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BALL VALVE HAVING DUAL PISTONS EACH INDVIDUALLY ACTUABLE

FIELD
[0001] The subject matter herein generally relates to ball valves and

particular seals of ball valves and actuation of the seals.

BACKGROUND
[0002] A ball valve can be configured to have a seal that allows for
sealing of flow around the ball. The seal can be configured to be a passive

seal that presses against the ball at all times.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Implementations of the present technology will now be described,
by way of example only, with reference to the attached figures, wherein:
[0004] FIG. 1 is an example of a subterranean well, pipe string and a ball
valve assembly, according to the present technology;

[0005] FIG. 2 is an example of an assembly view of a ball valve assembly
constructed according to the present technology;

[0006] FIG. 3 is an example cross-sectional view of a ball valve assembly
having two seals according to the present technology;

[0007] FIG. 4 is a close up view of a portion of FIG. 3; and

[0008] FIG. 5 is an example of a different cross-sectional view of a ball

valve assembly according to the present technology.
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DETAILED DESCRIPTION

[0009] It will be appreciated that for simplicity and clarity of illustration,
where appropriate, reference numerals have been repeated among the
different figures to indicate corresponding or analogous elements. In
addition, numerous specific details are set forth in order to provide a
thorough understanding of the embodiments described herein. However, it
will be understood by those of ordinary skill in the art that the embodiments
described herein can be practiced without these specific details. In other
instances, methods, procedures and components have not been described in
detail so as not to obscure the related relevant feature being described.
Also, the description is not to be considered as limiting the scope of the
embodiments described herein. The drawings are not necessarily to scale
and the proportions of certain parts have been exaggerated to better
illustrate details and features of the present disclosure.

[0010] In the following description, terms such as "upper," "upward,"

"lower," "downward," "above," "below," "downhole," "uphole," "longitudinal,"
"lateral," and the like, as used herein, shall mean in relation to the bottom
or furthest extent of, the surrounding wellbore even though the wellbore or
portions of it may be deviated or horizontal. Correspondingly, the
transverse, axial, lateral, longitudinal, radial, etc., orientations shall mean
orientations relative to the orientation of the wellbore or tool. Additionally,
the illustrate embodiments are illustrated such that the orientation is such
that the right-hand side is downhole compared to the left-hand side.

[0011] Several definitions that apply throughout this disclosure will now
be presented. The term "coupled" is defined as connected, whether directly
or indirectly through intervening components, and is not necessarily limited

to physical connections. The connection can be such that the objects are
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permanently connected or releasably connected. The term "outside" refers
to a region that is beyond the outermost confines of a physical object. The
term "inside" indicates that at least a portion of a region is partially
contained within a boundary formed by the object. The term "substantially"
is defined to be essentially conforming to the particular dimension, shape or
other word that substantially modifies, such that the component need not be
exact. For example, substantially cylindrical means that the object
resembles a cylinder, but can have one or more deviations from a true
cylinder.

[0012] The term '"radially" means substantially in a direction along a
radius of the object, even if the object is not exactly circular or cylindrical.
The term "axially" means substantially along a direction of the axis of the
object. If not specified, the term axially is such that it refers to the longer
axis of the object. The term "ball" as used herein with respect to a ball
valve assembly, is the portion of the ball valve assembly that substantially
resembles a ball or a spherical member. The ball can have one or more
truncated regions such that the ball is not truly spherical. The remainder of
the description refers to a truncated sphere, but other types of balls can be
implemented herein.

[0013] The present disclosure is described in relation to a ball valve
assembly. The present technology can be used in other implementations
wherein a dual acting seal is desired. The present technology provides a
pair of sealing pistons, each configured to be exclusively actuable, relative to
the other, into fluid pressured sealing engagement with sealing face of
another member, for example a spherical sealing face of a truncated sphere.
In at least one embodiment, the fluid pressured sealing engagement can be

in dependence upon whether an experienced fluid pressure is from a top side
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or an opposite bottom side of an assembly, for example a ball valve
assembly.

[0014] In at least one embodiment, the present technology is
implemented as a ball valve assembly 100 that is configured to be
implemented in a downhole environment, such as the one illustrated in FIG.
1. As illustrated in FIG. 1, the ball valve assembly 100 includes a top side
102 and a bottom side 104. The top side 102 and the bottom side are
configured such that the bottom side 104 is closer to the bottom of the hole
when installed in a downhole pipe string 200. As mentioned above, the ball
valve assembly can be implemented in other non-downhole environments.
As shown, the ball valve assembly 100 is within the borehole 220 formed
during a drilling operation. As illustrated, the ball valve assembly 100 can
have a larger outside diameter than the pipe string 200. In other
embodiments, the ball valve assembly 100 can have the same outside
diameter as the pipe string 200.

[0015] FIG. 2 is an example of an assembly view of a ball valve assembly
100 constructed according to the present technology. FIG. 2 illustrates the
components of an embodiment of the mechanism used to move the
truncated sphere between an open and closed position. The mechanism
comprises two cylindrical retaining members (48, 50) each on opposite sides
of the truncated sphere 140. Each member of the two cylindrical retaining
members (48, 50) can be a cylindrical retaining member. One 48 of the two
cylindrical retaining members (48, 50) can be located on the top side 102 of
the ball valve assembly 100. The other 50 two cylindrical retaining
members (48, 50) can be located on the bottom side 104 of the ball valve
assembly 100. The truncated sphere 140 can be a truncated sphere having

planar surfaces 52 on opposite sides of the sphere. Only one of the planar
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surfaces 52 is visible in the FIG. 2. In at least one other embodiment, the
truncated sphere 140 can have additional planar surfaces. Additionally, in at
least one embodiment, the truncated sphere 140 can have just one planar
surface 52 or even no planar surface. At least one of the planar surfaces 52
can have a cylindrical projection 54 extending outwardly therefrom, and a
radial groove 56 from the projection 54. In an embodiment, where two
planar surfaces 52 are provided on the truncated sphere 140, the other
planar surface (not shown) can have a cylindrical projection 54 extending
outwardly therefrom, and a radial groove 56 from the projection 54. When
two opposite planar surfaces 52 include a cylindrical projection 54 extending
outwardly therefrom, and a radial groove 56 from the projection 54, the
truncated sphere 140 can be more easily held in place.

[0016] Additionally, the ball valve assembly 100 can include an actuation
member 58 having two arms (60, 62) positioned over the top of both the
truncated sphere 140 and the two cylindrical retaining members (48, 50).
The actuation member 58 can be aligned such that arms (60, 62) are in a
plane substantially parallel to that of two planar surfaces 52. Projections 54
can be received in windows (64, 66) through each of the arms (60, 62).
[0017] Actuation pins 68 can be provided on each of the inner sides of
the arms (60, 62). The actuation pins 68 can be received within the grooves
56 on the truncated sphere 140. Additionally, bearings 70 can be positioned
between each pin 68 and groove 56.

[0018] In the closed position, as illustrated, the radial groove 56 is
positioned so as to prevent flow of fluid through a fluid passageway 72
extending through the truncated sphere 140. During operation, the
truncated sphere 140 is rotated about rotational axis Y such that the

passageway 72 is rotated into or out of alignment with the flow of fluid, in
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order to open or close the ball valve assembly 100. The truncated sphere
140 can be rotated by linear movement of the actuation member 58 along
plane X. The pins 68 can move as the actuation member 58 moves, which
causes the truncated sphere 140 to rotate due to the positioning of the pins
68 within the grooves 56 on the truncated sphere 140.

[0019] FIG. 2 also illustrates a trunnion 110. The trunnion 110 can be
included in ball valve assemblies 100 that are subject to high pressures,
such as a downhole well environment. The trunnion 110 operates to provide
an anchoring of the truncated sphere 140. The trunnion can be configured
to receive the cylindrical projection 54 of the truncated sphere. In at least
one embodiment, a bearing ring can be fitted over the cylindrical projection
and locate within the receiving portion of the trunnion 110. The trunnion
110 can be included when the ball valve assembly 100 is configured to
operate in high pressure environments such as a downhole environment.
The trunnion operates to provide an anchoring of the truncated sphere 140.
Additionally, the trunnion can locate and support the truncated sphere. The
trunnion can provide an axis for the truncated sphere to rotate about. In
other embodiments, the trunnion 110 can be omitted.

[0020] FIG. 3 is an example cross-sectional view of a ball valve assembly
having two seals according to the present technology. FIG. 4 is a close up
view of FIG. 3, so as to better illustrate the interaction between the two
seals and the truncated sphere 140. As illustrated, the present technology
includes a ball valve assembly 100. The ball valve assembly 100 can be
included in a pipe string 200 of a subterranean well 300, such as the one
illustrated in FIG. 1. The ball valve assembly 100 can comprise a truncated

sphere 140 anchored in a two cylindrical retaining members (48, 50) of the
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ball valve assembly 100. The truncated sphere 140 can have a spherical cap
sealing face 142.

[0021] Additionally, the ball valve assembly 100 can include a pair of
concentrically oriented, tubular sealing pistons (120, 130). Each piston
(120, 130) can be exclusively actuable, one relative to the other, into fluid
pressured sealing engagement with the spherical cap sealing face 142 in
dependence upon whether an experienced fluid pressure at the ball valve
assembly 100 is from a top side 102 or an opposite bottom side 104 of the
ball valve assembly 100.

[0022] In at least one example, each of the pair of concentrically
oriented, tubular sealing pistons (120, 130) can be substantially cylindrical
shaped. One 130 of the pair of concentrically oriented, cylindrical sealing
pistons (120, 130) can be at least partially contained within an interior of the
other 120 of the pair (120, 130). In another embodiment, the configuration
of the concentrically oriented, cylindrical sealing pistons (120, 130) can be
reversed such that one 120 of the pair of concentrically oriented, cylindrical
sealing pistons (120, 130) is at least partially contained within an interior of
the other 130 of the pair (120, 130). The following description is based on
the configuration of one 130 of the pair of concentrically oriented, cylindrical
sealing pistons (120, 130) can be at least partially contained within an
interior of the other 120 of the pair (120, 130), but the disclosure equally
applies to the other configuration.

[0023] The ball valve assembly 100 can comprise a top-side fluid
pressure chamber 126 exclusively exposed to pressure applied from the top
side 102 of the ball valve assembly 100. The top-side fluid pressure chamber
126 can be at least partially bounded by a top-pressure responsive piston

120 that is one of the pair of concentrically oriented, tubular sealing pistons
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(120, 130). The top-pressure responsive piston 120 can be driven toward
the spherical cap sealing face 142 of the truncated sphere 140 when fluid
pressure from the top side 102 of the ball valve assembly 100 is experienced
within the top-side fluid pressure chamber 126. The top-pressure
responsive piston 120 can at least partially exteriorly surround the other 130
of the pair of concentrically oriented, tubular sealing pistons (120, 130).
The cylindrical shaped, top-pressure responsive piston 120 can have a
length 153 and diameter 155, each greater than a respective length 157 and
diameter 159 of the other 130 of the pair of concentrically oriented, tubular
sealing pistons (120, 130). The top-pressure responsive piston 120 can
contain the other 130 of the pair of concentrically oriented, tubular sealing
pistons (120, 130) within an interior thereof.

[0024] The ball valve assembly 100 can further comprise a bottom
boundary 156 of the top-side fluid pressure chamber 126 and can be an
annular seal 124 about a bottom end 129 of the cylindrical shaped, top-
pressure responsive piston 120. As shown, a majority of an exterior surface
152 of the top-pressure responsive piston 120 is exposed to the top-side
fluid pressure chamber 126 and in turn fluid pressure from the top side 102
of the ball valve assembly 100. The annular seal 124 about the bottom end
129 of the cylindrical shaped, top-pressure responsive piston 120 forms a
seal between the piston 120 and the housing 51 of the ball valve assembly
100. This facilitates translation of the piston 120 between a down-shifted,
non-sealing configuration and an up-shifted sealing configuration in which a
sealing surface 122 of the piston 120 sealingly-engages the spherical cap
sealing face 142 of the truncated sphere 140. In at least one embodiment,
the annular seal 124 can be a T-seal so as to allow translation of the top-

pressure responsive piston 120 relative to the housing 51 at the bottom side
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104 of the ball valve assembly 100. In other embodiments, the annular seal
124 can be another type of seal that allows for the top-pressure responsive
piston 120 to translate relative to the housing 51 and maintain a seal that
effectively seals the top-side fluid pressure chamber 126.

[0025] Additionally, the ball valve assembly 100 can include fluid
passageways (125, 127) to allow fluid communication between the top-side
fluid pressure chamber 126 and the top side 102 of the ball valve assembly.
An outer fluid passageway 125 can be formed between the one 50 of the two
cylindrical retaining members (48, 50) and outer body 53. An inner fluid
passageway 127 can be formed between the top-pressure responsive piston
120 and the one 50 of the two cylindrical retaining members (48, 50).
These passageways (125, 127) are located such that the passageways (125,
127) are located so as to be in fluid communication with a top side 102 of
the ball valve assembly. As illustrated, the passageways (125, 127) are
located such that they are radially outward from the sealing surface 122 of
the top-pressure responsive piston 120. In this configuration, the
passageways (125, 127) provide for fluid to communicate with the top-side
fluid pressure chamber 126 and thereby allow sealing surface 122 to contact
the spherical cap sealing face 142.

[0026] The ball valve assembly 100 can further comprise a biasing
member 170 that urges a sealing surface 122 of the cylindrical shaped, top-
pressure responsive piston 120 into contact with the spherical cap sealing
face 142 of the truncated sphere 140 in the absence of fluid pressure from
the top side 102 of the ball valve assembly 100.

[0027] The ball valve assembly 100 can further comprise a bottom-side
fluid pressure chamber 136 exclusively exposed to pressure applied from the
bottom side 104 of the ball valve assembly 100. The bottom-side fluid
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pressure chamber 136 can be at least partially bounded by a bottom-
pressure responsive piston 130 that is one of the pair of concentrically
oriented, tubular sealing pistons (120, 130). The bottom-pressure
responsive piston 130 can be driven toward the spherical cap sealing face
142 of the truncated sphere 140 when fluid pressure from the bottom side
104 of the ball valve assembly 100 is experienced within the bottom-side
fluid pressure chamber 136. The bottom-pressure responsive piston 130
can be at least partially surrounded by the other 120 of the pair of
concentrically oriented, tubular sealing pistons (120, 130). The other 120
can be a top-pressure responsive piston 120. The cylindrical shaped,
bottom-pressure responsive piston 130 can have a length 157 and diameter
159, each less than a respective length 155 and diameter 157 of the top-
pressure responsive piston 120. The bottom-pressure responsive piston 130
can be contained in the top-pressure responsive piston 120.

[0028] The ball valve assembly 100 can further comprise a boundary 135
of the bottom-side fluid pressure chamber 136 in the form of an annular seal
134 about the cylindrical shaped, bottom-pressure responsive piston 130,
and configured such that a majority of an exterior surface 154 of the piston
130 is exposed to the bottom-side fluid pressure chamber 136 and in turn
fluid pressure from the bottom side 104 of the ball valve assembly 100. The
annular seal 134 about the cylindrical shaped, bottom-pressure responsive
piston 130 forms a seal between the pair of pistons (120, 130) thereby
facilitating translation of the bottom-pressure responsive piston 130 relative
to the top-pressure responsive piston 120.

[0029] The ball valve assembly 100 can further comprise a biasing
member 160 that urges a sealing surface 132 of the cylindrical shaped,

bottom-pressure responsive piston 130 into contact with the spherical cap
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sealing face 142 of the truncated sphere 140 in the absence of fluid pressure
from the bottom side 104 of the ball valve assembly 100. The ball valve
assembly 100 can further comprise a biased take-up mechanism interstitially
positioned between the top-pressure responsive piston 120 and bottom-
pressure responsive piston 130. This permits relative translational
movement between the pistons (120, 130) while maintaining contact
between a sealing surface 132 of the bottom-pressure responsive piston 130
and the spherical cap sealing face 142 of the truncated sphere 140. The
biased take-up mechanism can also function in the absence of fluid pressure
from the bottom side 104 of the ball valve assembly 100 and in the presence
of fluid pressure from the top side 102 of the ball valve assembly 100 acting
on the top-pressure responsive piston 120. Additionally, the bottom-
pressure responsive piston 130 can have an interior face 138 that is exposed
to the bottom side pressure chamber 136.

[0030] The biasing member 160 can include one or more components.
For example, as illustrated the biasing member includes a contact member
161 and a spring 162. The spring 162 can be replaced by a hydraulic
member in at least one embodiment that provides the biasing force. The
biasing force can be configured to cause the contact member 161 to contact
the bottom-pressure responsive piston 130. Thereby, the bottom-pressure
responsive piston can be urged towards the truncated sphere 140 even
when little or no pressure is present in the bottom side pressure chamber
136. This allows the bottom-pressure responsive piston to cause the sealing
surface 132 to effectively seal the fluid in the bottom side 104 relative to the
top side 102 of the ball valve assembly 100. While a spring 162 and

hydraulic member have been described above, the present disclosure
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contemplates that other biasing components could be used in place of the
spring 162.

[0031] As mentioned above, FIG. 4 provides a closer view of the truncate
sphere 140, sealing surface 122 of the top-pressure responsive piston 120,
sealing surface 132 of the bottom-pressure responsive piston 130, and the
biasing member 160. As illustrated, the sealing surface 132 of the bottom-
pressure responsive piston 130 can include a seal 131. The seal 131 can be
shaped such that it substantially conforms to the spherical cap sealing face
142. The seal 131 can be made of a material that retains its shape and is
subject to little or no deformation at normal operating pressures. In at least
one example, the material can be a metal. In other embodiments, the seal
131 can be a rubber, plastic, or other material that can be deformed at
normal operating pressures. Additionally, in one or more embodiments, the
seal 131 can be a coating that is applied. The coating can be a metallic
coating, such chrome plating. Likewise, the sealing surface 122 of the top-
pressure responsive piston 120 can be made of a material, for example a
metal, that is subject to little or no deformation under normal operating
pressures. In yet other embodiments, the sealing surface 122 can be made
of a deformable material, for example, a rubber or a plastic, that can be
deformed at normal operating pressures. Additionally, in one or more
embodiments, the sealing surface 122 can be a coating that is applied. The
coating can be a metallic coating, such chrome plating. Similarly, the
sealing surface 132 of the bottom-pressure responsive piston 130 can be
made of a material, for example a metal, that is subject to little or no
deformation under normal operating pressures. In yet other embodiments,
the sealing surface 132 can be made of a deformable material, for example,

a rubber or a plastic, that can be deformed at normal operating pressures.
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Additionally, in one or more embodiments, the sealing surface 132 can be a
coating that is applied. The coating can be a metallic coating, such chrome
plating.

[0032] Furthermore, a boundary 135 of the bottom-side fluid pressure
chamber 136 can include an annular seal 134 about the cylindrical shaped,
bottom-pressure responsive piston 130. Further, a majority of an exterior
surface 154 of the piston 130 is exposed to the bottom-side fluid pressure
chamber 136 and in turn fluid pressure from the bottom side 104 of the ball
valve assembly 100. The annular seal 134 as illustrated can be a T-seal.
Other types of seals can be used for the annular seal 134 that allow for
sealing of the pressure chamber 136 and also allow translation of the
bottom-pressure responsive piston 130 relative to the top-pressure
responsive piston 120.

[0033] Furthermore, a more detailed view of the biasing member 160 is
illustrated. The biasing member 160 includes a contact member 161 that
has a top side that is configured to contact a bottom side of the bottom-
pressure responsive piston 130 and thereby bias the bottom-side responsive
piston 130 towards the spherical cap sealing face 142. As illustrated, the
contact member 161 is a separate component from the bottom-pressure
responsive piston 130, but in another embodiment, the bottom-pressure
responsive piston 130 and contact member can be formed as one
component, bonded together, releasably coupled together, or fixedly
attached to one another. The biasing member 160 can include a spring 162.
The spring 162 supplies the force to cause the biasing member 160 to
contact the bottom-pressure responsive piston 130.

[0034] FIG. 5 is an example of a different cross-sectional view of the ball

valve assembly 100 according to the present technology. As illustrated, the
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ball valve assembly includes a truncated sphere 140 which has a spherical
cap sealing face 142. Additionally, the ball valve assembly 100 includes a
pair of concentrically oriented, tubular sealing pistons (120, 130), each
piston (120, 130) can be exclusively actuable, one relative to the other, into
fluid pressured sealing engagement with the spherical cap sealing face 142
in dependence upon whether an experienced fluid pressure at the ball valve
assembly 100 is from a top side 102 or an opposite bottom side 104 of the
ball valve assembly 100.

[0035] For example, one 130 of the pair of pistons (120, 130) can be
contained within the other 120 as described above. Additionally, the one
130 contained within the other 120 can be partially or fully contained.
Furthermore, in at least one implementation, the one 120 can be a top-
pressure responsive piston 120. The top-pressure responsive piston 120 can
be driven toward the spherical cap sealing face 142 of the truncated sphere
when fluid pressure from the top side 102 of the ball valve assembly 100 is
experienced within a top-side fluid pressure chamber as described above.
The top-pressure responsive piston 120 can include a sealing surface that is
configured to sealing-engage the spherical cap sealing face 142 of the
truncated sphere 140. The sealing surface 122 can include a raised ridge or
seal 121 that can be substantially shaped to conform to a corresponding
portion of the spherical cap sealing face 142. The seal 121 can be shaped in
dependence upon the curvature of the spherical cap sealing face 142.

[0036] Additionally, the other 130 can be a bottom-pressure responsive
piston 130 that is configured to contact with the spherical cap sealing face
142 of the truncated sphere 140 when fluid pressure from the bottom side
104 of the ball valve assembly 100 is experienced within the bottom-side

fluid pressure chamber 136. The bottom-pressure responsive piston 130
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can include sealing surface 132. The sealing surface can include a raised
ridge or seal 131. The seal 131 can be substantially shaped to conform to a
corresponding portion of the spherical cap sealing face 142. The seal 131
can be shaped in dependence upon the curvature of the spherical cap sealing
face 142.

[0037] The embodiments shown and described above are only examples.
Many details are often found in the art such as the other features of a ball
valve assembly. Therefore, many such details are neither shown nor
described. Even though numerous characteristics and advantages of the
present technology have been set forth in the foregoing description, together
with details of the structure and function of the present disclosure, the
disclosure is illustrative only, and changes may be made in the detail,
especially in matters of shape, size and arrangement of the parts within the
principles of the present disclosure to the full extent indicated by the broad
general meaning of the terms used in the attached claims. It will therefore
be appreciated that the embodiments described above may be modified

within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A ball valve assembly (100) for inclusion in a pipe string (200) of a
subterranean well (300), the ball valve assembly (100) comprising:

a truncated sphere (140) anchored in two cylindrical retaining
members (48, 50) of the ball valve assembly (100), the truncated sphere
(140) having a spherical cap sealing face (142); and

a pair of concentrically oriented, tubular sealing pistons (120, 130),
each piston (120, 130) exclusively actuable, one relative to the other, into
fluid pressured sealing engagement with the spherical cap sealing face (142)
in dependence upon whether an experienced fluid pressure at the ball valve
assembly (100) is from a top side (102) or an opposite bottom side (104) of
the ball valve assembly (100).

2. The ball valve assembly (100) of claim 1, wherein each of the pair of
concentrically oriented, tubular sealing pistons (120, 130) are cylindrical

shaped.

3. The ball valve assembly (100) of claim 2, wherein one (130) of the pair
of concentrically oriented, cylindrical sealing pistons (120, 130) is at least
partially contained within an interior of the other (120) of the pair (120,
130).

16
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4. The ball valve assembly (100) of any one of claims 2 or 3, further
comprising a top-side fluid pressure chamber (126) exclusively exposed to

pressure applied from the top side (102) of the ball valve assembly (100).

5. The ball valve assembly (100) of claim 4, wherein the top-side fluid
pressure chamber (126) is at least partially bounded by a top-pressure
responsive piston (120) that is one of the pair of concentrically oriented,
tubular sealing pistons (120, 130), the top-pressure responsive piston (120)
being driven toward the spherical cap sealing face (142) of the truncated
sphere (140) when fluid pressure from the top side (102) of the ball valve
assembly (100) is experienced within the top-side fluid pressure chamber
(126).

6. The ball valve assembly (100) of claim 5, wherein the top-pressure
responsive piston (120) at least partially exteriorly surrounds the other
(130) of the pair of concentrically oriented, tubular sealing pistons (120,
130).

7. The ball valve assembly (100) of claim 6, wherein the cylindrical
shaped, top-pressure responsive piston (120) has a length (153) and
diameter (155), each greater than a respective length (157) and diameter
(159) of the other (130) of the pair of concentrically oriented, tubular
sealing pistons (120, 130).

8. The ball valve assembly (100) of claim 7, wherein the top-pressure
responsive piston (120) contains the other (130) of the pair of concentrically

oriented, tubular sealing pistons (120, 130) within an interior thereof.
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9. The ball valve assembly (120, 130) of any one of claims 5-8, further
comprising a bottom boundary (156) of the top-side fluid pressure chamber
(126) being an annular seal (124) about a bottom end (129) of the
cylindrical shaped, top-pressure responsive piston (120) and such that a
majority of an exterior surface (152) of the piston (120) is exposed to the
top-side fluid pressure chamber (126) and in turn fluid pressure from the top
side (102) of the ball valve assembly (100).

10. The ball valve assembly (100) of claim 9, wherein the annular seal
(124) about the bottom end (129) of the cylindrical shaped, top-pressure
responsive piston (120) forms a seal between the piston (120) and the one
member (50) of the two cylindrical retaining members (48, 50) of the ball
valve assembly (100) thereby facilitating translation of the piston (120)
between a down-shifted, non-sealing configuration and an up-shifted sealing
configuration in which a sealing surface (122) of the piston (120) sealingly-

engages the spherical cap sealing face (142) of the truncated sphere (140).

11. The ball valve assembly (100) of any one of claims 5-10, further
comprising a biasing member (170) that urges a sealing surface (122) of the
cylindrical shaped, top-pressure responsive piston (120) into contact with
the spherical cap sealing face (142) of the truncated sphere (140) in the
absence of fluid pressure from the top side (102) of the ball valve assembly
(100).

12. The ball valve assembly (100) of any one of claims 2-11, further

comprising a bottom-side fluid pressure chamber (136) exclusively exposed
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to pressure applied from the bottom side (104) of the ball valve assembly
(100).

13. The ball valve assembly (100) of claim 12, wherein the bottom-side
fluid pressure chamber (136) is at least partially bounded by a bottom-
pressure responsive piston (130) that is one of the pair of concentrically
oriented, tubular sealing pistons (120, 130), the bottom-pressure responsive
piston (130) being driven toward the spherical cap sealing face (142) of the
truncated sphere (140) when fluid pressure from the bottom side (104) of
the ball valve assembly (100) is experienced within the bottom-side fluid

pressure chamber (136).

14. The ball valve assembly (100) of claim 13, wherein the bottom-
pressure responsive piston (130) is at least partially surrounded by the other
(120) of the pair of concentrically oriented, tubular sealing pistons (120,

130), and which is a top-pressure responsive piston (120).

15. The ball valve assembly (100) of claim 14, wherein the cylindrical
shaped, bottom-pressure responsive piston (130) has a length (157) and
diameter (159), each less than a respective length (153) and diameter (155)

of the top-pressure responsive piston (120).
16. The ball valve assembly (100) of claim 15, wherein the bottom-

pressure responsive piston (130) is contained in the top-pressure responsive
piston (120).
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17. The ball valve assembly (100) of claim 13, further comprising a
boundary (135) of the bottom-side fluid pressure chamber (136) being an
annular seal (134) about the cylindrical shaped, bottom-pressure responsive
piston (130) and such that a majority of an exterior surface (154) of the
piston (130) is exposed to the bottom-side fluid pressure chamber (136) and
in turn fluid pressure from the bottom side (104) of the ball valve assembly
(100).

18. The ball valve assembly (100) of claim 17, wherein the annular seal
(134) about the cylindrical shaped, bottom-pressure responsive piston (130)
forms a seal between the pair of pistons (120, 130) thereby facilitating
translation of the bottom-pressure responsive piston (130) relative to the

top-pressure responsive piston (120).

19. The ball valve assembly (100) of claim 18, further comprising a
biasing member (160) that urges a sealing surface (132) of the cylindrical
shaped, bottom-pressure responsive piston (130) into contact with the
spherical cap sealing face (142) of the truncated sphere (140) in the
absence of fluid pressure from the bottom side (104) of the ball valve
assembly (100).

20. The ball valve assembly (100) of claim 18, further comprising a
biased take-up mechanism interstitially positioned between the top-pressure
responsive piston (120) and bottom-pressure responsive piston (130)
thereby permitting relative translational movement between the pistons
(120, 130) while maintaining contact between a sealing surface (132) of the

bottom-pressure responsive piston (130) and the spherical cap sealing face

20



WO 2015/099787 PCT/US2013/078111

(142) of the truncated sphere (140) in the absence of fluid pressure from
the bottom side (104) of the ball valve assembly (100) and in the presence
of fluid pressure from the top side (102) of the ball valve assembly (100)

acting on the top-pressure responsive piston (120).
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