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BALL VALVE

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of priority to U.S. Patent Application Serial No.
13/117,905, filed on May 27, 2011, which is herein incorporated by reference in its

entirety.

BACKGROUND
[0001] A ball valve is a type of valve that uses a spherical ball as a closure mechanism.
The ball has a bore therethrough that is aligned with the direction of flow when the valve
is open and misaligned with the direction of flow when the valve is closed. Ball valves
have many applications in well tools for use downhole in a wellbore, for example, as
formation tester valves, safety valves, .and in other downhole applications. Many of these
well tool applications use a ball valve because ball valves can have a large through bore
for passage of tools, tubing strings, and flow, yet also be compactly arranged, for
example, having a cylindrical outer profile that corresponds to the cylindrical outer
proﬁlé of the remainder of the string carrying the ball valve into the well bore and

presenting few or no protrusions to hang up on the interior of the well.

SUMMARY
[0002] This disclosure describes a well tool ball valve.
[0003] Certain aspects encompass a ball valve having a ball with a flow bore
therethrough. A first ball clamping assembly defines a first seat surface in contact with
an exterior of the ball. A second ball clamping assembly defines a second, sealing seat
surface in contact with and adapted to seal with the exterior of the ball. The second ball
clamping assembly is coupled to the first ball clamping assembly to clamp the ball
between the first and second seat surfaces. The second ball clamping assembly includes a
seat ring holder and a seat ring carried by the seat ring holder. The seat ring of the second
ball clamping assembly has a sealing seat surface. A springirig member is provided

between the seat ring and the seat ring holder and springingly biases the seat ring toward
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the ball. The seat ring holder has a shoulder that supports the seat ring against fully
compressing the springing member.

[0004] Certain aspects encompass a wellbore ball valve having a ball with a flow bore
therethrough, and a first ball clamping assembly defining a generally cylindrical shape
and having a first seat surface in contact with an exterior of the ball. A second ball
clamping assembly defines a generally cylindrical shape and has a second seat surface in
contact with and substantially sealing with the exterior of the ball. The second ball
clamping assembly is adjustably coupled to the first ball clamping assembly to clamp the
ball between the first and second seat surfaces. If the ball were not present, the first and
second ball clamping assemblies are adjustable to allow a greatest distance between the
first and second seat surfaces to be adjusted to be smaller than a diameter of the ball.

- [0005] Certain aspects encompass a method, where a first portion of a well tool ball
valve and a second portion of the valve are adjusted relatively toward one another to
contact a seat surface of the first portion and a seat surface on a seat ring of the second
portion to a ball of the valve. In adjusting the first and second portions, a resilient
member supporting the seat ring is compressed until the seat ring contacts a shoulder.
The first portion of the valve and the second portion-of the valve are then adjusted
relatively away from ‘one another until the resilient member supports the seat ring out of
contact with the shoulder.

[0006] The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS -
[0007] FIG. 1 is a schematic side view of an example ball valve in a well system.
[0008] FIG. 2A and 2B are detailed side cross-sectional views of the example ball valve,
where FIG. 2A shows the ball valve closed and FIG. 2B shows the ball valve open.
[0009] FIG. 3 is an axial cross-sectional view taken along line 3-3 in FIG. 2A.

[0010] Like reference symbols in the various drawings indicate like elements.
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DETAILED DESCRIPTION
[0011] Referring first to FIG. 1, an example well tool ball valve 10 constructed in
accordance with the concepts described herein is shown in a well system 12. The well
syétem 12 includes a well bore 14 that extends from a terranean surface 16 into one or
more subterranean zones 20, and when completed, the well system 12 produces reservoir
fluids and/or injects fluids into the zones. In certain instances, the well bore 14 is lined
with casing or liner 18. The example ball valve 10 is shown in a tubing string 22 that
extends from a wellhead 24 of the well system 10. The ball valve 10 is in a generally
cylindrical configuration, of a diameter approximately equal to the diameter of the
remainder of the tubing string 22 and without elements that protrude radially outward, so
that the ball valve 10 can pass smoothly (i.e., without hanging up) through a cylindrical
wellbore. The tubing string 22 may be a coiled tubing and/or a string of jointed tubing
coupled end to end. In certain instances, the tubing string 22 may be a drill string, a
working string, and/orA a production/injection string. For example, the ball valve 10 may
be used in the context of drill stem testing. In drill stem testing, the tubing string 22 is a
drill string constructed of drill pipe or other working string and is sealed to the casing 18 -
" with a packer 26 to isolate the subterranean zone below the packer 26. Thereafier, the
subterranean zone below the packer 26 can be pressurized or depressurized and the
pressure behavior of the subterranean zone observed. Other example contexts in which
the ball valve 10 can be used include formation sampling, as a safety valve and/or other
. operations. ,
[0012] Referring now to FIGS. 2A and 2B, the example well tool ball valve 10 is shown
in side cross section. The ball valve 10 has a cylindrical central flow bore 11 that runs
axially through the valve 10. The central flow bore 11 is adapted to circumferentially
align with and communicate fluid with a central flow bore of the remainder of the string
in which the ball valve 10 will be installed. The ball valve 10 has a substantially
spherical ball 30 that has its own a cylindrical central flow bore 32 therethrough. When
the valve 10 is open, the central flow bore 32 is a part of the central flow bore 11, and is
circumferentially aligned with and communicates fluids with the remainder of the central

flow bore 11.
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[0013] The ball 30 is clamped between two clamping assemblies. One clamping
assembly includes a generally cylindrical ball cage 34 that carries a seat ring 36. The seat
ring 36 has a seat surface 38 in contact with a spherical exterior surface of the ball 30.
The second clamping assembly includes a generally cylindrical seat ring holder 40 that
carries a second, sealing seat ring 42 having a sealing seat surface 44 in contact with the
spherical exterior surface of the ball 30. The tubular ball cage 34 includes a cage portion
that extends around the ball 30 and threadingly ehgages to the seat ring holder 40 to
élamp the seat rings 36, 42 to and hold the seat surfaces 38, 44 in contact with the
exterior surface of the ball 30. The ball 30 and other components are metal. The sealing
seat ring 42, although metal, is to some degree more compliant than the material of the
ball 30 to enable a metal-to-metal liquid tight (substantially or entirely liquid tight), and
in certain instances gas tight (substahtially or entirely gas tight), seal against the exterior
surface of the ball 30. The outer diameter of the sealing seat ring 42 is also sealed
(substantially or entirely) to an inner diameter of the seat ring holder 40 with a seal 46
(e.g., o-ring and/or other seal). This seal and the metal-to-metal seal between the sealing
seat ring 42 and the exterior of the ball 30 seal against passage of fluid past the exterior of
the ball 30. .

[0014] The seat ring holder 40 defines an annular pocket 48 that is open towards the
.sealing seat ring 42. The pocket 48 contains a springing member 50 that reacts against
the sealing seat ring 38 and the base of the pocket 48 to springingly bias the sealing seat
ring 38 into the ball 30. The springing member 50 maintains the sealing seat ring 38 in
contact with the ball 30 over thermal expansion/contraction and flexure of the various
components. In certain instances, the springing member 50 is one or more annular
springs (e.g., wave spring, Bellville spring, coil spring, polymer ring and/or other spring).
The seat ring holder 40 adjacent the pocket 48 has a shoulder 52 that faces the sealing
seat ring 42 and protects the springing member 50. The depth of the pocket 48, measured
axially from this shoulder 52 to the base of the pocket 30, is less than the free,
uncompressed height of the springing member 50 and greater than the set height of the

springing member 50, i.e., the compressed height at which the springing member 30
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plastically deforms. Therefore, the sealing seat ring 42 will abut and rest on the shoulder
~ 52, rather than over compress, and over stress, the springing member 50.

[0015] Mating threads of the ball cage 34 and seat ring holder 40 are configured to allow
the ball'cage 34 and seat ring holder 40 to adjustably couple together, so that the distance
between the seating surface 38 and the base of the pocket 30 against which the springing
member 50 reacts can be adjusted. The adjustable coupling between the ball cage 34 and
seat ring holder 40 enables adjusting how tightly the ball 30 is clamped, or in corollary,
how compressed the springing member 50 is when the ball 30 is clamped between the
seating surfaces 38,44. In certain instances, the threads enable the ball cage 34 and seat
ring holder 40 to over-clamp, that is, the mating threads can be configured to allow the
ball cage 34 and seat ring holder 40 to couple with a largest distance Between the seating
surface 38 and seating surface 44, when the sealing seat ring 42 is resting on the shoulder
52 and the ball 30 absent, being smaller than the outer diameter of the ball 30. For
example, as shown in FIG. 2B, the seat ring holder 40 has male threads 54 on its exterior
that mate with and are internally received in female threads 56 on the interior of the ball
cage 34. When the ball cage 34 is fully threaded onto the seat ring holder 40, the ball
cage 34 abuts a thread end shoulder 58 on the seat ring holder 40. The shoulder 58 is
positioned and enough threads are provided to enable the ball cage 34 and seat ring
holder 40 to over-clamp. Also, the thread end shoulder 58 and sbringing member
protecting shoulder 52 are relatively positioned so that, with the ball 30 between the seat
rings 36, 42, the sealing seat ring 42 abuts the springing member protecting shoulder 52
before the ball cage 34 abuts the thread end shoulder 58. In other words, the shoulder 52
defines a positive stop that protects the springing member 50. |
[0016] When the ball cage 34 and seat ring holder 40 are assembled to clamp the ball 30,
the ball cage 34 can be threaded onto the seat ring holder 40 until the sealing seat ring 42
abuts the spﬁnging member protecting shoulder 52 (without the ball cage 34 abutting the
thread end shoulder 58) and then backed off (i.e., loosened) to move the sealing seat ring
42 out of contact with the springing member protecting shoulder 52 and achieve the
desired amount of compression in the springing mémber 50 and clamping of the ball 30

by the seating surfaces 38, 44. The resulting gap between the sealing seat ring 42 and
s A
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springing member protecting shoulder 52 need not be large, and if small, the springing
member 50 only has to compensate for fhe small amount of movement. For example, in
certain instances, the gai) can be approximately 0.01 inch (0.25 mm). The relative
position of the ball cage 34 and seat ring holder 40 can be fixed with a set screw engaging
both the cage and holder and/or in another manner. The compression of the springing
member 50 is thus adjustable. by adjusting how deeply the seat ring holder 40 is received

. in the ball cage 34 and not, for example, by the relative position of the springing member
protecting shoulder 52 and the thread end shoulder 58. Thus, the relational tolerance
between the springing member protecting shoulder 52 and the thread end shoulder 58
need not be a closely held tolerance, as long as the sealing seat ring 42 can abut the
shoulder 52 before the ball cage 34 abuts the thread end should 58.

[0017] Notably, although the coupling of the ball cage 34 and seat ring holder 40 have
been described above as coupling with threads, other manners of coupling could be used.
Furthermore, the male and female portions of the threads or other coupling could be
reversed, with the male portion on the ball cage 34 and the female portion on the seat ring
holder 40. | ‘

[0018] FIG. 2A shows the ball 30 in a closed position with the flow bore 32 misaligned
with the remainder of flow bore 11, and the opening to the flow bore 32 positioned so
that no portion thereof coincides with the inner bore of the sealing seat ring 42. Inthe
closed position, the ball valve 10 seals against passage of fluids through the flow bore 11
of the ball valve 10 and through the tubing string. The springing member 50 constantly
applies preséure to the sealing seat ring 42, biasing the seating surfaces 38, 44 into the
exterior of the ball 30 and maintaining an initial seal between the sealing seat surface 44
of the sealing seat ring 42 and the exterior of the ball 30. The initial bias applied by the
springing member 50 tends to ensure a seal between the sealing seat ring 42 and the ball
30, even at low pressure differentials. When higher pressure is applied from the sealing
seat ring 42 side than from the seat ring 36 side, the pressure acts on sealing seat ring 42
further biasing it to seal against the exterior of the ball 30. When higher pressure is
applied from the seat ring 36 side than from the sealing seat ring 42 sidé, the ball 30 tends

to shift toward the seat ring holder 40 to shoulder the sealing seat ring 42 against the
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springing member protecting shoulder 52. The springing member protecting shoulder 52,
thus, prevents the springing member SO from over compressing and over stressing.
[0019] FIG. 2B shows the ball 30 in a fully open position with the flow bore 32 is aligned
with the remainder of the flow bore 11, including the respective bores the ball cage 34
and seat ring holder 40, as well as the remainder of the tubing string. In the open
position, the ball valve 10 allows flow through the ball valve 10 and through the tubing
string. _

[0020] The ball 30 is changed between the closed and full open position by axially
shifting a ball operating assembly. The ball operating assembly includes a plurality of
ball arms 60 that are coupled to the ball 30 and carried to move in unison by an annular
ball arm connector 62. The ball arms 60 (two shown, but fewer or more could be used)
each include a knuckle 64 that is received in a receptacle 66 in the exterior of the ball 30.
As best seen in FIG. 3, the receptacvles 66 are arranged on one side of the ball 30 and on
either side of the flow bore 32. The ball arm connector 62 is received over and sealed to
the ball cage 34 to shift axially relative to the ball cage 34. The ball arms 60 reside in
elongate axial openings 68 in the cage 34. When the ball arm connector 62 is shifted
axially from the position in FIG. 2A to the position in FIG. 2B (toward downhole in the
illustrated configuration) the ball arms 60 roll the ball 30 to the fully open position.
When ball arm connector 62 is shifted axially from the position in FIG. 2B to the position
. in FIG. 2A (toward uphole in the illustrated configuration) the ball arms 60 roll the ball
30 to the closed position. |

[0021] A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made. Accordingly, other embodiments

are within the scope of the following claims.



CLAIMS

1. A wellbore ball valve, comprising:

aball having aflow bore therethrough;

a first ball clamping assembly defining a first seat surface in contact with an
exterior of the ball;

a second ball clamping assembly defining a second, sealing seat surface in contact
with and adapted to seal with the exterior of the ball, the second ball clamping assembly
coupled to the first ball clamping assembly to clamp the ball between the first and second
seat surfaces, the first ball clamping assembly adjustably coupled to the second ball
clamping assembly, the second ball clamping assembly comprising:

aseat ring holder;

a seat ring carried by the seat ring holder and comprising the second,
sealing seat surface; and

a springing member between the seat ring and the seat ring holder
springingly biasing the seat ring toward the ball, the seat ring holder having a shoulder
that supports the seat ring against fully compressing the springing member, and a
compression of the springing member is adjustable based on the adjustable coupling of the
first ball clamping assembly to the second ball clamping assembly.

2. The ball valve of clam 1, wherein a distance between the first seat surface
and the shoulder is adjustable based on the adjustable coupling of the first ball clamping
assembly to the second ball clamping assembly.

3. The ball valve of claim 2, wherein, if the ball were not present, the first and
second ball clamping assemblies can be adjusted so that a greatest distance between the
first seat surface and the second seat surface, when the seat ring is resting on the shoulder,
isless than adiameter of the ball.



4, The ball valve of claim 1, wherein the first and second ball clamping
assemblies are coupled by mating threads on the ball clamping assemblies and more
threads are provided than are needed to clamp the ball between the first and second seat
surfaces with the seat ring abutting the shoulder.

5. The ball valve of claim 1, wherein the first and second ball clamping
assemblies are generally cylindrical and in coupling together, one is received over the

other.

6. The ball valve of claim 1, wherein the first seat surface is on a first seat
ring of the first ball clamping assembly.

7. The ball valve of claim 1, wherein the first and second seat surfaces contact
the ball with the seat ring residing out of contact from the shoulder of the seat ring holder.

8. The ball valve of claim 1, wherein the springing member has an over stress
compression at which the springing member plastically deforms and wherein the shoulder
supports the seat ring against compressing the springing member to the over stress

compression.

9. The ball valve of clam 1, wherein the seat ring holder defines a springing
member receiving pocket having a depth that is less than a free height of the springing

member and wherein the shoulder of the seat ring holder is adjacent the pocket.

10. The ball vave of clam 1, wherein the springing member comprises an

annular metallic spring.



11. A welborebal valve, comprising:

aball having aflow bore therethrough;

afirst ball clamping assembly defining a generally cylindrical shape and having a
first seat surface in contact with an exterior of the ball;

a second ball clamping assembly defining a generally cylindrical shape and having
a second seat surface in contact with and substantially sealing with the exterior of the ball,
the second ball clamping assembly adjustably coupled to the first ball clamping assembly
to clamp the ball between the first and second seat surfaces and, if the ball were not
present, to alow a greatest distance between the first and second seat surfaces to be
adjusted to be smaller than a diameter of the ball; and

a springing member springingly biasing the first and second seat surfaces against
the exterior of the ball such that a compression of the springing member is adjustable
based on the adjustable coupling of the first ball clamping assembly to the second ball

clamping assembly.

12.  The bal valve of clam 11, wherein the first and second ball clamping
assemblies are coupled by mating threads on the ball clamping assemblies and more
threads are provided than are needed to clamp the ball between the first and second seat

surfaces.

13.  The wellbore bal valve of clam 11, wherein the second ball clamping
assembly comprises:

a seat ring holder;

a seat ring carried by the seat ring holder and comprising the second seat surface,
wherein

the springing member is positioned between the seat ring and the seat ring holder
and springingly biases the seat ring toward the ball, the seat ring holder having a shoulder
that supports the seat ring against fully compressing the springing member.

14.  The ball vave of claim 13, wherein the springing member has an over
stress compression at which the springing member plastically deforms and wherein the
shoulder supports the seat ring against compressing the springing member to the over
stress compression.
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15.  The ball valve of clam 14, wherein the springing member comprises an

annular metallic compression spring.

16.  Theball valve of claim 13, wherein the seat ring holder defines a springing
member receiving pocket having a depth that is less than a free height of the springing

member and wherein the shoulder of the seat ring holder is adjacent the pocket.

17. A method, comprising:

adjusting a first portion of a well tool ball valve and a second portion of the well
tool ball valve relatively toward one another, an adjustable distance, to contact a seat
surface of the first portion and a seat surface on a seat ring of the second portion to a ball
of thevalve;

compressing a resilient member that supports the seat ring the adjustable distance
that is less than a compressive length of the resilient member until the seat ring contacts a
shoulder; and

adjusting the first portion of the valve and the second portion of the valve
relatively away from one another until the resilient member supports the seat ring out of

contact with the shoulder.

18.  The method of claim 17, wherein the resilient member has an over stress
compression at which the resilient member plastically deforms and wherein compressing
the resilient member until the seat ring contacts the shoulder comprises compressing the
resilient member less than the over stress compression of the resilient member.

19.  The method of claim 17, comprising sealing against fluid flow between the

ball valve and the seat surface of the second portion.

20.  The method of claim 19, where adjusting the first portion and the second
portion relatively toward one another comprises engaging threads of the first portion with

threads of the second portion and screwing threads into deeper engagement.



