a castellation
feature, or any other suitable mechanism. The protrusion 56 may provide a gap
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 landing ring 46, a hanger lockdown ring 48, a lockdown actuation ring 50, and a top landing
ring 52. The bottom landing ring 46 may be threaded to the hanger 28. The landing assembly 44 may
locate the h¥ {4198 iMptace and may be locked into position via the hangdtdbAKI8INP2iH35948 by
radially engaging recesses 54 of the wellhead 12 (e.qg., the casing spool 26). Once the landing
assembly 44 is locked into place, the landing assemgbly 44 (and the hanger 28) 8 may be locked by
actuation of the lockdown actuation ring 50 such that the hanger lockdown ring 48 is locked radially
into the recesses 54 of the wellhead 12. The hanger 28 may be adjusted by rotating the hanger 28 via

the threads SERNAPDY e RALEE S AGSIRS ARG RYYBESH BANRS Ricas. F058FHE3bp landing
ring 52 maytatsonerthierdeddbdbschingenodis Inetaeain taenbpgdinesis, sbeytap antlihg ring 52 and
bottom landing,ring 46 may both couple to the hanger 28 via the same outer diameter threads. The top
Janding ring BD ey b0 B0 o RAB (eSO TIRANIG g A5G RS BRI ST (e 0. a tongue)
that engagesssentdps/ 5SrathechokoanpaindinGaniy #BUAsecithastie Cap laod MBDirCpBR may rotate in
sync with th ttom landing ring 46 but 0 load tr r between the top landing ring 52
and the bott%?trl%?FanH}ng n'rﬁ%g%{.%%n lf%é)grr égm (t)%ﬁtxaeyrg?h ﬁ?zgt%p(%]ﬁrrﬁgﬁ%g%ri%% H?z%? rFbgggc%upled to the
bottom landarjuatigni6inga’4 leé ypedl Bre puely thattcllppentéshteral 6f ditsy keheeeasuitathle mechanism.

The protrusigﬁpgp §E§Vlﬂ5@§’i§|§ Qr%%é%;?&é?’@@&l Q@L}aggﬂnarllanfgng 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 fgs PR Maphis@lpiRRiRkvestraumaveme i ahtheshapges 28as géﬁéwmpfb@ressure either
below or above the h?‘%ger 28 from the bottom landing ring 46. The top landing ring 52 "rides along"

with any moSRerReisdofatialanbis RENaNS6T REseRrBeRGHRRRY afd, 2 SO P*Eventing

damage to theihangricko tke MangenP 48sanddeaintrinisgléateg ity ofditeehanger lekdown ring 48.
[0030]In certain embodiments, the seal assembly 42 may include a lower seal pody 62, a lower test
seal 64, an P TRe o Goal sVl BEP R AU SERT00 BB o BUHEN FERAeaN g mbly 70 an
upper seal xedy 8@ ,ana nppetiestneeal(Pte dvadpper sem@cctodtiodefimonét, flhdedsyrsbapet 78. The
lower seal bodvs\% 6#.

) re |\5Ef’l a%ﬁ'%tgr?nb rlgggli ing 5 o\rNrr]% am:% hgg %etBZrB ti?eiwg\}vaellretgslaspeda?d’ and

sealed in th&Well ea(f)?/LZ. e mI3§|e sea?%onc]y 6 may%e connected to
64 or the upper test seal 74, illustrated in FIG. 2. The annular seal 86 may be
located between a radially outer body 88, an upper radially inner body 90, and a
lower radially inner body 92. In addition, the upper inner body 90 and the lower
inner body 92 may be separated by another seal 94. For instance, if the annular
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.g., 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 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 maY& 2HAd888mbly 66 may include a pair of Canh seals, such aPRIARANGPNIRD-Canh
seals. The upper 9 seal body 72 may be connected to the middle seal body 68 at seal 82, such that
the outer metal seal assembly 70 fits between the gygper seal body 72 and the middle seal body 68.
Again, in certain embodiments, the outer metal seal assembly 70 may include a pair of Canh seals,
such as R-Canh or MRD-Canh seals. In addition, the upper seal body 72 may be connected to the

upper seal dBAYafBIFAMB 8L U] SLASIIRA (e HAR R PiaigEat YAWF7 UGB SHER S IR upper seal

body 72 andthendppetse ad@ttyativn ringn 16aj0p8 thherispipesteatdaamédeand, thaitpwer test seal 64
may generail be retracted radially while the h?ngeﬁ28 IS run into the \%/gllhea?l1 12, and expanded

radially onc & haanr%jgg?r M Tghied AhBREEY it %éo\Rleslﬁ?éasgcfﬂnF gggrﬁpqe,cﬁ@é. 3A and 3B
depict partiadeziossesectiddd olgrbexamigarydanoulayesen 86drbattoon-deésrwictid " prezlcaded”) shape

and adeforme% "Iog'aﬁ]e ") sha respectively. The annular seal 86 may, for,instance, be either the
e toot o LB e S LR e A RIS SRR IR D e e P e
between a ravhellpayetbhaany 88, kneppeeraeidilydhndn oty 9@rdmdtbeldoreseatzgdbiionner body 92.

In addition, §1e HPPRLIYIGHROMYPLARMANEIBWEL NGE RAYB2MA% At FeRiales: By.another seal 94.

For instance, if the annular seal 86 is the upper test seal 74 of FIG. 2, the outer body 88 may be the
casing spoof2'8, $Ral 1555EeINAE MR DRFHEYIHY taEipe PLeHDaRtUAND T 2RRgCT6loan dedial lower inner

body 92 may,he the,URReE seal *%96%329{3*%8%’ dhanepruuias _%%%.8¢J§ thedrwer dest sea! 64 of
FIG. 2, the outer body 88 m%) be the casing spool 26, the upper inner bod¥ 90 may be the middle seal

body 68, antPPheeRMWEFIRAeP BEHY §2EMYPR I GREI e dPNIHBEDEHY BrdM @though illustrated
in FIGS. 3A angh3B asikeinthjneiadad briwes dhe euienbosieSSithr Wresieacbisly 88, and the

lower inner body 92, the annular seal 86 described herein may be installed within any combination of
radially inneP YA oBfRIS0MmER N Sy RS 'aly IB%B?%&E@. (60893 e BRRLAISeal 86 may

have a crosstsectiastal edmpasitoRae rsemibn comprises ofdlyatseactians, e theaqorngeal section 96,
a top seal section 9f8 and f bc()jg%m seal section 100. As |Ilustrtﬁt6ed th? cosreeaF%%I %%9tl0n 96 is axially

between the Pop()) And Bottom SEGI"SBetions ré@nar?g] %mreﬂes core s%% 'S&CioR 9

include one or more radially inner grooves 102 and one or more radially outer

grooves 104 for increasing the sealing volume.

[0033] As described above, while the hanger 28 is being run into the wellhead
12, the annular seal 86 may be retracted radially. In other words, the annular
seal 86 may be configured such that when in a non-deformed ("pre-loaded”)
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 w 5 between a radially inner face 106
and a radially outer face 108 of the upper inner body 90, leaving a gap Wgap
between the annular seal 86 and the outer body 88. In other words, the total
radial width W, i between the radially inner face 106 of the upper inner body 90
and the outer body 88 may be equal to the radial width w ,; between the radially
inner face 106 and the radially outer face 108 of the upper inner body 90 plus the
gap Wgap. 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



10 may be comprised of an elastomer or rubber material while the top seal section 98 and bottom seal
section 100 may be comprised of harder materials, such as fabric and certain metals. In particular, the
top seal secii6h208/aPIBe bottom seal section 100 may be configured to ULR§EAOPHAOHSHO M faces of
the core seal section 96 into an orthogonal alignment, which may form a seal with the upper inner
body 90 and the lower inner body 92. In other wordg, the top seal section 98 and the bottom seal
section 100 may urge the top and bottom faces of the core seal section 96 into a substantially parallel
alignment with respect to a radial axis of the core seal section 96 to close the gap of the bore. For
instance, th&38l5 VAT B3R o5iimaMALHofio?h SR &I H5M380 AL FEBRIGB4EESh a manner
which may terehtatidggadoepiinizbaitom faces of the core seal section 96 toward an alignment which is
substantially perpendicular to radially inner and outer faces of the core seal section 96 across the
entire surfadé@4ihe tdpnaadhsottengéacissis teadditiandisemedhim ¢nebodimesrts 12héhannular seal 86
may moldeAnar B AR IS O190uED J03 3G AR OCP S ABIROES grooves 104 fo

increasing the sealing volume. As described above, while the hanger s being run into the

wellhead 12@@#@%%@@@@'3@@? hevewagte@sasrtiennvdthaulgianiahe amganakal 86 may be
configured syghiabuihsh BESONdsimesdsedoriieshy sire eapanseal 86 has a

cross-section with non-orthogonal top and bottom faces and the radial width of the cross-section of the
annular seaP8B198ApRERIRRIESIFBRIAN R M PRI ifohr adilsaxis0b it 2radiansRM&oace 106 and

a radially ouipifase OB He MARAE tBNAE hekE W RN Bean-W.aRePRNWREbIREannular seal 86
and the outer body 88. In other words, the total radial width Wtotai between the radially inner face 106

of the upperIANEHoU SPRRIAIARERREY RUFEstHE P Werdanal fPieFaaRisvibe\RNEE between the
radially innepgagaakoR @i teviaialy outer faseakR fof dberuppey dRarebadyRpilpahergap Wgap.

a

Since there j W9 between th lar seal 86 and thé outer body 88 while the hanger 28 |
peing run inlJSHE BENRL AR 18 TRS S G2 B ) B L EascapaBe A A i, for

instance, rurmnapplibiotginéhanB O I8aA86sUNb, dbe amalisecsieal 86 ofayerenaitacapabsof creating

tighter WO 2%10(4%&)995 PCT/US2010/024339 11 S?ﬁlﬁfgg{@r the life of the ular seal 86 since

f nn
damage from Sk asan duiTHg nataIAIBre TS Thimisa fioae P é)r%%‘? fgrllg%{nded and

sealed in theeakbRBteadreasenaatirulatadaatd wid sMpantatdiatytas thdialhninaerstalr86 deforms into

a deformed ¢ " e i SS- jon wi ially ortk nd bottom
faces. In oth%(%%v?/%ﬁcﬂs%) t toﬁ%ﬁ%@kﬁafigi&r&a@u&e} %EPCR?]%%%I?%O ﬁ%%ggﬁ lly parallel to a
radial axis oMe¥€ shAcikgadyal@Btionsisoktaecerelcast FepiRntd tHaddefgMnEoaxikladal Faxiai that is

distributed betweghdhe HRRETINREELADE AR R lPNRS g Ny 4 LgCe.ths hanger

compression) of the core seal section 96 but increasing the radial width (e.g.,
radial expansion) of the core seal section 96. The degree of radial expansion of
the core seal section 96 may vary based on the particular geometries used,
materials used for the core seal section 96, the amount of the axial force Faxial,
and so forth. However, in certain embodiments, the core seal section 96 may
expand radially by 5-1 0% or more of the radial width of the annular seal 86. As
the radial width of the annular seal 86 increases, the annular seal 86 may
gradually apply a radial force F_i Il 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 may slightly

deform under the stresses caused by F_ . 1and F_ il increasing the sealing

axia

volume.

[0035] The particular cross-sectional profile of the core seal section 96 of the

annular seal 86 may vary between embodiments. FIGS. 4 through 12 illustrate



28 is landed in the wellhead 12. The axial force Faxiai is created at least in part by the weight of the
components above the annular seal 86. As the axial force Faxiai is applied to the annular seal 86, the
core seal se¥bH B9 annular seal 86 may deform (e.g., axial compre R4 thEBhe radial
width of the annular seal 86 increases to the total radial width Wiotai between the radially inner face
106 of the upper inner body 90 and the outer body188 (e.g., radial expansion). More specifically,
portions of the core seal section 96 may deform from the top and bottom of the core seal section 96,
decreasing the height (e.g., axial com ressiorrggof the core seal section 96 but increasing the radial
width (e.9., EXRRPIANARRBRTBISHE Crie kUi R oL AP oF PR bR BY the core
seal sectionfb6fileay FulyilsisadeQrFige partisuiasgeonesties asecdmpadanals used fairibricore seal
section 96, the A ount of the axial force F gﬁaﬂd SO forth.tagl}?vYFver, int certain embodiments, the
core seal sedton éNrLH};l;"?‘ 5%%38%%‘?3“}9%? Y8R ? %,(g,l% W SRS HESAnular seal 86
As the radiatediithaf hkeebin(eutpr seal 8&iaccepsesn theatiailjanseafdR ma§ gfduriabyeapply a radial
force Fradiat betwe radially inner face.106.qt th per inper, g 0 the outer body 88,
creating a séé)ﬁ)e vc\;?'elae%n ﬁe?%gaéé{%é%&%ﬁslﬁ us%t(e)ﬁ#lglﬁ%é.%ﬂ %% yﬁ% S?ﬁ{]egPv%ll]oagrooves 102, 104
may slightlylieiynioerdesing: Gressieetgings divplFciagsreeFianEt hedgbhiéing tliskealing volume.
[0035]The padichias GraReBgclianpLeralinaf e fote sarlipestin RRofthe snpuiapseal 86 may vary

between embodiments. FIGS. 4 through 12 illustrate 12 exemplary embodiments of the annular seal

86 with vary®tg!celierad&edtiiies prifiesa ten fAstaAds antatalinhdass aH b hsl&y@mbodiment

of an annulasreaﬁf%héﬁowi%w %é%‘é&&%&ﬁ Q@WQ\Q@%JQéb’é’fﬁﬁl@lI90&§F@@bﬁéiaté?&?§s'$ec“0na|
height (e.g., axial distance) from a radially inner face 110 of the core seal section 96 to an axial

centerline 1P9"BPIKCHEYe QRPsREAbRUUCAINF alittedll) RAEAISLIRA(ERG 12 LRRNETHET 2360

cross-sectiogadtiipi titiRen tdal@iianime eandhe adaticertestiaeckhtetin radialiedier face 114 of
the core seal sectiép 96. In other words, a top face 1E$ and a F@ttom face 13’.8 of the core seal section
¥ £ RHIPBARYGRA

96 may be CHAPARLY WL HEfing N STHIAEA it WERYI (€ XL ASEIRIINR a6 ¥ axial
centerline 1ikandigi@rallabtofaceadiad cendes|kpedifCalse atendaivdisianbe tadvadynrnthendapce 110 and

the axial centerline 112 and an_ outyardl led (e.qg., diver inai ection between the axial centerline
112 andt the B e Bl T e o e e B T 10e sl e e ond bottom
faces 116, 19@rany bteestadi@intiaiye dorstaR0 odniheheoradsalyl seeiidac@s Ihaydbmassantially constant

Comorine 1B LSS, SE5b 8 R R SRR AR e e

embodimentasfially ansietdaceal 86 with a core seal section 96 having a linearly decreasing (e.qg.,
converging) axial cross-sectional height (e.qg., axial distance) from the radially inner face 110 of the

core seal seé&#3lo6 t& el cdiiferimbUsiRiEetRe 3RS 8BIRAIITEEAR PhAsLBREMRTally constant

axial cross-seligealiirighide SeaXattistawaniing dhraxig esieiting 12%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 sectionG8YREINGE B aertenal isdehh (BWardiPh AR te) Jrodd e rgfigsection between

the radially iinner face 110 anthéheoexise gesietivnedslid anel axkulkstiatetialy ertheganakE@e.,
perpendicular to the axial centerline 112 and parallel to a radial centerline 120) section between the
PP ARy R g A1

axial centerffit8 12 UMY ﬁeap f‘aﬁﬁ)bosﬁ?g P12 W RIS S fRAT E/C,t{%réaé !st(éﬁ‘%e between the
top and bottaxefatissidd, fidi@ amel dhalradrabdertetlinad 2@ ohthallgaretse e dtian®thmay decrease

linearly fromcg}g gaegiaélgcitriglnerggac?n 1thRetro v%?dg,)(i%le 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



WO 2010/110953PCT/US2010/024339 13 centerline 112 and may be substantially constant from the
axial centerline 112 to the radially outer face 114 [0037]FIG. 6 illustrates an exemplary embodiment of
an annular ¥QI8ENAHYB core seal section 96 having a linearly increasing ®Cd/USREPfIREPPAxial
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 98 and a 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. In other words, the bottom face 116 and the top face 118 of the core seal

section 96 nf&)BEIA A RRS LB SHERHRG aRtaINAErBRI2 JTal (G 2YHRIeTEHEY B ctidh Wetween the

radially innethiaeedidl§ antethiaaxial£enterline 112 and an inwardly angled (e.g., converging) section
between the axial centerline 112 and the radially outer face 114, with the high point 122 of the profile
occurring gdAe&lly at fihe. kil sieatesline & paore epbodiczdly, hfeaxdahdistases Bétwitken the top

and bottom facgs 146, LA8aRLEA LA 'a%’ﬁ‘é%ﬂ@ﬁm&%%ﬁ%?%ﬁg%%@@ﬁ?%ﬂaﬁ’% Increase

linearly from the radially inner face 110 o the axial cent : 2'and decrease linearly from the
axial centerigeston2kdeightdedigllyaxiakdifiancel 41qUORE] CatieldyseneHrG e 710 stk shescareexemplary

embodimentof agLafgiIgs $6MSaudinakermae i S&HtiRg %@Q%\@QIQS@&W% drgrgasing (e.g.,

converging) axial cross-sectional height (e.g., axial distance) from the radially inner face 110 of the
core seal sebIRHM DGl @RS BGalTantePMBrINofiiRl CHRPESseRRoReIB AN livdakly increasing

(e.g., divergiighaxidl prpssneesipNEReig (L8> XAk disdpiged dientdbe axipbeaniaidpe 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 B5&IcH7EIS8aPSeci S WAlYHeRp ACHIEY P aL R ARG RV Ry i 6e.g.,
converging) gsetigrbedors doeniagipdycinneattated 18sang iy axislventayliiaagld® ang an outwardly

e low porni189 DB PSLEEH I AUy BURheLi ot LLAEHIFE £13' FRIE UBcineally, e
axial distancelbetmeean thedaflyaadghmit¢agiaceavkiGingl Sectbthbetmdiah Ithe axial

centerline 112 and the radially outer face 114, with the high point 122 of the

profile occurring generally at the axial centerline 112. 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 increase linearly from the radially inner face

110 to the axial centerline 112 and may decrease linearly from the axial

centerline 112 to the radially outer face 114.

[0038] Conversely, FIG. 7 illustrates an exemplary embodiment of an annular
seal 86 with a core seal section 96 having a linearly decreasing (e.g.,
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 linearly increasing (e.g., diverging) 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 an outwardly angled (e.g., diverging) section between
the axial centerline 112 and the radially outer face 114, with the low point 124 of
the profile occurring generally at the axial centerline 112. 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 may increase linearly from the axial centerline 112 to the radially outer face
114 [0039]H(® B IMNEERs an exemplary embodiment of an annular seal 8BGHit¥S20d¥/R4384| section
96 having a non-linearly decreasing (e.g., converging) axial cross-sectional height (e.g., axial distance)
from the radially inner face 110 of the core seal segfon 96 to the axial centerline 112 of the core seal
section 96 and a non-linearly increasing (e.g., diverging) axial cross-sectional height (e.g., axial
distance) from the axial centerline 112 to the radiallé/ outer face 114 of the core seal section 96. More

specifically, FRBIBUREM 9% 11% CHA f52kSHFUYR 99 86V HE LRSS NraMBAd 8 LgM: Eharacterized
as having a ippecsyepIadlecfthendkialrachadiiienean fagedlidyaribe ssdidhyg aerdacend Iakiavith the low

point 124 of the canca rofile occurring gengrally at the axial centerline 112. As such, the axial
distance bet%gé‘?{?{ﬂ% éﬁé%é%oE?g}ﬁlgcgé’geil%?ﬁfg nd the radial centerline 120 of the core seal
section 96 cre rlinearly f ially j t 1al rlipe 112,
consistent W%%E coﬁ%&%ﬂ%ﬂ? é%tégr?o){:?@é% %ﬁ%ﬁﬁ@@ﬁ%ﬁfgﬁ&%‘@.ﬁ%@ t e%\zgl,@al distance
between theatggram@oﬁﬁmipfa@@sf@mglmaﬁd_irtﬁ@rha@iacr@émea_ir(@-q-z@m\{er@i@gbeag@dl section 96
may Increass AANdRRaK 1RSI BLean REARCL] 4 i fiea adliliy GHiRl TR b goeistent with

the concave profile of the top and om faces 116, 118. [0040]Conversely, FIG. 9 illustrates an

exemplary efRBOERAPRELANGNIIRE Seial SEWRHIRECHIR St saiBrsed Rty LB ifearly

increasing (@\¢h.IVENgiINGoraxiah§rass:Seriagald)cial (&ass Axa shalanephtreaythaadially inner face
110 of the core seal section 96 to the axial centerline 112 of the core seal section 96 and a
non-linearly YEERERIP T G AR SN 3xidI s dlec@bAN REIGh{desyL UxIBREMEe) from the
axial centerlieallseztiorihesradiaty pderitreg, 1thé obttunraiecseabsentia36p Meke spedfically, the
bottom face 116 and the top face 118 of the core seal section 96 may be characterized as having a
convex prof I E G IrS LM AT FDREHIE iy DONLIGEOTEAY RABIGHE FIGR point 122 of
the convex piefilediiyunimg gereeElly tatttee radiallgentenifez el D141 AitAstise dhytheistxieddistance
between thetgn andbotamfaces 418, 118 andying Iadialeontering 420 f the.cors, seal section 96
may increase non- mearlr))/ rom the raagal innerface 11016 the axial centéiling T1 , ‘consistent with
the convex pridilaisfahectdipavetbdtteriofaged hoBomiBCcSHilkily] tBeaagitialistdiate between the top

and bottom %%ﬂ?g‘rl 6,1%8099@?&@9% %E%E%H"b% Oaép%ggéen%%@iliﬁgﬁé??rgﬁ ,’E&%V decrease

non-linearly from the axial centerline 112 to the radially outer face 114, consistent with the convex
profile of thdddj@lahinpettmeefddosta e axrl [coAelime . U iiRphsiaestawigxemptancarabodiment of an

annular seal,3itty theqtp SRl BERUAN BERYINY FRASKRMEICaheliRGA[YideHEASING (€.9.,

converging) axial cross-sectional height (e.g., axial distanceéfrom the radially inner face 110 of the

core seal se@RIFeB tBareraxnsl PeHfIMifead 2 8 Hd & ars 4881 8l #roEARE dr s th@etrical,
linearly incre@apingetf- SecliieraiNAh PR EERESRACHNEA N SIBHT (StaxmXiabAisthmee) fram the axial
centerline 112 to the radially outer face 114 of the core seal section 96. More specifically, in the
illustrated eMBIGHRARN: OHE &P fadd4 B BFHELIEL G SRPABKEIR RS Bttt iPRABAzed as having a
substantiallyhetthwo@oas (18, pespendicular to the axial centerline 112 and parallel to the radial
centerline 120) section between the

[0040] Conversely, FIG. 9 illustrates an exemplary embodiment of an annular

seal 86 with a core seal section 96 having a non-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 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



radially inner face 110 and the axial centerline 112 and an outwardly angled (e.g., diverging) section
between the axial centerline 112 and the radially outer face 114. However, conversely, the bottom face
118 of the cHi@ ZHA(148%¥on 96 may be characterized as having an inwardP&hgiéeri&/¢2488nverging)
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{garallel to the radial centerline 120) section
between the axial centerline 112 and the radially outer face 114. As such, the axial distance between
the top and bottom faces 116, 118 and the radial centerline 120 of the core seal section 96 may

decrease linthrly Ao e AN HRIAISE L E MR IR AR IAUh RATAE 13%PS i halthéRthse linearly

from the axigleeaderlivenidBie throratindycotdaseidicsetiidh 46 HARIAReugDRIBSadythrough 10
illustrate the, core seal rﬁeﬁtion 96 have r,l(‘t:)\invé)tsetgtions eilbou tge ax'eil centerline 112 the axial centerline
Y gth G

122 may ac{ﬁ%q?yt%% Pk i g I O the coré %%Sé?tggét}%'ﬁhgtg? In other words,
the transitiondreexeprofiectibine adphancobetszal feeesonhl86 htwSamitheyratimldxisindistaoee 110 and the

diall t | i t d f 118. F
;ia:r?rilleoua réﬁgﬁ?i‘#ﬁ%%c%c%@ é@g%%gﬁcggﬁEL%Q%Q@%?%@%BQ%%Sagg(?e‘}al‘% 70, 7%r 80,
85, 90, or 95wkt sadinindiiianey deteese thenrtaeaiy ifiosr theeakB) eaniativeadii@toouter face
114. Indeedyransili)s,may Aeeut 8 adha0iBhelnRy the BRAACPAHIEB ke R gl 18- In addition, in

certain embodiments; more than one transition may occur along the top and bottom faces 116, 118,
creating moROHeah ey ddind Foss-sectional profile sections. [0043]For instance, FIG. 11 illustrates
an exemplary embodiment of an annular seal 86 with a core seal section 96 having more than two

varying cros®%&ttiondT Frofifb WERTRIRS. 31 FARTERRY, BB RIMIRS 2h MMIRArs&EA8S6 with a core
seal sectionth havisig adinerityidncosasivih (e adyargaadaximesagsdeesiamag height (e.g., axial

distance) from the radially inner face 110 or tFe_ ore seal section 96 tQ a first axialéjggsum 126 of the
core seal seCTRIPEATS) SRy &Ry SOIRCENDEAN! dre-LARLGIRFRETNE §eaad e ance from the
first axial daiumerlfa6etal aGset vred caxeakdalseri2d 06 tuctioe rexze aleseetine I8, 2anictizelicearly increasing

(e.g., diverging) axial crgss-sectional height (e.g.,.axial distance) from the, second axial datum 128 to
the radinly o ] TP e e LR e ARS8 GBI SISt the top
face 118 of thiessosectioabbdutight 36.cnagid disteacerizech dkehaxi@gcanteitveaddly tmtjied (e.g.,
diverging) secti ' ' f - e i i substantially
orthogonal (%ggﬁ‘yé%\{e\ér?(?l%ﬁ]a?%%%%#gb zé(iagfg §a%t%r% @gggg?nﬂﬁr;e gggﬁg %fgi]hljrﬁg?fm 128 and
parallel to theugtataE @mbaH@ano)teedapriasendde wtiberieorendenldseahen 26 aaythe second axial

datum 128, gng aqethet oxivwad @Qlﬁgﬁﬁaﬂ?i\é‘?{%@wéﬁ?gﬁ beiyesddiaSesand axial datum

128 and the radially outer face 114. More specifically, the axial distance between the top and bottom
faces 116, 199604 seNissling Al e e mr@lie) s ihpdadial centerline 120) section between the

radially inner face 110 and the axial centerline 112 and an outwardly angled (e.g.,
diverging) section between the axial centerline 112 and the radially outer face
114. However, conversely, the bottom 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 the radial centerline 120) section between the axial centerline 112 and
the radially outer face 114. As such, 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 may increase linearly from the axial centerline 112 to the radially outer face

114.



core seal section 96 may increase linearly from the radially inner face 110 to the first axial datum 126,
may be substantially constant from the first axial datum 126 to the second axial datum 128, and may
increase lin¥EAYFH 4% second axial datum to the radially outer face 114 PSI44$PME9/ 02233 istrates
another exemplary embodiment of an annular seal 86 with a core seal section 96 having more than
two varying cross-sectional profile sections. In partigular, FIG. 12 depicts an annular seal 86 with a
core seal section 96 having a linearly decreasing (e.g., converging) axial cross-sectional height (e.g.,
axial distanceéfrom the radially inner face 110 of the core seal section 96 to the first axial datum 126

of the core 93 ¢bctich'981ANifd SR thEPER DR R I SHRIEJiff Ui SFAI eI AR Right (e.g.,

axial distanagpfeetitie fasbao(tabo@tméaﬁetmnmamcmedaa}aabdatemézszqfrﬁm/cmea@al section 96,
and a linearly decreasin onverqgin 0S ectlonal hei axial distance) from the
second axial gt f%%éﬂ&e ?;%Inglly% t%zg ?g A%MD? hEUs8%E aecé%Po%G% 9 bﬁ{er words, the
bottom facevidrdsantdheateiitacddihai thectons sédhsextiorséé mmylme ﬁﬁaretWeelrzetdeas having an
inwardly an ).se the first axial datum
126, an ouh%%ﬁq 3& ang%?c? &ggﬂ Ivaer%ﬂ%% sec%@ %q%\?vé%n tth}flrs Axiar a?u q and the second
axial datum loggtienrsl anmhmeumvaw bodted {acgs, édAvaigindaentinpistedeamsii®recond axial
datum 126 ane Bedacially aulerfags, 1 Moss speciicaly. Jgedialdisiange etyeene top and

bottom faces 116, 118 and the radial centerline 120 of the core seal section 96 may decrease linearly

from the radf@yPthrier$a¥e of thadadi@kidittants gstweendbenesiattrieass fateatGrand the first axial

datum 126 t%%y%aﬁ«a&@ﬂﬂmd&% PR EeR @cUP%@%Kf 9€irﬁh§l<§¢§9ﬁ@ 1%'3“ datum to
the radially outer face 114. [0045]Therefore, as illustrated in FIGS. 3 through 12, the specific cross-

sectional ge%'?ﬁe'?ﬁggrBffﬁ@%&éeséajigseﬁtlﬁﬂd@@mdi? \98F§?l5bﬁﬁ@‘?"@?ﬁ8¥§dlﬁﬁ‘8fﬁst ABWEGer, all of the

embodimentriiistiatathpieceharaeter irRably sHdBantiallyanes-orhopealréauehg N@braibstantially
parallel to t t1l%)rad|al centerline 120% to[%ﬁnd bo tom faces 116, 118. As such, as illustrated in FIG. 3B,

as the axial f678e"P8 BXIM |§r°oﬁfp BRSNS REBRSm faces 116, 118 of the core seal section
96, the core 3 %f/ectlgn 96 dﬁaﬂlal yayghlle the to nd bo m fac JB 6, 118 are forced

into a substé orthoorc;ﬂ% UBstantia yparall%pto)&%e rad¥aF er e 1 ?shape between the

upper inner wmdyag(ﬁaﬁtj&ﬁevniv\@mmae*dad;@y@@m%tm\oomme@ HeutiomoOgaeypantesadially, a radial
force Fraciiaijagiaguallyi6eatedRomiepaieaHs- 8od BBANY e HARAL/RSY BRUNAC creating a

seal between these bo
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



[0046]While the invention may be susceptible to various modificationsand alternative forms, specific
embodimentshave been shown by way of example in the drawings and have been described in detalil
herein. HOWd R WARMTH be understood that the invention is not intended P§ BAH2AIERIS3he
particular forms disclosed.Rather, the invention is to cover all modifications,equivalents,and
alternatives falling within the spirit and scope of the fnvention as defined by the following appended
claims. 19 CLAIMS 1. An annular seal, comprising: a top seal section;

core seal section 96 may increase linearly from the radially inner face 110 to the
first axial datum 126, may be substantially constant from the first axial datum 126
to the second axial datum 128, and may increase linearly from the second axial

datum to the radially outer face 114.

[0044] FIG. 12 illustrates another 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. 12 depicts an annular seal 86 with a core seal
section 96 having a linearly decreasing (e.g., converging) axial cross-sectional
height (e.g., axial distance) from 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



a bottom seal section; and a core seal section comprising non-orthogonal top and bottom faces
relative to a radial axis of the core seal section disposed between the top seal section and the bottom
seal sectionM@818ih#&3core seal section is configured to expand radially REEN20188243¥ad is
applied 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 thg@ radial axis of the core seal section, wherein the
top and bottom seal sections are pre-loaded to bias the top and bottom faces of the core seal section
prior to application of the axial load. 2. The annular seal of claim 1, wherein the top and bottom seal
sections are pra-15308E o Y tRP 18P aRef BB dHcckPorftHe Hdhe S84 sEeticID ti& orthogonal
alignment prier torapgigatisvnddf the msialdaatd 3radiafy annudatseadphataitvdonwhiatedn the core seal
section com Eises an axial,cross-sectionaﬁl height which varies from a f diall irlmler face to a radially
outer face. A1FRE ARMtar 28aP SHERIIEY WHERSABRL 5+ sS4PEBRIRN cIABiRed WS bstantially
constant axialdeéiossrsstonabheighiptronetirenadiallyppaerijaee bodn Eex@ldatenvweéthe core seal
section and g inegtly igreasing. axial cross-seetional helhirom e &x(al dajum o tpe fadially outer
face. 5. The annularseal of claim § wherein (fhe core Seal section comprises aﬂnearl?‘:cfecreasmg
axial cross-segtishalihemeatébnpetveeaditidy onper fade 88 amd20exippadatomrobtde G0re seal section

and a substg]%gﬁlug constantaxial crass-sectional height from the axial datum to the radially outer face.
6. The annular seal of claim 5, wherein the top face is substantially orthogonal relative to the radial

axis of the cprgeal speiienhetwrendhe radially dnnepdace apdihs axiabaatumand pdtwardly angled
between the axial datum and the radially outer face and the bottom face is inwardly angled between

the radially HIFE¥YEe dMETheSBSTAF dSUPRARENSUb SRR DrARBYBNLY réftiPé SRS adfial axis of the
core seal segtiofrhahyeeanthe,axiabeatugasanstiheirogially Rartat facewever, it should be

understood that the invention is not intended 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.



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 front%he 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 ickgasing 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-IinearlyJdecre%i‘r%f'ﬁwélr SRRl SUBRBRKI % eight from the axial datum to the radially outer face. 21
11. The annular seatg slansdctdierein 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 constgrﬁoésag] SR S f?irﬁﬂql;eight from the first axial datum to a second axial datum of

the core seal sectiarcapdeadizeatiginueasishgxiahanbsgeciicngl heidhtmmituesecond axial

datum to the rra\giall){ outer falce. 12 Ehe annular seal of claim 3 e{ein th?hcore seal section
. rcla a |vq 0,a radial axis of the core Seal sef:Hon ﬂ?sposém e w&en 1€ tolp sea X .
comprises a linearly decreasing axial cross-sectional height from the radially inner face to a first axial

datum of theederseatidbetiooti@niseatlgantosa sihgrakidher osseseeioreit e gh crofig tinedfirst axial

datum to a [ he cor | section: ' I ' lal gross-sectional
neight rom e B e B R A L S e
the core sedheeefiersratsRfbiesestchdhatitiadaienod hAlisen hagrsiale dafoxnealing fystem,
comprising. grthogonal alignment relative to the radial axis of the core seal section, wherein

the top and bottom seal sections are pre-loaded to bias the top and bottom faces

of the core seal section prior to application of the axial load.

2. The annular seal of claim 1, wherein the top and bottom seal sections are
pre-loaded to urge the top and bottom faces of the core seal section into the

orthogonal alignment prior to application of the axial load.

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



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, wherein the core seal section comprises at least one
groove disposed at an intermediate position between the top and bottom faces; and top and
bottom seal sections disposed about the core sectith, wherein the top and bottom seal sections are

pre-loaded to bias the top and bottom faces of the core seal section prior to application of the axial
onc. 15, TRSELATH L LR GH ER 1oF SRR/ S s AP OL A B B B %kpand radially in

the deformeskstiapel Reightfrohethealiigl sigstemtoftictaredibdlyaurgrrfaics): a radially inner body; a
radially outer body; an axially upper body; and an axially lower body;

6. The annular seal of claim 5, wherein the top face is substantially

orthogonal relative to the radial axis of the core seal section between the radially

inner face and the axial datum and outwardly angled between the axial datum

and the radially 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.



wherein the annular seal is disposed between the radially inner body, radially outer body, axially upper
body, and axially lower body and the axial load is applied from the axially upper body and the axially
lower body. 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 top and bottom seal sections are pre-lgéded 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
o orthogohtl o) HRCRBBHBSERLE RTS8 HEPEANER 5 Thel SRR CEEREn a radialy

inner body, Anketigl iyicretesitgdyisie@ssite otpesl hedyhainonathaxiatialywen dody énta avellhead,
wherein the anpular sqea%l has tﬂp and bottom seal sections, diﬁp sed about a CO"e seal section, and the
first a f ihe %o

top and bottom sé(éaflseacffcr)nng are &%r_ oaded 1o bras the' 5’5aar1'n8 o?%r}ﬁt?élceasxgrigf %Sépplication of an

axial force dzettipnastadigtind firomthiecaimstrrisleddtamdo a sgmolythgxiat datiainfofabdroonethe axially upper

body and thecaali et b 8416 1RRnd houoe (poe oL Loe ARRHBERERb fFaRectivel. causing

the annular seal to expand radia 1e top ottom faces to Into a substantially
orthogonal &epeneaxieldarenottnibedadiptyiswetiacenular seal. 23

12. 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 a
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, wherein the core seal section comprises at least one groove
disposed at an intermediate position between the top and bottom faces; and

top and bottom seal sections disposed about the core section, wherein the
top and bottom seal sections are pre-loaded to bias the top and bottom faces of

the core seal section prior to application of the axial load.

15.  The sealing system of claim 14, wherein the annular seal is configured to

expand radially in the deformed shape.



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.

22

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;

wherein the annular seal is disposed between the radially inner body,
radially outer body, axially upper body, and axially lower body and the axial load

is applied from the axially upper body and the axially lower body.

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 top and bottom seal sections
are pre-loaded 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, wherein the annular seal has top and bottom seal sections disposed
about a core seal section, and the top and bottom seal sections are pre-loaded to
bias the top and bottom faces prior to application of an axial force during
installation of the annular seal; and

applying the 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.
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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.



