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TITLE
[0001] Ball Valve Assembly

CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] This application claims priority from U.S. Provisional Patent Application No.
62/903,325, titled “Fire Protection Valve Assembly”, filed on September 20, 2019, the entire

contents of which are incorporated by reference herein.

BACKGROUND OF THE DISCLOSURE

[0003] The present disclosure is generally directed to a fluid flow valve assembly, and, more
particularly, to a ball valve assembly.

[0004] Prior to commercialization, fluid flow control valves are subjected to rigorous testing to
ensure that they conform to high safety standards. As one example, safety testing performed for
certification by FM Approvals for ball valves used in certain fire protection applications requires
valves to be subjected to conditions that generally far exceed normal operating conditions for the
respective valves. For example, leak testing of valves requires cycling of the valves between fully
open and fully closed positions a predetermined number of cycles that exceeds the number of cycles
such valves are expected to experience during their life span under normal operating conditions.
Likewise, testing may be performed under system pressurization that exceeds standard operating
pressure. Such rigorous testing exposes the valves to harsh conditions that have the potential to
result in premature wear of valve components. Accordingly, it is necessary to manufacture robust
valves designed to withstand such testing in order to achieve the highest levels of safety

certification.

BRIEF SUMMARY OF THE DISCLOSURE
[0005] Briefly stated, one aspect of the present disclosure is directed to a control valve
assembly. The control valve assembly includes a valve body defining an inlet, an outlet and a valve
body fluid flow pathway therebetween. A quarter-turn ball valve is positioned within the valve
body fluid flow pathway and includes a rotatable ball having an inlet opening, an outlet opening and
a ball fluid flow pathway therebetween, an upstream seat ring positioned at an inlet side of the ball,
and a downstream seat ring positioned at a downstream side of the ball. The upstream and
downstream seat rings are configured to substantially seal off fluid flow between an upstream side

and a downstream side of the ball except through the ball fluid flow pathway. At least one of the
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upstream and downstream seat rings is a dynamic sealing seat ring. A retainer ring is positioned
between the dynamic sealing seat ring and a portion of the rotatable ball and configured to
substantially prevent deformation of a portion of the dynamic sealing seat ring in a direction toward
the ball. A valve actuation assembly is configured to selectively rotate the ball substantially 90°
between only two operative positions. A first operative position is an open position, fluidly
connecting the ball fluid flow pathway with the valve body fluid flow pathway to permit fluid flow
from the inlet to the outlet of the valve body through the ball. A second operative position is a
closed position, substantially fluidly disconnecting the ball fluid flow path from the valve body fluid
flow path to substantially prevent fluid flow from the inlet to the outlet of the valve body. The valve
actuation assembly includes a stem extending from outside the valve body, through a first side
thereof and into rotationally fixed attachment with the ball, whereby rotation of the stem rotates the
ball between the open and closed positions thereof irrespective of a pressure differential across the

ball.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The following description of an embodiment of the disclosure will be better understood
when read in conjunction with the appended drawings. It should be understood, however, that the
disclosure is not limited to the precise arrangements and instrumentalities shown. In the drawings:
[0007] Fig. 1 is a perspective front and side view of a control valve assembly according to an
embodiment of the present disclosure;
[0008] Fig. 2 is a cross-sectional view of the control valve assembly of Fig. 1, taken along the
sectional line 2-2 of Fig. 1, with the control valve in an open position;
[0009] Fig. 3 is a cross-sectional view of the control valve assembly of Fig. 1, taken along the
sectional line 3-3 of Fig. 1, with the control valve in the open position;
[0010] Fig. 4 is a cross-sectional view of the control valve assembly of Fig. 1, taken along the
sectional line 3-3 of Fig. 1, with the control valve in a closed position; and
[0011] Fig. 5 is an enlarged, partial cross-sectional view of a seat ring and ring support surface

of the control valve assembly of Fig. 4.

DESCRIPTION OF THE DISCLOSURE

[0012] Certain terminology is used in the following description for convenience only and is not

2%

limiting. The words “lower,” “bottom,” “upper” and “top” designate directions in the drawings to

29 CC 29 <C

which reference is made. The words “inwardly,” “outwardly,” “upwardly” and “downwardly” refer

to directions toward and away from, respectively, the geometric center of the control valve
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assembly, and designated parts thereof, in accordance with the present disclosure. Unless
specifically set forth herein, the terms “a,” “an” and “the” are not limited to one element, but instead
should be read as meaning “at least one.” The terminology includes the words noted above,
derivatives thereof and words of similar import.

29 LC

[0013] It should also be understood that the terms “about,” “approximately,” “generally,”
“substantially” and like terms, used herein when referring to a dimension or characteristic of a
component of the disclosure, indicate that the described dimension/characteristic is not a strict
boundary or parameter and does not exclude minor variations therefrom that are functionally
similar. At a minimum, such references that include a numerical parameter would include variations
that, using mathematical and industrial principles accepted in the art (e.g., rounding, measurement or
other systematic errors, manufacturing tolerances, etc.), would not vary the least significant digit.
[0014] Referring to the drawings in detail, wherein like numerals indicate like elements
throughout, there is shown in Figs. 1-5 a piping system control valve assembly (“CVA”), generally
designated 10, in accordance with an embodiment of the present disclosure. In one, non-limiting
application, the CVA 10 is a fire protection valve assembly utilized in a wet standpipe (not shown)
for a multi-floor property sprinkler system (not shown). In a fire protection application, and as
should be understood by those of ordinary skill in the art, the wet standpipe extends generally
vertically through the floors of the property, and a CVA 10 branches off the standpipe at each of the
respective floors. Each CVA 10 of a respective floor connects water in the standpipe with the
sprinklers on that respective floor. The CVA 10 may also control draining of the sprinkler system
for testing and maintenance, and where the CVA 10 includes a control valve (as described in detail
further below), the CVA 10 may also control shutting off water flow to the sprinklers, e.g., at the
end of a fire. However, the disclosure of the CVA 10 herein is not so limited as the CVA 10 may
alternatively be employed in different types of fluid flow/piping system applications, including those
entirely unrelated to fire protection.

[0015] The CVA 10 includes a generally cylindrical valve body 12 and a valve body bonnet 14
removably mounted to the top (according to the orientation of the CVA 10 depicted in Figs. 1-5) of
the valve body 12. In the illustrated embodiment, an inlet 14a of the bonnet 14 is threadably
connected to an outlet 12b of the valve body 12, whereby the bonnet 14 acts as a cover portion of
the valve body 12, but the disclosure is not so limited. As should be understood, other fastening
means capable of attaching and detaching the bonnet 14 with the valve body 12 may be utilized,
such as, for example, without limitation, fastening bolts/nuts or the like. As also should be

understood by those of ordinary skill in the art, the bonnet 14 may alternatively be removably
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mounted to a base end (according to the orientation of the CVA 10 depicted in Figs. 1-5) of the
valve body 12, i.e., to an inlet 12a of the valve body 12. In the illustrated configuration, the valve
body 12 defines a main inlet 12a of the CVA 10 at the base end thereof for receiving fluid (e.g.,
water) from a fluid source, such as a wet standpipe, for example, and the bonnet 14 defines a main
outlet 14b of the CVA 10 at an uppermost end thereof (according to the same orientation of the
CVA 10 depicted in Figs. 1-5), through which the fluid exits from the CVA 10, for example to a set
of sprinklers (not shown). In one embodiment, both ends 12a, 14b may have respective outer
peripheral grooves for mating in a conventional fashion with other fittings or pipe lengths.
Alternatively, one or both ends 12a, 14b could be threaded, flanged or the like for other types of
conventional mating.

[0016] The CVA 10 may be manually shut off (as will be described in further detail below) to
stop fluid flow therethrough. For example, the CVA 10 may be manually shut off for maintenance
purposes. In fire protection applications, as another non-limiting example, the CVA 10 may be
manually shut off to turn off sprinklers once a fire event is extinguished. As should be understood
by those of ordinary skill in the art, when utilizing the CVA 10 in a fire protection application, aside
from closing the CVA 10 for maintenance purposes, the CVA 10 should generally be fully open at
all times (other than after a fire event is extinguished) in order to ensure proper water flow to the
sprinklers in the event of an emergency.

[0017] In the illustrated embodiment, and as shown best in Figs. 2-5, the control valve takes the
form of a ball valve 15. The ball valve 15 includes the valve body 12 housing a perforated and
rotating/pivoting ball 16 therein, having a sealing seat ring 18a, i.e., an endless, e.g., annular, valve
seat underlying the ball 16 on an inlet side 16a thereof and an opposing sealing seat ring 18b upon
the ball 16 on an outlet side 16b thereof. As should be understood, the seat rings 18a, 18b may be
formed of metal(s), polymer(s), combinations thereof, or the like. As also should be understood by
those of ordinary skill in the art, the seat rings 18a, 18b are configured to seal off and substantially
prevent fluid from flowing around the ball 16 between an upstream side and a downstream side
thereof (as will be described in further detail below), thereby requiring fluid to travel through the
ball 16 in order to travel between the upstream side and the downstream side thereof.

[0018] The outlet 12b of the valve body 12 is dimensioned to receive the internal components of
the ball valve 15, e.g., the ball 16 and the seat rings 18a and 18b, therethrough. During manufacture,
for example, the components of the ball valve 15 may be inserted into the valve body 12 via the
outlet 12b, and, thereafter, the bonnet 14 is threaded onto the valve body 12. As shown in Figs. 2-5,

the bonnet 14 includes a downwardly projecting annular lip 14¢ dimensioned to engage, e.g.,

4
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radially, the seat ring 18b to press against the seat ring 18b, and, in turn, against the ball 16 and
against the lower seat ring 18a.

[0019] Turning to the ball valve 15, the ball 16 in the illustrated configuration takes the form of
a substantially hollowed out ball 16 having an inlet opening 16a and an opposing outlet opening
16b. Optionally, the ball 16 may define an interior channel (not shown), e.g., a bored-out channel,
extending between the inlet 16a and outlet 16b thereof. As should be understood by those of
ordinary skill in the art, the ball valve 15 is a quarter-turn valve movable between only two
operative positions. In a first operative position (Figs. 2, 3), i.e., the open position, the inlet and
outlet openings 16a, 16b of the ball 16 are substantially in line with the inlet 12a and the outlet 12b
of the valve body 12. In a second operative position (Fig. 4), i.e., the closed position, the ball 16 is
rotated substantially 90° about an axis across the diameter of the valve body 12, whereby the inlet
and outlet openings 16a, 16b are substantially 90° offset from the inlet 12a and the outlet 12b of the
valve body 12. The valve 15 substantially prevents fluid flow through the valve body 12 in the
closed position (irrespective of a pressure differential across the ball valve 15) and permits fluid
flow through the valve body 12 in the open position.

[0020] A valve actuation assembly 22 (Fig. 1) for selectively orienting (rotating) the ball valve
15 between the open and closed configurations thereof (irrespective of a pressure differential across
the ball valve 15) may include a transmission 20 (shown schematically in Fig. 1), eg., a
conventional, commercially available, worm gear transmission, in a housing 21 with a control arm
25 rotatable by a hand wheel 24 connected thereto. A stem 23 is attached (in a rotatably fixed
manner) with the ball 16 of the valve 15 at one end thereof and extends out of the valve body 12 into
operative connection with the transmission 20 at the other end thereof .

[0021] Clockwise and counterclockwise rotation of the hand wheel 24 pivots the ball 16
between the open (Figs. 2, 3) and closed (Fig. 4) positions thereof in a manner well understood by
those of ordinary skill in the art, corresponding to open and closed configurations of the CVA 10,
respectively. Namely, selective rotation of the hand wheel 24 rotates the control arm 25, which, in
turn, rotates the stem 23 via the transmission 20, thereby rotating the ball 16 of the valve 15 between
the open and closed configurations. Optionally, the transmission 20 may also provide a reduction
ratio in a manner well understood by those of ordinary skill in the art. As should be understood, a
reduction ratio provides a mechanical advantage to manually open and close the valve body 12
under the operating pressure thereof. To manually shut-off the CVA 10, e.g., for maintenance
purposes or to turn off sprinklers after a fire event is extinguished (in fire protection applications), a

user rotates the hand wheel 24 to rotate the ball 16 into the closed position thereof. To return the
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CVA 10 into the normal operating condition thereof (Figs. 2, 3), the user rotates the hand wheel 24
in the opposite direction to rotate the ball 16 back to the open position thereof.

[0022] The valve body 12 may also be provided in a conventional fashion with one or more
internal supervisory switches, i.e, a tamper evident switch, which operate(s) in a manner well
understood by those of ordinary skill in the art, and which is operatively connected to the valve body
12 in a conventional manner. As one example, without limitation, the supervisory/tamper switch
can be actuated by a cam (not shown), within the valve actuation assembly 22, operatively
connected to a valve stem (not shown) of the valve body 12 in a conventional fashion so as to
change the state of the switch within a predetermined number of turns of the hand wheel 24. The
supervisory switch is also connected in a manner well understood by those of ordinary skill in the art
to a monitoring system (not shown), which produces a warning signal to energize an alarm, turn on a
light, or the like in the event an unauthorized person starts to open or close the valve body 12 of the
CVA 10.

[0023] As shown best in Figs. 2-4, a check valve 30 may optionally be positioned within the ball
16 of the ball valve 15, forming a combined check and control valve, but the disclosure is not so
limited. As one example, the check valve 30 may be mounted in a separate valve body (not shown)
that is connected to the valve body 12, whereby the control valve 15 and check valve 30 operate in
series. Alternatively, the CVA 10 may be manufactured without a check valve 30.

[0024] In the illustrated embodiment, the check valve 30 takes the form of a clapper valve. As
should be understood by those of ordinary skill in the art, however, the check valve 30 is not limited
to a clapper valve and may take the form of other one-way valves substantially preventing backflow
of liquid, currently known or that later become known, capable of performing the functions of the
check valve 30 described herein. For example, without limitation, the check valve 30 may take the
form of a wafer valve, a butterfly valve, a valve having a generally disk-shaped closure pivotable
about an axis along a cross-section of a pipe to regulate direction of fluid flow, or the like.

[0025] The check valve 30 includes an endless, e.g., annular, valve seat 30a and a removable
clapper disk 30b which is pivotable between an open position (not shown) and a closed position
(Figs. 2-4) according to the fluid pressure differential across the clapper disk 30b. In the closed
position of the check valve 30, the clapper disk 30b sealingly engages the valve seat 30a to prevent
fluid from flowing through the check valve 30 from the outlet side 14b of the CVA 10 to the inlet
side 12a of the CVA 10, and in the open position of the check valve 30, the clapper disk 30b is
pivoted upwardly away from the valve seat 30a and fluid, e.g., water, is permitted to flow through

the check valve 30 from the inlet side 12a to the outlet side 14b. A biasing member (not shown),
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e.g., a torsion spring, may be mounted to the inside of the ball 16 and attached to the clapper disk
30b. The biasing member exerts a predetermined spring force on the clapper disk 30b to maintain
the clapper disk 30b in sealed engagement with the valve seat 30a. The biasing force of the biasing
member may be overcome by a sufficient pressure differential across the clapper disk 30b that
results in a force against the clapper disk 30b that is greater than the biasing force and opposite in
direction. As should be understood by those of ordinary skill in the art, the clapper disk 30b may
alternatively be maintained in sealed engagement with the valve seat 30a via the force of gravity or
other biasing members currently known or that later become known, capable of performing the
function of the biasing member described herein.

[0026] As should be understood by those of ordinary skill in the art, because the CVA 10 is
fluidly connected to a fluid-filled conduit/pipe, e.g., a wet standpipe (not shown), the valve body 12
is always filled with water and pressurized. In one non-limiting embodiment where a check valve
30 is employed, fluid pressure differential across the check valve 30 also maintains the clapper disk
30b in the closed position, i.e., fluid pressure is greater on the downstream side than the upstream
side. A decrease in the fluid pressure on the downstream side of the check valve 30 (e.g., when a
sprinkler system is activated by a thermal event, e.g., a fire, and resulting in spraying of the
sprinklers in a fire protection application) causes a pressure differential across the clapper disk 30b
that equates to a force greater than the spring force of the spring, and, therefore, pivots the clapper
disk 30b to the open position for water to flow through the check valve 30 (e.g., and to the sprinklers
(not shown)).

[0027] In the illustrated embodiment, the valve seat 30a is integrally formed, i.e., monolithic,
within the ball 16, but the disclosure is not so limited. As shown in Figs. 2-4, the valve seat 30a
projects radially inwardly from the interior sidewall of the ball 16, i.e., forming an annular lip for
receiving the clapper disk 30b thereon in the closed position of the check valve 30. The clapper disk
30b is removably, pivotably attached within the ball 16 to permit removal and replacement thereof if
necessary (as will be described in further detail below). Alternatively, the entirety of the check
valve 30, i.e., the valve seat and the clapper disk, may be removably mounted in the ball 16.

[0028] Optionally, at least some components of the ball valve 15 and the check valve 30 are
both coated with a corrosion resistant coating, such as, for example, without limitation, a chrome
coating. In one embodiment, for example, the ball 16 and the clapper disk 30b may be coated with a
corrosion resistant coating. In another embodiment, the valve seat 30a may also be coated with a

corrosion resistant coating.
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[0029] An exemplary operation of the CVA 10 specifically in a fire protection system
application will now be described, but the disclosure is not limited to such applications. Rather, the
CVA 10 is equally operable in alternative fluid flow control applications. As shown best in Figs. 2
and 3, the inlet and outlet ends 16a, 16b of the ball are oriented in line with fluid flow when the ball
control valve 15 is in the open position thereof. The check valve 30 is oriented substantially
perpendicularly to the direction of fluid flow when the ball control valve 15 is in the open position
thereof. Accordingly, when the ball valve 15 is in the open position thereof, the check valve 30
operates in a normal manner. That is, fluid pressure differential across the check valve 30 maintains
the clapper disk 30b in the closed position, i.e., fluid pressure is greater on the downstream
(sprinkler) side than the upstream (water supply) side. When the sprinkler system is activated by a
thermal event, e.g., a fire, a decrease in the fluid pressure on the downstream side of the check valve
30, resulting from spraying of the sprinkler heads, causes a pressure differential across the clapper
disk 30b that pivots the clapper disk 30b to the open position for water to flow through the check
valve 30 and to the sprinkler heads. To manually shut-off the CVA 10, e.g., for maintenance
purposes or to turn off sprinklers after a fire event is extinguished, a user rotates the hand wheel 24
to rotate the ball 16 into the closed position thereof (Fig. 4).

[0030] As shown in Figs. 1, 3 and 4, a side opening 32 may optionally be provided in the
sidewall of the valve body 12, adjacent the ball 16, to provide access to an interior of the ball 15. In
the illustrated embodiment, the side opening 32 defines an open end of a throat 34 extending from
the generally tubular sidewall of the valve body 12, but the disclosure is not so limited. The side
opening 32 is sized and dimensioned to permit passing of the components of the check valve 30
therethrough, i.e., at least the clapper disk 30b and also the valve seat 30a (if removably mounted
within the ball 16). The side opening 32 is positioned to align with the inlet 16a and outlet 16b of
the ball 16 when the ball valve 15 is oriented in the closed position (Fig. 4), thereby facing the check
valve 30. That is, when the ball valve 15 is rotated substantially 90° from the open position thereof,
into the closed position, the inlet 16a and outlet 16b of the ball 16 align with the side opening 32. A
removable side cover 36 sealingly closes the side opening 32 in a manner well understood by those
of ordinary skill in the art, such as, for example, without limitation, via a threaded engagement with
the throat 34 in the illustrated embodiment.

[0031] Advantageously, the side opening 32 permits access to the check valve 30 when the ball
valve 15 is oriented in the closed position. Accordingly, inspection and/or maintenance of the check
valve 30 is greatly simplified. For example, when the ball valve 15 is moved into the closed

position, the side cover 36 may be removed to access the check valve 30. Should the clapper disk
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30b require replacement it may be disconnected from the valve seat 30a and the ball 16, permitting
removal and replacement thereof through the side opening 32. Where the entirety of the check valve
30 is removably mounted in the ball 16, the entire check valve 30 may be removed and
repaired/replaced. Alternatively, the check valve 30, or at least the clapper disk 30b, may be
removed and not replaced, for use of the ball valve 15 by itself. Because the ball valve 15 is in the
closed position, water flow is stopped during such maintenance (as described in further detail below)
and the check valve 30 is substantially isolated from the water on both the upstream and the
downstream side of the check valve 30. Advantageously, therefore, the need to drain the entire
system prior to conducting inspection and/or maintenance of the check valve 30 is eliminated.

[0032] Further advantageously, and as shown best in Fig. 1, the side opening 32 of the valve
body 12 is angularly spaced from the valve actuation assembly 22 along the sidewall of the valve
body 12 sidewall. As one example, if the valve actuation assembly 22 is mounted to the valve body
12 on a side identified as the “front” or “back” side of the valve body 12, i.e., the stem 23 extends
through the valve body 12 into engagement with the ball 16 through the “front” or “back”™ side of the
valve body 12, respectively, then the side opening 32 may be formed in a side of the valve body 12
identified as the “left” or “right” side, i.e., angularly spaced approximately 90° from the “front” or
“back” side of the valve body 12 Therefore, access to the ball 16 through the side opening 32 does
not interfere with operation of the valve actuation assembly 22. Advantageously, therefore,
stabilization of the ball 16 by the valve actuation assembly 22 is unaffected while accessing the
check valve 30 through the side opening 32, thereby minimizing risk of injury to a technician that
may otherwise arise due to movement of the ball 16 under pressure in the water flow line.

[0033] As previously described, because the CVA 10 is fluidly connected to a fluid filled
conduit/pipe, e.g., a wet standpipe (not shown), the valve body 12 is always filled with water and
pressurized. As also should be understood by those of ordinary skill in the art, the ball 16 is
positioned in the fluid flow path within the valve body 12. Accordingly, for embodiments of the
CVA 10 employing a check valve 30 and equally for embodiments of the CVA 10 without a check
valve 30, the seat rings 18a, 18b play a primary role in proper function of the ball valve 15 by
substantially sealing off water flow from around the ball 16, such that water may only flow through
the ball 16 when the ball valve 15 is in the open position.

[0034] The ball 16 is exposed to fluid pressure on both the upstream side thereof and the
downstream side thereof, and, therefore, subject to pressure differential across the ball 16. When the
fluid pressure is greater on the upstream side of the ball 16 than the downstream side thereof, for

example, the pressure presses the ball 16 against the downstream seat ring 18b, i.e., the seat ring on
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the lower pressure side of the ball 16. Conversely, when the fluid pressure is greater on the
downstream side of the ball 16 than the upstream side thereof, the pressure presses the ball 16
against the upstream seat ring 18a (the lower pressure side). The seat ring that is compressed by the
ball 16 (against the inner sidewall of valve body 12) according to the fluid pressure differential is
“activated” by the compression, i.e., provides proper sealing with the opposing inner sidewall of the
valve body 12 to substantially prevent water leakage therebetween. Conversely, the seat ring on the
higher-pressure side of the ball 16 may not be sufficiently “activated” without adequate compression
of the ball 16 thereon.

[0035] In the illustrated embodiment (with or without a check valve 30), the seat rings 18a, 18b
each take the form of a reciprocating, piston style dynamic seat ring (shown best in Fig. 5) to
provide additional sealing compression at both seat rings 18a, 18b. The following description of a
dynamic seat ring 18 pertains to each of the seat rings 18a, 18b. The seat ring(s) 18 includes an
annular groove 38 in an outer peripheral sidewall thereof, and a compressible/deformable O-ring 40
received in the groove 38 and at least partially compressed between the groove 38 and an opposing
inner sidewall of the valve body 12 (or bonnet 14). The seat ring 18 may also define a diametrical
clearance from the opposing inner sidewall of the valve body 12 (or bonnet 14) to facilitate axial
seat ring 18 reciprocation according to differential pressure. The diametrical clearance of the seat
ring 18 from the opposing inner side sidewall of the valve body 12 (or the bonnet 14) (i.e., the seat
ring 18 diameter), in combination with the annular groove 38 diameter, height and depth, and the O-
ring 40 durometer, thickness/cross-section and inside diameter are configured to enable the O-ring
40 to balance consistent partial compression of the O-ring 40 between the groove 38 and the
opposing inner sidewall of the valve body 12 (or bonnet 14) while also facilitating axial
reciprocation of the O-ring 40 (within the groove 38) and the corresponding seat ring 18 relative to
one another. As should be understood, the diametrical clearance between the seat ring 18 and the
opposing inner side sidewall of the valve body 12 is less than the thickness/cross-section of the O-
ring 40.

[0036] As system pressure activates the seat ring 18, the differential pressure across the seat ring
18 axially reciprocates the O-ring 40 and the seat ring 18 relative to one another to: (i) press the seat
ring 18 against the ball 16 and seal the surface therebetween, and (ii) axially translate the O-ring 40
within the groove 38 toward the lower pressure side of the groove 38 to further compress/deform the
O-ring 40 to sufficiently fill and seal the diametrical clearance between the seat ring 18 and the
opposing inner sidewall of the valve body 12. Advantageously, therefore, the seat ring 18 (a, b) on

the higher pressure side of the ball 16 (i.e., that may not otherwise be sufficiently compressed by the
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ball 16 under the pressure differential across the ball 16) nevertheless provides active sealing as the
pressure differential also acts on the O-ring 40 and the respective seat ring 18 to compress the O-
ring 40 into proper sealing engagement between the seat ring 18 and the opposing inner sidewall of
the valve body 12 (or the bonnet 14) and also press the seat ring 18 against the ball 16 into proper
sealing engagement with the ball 16.

[0037] During rotation of the ball valve 15 between the open and closed positions, the inlet
opening 16a of the ball 16 passes over portions of the seat ring 18a, whereby those portions of the
seat ring 18a may lack axial support on the downstream side thereof while also being exposed to the
fluid pressure (as described above) on the upstream side thereof. As a result, the portions of the seat
ring 18a exposed to the opening 16a of the ball 16 may be subject to deformation, e.g., bending, into
the inlet opening 16a of the ball 16. Such deformation may compromise the sealing of the seat ring
18a and permit water to temporarily seep in around the ball 16 during rotation of the ball valve 15
between the open and closed positions. Additionally, such deformation of portions of the seat ring
18a, e.g., bending of portions into the inlet opening 16a, may cause grinding of the seat ring 18a
upon the edges of the opening 16a, and, in turn, factor into premature wear of the seat ring 18a. For
example, in certain applications, such as, for example, valve certification testing, e.g., during a
cyclic testing phase of safety certification testing requiring cycling of the ball valve 15 between the
fully open and fully closed positions a predetermined number of cycles, including cycling while
fluid is flowing through the valve 15, such premature wear of the seat ring 18a is exacerbated and
may prevent the ball valve 15 from passing the testing. Moreover, grinding of the seat ring 18a
upon the edges of the opening 16a increases operating torque of the ball valve 15, i.e., the torque
required to rotate the ball valve 15 between the open and closed positions thereof, which may
potentially result in total failure of the ball valve 15.

[0038] As shown best in Fig. 5, however, a mechanical stop/support surface 42 is positioned
within the valve body 12 adjacent the seat ring 18a on an upstream side of the ball valve 15. In the
illustrated embodiment, the mechanical stop takes the form a retainer ring 42, such as, for example,
a split ring, but the disclosure is not so limited. In the illustrated embodiment, the valve body 12
includes an annular (circumferential) groove 44 in the sidewall thereof and the retainer ring 42 is
seated in the groove 44. The retainer ring 42 is positioned downstream to the seat ring 18a and
defines a clearance therebetween dimensioned to both avoid interference with the (previously
described) axial reciprocation of the O-ring 40 and the seat ring 18a, and, advantageously, also
substantially prevent, or at least minimize, bending of portions of the seat ring 18a. The

circumferential retainer ring 42 operates as a stabilized stop surface for the seat ring 18a along the
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entire circumference of the seat ring 18a, irrespective of the position of the ball 16. As should be
understood by those of ordinary skill in the art, the mechanical stop/support surface 42 may
additionally, or alternatively, be employed to support the seat ring 18b as well. With respect to the
seat ring 18b, however, the mechanical stop/support surface 42 would be positioned upstream
thereof. Employing the mechanical stop/support surface 42 with both seat rings 18a, 18b,
respectively, is advantageous for a CVA 10 without a check valve 30, thereby enabling a fitter to
orient the CVA 10 as desired during installation, i.e., a fitter may determine which side of the CVA
10 should be the inlet side and which should be the outlet side. Nevertheless, the mechanical
stop/support surface 42 may be employed with either one, or both, of the seat rings 18a, 18b,
irrespective of the presence of a check valve 30.

[0039] Advantageously, the dynamic seat ring(s) 18a, 18b are expected to reduce the operating
torque of the ball valve 15 under all pressure conditions of the ball valve 15 due to the reciprocating
nature of the seat ring(s) 18a, 18b. That is, the dynamic seat ring(s) 18a, 18b do not require the
initial mechanical pre-load conventionally placed on non-dynamic seat rings to establish sealing at
lower pressures (which factors into operating torque as should be understood by those of ordinary
skill in the art), because fluid pressure differential across the ball valve 15 will act to
reciprocate/shift the seat ring 18a, 18b and/ or the ball 16 to provide initial sealing (as previously
described) without the mechanical pre-load. Further advantageously, the mechanical stop/support
surface 42 serves to limit the reciprocation of the seat ring(s) 18a, 18b, thereby maintaining the
reduced operating torque of the ball valve 15 enabled by the dynamic seat ring(s) 18a, 18b, while
also mitigating against the previously described deformation of the seat ring(s) 18a, 18b and/or
grinding of the seat ring(s) 18a, 18b on the opening of the ball 16, and the previously described
problems associated therewith.

[0040] In an alternative optional configuration, at least one of the seat rings 18a, 18b may
nevertheless take the form of a non-dynamic seat ring without the O-ring 40. For example, without
limitation, the seat ring 18a on the upstream side of the ball 16 may be a non-dynamic seat ring.
That is, the seat ring may be dimensioned (in combination with the dimensions of the ball 16 and the
valve body 12) to define an interference fit between the ball 16, the seat ring and the valve body 12,
whereby the seat ring is under compression, i.e., mechanical preload, even in low fluid pressure
states. The addition of the mechanical stop/support surface 42 adjacent the non-dynamic seat ring
will maintain the previously described advantage of mitigating against deformation of the seat ring

and/or grinding of the seat ring on the opening of the ball 16, permitting the use of more compliant
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materials for the seat ring, as it is supported during opening of the ball 16 by the mechanical
stop/support surface 42.

[0041] It will be appreciated by those skilled in the art that various modifications and alterations
could be made to the embodiment(s) described above without departing from the broad inventive
concepts thereof. Some of these have been discussed above and others will be apparent to those
skilled in the art. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications within the spirit and scope of the

present disclosure, as set forth in the appended claims.
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CLAIMS

We claim:

1. A control valve assembly comprising:

a valve body defining an inlet, an outlet and a valve body fluid flow pathway therebetween;

a quarter-turn ball valve positioned within the valve body fluid flow pathway, the ball valve
comprising:

a rotatable ball having an inlet opening, an outlet opening and a ball fluid flow
pathway therebetween,

an upstream seat ring positioned at an inlet side of the ball, and

a downstream seat ring positioned at a downstream side of the ball,

the upstream and downstream seat rings being configured to substantially seal off
fluid flow between an upstream side and a downstream side of the ball except through
the ball fluid flow pathway, and

at least one of the upstream and downstream seat rings being a dynamic sealing seat
ring;

a retainer ring positioned between the dynamic sealing seat ring and a portion of the rotatable
ball and configured to substantially prevent deformation of a portion of the dynamic sealing seat
ring in a direction toward the ball; and

a valve actuation assembly configured to selectively rotate the ball substantially 90° between
only two operative positions, a first operative position being an open position, fluidly connecting the
ball fluid flow pathway with the valve body fluid flow pathway to permit fluid flow from the inlet to
the outlet of the valve body through the ball, and a second operative position being a closed position,
substantially fluidly disconnecting the ball fluid flow path from the valve body fluid flow path to
substantially prevent fluid flow from the inlet to the outlet of the valve body, the valve actuation
assembly including a stem extending from outside the valve body, through a first side thereof and
into rotationally fixed attachment with the ball, whereby rotation of the stem rotates the ball between

the open and closed positions thereof irrespective of a pressure differential across the ball.

2. The control valve assembly of claim 1, wherein the retainer ring is spaced from the
dynamic sealing seat ring in the direction toward the ball, thereby permitting axial reciprocation of
the dynamic sealing seat ring according to a pressure differential across the dynamic sealing seat

ring.
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3. The control valve assembly of claim 1, wherein the retainer ring is seated in an

annular groove in an opposing inner sidewall of the valve body.

4. The control valve assembly of claim 1, wherein the upstream seat ring is a dynamic
sealing seat ring and the downstream seat ring is a dynamic sealing seat ring, and the retainer ring is

positioned between one of the dynamic sealing seat rings and a portion of the rotatable ball.

5. The control valve assembly of claim 1, wherein each dynamic seat ring includes an
annular groove in a peripheral sidewall thereof and a compressible O-ring mounted in the groove,
the O-ring being partially compressed between the groove and an opposing inner sidewall of the
valve body, the O-ring and the groove being axially reciprocal relative to one another according to a
differential pressure across the seat ring to axially translate one of the O-ring and the groove relative
to the other of the O-ring and the groove and further compress the O-ring between the groove and

the opposing inner sidewall of the valve body.

6. The control valve assembly of claim 5, wherein each dynamic seat ring defines a
diametrical clearance from the opposing inner sidewall of the valve body that is smaller than a

thickness of the O-ring.

7. The control valve assembly of any one of the preceding claims, further comprising:

a one-way check valve mounted within the ball, the check valve being movable according to
a pressure differential across the check valve between a closed position, blocking fluid flow through
the ball fluid flow pathway, and an open position, permitting fluid flow through the ball fluid flow

pathway in a direction from the inlet side to the outlet side thereof.

8. The control valve assembly of claim 7, wherein the check valve comprises an endless
valve seat and a pivotable clapper disk, the clapper disk being in sealed engagement with the endless
valve seat in the closed position thereof and the clapper disk being spaced away from the endless

valve seat in the open position thereof.

0. The control valve assembly of claim 7, further comprising a side opening formed in a

side of the valve body, the side opening being positioned to align with and access the ball fluid flow
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pathway in the closed position of the ball, and the side opening being dimensioned to permit passage
of the check valve therethrough; and

a side cover removably closing the side opening.

10.  The control valve assembly of claim 9, wherein the side opening is formed in a
second side of the valve body that is angularly spaced approximately 90° from the first side of the
valve body.
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