
WO 2011/071581 PCT/US2010/049498 

1 

SELF-RELIEVING BALL VALVE SEAT 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to U.S. Non-Provisional Patent 

Application No. 12/632,340, entitled "Self-Relieving Ball Valve Seat", filed on 

December 7, 2009, which is herein incorporated by reference in its entirety. 

BACKGROUND 

[0002] This section is intended to introduce the reader to various aspects of 

art that may be related to various aspects of the present invention, which are 

described and/or claimed below. This discussion is believed to be helpful in 

providing the reader with background information to facilitate a better 

understanding of the various aspects of the present invention. Accordingly, it 

should be understood that these statements are to be read in this light, and not 

as admissions of prior art. 

[0003] Ball valves may be employed to open or close to enable or block a flow 

of fluid in a variety of applications. Ball valves typically include a body, an 

adapter, a rotatable ball disposed within the body and adapter, and a stem 

coupled to the ball. However, when the ball rotates within the ball valve to block 

the flow of fluid, the fluid under pressure may often become trapped in a body 

cavity of the ball valve. The trapped fluid may increase the pressure under 
temperature variations, increasing the torque required to actuate the ball or, if not 

vented, the pressure may adversely affect surrounding parts, resulting in leakage 

or release of the fluid to the atmosphere. 

SUMMARY OF THE INVENTION 
[0004] The disclosed embodiments include "floating" ball valve seats, which 

may be configured to move (or float) between a ball and body of the ball valve or 

between a ball and adapter of the ball valve. This slight movement, generated by 

different pressures between a body cavity and a body bore of the ball valve may 
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enable the ball valve seats to release pressure trapped within the body cavity of 

the ball valve. In particular, in certain embodiments, the ball valve seats may be 

annular seats, each having a main body section, a lip section extending from the 

main body section, and a seat groove between the main body section and the lip 

section. Annular springs, such as v-shaped or u-shaped metallic cantilever 

springs, may be inserted into the seat grooves, such that the annular springs bias 

the main body sections and the lip sections of the ball valve seats in opposite 
axial directions, the seal with the ball having a smaller diameter than the seal 
with the body (or adapter). Due at least in part to the different sealing diameters, 

the pressure may develop a force that pushes the ball valve seat against the 

body when the cavity pressure is higher than the line pressure. As such, the 
cavity pressure is allowed to be released close to the line pressure on the 

upstream side of the valve, enabling a self-relieving effect of the ball valve seat. 

In addition, the annular springs may be more capable of retaining their elasticity 

over time than the elastic main body sections of the ball valve seats. Therefore, 

utilizing the tendency of the annular springs to bias the main body sections and 

lip sections of the ball valve seats in axial directions may improve the overall life 

cycle of the ball valve seats. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] 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: 

[0006] FIG. 1 is a cross sectional view of an exemplary ball valve in 

accordance with an embodiment of the present invention; 

[0007] FIG. 2A is a cross sectional view of an exemplary ball valve seat and 

spring assembled together; 

[0008] FIG. 2B is a cross sectional view of the exemplary ball valve seat of 

FIG. 2A; 
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[0009] FIG. 2C is a cross sectional view of the exemplary spring of FIG. 2A; 

[0010] FIG. 2D is a perspective view of the exemplary ball valve seat and 

spring of FIGS. 2A through 2C before installation in the ball valve of FIG. 1; 

[0011] FIG. 3 is a cross sectional view of the exemplary ball valve seat and 

spring of FIGS. 2A through 2D installed in the ball valve of FIG. 1; 

[0012] FIG. 4 is a cross sectional view of the ball valve of FIG. 1, after the ball 

valve has been closed and pressure has been applied; 

[0013] FIG. 5 is a cross sectional view of an exemplary ball valve seat on a 

body side (e.g., upstream side) of a ball of the ball valve, after the ball valve has 

been closed and pressure has been applied, as taken within arcuate line 5-5 of 

FIG. 4; and 

[0014] FIG. 6 is a cross sectional view of an exemplary ball valve seat on an 

adapter side (e.g., downstream side) of a ball of the ball valve, after the ball valve 

has been closed and pressure has been applied, as taken within arcuate line 6-6 

of FIG. 4; 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 
[0015] One or more specific embodiments of the present invention will be 

described below. These described embodiments are only exemplary of the 

present invention. Additionally, in an effort to provide a concise description of 

these exemplary embodiments, all features of an actual implementation may not 

be described in the specification. It should be appreciated that in the 

development of any such actual implementation, as in any engineering or design 

project, numerous implementation-specific decisions must be made to achieve 

the developers' specific goals, such as compliance with system-related and 

business-related constraints, which may vary from one implementation to another. 

Moreover, it should be appreciated that such a development effort might be 

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. 



WO 2011/071581 PCT/US2010/049498 

[0016] Turning now to the figures, an exemplary ball valve 10 is illustrated in 

FIG. 1. In the presently illustrated embodiment, the ball valve 10 includes an 

annular body 12 and an annular adapter 14. The body 12 and the adapter 14 of 

the ball valve 10 are configured to mate with each other. As illustrated, a ball 16 

may fit between the body 12 and the adapter 14 of the ball valve 10. The ball 16 

may be configured to rotate about an axis 18 through an opening 20 in the body 

12, as illustrated by arrow 22. Rotation of the ball 16 may enable or block the 
flow of a fluid through the body 12 and the adapter 14 of the ball valve 10. As 

illustrated, a pair of seats 24 is disposed on opposite sides of the ball 16 to 

provide seals between the ball 16 and bores (e.g., like circular passages) within 

the body 12 and the adapter 14. 

[0017] In general, a fluid may enter through either the body 12 or the adapter 

14 and exit through the other. For example, in the illustrated embodiment, fluid 

may enter through the body 12, as illustrated by arrow 26, and may exit through 

the adapter 14, as illustrated by arrow 28. However, in other embodiments, fluid 
may enter through the adapter 14 and exit through the body 12. In either case, 

as described in greater detail below, the ball 16 between the seat 24 installed in 

the body 12 and the seat 24 installed in the adapter 14 may control the open and 
closed positions of the ball valve 10, enabling or blocking the flow of the fluid 

through the ball valve 10. More specifically, in certain embodiments, a valve 

stem 30 may be inserted within the opening 20 through the top of the body 12 

and may control rotation of the ball 16 between the body 12 and the adapter 14, 

thereby moving the ball valve 10 between a closed position and an open position. 

[0018] Conventional ball valves require seats to be installed between the body 

or the adapter and the ball, with the seats being designed such that when the ball 

valve is assembled, both seats are compressed and the seat bodies are 

substantially deformed. More specifically, a radial-axial elastic-plastic 

deformation of the seats is used to create a seal between the ball and the body 

and/or the adapter. As described in greater detail below, the disclosed 

embodiments may provide for a body seat 24 to be installed between the body 

12 and the ball 16 and an adapter seat 24 to be installed between the ball 16 and 
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the adapter 14, such that minimal radial-axial compression between the ball 16 

and the seats 24 is required. In particular, instead of requiring that the seats 24 

be pre-loaded by radial-axial compression between the ball 16 and the respective 

body 12 or seat 14, the particular design of the seats 24 may only use axial 

compression of respective lip sections of the seats 24 to ensure adequate 

sealing between the ball 16 and bores within the body 12 and the adapter 14. 

[0019] In general, in certain embodiments, the body seat 24 and the adapter 

seat 24 may be similarly designed and may be used interchangeably. FIGS. 2A 

and 2B are cross sectional views of an exemplary seat 24, with its components in 

an un-deformed condition (e.g., a condition of the seat 24 prior to assembly in the 

ball valve 10). The main body section 32 of the seat 24 has a tapered or shaped 

surface 34 that comes into contact with a ball surface. On the other side of the 

main body section 32 of the seat 24 is a groove 36. The annular-shaped seat 24 

may be associated with an annular-shaped spring 38 which, when assembled, 

may fit within the annular groove 36 of the seat 24. More specifically, FIG. 2C is 
a cross sectional view of an exemplary spring 38, which in certain embodiments 

may be a v-shaped or u-shaped cantilever spring (e.g., a spring cantilevered at a 
first end and configured to support or resist a force at a second end) configured 

to bias in an axial direction relative to the spring 38 along a central axis 40 of the 

ball valve 10. However, any type of spring 38 capable of resisting compression 

in an axial direction may be used with the body seat 24. In particular, legs 42 of 

the illustrated cantilever spring 38 may resist compression in an axial direction. 

After the spring 38 is installed into the groove 36 of the body seat 24, the spring 

38 is held in place by the legs 42, which come into contact with first and second 

protrusions 44 and 46 of the seat 24 in such a way that the spring 38 is not able 

to come out of the groove 36. As described in greater detail below, the nature of 

the spring 38 to resist axial compression may enable the seat 24 to provide a 

seal between a lip section 48 of the seat 24, which comes into contact with the 

body 12 or the adapter 14, and the surface 34, which comes into contact with the 

ball 16 of FIG. 1. FIG. 2D is a perspective view of the spring 38 and the seat 24 

before installation in the ball valve 10. 
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[0020] FIG. 3 is a cross sectional view of the seat 24 after being installed in 

the ball valve 10, illustrating the position between the body 12 or the adapter 14 

and the ball 16. In the illustrated embodiment, the body seat 24 is installed 

between the body 12 and the ball 16. When installed in the ball valve 10, the 

body seat 24 fits into an annular groove created by the surfaces 50, 52, 54 of the 

body 12, and the surface 34 of the body seat 24 contacts the ball 16 on surface 

56. Similarly, the adapter seat 24 installed into the adapter 14 fits into an annular 
groove created by the surfaces 58, 60, and 62 of the adapter 14, and the surface 

34 of the adapter seat 24 contacts the ball 16 on surface 56. When the adapter 

14 is assembled with the body 12, the lip sections 48 of the body seat 24 and the 

adapter seat 24 come into contact with body surface 52 and adapter surface 60, 
respectively. The lip section 48 causes deformation of the lip leg 64 and 

compression on the legs 42 of the spring 38. The spring compression during 

valve assembly keeps the seats 24 in contact with the body 12, adapter 14, and 

ball 16, and energizes the seals when the pressure is applied. 

[0021] FIG. 4 is a cross sectional view of the ball valve 10 of FIG. 1 having 

pressure applied on the body 12 side of the ball valve 10. The body 12 and the 
adapter 14 may be coupled together using various methods. The ball 16 may fit 

between the body 12 and the adapter 14, wherein the ball 16 may enable or 

block the flow of a fluid through a body bore 66 (e.g., cylindrical passage) within 

the body 12 and an adapter bore 68 (e.g., cylindrical passage) within the adapter 

14. In the illustrated embodiment, the fluid enters through the body bore 66 and 

exits through the adapter bore 68. In other words, in the illustrated embodiment, 

the body bore 66 is the upstream bore and the adapter bore 68 is the 

downstream bore. However, in other embodiments, the flow may be reversed 

such that the fluid enters through the adapter bore 68 and exits through the body 

bore 66. In these embodiments, the adapter bore 68 would be the upstream 

bore and the body bore 66 would be the downstream bore. 

[0022] As described above, the ball valve 10 may include a valve stem 30 

extending radially through the top of the body 12 along the radial axis 18 (e.g., 

perpendicular to the central axis 40). The valve stem 30 may be rotated about 
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the radial axis 18 by a valve actuator 70, as illustrated by arrow 22. Rotation of 

the valve stem 30 about the radial axis 18 may cause the ball 16 to also rotate 

about the radial axis 18. As the ball 16 rotates about the radial axis 18, the ball 

16 may move between an open position and a closed position. When the ball 16 

is in the open position, the fluid may be allowed to flow from the body bore 66 to 

the adapter bore 68, or vice versa, relatively unimpeded. Conversely, when the 

ball 16 is in the closed position, the fluid may be blocked from flowing from the 

body bore 66 to the adapter bore 68, or vice versa. In both the open or closed 

positions, the seats 24 may provide a seal, generally blocking the flow of fluid 

into or out of a body cavity 72 between the ball 16 and the body 12 and adapter 

14. 

[0023] In operation, the seats 24 energize and re-energize the seal between 

both the ball 16 and the body bore 66 and the ball 16 and the adapter bore 68 

every time the ball valve 10 is operated, de-pressurized, and the pressure is 

applied again. The method for energizing the seal and ensuring that the seats 24 
stay in contact with the ball 16 during valve operations and pressure fluctuations 
is to push against the main body sections 32 of the seats 24 during assembly of 
the ball valve 10 by compressing the ball 16 against the main body sections 32 of 

the seats 24, thereby deforming the lip legs 64 of the seats 24 and compressing 

the springs 38. Using this method, the amount of deformation of the main body 

sections 32 of the seats 24 depends on the testing pressure, the size of the ball 

valve 10 (e.g., the size of the ball 16, the body 12, the adapter 14, the seats 24, 

and so forth), the material properties of the seats 24, and so forth. However, this 

deformation is not significant, with the deformation taking place in the lip section 

48, the lip leg 64, and the annular spring 38 in an axial direction every time the 

ball valve 10 is operated and/or the ball valve 10 experiences pressure 

fluctuations. The lip leg 64 will deform such that the seat surface 74 contacts the 

body surface 52 (or the adapter surface 60) when the ball load is applied to the 

seat 24. 

[0024] In certain embodiments, the seats 24 may be made from plastic 

materials, or a combination of plastic and metallic materials, with the lip section 
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48 and lip leg 64 made from a plastic material. As a result of the deformation of 

the lip section 48 of the seat 24, the lip leg 64 of the seat 24, and the spring 38 

during assembly, a contact stress may be created between the ball 16 and the 

surface 34 of the seat 24. The contact stress between the ball 16 and the seat 

24 may affect the operational effectiveness of the ball valve 10 by, for example, 

controlling the amount of pressure trapped in the body cavity 72 when the ball 

valve 10 is closed and the fluid within the body bore 66 and the adapter bore 68 

is de-pressurized. Moreover, the amount of pressure trapped in the body cavity 

72 generally depends on the initial pre-load between the ball 16 and the seats 24 

during assembly of the ball valve 10. The pressure of the fluid trapped in the 

body cavity 72 generally causes the torque required to actuate the ball 16 to be 
higher on the low-pressure side, thereby reducing the effectiveness of the ball 

valve 10. Therefore, it is beneficial to have the pressure of the fluid trapped in 

the body cavity 72 to be as low as possible. The embodiments disclosed herein 

enable the pressure of the fluid trapped in the body cavity 72 to be self-relieving, 

as described in greater detail below, thereby reducing the negative effects on the 

torque of the ball valve 10. 

[0025] More specifically, the disclosed embodiments enable the ball valve 10 

to be assembled with minimal compression between the ball 16 and the seats 24. 

In particular, the seats 24 described herein may function as "floating seats." In 

other words, the seats 24 may be configured such that the ball 16 may move (or 

float) axially in either an upstream direction (e.g., toward the body bore 66) or a 

downstream direction (e.g., toward the adapter bore 68). As such, the pressure 

trapped in the body cavity 72 may be automatically adjusted based on the 

upstream and downstream pressures of the fluid in the body bore 66 and the 

adapter bore 68, respectively. For example, if the ball 16 moves axially toward 

the adapter bore 68, the pressure trapped in the body cavity 72 may be released 

toward the body bore 66 between surfaces of the body seat 24 and the ball 16. 

Conversely, if the ball 16 moves axially toward the body bore 66, the pressure 

trapped in the body cavity 72 may be released toward the adapter bore 68 

between surfaces of the adapter seat 24 and the ball 16. 
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[0026] However, despite allowing a certain degree of axial freedom to the ball 

16, the seats 24 may nevertheless still provide adequate sealing between the ball 

16 and the body bore 66 and the ball 16 and the adapter bore 68. This is at least 

partially due to the fact that the main body sections 32 of the seats 24 are 

allowed to move slightly, while still maintaining a seal between abutting surfaces 

of the body 12 or the adapter 14. In particular, as described above, springs 38 

may exert axial forces within the main body sections 32 of the seats 24, which 
cause lip sections 48 of the seats 24 to push against abutting surfaces of the 

body 12 or adapter 14. 

[0027] FIGS. 5 and 6 are intended to illustrate features of an exemplary seat 

24 and spring 38. For example, FIG. 5 is a cross sectional view of the seat 24 on 

the body 12 side of the ball 16 of the ball valve 10, as taken within arcuate line 5-

5 of FIG. 4, wherein the ball valve 10 has been closed and pressurized. FIG. 6 is 

a cross sectional view of the seat 24 on the adapter 14 side of the ball 16 of the 

ball valve 10, as taken within arcuate line 6-6 of FIG. 4, wherein the ball valve 10 
has been closed and pressurized. 

[0028] As illustrated in FIGS. 5 and 6, main body sections 32 of the seats 24 

may generally be shaped as rectangular sections with carved out sections (e.g., 

facing the ball 16) extending from approximate midpoints of radially inward 
surfaces 76 of the seats 24 to approximate midpoints of first axial surfaces 78 of 

the seats 24 (e.g., an axially downstream surface 78 of the body seat 24 of FIG. 
5 and an axial upstream surface 78 of the adapter seat 24 of FIG. 6). Although 

illustrated as extending from approximate midpoints of the radially inward 
surfaces 76 and the first axial surfaces 78 of the seats 24, in certain 

embodiments, the carved out sections of the seats 24 may extend from any point 

along the radially inward surfaces 76 and the first axial surfaces 78. 

[0029] Angled surfaces 80 extending from the radially inward surfaces 76 of 

the seats 24 to the first axial surfaces 78 may be referred to as ball-interfacing 

surfaces 80. As illustrated in FIGS. 5 and 6, in certain embodiments, the ball-
interfacing surfaces 80 may actually include first and second surfaces 34, 82 
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connected by a tapered section 84. As such, only part of the ball-interfacing 

surfaces 80 may actually make contact with the ball 16. More specifically, only 

the first ball-interfacing surface 34 may make contact with the ball 16. In certain 

embodiments, the first ball-interfacing surface 34 may be a tapered surface, a 

curved surface (e.g., a concave surface), or a surface otherwise tailored to the 

geometry of the ball 16. The first ball-interfacing surfaces 34 have smaller 

dimensions as compared with the lip sections 48. Reducing the contact surfaces 
between the ball-interfacing surfaces 80 and the ball 16 may increase the contact 
pressure between the seats 24 and the ball 16, thereby creating a more effective 

seal. 

[0030] In addition, the seats 24 may include substantially smaller carved out 

sections 86 (e.g., beveled edges) extending from the radially inward surfaces 76 

to second axial surfaces 74 of the seats 24, respectively. These carved out 

sections 86 may define the size of the surface 74 that comes into contact with 

body surface 52 or adapter surface 60 to ensure full ball support when the seat 
24 is an upstream seat, and to make surface 74 as a second sealing surface (the 
first sealing surface being the lip section 48) when the seat 24 is a downstream 
seat. 

[0031] In addition, as described above, the seats 24 may include grooves 36, 
within which the springs 38 may be inserted prior to or during assembly of the 

ball valve 10. As illustrated in FIG. 2A, each spring 38 may be held in place 
within its respective groove 36 by a first protrusion 44 extending from the lip 
section 48 of the seat 24 toward the radially outward surface 88 of the seat 24 
and by a second protrusion 46 extending from the radially outward surface 88 of 

the seat 24 toward the lip section 48 of the seat 24. 

[0032] As illustrated by FIG. 5, the body seat 24 may be held in place within a 

carved out rectangular groove of the body 12. More specifically, as illustrated, 

the body seat 24 may be held in place within a radially inward surface 50, an 

axially upstream surface 52, and a radially outward surface 54 of the body 12. In 
general, the radially inward surface 50 of the body 12 and the radially outward 
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surface 54 of the body 12 are open-ended with ends that are proximate to the 

ball 16 when the ball valve 10 is assembled. During assembly of the ball valve 

10, the body seat 24 may be inserted into the carved out rectangular groove 

defined by the radially inward surface 50, axially upstream surface 52, and 

radially outward surface 54 of the body 12. As such, the body seat 24 may 

generally be held in place within the carved out rectangular groove of the body 

12 by the radially inward surface 76 and the radially outward surface 88 of the 

body seat 24, which abut the radially inward surface 50 and the radially outward 

surface 54 of the body 12, respectively. 

[0033] Similarly, as illustrated by FIG. 6, the adapter seat 24 may be held in 

place within a carved out rectangular groove of the adapter 14. More specifically, 

as illustrated, the adapter seat 24 may be held in place within a radially inward 

surface 58, an axially downstream surface 60, and a radially outward surface 62 

of the adapter 14. In general, the radially inward surface 58 of the adapter 14 

and the radially outward surface 62 of the adapter 14 are open-ended with ends 
that are proximate to the ball 16 when the ball valve 10 is assembled. During 

assembly of the ball valve 10, the adapter seat 24 may be inserted into the 
carved out rectangular groove defined by the radially inward surface 58, axially 

downstream surface 60, and radially outward surface 62 of the adapter 14. As 

such, the adapter seat 24 may generally be held in place within the carved out 

rectangular groove of the adapter 14 by the radially inward surface 76 and the 

radially outward surface 88 of the adapter seat 24, which abut the radially inward 

surface 58 and the radially outward surface 62 of the adapter 14, respectively. 

[0034] The springs 38 may energize the seal between the ball 16 and the 

body 12 and the ball 16 and the adapter 14 during operation of the ball valve 10. 

More specifically, as described above, the springs 38 may be v-shaped or u-

shaped cantilever springs configured to bias in an axial direction along the 

central axis 40 of the ball valve 10. Upon installation, the legs 42 of the springs 

38 push against the main body sections 32 of the seats 24 and the lip legs 64 of 

the seats 24, biasing the lip sections 48 and lip legs 64 away from the main body 

sections 32 of the seats 24. This tends to bias the lip section 48 and the lip leg 



WO 2011/071581 PCT/US2010/049498 

12 

64 of the body seat 24 toward the axially upstream surface 52 of the body 12 and 

the surface 34 of the body seat 24 toward the surface 56 of the ball 16. Similarly, 

this tends to bias the lip section 48 and the lip leg 64 of the adapter seat 24 

toward the axially downstream surface 60 of the adapter 14 and the surface 34 of 

the adapter seat 24 toward the surface 56 of the ball 16. 

[0035] Returning now to FIG. 4, when the fluid flows through the ball valve 10 

and is pressurized at a line pressure Piine with the ball 16 in an open position, and 

the ball 16 is subsequently rotated into a closed position, the pressure in the 

body cavity 72 (PCavity) may be approximately the same as the line pressure Pune-

If the downstream pressure Pdowntream in the adapter bore 68 is released, then the 

ball 16 will push against the adapter seat 24 since the line pressure Piine in the 

body bore 66 will be greater than the downstream pressure Pdowntream in the 

adapter bore 68. As illustrated in FIG. 6, the adapter seat 24 supports the ball 16 

by the first ball-interfacing surface 34. In addition, as illustrated, the lip section 

48 and the lip leg 64 of the adapter seat 24 may deform such that the second 
axial surface 74 of the adapter seat 24 contacts the axially downstream surface 

60 of the adapter 14. As such, when this happens, the adapter seat 24 may 
support the entire load of the ball 16. At the same time, as illustrated in FIG. 5, 

the spring 38 within the body seat 24 may relax such that the axial surface 74 of 

the body seat 24 moves away from the axially upstream surface 52 of the body 

12 and only the lip section 48 of the body seat 24 remains in contact with the 

axially upstream surface 52 of the body 12. The body seat 24 moves with the 

ball 16 such that the seat surface 34 remains in contact with the surface 56 of the 

ball 16. 

[0036] If the line pressure P|ine on the upstream side of the ball 16 decreases, 

the body cavity pressure Pcavity may be greater than the line pressure P|ine in the 

body bore 66. As a result, since the axially upstream surface 52 of the body 12 

contacts with the lip section 48, which has a greater diameter than the surface 34 

which contacts the ball 16, a force Fn will be created from the body cavity 72 

which pushes the body seat 24 away from the ball 16 axially (e.g., the second 

axial surface 74 and the lip section 48 of the body seat 24 approach the axially 
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upstream surface 52 of the body 12), temporarily moving the ball surface 56 

away from the seat surface 34, allowing the body cavity pressure Pcavity to 

decrease to a pressure close to the line pressure Piine in the body bore 66. This 

illustrates the self-relieving effect of the seats 24 described herein. 

[0037] Conversely, if the line pressure Piine on the upstream side of the ball 16 

increases, the line pressure Piine will cause the lip section 48 of the body seat 24 

to move away from the axially upstream surface 52 of the body 12, allowing the 

body cavity pressure Pcavity to increase to a pressure close to the line pressure 

Piine in the body bore 66. Therefore, both increases and decreases in the line 

pressure Piine will lead to the body cavity pressure Pcavity remaining relatively 

close to the line pressure Piine in the body bore 66. 

[0038] As a further example, in the event that the fluid trapped within the body 

cavity 72 increases in volume (e.g., due to temperature variations), the resulting 

body cavity pressure Pcavity may increase and the self-relieving effect of the body 

seat 24 may again cause the body seat 24 to push away from the ball 16, 

allowing the body cavity pressure PcaVity to decrease to a pressure close to the 

line pressure Piine in the body bore 66. More specifically, the fluid may release 

from the body cavity 72 into the body bore 66 between the ball 16 and the body 

seat 24. 

[0039] An advantage of the disclosed embodiments is that the main body 

sections 32 of the seats 24 are not substantially deformed during assembly of the 

ball valve 10. More specifically, the only substantial deformation of the seats 24 

during assembly of the ball valve 10 are to the lip sections 48 and lip legs 64, 

which are biased by the springs 38 in an axial direction, and the springs 38. As 

such, there is minimal deformation of the main body sections 32 of the seats 24 

during assembly of the ball valve 10. In addition, the seats 24 primarily utilize the 

elastic properties of the springs 38 to energize the seals of the ball valve 10, 

instead of relying on the plastic material properties of the main body sections 32 

of the seats 24. In general, the springs 38 may be more capable of retaining 
their elasticity over time than deformed plastics. As such, the seats 24 may 
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experience longer life cycles than other seats, which are substantially pre-loaded 

through deformation as described above. Moreover, the deformation of the lip 

section 48 only insignificantly impacts the torque required to actuate the ball 16, 

thereby enhancing the effectiveness of the ball valve 10. Furthermore, since the 

compressive mechanical characteristics of the main body sections 32 of the 

seats 24 are less important in the disclosed embodiments, the materials used for 

the main body sections 32 of the seats 24 may be chosen from a larger variety of 
materials, enabling the seats 24 disclosed herein to be used in both low-pressure 

and high-pressure ball valves 10. 

[0040] 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. 
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CLAIMS 

1. A ball valve capable of relieving cavity pressure, comprising: 

a body; 

an adapter coupled to the body; 

a ball disposed between the body and the adapter and configured to rotate 
about a radial axis to allow or block a flow of fluid through a body passage and 

an adapter passage; 
a first annular seat disposed between the body and the ball, wherein the 

first annular seat comprises a first annular spring which biases the first annular 
seat along a central axis; and 

a second annular seat disposed between the ball and the adapter, 

wherein the second annular seat comprises a second annular spring which 

biases the second annular seat along the central axis. 

2. The ball valve of claim 1, wherein the first annular seat contacts the body 

to form a first seal at a first diameter, and the first annular seat contacts the ball 

to form a second seal at a second diameter, wherein the difference between the 

first and second diameters develops a force which biases the first annular seat 

against the body when a cavity pressure is higher than a body passage pressure, 

thereby relieving the cavity pressure. 

3. The ball valve of claim 2, wherein the second annular seat contacts the 

adapter to form a third seal at a third diameter, and the second annular seat 

contacts the ball to form a fourth seal at a fourth diameter. 

4. The ball valve of claim 1, wherein the first annular seat comprises a first 

main body section, a first lip section extending from the first main body section, 

and a first seat groove between the first main body section and the first lip 

section, wherein the first annular spring is disposed within the first seat groove, 
and the second annular seat comprises a second main body section, a second 
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lip section extending from the second main body section, and a second seat 

groove between the second main body section and the second lip section, 

wherein the second annular spring is disposed within the second seat groove. 

5. The ball valve of claim 4, wherein a first leg of the first annular spring 

biases the first lip section in a first axial direction along the central axis and a 

second leg of the first annular spring biases the first main body section in a 
second axial direction along the central axis opposite to the first axial direction, 
and a third leg of the second annular spring biases the second lip section in a 

third axial direction along the central axis and a fourth leg of the second annular 

spring biases the second main body section in a fourth axial direction along the 
central axis opposite to the third axial direction. 

6. The ball valve of claim 4, wherein the first annular seat is disposed within 

a first rectangular body groove in the body, and the second annular seat is 

disposed within a second rectangular adapter groove in the adapter. 

7. The ball valve of claim 6, wherein the first annular spring biases the first lip 

section against a first surface of the first rectangular groove, the first annular 

spring biases the first main body section away from the first surface of the first 

rectangular groove and against the ball, the second annular spring biases the 

second lip section against a second surface of the second rectangular groove, 

and the second annular spring biases the second main body section away from 

the second surface of the second rectangular groove and against the ball. 

8. The ball valve of claim 1, wherein the first annular seat comprises a first 

angled surface abutting the ball, and the second annular seat comprises a 

second angled surface abutting the ball. 
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9. The ball valve of claim 1, wherein the first and second annular springs are 

both v-shaped or u-shaped springs having opposite legs configured to bias along 

the central axis. 

10. The ball valve of claim 9, wherein the first and second annular springs 

comprise metallic cantilever springs. 

11. The ball valve of claim 1, wherein the first and second annular seats are 

comprised of plastic or a combination of plastic and metallic materials. 

12. A system, comprising: 
an annular ball valve seat; and 

an annular spring disposed within a seat groove of the annular ball valve 

seat, wherein the annular spring biases the annular ball valve seat axially. 

13. The system of claim 12, wherein the annular ball valve seat comprises a 

main body section, a lip section extending from the main body section, and the 

seat groove between the main body section and the lip section, wherein the first 

annular spring is disposed within the seat groove. 

14. The system of claim 13, wherein a first leg of the annular spring biases the 

lip section in a first axial direction and a second leg of the annular spring biases 

the main body section in a second axial direction opposite the first axial direction. 

15. The system of claim 12, wherein the annular ball valve seat comprises an 

angled surface configured to interface with a ball of a ball valve, wherein the 

angled surface is positioned inwardly. 

16. The system of claim 15, wherein the angled surface comprises a first 

surface configured to make contact with the ball, a second surface configured to 
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not make contact with the ball, and a tapered section connecting the first and 

second surfaces. 

17. The system of claim 12, wherein the annular spring is a v-shaped or u-

shaped spring. 

18. The system of claim 17, wherein the annular spring comprises a metallic 
cantilever spring. 

19. The system of claim 12, wherein the annular ball valve seat is comprised 

of plastic or a combination of plastic and metallic materials. 

20. An annular ball valve seat having an annular spring installed into a groove 

of the annular seat, wherein the annular ball valve seat comprises a lip section 

and the annular spring is configured to bias the lip section against a ball valve 

body to form a first seal, and wherein the annular ball valve seat comprises a 

ball-interfacing surface and the annular spring is configured to bias the ball-

interfacing surface against a ball valve ball to form a second seal, wherein the 

first and second seals are located at different diameters of the annular ball valve 

seat. 


