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CROSS REFERENCE TO RELATED APPLICATION

[0001]  This application claims priority to U.S. Provisional Patent Application
No. 61/164,362, entitled “Full Bore Compression Sealing Method”, filed on March
27, 2009, which is 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. 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



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 PYEYILUNS, and extreme temperatures. Moreover, these seaRCA/EBfREHIZISPdsed in
remote equipment, such as a marine (e.g., sub-sea) wellhead, which can make access and repair
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mineral extraction system in
[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



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 sealNR AhYhleRFbrmed ("pre-loaded") shape; [0008]FIG. 3B is a patfid/epaeHL82+t8n 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 cgre 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; ,
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 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. 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



[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 aMP2EWHdMAGally constant axial cross-sectional height from theP&§871 P13 %0 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 radiallﬁFouter face; [0012]FIG. 7 is a partial cross-section of an exemplary
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the developers’ specific goals, such as compliance with system-related and
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-



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 seal with a core seal section
having a noM P18 easing axial cross-sectional height from the radial{ TiEIAEE 43 e 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-s@ction 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-Iinear‘Ig decreasing axial cross-sectional height
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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. 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.,



[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
DESCRIPTN2010/859%56 |FIC EMBODIMENTS [0018]One or more specifi®€BSHIHERE38T the
present invention will be described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to providg 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 4 development of ang/ such actual implementation, as in any
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run) from an offshore vessel to the well 16 and/or the wellhead 12. In other

embodiments, such as surface systems, the running tool 30 may include a device

suspended over and/or lowered into the wellhead 12 via a crane or other

supporting device.

[0024] The tree 22 generally includes a variety of flow paths (e.g., bores),
valves, fittings, and controls for operating the well 16. For instance, the tree 22
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



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 ¥QI2WeiHP5The core seal section may include non-orthogonal R6d/ARa0be A aces 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 & 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
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hydraulic control fluid, chemical injections, and so forth. The hanger 28 includes
a hanger bore 40 that extends through the center of the hanger 28, and that is in
fluid communication with the tubing spool bore 38 and the well bore 20. One or
more seals may be disposed between the hanger 28 and the tubing spool 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 hanger 28 includes a seal assembly 42, which may
provide the sealing for the hanger 28 against the wellhead 12 (e.g., against the
casing spool 26). The casing spool 26 includes a landing assembly 44 that
provides for landing of the hanger 28.

[0028] In certain embodiments, the landing assembly 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)



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 reso@&819AdN?dig hydrocarbons (e.g., oil and/or natural gas), frorBGREVEHRK B3RS 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 systegn). As illustrated, the system 10 includes a
wellhead 12 coupled to a mineral deposit 14 via a well 16. The well 16 may include a wellhead hub 18
and a well bore 20. The wellhead hub 18 energé%?includes a Ia;?e diameter hub disposed at the

termination BIAROGIOPKRAPY RENARILRYHEE I8kGmMEtafieaten RS Cth@die 6. [0023]The
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other embodiments, such as surface systems, the running tool 30 ma%‘énclude a device suspended
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[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



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 inject
chemicals d¥@H8IEISEuspend tools down-hole, to retrieve tools down-h8eT/A8804/¢13R? [0026]The
well bore 20 may contain elevated pressures. For example, the well bore 20 may include pressures
that exceed 10,000, 15,000, or even 20,000 poundg per square inch (psi). Accordingly, the mineral
extraction system 10 may employ various mechanisms, such as seals, plugs, and valves, to control
and regulate the well 16. For examprzljl{(?a%?éjés and valves are emplogéj to regulate the flow and

pressures of ARERORY V4Bl b6 it iddlgHRGR fROMBRAUSSATAGiGHL S8t 10. For
instance, thendusitatendiangs 28<engbl JUrDITISieerichr tbasippbiesgsrbisiypraty digposed within

the wellhead 12 to secure tuhing and.casing suspended,in the well bore 20, and to provide a path for
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tubing spooﬁg]iqsa'nﬁo%aﬂqéi%é%s%% %%%%} %%i%%% gygé%ﬁ(giﬁgeggerﬁ/a?Pc[rho%sﬁﬂsbe%crﬂt%%agf the casing
spool 26 andch@teimgeg 28 ¢t EE_’;’LI 8.4,T$vechathgbﬂmm&ﬁes@eab%ﬁemtwem thigich may provide
the sealing 555P4@‘{'1%'agS’Q%ﬂaqhwﬁpﬁ%'i%%%eéﬁg@ig” Aggingt the casing spool 26). The casing

spool 26 includes a landing assembly 44 or landing of the hanger 28. [0028]In certain

embodimentgotg |a“¢1ﬁ@@;§é@r”?@§‘t’ Séaay dRel s Bweiieis sekling Hfﬁ/@@h%ﬂéﬂ?% lockdown ring
48, a lockdown actuation ring 50, and a top landing ring 52. The bottom Iangzrg ring 46 may be

threaded to TREAGER 28! WEISHBM G 2RRAES 24 TaP I JeesatieeAd e ipaReeshd may be
locked into pagitiny ofiadhipdpaBgetEEkRNMN0EDAME Ry drRdiatengadingateeessesr 54 of the wellhead
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seal 86 in a non-deformed (“pre-loaded”) shape and a deformed (“loaded”) shape,
respectively. The annular seal 86 may, for instance, be either the lower test seal
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.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



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 Y028 1HEI¥APéads such that the hanger 28 moves along the botR§i/IEAMEI#3e°46.
[0029]The top landing ring 52 may also be threaded to the hanger 28. In certain embodiments, the top
landing ring 52 and bottom landing ring 46 may botlpcouple to the hanger 28 via the same outer
diameter threads. The top landing ring 52 may also be coupled to the bottom landing ring 46 via a
protrusion 5r6§§e. ., a tongue) that engages a recess 58 of the bottom Iandiqu}% ring 46. As such, the top

landing ring GUMRESALPhanRIRe trURRRi B AR &R Sy HOEERDSPIIAT transfer

between theg®ardnsbngrringaaoticie dwtiam nesmpiived ol haaiberendribnans d8e top landing
ring 52 may.be coupled to the bqgttom landing ring 46 via a key and keyway, a castellation feature, or
any other SURBUICATR SRR pr VAT A R oL PR Soh R AR B o randing
ring 46 and sealtepdiomlin@OrmaybBe Asigesat tf tirgetgageteottbetianes tfdhietaadiegl ring 52 and

the bottom lapding ¢ , iNg. | e vertical mov, the hanger 28
as a result o%grﬁlle%s%sgrgeqﬁﬁéﬁg’m&%lb%{gﬂﬁé@%éﬁgﬁ%@megbsgt o%%r%%%%ﬁk% 46. The top
landing ringiBRerioedybongdiite dowanmvenhbadyShe INpifer 2@wWiththg warstathsegt®moff-loading
any load, th i pqy\m i intaining d rity of the
hanger Iockggv%r@i/ﬁ{gg 4888.@(?(.)@%%% %%g%?rr? gg%%ﬁcﬁxgn S, thée.ﬂsgg:ﬁajamasrg)c(i).r{r?éllfgl/ﬁI ?g@rﬁg)j ?ﬁ%?ude a lower
seal body 620EC|6RRIrseel @R I00NIAA fuRstahiallysearallet aiNen! Withideseeedndssdd, an outer

metal seal agaemBPine BoRSHRAPSEERGH Rty CrosaiHeRRbIBrIReBLAE: FbLRBRIRRAkRSIUAtIoN 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, laBiR§CahactigR IR AR R MRS RE PHRIN I SLRRY Ry & 1RaFeRR BGhnected to

manner which may tend to urge top and bottom 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 surface of the top and
bottom faces. In addition, in certain embodiments, the annular seal 86 may
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 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.a 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



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 a@RICRANYPNIRD-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 ypper 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 &3AOYERME 760G aNNdlar ek B g?[@@@@&ﬂ’%‘fﬁ EJEQWQHHQHe upper seal
body 72 andriwallisnieerisealraciization ring 76. [0031]The upper test seal 74 and the lower test seal 64
may generally be retracted radially while the hanger 28 is run into the wellhead 12, and expanded
radially onc§0®@4hangenes tisddnauhgrtaP8 isdaletbih ahd aexdlieddd iR Welllmaanie IGS. 3A and 3B

depic partia) e SEEHGRS PP SAFNIANANAL SRS i 8B Gfime e-oaded) shape

and a deforme d') shape, respective e annula may, for instance, be either the
lower test séigfeuneciiéoagper)iebapeatainglastrassdsecHim. Wil Bebstriniial s eaireg ona) be located

between a ragially AMALRPEACES. 30 MRBEWGHINMIRY Body HeAndaiongy igdially inner body 92.

In addition, the upper inner body 90 and the lower inner body 92 may be separated b?/ another seal 94.

For mstancé‘-'QfQH@%iﬁlﬁ‘PaP%'é‘ﬁl SPpanEalyraralisl s "P&“@i RS, o R Biteapsepld®®may be the

casing spootif, i guePREHYISh b‘éﬁ)’t@@n’é‘?&r@@ (Shﬁ]é%@élslééchat}#aﬁlﬂ% ngistipatdthe lower inner
body 92 magi be the upper seal body 72. However, if the annular seal 86 is the lower test seal 64 of

FIG. 2, the 95584 PR 6@%@%%%8 %B%'i‘%o‘ff?é (P15 RRREPERRFNALRBEShe middle seal
body 68, andghe |t eioad)HEhoay. bwb%d@avw%@a#ggplg 6r?e£emtlaermmnqimwgh illustrated

i FIGS.3A talled het th ter bod body 90, and th
Jower mner DU S8 LHGRDRRAr B AECHRIAR ABRUIR Ao ASIEE ARAMQIFS Earfbination of
radially innas:zpﬂ)mdetobbdlesranm@ejallaampercaml ée%dm@n%[@ﬁﬁ?s}ﬁrmamweal%l 86 may

have a cross- seé nal c%m osition eneral mprﬁ,iha three S ctlorﬁo«?ﬂé a cor%seal section 96,

m gl COBTas diAl Wid nnuy
a top seal SCLTOR , an boftsm sea secton 106 Iusefra% & Core Seal section 96 is axially

between thesesh %61mbtﬁaaaSs@le@etﬂtahQG@lawwttﬂﬁlu}ﬁbeim@eseml&etaﬂlawganer face
106 of the upper inner body 90 and the outer body 88 (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
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 Faiai,
and so forth. However, in certain embodiments, the core seal section 96 may
expand radially by 5-10% 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 Fagial 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 Faxia and Fradgial, increasing the sealing
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



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 word®, 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 res%ﬂt to a radial axis, of the core seal section 96 to close the %Z%gof the bore. For

instance, thE{6P1RIEAY SIBRSH B AISLHE S BRBH LS SGiNA ¥BMIRY B R aFSIA 9&nanner
which may tenﬂiI@ursertmtam‘etzmlmdaMrefébean@ﬁem@bwemuao%ﬁema@d analignarent which is

substantially ndicular to ra ner outer faces of the core seal sect n 96 across the
cntire surta b ot TR S B D (e A B A A G A S Rl seal 86
may mcludeseneamah’rmgmadm@y axielr djstavess) 11@irea daoied | pinmerdaealially oﬂtbe gareves 104 for

ncreasing g gealng Nelue.[0RTE1A8 dessbsdoye whles banger 28 inbang run nto the

wellhead 12; the annular seal 86 may be re er Wor ann ar seal 86 may be
configured sungatlyaneieasingdeon-diefrging) amaéamaephha@mer@hfmulaaseal 86 has a

cross-sectio awyéﬁhc@m@ﬁhﬁggwe&ﬁ&m#@t{cr@t?‘aera&aﬁg%@%Mw & ﬂ%’% ¢gpss-section of the

annular seal 86 Is a mately equal to the radial width W etween a radi Inner face 106 and

a radially outeRFSEestiaBs. the QAHSE WAFHS: 50@p daceehibnnd ghriingafasenltRplttiieafialar seal 86
and the outageddirineihay wedsadnRltaalA eI S sl e face 106

of the upper inner body 90 and the outer body 88 may be equal to the radial width WUIB between the

radially |nne??é%n%%ciotﬁ@erﬁdléh(}%?émﬁc@ @O”H‘fo:iﬁ@h‘ﬁ:'ﬁ@r%ﬁgf%%?t@d BRid2AL gap Wgap.

Since there @@l@ﬁ%%ééﬁ@ﬁéeﬁalﬁﬂ? Ritiedlricset BamnethagateehrdNSwWhitgtharhanger 28 is
being run into the \ﬁellhe %{ﬁ the nnular eaI 86 rgﬂé/ be less susceptible to exi usion while, for
i Bop i

instance, ruﬂHH’l"él 36889 %er'g@g éﬁcﬂ? RESHG 8Y ger} ' 5%:%5\% of creating
tighter WO tmmwgaaﬁmﬁu&momeeaéaf@ea;s thwenide tistahtecbatwetar sraidfb since

g o A 0 PR N i P S AR B % R 8BRS lgge and
96 may be substantially constant 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.

[0036] Conversely, FIG. 5 illustrates an exemplary 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



annular seal 86 may expand radially as the annular seal 86 deforms into a deformed (loaded') shape
having a cross-section with substantially orthogonal top and bottom faces. In other words, the top and
bottom face®W tha81He18&¥drmed into being substantially parallel to a radial aR{SIfIHE UHHEHr seal 86.
This is due at least in part to the force of the axial load Faxiai that is distributed between the upper
inner body 90 and the lower inner body 92 once theganger 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 Faxjai is applied to the annular seal 86, the care seal section 96 of the annular seal 86
may deformS@ NG} @ﬂ?ﬁé@@%ﬁ?ﬁﬁ@?%ﬁ% CORRIAR AR GRIMEdLIBA TrdRases to the
total radial widthaditokabbeswere thieqradially inner face 106 of the upper inner body 90 and the outer
body 88 (e.g., radial expansion). More specifically, portions of the core seal section 96 may deform
from the top[@037ottdriChfGhikustiaieseahspatioplas, detredisiegitioé dreayimyRigseakidd evthpression) of
the core e SERIARAALUINCIBINMINE ALK Ay IR SBRII U AL BRGare seal secton
a n edo

96. The degree of radial expansion of the core seal sectio ay var n the particular
geometries seeipmahhgian (Bed xiahdis@rcsflosedhernabalydénaeiniaseot tReohii@ ¢orée Faxial, and

so forth. Howeyess G2 BRI ambadineRiicHIREC 1S I ahatiian 85 RiptisxRANd/@dally by 5-10% or

more of the radial width of the annular seal 86. As the radial width of the annular seal 86 increases, the

annular sealBBAMAFRFERASING EHBly ERHEIAIRScaakeRsTerrEenahasiahidR/dnxidhce 106 of the

upper inner HAhn8e) anshiNROHRA Q‘éﬁjﬂeﬂ%éﬁeﬁéif&tﬁes%@mm@@m%f Heare illustrated in
FIGS. 3A and 3B, the two grooves 102, 104 may slightly deform under the stresses caused by Faxial

and Fradial SPRIESSHRN RE sELGHIPUMIAMHE. [0089HR RasdI8AdL&ariBta hiGRt Bithe core seal
sectionI 96 Qfdt)@asm@@étﬁfﬁﬁsm@?o@@ryal;@%maﬁ@aﬁ)ﬁémg@ﬁ- cﬁllﬁﬁrdwfygg@a ﬁl@lystrate 12
exemplary embodiments of the annular seal 86 with varyin e seal section rofiles. For instance,
G o O Ao DB (PN HRAT A el SR NG GHAL CEAFon 06 hwing &
substantiallyl t@rstdrdraxialacihp sisgletibeat heign ¢eging peadtibiatbeteg drotheaaddlally inner face 110 of
the core sea| section 9 an, axial centerline 112 of care seal section d.a linearly increasing
o avera e R et e L R R R 2 T e 112 10 o
radially outeprizide ageusfingegeorrabahkthaiaxigdiccantethiee WbPds\Viane piaciiddlty aine axisttom face

L18 of the cgrg 5641 8 '88@91%%*@;@5‘?6&?%%%% %a‘fi{aﬁ ?gﬁ‘éﬁ%ﬁ%‘é@ A giigppal (€9,

I
perpendicular to the axial cente . nd parallel to a rad ll section between the
radially innet28c@f e sealseatiearfermay Increaredineritwaieny Wieyladiadygnreridaghg) section

between they g eeataline.ddAnd ioiadito et s ibaMpiRoapasdially, the axal distance

between the top and bottom faces 116, 118 and the radial centerline 120 of the core seal section 96
may be subS&HBHIREchR IR NRJAAALYaRIaNjaRRdr thce 110 to the axial centerline 112 and may
increase linearly from g;)e axial cente(lgline 112 to the radially outer face 114. [0036]Conversely, FIG. 5

illustrates ano¥oSthplafPEABRENPof AMSHAIRSALEr B NIRN £ BRSSOl fhasE i ing a
linearly decrsasiBg (dth. acwreesgingrakt edhavirgtivhad adyolddregsiryi@l.distance) from the radially

inner face 110 of the core seal section 96 tg the axial centerlin ]E:?Lr% 0 }Ihe core seal section 96 and a
et SRR Al Ao SRR Do S B chatangs) et e EeRiiomiaring 112 10
the radially outer face 119 aff tiee canee s IssmtittonO86 ol thetBeiahveedis rtme Hdttoon taeedr®6 and the top
f 118 of ' . i . ' i dly ar .g.,

ace 110 o s o serlseon BN e sAr e g s AT A Bt apglr o
substantiallyneighb{@gal dxigl. disigneadicanrtne mdabaantiting e 10 2nendigiaiyieuter dacelial
centerline 12) spafan brruesndbaigriabeontering doranfdsdrsliptyauieeiang Hhdgore

specifically, the axial distance between the top and bottom faces 116, 118 and the radial centerline

120 of the cteesbtd $b4NBroE $RE aeeHeasaimaarReriiarariaiersigshiritac 110atike axial

angled (e.qg., 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



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 96 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 &Y'6HIBRaISREHIGCAET ST GO AR A7GEaTE Weare ity i (a8 Netween the
lr)adially inganm?wamm@aﬁ?efmé@aﬁimmf HYVIHRE Eﬂﬁi&"ﬁ#@%lﬂ%ﬂ'@lﬂqnﬂgifagg sectifoln
etween the axjal centerline 112 a e radially outey face 114, with the high point 122 of the profile
occurring gecﬁéllgﬁwqgt ﬁél?(ii\ecrearﬁ@tﬁ%g@%?%grflé{pecificalIy, the axial distance between the top
and bottom 1161184 jal I . 0 ' Licrease
linearly fron@ﬁggrladia Iﬁhéﬂ%@g t%%géﬁogtﬁé}@llgﬁzéﬁ%réﬁ%%@égrﬁ %haﬁ;/E gﬁ%%@%.gl?r’]yé@rly from the
axial centerkheota 2egl tectiaf Ay haxndgraceonilingaUp siewaasing (g F1EonVigirgleaXal exemplary

embodimengfnapRRAKAY ﬁ%?ér?lt%‘.’&gb aFAaiseA=S THAN RbhaviasAdneaikdeqieasing (€.9.,

converging) axial cross-sectional height (e.g., axial distance) from the radially inner face 110 of the
core seal sekI6nS66!t8aFHORF]! (St Aal LepisFing ¢drefdhe SrtoiPabsartian IRfeany mcreasing

(e.g., diVergH?ﬂ?—Fﬁ*@rﬁme@r‘(@l@.,e@i%féiﬁ%) e @i@@%@bﬂ@rﬁﬁlthéiéﬁﬁb?@?@ﬂme 112 to the
radially outer face 114 of the core seal section 96. In other words, the bottom tace 116 and the top

face 118 of Hheidre) JEANsk&iBN YL RUG IR ChiFAO NG SRURIKANIRS BPthivkt @) BRGEE e.g.,

converging)siegtietnieeeMberagidivoang nrcectibaraddhel exiabaeetespriadel 2 1@ef an outwardly
angled (e.g., diver i%%)ea ection between the Exial centerline 112 and the radiall{lay(ﬂ?jte face 114, with
the low poinfthfz‘iPl% E?SﬁHeOB FRAY YR ROAIAT AT AR AR A1 VANEARY £ 24° IS Bl ically, the

axial distan¢edrtdietyitiretdpcentiigadcmefeadial 6, bt Samed! e withahédow point 124 of
the concave profile occurring generally at the axial centerline 112. 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 non-linearly from the
radially inner face 110 to the axial centerline 112, consistent with the concave
profile of the top and bottom faces 116, 118. Similarly, the axial distance
between the top and bottom faces 116, 118 and the radial centerline 120 of the
core seal section 96 may increase non-linearly from the axial centerline 112 to
the radially outer face 114, consistent with the concave profile of the top and
bottom faces 116, 118.

[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.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



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]MG 281NiPa%es an exemplary embodiment of an annular seal FEWHA R4 &EWal 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 se¢fon 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 radially outer face 114 of the core seal section 96. More
specifically, IHé-bbRHIALS FEZhAHRNESHIENCE IS 1RR RBALAQUATERGER %Gi’n};\mnawaractenzed
as having atpencaiia perfilifrem 20eofadatvrioneafaceiddde they astiedyseutentaneakis, with the low

int 124 of th fil Il h I I 2. h, th ial
Citance ol A EATR N B R TR0 1 S AT RSP AL 3D 1o core seal

section 96 maylwlncpeatsle bihBrieprntidottbm rfad%ly 1thdr tacSiblitatty fhimcaacéd|cdintaniase 112,

consistent f ial distance
between th\gigl\é}%%n@ é%el[gs% ﬁéﬁl %?é%ﬁg%hg 1trtél)gh &ﬁé’é‘rﬁ%%%‘ﬁg{ Cbc/)répfseteﬁa%< section 96
may mcreasmm)aelai@mydm% ey detease nioe-lireatly thieraitialixial rerfarinel 4] 2 dmsistent with

the Concavetrr"?]éb%d@men%% (9208 PO GER L IfinthE: JQR&&I%?&M@B?M -ghifustrates an

exemplary e t o an annular seal 86 with a core seal section 96 having a non-linearly
increasing (BYtoanvarsind)! &xikl 8ross-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 [9988asidd .40 Uyriaigha) sxampsy cabpdimantghefeegnuriei 8fce) from the

axial centerl&mmﬂalaoﬁ@@@arw@ﬂwrog@ehéamJalrﬁazfythm@m@aﬁsaaié@wi@l@&@abi@ge(@geciﬁcalIy, the
bottom face 116 and the top face 118 of the core s aI sectlon 6.ma cha acterized as having a
hf SPL LSRR T8 iR areAl

convex profﬁgqyﬁw A Iﬁf?ﬁﬁesr%t&%n e['é’% & Qi P@h point 122 of
the convex mnﬁie‘anmuwmgfglaeemwwaﬂmeaum eentetlheeaxlﬁ d:éﬁteﬂmeu‘ma thfetlexiedrdistance
between the to t%%né r%ces 116 11 he raldlal centerlm&iel 120 fthe cclre seral section 96

may increase” non nlggryfrom %Qearse}ldlamelrll%aer Qgg 1 00 BkiaT Barfteive 'P1 3 nsistent with

the convex proammmmamu@t@naﬁaabéusmepe)mommnmaylah@amﬂnmnar&:@ le@ween the top

and bottom fages B AAN e Bl seNedne L0 Clna e ealpenipn Afanay decrease

non- Ilnearly e axial cent 112 to the ra , consistent with the convex

profile of thelteiratrsissrbesinest 1hs tan fqeddf pf@hngnaﬁeai@am@x%mmmémbodument of an

annular seatR8racterized as having a substantially orthogonal (e.g., perpendicular to the
axial centerline 112 and parallel to the radial 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.



with a core seal section 96 having an asymmetrical, 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 ¥PEMME XS of the core seal section 96 and an asymmetrical BREESY0MGEE3hg (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. More spagifically, in the illustrated embodiment, the top face
116 of the core seal section 96 may be characterized as having a substantially orthogonal (e.g.,
perpendicular to the axial centerline 112 and parallel to the radial centerline ’fl@z%éseCtion between the

radially innef%2l 1174948 5GP cAARARAD 10 irale DR G @S ERYRES Cd\#¥Qing) section
between thegxigbcronerhibe it tRangishegadiaiheouter fasedidhcdtosrtiner! 22mvaysadyusing bottom face
118 of the cpre seal section 96 ma characterized as having an inward| gled (e.g., converging)
secton bet RS e BR800 PO AL L TS SAIE TR LUty o Bty orthogon
(e.q., perpemdicigatte transitioh terterbnesédRoandpHralterdbeal st n @ drditvectRdnsection
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17 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 increas¥A38HMLA0AA the second axial datum to the radially outer facePCIAUSOWAPAE? 12
illustrates another exemplary embodiment of an annular seal 86 with a core seal section 96 having
more than two varying cross-sectional profile sectiafs. 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
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as the axial flegdfirst 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



18 Faxia, is applied to the top and bottom faces 116, 118 of the core seal section 96, the core seal
section 96 may expand radially while the top and bottom faces 116, 118 are forced into a substantially
orthogonal (W9 20408488ntially parallel to the radial centerline 120) shape betWEE2HE/ 034382 inner
body 90 and the lower inner body 92. As the core seal section 96 expands radially, a radial force
Frada, is gradually created between the outer body 88 and the upper inner body 90, creating a seal
between these bodies. [0046]While the invention may be susceptible to various modifications and
alternative farms, specific embodiments have been shown bﬁﬁvd%y of example in the drawings and
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configured tradialucerietiireee h20pskapeobghwerentthefuppananaéeltvdg tiihasystemlomaerein the annular
seal Compri?r?r?ér body 92. As the core seal section 96 expands radially, a radial force Fragial

is gradually created between the outer body 88 and the upper inner body 90,

creating a seal between these bodies.

[0046] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, 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.



a first layer; a second layer; and 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 expapgl under an axial load to cause radial expansion of
the core. 2. The system of claim 1, wherein the first and/or second layers comprise geometries which are
angled and/or curved at least partially non-orthogonal to the axial load. 3. The system of claim 1, wherein
the first and/or second layers comprise convex and/or concave surfaces. 4. The system of claim 1,
wherein the fiisAdM®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 lea abouhlé{lgg&er&to% irsqg'gal width of the annular seal. 5. The system of claim 1, wherein
the first and/or second’layers com@rlse igzagging surfaces. 6. The system of claim 1, wherein the first
and/or second layess s@entdafigastdeofigdialltexpandtdyetwastahdar Spomerenisofadial width of the

annular seal ) feshons 19 dresY SR OMREFSR RS BHRBTPLLRP B IRRd:
a first layer;
a second layer; and
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.

2. The system of claim 1, wherein the first and/or second layers comprise
geometries which are angled and/or curved at least partially non-orthogonal to

the axial load.

3. The system of claim 1, wherein the first and/or second layers comprise

convex and/or concave surfaces.

4, The system of claim 1, 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.

5. The system of claim 1, wherein the first and/or second layers comprise

zigzagging surfaces.

6. The system of claim 1, 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.



