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VALVE ASSEMBLY

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to and benefit of Great Britain
Application No. GB1423195.5, entitled “VALVE ASSEMBLY”, filed December 24,

2014, 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] The present invention relates to a valve assembly, in particular to a
valve assembly in which fluid pressure across the valve is required to be
equalized before the position of the valve is changed, such as a gate valve or a
ball valve. The valve assembly of the present invention finds particular use in
wellhead assemblies and the control of fluids produced from subterranean wells,

in particular in subsea locations.

[0004] Valves of differing designs and operating principles are also known.
For example gate valves and ball valves are known. These forms of valve are
known for use in controlling fluid flow and are generally operated between a fully
open position and a fully closed position, as fluid flow is required. They offer
some ability to control the flow of fluid between the fully open flowrate and zero
flow achieved with the valve in the fully closed position. However, they are
generally only used at relatively low pressures. Gate valves and ball valves are
generally only used where no significant pressure differential exists between the

fluid upstream and downstream of the valve. An alternative form of valve is the
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butterfly valve, generally also operated in a fully open or fully closed position, to
control fluid flow. As butterfly valves are generally efficient only at low pressures,
they are seldom used in wellhead installations, where a valve must be able to

cope with being exposed to fluid at full wellhead pressure.

[0005] Check valves are used to allow fluid flow in a given direction, typically
once a predetermined threshold pressure has been achieved and the valve is
‘cracked’, but to prevent the flow of fluids in the reverse direction. Various
designs of check valve are known and operated, including ball check valves,

diaphragm check valves and swing check valves.

[0006] Valves, such as gate valves and ball valves, are generally used in
situations where the fluid pressure upstream of the valve is generally the same
as the fluid pressure downstream of the valve, as noted above. In use, when
changing the position of the valve, for example when closing an open valve or
opening a closed valve, it is necessary to equalize the pressure of fluid on the
upstream and downstream sides of the valve. Conventional valve designs do not
in general provide for the pressure to be equalized in this manner without

movement of the valve itself.

[0007] There is a need for an improved valve assembly, in particular for use in
the control of fluids produced from a subterranean well, for example in a

wellhead assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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:

[0009] Figure 1 is a cross-sectional view of an embodiment of a pressure

equalizing valve assembly for use in the valve assembly of the present invention;

[0010] Figure 2 is a cut-away, cross-sectional view of the lower housing of the

pressure equalizing valve assembly of Figure 1;
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[0011] Figure 3 is a diagrammatical cross-sectional view of the lower housing

of the pressure equalizing valve assembly along the line IllI-11l of Figure 2;

[0012] Figures 4a, 4b, 4c and 4d are diagrammatical cross-sectional views of
the channel in the inner wall of the lower housing of the pressure equalizing valve

assembly of Figure 2, at the positions A, B, C and D respectively of Figure 3;

[0013] Figure 5 is a cross-sectional view of the lower housing of the pressure
equalizing valve assembly of Figure 1, showing the flow control assembly

therein;

[0014] Figure 6 is a cross-sectional view of a portion of the flow control

assembly of Figure 1 in the fully closed position;

[0015] Figure 7 is an enlarged cross-sectional view of the seating

arrangement of the flow control assembly shown in Figure 6;

[0016] Figure 8 is a cross-sectional view as in Figure 6, but with the flow
control assembly in a position intermediate between the fully closed position and

the fully open position;

[0017] Figure 9 is a cross-sectional view of a valve assembly according to one
embodiment of the present invention and comprising two pressure equalizing
valve assemblies of the general configuration of Figures 1 to 8 in the gate

assembly thereof; and

[0018] Figure 10 is a cross-sectional view of the gate assembly of the valve

assembly of Figure 9.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0019] 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
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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
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.

[0020] Fluids are produced from subterranean wells at high pressures. Fluids,
such as gas and oil, together with fluids introduced into the well during drilling

and completion operations, such as water and muds, can be produced from the
well at pressures up to 10,000 psi and higher. Accordingly, the control of fluids
produced from a well represents a significant task for a valve assembly, which

must be able to operate in a very harsh environment.

[0021] It would be most advantageous if a valve assembly could be provided
which may be used to control both the pressure of a fluid stream or the flowrate
of the fluid stream, depending upon the operational requirements of the valve. In
addition, it would be most useful if the valve assembly could offer a reliable shut-
off capability, that is reduce fluid flow through the valve to zero without fluid
leakage past the valve or a risk of failure of the valve. For a wellhead application,
the valve assembly must be able to equalize the fluid pressure difference across
the valve at high fluid pressures, for example a pressure drop across the valve of
3,000 psi or higher.

[0022] The present invention provides an improved design of valve, in
particular a gate valve, for the control of fluid flow. The valve assembly of the
present invention finds particular use in the control of fluids produced from
subterranean wells, especially use in a wellnead assembly. The reliability of the
valve assembly is such that it may be used in wellhead assemblies in remote

and/or hard to reach locations, such as wellhead installations on the seabed.

[0023] In afirst aspect, the present invention provides a gate valve assembly

comprising:
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[0024] a gate valve having a gate assembly moveable between a closed
position and an open position, in use the gate valve having an upstream side and

a downstream side;

[0025] the gate assembly comprising a pressure equalizing assembly for
equalizing the fluid pressure across the gate valve, the pressure equalizing

assembly comprising a pressure equalizing valve assembly;

[0026] wherein the pressure equalizing valve assembly comprises:
[0027] a valve housing;

[0028] a first port for fluid to enter or leave the valve housing;
[0029] a second port for fluid to leave or enter the valve housing;

[0030] a flow control assembly disposed within the valve housing between the
first and second ports, whereby fluid entering the valve housing is caused to flow

through the flow control assembly, the flow control assembly comprising:

[0031] a cage having apertures therethrough to provide passage for fluid

passing from the inlet to the outlet, and

[0032] a closure assembly having a closure member moveable with respect to
the cage between a first closed position, in which the closure member closes the
apertures in the cage, and a second open position, in which the apertures in the

cage are open.

[0033] The valve assembly comprises a gate valve. The gate valve is a valve
which, in use, requires that pressure across the valve is equalized before the
position of the valve is changed, in particular when the valve is moved from one
of the open and the closed position to the other. Such gate valves are known in

the art and are commercially available.

[0034] In use, the gate valve has an upstream side and a downstream side.
The assembly of the present invention employs such gate valves and provides
an improved means for equalizing the pressure between the upstream side of the

gate valve and the downstream side of the gate valve.
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[0035] The valve assembly of the present invention comprises a pressure
equalizing assembly for equalizing the pressure difference between the upstream
and downstream sides of the gate valve. The gate valve comprises a gate
assembly having a gate, movement of which within the body of the valve
provides control of the fluid flowing through the gate valve, as is known in the art.
In the assembly of the present invention, the gate assembly comprises a

pressure equalizing assembly.

[0036] The pressure equalizing valve assembly is used to equalize fluid
pressure on either side of the gate valve, in particular on either side of the gate
assembly of the valve. In use, the pressure equalizing valve assembly is
operated to allow the flow of fluid through the gate assembly of the gate valve
under the action of the pressure differential across the gate, to equalize the
pressure on either side of the gate, thereby allowing the gate to be moved. The
principle of the present invention relies upon the pressure equalizing valve
assembly being one that can be operated, in particular opened, closed and used
to control the flow of fluid through the pressure equalizing valve, under conditions
of a high differential fluid pressure across the pressure equalizing valve assembly,
in contrast to the gate valve. The present invention may employ any form of
valve assembly as the pressure equalizing valve, provided it is able to operate
under a high fluid pressure differential between the upstream side and

downstream side of the main valve.

[0037] The preferred aspect of the present invention employs a particular form
of flow valve assembly as the pressure equalizing valve assembly, that is a valve
assembly comprising a cage having apertures through which fluid is allowed to
flow and a closure member to selectively open and close the apertures, thereby

controlling the flow of fluid therethrough.

[0038] The preferred pressure equalizing valve assembly comprises a
housing. The housing may be provided by the gate assembly of the gate valve,
with the interior of the housing being formed by a cavity in the gate assembly.

Alternatively, the housing may be provided as a separate component to the gate
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assembly and mounted thereto. It is preferred that the housing of the pressure

equalization valve assembly is formed as part of the gate assembly.

[0039] The housing has a first port for fluid and a second port for fluid, with a
flow control assembly disposed within the housing between the fluid ports. As
will be described hereinafter, the assembly may be oriented such that fluid enters
one of the fluid ports and leaves through the other fluid port, depending upon the
embodiment of the present invention. In one preferred arrangement, the
pressure equalizing valve assembly is arranged whereby all the fluid entering the
housing through one of the ports is caused to flow through the flow control

assembly to leave the housing through the other port.

[0040] In one embodiment, the first port is in fluid flow connection with the
outside of the cage, such that fluid entering the housing through the first port is
provided to the exterior of the cage and flows through the apertures of the wall of
the cage to the interior thereof. The second port is in fluid flow connection with
the interior of the cage, such that fluid entering the housing through the second
port is provided to the interior of the cage and flows through the apertures in the

wall of the cage to the outside of the cage.

[0041] For the control of fluid flow through the pressure equalizing valve
assembly and the equalization of fluid pressure across the gate assembly of the
gate valve, it is preferred that the fluid at the higher pressure is provided to the

first port.

[0042] In a preferred arrangement, the housing comprises a cavity therein
connected to the first port, the flow control assembly being disposed within the
cavity, preferably centrally, such that the cavity extends around the flow control
assembly. In this way, fluid entering through the first port in the housing is
caused to flow around the flow control assembly and enter the cage evenly from
the cavity. In a preferred arrangement, to assist the even distribution of fluid
within the cavity, the first port is arranged in the housing to extend tangentially to
the walls of the cavity. It has been found that such an arrangement having a

tangential entry provides an improved fluid control when using the closure
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member/cage arrangement of the valve assembly of the present invention. In
particular, by directing incoming fluid into the cavity at an angle, the direct impact
of the fluid onto the portion of the flow control assembly facing the inlet is avoided.
This prevents premature wear and failure of the flow control assembly, in
particular in the case of an erosive fluid stream, such as one containing entrained
solid particles, such as may be produced from a subterranean well from time to
time. In addition, by having the fluid stream directed in the cavity around the flow
control assembly, a more even flow of fluid through the flow control assembly is
obtained, in turn improving the control of the fluid flowrate and/or pressure.

[0043] In a particularly preferred arrangement, the first port has the form of an
opening in the wall of the cavity, disposed to direct fluid into a channel or groove
having the form of an involute and extending around the outer wall of the cavity.
The channel or groove is formed to have a progressively smaller cross-sectional
area, in order to progressively introduce fluid into the cavity around the flow
control assembly. In this way, an even distribution of fluid around the flow control

assembly is obtained.

[0044] As noted, the pressure equalizing valve assembly comprises a first

port and a second port for fluid to enter and leave the valve housing. Between
the ports is disposed a flow control assembly, operable to control the flow rate
and/or pressure of fluid passing through the pressure equalizing valve assembly.
The flow control assembly comprises a cage having apertures therethrough,
through which fluid is caused to flow. The apertures are opened and closed as
described hereafter. The control of the flow of fluid is obtained by selecting the
number and/or size of apertures that are open for fluid passage. The cage may
have any suitable form, but is preferably in the form of a generally cylindrical tube,

with apertures extending through the wall of the tube.

[0045] The arrangement of the cage is such that the outside of the cage is in
fluid connection with the first port and the interior of the cage is in fluid
connection with the second port. In this way, in embodiments in which the first

port is acting as the fluid inlet, fluid enters the housing through the first port, flows
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through the apertures into the cage interior and leaves the housing through the
second port. In embodiments in which the second port is acting as the fluid inlet,
fluid enters the housing through the second port, flows into the interior of the
cage, passes through the apertures in the cage wall and leaves the housing
through the first port.

[0046] The apertures may extend through the wall of the cage and be
arranged around the cage in any suitable pattern. Known patterns for the
apertures include overlapping rows of apertures of different sizes. In one
preferred arrangement, the apertures are arranged in a plurality of rows, each
row containing one or more apertures, with adjacent rows being separated by a
land or region having no apertures therethrough. This arrangement improves the
accuracy of the control of fluid flow, by allowing a closure member, such as a
plug or sleeve, to lie with its end face extending across the land, thereby leaving
the apertures either fully open or fully closed, depending upon their position
relative to the closure member. In addition, the option of having the end face of
the closure member in a position where it does not extend across a partially open
aperture allows the end face of the closure member to be protected from the
stream of fluid passing through the aperture. In known arrangement, it is
frequently the case that the end faces of closure members, such as plugs or
sleeves, are eroded by the streams or jets of fluid formed as the fluid passes
through the apertures in the cage. These streams or jets can quickly erode the
plug or sleeve, in particular eroding the surface of the plug or sleeve that
contacts the seat in the fully closed position. This in turn reduces the ability of

the plug or sleeve to form a complete seal to prevent fluid flow when fully closed.

[0047] As noted, the apertures in the cage are preferably arranged in rows.
The arrangement and relationship of apertures in adjacent rows may be any
suitable or preferred pattern. However, in one preferred arrangement, the
centers of the apertures in adjacent rows of the cage are offset from each other
circumferentially around the exterior surface of the cage. In a particularly
preferred arrangement, the apertures are arranged such that adjacent apertures

in adjacent rows extend in a helical pattern along and around the cage. Thisis a
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particularly preferred arrangement when the apertures are angled in the
aforementioned preferred manner. This arrangement is of particular advantage
when the assembly is being used to process fluid streams produced from
subterranean wells, in particular fluid streams comprising a plurality of liquid

phases, especially oil and water, and a gas phase.

[0048] The apertures may extend through the cage in any suitable direction.
In known arrangements, the apertures extend radially inwards through the cage
wall. In one preferred arrangement, the apertures extend inwards, in a plane
perpendicular to the longitudinal axis of the cage, but at an angle to the radial
direction, in order to direct the fluid entering the cage in a circular flow pattern
within the cage cavity. In a particularly preferred arrangement, the apertures
extend through the cage wall and open tangentially to the inner surface of the
wall. In a further preferred arrangement, the apertures extend through the cage
wall at an angle to the plane perpendicular to the longitudinal axis of the cage
and at an angle to the radial direction. In particular, the apertures extend at an
angle to the plane perpendicular to the longitudinal axis in either the upstream
direction or downstream direction of fluid within the cage. In this way, the fluid is
caused to flow in a helical flow pattern within the cage. In particular, the
apertures may be angled to avoid the fluid stream from one aperture contacting

the fluid stream from an adjacent aperture.

[0049] The flow control assembly comprises means to open and close the
apertures extending through the cage, in order to control the flow of fluid through
the valve assembly. In particular, the flow control assembly comprises a closure
assembly having a closure member. The closure member is moveable with
respect to the cage, so as to open and close the apertures in the cage wall,
thereby varying the cross-sectional area of the apertures available for the flow of

fluid through the wall of the cage.

[0050] The closure member may be disposed within the cage and be
moveable with respect to the cage and the apertures extending through the wall

of the cage. In this arrangement, the closure member acts to open or close the

10
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apertures by closing and sealing the inner end of each aperture. The closure
member is moveable between a first position, in which it obscures and closes all
the apertures in the cage, and a second position, in which it overlies and
obscures none of the apertures in the cage. The closure member may be
positioned between the first and second positions, such that a portion of the
apertures are open for the passage of fluid therethrough, and the remainder of
the apertures are closed to the flow of fluid. The flow of fluid through the valve
assembly may thus be controlled by the appropriate position of the closure
member within the cage.

[0051] The closure member within the cage may have any suitable form. For
example, in the case of a generally cylindrical tubular cage, the closure member
may be a cylindrical sleeve or a cylindrical plug, the outer diameter of which

corresponds to the inner diameter of the cage.

[0052] Alternatively, the closure member may be disposed outside the cage
and be moveable with respect to the cage and the apertures extending through
the wall of the cage. In this arrangement, the closure member acts to open or
close the apertures by closing and sealing the outer end of each aperture. The
closure member is moveable between a first position, in which it obscures and
closes all the apertures in the cage, and a second position, in which it overlies
and obscures none of the apertures in the cage. The closure member may be
positioned between the first and second positions outside the cage, such that a
portion of the apertures are open for the passage of fluid therethrough, and the
remainder of the apertures are closed to the flow of fluid. The flow of fluid
through the valve assembly may thus be controlled by the appropriate position of
the closure member outside the cage.

[0053] The closure member outside the cage may have any suitable form.
For example, in the case of a generally cylindrical tubular cage, the closure
member may be a cylindrical sleeve, the inner diameter of which corresponds to

the outer diameter of the cage.

11
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[0054] In one preferred embodiment, the pressure equalizing valve assembly
comprises a first closure member disposed within the cage, as described above,
and a second closure member disposed outside the cage, as described above.
The first and second closure members may be moved independently from one
another, relative to the cage. In this case, the pressure equalizing valve
assembly will further comprise an actuator assembly for each of the first and
second closure members. In a preferred arrangement, the first and second
closure members are moved together, preferably by being connected to one
another, by a single actuator assembly. This arrangement offers certain

advantages, as described hereinafter.

[0055] Both the first and second closure members may be used to control the
flow of fluid through the pressure equalizing valve assembly. In one arrangement,
the first and second closure members are sized relative to one another and the
cage that, when moved together, at a given position of the closure assembly, the
first and second closure members are closing the same apertures through the
cage wall and leaving the same apertures open for fluid flow. In other words, a
given aperture will either be open at both its inner and outer ends or will be

closed at both its inner and outer ends.

[0056] In a preferred arrangement, the first and second closure members are
sized and arranged differently with respect to one another and the cage, such
that in a given position of the closure assembly, the first and second closure
members are obscuring and closing a different number of apertures. In particular,
one of the first or second closure members is arranged such that, as the closure
members are moved from the first, closed position, the said one closure member
begins to open the respective ends apertures in the cage wall, while the other
ends of the same apertures remain closed. In this way, the said one closure
member acts as a shut-off member, responsible for shutting off the flow of fluid
through the valve assembly, while the other closure member is acting to control
the flow of the fluid through the apertures in the cage. While the respective ends
of apertures will be opened as the said one closure member moves from the first,

closed position towards the second, open position, fluid will not flow through the

12
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apertures in the cage wall until the other of the two closure members has moved
sufficiently to open the apertures to fluid flow. In this way, the other closure
member acts as the flow control member, the position of which is responsible for
determining the flow of fluid through the cage and the valve assembly.
Preferably, the member acting as the shut-off member is the second closure
member, disposed outside the cage, while the flow control member is the first

closure member disposed within the cage.

[0057] In a particularly preferred arrangement, as noted hereinbefore, the
cage is a generally cylindrical tube. The first closure member is a plug or sleeve
extending and moveable longitudinally within the tubular cage, while the second
closure member is a sleeve extending and moveable longitudinally outside the
tubular cage. In the preferred arrangement, the second or outer closure member
is the shut-off member and the first or inner closure member is the flow control
member. The respective roles of the two closure members may be achieved by
having the first closure member longer than the second closure member. In this
way, as the two closure members are moved longitudinally together from the first,
closed position towards the second, open position, the second closure member
progressively reveals the outer ends of the apertures in the cage. Once the outer
ends of the apertures are revealed, further longitudinal movement of the first
closure member within the cage is required to open the inner ends of the same
apertures and allow fluid flow to occur. The flow rate of fluid through the cage
and the valve assembly as a whole is thus controlled by the longitudinal position
of the first closure member within the cage, and not the longitudinal position of

the second closure member outside the cage.

[0058] As noted hereinbefore, the first and second closure members may be
moveable independently of one another. However, a preferred closure assembly
is one in which the first and second closure members are moveable together,
more preferably by being connected. In one preferred arrangement, the first and
second closure members extend from a single support member, such that
movement of the support member causes corresponding movement of both the
first and second closure members.

13
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[0059] Preferably, the support member is in the form of a piston moveable
within a chamber. In a particularly preferred arrangement, the chamber is in fluid
connection with fluid be processed through the valve, more preferably by means
of a conduit extending through the closure assembly, thereby providing the
chamber with fluid being processed at the prevailing pressure of the fluid. In one
preferred embodiment, the closure assembly comprises a closure member
moveable within the cage, the closure member having a conduit extending
longitudinally therethrough to connect the chamber with the interior of the cage,
thereby allowing fluid to be provided to the chamber from the interior of the cage

and at the fluid pressure prevailing within the cage.

[0060] The pressure equalizing valve assembly further comprises means to
move the closure assembly. Suitable actuators for moving the closure assembly
are known in the art and may be employed. More preferably, the means for
moving the closure assembly are linked to means for moving the gate of the gate
assembly, such that movement of the gate results in movement of the closure
assembly. In a preferred embodiment, the closure assembly of the pressure
equalizing valve assembly is moved by the gate of the gate valve. In particular,
movement of the gate from the fully closed position, in which both the gate and
the pressure equalizing valve assembly are fully closed and fluid does not flow
through the gate valve, first moves the closure assembly of the pressure
equalizing valve assembly to open apertures in the cage of the flow control
assembly. Thereafter, once the pressure equalizing valve assembly is fully open,
continued movement of the gate opens the gate and allows fluid to flow through
the gate valve in a generally conventional manner. Similarly, closing the gate
first moves the gate towards the closed position and then finally closes the

pressure equalizing valve assembly.

[0061] In a preferred arrangement, the pressure equalizing valve assembly is
moveable with the gate, more preferably being arranged within the gate

assembly.

14
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[0062] As noted hereinbefore, in one embodiment, one of the first and second
closure members acts as a shut-off member, that is to close the pressure
equalizing valve assembly and prevent the flow of fluid therethrough. As also
noted, a preferred arrangement is to have the second closure member, disposed
outside the cage, as the shut-off member. In order to effectively close the
pressure equalizing valve assembly to the flow of fluid, the relevant member is
provided with a seat which is engaged by a sealing surface of the member when
in the first or closed position. Accordingly, in the preferred arrangement, the
second member is provided with a seat extending around the cage, which is
engaged by a sealing surface of the second member when in the first or closed

position.

[0063] Seat arrangements for use with the shut-off closure member are
known in the art. However, it has been found that the seat of the pressure
equalizing valve assembly can suffer significant wear, in particular due to erosion
by fluid flowing past and over the seat as it enters the apertures in the cage. The
erosion of the seat is particularly acute when the fluid stream has solid particles
entrained therein. Similar significant wear of the sealing surface of the closure
member can also take place. Accordingly, it is preferred that the seat is disposed
in a position that is displaced from the apertures in the cage, whereby the seat is
out of the direct flow path of fluid passing through the apertures and entering the

cage.

[0064] It is preferred to employ a seating assembly that is self-sharpening.
That is, the action of the closure member moving into and out of engagement
with the seat itself wears both the seat and the sealing surface of the closure
member in a predetermined pattern that removes damage to the seat and the
sealing surface of the closure member. The closure member is preferably
formed of a hard material, relative to the seat, which is of a softer material. In
this way, the action of the closure member contacting the seat wears the surface
of the seat, to remove any pits and the like formed as a result of damage caused

to the seat by action of the fluid and/or any entrained solids.
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[0065] The surface of the seat preferably extends at an acute angle to the
longitudinal axis of the closure member and the cage, whereby solid particles
that fall onto or come to rest on the surface of the seat are caused to move off
the seat, for example under the action of gravity. In this way, the seat may be
kept relatively clean of debris, limiting damage to the sealing surfaces of the seat
and the closure member and improving the fluid seal between the seat and the

closure member.

[0066] A seat may be provided to be contacted by each of the closure
members, with each closure member having a respective seat disposed to be
contacted by a sealing surface of the closure member when the closure member
is in the first, closed position. More preferably, a seat is provided for one of the

first or second closure members only.

[0067] In one arrangement, the seat is formed within the cage, to be
contacted by a sealing surface of the first closure member. For example, the
seat may be formed as a shoulder within the cage member, with which the first
closure member is brought into contact, when moving into the first, closed
position. In such a case, the seat is preferably formed as an angled shoulder
within the cage, such that solid debris on the cage is directed inwards towards

the center of the cage member.

[0068] The seat is preferably formed outside the cage, so as to be contacted
by the second member. As noted above, one preferred arrangement for the
closure assembly of the valve assembly of the present invention comprises a
generally cylindrical tubular cage, with a second closure member in the form of a
cylindrical sleeve extending around the outer surface of the cage. The seat
arrangement for the second enclosure member, disposed outside, that is on the
upstream side of the cage member, is preferably formed and interacts with the
second closure member in manner that allows the fluid pressure on the inlet side
of the cage to bear against the second closure member and force the sealing
portion of the second closure member into contact with the sealing surface of the

seat. In this way, the fluid seal between the second closure member and the
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seat is assisted by the inlet fluid pressure, when the first port is acting as the fluid

inlet.

[0069] Further or in addition to the aforementioned use of the inlet fluid
pressure to urge the second closure member against the sealing surface of the
seat, the seat and the second closure member may be arranged such that, when
in contact, stresses are developed in the closure member to urge the seat and
closure member into contact. In particular, the seat and the second closure
member may be arranged to generate an outward hoop force on the sleeve as
the closure member is forced into contact with the seat by the actuator. This in

turn improves the sealing efficiency of the sleeve against the surface of the seat.

[0070] One preferred design of seat assembly for the second closure member
comprises a seat having a sealing surface extending at an angle to the
longitudinal axis of the cage. Most preferably, the sealing surface of the seat
extends away from the cage at an acute angle to the longitudinal axis of the cage
in the direction of movement of the second closure member when moving into
the first, closed position. The second closure member is provided with a
complimentary sealing surface, in particular on the end surface of the sleeve.
The complimentary sealing surface may comprise a single surface extending at
an appropriate angle so as to form a seal with the angle sealing surface of the
seat, when the sleeve is in the first, closed position. In one arrangement, the
sealing surface on the end surface of the sleeve extends at an acute angle to the
longitudinal axis of the cage in the direction of movement of the second closure
member when moving into the second open position. In this way, the sleeve is

provided with a leading edge, which contacts the sealing surface of the seat.

[0071] Alternatively and more preferably, the sleeve may comprise a
compound surface having at least two surface portions extending at an obtuse
angle to one another. The ridge formed by the compound surfaces contacts the
sealing surface of the seat and provides the seal, to prevent the flow of fluid

through the cage. As the sleeve moves into and out of the first, closed position,
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the ridge is caused to move across the sealing surface of the seat, removing

damage caused to the surface by the erosive effects of the fluid.

[0072] As described hereinbefore, the pressure equalizing valve assembly
used in the valve assembly of present invention is particularly suitable for
controlling the flow of fluid streams at high pressure through the gate valve, in
particular when the fluid streams produced by a subterranean well or the fluid
streams flowing into and out of a wellhead assembly. When operating with fluid
streams at high pressures, a particular problem arises with the actuation of the
pressure equalizing valve assembly and the movement of the components
exposed to the fluid stream. The problem arises when the valve components,
such as the closure member, are being acted upon by the fluid stream, the
pressure of which bears upon one or more surfaces of the components and
urges them to a particular position, for example the first, closed position or the
second, open position. In such a case, the actuating mechanism must move the
valve components against the action of the fluid pressure. This can place
significant strain on the actuating mechanism, requiring the actuator to be
increased in power to cope with the additional burden. This burden increases as

the operating pressure of the pressure equalizing valve assembly increases.

[0073] Accordingly, in one embodiment, it is preferred to have the closure
assembly of the pressure equalizing valve assembly arranged so as to be biased
by the fluid pressure into the closed position. In particular, the closure assembly
is biased into the closed position by the action of fluid pressure within the interior
of the cage. This may be achieved, for example by the aforementioned
arrangement of having the closure assembly comprise a chamber connected by
a conduit to the interior of the cage, for example by having the conduit extend

through a closure member moveable within the cage.

[0074] As noted above, the gate assembly comprises a moveable gate, for
controlling the flow of fluid through the gate valve. The gate is moved by an

actuator. Suitable actuators for moving the gate of the gate valve are known in
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the art and are commercially available. Suitable actuators include electric

actuators and hydraulic actuators.

[0075] As noted above, the gate valve assembly of the present invention
comprises a gate assembly disposed between the upstream side of the gate
valve and the downstream side of the gate valve. The gate assembly comprises
the pressure equalizing valve assembly. The gate assembly may be provided
with a single pressure equalizing valve assembly. In such an embodiment, the
pressure equalizing valve assembly may be arranged such that the second port
is connected to the upstream side of the gate valve, that is the side of the gate
valve with the highest fluid pressure, and the first port is connected to the
downstream side of the gate valve, that is the side of the gate valve with the
lower pressure. Alternatively, the pressure equalizing valve assembly is
arranged to have the first port connected to the upstream or high pressure side of
the gate valve, while the second port is connected to the downstream or lower

pressure side of the gate valve.

[0076] More preferably, the gate assembly is provided with two pressure
equalizing valve assemblies. In this way, the pressure equalizing valve
assemblies may be arranged to accommodate a reversal of the fluid flow through
the gate valve and still provide efficient pressure equalization across the gate

valve, when in use.

[0077] In one preferred embodiment, the first pressure equalizing valve
assembly is arranged to have its second port connected to the upstream or
higher pressure side of the gate valve and the second pressure equalizing valve
assembly is arranged to have its second port connected to the downstream or
lower pressure side of the gate valve. The first ports of the first and second
pressure equalizing valve assemblies are connected. In an alternative
embodiment, the first port of the first pressure equalizing valve assembly is
connected to upstream side of the gate valve and the first port of the second

pressure equalizing valve assembly is connected to the downstream side of the
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gate valve. In this arrangement, the second ports of the first and second

pressure equalizing valve assemblies are connected together.

[0078] In embodiments with two pressure equalizing valve assemblies in the
gate assembly, it is preferred that the closure assemblies of both valves are
moved together, preferably by being connected to and acted upon by a single,
common actuator. Preferably, the common actuator is the gate of the gate
assembly, whereby movement of the gate results in movement of both closure
assemblies. It is preferred that the gate is connected to each closure assembly
so as to provide an equal force to the closure members, in particular to apply an
equal force acting to close and hold closed the closure members. In a preferred
arrangement, the connection between the gate and each closure assembly

comprises a resilient connecting member.

[0079] In afurther aspect, the present invention provides a system for the
production of oil and/or gas from a subterranean well, for example a wellhead
assembly, comprising a valve assembly as hereinbefore described. The valve

assembly is particularly suitable for subsea installations.

[0080] Referring to Figure 1, there is shown one embodiment of a pressure
equalizing valve assembly, generally indicated as 2. The pressure equalizing
valve assembly of Figure 1 is one that may be used in the valve assembly of the

present invention, either directly or with minor modifications.

[0081] The pressure equalizing valve assembly 2 comprises a generally
cylindrical lower housing 4 and a generally cylindrical upper housing 6. The
upper housing 6 has a flange 8 formed around its lower end portion, allowing the
upper housing 6 to be mounted to the lower housing 4 by means of bolts 10 in a

conventional manner.

[0082] References herein to ‘upper’ and ‘lower’ are used for the purposes of
ease of identification of components in the accompanying figures and are used in
relation to the orientation of the apparatus shown in the figures only, it being

understood that the assemblies of the present invention may be used in any
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appropriate orientation and need not be limited to operation in the orientation

shown in the accompanying drawings.

[0083] The lower housing 4 comprises a generally cylindrical flow chamber 12
formed therein and has a first port 14 for fluid and a second port 16 for fluid.
Fluid may enter or leave the housing 4 through either of the first and second
ports 14, 16, depending upon the arrangement of the pressure equalizing valve
assembly. The inlet 14 has a generally circular cross-section in the portion more
distant from the lower housing 4, transitioning smoothly to a generally rectangular
feed section in its portion closest to the lower housing 4 and immediately before
the flow chamber 12. The first port 14 is arranged laterally to open in the side of
the flow chamber 12, as shown in Figure 1, while the second port 16 is arranged
axially in the lower portion of the lower housing 4, as also shown in Figure 1.
Fluid may be led to or removed from the first port 14 by a conventional pipe (not
shown for clarity). Similarly, fluid may be led to or away from the second port 16
through a conventional pipe 18, mounted to the lower portion of the lower

housing by means of a flange 20 and bolts 22, again of conventional design.

[0084] Alternatively, the second port 16 may be provided with a conduit, for
example a passage or bore formed in the gate assembly of the valve assembly,
in particular when the pressure equalizing valve assembly 2 is incorporated
within the gate assembly of the gate valve, as described hereinafter.

[0085] The upper housing 6 comprises a first, generally cylindrical chamber
24 therein in its lower region which opens into the flow chamber 12 in the lower
housing 4. The upper housing 6 further comprises a second, generally cylindrical
chamber 26 therein in its upper region. The second chamber 26 is sealed from
the first chamber as described hereinafter. An actuator assembly 30, of known
design and commercially available, may be mounted to the upper end of the
upper housing 6 by bolts 32, in conventional manner. The actuator assembly 30
may comprise any suitable form of actuator, for example a hydraulic, electro-

hydraulic or electric actuator. Electric actuators are preferred.
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[0086] Alternatively, actuation of the pressure equalizing valve assembly may
be provided by movement of the gate of the gate assembly, as described

hereinafter.

[0087] The pressure equalizing valve assembly valve assembly 2 further
comprises a flow control assembly, generally indicated as 34, disposed within the
flow chamber 12 of the lower housing, the flow control assembly 34 having a
closure assembly, generally indicated as 36. Components of the closure
assembly 36 extend into the first chamber 24 in the upper housing 6 and into the
second chamber 26 of the upper housing 6. The closure assembly 36 is sealed
to the interior of the upper housing 6 at the junction between the first and second
chambers 24, 26. Details of the flow control assembly and the closure assembly

are described hereinafter.

[0088] In the embodiment shown, a shaft 38 extends from the actuator
assembly 30 and connects with the upper end of the closure assembly 36.

[0089] As noted above, the first port 14 opens into the flow chamber 12 of the
lower housing 4 and is disposed in the side of the lower housing, so as to direct
incoming fluid laterally into the flow chamber 12. Referring to Figure 2, there is
shown a cut-away cross-sectional view of the lower housing 4, with a portion of
the flow control assembly 34 removed, to show details of the fluid inlet
arrangement of the flow chamber 12. A diagrammatical cross-sectional view

along the line IlI-IIl of Figure 2 is shown in Figure 3.

[0090] Referring to Figure 2, the first port 14 is arranged to have a passage
40 extending tangentially into the flow chamber 12. The first port 14 is formed to
provide the passage 40 with a generally circular portion 42, and a generally
rectangular orifice 44, indicated by a dotted line, opening into the flow chamber
12. The passage 40 is arranged to open at the orifice 44 tangentially to the
inner wall of the lower housing 12. In this way, fluid entering the flow chamber 12
through the passage 40 is caused to flow in a circular pattern within the flow
chamber 12. This has the effect of distributing the fluid around the flow control

assembly 34 within the flow chamber 12. This has a number of advantageous
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effects. First, the incoming fluid is not caused to directly impinge upon the outer
surfaces of the flow control assembly 34, as is the case with known and
conventional plug-and-cage choke designs. This in turn prevents damage to the
flow control assembly 34 arising from the impact of entrained solid materials and
particles. Second, introducing the fluid into the flow chamber 12 tangentially
allows the fluid to flow in a lower shear regime that is possible with the
conventional and known arrangements, in which the incoming fluid is directed
orthogonally at the plug-and-cage assembly. This in turn reduces the effects to
which the various phases in the fluid stream are mixed, perhaps undoing earlier
separation that may have occurred in the process lines and equipment upstream
of the valve assembly. Further, the circular or rotating flow pattern within the flow
chamber 12 induces separation of the different phases within the fluid stream,
according to the respective densities of the phases. Further, the arrangement
shown in the figures ensures that the incoming fluid stream is evenly distributed
within the flow chamber 12 around the flow control assembly. This in turn
increases the effectiveness and efficiency of the flow control assembly in
controlling the flowrate and/or pressure of the fluid stream.

[0091] The inner wall of the lower housing 4 defining the flow chamber 12 is
formed with a channel 46 therein. The channel 46 is aligned with the orifice 44
and forms an involute path for fluid entering the flow chamber 12. The channel
46 is extends circumferentially around the flow chamber 12, as shown in Figure 3.
The channel 46 decreases in cross-sectional area, travelling in the

circumferential direction away from the orifice 44, that is the path followed by an
incoming fluid stream. In this way, when fluid enters the housing through the first
port 14, the fluid stream is encouraged gradually to enter the central region of the

flow chamber 12 and flow towards the centrally located flow control assembly 34.

[0092] Details of the cross section of the channel 46 are shown in Figures 4a,
4b, 4c and 4d at the positions A, B, C and D of Figure 3, respectively. As can be
seen, the cross-sectional area of the channel 46 decreases in the direction of

fluid flow circumferentially away from the inlet orifice 44. This reduction in cross-

sectional area of the channel 46 ensures that fluid leaves the channel as it travel
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circumferentially around the flow chamber 12, as noted above. This reduction in
cross-sectional area is achieved in the embodiment shown in Figures 2 and 3 by
having the depth of the channel 46 decrease in the direction extending
circumferentially away from the orifice 44. However, in the embodiment shown,
this reduction in depth is accompanied by an increase in the width of the channel
in the longitudinal direction of the lower housing 12. This increase in width has
the effect of distributing the fluid stream longitudinally within the flow chamber 12.
This in turn ensures that the flow control assembly has an even exposure to the
fluid stream to be controlled. The reduction in cross-sectional area of the
channel 46 is preferably gradual or progressive, as shown in Figures 2 and 3. In
the embodiment shown, the cross-sectional area reduces by 25% for each 90° of
turn of the fluid stream. Thus, if the cross-sectional area of the orifice 44, as
shown in Figure 4a is A, the cross-sectional area of the channel at the positions
shown in Figures 4b, 4c and 4d is 0.75A, 0.5A and 0.25A, respectively.

[0093] Referring to Figure 5, there is shown a vertical cross-sectional view of
the lower housing 4 of the pressure equalizing valve assembly 2 of Figure 1,
showing the flow control assembly 34. The flow control assembly 34 comprises
a cage 50 formed as a generally cylindrical tube extending longitudinally within
the flow chamber 12. The cage 50 has a plurality of apertures 52 extending
therethrough. In the embodiment shown, the apertures 52 extend through the
wall of the cage 50 at an angle to the longitudinal axis, that is in a downwards
direction, as viewed in the figures. In addition, the apertures 52 extend through
the cage wall at an angle to the radial direction, so as to open tangentially to the

inner surface of the cage.

[0094] The cage 50 has its lower end portion formed with a thread 54 on its
outer surface. The cage 50 is mounted within the flow chamber 12 by being
screwed into a threaded boss 56 inserted into the lower end wall of the lower
housing 12 adjacent the second port 16. The interior of the cage 50 is in fluid
flow communication with the second port 16 by means of a bore formed in the
boss 56, such that fluid flowing through the apertures 52 in the cage 50 and
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entering the interior of the cage 50 may leave the valve assembly through the

second port 16.

[0095] The flow control assembly 34 further comprises a closure assembly 36.
The closure assembly 36 comprises a plug 60 extending within the central bore
of the cage 50. The plug 60 is machined to be a close fit with the inner walls of
the cage 50 and is slideable longitudinally within the cage 50, as will be
described hereinafter. The plug 60 is generally cylindrical, having a longitudinal
bore 62 formed therein. The bore 62 is open to the interior of the cage 50 by
virtue of a small diameter bore 64 formed in the end of the plug 60. In this way,
fluid within the bore 62 is able to leave the plug 60, thus preventing a hydraulic
lock occurring.

[0096] A plurality of balancing bores 66 extending longitudinally through the
plug 60. Each balancing bore 66 opens into the interior of the cage 50. The
balancing bores 66 are features of the fluid balancing system in the valve

assembly.

[0097] The plug 60 is shown in the fully closed position in Figures 1 and 5,
that is the plug 60 extends within the cage 50 and covers or obscures the inner
ends of all the apertures 52 in the cage 50. It will be noted that the lower or free
end of the plug 60 extends within the boss 56, that is a significant distance past

the lowest apertures 52 in the cage 50.

[0098] The plug 60 depends at its upper end from the lower end of a generally
cylindrical piston 68. The piston 68 extends upwards from the top of the cage 50,
through the first chamber 24 in the upper housing 6 and into the second chamber
26, as shown in Figure 1. The non-rotatable piston 68 engages with grooves in
the wall of the first chamber 24 and is moveable longitudinally within the upper
housing 6, that is vertically as shown in Figure 1, in association with the plug 60.
Seals 70 are disposed in the inner wall of the upper housing 6 at the junction
between the first chamber 24 and the second chamber 26. The seals 70, of
conventional or known configuration, allow the longitudinal movement of the

piston 68 within the first and second chambers, but prevent fluid from passing
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between the first and second chambers 24, 26. The piston 68 has a central
longitudinal bore 72, communicating with the bore 62 in the plug 60 at its lower
end and opening into the second chamber 26 at its upper end, to receive the
shaft 38. A plurality of fluid balancing bores 74 extend longitudinally within the
piston 68, the lower end of each balancing bore 74 communicating with a
corresponding balancing bore 66 in the plug 60, and the upper end of each fluid
balancing bore 74 opening into the second chamber 26 within the upper housing
6.

[0099] The closure assembly 36 further comprises a sleeve assembly 80.
The sleeve assembly 80 is generally cylindrical and extends from the lower end
of the piston 68 around and along the outer surface of the cage 50 such that the
sleeve assembly 80 can obscure and cover the outer ends of the apertures 52 in
the cage. The sleeve assembly 80 is formed to be a close fit around the exterior
surface of the cage 50, while still allowing the sleeve assembly 80 to move
longitudinally with respect to the cage 50. The sleeve assembly 80 comprises an
inner sleeve 82 and an outer sleeve 84, both generally cylindrical in form. The
outer sleeve 84 is unitary with the piston 68. The inner sleeve 82 extends within
the outer sleeve and is retained by a threaded connection 86 at their respective
lower ends. This arrangement allows the inner sleeve 82 to be formed from

tungsten and the outer sleeve 84 to be formed from stainless steel.

[00100] By being attached to the piston 68, the sleeve assembly is
moveable both with the piston 68 and the plug 60. In particular, the sleeve
assembly 80 moves together with the plug 60 under the action of the actuator
assembly 30. The control of the flow of fluid through the apertures 52 of the cage
50 is determined by the positions of the plug 60 and sleeve assembly 80 with
respect to the cage. As shown in the figures, the plug 60 extends a greater
distance from the end of the piston 68 than the sleeve assembly 80. This
arrangement in turn provides the plug 60 and the sleeve assembly 80 with
different functions. In particular, in the arrangement shown, the sleeve assembly
80 primarily acts as a flow shut-off member, that is to ensure that the flow of fluid

is prevented, when the assembly is in the fully closed position, as shown in
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Figure 5, for example. When the assembly has been moved from the fully closed
position shown, the control of the flow of fluid through the cage 50, and hence

through the entire assembly, is primarily controlled by the plug 60.

[00101] In order to perform the function of a flow shut-off member, that is
prevent the flow of fluid through the assembly, the sleeve assembly 80 is
provided with a sealing arrangement at its lower end, that is the end distal of the
piston 68. Referring to Figure 6, there is shown an enlarged view of a portion of
the flow control assembly 34 of Figure 1, in particular showing the lower or distal
end of the sleeve assembly 80. A seating ring 90 is mounted in the boss 56 by a
threaded connection 92 and extends around the cage 50. The seating ring 90 is
formed from a seating material to allow a ridge on the closure member to bed in.
A seating surface 94 is formed by the surfaces of the boss 56 and the seating
ring 90 exposed within the flow chamber 12. As can be seen in Figure 6, the
seating surface 94 extends at an angle to the radial direction, such that it slopes
away from the free end of the sleeve assembly 80. The action of the angled
seating surface is twofold. First, by being angled, debris is prevented from
collecting on the seating surface and stopped from preventing a fluid-tight seal
being formed between the sleeve assembly 80 and the seating surface. Rather,
solid particles and debris are collected in the lower region of the flow chamber 12,
as viewed in Figure 6, around the base of the cage. Second, the angle of the
seating surface 94 cooperates with the surfaces on the end of the sleeve

assembly 80 to be self-sharpening, as is described herein below.

[00102] The seating surface 94 cooperates with the end portion of the
sleeve assembly 80. As shown in Figure 6, the free or distal end of the outer
sleeve 84 is finished perpendicular to the longitudinal axis of the sleeve assembly,
plug and cage. The distal end of the inner sleeve 82 is formed with a compound
surface comprising a first surface portion 96 radially outwards of a second
surface portion 98. The first surface portion 96 extends at an angle to the radial
direction that is more acute than the angle of the seating surface 94. The second
surface portion 98 extends at an angle to the radial direction that is more obtuse

than the angle of the seating surface 94. The first and second surface portions
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96, 98 meet at a ridge 100. The details of the seating surface 94 and its
cooperation with the surfaces at the distal end of the sleeve assembly 80 are

shown in Figure 7.

[00103] In operation, the ridge 100 is forced by the actuator assembly 30
into contact with the seating surface 94 of the seating ring 90, as the flow control
assembly is moved into the fully closed position, shown in Figures 6 and 7.
Contact between the ridge 100 and the seating surface 94 forms a fluid-tight seal.
Depending upon the force exerted by the actuator assembly 30, the ridge 100 is
caused to slide along the seating surface 94, due to the angle of the seating
surface 94. This sliding action causes the ridge 100 and seating surface 94 to
bed in, in particular to wear and removes pits, marks and blemishes in the
surfaces, which may prevent a proper fluid seal from being formed. In addition,
the action of the actuator assembly 30 moving the sleeve assembly 80 in the
longitudinally downwards direction, as viewed in Figures 6 and 7, results in a
force being exerted on the ridge 100 and the distal end of the sleeve assembly
80 by the seating surface 94, as indicated by arrow P in Figure 7. This force,
normal to the seating surface 94, has a radially outwards component, which
induces a hoop stress in the distal end portion of the sleeve assembly 80. The
action of the hoop stress is to force the ridge 100 radially outwards, against the
seating surface 94, as indicated by arrows P in Figure 7. This in turn increases
the effectiveness of the seal formed between the ridge 100 and the seating
surface 94. In particular, high hoop stresses can be generated, in turn causing

the ridge 100 to bed into the seating surface 94.

[00104] As noted above, the plug 60 and sleeve assembly 80 extend
different longitudinal distances from the piston 68 and with respect to the cage 50.
The closure assembly 36 is moveable between a fully closed position, as shown
in Figure 6, for example, to a fully open position. In the fully closed position, the
sleeve assembly 80 is sealed against the seating surface 94, as described above
and shown in detail in Figure 7. The plug 60 extends longitudinally within the
cage 50, with its free end extending beyond the seating surface 94, as shown in

Figure 6. In the fully closed position, the plug 60 and the sleeve assembly 80

28



WO 2016/106097 PCT/US2015/066494

cover and obscure the inner and outer ends of the apertures 52 in the cage 50,
respectively, thus preventing fluid flow through the assembly 2. With the closure
assembly in the fully open position, both the inner and outer ends of all the
apertures 52 in the cage 50 are uncovered and open, allowing maximum fluid
flow through the assembly. With the closure assembly 36 in an intermediate

position, the flow of fluid is controlled between the maximum flow and zero.

[00105] As noted, the sleeve assembly 80 has the primary function of
shutting off fluid flow, by sealing against the seating surface 94, when in the fully
closed position. As the actuator assembly 30 moves the closure assembly 36
longitudinally from the fully closed position, the sleeve assembly 80 is lifted from
the seating surface 94, as shown in Figure 8. The sleeve assembly 80 is moved
to expose the outer ends of the apertures 52 closest to the seating surface 94.
However, the plug 60, extending longitudinally further than the sleeve assembly
80, still covers the inner ends of all the apertures 52 in the cage 50. As a result,
fluid does not flow. Rather, further movement of the closure assembly 36 beyond
the position shown in Figure 8 is required, such that the inner ends of apertures
52 are exposed and the respective apertures fully opened to allow fluid to flow
therethrough. It will thus be appreciated that, once the closure assembly 36 is
moved from the fully closed position of Figure 6, the control of fluid flow is
achieved by the position of the plug 60 with respect to the cage 50. This
arrangement prevents the fluid flow causing erosion of the seat 94 and the ridge

100, regardless of the position of the sleeve assembly 80.

[00106] As noted above, the cage 50 is provided with a plurality of
apertures 52 therethrough, to allow fluid to flow from the flow chamber 12 to the
outlet 16. The apertures 52 may be of conventional design, form and
arrangement. However, the apertures are preferably formed to lie in discrete
rows, separated by lands and to extend at an angle to the radial direction and at

an angle in the longitudinal direction to the perpendicular to the longitudinal axis.

[00107] Conventional designs employ circular apertures extending

perpendicular to the outer surface of the cage in the radial direction, that is
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extend radially inwards. The apertures are nested to have the apertures in one
row extend into the interstices between the apertures of each adjacent row. In
this way, the sleeve or plug moving along the outer or inner surface of the cage is
varying the area of exposed apertures throughout its entire movement. This has
the advantage of allowing a compact cage to be formed and use a plug or sleeve
having a short stroke. However, this has been found to cause a very rapid and

deleterious erosion of the end surfaces and portions of the plug or sleeve.

[00108] The cage 50 comprises a plurality of apertures 52 extending
through the wall of the cage, each aperture having an opening in both the inner
and outer surface of the cage wall. Each aperture extends at both an angle to
the radial direction and at an angle in the longitudinal direction to the normal or
perpendicular, as noted above. In operation, the arrangement of the apertures
causes fluid entering the cage 50 from the first port 14 to flow in a direction
parallel to the inner wall and to flow in a circular pattern. This circular flow
pattern prevents the incoming jets of fluid from opposing apertures from colliding
within the cage. This in turn helps to maintain any separation of fluid phases that
may be occurred or been induced upstream of the valve assembly and reduces

the burden on fluid separation apparatus downstream of the assembly.

[00109] Further, considering the angle of the apertures in the longitudinal
direction, each aperture extends at an angle to the perpendicular or radial
direction longitudinally in the direction of flow. The apertures may extend at any
suitable angle to the perpendicular or horizontal plane and the angle will depend
upon such factors as the dimensions of the cage and valve assembly, and the
nature and composition of the fluid being processed. In the arrangement shown
in the figures, the apertures extend at an angle of 25° to the perpendicular or
horizontal. The angle of the apertures may range from 5° to 50°, more preferably
from 10° to 40°. It is preferred that the apertures are angled in the longitudinal
direction sufficient to ensure that the jet of fluid entering the cage through one
aperture and flowing in a circular pattern adjacent the inner wall of the cage
avoids contacting the jet of fluid entering the cage through the adjacent aperture

in the direction of travel of the fluid.
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[00110] In operation, the arrangement of the apertures 52 induces the fluid
to flow in a helical pattern within the cage in the general direction of flow within

the cage 50, with the fluid being subjected to minimal shear.

[00111] The apertures 52 are arranged in discrete rows extending
circumferentially around the cage, each row containing one or more apertures,
more preferably at least two apertures. The rows are separated by portions of
the cage wall having no apertures, or ‘lands’ 150. This allows the plug 60 to be
positioned such that its end surface does not extend across the inner opening of
one or more apertures 52. In this way, fluid entering the cage 50 through the
open apertures 52 adjacent the end of the plug 60 is not caused to flow or cut
across the end surface of the plug 60, in turn reducing the erosion of the plug 60
by the fluid stream. The endmost portion of the plug 60 may be provided with a
taper, as shown in Figures 6 and 7, for example, in order to improve the flow

pattern of the fluid in the region adjacent the end of the plug 60.

[00112] Turning now to Figure 9, there is shown a valve assembly
according to one embodiment of the present invention. The valve assembly,
generally indicated as 202, comprises a gate valve 204. The gate valve 204
comprises a lower valve body 206 with an upper valve body 208 mounted thereto
by bolts 210. The lower valve body 206 has an upstream port 212 and a
downstream port 214. As represented in Figure 9, fluid being processed enters
the valve body through the upstream port 212 and leaves through the
downstream port 214, the flow of fluid through the valve being indicated by

arrows F.

[00113] The valve assembly 202 comprises a gate assembly 220 disposed
within the valve bodies 206, 208 between the upstream port 212 and the
downstream port 214. The gate assembly 220 is moveable within the valve
bodies 206, 208 under the action of a rotary actuator 222. The actuator 222 is
connected to the gate assembly 220 by a rotatable stem 224 extending within a
shaft 226 of the gate assembly 220. In operation, rotation of the stem 224 by the

actuator 222 causes the gate assembly 220 to move between a closed position,
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as shown in Figure 9, and an open position. In the open position, the valve
assembly 220 is accommodated within a chamber 228 formed within the lower
valve body 206, while the shaft 226 is accommodated within a chamber 230
formed in the upper valve body 208. Similarly, a chamber 232 is formed in the
shaft 226, for accommodating the lower end portion of the stem 224, as viewed

in the figure.

[00114] A fluid bypass groove 234 is provided in the inner surface of the
upper valve body 206 connecting the chamber 228 in the lower valve body 206
with the chamber 230 in the upper valve body 208, allowing fluid being
processed to enter the chamber 230. In this way, the pressure of fluid being
processed within the gate valve acts to balance the action of the gate assembly.

[00115] The gate valve 204 further comprises upper and lower seats 240,
242 |located on either side of the gate assembly 220, as shown in Figure 9. In
operation, the gate assembly 220 seals against the seats 240, 242.

[00116] Details of the gate assembly 220 are shown in Figure 10, to which
reference is now made. The gate assembly 220 comprises a first floating gate
250 on the upstream side of the gate assembly and a second floating gate 252
on the downstream side of the gate assembly. In operation, the floating gates
250, 252 seal against the seats 240, 242.

[00117] The gate assembly further comprises a first pressure equalizing
valve assembly 254 adjacent the first floating gate 252 and a second pressure
equalizing valve assembly 256 adjacent the second floating gate, the first and
second pressure equalizing valve assemblies 254, 256 being disposed either
side of a central gate actuating member 258 extending downwards from the
lower end of the shaft 226, as viewed in Figure 10.

[00118] Each of the first and second pressure equalizing valve assemblies
254, 256 is of the general configuration shown in Figures 1 to 8 and comprises a
flow control assembly 260 having a generally cylindrical cage 262 having
apertures therethrough, a closure assembly 264 having a plug 266 moveable
within the cage 262 and a sleeve 268 moveable outside the cage. The plug 266
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and its respective sleeve 268 are interconnected, as described hereinbefore, so
as to move together with respect to the cage 262. The flow control assembly 260
of each pressure equalizing valve assembly 254, 256 is disposed within a

chamber 270 formed within the gate assembly 220.

[00119] As noted, the plug 266 and sleeve 268 of each pressure equalizing
valve assembly are interconnected. This interconnection is by means of a piston
272, from which both the plug 266 and the sleeve 268 depend. As described
above with reference to the pressure equalizing valve assembly of Figure 1, the
assembly further comprises a second chamber 274, arranged to accommodate
the piston 272 as it ascends (as viewed in Figure 10). A bore 276 extends
longitudinally through the piston 272 and the plug 266, connecting the second
chamber 274 with the interior of the cage 262.

[00120] Each pressure equalizing valve assembly 254, 256 has a second
port 280 in fluid connection with the interior of the cage 262. The second ports
280 extend via a conduit 282 to respective sides of the gate assembly 220. In
particular, the second port 280 of the first pressure equalizing valve assembly
254 extends to the upstream side of the gate valve, while the second port 280 of
the second pressure equalizing valve assembly 256 extends to the downstream

side of the gate valve.

[00121] Each pressure equalizing valve assembly 254, 256 has a
respective first port 290 in fluid connection with the chamber 270 of the pressure
equalizing valve assembly. The two first ports are connected, so as to allow fluid
to flow from one of the first ports directly to the other of the first ports. In
particular, as shown in Figure 10, the first ports are interconnected by a generally
rectangular conduit 292 extending across the central portion of the gate
assembly 220. The conduit 292 is formed by a flexible connection 294 extending
between the closure assembly 260 of each pressure equalizing valve assembly
254, 256 and the central gate actuating member 258. In this way, movement of
the gate actuating member 258 (vertically as viewed in Figure 10) is transmitted

to the closure assembly 260 of both the first and second pressure equalizing
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valve assemblies 254, 256 together, thereby moving both the plug 266 and the
sleeve 268 of each pressure equalizing valve assembly together. By having the
interconnection between the gate actuating member 258 and each closure
assembly 260 flexible, it is ensured that equal force is applied to both closure
assemblies by the gate actuating member 258, in particular in the closed position

shown in Figure 10.

[00122] In operation, with the gate valve in the closed position shown in
Figure 10, the shaft 226 is raised (as viewed in Figure 10) by operation of the
actuator 222. The initial action of raising the shaft 226 is to raise the gate
actuating member 258, in turn raising the closure assembly 260 of both the
pressure equalizing valve assemblies 254, 256 together. This raises the plug
266 and sleeve 268 of both pressure equalizing valve assemblies, opening the
apertures in the wall of the cage 262 and allowing fluid to flow through both

pressure equalizing valve assemblies.

[00123] Once both pressure equalizing valve assemblies begin to open,
fluid at high pressure on the upstream side of the gate valve (that is the left hand
side as viewed in Figure 10) flows through the respective conduit 282 through the
second port 280 and enters the interior of the cage 262 of the first pressure
equalizing valve assembly 254. The fluid leaves the interior of the cage 262
through the apertures, enters the chamber 270 and leaves the first pressure
equalizing valve assembly 254 through the first port 290. The fluid passes
through the conduit 292 and enters the second pressure equalizing valve
assembly 256 through its first port. From here, the fluid flows into the chamber
270 of the second pressure equalizing valve assembly 256, passes through the
apertures in the wall of the cage 262 and into the cage interior. The fluid leaves
the second pressure equalizing valve assembly 256 through the second port 280

and flows to the downstream side of the gate valve via the conduit 282.

[00124] The flow of fluid through the gate assembly is controlled by the
position of the closure assembly 264 of each of the pressure equalizing valve

assemblies. In particular, in the arrangement shown in Figure 10, the fluid flow is
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controlled by the second pressure equalizing valve assembly 256, that is the
pressure equalizing valve assembly having the fluid entering through its first port
and leaving through its second port. In cases in which the general flow of fluid
through the valve assembly is reversed, such that the upstream and downstream
sides of the gate valve are reversed, it would be the first pressure equalizing
valve assembly that is providing the major control over the flow of fluid through

the gate assembly.

[00125] The position of the shaft 226 and the gate actuating member 258 is
used to control the flow of fluid through the gate assembly from the upstream
side to the downstream side, so as to equalize the fluid pressure on each side of
the valve. Once the fluid pressure on each side of the gate assembly is
equalized, the shaft 226 is raised further. As the shaft 226 is raised, the gate
actuating member 258 is thereby raised, in turn raising the closure assembly 264
of each pressure equalizing valve assembly 254, 256. As the closure assembly
264 is raised, each piston 272 is raised into the respective chamber 274. Once
the upper end of the piston 272 reaches the upper end of the chamber 274,
continued upwards movement of the shaft 226 and the gate actuating member
258 causes the entire gate assembly to rise, including the two floating gates 250,
252. Thereafter, the general, bulk flow of fluid through the gate valve is

controlled by the position of the shaft and the gate assembly.

[00126] Closure of the valve assembly is achieved by lowering the shaft
226, in turn lowering the entire gate assembly and finally lowering the closure
assembly 264 of both the first pressure equalizing valve assembly 254 and the
second pressure equalizing valve assembly 256, preventing the flow of fluid

through the valve.

[00127] A described above, the embodiment shown in Figures 9 and 10
comprises both first and second pressure equalizing valve assemblies in the gate
assembly. The first and second pressure equalizing valve assemblies are in
reverse orientation, that is with one pressure equalizing valve assembly receiving

fluid through its second port and the other pressure equalizing valve assembly
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discharging fluid through its second port. As noted above, this arrangement
allows for accurate control of the fluid flowing through the gate assembly and,
hence, efficient pressure equalization across the gate assembly, regardless of
which side of the valve is upstream and which side is downstream. Similar
control over the flow of fluid through the gate assembly and equalization of
pressure across the gate assembly may be obtained with a single pressure
equalizing valve assembly in the gate assembly. In this embodiment, the
pressure equalizing valve assembly is arranged to have its first port exposed to
fluid at the upstream or high pressure side of the valve and to discharge fluid
through its second port to the downstream or low pressure side of the valve.
However, such an arrangement is less efficient in controlling fluid flow and
pressure equalization in cases where the general direction of fluid flowing
through the gate valve is reversed and the upstream and downstream sides of

the valve are exchanged.

[00128] 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.

[00129] The techniques presented and claimed herein are referenced and
applied to material objects and concrete examples of a practical nature that
demonstrably improve the present technical field and, as such, are not abstract,
intangible or purely theoretical. Further, if any claims appended to the end of this
specification contain one or more elements designated as “means for
[perform]ing [a function]...” or “step for [perform]ing [a function]...”, it is intended
that such elements are to be interpreted under 35 U.S.C. 112(f). However, for
any claims containing elements designated in any other manner, it is intended

that such elements are not to be interpreted under 35 U.S.C. 112(f).
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CLAIMS

1. A gate valve assembly comprising:

a gate valve having a gate assembly moveable between a closed position
and an open position, in use the gate valve having an upstream side and a
downstream side;

the gate assembly comprising a pressure equalizing assembly for
equalizing the fluid pressure across the gate valve, the pressure equalizing
assembly comprising a pressure equalizing valve assembly;

wherein the pressure equalizing valve assembly comprises:

a valve housing;

a first port for fluid to enter or leave the valve housing;

a second port for fluid to leave or enter the valve housing;

a flow control assembly disposed within the valve housing between the
first and second ports, whereby fluid entering the valve housing is caused to flow
through the flow control assembly, the flow control assembly comprising:

a cage having apertures therethrough to provide passage for fluid passing
from the inlet to the outlet; and

a closure assembly having a closure member moveable with respect to
the cage between a first closed position, in which the closure member closes the
apertures in the cage, and a second open position, in which the apertures in the

cage are open.

2. The gate valve assembly according to claim 1, wherein the housing of the

pressure equalizing valve assembly is provided by the gate of the gate valve.
3. The gate valve assembly according to claim 1, wherein the housing of the

pressure equalizing valve assembly is provided as a separate component to the

gate and mounted thereto.
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4, The gate valve assembly according to any preceding claim, wherein the
pressure equalizing valve assembly is arranged whereby all the fluid entering the
housing through one of the first or second ports is caused to flow through the
flow control assembly to leave the housing through the other of the first or

second ports.

5. The gate valve assembly according to any preceding claim, wherein the
first port is in fluid flow connection with the outside of the cage, such that fluid
entering the housing through the first port is provided to the exterior of the cage

and flows through the apertures of the wall of the cage to the interior thereof.

6. The gate valve assembly according to any preceding claim, wherein the
second port is in fluid flow connection with the interior of the cage, such that fluid
entering the housing through the second port is provided to the interior of the
cage and flows through the apertures in the wall of the cage to the outside of the

cage.

7. The gate valve assembly according to any preceding claim, wherein the
housing comprises a cavity therein connected to the first port, the flow control

assembly being disposed within the cavity.

8. The gate valve assembly according to claim 7, wherein the flow control
assembly is arranged centrally within the cavity, such that the cavity extends

around the flow control assembly.
9. The gate valve assembly according to either of claims 7 or 8, wherein the
first port is arranged in the housing to extend tangentially to the walls of the

cavity.

10.  The gate valve assembly according to claim 9, wherein the first port has
the form of an opening in the wall of the cavity, disposed to direct fluid into a
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channel or groove having the form of an involute and extending around the outer

wall of the cavity.

11.  The gate valve assembly according to any preceding claim, wherein the
cage is in the form of a generally cylindrical tube, with apertures extending
through the wall of the tube.

12.  The gate valve assembly according to any preceding claim, wherein the
apertures are arranged in the cage in a plurality of rows, each row containing one
or more apertures, with adjacent rows being separated by a land or region having

no apertures therethrough.

13.  The gate valve assembly according to claim 12, wherein the centers of the
apertures in adjacent rows of the cage are offset from each other

circumferentially around the exterior surface of the cage.

14.  The gate valve assembly according to claim 13, wherein the apertures are
arranged such that adjacent apertures in adjacent rows extend in a helical

pattern along and around the cage.

15.  The gate valve assembly according to any preceding claim, wherein the
apertures extend inwards, in a plane perpendicular to the longitudinal axis of the
cage at an angle to the radial direction.

16.  The gate valve assembly according to any of claims 1 to 15, wherein the
apertures extend through the cage wall at an angle to the plane perpendicular to

the longitudinal axis of the cage and at an angle to the radial direction.
17.  The gate valve assembly according to claim 16, wherein the apertures

extend at an angle to the plane perpendicular to the longitudinal axis in either the

upstream direction or downstream direction of fluid within the cage.

39



WO 2016/106097 PCT/US2015/066494

18.  The gate valve assembly according to claim 17, wherein the apertures are
angled to avoid the fluid stream from one aperture contacting the fluid stream

from an adjacent aperture.

19.  The gate valve assembly according to any of claims 15 to 18, wherein the
apertures extend through the cage wall and open tangentially to the inner surface

of the cage wall.

20.  The gate valve assembly according to any preceding claim, wherein the
closure member is disposed within the cage and is moveable with respect to the

cage and the apertures extending through the wall of the cage.

21.  The gate valve assembly according to claim 20, wherein the closure
member is a cylindrical sleeve or a cylindrical plug, the outer diameter of which

corresponds to the inner diameter of the cage.

22.  The gate valve assembly according to any of claims 1 to 19, wherein the
closure member is disposed outside the cage and is moveable with respect to

the cage and the apertures extending through the wall of the cage.

23.  The gate valve assembly according to claim 22, wherein the closure
member is a cylindrical sleeve, the inner diameter of which corresponds to the

outer diameter of the cage.

24.  The gate valve assembly according to any of claims 1 to 19, wherein the
pressure equalizing valve assembly comprises a first closure member disposed
within the cage, as described above, and a second closure member disposed

outside the cage.
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25.  The gate valve assembly according to claim 24, wherein the first and

second closure members are moveable together.

26.  The gate valve assembly according to claim 25, wherein the first and

second closure members are sized and arranged differently with respect to one
another and the cage, such that in a given position of the closure assembly, the
first and second closure members are obscuring and closing a different number

of apertures.

27. The gate valve assembly according to either of claims 25 or 26, wherein
the first and second closure members extend from a single support member,
such that movement of the support member causes corresponding movement of

both the first and second closure members.

28.  The gate valve assembly according to claim 27, wherein the support

member is in the form of a piston moveable within a chamber.

29. The gate valve assembly according to any preceding claim, wherein the
closure assembly of the pressure equalizing valve assembly is arranged so as to
be balanced with respect to the fluid pressure within the valve.

30. The gate valve assembly according to claim 29, wherein the closure
assembly is balanced with respect to both fluid pressure at the first port and fluid

pressure at the second port.
31.  The gate valve assembly according to any preceding claim, wherein the
gate assembly is provided with first and second pressure equalizing valve

assemblies.

32. The gate valve assembly according to claim 31, wherein the first pressure
equalizing valve assembly is arranged to have its second port connected to the
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upstream or higher pressure side of the main valve and the second pressure
equalizing valve assembly is arranged to have its second port connected to the

downstream or lower pressure side of the main valve.

33. The gate valve assembly according to claim 31, wherein the first port of
the first pressure equalizing valve assembly is connected to upstream side of the
main valve and the first port of the second pressure equalizing valve assembly is

connected to the downstream side of the main valve.
34. The gate valve assembly according to any of claims 31 to 33, wherein the
first and second pressure equalizing valve assemblies are actuated by a single

actuator.

35.  The gate valve assembly according to claim 34, wherein the single

actuator is the gate of the gate assembly.

36. A wellhead installation comprising a valve assembly according to any

preceding claim.

42



WO 2016/106097 PCT/US2015/066494

1/8

“
AN

™

B Stiors,

3

e

.
>
N
N
N
DR
E e
- : :
AN A
- X
e :
3 M -
2 R
e g
v - ¥ }
N ‘“~_\-»\-\~\ § \\\‘.
: PO
{ T
R e 3
¥ N
~aw
el ..
SOV R E Y
s §9
NN
N
.
AN
g
TN
RN
- AR
~ s
P
1
’ i DN
3.»\' o \..2 ¥
T e QU
et
P
F
i Q™
P $ )
e Y
B N PSR Lo TS
| IS
aigee- -
K | -
L | | -
| : { H > NRRARARARARAY
e : o N IR ARV
: ETT N I .
[ N N ‘ | -
\ 2 e N
™\ :
o
N §
RObe. t
]
3
At
I~ .
e

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2016/106097

i :
X S
LW

2/8

4

s anr st
P L

mirrr st
PO A2

4
N
\
y
\
A
\
\
H .
! i
A +
K .
H R
Lngerevernead ! i
p— Yoo ;
- o, v ! !
PR — i :
- [RRSRT — N }
PO S 3 H
S by H H
os s Sy H !
NVERANNNN A ARND NN At T B 3 .
Ridwnanany S
N WU < s § e s e N
Brsmasanas’ e by
AN AN e ey § H
_;\.\\ pECa . &\“: i
) ; }
" §
{
AN s
3 Y 3
ANRARARAARAARR AN AR AR AR AR AR b "
ceavesadansann ! 3

g

N

Il

PCT/US2015/066494

AN

1

Fumanmmresssnmsssasatanaandt
Fraanmmmeassassnaas s
| SR,
\
! b
A

\

Y
N

\
oo

J T s A
i NN B
E——— + N N
N g

T
§ Vi
2 SRR H
& FEAN :
H ¥ 1
3 Rt \
j¥ Ty g
S -
: LA

SUBSTITUTE SHEET (RULE 26)

N
WA s ssaanerad

I

A eangatesranaad
H
1 i
K {
3

L
{
{
N
i
4
{
i
H
3
N
t
3
1
t

apren

FIG. 2



PCT/US2015/066494

WO 2016/106097

3/8

094

ISR ot

SIAIE

e ——————

td
O 2 R o veves

“,
O
%,

“
Jv.v.
S

214

i :

4

A

ey 914

s

K
. \\\\\\

el

e
\\

ettty
fror M et \

eaaaaippe- W::\,.. .33‘:\.

P

RO by,

o,

R
“wensncootliLengs
-.\:‘.»\..\\\\\\\\ -

I et

L.

i RIS
e awen ks IO
st

0y

|

{
H
§
H
Es
H
{
H
¥
H
¥
H
§
¥
H
H
N
H
i

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/066494

4/8

WO 2016/106097

G Ol

S
NS
o

Iy
b

£ L

AN AN AR

e

Lot

N g3

N~

i
R

I's
Q M\ A T e i
4 - '
A boE e
” : e e e e+ e e+ e e+ e+ e+
A 4 ; -
et RS ces o H “a,
roibprer g : eresanmenacesosnrne}
$P spinrer o : :
w\&\ S FRVOUIES N e S s ..
..... e - :L“l:. WW:.\\..
k1 4
Yo .. EEE
R % ~ P ;o
r 2 » s i
e g 1] - iy id
aad e e ATOI Sl R -
# % § M -y ] i
: H /i 4 o [
o H e {3 H e i
5 o § . . ;
5 [ 7
T
e 2

-
&

NRTARAR Y S A

~
P N\

AR

b

o

B
N
QS};“_.-“

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/066494

5/8

WO 2016/106097

L 9l

77 7o
405
i it i,
h
%
. % P @
Z 2 P “L%
5, e, 2 * w
4 Y eterrars, .
7 rteirse t
“ e
i 4
4 H posrrs,, oo, P
t 2 4 - B v virer? " trrspar et P s
& nssnrennn e ‘ H . ‘3
LYLL rvrnrnersntescr T 7 i :
1500 B \\\\\\\\\\\\} \\ : ;
1 H
% 7 5 1 B
‘ § H :
“ P - H Z H
’ . H 3
i W, W m : m
% \\\ ¢ 4 H
.. Z H
“, v 1 :
N \M ;
H
Z H
4 i .
g i 7 '
. i7
vvvrreg o
5 7 .
1 % oy
&\ £y poes, G i A S
: [ F{ 7 SO POVt wry
el Yovivisess bevaiiid, Yorerad Y adadd
E 5 s P T et
g . 5 P o
R
o, 12,
o Sty
- 3 P
\ - vl
s
s
il
B ey \\\\\\\ et
H Y o 2
H et PRl 4]
H H o2
H H P s
; oo, B St s
H 1 ; SRR S
H 7’ ., H D i dtdd
H Vs s A rirrieeosrt et
H 2 - s : P
2 o ne. v
H fpossrnnsens
3 e
A St
% “ - .
i s B B
(Y rers 2 1 rry £
% ot S / L0 g0
7 XTI ya oo 55 F 5
Jeesesrresenn,.,,,, e} « v Pk
H 3 43 ettt ettty
H aorrndfifon 7 Atprrrrrr Attt tsrrys.
H
i reverr ltyperses.
H e
H s B
[ e ppe . s reians L R
iirer %
I 7
P /
Ve
Fertere,.,, et et “eers
i T e B S
S e e * Conrrvre
ol i \\\\\\\\\\\ RECOTIRR AR A .- rnie
s atd 5
Bra s spritr H g
m\.f.\. H s
s ‘ LT e,
. : o
e 2
- H ;
Earicd ‘ ¢
7 /

i
;
f
;
i
f
;

cy
s

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/066494

6/8

WO 2016/106097

8 Ol

s e,

7 3 i
; P =55 58 , ; H
; s H i £
! ot WP
0 et
H e
i
i .
i :
i
P
ii
[ S T e
%l
[
55 4 o
L S0, SR S
B H
¢
\\\\\\\\s\
i .
’ : -
o cosm et wrsraon ot
: PSS gt Wars
Fa’ ST Sy 10
Z senshnpcsonsarcasecsasescens
\\W b vvnrrnirarnren, il
g k
- B SR P
L . I
g
B a\mm\v
“\« W\.m \\\\\n\»\\\\)«\\\\\\\\\\\\ rsnrern et re s "
v\“ L R ¥ )\\.\.\.\.\\t e ~\&w
g ITRN RO S Mw Y
VA IS
e L T
. ) oy
m\x P

3

POt e

£ g s
“F ..»W > NW b 3

SUBSTITUTE SHEET (RULE 26)



WO 2016/106097 PCT/US2015/066494

202

T 240

k / ) FIG. 9

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/066494

WO 2016/106097

8/8

220

282

282

FIG. 10

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/066494

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16K39/02 F16K39/04
E21B34/04
ADD.

F16K47/08

F16K1/52 F16K3/24

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16K E21B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A the whole document

11 July 1995 (1995-07-11)

A the whole document

X US 2014/150881 Al (HOPPER HANS PAUL [GB]
ET AL) 5 June 2014 (2014-06-05)

1-23,
29-36
24-28

X US 5 431 188 A (COVE RICHARD [CA]) 1-8,

11-14,
20-23,
29-36
24-28

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 April 2016

Date of mailing of the international search report

10/05/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Dekker, Derk

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/066494
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014150881 Al 05-06-2014 BR PI0817276 A2 16-06-2015
EP 2042684 Al 01-04-2009
EP 2372077 A2 05-10-2011
EP 2372078 A2 05-10-2011
EP 2372079 A2 05-10-2011
EP 2383423 A2 02-11-2011
EP 2383424 A2 02-11-2011
EP 2383425 A2 02-11-2011
SG 183685 Al 27-09-2012
US 2012227813 Al 13-09-2012
US 2013256216 Al 03-10-2013
US 2014150881 Al 05-06-2014
WO 2009040561 A2 02-04-2009
US 5431188 A 11-07-1995  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - wo-search-report
	Page 54 - wo-search-report

