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LIP SEAL

BACKGROUND

[0001] 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.

[0002] A variety of subsea equipment, such as mineral extraction equipment,
may be subjected both to high pressures and corrosive environments. For
example, mineral extraction equipment, such as trees, valves, plugs, and other
devices, may experience elevated pressures as fluids flow through the
equipment.  Such subsea mineral extraction equipment may include seal
assemblies to help act as a barrier between the ocean and production fluids
flowing through the equipment. Unfortunately, such seal assemblies may have
various design shortcomings. For example, subsea seal assemblies can be
expensive, difficult to manufacture, and susceptible to performance degradation.
Accordingly, a need exists to provide seals in subsea mineral extraction

equipment with improved performance and reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like

parts throughout the figures, wherein:
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[0004] FIG. 1 is a schematic of a subsea mineral extraction system, which
may include an improved lip seal, in accordance with aspects of the present

disclosure;

[0005] FIG. 2 is a cross-sectional view of a tree cap assembly having a lip
seal, in accordance with aspects of the present disclosure;

[0006] FIG. 3 is a cross-sectional side view of a seal assembly having a lip

seal, in accordance with aspects of the present disclosure;

[0007] FIG. 4 is a cross-sectional side view of a portion of the seal assembly
of FIG. 3, taken within line 4-4, illustrating a lip seal disposed within a well bore of

a tree cap assembly, in accordance with aspects of the present disclosure;

[0008] FIG. 5 is perspective view of a lip seal, in accordance with aspects of

the present disclosure;

[0009] FIG. 6 is partial cutaway perspective view of a lip seal, in accordance

with aspects of the present disclosure; and

[0010] FIG. 7 is partial cutaway perspective view of a lip seal, in accordance

with aspects of the present disclosure.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0011] 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
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 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
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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.

[0012] When introducing elements of various embodiments of the present

invention, the articles “a,” “an,” “the,” and “said” are intended to mean that there

are one or more of the elements. The terms “comprising,” “including,” and

‘having” are intended to be inclusive and mean that there may be additional

elements other than the listed elements. Moreover, the use of “top,” “bottom,”

“above,” “below,” and variations of these terms is made for convenience, but

does not require any particular orientation of the components.

[0013] Embodiments of the present disclosure include an improved lip seal
configured to seal apertures, orifices, or bores in high pressure and corrosive
environments. Subsea mineral extraction equipment may include a variety of
structures, vessels, pipes, valves and other equipment configured to extract a
mineral (e.g., oil or gas) from beneath a subterranean surface. Additionally,
subsea mineral extraction equipment may be configured to facilitate a variety of
processes associated with mineral extraction, such as drilling, hydraulic fracing,
pumping, and so forth. For example, mineral extraction equipment may include a
piping and valve structure, such as a tree, configured to flow a variety of fluids,
such as a production fluid (e.g., oil or gas), a hydraulic fracing fluid, a chemical
fluid, or other fluid. The mineral extraction equipment may further include a
variety of valves, plugs, seals, or other components configured to block the flow
or leakage of a fluid. For example, the valves, plugs, or seals may be configured
to block a fluid from escaping the mineral extraction equipment and entering the

surrounding environment (e.g., the surrounding sea water), or vice versa.

[0014] As discussed in detail below, the disclosed embodiments provide an
improved lip seal (e.g., misalignment tolerant lip seal), which may be used in
subsea mineral extraction equipment exposed to high pressure and/or corrosive

environments. More specifically, the improved lip seal is configured to allow for
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misalignment of the lip within a gap, an orifice, or a seal bore formed between
two or more components of subsea mineral extraction equipment, while
maintaining one or more seal interfaces. For example, the lip seal may include
an outer diameter having a spherical or curved sealing surface. As discussed
below, the spherical or curved sealing surface may be configured to maintain a
seal interface between the outer diameter of the lip seal and a first component of
the subsea mineral extraction equipment when a component of the mineral
extraction equipment and/or the lip seal is misaligned. Furthermore, the lip seal
may include an inner diameter having two inner protrusions configured to contact
a second component of the subsea mineral extraction equipment, thereby
providing increased stiffness of the inner diameter of the lip seal. In this manner,
during potential misalignment of components of the mineral extraction equipment
and/or the lip seal, the inner diameter having the two inner protrusions may
remain stationary relative to the seal bore, while the outer diameter of the lip seal
may move relative to the seal bore. As mentioned above, a seal interface may
be maintained between the outer diameter of the lip seal and the first component
of the subsea mineral extraction equipment due to the spherical or curved
sealing surface of the outer diameter of the lip seal. It is important to note that,
while the embodiments disclosed above are described in the context of a subsea
tree of a subsea mineral extraction system, the lip seal described may be used in
a variety of other applications. For example, the lip seal may be used in subsea
BOP stacks, surface mineral extraction systems, sulfur extraction applications,
tubing hangers, other mineral extraction systems, or other systems which may

include lip seals.

[0015] FIG. 1 is a schematic of a subsea mineral extraction system 10 having
a subsea tree 12. As mentioned above, the subsea mineral extraction system 10
is used to extract minerals from beneath the surface of a subterranean rock
formation 14. For example, the subsea tree 12 may flow a variety of fluids, such
as a production fluid (e.g., oil or natural gas), a fracing fluid, a chemical fluid, or
other process fluid to or from a well 16 formed in the subterranean rock formation

14. The well 16 may be a natural gas and/or oil well. As shown, the subsea tree
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12 is coupled to a wellhead 18 of the well 16. In certain embodiments, the
subsea tree 12 may be configured to flow a fracing fluid through the wellhead 18
and into a well bore 20. In other embodiments, the subsea tree 12 may be

configured to flow a production fluid extracted from the well 16.

[0016] The subsea tree 12 may include a variety of pipes, valves, and other
conduits configured to flow a process fluid, such as a production fluid, fracing
fluid, chemical fluid, and so forth. For example, in the illustrated embodiment, the
subsea tree 12 includes a vertical access connection 22. As a result, a well
operator may have separate access to the well 14, while other systems, such as
fracing systems, pumping systems, etc. are coupled to the subsea tree 12. As
shown, the vertical access connection 22 is generally in line with a vertical axis
24 of the well 14. The vertical access connection 22 may be used to access the
well 14 in a variety of circumstances. For example, the vertical access
connection 22 may be used for natural gas and/or oil recovery, fracing fluid
recovery, insertion of a frac mandrel, and so forth. During other processes, the
vertical access connection 22 may not be in use. In such circumstances, the
vertical access connection 22 may be plugged or sealed in order to maintain a
high pressure in the well 14. More specifically, the vertical access connection 22
may be plugged with one or more of a variety of plugs or tree caps 26. The tree
caps 26 may include additional plugs and seals, such as metal or elastomer
seals. For example, the tree cap 26 may include a one-way back pressure valve
(BPV) plug or a wireline set plug to plug the vertical access connection 22. As
will be appreciated, the tree cap 26 may be used in the vertical access
connection 22 to isolate the well 16 and the well bore 20. Additionally, the
vertical access connection 22 also may be used to insert a variety of tools and

other equipment into the well bore 20.

[0017] FIG. 2 is a cross-sectional side view of the tree cap 26, illustrating a
plug 50 and seal assemblies 52 (e.g., annular seal assemblies) disposed within
the tree cap 26. As discussed above, the tree cap 26 may be disposed within the

vertical access connection 22 and may be configured to block the flow of a
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process fluid flowing within the subsea tree 12. More specifically, the tree cap 26
may block the flow or leakage of a production fluid (e.g., oil or gas), a fracing fluid,
a chemical fluid, or other process fluid through the vertical access connection 22
and into the environment (e.g., sea water) surrounding the subsea tree 12 and

the subsea mineral extraction system 10.

[0018] As shown, the tree cap 26 includes the plug 50 disposed within the
tree cap 26. More specifically, the plug 50 is disposed within a bore 54 of the
tree cap 26. As mentioned above, in certain embodiments, the plug 50 may be a
wireline set plug, a one-way back pressure valve (BPV) plug, or other type of
plug. In certain embodiments, the bore 54 of the tree cap 26 may be in
communication with the well bore 20. Consequently, the plug 50 within the tree
cap 26 may be configured block the flow or leakage of a process fluid through the
tree cap 26. Additionally, the plug 50 may support one or more of the seal
assemblies 52. As discussed below, the seal assemblies 52 may include a
variety of seals (e.g., primary seals, back-up seals, etc.) to further block the flow
of a process fluid flowing within the subsea tree 12 to the environment

surrounding the subsea tree 12.

[0019] FIG. 3 is a cross-sectional side view, taken within line 3-3 of FIG. 2, of
the seal assembly 52, illustrating a lip seal 70 (e.g., a primary seal) and back-up
seals 72. As will be appreciated, the seal assembly 52 may be disposed within
the bore 54 and between two components (e.g., a first component 74 and a
second component 76). For example, the first component 74 may be the plug 50
disposed within the tree cap 26, and the second component may be an interior
wall 78 of the tree cap 26. The seal assembly 52 acts as a barrier between the
bore 54 of the tree cap 26 and the environment surrounding the subsea tree 12

(e.g., sea water).

[0020] In the illustrated embodiment, the lip seal 70, which may be an annular
seal disposed about the first component 74 (e.g., the plug 50 or other insert), is a

primary seal of the seal assembly 52. For example, the lip seal 70 may be
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directly exposed to a process fluid within the bore 54. That is, the lip seal 70 may
be may be configured to contact and block a process fluid flowing within the bore
54 of the tree cap 26. In certain embodiments, the lip seal 70 may be formed
from a metal configured to withstand elevated pressures and/or corrosive
environments (e.g., a subsea environment). For example, the lip seal 70 may be
formed from titanium or a nickel alloy, such as Inconel. Additionally, the lip seal
70 may be formed using a machining process, such as electrical discharge
machining. As discussed in detail below, the lip seal 70 is configured to maintain
one or more seal interfaces between the first and second components 74 and 76,
even during misalignment of the first component 74 and/or the lip seal 70. In
other words, the lip seal 70 may be described as misalignment tolerant,
alignment independent, or generally self-adjusting to maintain a seal regardless
of any alignment or misalignment. As mentioned above, the seal assembly 52
further includes the back-up seals 72, which may also block the flow or leakage
of a process fluid from the bore 54 of the tree cap 26 into the surrounding
environment. In certain embodiments, the back-up seals 72 may be formed from

an elastomer or plastic.

[0021] FIG. 4 is a cross-sectional side view of the lip seal 70, taken within line
4-4 of FIG. 3, illustrating an inner diameter portion 100 (e.g., inner annular leg)
and an outer diameter portion 102 (e.g., outer annular leg) of the lip seal 70. As
shown, the inner diameter portion 100 of the lip seal 70 and the outer diameter
portion 102 of the lip seal 70 are joined by a top portion 104 (e.g., intermediate
annular portion). More specifically, the inner diameter portion 100, the outer
diameter portion 102, and the top portion 104 are joined such that a cross-
section 106 of the lip seal 70 is generally arcuate, or U-shaped, to form a U-
shaped ring. In this manner, the lip seal 70 forms an opening 108 (e.g., annular
opening), which exposes the bore 54 of the tree cap 26 to a cavity 110 generally
defined by the inner diameter portion 100, the outer diameter portion 102, and

the top portion 104 of the lip seal 70.
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[0022] In the illustrated embodiment, the inner diameter portion 100 of the lip
seal 70 forms a seal interface 112 (e.g., annular seal interface) with the first
component 74 (e.g., the plug 50 or other insert). For example, the seal interface
112 may function by virtue of geometric interference. That is, in a free state of
the lip seal 70, a diameter of the lip seal 70 at the inner diameter portion 100 may
be smaller than an outer diameter of the first component 74 (e.g., the plug 50 or
other insert). Similarly, the outer diameter portion 102 of the lip seal 70 forms a
seal interface 114 (e.g., annular seal interface) with the second component 76
(e.g., the interior wall 78 of the tree cap 26). As similarly discussed above, the
seal interface 114 may also function by virtue of geometric interference. That is,
in a free state of the lip seal 70, a diameter of the lip seal 70 at the outer diameter
portion 102 may be larger than an inner diameter of the second component 76

(e.g., the interior wall 78 of the tree cap 26).

[0023] With the cavity 110 exposed to the bore 54, a flow and/or pressure
from a process fluid within the bore 54, indicated by arrow 115, may be
harnessed and built up within the cavity 110. As a result, the seal interfaces 112
and 114 may be increased, strengthened, or improved. That is, the pressure
and/or flow of the process fluid within the bore 54 may increase, strengthen, or
improve the seal interface 112 between the inner diameter portion 100 and the
first component 74 (e.g., the plug 50 or other insert), and the pressure and/or
flow of the process fluid within the bore 54 may increase, strengthen, or improve
the seal interface 114 between the outer diameter portion 102 and the second
component 76 (e.g., the interior wall 78 of the tree cap 26). For example, the
pressure and/or flow of the process fluid within the bore 54 may create an
outwardly biasing force, which biases the inner diameter portion 100 (e.g., inner
annular leg) and the outer diameter portion 102 (e.g., outer annular leg) of the lip
seal 70 away from one another toward the respective first and second
components 74 and 76. Thus, the pressure and/or flow of the process fluid
within the bore 54 further energizes the lip seal 70 to increase the effectiveness

of the seal with the first and second components 74 and 76.
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[0024] As shown, the inner diameter portion 100 includes two inner
protrusions 116 (e.g., annular protrusions), which may be curved protrusions,
that contact the first component 74 to form the seal interface 112. In other words,
the two inner protrusions 116 of the inner diameter portion 100 contact the first
component 74 to create two separate contact interfaces (e.g., seal points or
regions) of the seal interface 112. In this manner, the seal interface 112 may
have two seal barriers (e.g., annular seal barriers), which may block flow or
leakage of a process fluid between the inner diameter portion 100 of the lip seal
70 and the first component 74. In the illustrated embodiment, the two inner
protrusions 116 are arranged vertically, in an axial 117 direction. The two inner
protrusions 116 (e.g., annular protrusions) contacting the first component 74 may
also serve to provide added stiffness to the lip seal 70 (e.g., the inner diameter
portion 100 of the lip seal 70) during misalignment of the lip seal 70 and/or the
first component 74 (e.g., the plug 50). For example, the two inner protrusions
116 may also be described as structural ribs, stiffness enhancing ribs, or the like.
If any misalignment occurs between the lip seal 70 and the first component 74
(e.g., the plug 50 or other insert), then the two inner protrusions 116 of the inner
diameter may block the inner diameter portion 100 from moving or pivoting.
Instead, If any misalignment occurs between the lip seal 70 and the first
component 74 (e.g., the plug 50 or other insert), then the outer diameter portion
102 may be configured to move or flex, while still maintaining the seal interface
114 between the outer diameter portion 102 and the second component 76 (e.g.,
the interior wall 78 of the tree cap 26). Although the depicted embodiment
includes the two protrusions 116 on the inner diameter portion 100 and the one
protrusion 118 on the outer diameter portion 102, other embodiments may
reverse this configuration to provide the two protrusions 116 on the outer
diameter portion 102 and the one protrusion 118 on the inner diameter portion
100. Thus, the lip seal 70 may be configured to provide stiffness on either one of
the portions 100 or 102, while providing flexibility, freedom of movement, and/or

pivotability on the other one of the portions 100 or 102.
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[0025] In certain embodiments, the portions 100 and 102 may substantially
differ in their degree of stiffness, contact surface area, or other characteristics,
such that one of the portions 100 or 102 is able to more freely move or flex
relative to the other portion. For example, in the illustrated embodiment, the
portion 100 is stiffer and less likely to move than the portion 102, while in other
embodiments the portion 102 may be stiffer and less likely to move than the
portion 100. In either case, the stiffness ratio (or flexibility ratio) may range
between approximately 1.1:1 to 25:1, 1.5:1 to 20:1, 2:1 to 15:1, 3:1 to 10:1, or 4:1
to 6:1. Furthermore, the contact surface area ratio (e.g., protrusions 116 versus
protrusion 118) may range between approximately 1.1:1 to 25:1, 1.5:1 to 20:1,
2:1 to 15:1, 3:1 to 10:1, or 4:1 to 6:1. However, in some embodiments, the
portion 100 may simply have a greater number of protrusions than the portion
102, thereby improving the bite, hold, or gripping action of the portion 100 relative
to the portion 102. For example, the ratio of protrusions of the portion 100 versus
the portion 102 may greater than or equal to approximately 2:1, 3:1, 4:1, 5:1, 6:1,
71, 81, 9:1, or 10:1. Again, a variety of differences may exist between the
portion 100 and the portion 102, such that the portion 102 is able to flex or move
relative to the portion 100, while also pivoting along the surface 78 to maintain a

consistent seal.

[0026] The outer diameter portion 102 of the lip seal 70 includes an outer
protrusion 118 (e.g., annular protrusion) having a curved surface 120.
Specifically, the curved surface 120 of the outer protrusion 118 has a radius of
curvature from an axial top 122 of the outer protrusion 118 to an axial bottom 124
of the outer protrusion 118. For example, the radius of curvature of the curved
surface 120 may proportional to, equal to, or approximately equal to (e.g., +/- 1, 2,
3,4,5, 6,7, 8,9, or 10 percent), a radius of the bore 54 of the tree cap 26.
Similarly, the radius of curvature of the curved surface 120 may be proportional
to, equal to, or approximately equal to (e.g., +/- 1, 2, 3,4, 5,6, 7, 8,9, or 10
percent), an outer radius of the lip seal 70. As discussed above, the lip seal 70
may be configured to maintain seal interfaces (e.g., the seal interfaces 112 and

114) between the first component 74 and the second component 76 during

10
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misalignment of the first component 74 and/or the lip seal 70, thereby increasing
the reliability of the lip seal 70. For example, the outer diameter portion 102 of
the lip seal 70 may be configured to flex, while maintaining the seal interface 114
between the outer protrusion 118 and the second component 76 (e.g., the inner
wall 78 of the tree cap 26). During misalignment of the first component 74 (e.g.,
the plug 50 or other insert) and/or the lip seal 70, the two inner protrusions 116 of
the inner diameter portion 100 may enable the inner diameter portion 100 of the
lip seal 70 to remain relatively fixed or stiff, while the outer diameter portion 102
may flex or move relative to the second component 76 and the bore 54. As will
be appreciated, the inner diameter portion 100, which has the seal interface 112
having two contact points (e.g., the two inner protrusions 116) may be more stiff
or fixed than the outer diameter portion 102, which has the seal interface 114
having one contact point (e.g., the outer protrusion 118), during misalignment of
the lip seal 70 and/or the first component 74 (e.g., the plug 50 or other insert).
Furthermore, the curved surface 120 of the outer protrusion 118 of the outer
diameter portion 102 may enable the outer protrusion 118 to maintain the seal
interface 114 between the outer diameter portion 102 and the second component
76 (e.g., the inner wall 78 of the tree cap 26). For example, the curved surface
120 of the outer protrusion 118 may function as a pivot point, which enables the
outer protrusion 118 to pivot (while remaining sealed) along the inner wall 78
during flexing or movement of the outer diameter portion 102. In this manner, the
lip seal 70 may accommodate misalignment of the lip seal 70 and/or the first
component 74 (e.g., the plug 50 or other insert). Additionally, the ability of the lip
seal 70 to accommodate misalignment of the first component 74 (e.g., the plug
50 or other insert) and/or the lip seal 70 may reduce the need for tight or close
manufacturing and mating tolerances the lip seal 70, thereby decreasing the
manufacturing costs and/or increasing the reliability of the lip seal 70. Again, in
other embodiments, the protrusions 116 and 118 on the inner and outer diameter
portions 100 and 102 may be reversed for a particular application, such that the

outer diameter portion 102 has the two protrusions 116 (e.g., e.g., for stiffness

11
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and improved sealing), while the inner diameter portion 100 has the protrusion

118 for increased flexibility, movement, and pivoting.

[0027] FIGS. 5-7 are perspective views of the lip seal 70, illustrating the
curved surface 120 of the outer protrusion 118 of the outer diameter portion 102
of the lip seal 70. The illustrated embodiment of the lip seal 70 has an annular
configuration, as similarly mentioned above. As a result, in certain embodiments,
the lip seal 70 may be disposed about the first component 74 (e.g., the plug 50 or
other insert), and between the first component 74 and the second component 76

(e.g., the inner wall 78 of the tree cap 20).

[0028] FIG. 6 is a partial perspective view of the lip seal 70, illustrating the
cross-section 106 of the lip seal 70 and the curved surface 120 of the protrusion
118 of the outer diameter portion 102 of the lip seal 70. In the illustrated
embodiment, the lip seal 70 is in a relatively aligned, or level, position, relative to
the second component 76 (e.g., the interior wall 78 of the tree cap 26). As
described above, the curved surface 120 may have a radius of curvature 150
proportional to, equal to, or approximately equal to (e.g., +/-1, 2, 3,4, 5,6, 7, 8,
9, or 10 percent), a radius 152 of the bore 54 of the tree cap 26. Similarly, the
radius of curvature 150 may be proportional to, equal to, or approximately equal
to (e.g.,, +/-1,2,3,4,5,6,7, 8,9, or 10 percent), an outer radius of the lip seal
70. In this manner, the seal interface 114 between the outer diameter portion
102 of the lip seal 70 and the second component 76 (e.g., the interior wall 78 of
the tree cap 26) may be maintained during misalignment of the lip seal 70 and/or
the first component 74 (e.g., the plug 50 or other insert). That is, the outer
diameter portion 102 may move or flex relative to the inner diameter portion 100
and the second component 76 (e.g., the interior wall 78 of the tree cap 26), such
that the seal interface 114 between the curved surface 120 of the protrusion 118
of the outer diameter portion 102 and the second component 74 (e.g., the interior

wall 78 of the tree cap 26) may be maintained.

12
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[0029] FIG. 7 is a partial perspective view of the lip seal 70, illustrating the
cross-section 106 of the lip seal 70 and the curved surface 120 of the protrusion
118 of the outer diameter portion 102 of the lip seal 70. In the illustrated
embodiment, the lip seal 70 is generally misaligned relative to the second
component 76 (e.g., the interior wall 78 of the tree cap 26). More specifically, the
lip seal 70 is misaligned, or tilted, at an angle 180 relative to the second
component 76 (e.g., the interior wall 78 of the tree cap 26). As described above,
the radius of curvature 150 of the curved surface 120 may be proportional to,
equal to, or approximately equal to (e.g., +/-1, 2, 3,4, 5,6, 7, 8, 9, or 10 percent),
the radius 152 of the bore 54 of the tree cap 26. In other embodiments, the
radius of curvature 150 of the curved surface 120 may be approximately 10 to
500, 20 to 400, 30 to 300, 40 to 200, 50 to 150, 60 to 140, 70 to 130, 80 to 120,
or 90 to 110 percent of the radius 152 of the bore 54 of the tree cap 26.
Regardless of the precise curvature of the surface 120, the seal interface 114
between the outer diameter portion 102 of the lip seal 70 and the second
component 76 (e.g., the interior wall 78 of the tree cap 26) may be maintained
during misalignment of the lip seal 70 and/or the first component 74. In other
words, the outer diameter portion 102 may move or flex relative to the second
component 76 (e.g., the interior wall 78 of the tree cap 26). As a result, the seal
interface 114 between the curved surface 120 of the protrusion 118 of the outer
diameter portion 102 and the second component 76 (e.g., the interior wall 78 of
the tree cap 26) may be maintained and may block flow or leakage of a process
fluid from the bore 54 of the tree cap 26 to the environment surrounding the
subsea tree 12 (e.g., sea water). In this manner, the close or tight manufacturing
and/or mating tolerances of the lip seal 70 may be reduced, thereby decreasing

the manufacturing cost and increasing the reliability of the lip seal 70.

[0030] 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

13
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alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.

14
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CLAIMS

1. A system, comprising:

an underwater component; and

an annular lip seal disposed within a bore of the underwater component,
wherein the annular lip seal comprises:

a first annular portion having a first seal interface, wherein the first
seal interface comprises a first protrusion having a curved surface configured to
pivot and/or move along a first sealing surface to maintain a seal during
misalignment of the annular lip seal;

a second annular portion having a second seal interface; and

an intermediate annular portion connecting first ends of the first and
second annular portions about an annular space, wherein second ends of the
first and second annular portions are free to move toward and away from one

another.
2. The system of claim 1, wherein the curved surface has a radius of
curvature within approximately plus or minus 10 percent of a radius of the bore of

the underwater component.

3. The system of claim 1, wherein the first annular portion is an inner annular

portion and the second annular portion is an outer annular portion.

4. The system of claim 1, wherein the first annular portion is an outer annular

portion and the second annular portion is an inner annular portion.

5. The system of claim 1, wherein underwater component comprises a

subsea tree.

0. The system of claim 5, wherein the underwater component comprises a

tree cap, a removable plug, or a combination thereof.
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7. The system of claim 1, wherein the second seal interface comprises at

least two second protrusions configured to engage a second sealing surface.

8. The system of claim 1, wherein the annular lip seal is formed from titanium

or a nickel alloy.

9. The system of claim 1, wherein the annular space is configured to receive
a process fluid flowing through the underwater component to bias the first and

second annular portions away from one another.

10.  The system of claim 1, comprising a seal assembly having the annular lip
seal, wherein the seal assembly comprises one or more back-up seals, and the

seal assembly is configured to be disposed between a tree cap and a plug.

11. A system, comprising:
a subsea mineral extraction system, comprising:
a metal lip seal, comprising:
an outer diameter portion comprising an outer protrusion
configured to contact a subsea component, wherein the outer protrusion has a
curved surface extending from a radial top of the outer protrusion to a radial

bottom of the outer protrusion.

12.  The system of claim 11, wherein the metal lip seal is formed from titanium

or a nickel alloy.
13. The system of claim 11, wherein the metal lip seal comprises an inner

diameter portion comprising at least two inner protrusions arranged vertically in

an axial direction.
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14. The system of claim 11, wherein the metal lip seal comprises an inner
diameter portion coupled to the outer diameter portion by a top portion, and the
inner diameter portion, the outer diameter portion, and the top portion form a
cavity configured to be exposed to a process fluid within the subsea mineral

extraction system.

15. The system of claim 11, wherein the metal lip seal has an annular

configuration.

16. The system of claim 11, wherein subsea mineral extraction system
comprises a seal assembly having the metal lip seal, and the seal assembly is
configured to be disposed between an inner wall of a tree cap and a plug

disposed within the tree cap.

17.  The system of claim 11, wherein the curved surface has a radius of
curvature approximately equal to the radius of a bore configured to support the

metal lip seal.

18. A system comprising:
a lip seal, comprising:

an inner diameter portion comprising two inner protrusions
configured to contact a first component;

an outer diameter portion comprising an outer protrusion configured
to contact a second component, wherein the outer protrusion has a curved
surface extending from a radial top of the outer protrusion to a radial bottom of
the outer protrusion;

a top portion coupling the inner diameter portion and the outer
diameter portion,

wherein the inner diameter portion, the outer diameter portion, and
the top portion form a cavity configured to be exposed to a fluid flowing between
the first component and the second component.
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19.  The system of claim 18, comprising a subsea mineral extraction system
configured to support the lip seal, wherein the lip seal is configured to block the
flow or leakage of a production fluid.

20. The system of claim 18, wherein the lip seal is formed from titanium, a

nickel alloy, or other metal.
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