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ACTUATING ASSEMBLY FOR AN INTERNAL VALVE

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent App. No. 63/203,311, filed

on July 16, 2021. This prior application is incorporated by reference herein in its entirety.

TECHNICAL FIELD
[0002] This disclosure generally relates to internal valves and actuating assemblies for interval

valves that actuate the valve between closed and open valve positions.

BACKGROUND
[0003] Internal valves are commonly used to control fluid and gas withdrawal on bobtail delivery
trucks, pressurized fluid and gas transports, storage tanks, in-line fluid and gas transfer systems,
and other such pressurized fluid and gas systems. During operation, internal valves are typically
held in the closed position to prevent unwanted fluid and gas transfer. Accordingly, a valve
actuating assembly is incorporated with the valve to actuate valve components between closed,
open, and venting positions. In one example, the valve actuating assembly can be configured as a
manually actuated assembly that includes a handle or other such mechanism operably coupled to
a rotatable shaft. As such, an operator can manually actuate the valve actuating assembly to open,
close, and/or vent the valve. Additionally, or alternatively, the internal valve can use a pneumatic
actuator assembly or other such actuator connected to the valve that enables remote and/or

automatic operation of the valve actuating assembly to open, close, and/or vent the valve.

SUMMARY
[0004] This application is defined by the appended claims. The description summarizes aspects of

the embodiments and should not be used to limit the claims. Other implementations are
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contemplated in accordance with the techniques described herein, as will be apparent upon
examination of the following drawings and detailed description, and such implementations are
intended to be within the scope of this application.

[0005] The present disclosure relates to an actuating assembly for use with an internal valve
coupled to a compressed liquid and/or gas storage/dispensing system. In various embodiments, the
internal valve comprises a valve body including a plurality of inner surfaces that define a passage
through the valve body and a valve seat disposed within the valve body and adjacent an inlet of
the passage. The valve further includes a valve bonnet operatively coupled to the valve body and
a valve stem operatively coupled to the valve bonnet. A poppet is connected to and movable with
the valve stem between a first position in which the poppet sealingly engages the valve seat and a
second position in which the poppet is disengaged from the valve seat. The internal valve further
includes a valve actuating assembly operatively engaged to the valve stem to move the valve stem
and the poppet between the first position and the second position. The valve actuating assembly
includes a cam holder positioned in the passage of the valve body, a cam operably coupled to the
cam holder and engaged with the valve stem, and an actuating shaft extending through a portion
of the passage and removably coupled to the cam holder. Rotation of the actuating shaft causes a
rotation of the cam holder and cam that causes the valve stem and the poppet to move between the
first position and the second position. The cam holder and the cam remain positioned in the passage
and engaged to the valve stem when the actuating shaft is decoupled from the cam holder and
removed from the portion of the passage.

[0006] One exemplary embodiment provides a valve actuating assembly for actuating an internal
valve between a closed position and an open position, the valve actuating assembly comprising: a

cam holder stem securely connected to a valve body of the internal valve; a cam holder having a
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first end and a second end, the first end of the cam holder operably coupled to a portion of the cam
holder stem to position the cam holder within the valve body of the internal valve; a cam operably
mounted to the cam holder; and an actuating shaft extending through at least a portion of the valve
body of the internal valve, the actuating shaft removably coupled to the second end of the cam
holder such that the actuating shaft can be decoupled from the cam holder and removed from the
valve body, wherein the cam holder and the cam are configured to remain connected to the cam
holder stem and remain positioned within the valve body when the actuating shaft is decoupled
from the cam holder and removed from the valve body.

[0007] In accordance with one or more aspects, the actuating shaft comprises a cam holder
connection portion having a non-circular shape configured to removably couple the actuating shaft
to a corresponding bore formed in the second end of the cam holder.

[0008] In accordance with various aspects, the valve actuation assembly further comprises a
retaining ring configured to operably hold the cam to the cam holder, wherein the cam holder
comprises a retaining ring groove defined in an outer surface of the cam holder and configured to
receive the retaining ring.

[0009] In accordance with one or more aspects, the cam holder stem is configured to support the
cam holder and the cam within the valve body when the actuating shaft is decoupled from the cam
holder and removed from the valve body.

[0010] In accordance with various aspects, the valve actuation assembly further comprises a
locking ring configured to operably attach the cam holder stem to the cam holder, wherein the cam
holder stem comprises a locking ring groove defined in an outer surface of the cam holder stem

and configured to receive the locking ring.
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[0011] In accordance with various aspects, the valve actuation assembly further comprises a
plurality of pins coupled to holes extending through an outer surface of the cam holder, the
plurality of pins being configured to operably secure the cam holder to the cam holder stem.
[0012] In accordance with one or more aspects, the cam includes a non-circular bore configured
to receive a non-circular end of the cam holder. According to one aspect, the non-circular end of
the cam holder includes a non-circular opening for receiving a cam holder connection portion of
the actuating shaft.

[0013] In accordance with one or more aspects, the cam holder stem comprises: a first end
operably coupled to the first end of the cam holder, and a second end threadably engaged to the
valve body to secure the cam holder stem to the valve body.

[0014] Another exemplary embodiment provides a valve actuating assembly for actuating an
internal valve between a first position and a second position, the valve actuating assembly
comprising: a cam holder positioned within a valve body of the internal valve, a cam operably
coupled to the cam holder and configured to engage a valve stem of the internal valve for moving
the internal valve between the first position and the second position, and an actuating shaft
extending through at least a portion of the valve body of the internal valve, rotation of the actuating
shaft causing rotation of the cam holder and the cam, wherein the actuating shaft is removably
coupled to the cam holder such that the actuating shaft can be decoupled from the cam holder and
removed from the valve body, and wherein the cam holder and the cam are configured to remain
positioned within the valve body of the internal valve when the actuating shaft is decoupled from

the cam holder and removed from the valve body.
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[0015] In accordance with one or more aspects, the actuating shaft comprises a cam holder
connection portion having a non-circular shape configured to removably couple the actuating shaft
to a corresponding bore formed in the cam holder.

[0016] In accordance with various aspects, the valve actuating assembly further comprises a
retaining ring configured to operably hold the cam to the cam holder, wherein the cam holder
comprises a retaining ring groove defined in an outer surface of the cam holder and configured to
receive the retaining ring.

[0017] In accordance with various aspects, the valve actuating assembly further comprises a cam
holder stem operatively coupled to the cam holder and the valve body, wherein the cam holder
stem is configured to support the cam holder and the cam within the valve body when the actuating
shaft is decoupled from the cam holder and removed from the valve body of the internal valve. In
accordance with some aspects, the valve actuating assembly further comprises a locking ring
configured to operably attach the cam holder stem to the cam holder, wherein the cam holder stem
comprises a locking ring groove defined in an outer surface of the cam holder stem and configured
to receive the locking ring. In accordance with some aspects, the valve actuating assembly further
comprises a plurality of pins coupled to holes extending through an outer surface of the cam holder,
the plurality of pins being configured to operably secure the cam holder to the cam holder stem.In
accordance with some aspects, the cam holder stem comprises: a first end operably coupled to a
first end of the cam holder, and a second end threadably engaged to the valve body of the internal
valve to secure the cam holder stem to the valve body.

[0018] In accordance with various aspects, the cam includes a non-circular bore configured to

receive a non-circular end of the cam holder. In accordance with one aspect, the non-circular end
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of the cam holder includes a non-circular opening configured to receive a cam holder connection
portion of the actuating shaft.

[0019] Another exemplary embodiment provides an internal valve for conveying fluid, the internal
valve having a closed position and an open position, the internal valve comprising: a valve body
comprising a plurality of inner surfaces that define a passage through the valve body, a valve seat
disposed adjacent an inlet of the passage, a valve stem, and a poppet connected to and moveable
with the valve stem between a first position in which the poppet sealingly engages the valve seat
and a second position in which the poppet is disengaged from the valve seat; and a valve actuating
assembly operatively engaged to the valve stem to move the valve stem and the poppet between
the first position and the second position, the valve actuating assembly comprising: a cam holder
positioned in the passage of the valve body, a cam operably coupled to the cam holder and engaged
with the valve stem, an actuating shaft extending through a portion of the passage and removably
coupled to the cam holder, and a cam holder stem configured to securely couple the cam holder to
the valve body, wherein rotation of the actuating shaft causes a rotation of the cam holder and the
cam to cause the valve stem and the poppet to move between the first position and the second
position, and wherein the cam holder and the cam remain positioned in the passage and engaged
to the valve stem when the actuating shaft is decoupled from the cam holder and removed from
the portion of the passage.

[0020] In accordance with various aspects, the cam holder stem is configured to support the cam
holder and the cam within the valve body when the actuating shaft is decoupled from the cam

holder and removed from the portion of the passage.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0021] FIG. 1 is a cross-sectional side view of an exemplary internal valve incorporating an
exemplary valve actuating assembly.
[0022] FIG. 2 is an external side view of the internal valve of FIG. 1.
[0023] FIG. 3 is a cross-sectional partial bottom view of the valve actuating assembly and an
exemplary valve packing assembly of the internal valve of FIG. 1, in accordance with a first
embodiment.
[0024] FIG. 4A is an exploded elevated perspective view of the valve actuating assembly of FIG.
3.
[0025] FIG. 4B is an elevated perspective view of the valve actuating assembly of FIG. 3.
[0026] FIG. 5 is a partial elevated perspective view of an exemplary actuating shaft of the valve
actuating assembly of FIGS. 4A and 4B.
[0027] FIG. 6A is a side view of an exemplary cam holder of the valve actuating assembly of
FIGS. 4A and 4B.
[0028] FIG. 6B is a cross-sectional end view of one end of the cam holder of FIG. 6A.
[0029] FIG. 6C is an end view of another end of the cam holder of FIG. 6A.
[0030] FIG. 7 is a side view of an exemplary cam stem holder of the valve actuating assembly of
FIGS. 4A and 4B.
[0031] FIGS. 8A and 8B are respective side and front views of an exemplary retaining ring of the
valve actuating assembly of FIGS. 4A and 4B.
[0032] FIGS. 9A and 9B are respective side and front views of an exemplary locking ring of the

valve actuating assembly of FIGS. 4A and 4B.
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[0033] FIG. 10 is a cross-sectional partial bottom view of another exemplary valve actuating
assembly and valve packing assembly of the internal valve of FIG. 1 in accordance with a second
embodiment.

[0034] FIG. 11A is an exploded elevated perspective view of the valve actuating assembly of FIG.
10.

[0035] FIG. 11B is an elevated perspective view of the valve actuating assembly of FIG. 10.
[0036] FIG. 12 is a partial elevated perspective view of an exemplary actuating shaft of the valve
actuating assembly of FIGS. 11A and 11B.

[0037] FIG. 13A is a side view of an exemplary cam holder of the valve actuating assembly of
FIGS. 11A and 11B.

[0038] FIG. 13B is a cross-sectional end view of one end of the cam holder of FIG. 13A.

[0039] FIG. 13C is an end view of another end of the cam holder of FIG. 13A.

[0040] FIG. 14 is a side view of an exemplary cam stem holder of the valve actuating assembly of
FIGS. 11A and 11B.

[0041] FIG. 15 is a cross-sectional partial elevated perspective view of the valve actuating
assembly of FIGS. 11A and 11B

[0042] FIG. 16A is a top perspective view of another exemplary cam holder for placement in the
valve actuating assembly of FIG. 10, in accordance with some embodiments.

[0043] FIG. 16B is an end view of the cam holder of FIG. 16A.

[0044] FIG. 17A is a side perspective view of another exemplary actuating shaft for placement in
the valve actuating assembly of FIG. 10, in accordance with some embodiments.

[0045] FIG. 17B is an end view of the actuating shaft of FIG. 17A.
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DETAILED DESCRIPTION

[0046] While the features, methods, devices, and systems described herein may be embodied in
various forms, there are shown in the drawings, and will hereinafter be described, some exemplary
and non-limiting embodiments. Not all of the depicted components described in this disclosure
may be required, however, and some implementations may include additional, different, or fewer
components from those expressly described in this disclosure. Variations in the arrangement and
type of the components may be made without departing from the spirit or scope of the claims as
set forth herein.

[0047] FIGS. 1 and 2 illustrate one exemplary embodiment of an internal valve 100. The internal
valve 100 (sometimes referred to herein as valve 100 for brevity) includes a valve body 110, a
bonnet 120, a valve screen 130, a valve stem 140, a poppet 150, a spring 160, and a valve actuating
assembly 170. In the illustrated example, valve body 110 includes a plurality of inner surfaces 111
that may be parallel, perpendicular, and/or sloped with respect to a longitudinal axis L. The
plurality of inner surfaces 111 define a void or passage 112 within valve body 110, and the passage
112 has an inlet and an outlet that enables fluid and/or gas to flow through valve body 110. In the
illustrated example, the inner surfaces 111 also define a valve seat 113 adjacent to the inlet of
passage 112. It will be understood that while valve seat 113 is shown as an integral component
formed in the valve body, other embodiments can use a valve seat formed as a separate component
that 1s disposed in the valve body and positioned adjacent to the inlet, outlet or other such location
within valve body 110.

[0048] In the illustrated example, when valve 100 is in the closed position (FIG. 1), poppet 150 is
sealingly engaged with valve seat 113 to prevent fluid and/or gas from flowing through the passage

of valve body 110. Conversely, when valve 100 is in the open position, valve actuating assembly
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170 causes poppet 150 to disengage from valve seat 113 (not shown) such that fluid and/or gas
enters the inlet, flows through the passage 112, and exits the passage 112 via the outlet. In the
illustrated example, body 110 also includes multiple outer surfaces 114 that may be parallel,
perpendicular, and or sloped with respect to the longitudinal axis L. The plurality of outer surfaces
114 may define a mounting flange 115 that can be used with one or more fasteners (not labeled)
to couple or otherwise fasten the valve 100 to a fluid conduit, storage tank, fluid transport, bobtail
delivery truck, or other such pressurized fluid and/or gas storage receptacle.

[0049] In the illustrated embodiment, bonnet 120 is coupled to or otherwise attached to the body
110 and defines a support structure for valve stem 140, poppet 150, and spring 160. More
specifically, a plurality of inner surfaces 121 of the bonnet 120 define a spring guide and stem
engagement member 122 configured to receive and position spring 160 and valve stem 140 within
valve 100. The bonnet 120 further includes a set screw 124 positioned in the spring guide and stem
engagement member 122 that can be adjusted to increase and decrease a travel amount of the valve
stem 140.

[0050] In the illustrated embodiment the valve screen 130 is connected, via a plurality of fasteners
125, to the valve body 110 and a portion of an outer surface 123 of the bonnet 120. The valve
screen 130 is configured to filter or remove particles and other such contaminants present in the
fluid and/or gas that flows through the valve 100. It will be understood that while valve 100
includes the valve screen 130 operatively coupled to valve body 110 and bonnet 120, in certain
other embodiments, the valve in accordance with the present disclosure can be configured without
a valve screen.

[0051] In the illustrated embodiment, valve stem 140 includes a lower valve stem 140a and an

upper valve stem 140b positioned within at least a portion of the valve body 110. In the illustrated

10
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embodiment, lower valve stem 140a includes an upper stem engagement member 142 defined at a
first end of lower valve stem 140a and an actuating assembly engagement member 144 defined at
a second end of lower valve stem 140a. In the illustrated embodiment, upper valve stem 140b
includes a plurality of threaded interior surfaces 146 that define a lower stem receiving bore (not
labeled) at a first end of the upper valve stem 140b and a bonnet engagement member 148 defined
at a second end of the upper valve stem 140b. As such, upper stem engagement member 142 is
threaded into or otherwise received by the threaded interior surfaces 146 of the lower stem
receiving bore to operatively couple lower valve stem 140a to upper valve stem 140b. In the
illustrated embodiment, the actuating assembly engagement member 144 of lower valve stem 140a
is engaged with valve actuating assembly 170, and the bonnet engagement member 148 of the
upper valve stem 140D is slidingly engaged with the spring guide and stem engagement member
122.

[0052] In the illustrated embodiment, poppet 150 is mounted on and operably coupled to lower
valve stem 140a. Seat disc 152 is coupled to or otherwise attached to the poppet 150. In the
illustrated example, seat disc 152 is an annular structure coupled to at least a portion of a bottom
surface of poppet 150 and seat disc 152 is configured to sealingly engage with the valve seat 113
to form a fluid-tight seal. Accordingly, when valve 100 is in the closed position, seat disc 152
sealingly engages with valve seat 113 to form a fluid-tight seal between the 150 and valve body
110 to prevent fluid and/or gas from flowing through passage 112. Conversely, when valve 100 is
in the open position, lower valve stem 140a and poppet 150 move axially away from valve seat
113 such that seat disc 152 disengages from the valve seat 113 to enable the flow of fluid and/or

gas through passage 112 of valve body 110.
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[0053] In the illustrated example, spring 160 is disposed between poppet 150 and bonnet 120.
More specifically, at least a portion of a first end of the spring 160 is mounted onto the spring
guide and stem engagement member 122 of the bonnet 120 and a second end of the spring 160 is
engaged to a spring receiver 141 of the upper valve stem 140b. As such, a biasing force generated
by the spring 160 acts on the spring receiver 141 to bias the upper valve stem 140b, lower valve
stem 140a, and poppet 150 downwards toward the valve seat 113. The biasing force generated by
the spring 160 causes the seat disc 152 to sealingly engage with the valve seat 113

[0054] As best shown in FIGS. 2, 3, 4A, and 4B, valve actuating assembly 170 includes an
actuating shaft 172, a cam holder 174 coupled to the actuating shaft 172, a cam 176 mounted to
the cam holder 174, a cam holder stem 178 coupled to the cam holder 174 and the valve body 110,
and an actuating member or handle 179 coupled to an end of the actuating shaft 172. It will be
appreciated that while valve actuating assembly 170 is configured as a manual actuating assembly
that uses the actuating member 179 operated by a user, other embodiments may use a pneumatic
actuating assembly, linear actuating assembly, solenoid actuating assembly, or other such
actuating assembly to actuate the valve 100.

[0055] In the illustrated embodiment, actuating shaft 172 extends through at least a portion of the
valve body 110 such that a first end of actuating shaft 172 is positioned within the valve body 110
and a second end of actuating shaft 172 is external to valve body 110. The actuating member 179
is coupled to the second end of the actuating shaft 172 via a fastener or other attachment
mechanism such that the valve actuating assembly 170 can be actuated to open and close the valve
100.

[0056] More specifically and as best shown in FIG. 1, the poppet 150 and seat disc 152 are held

in the closed position, via the spring 160, such that the seat disc 152 and valve seat 113 form a

12
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fluid-tight seal. When the valve 100 is in the closed position, actuation of the actuating member
179 causes a corresponding rotation of the actuating shaft 172 and cam 176 such that the cam 176
engages the actuating assembly engagement member 144 of the lower valve stem 140a and causes
a subsequent upward movement of the lower valve stem 140a and poppet 150. As the actuating
member 179 continues to rotate towards the open position, engagement between the cam 176 and
the actuating assembly engagement member 144 generates a force greater than the biasing force
of the spring 160. As such, rotation of the actuating member 179 from the closed position to the
open position causes the poppet 150 and seat disc 152 to disengage from the valve seat 113.
Conversely, rotation of the actuating member 179 from the open position to the closed position
causes the biasing force generated by the spring 160 to act on the poppet 150 and lower valve stem
140a to close the valve 100 and form the fluid-tight seal between seat disc 152 and valve seat 113.
[0057] In the illustrated example, valve actuating assembly 170 includes a valve packing assembly
182 configured to form a fluid-tight seal around valve actuating shaft 172 and other components
of the valve actuating assembly 170. As best shown in FIG. 3, the plurality of inner surfaces 111
of the valve body 110 also define a valve packing bore (not labeled) that receives the valve packing
assembly 182 and a shaft bearing 184 of valve actuating assembly 170. The actuating shaft 172 is
rotatably supported by valve packing assembly 182 and shaft bearing 184 such that the actuating
shaft 172 can rotate relative to valve body 110 upon activation of valve actuating assembly 170 to
actuate the valve 100 between the closed and open positions.

[0058] In the illustrated embodiment, the valve packing assembly 182 includes a packing housing
182a, a packing bearing 182b, a plurality of packing seals or rings 182c, a jam ring 182d, a
retaining member 182e, a biasing member or spring 182f, and one or more o-rings 182g. The

packing housing 182a includes external threads (not shown) that threadably engage internal
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threads (not shown) of the valve packing bore to removably couple valve packing assembly 182
to valve body 110. In the illustrated embodiment, the packing housing 182a includes a plurality of
inner surfaces (not labeled) that define an interior packing bore and void (not labeled) of the
packing housing 182a. The packing bearing 182b, packing seals 182c¢, jam ring 182d, retaining
member 182e, biasing member 182f, and o-rings 182g are disposed within the interior packing
bore and void. Furthermore, at least a portion of the actuating shaft 172 extends through the
packing bore and void of the packing housing 182a such that the packing bearing 182b, packing
seals 182c, jam ring 182d, retaining member 182e, biasing member 182f, and o-rings 182g
circumferentially surround the actuating shaft 172.

[0059] In the illustrated embodiment, the packing bearing 182b and shaft bearing 184 are each
configured to enable rotation of the actuating shaft 172 relative to the packing housing 182a and
valve body 110. The packing seals 182¢ and jam ring 182d sealingly engage the actuating shaft
172 and inner surfaces of the packing housing 182a. In the illustrated embodiment, the retaining
member 182¢ and biasing member 182f are disposed between the jam ring 182d and the shaft
bearing 184 such that the biasing member 182f is compressed between the retaining member 182e
and a flange portion (not labeled) of the shaft bearing 184. As such, the retaining member 182e¢
exerts a biasing force generated by the biasing member 182f onto the jam ring 182d and packing
seals 182c¢ to maintain a fluid-tight seal of the valve packing assembly 182.

[0060] As best shown in FIGS. 3, 4A, 4B, and 5, the actuating shaft 172 includes a cam holder
connection portion 172a at the first end of the actuating shaft 172 and a cylindrical shaft portion
172b extending between the cam holder connection portion 172a and the second end of the
actuating shaft 172. The cam holder connection portion 172a extends a specified length and axially

away from the cylindrical shaft portion 172b such that the cam holder connection portion 172a
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forms an interference fit or other such tight connection with an actuating shaft receiving bore
defined in the cam holder 174. As best shown in FIG. §, the cam holder connection portion 172a
includes a cylindrical outer surface portion 172¢ and a flat outer surface portion 172d that form or
otherwise define a non-cylindrical or non-circular shape of the cam holder connection portion
172a. For example, the cam holder connection portion 172a forms a structure that looks like a
cylinder with a portion cut off along a length of the cam holder connection portion 172a such that
the flat outer surface portion 172d defines a flat rectangular surface and the cylindrical outer
surface portion 172c defines an arcuate or curved surface. In the illustrated embodiment, the
cylindrical shaft portion 172b defines a substantially cylindrical shape (e.g., within manufacturing
tolerances) of the actuating shaft 172. The cylindrical shaft portion 172b also includes a diameter
(not labeled) that is larger than a height, diameter or other such dimension of the cam holder
connection portion 172a.

[0061] As shown in FIG. 4A, the cam holder connection portion 172a is sized, shaped and
otherwise configured to operably couple actuating shaft 172 to the cam holder 174. In the
illustrated embodiment, cam holder 174 includes a plurality of inner surfaces that define an
actuating shaft receiving bore (not labeled) in a first end thereof and a stem receiving bore (not
labeled) defined in a second end thereof. More specifically, as best shown in FIGS. 6A and 6C,
cam holder 174 includes a cylindrical inner surface portion 174a and flat inner surface portion
174b that define the actuating shaft receiving bore extending through at least a portion of the first
end of cam holder 174. In the illustrated embodiment, the cylindrical inner surface portion 174a
and flat inner surface portion 174b of cam holder 174 respectively correspond to the cylindrical
outer surface portion 172c¢ and flat outer surface portion 172d of cam holder connection portion

172a of the actuating shaft 172. As such, the cam holder connection portion 172a can be inserted
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into the actuating shaft receiving bore of cam holder 174 to couple or otherwise connect the
actuating shaft 172 to the cam holder 174 to enable cam holder 174 to rotate along with actuating
shaft 172. Other shapes of the components may be used for this purpose, for example, as shown in
FIGS. 10-15 and described herein, and as shown in FIGS. 16A through 17B and described herein.
[0062] In the illustrated embodiment, cam holder 174 also includes a cylindrical outer surface
portion 174c¢ and a flat outer surface portion 174d that form or otherwise define a non-cylindrical
or non-circular shape of at least a portion of the cam holder 174. For example, cam holder 174
forms a structure that looks like a cylinder with a portion cut off along a portion of a length (11) of
the cam holder 174 such that the flat outer surface portion 174d defines a rectangular surface and
the cylindrical outer surface portion 174c defines an arcuate or curved surface. In the illustrated
embodiment, the cylindrical outer surface portion 174c and flat outer surface portion 174d also
form or otherwise define a shoulder 174e that extends radially upward a height (h) from the flat
outer surface portion 174d. The shoulder 174e is formed or otherwise positioned the length (1)
from the first end of cam holder 174.

[0063] In the illustrated embodiment, the cylindrical outer surface 174c further defines a retaining
ring groove 174f circumferentially defined in the cylindrical outer surface 174c and positioned a
length (12) from the first end of cam holder 174. In the illustrated embodiment, the length (11) is
larger or greater than length (12) such that the shoulder 174e is positioned a distance (e.g., 11 — 12)
away from the retaining ring groove 174f.

[0064] As best shown in FIGS. 4A and 4B, cam holder 174 is sized and shaped to correspond to
a cam bore (not labeled) defined in the cam 176 such that cam 176 is mounted on or otherwise
supported by cam holder 174. In the illustrated embodiment, the cam 176 includes a cam body

176a, a cylindrical inner surface 176b, and a flat inner surface 176c¢ that defines the cam bore

16



10

15

20

WO 2023/288276 PCT/US2022/073738

extending through the cam body 176a. In the illustrated embodiment, the shape and size of the cam
bore corresponds to the size and shape of the previously described cylindrical outer surface portion
174c and flat outer surface portion 174d of cam holder 174 such that insertion of the first end of
cam holder 174 into the cam bore mounts cam 176 onto cam holder 174. When cam 176 is mounted
onto cam holder 174, at least a portion of cam body 176a engages with shoulder 174e to mount or
otherwise position the cam 176 on cam holder 174.

[0065] As described herein, the cylindrical outer surface 174¢ and flat outer surface portion 174d
of cam holder 174 forms or otherwise defines the shoulder 174e at a distance equal to the length
(I1) from the first end of cam holder 174. In the illustrated embodiment, length (11) of cam holder
174 1s configured such that at least a portion of the first end of cam holder 174 extends axially
exterior to the cam body 176a. For example, cam holder 174 extends through the bore of cam 176
at least the length (12) such that the retaining ring groove 174f of cam holder 174 is positioned
exterior to and adjacent the first side of cam body 176a.

[0066] In the illustrated embodiment, valve actuating assembly 170 includes a retaining ring 176d
that corresponds with the retaining ring groove 174f of cam holder 174. Once the cam 176 is
mounted onto the cam holder 174, insertion of retaining ring 176d into retaining ring groove 174f
operatively engages or holds cam 176 to cam holder 174. More specifically, cam holder 174 is
aligned with and inserted through the cam bore of cam 176. The cam 176 is positioned on cam
holder 174 such that at least a portion of cam body 176a engages shoulder 174e of cam holder 174
and a portion of cam holder 174 extends outward from the cam bore such that the retaining ring
176d can be inserted into the retaining ring groove 174f to hold or otherwise position the cam 176
on cam holder 174. As such, when cam 176 is mounted onto cam holder 174, cam 176 is positioned

and held between the shoulder 174e and the retaining ring 176d to prevent cam 176 from sliding

17



10

15

20

WO 2023/288276 PCT/US2022/073738

out of position when shaft 172 is removed from cam holder 174 or during other such valve
maintenance procedures.

[0067] As best shown in FIGS. 6A and 6B, cam holder 174 also includes a cylindrical inner
surface portion 174g that defines the stem receiving bore extending through at least a portion of
the second end of cam holder 174. In the illustrated embodiment, the stem receiving bore defined
by the cylindrical inner surface portion 174g forms a substantially cylindrical void (e.g., within
manufacturing tolerances) within the second end of cam holder 174. The cylindrical inner surface
portion 174g also defines a locking ring groove 174h around a circumference of the stem receiving
bore. The locking ring groove 174h is configured to receive a locking ring or snap ring 1741 that
operably couples cam holder 174 to cam holder stem 178.

[0068] As best shown in FIGS. 4A, 4B, and 7, the cam holder stem 178 includes a plurality of
outer surfaces 178a that define a cam holder engagement portion 178b at a first end of the cam
holder stem 178, a threaded outer surface portion 178c at a second end of the cam holder stem 178,
and a tool engagement portion 178d disposed between the first and second ends of the cam holder
stem 178. In the illustrated embodiment, cam holder engagement portion 178b is configured as a
cylindrical structure that extends axially away from the tool engagement portion 178d. The cam
holder engagement portion 178b is shaped, sized, and otherwise configured to extend into the stem
receiving bore defined by the cylindrical inner surface portion 174g of cam holder 174. More
specifically, the stem receiving bore of cam holder 174 has a first diameter (not labeled) and the
cam holder engagement portion 178b of cam holder stem 178 has a second diameter (not labeled)
that is slightly smaller than the first diameter of the stem receiving bore. As such, the cam holder
engagement portion 178b extends into the stem receiving bore to couple cam holder stem 178 to

cam holder 174.
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[0069] In the illustrated embodiment, the plurality of outer surfaces 178a define a locking ring
groove 178e in the cam holder engagement portion 178b. Similar to the locking ring groove 174h
of cam holder 174, the locking ring groove 178e of the cam holder stem 178 is configured to
receive the locking ring 1741 to operatively couple or otherwise attached cam holder stem 178 to
cam holder 174. For example, the locking ring 1741 may be inserted into the locking ring groove
178e defined in the cam holder engagement portion 178b such that at least a portion of the locking
ring 1741 extends radially outward from the outer surface 178a of the cam holder engagement
portion 178b. The stem receiving bore of cam holder 174 is configured to receive the cam holder
engagement portion 178b with locking ring 1741 positioned in locking ring groove 178e. The cam
holder engagement portion 178b is inserted into the stem receiving bore until the locking ring 1741
is received in the locking ring groove 174h of cam holder 174. As such, the locking ring 1741
operatively couples cam holder stem 178 to cam holder 174. It will be understood that while
locking ring 174i is shown to couple the cam holder stem 178 and cam holder 174, other fastening
methods and devices, such as threads, an interference fit, epoxy, and the like can be used, for
example, as shown in FIGS. 10-15 and described herein.

[0070] As best shown in FIGS. 3, 4A, and 4B, the threaded outer surface portion 178c at the
second end of the cam holder stem 178 is threaded into valve body 110 to fixedly couple or attach
cam holder stem 178 to valve body 110. In the illustrated embodiment, the tool engagement portion
178d of cam holder stem is configured as a hexagonal structure such that a wrench or other such
tool can be used to thread or otherwise fixedly couple cam holder stem 178 to valve body 110.
[0071] As discussed herein, the valve actuating assembly 170 of valve 100 includes the actuating
shaft 172, cam holder 174, cam 176, cam holder stem 178, and actuating member 179. More

specifically, valve actuating assembly 170 is configured such that actuating shaft 172 can be
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disconnected from valve actuating assembly 170 and removed from valve body 110 while other
components such as cam holder 174, cam 176, and cam holder stem 178 remain in place within
valve body 110. Such a configuration of the valve actuating assembly can be helpful in certain
valve designs where there is not enough space in the bonnet or valve body to enable removal of
both the cam and the actuating shaft. As such, enabling removal of the actuating shaft 172, while
maintaining the cam 176 and other actuating assembly components in place within the valve body
110, provides access to the valve packing assembly 182 in order to perform maintenance and/or
replacement of certain valve packing assembly components (e.g., packing bearing, packing seals,
jam ring, retaining member, biasing member, and o-rings).

[0072] In summary, a first connection of the valve actuating assembly components is formed by
removably coupling the actuating shaft 172 to the cam holder 174 via an interference fit or other
such removable connection between the cam holder connection portion 172a of actuating shaft
172 and the actuating shaft receiving bore of cam holder 174. The non-cylindrical or non-circular
shape of the cam holder connection portion 172a and the actuating shaft receiving bore enables
cam holder 174 to correspondingly rotate with actuating shaft 172.

[0073] In addition, a second connection of the valve actuating assembly components is formed
between the cam holder stem 178 and cam holder 174. More specifically, one end of the cam
holder stem 178 is attached to the cam holder 174 via the locking ring 174i. The cam holder stem
178 includes locking ring groove 178e configured to receive the locking ring 174i. The locking
ring 1741 and a portion of the cam holder stem 178 are inserted into the stem receiving bore of the
cam holder 174 such that the locking ring 1741 is also received by the locking ring groove 174h of
cam holder 174. The connection of cam holder stem 178 and cam holder 174, via locking ring

1741, enables cam holder 174 to rotate freely while the cam holder stem 178 is held stationary and
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does not rotate. Connection of the cam holder stem 178 to cam holder 174, via the locking ring
1741, also prohibits accidental removal of cam holder 174 from cam holder stem 178. The cam
holder stem 178 provides support to cam holder 174 such that actuating shaft 172 can be removed
from valve body 110 while cam holder 174 remains in place to hold and position the cam 176
within the valve body 110.

[0074] FIGS. 10-15 illustrate another valve actuating assembly 270 that can be included in the
valve 100 of FIG. 1 in place of the valve actuating assembly 170, in accordance with embodiments.
The valve actuating assembly 270 may be generally similar to the valve actuating assembly 170,
in both operation and overall components and thus, may be coupled to the valve body 110 and/or
interact with other components of the valve 100 in a similar manner. For example, as shown in
FIG. 10, the valve actuating assembly 270 is coupled to the valve body 110 at one end and includes
the actuating member 179 at an opposite end to enable actuation of the valve 100 between open
and closed positions, like the valve actuating assembly 170. More specifically, as best shown in
FIGS. 10, 11A, and 11B, the valve actuating assembly 270 further comprises an actuating shaft
272 with a first end coupled to the actuating member 179, a cam holder 274 coupled to a second
end of the actuating shaft 272, a cam 276 mounted to the cam holder 274, and a cam holder stem
278 coupled to the cam holder 274 and the valve body 110. The valve actuating assembly 270 may
be configured, like the valve actuating assembly 170, such that rotation of the actuating member
179 from the closed position towards the open position causes a corresponding rotation of the
actuating shaft 272 and cam 276, such that the cam 276 engages the actuating assembly
engagement member 144 of the lower valve stem 140a and causes a subsequent upward movement
of the lower valve stem 140a and poppet 150 until the poppet 150 and the seat disc 152 disengage

from the valve seat 113, thus opening the valve 100. The valve actuating assembly 270 may also

21



10

15

20

WO 2023/288276 PCT/US2022/073738

be configured, like the valve actuating assembly 170, such that the reverse movement, i.e. rotation
of the actuating member 179 from the open position to the closed position, causes the valve 100
to close and form the fluid-tight seal between seat disc 152 and valve seat 113.

[0075] Also like the valve actuating assembly 170, the valve actuating assembly 270 is configured
such that the actuating shaft 272 can be disconnected from the remainder of the valve actuation
assembly 270 and removed from the valve body 110 while other components, such as the cam
holder 274, cam 276, and cam holder stem 278, remain in place within the valve body 110. This
configuration, like that of the valve actuating assembly 170, can be helpful at least because, as
shown in FIG. 10, the valve packing assembly 182 surrounds the actuating shaft 272 such that the
valve packing assembly components cannot be serviced while the actuating shaft 272 is in place.
Moreover, there may not be enough space in the bonnet 120 or the valve body 110 to enable
removal of the cam 276 along with the actuating shaft 272. Thus, enabling removal of the actuating
shaft 272 from the valve body 110, while keeping the cam 276 and other actuating assembly
components in place within the valve body 110, provides access to the valve packing assembly
182 for servicing, maintenance, and/or replacement of certain valve packing assembly components
(e.g., packing bearing, packing seals, jam ring, retaining member, biasing member, and o-rings),
similar to the valve actuating assembly 170.

[0076] Given the similarities between the two valve actuating assemblies 170 and 270, the
common components of the valve 100 will not be described in great detail in the following
paragraphs for the sake of brevity. Instead, reference is made to FIGS. 1 and 2 and the preceding
paragraphs associated therewith for a detailed description of such common components. Reference
is also made to FIG. 3 and associated paragraphs for a detailed description of the valve packing

assembly 182 (including the various components included therein) and the shaft bearing 184,
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which are coupled to or around the valve actuating assembly 270 in the same manner as the valve
actuating assembly 170 shown in FIG. 3.

[0077] The components of the valve actuating assembly 270 will be described in greater detail. As
best shown in FIGS. 10, 11A, 11B, and 12, the actuating shaft 272 of the valve actuating assembly
270 includes a cam holder connection portion 272a at the second end of the actuating shaft 272
and a cylindrical shaft portion 272b extending between the cam holder connection portion 272a
and the first end of the actuating shaft 272. The cam holder connection portion 272a extends a
specified length and axially away from the cylindrical shaft portion 272b such that the cam holder
connection portion 272a forms an interference fit or other such tight connection with an actuating
shaft receiving bore defined in the cam holder 274. As best shown in FIG. 12, the cam holder
connection portion 272a is comprised of four generally flat surfaces configured to form or define
a substantially square-shaped cross-section (which differs from the “D-shaped” cross-section of
the cam holder connection portion 172a shown in FIG. §). As also shown, the cylindrical shaft
portion 272b defines a substantially cylindrical shape (e.g., within manufacturing tolerances) of
the actuating shaft 272. The cylindrical shaft portion 272b also includes a diameter (not labeled)
that is larger than a height, diameter, or other such dimension of the cam holder connection portion
272a.

[0078] As shown in FIG. 11A, the cam holder connection portion 272a is sized, shaped and
otherwise configured to operably couple actuating shaft 272 to the cam holder 274. In the
illustrated embodiment, cam holder 274 includes a plurality of inner surfaces that define an
actuating shaft receiving bore (not labeled) in a first end thereof and a stem receiving bore (not
labeled) defined in a second end thereof. More specifically, as best shown in FIGS. 13A and 13C,

cam holder 274 includes a plurality of inner surfaces 274a that define the actuating shaft receiving
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bore extending through at least a portion of the first end of cam holder 274. In the illustrated
embodiment, the bore formed by the inner surfaces 274a of cam holder 274 has a square shape that
corresponds to the square-shaped cam holder connection portion 272a of the actuating shaft 272.
In other embodiments, the inner surfaces 274a may be configured to form an actuating shaft
receiving bore with a different non-circular cross-section or shape (e.g., hexagonal, triangular,
oblong, etc.), for example, as shown in FIGS. 16A and 16B, depending on a non-circular shape of
the cam holder connection portion 272a of the actuating shaft 272, for example, as shown in FIGS.
17A and 17B. In either case, the cam holder connection portion 272a can be inserted into the
actuating shaft receiving bore of cam holder 274 to couple or otherwise connect the actuating shaft
272 to the cam holder 274 to enable cam holder 274 to rotate along with actuating shaft 272.
[0079] In the illustrated embodiment, the valve actuating assembly 270 further includes a first
connector 272e (e.g., a nut or the like) and a second connector 272f (e.g., a washer or the like) for
securing the valve packing assembly 182 and shaft bearing 184 together with the actuating shaft
272 as a separate subassembly. This subassembly may be secured or held together before
connecting the actuating shaft 272 to the cam holder 274 by sliding the non-circular cam holder
connection portion 272a of the actuating shaft 272 into the corresponding non-circular actuating
shaft receiving bore of the cam holder 274.

[0080] In the illustrated embodiment, and as seen most clearly in, e.g., FIGS. 11A and 13, cam
holder 274 also includes a cylindrical outer surface 274c¢ and a flat outer surface portion 274d that
form or otherwise define a non-cylindrical or non-circular shape (e.g., D-shaped) of at least a
portion of the cam holder 274. For example, cam holder 274 forms a structure that looks like a
cylinder with a portion cut off along a portion of a length (L.1) of the cam holder 274 such that the

flat outer surface portion 274d defines a rectangular surface and the corresponding portion of
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cylindrical outer surface 274c defines an arcuate or curved surface. In the illustrated embodiment,
flat outer surface portion 274d and the corresponding portion of cylindrical outer surface 274c¢ also
form or otherwise define a shoulder 274e that extends a height (H) away from the flat outer surface
portion 274d. The shoulder 274e is formed or otherwise positioned the length (L1) from the first
end of cam holder 274.

[0081] In the illustrated embodiment, a retaining ring groove 274f is circumferentially defined in
cylindrical outer surface 274¢ and positioned a length (L2) from the first end of cam holder 274.
In the illustrated embodiment, the length (L.1) is larger or greater than length (L2) such that the
shoulder 274e is positioned a distance (e.g., L1 — L2) away from the retaining ring groove 274f.
[0082] As best shown in FIGS. 11A and 11B, a cam bore is defined in cam 276 by a cylindrical
inner surface 276b, and a flat inner surface 276¢, and cam holder 274 is sized and shaped to
correspond to this cam bore such that cam 276 is mounted on or otherwise supported by cam holder
274. In the illustrated embodiment, the shape and size of the cam bore (e.g., non-circular or D-
shaped) corresponds to the shape and size of the previously described non-circular portion of cam
holder 274 (i.e. the portion formed by flat outer surface portion 274d and the corresponding portion
of cylindrical outer surface portion 274c¢) of , such that insertion of the first end of cam holder 274
into the cam bore mounts cam 276 onto cam holder 274. When cam 276 is mounted onto cam
holder 274, at least a portion of cam body 276a engages with shoulder 274e to mount or otherwise
position cam 276 on cam holder 274. According to embodiments, cam 276 may be substantially
similar to cam 176 shown in FIGS. 3, 4A, and 4B.

[0083] As described herein, the cylindrical outer surface 274c and flat outer surface 274d of the
cam holder 274 forms or otherwise defines the shoulder 274e at a distance equal to the length (L 1)

from the first end of cam holder 274. In the illustrated embodiment, length (L 1) of cam holder 274
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is configured such that at least a portion of the first end of the cam holder 274 extends axially
exterior to the cam body 276a. For example, cam holder 274 extends through the bore of cam 276
at least the length (L.2) such that the retaining ring groove 274f of cam holder 274 is positioned
exterior to and adjacent the first side of cam body 276a.

[0084] In the illustrated embodiment, valve actuating assembly 270 includes a retaining ring 276d
that corresponds with the retaining ring groove 274f of cam holder 274. Once the cam 276 is
mounted onto the cam holder 274, insertion of retaining ring 276d into retaining ring groove 274f
operatively engages or holds cam 276 to cam holder 274. More specifically, cam holder 274 is
aligned with and inserted through the cam bore of cam 276. The cam 276 is positioned on cam
holder 274 such that at least a portion of cam body 276a engages shoulder 274e of cam holder 274
and a distal or opposite portion of cam holder 274 extends outward from the cam bore such that
the retaining ring 276d can be inserted into the retaining ring groove 274f to hold or otherwise
position the cam 276 on cam holder 274. As such, when cam 276 is mounted onto cam holder 274,
cam 276 is positioned and held between the shoulder 274e and the retaining ring 276d to prevent
cam 276 from sliding out of position when shaft 272 is removed from cam holder 274 or during
other such valve maintenance procedures. According to embodiments, retaining ring 276d may be
substantially similar to retaining ring 176d shown in FIGS. 3, 4A, 4B, 8A, and 8B.

[0085] As best shown in FIGS. 13A and 13B, the cam holder 274 also includes a cylindrical inner
surface portion 274g that defines the stem receiving bore extending through at least a portion of
the second end of the cam holder 274. In the illustrated embodiment, the stem receiving bore
defined by the cylindrical inner surface portion 274g forms a substantially cylindrical void (e.g.,

within manufacturing tolerances) within the second end of cam holder 274.
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[0086] As best shown in FIGS. 11A, 11B, and 14, the cam holder stem 278 includes a plurality of
outer surfaces 278a that define a cam holder engagement portion 278b at a first end of the cam
holder stem 278, a threaded outer surface portion 278c at a second end of the cam holder stem 278,
and a tool engagement portion 278d disposed between the first and second ends of the cam holder
stem 278. In the illustrated embodiment, cam holder engagement portion 278b is configured as a
cylindrical structure that extends axially away from the tool engagement portion 278d. The cam
holder engagement portion 278b is shaped, sized, and otherwise configured to extend into the stem
receiving bore defined by the cylindrical inner surface portion 274g of cam holder 274. More
specifically, the stem receiving bore of cam holder 274 has a first diameter (not labeled) and the
cam holder engagement portion 278b of cam holder stem 278 has a second diameter (not labeled)
that is slightly smaller than the first diameter of the stem receiving bore. As such, the cam holder
engagement portion 278b extends into the stem receiving bore of the cam holder 274 to couple the
cam holder stem 278 to the cam holder 274.

[0087] As shown in FIGS. 10, 11A, and 13A, the cam holder 274 further includes a plurality of
holes 274j extending through the cylindrical outer surface 274c¢ near the second end of cam holder
274, such that each hole 274 forms a cylindrical bore through the cylindrical portion of the cam
holder 274. In the illustrated embodiment, the plurality of holes 274j include at least two holes
arranged on either side of the cam holder 274. Each hole 274; is configured to receive a respective
pin 274k (e.g., dowel pin or the like) within the bore formed by the hole 274). In embodiments,
coupling the pins 274k to corresponding cam holder holes 274j can secure or stabilize the
connection between the cam holder stem 278 and the cam holder 274 at least because the pins
274k are configured to counter forces applied substantially perpendicular to the pins 274k, such

as, for example, during removal of the actuating shaft 272 from the cam holder 274.
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[0088] For example, as shown in FIGS. 10 and 13A, each hole 274} has a top opening formed
through a top surface of the cylindrical outer surface 274¢ of cam holder 274 and a bottom opening
formed through a bottom surface of the cylindrical outer surface 274c. The top and bottom
openings of each hole 274j are axially aligned (e.g., along a vertical axis, x) and define opposite
ends of the cylindrical bore formed by the hole 274j, so that the pin 274k inserted into the hole
274j can extend through the cam holder 274. For each hole 274j, a distance (d) between the top
opening and the bottom opening of the hole 274j along the respective vertical axis (x) may be
selected based on a length of the pins 274k. In the illustrated embodiment, the distance (d) is
selected to be less than the length of the pins 274k, so that the top and bottom portions of the pin
274k can extend out from respective openings of the hole 274j and into the valve body 110, for
example, as shown in FIG. 10.

[0089] Moreover, each hole 274] may be sized, shaped, or otherwise configured to receive either
of the pins 274k, which may be substantially identical, and form an interference fit, friction fit, or
other secure attachment to the received pin 274k. For example, each hole 274] may have a diameter
that is selected to be at least slightly larger than a diameter of the pins 274k. In some embodiments,
the pins 274k may have ridges or other outer configuration or shape and/or a textured outer surface
to help further secure their attachment to the holes 274;. In addition, the pins 274k may be made
of any suitable, sturdy material (e.g., metal) that can withstand stresses applied during operation.
[0090] Thus, using the above and/or other similar techniques, the pins 274k can be configured to
lock the cam holder 274 into place, or otherwise prevent (accidental) disconnection of the cam
holder 274 from the cam holder stem 278 (or vice versa), for example, during removal of the
actuating shaft 272 from the cam holder 274, or other maintenance or use operation. While two

dowel pins 274k and two holes 274j are shown and described herein, in other embodiments, more
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or fewer pins and/or more or fewer holes may be utilized to stabilize the connection between the
cam holder 274 and the cam holder stem 278.

[0091] As best shown in FIGS. 10, 11A, 11B, and 185, the threaded outer surface portion 278c at
the second end of the cam holder stem 278 is threaded into valve body 110 to fixedly couple or
attach cam holder stem 278 to valve body 110. In the illustrated embodiment, the tool engagement
portion 278d of cam holder stem is configured as a hexagonal structure such that a wrench or other
such tool can be used to thread or otherwise fixedly couple cam holder stem 278 to valve body
110. While cam holder stem 278 is depicted as a separate component herein, in other embodiments,
cam holder stem 278 could be integrally formed as part of valve body 110, or otherwise securely
connected to the valve body 110. In such cases, the cam holder stem 278 may not include the
threaded outer surface portion 278¢, for example. In some embodiments, cam holder stem 278 may
be integrally formed with, or included as part of, the cam holder 274, so as to form a single
component that can be securely coupled to the valve body 110, via the threaded engagement
described herein or other secure engagement mechanism.

[0092] In summary, a first connection of the valve actuating assembly components is formed by
removably coupling actuating shaft 272 to cam holder 274 via an interference fit or other such
removable connection between the cam holder connection portion 272a of actuating shaft 272 and
the actuating shaft receiving bore of cam holder 274. The non-cylindrical or non-circular shape of
the cam holder connection portion 272a and the actuating shaft receiving bore enables cam holder
274 to correspondingly rotate with actuating shaft 272.

[0093] In addition, a second connection of the valve actuating assembly components is formed
between the cam holder stem 278 and the cam holder 274. More specifically, the cylindrical cam

holder engagement portion 278b of the cam holder stem 278 is coupled to the cylindrical stem
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receiving bore of the cam holder 274. Next, a pair of pins 274k are inserted into the holes 274;
extending through the cylindrical outer surface 274c¢ of the cam holder 274, such that the pins 274k
are secured on either side of the cam holder stem 278, just behind the cylindrical engagement
portion278b. The connection of cam holder stem 278 and cam holder 274, via the pins 274k,
enables cam holder 274 to rotate freely while the cam holder stem 278 is held stationary and does
not rotate. Connection of the cam holder stem 278 to cam holder 274, via the pins 274k, also
prohibits accidental removal of cam holder 274 from cam holder stem 278. The cam holder stem
278 provides support to cam holder 274 such that actuating shaft 272 can be removed from valve
body 110 while cam holder 274 remains in place to hold and position the cam 276 within the valve
body 110.

[0094] FIGS. 16A and 16B illustrate another exemplary cam holder 374 that may be included in
the valve actuating assembly 270 shown in FIG. 10, in place of the cam holder 274, in accordance
with embodiments. Similarly, FIGS. 17A and 17B illustrate another exemplary actuating shaft 372
that may be included in the valve actuating assembly 270 shown in FIG. 10, in place of the
actuating shaft 272, in accordance with embodiments. The cam holder 374 and the actuating shaft
372 may be substantially similar to the cam holder 274 and the actuating shaft 272, respectively,
both operatively and physically, except for an overall shape or configuration of the interface
between the two components. For example, like the cam holder 274 and the actuating shaft 272,
an actuating shaft receiving bore (not labeled) may be defined in a second end of the cam holder
374 and configured to receive a cam holder connection portion 372a of the actuating shaft 372 in
order to securely connect the actuating shaft 372 to the cam holder 374, e.g., via an interference
fit or other tight connection. Also like the cam holder 274 and the actuating shaft 272, the interface

between the cam holder 374 and the actuating shaft 372, or a cross-section thereof, may be non-
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circular in order to enable the cam holder 374 to rotate along with the actuating shaft 372. What
differs between the two embodiments, however, is the specific shape of that non-circular interface,
Or cross-section.

[0095] More specifically, as shown in FIG. 16A, the cam holder 374 has an outer size and shape
that 1s generally similar to the outer size and shape of the cam holder 274 shown in FIG. 11A, but
includes a plurality of inner surfaces 374a configured to define a non-circular actuating shaft
receiving bore that has a different shape, or cross-section, than the square-shaped bore formed by
the inner surfaces 274a of the cam holder 274. For example, as shown in FIG. 16B, the plurality
of inner surfaces 374a may include three flat inner surface portions 374b for defining a top surface
and two side surfaces of the actuating shaft receiving bore, and one curved or cylindrical inner
surface portion 374c connected to the two side surfaces and defining a bottom surface of the bore.
The actuating shaft receiving bore formed by the inner surfaces 374a may have, for example, an
elongated D-shape, as illustrated, or any other non-circular shape.

[0096] Likewise, as shown in FIG. 17A, the actuating shaft 372 has an outer size and shape that
is generally similar to the outer size and shape of the actuating shaft 272 shown in FIG. 12, except
for a different-shaped cam holder connection portion 372a at the second end of the actuating shaft
372. More specifically, instead of having a square-shaped end like the cam holder connection
portion 272a shown in FIG. 13C, the cam holder connection portion 372a of the actuating shaft
372 has a non-circular end shape that matches, or is substantially similar to, the shape (e.g.,
elongated D-shape) formed by the non-circular cross section of the actuating shaft receiving bore
of the cam holder 374. For example, as shown in FIG. 17B, the cam holder connection portion
372a may include a cylindrical bottom portion 372¢ that defines an arcuate or curved surface (e.g.,

similar to the cylindrical outer surface portion 172¢ shown in FIG. 5), two flat side portions 372d
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that define respective flat rectangular surfaces, and a flat top portion 372e that also defines a flat
rectangular surface (e.g., similar to the flat outer surface portion 172d shown in FIG. 5). As shown,
the cylindrical portion 372¢ may be connected to the flat side portions 372d opposite the flat top
portion 372e, so as to form an elongated D-shaped cross-section that is similar to the elongated D-
shape of the actuating shaft receiving bore of cam holder 374, or can otherwise be operatively
coupled to the cam holder 374.

[0097] It should be appreciated that the valve actuating assembles 170/270 described herein may
include any suitable combination of the embodiments described herein. For example, in one
embodiment, a valve actuating assembly includes a cam holder that has a D-shaped actuating shaft
receiving bore, e.g., like the actuating shaft receiving bore formed by the plurality of inner surfaces
174a of the cam holder 174 shown in FIG. 6C, and an actuating shaft that has a corresponding D-
shaped cam receiving portion, e.g., like the cam receiving portion 172a of the actuating shaft 172
shown in FIG. 5.

[0098] While specific embodiments have been described in detail, it will be appreciated by those
skilled in the art that various modifications and alternatives to those presented herein could be
developed in light of the overall teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be illustrative only and not limiting as to the scope of the

invention which is to be given the full breadth of the appended claims and any equivalent thereof.
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CLAIMS

What is claimed is:

1. A valve actuating assembly for actuating an internal valve between a closed position and
an open position, the valve actuating assembly comprising:

a cam holder stem securely connected to a valve body of the internal valve;

a cam holder having a first end and a second end, the first end of the cam holder operably
coupled to a portion of the cam holder stem to position the cam holder within the valve body of
the internal valve;

a cam operably mounted to the cam holder; and

an actuating shaft extending through at least a portion of the valve body of the internal
valve, the actuating shaft removably coupled to the second end of the cam holder such that the
actuating shaft can be decoupled from the cam holder and removed from the valve body,

wherein the cam holder and the cam are configured to remain connected to the cam holder
stem and remain positioned within the valve body when the actuating shaft is decoupled from the

cam holder and removed from the valve body.

2. The valve actuating assembly of claim 1, wherein the actuating shaft comprises a cam
holder connection portion having a non-circular shape configured to removably couple the

actuating shaft to a corresponding bore formed in the second end of the cam holder.

3. The valve actuating assembly of claim 1, further comprising a retaining ring configured to
operably hold the cam to the cam holder, wherein the cam holder comprises a retaining ring groove

defined in an outer surface of the cam holder and configured to receive the retaining ring.
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4. The valve actuating assembly of claim 1, wherein the cam holder stem is configured to
support the cam holder and the cam within the valve body when the actuating shaft is decoupled

from the cam holder and removed from the valve body.

5. The valve actuating assembly of claim 1, further comprising a locking ring configured to
operably attach the cam holder stem to the cam holder, wherein the cam holder stem comprises a
locking ring groove defined in an outer surface of the cam holder stem and configured to receive

the locking ring.

6. The valve actuating assembly of claim 1, further comprising a plurality of pins coupled to
holes extending through an outer surface of the cam holder, the plurality of pins being configured

to operably secure the cam holder to the cam holder stem.

7. The valve actuating assembly of claim 1, wherein the cam includes a non-circular bore

configured to receive a non-circular end of the cam holder.

8. The valve actuating assembly of claim 7, wherein the non-circular end of the cam holder
includes a non-circular opening for receiving a cam holder connection portion of the actuating

shaft.

0. The valve actuating assembly of claim 1, wherein the cam holder stem comprises: a first
end operably coupled to the first end of the cam holder, and a second end threadably engaged to

the valve body to secure the cam holder stem to the valve body.

10. A valve actuating assembly for actuating an internal valve between a first position and a
second position, the valve actuating assembly comprising:

a cam holder positioned within a valve body of the internal valve;
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a cam operably coupled to the cam holder and configured to engage a valve stem of the
internal valve for moving the internal valve between the first position and the second position; and

an actuating shaft extending through at least a portion of the valve body of the internal
valve, rotation of the actuating shaft causing rotation of the cam holder and the cam,

wherein the actuating shaft is removably coupled to the cam holder such that the actuating
shaft can be decoupled from the cam holder and removed from the valve body, and

wherein the cam holder and the cam are configured to remain positioned within the valve
body of the internal valve when the actuating shaft is decoupled from the cam holder and removed

from the valve body.

11. The valve actuating assembly of claim 10, wherein the actuating shaft comprises a cam
holder connection portion having a non-circular shape configured to removably couple the

actuating shaft to a corresponding bore formed in the cam holder.

12.  The valve actuating assembly of claim 10, further comprising a retaining ring configured
to operably hold the cam to the cam holder, wherein the cam holder comprises a retaining ring

groove defined in an outer surface of the cam holder and configured to receive the retaining ring.

13.  The valve actuating assembly of claim 10, further comprising a cam holder stem
operatively coupled to the cam holder and the valve body, wherein the cam holder stem is
configured to support the cam holder and the cam within the valve body when the actuating shaft

is decoupled from the cam holder and removed from the valve body of the internal valve.

14. The valve actuating assembly of claim 13, further comprising a locking ring configured to

operably attach the cam holder stem to the cam holder, wherein the cam holder stem comprises a
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locking ring groove defined in an outer surface of the cam holder stem and configured to receive

the locking ring.

15.  The valve actuating assembly of claim 13, further comprising a plurality of pins coupled
to holes extending through an outer surface of the cam holder, the plurality of pins being

configured to operably secure the cam holder to the cam holder stem.

16.  The valve actuating assembly of claim 13, wherein the cam holder stem comprises: a first
end operably coupled to a first end of the cam holder, and a second end threadably engaged to the

valve body of the internal valve to secure the cam holder stem to the valve body.

17.  The valve actuating assembly of claim 10, wherein the cam includes a non-circular bore

configured to receive a non-circular end of the cam holder.

18. The valve actuating assembly of claim 17, wherein the non-circular end of the cam holder
includes a non-circular opening configured to receive a cam holder connection portion of the

actuating shaft.

19. An internal valve for conveying fluid, the internal valve having a closed position and an
open position, the internal valve comprising:

a valve body comprising a plurality of inner surfaces that define a passage through the
valve body, a valve seat disposed adjacent an inlet of the passage, a valve stem, and a poppet
connected to and moveable with the valve stem between a first position in which the poppet
sealingly engages the valve seat and a second position in which the poppet is disengaged from the

valve seat; and
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a valve actuating assembly operatively engaged to the valve stem to move the valve stem
and the poppet between the first position and the second position, the valve actuating assembly
comprising:

a cam holder positioned in the passage of the valve body,

a cam operably coupled to the cam holder and engaged with the valve stem,

an actuating shaft extending through a portion of the passage and removably
coupled to the cam holder, and

a cam holder stem configured to securely couple the cam holder to the valve body,

wherein rotation of the actuating shaft causes a rotation of the cam holder and the
cam to cause the valve stem and the poppet to move between the first position and the
second position, and

wherein the cam holder and the cam remain positioned in the passage and engaged
to the valve stem when the actuating shaft is decoupled from the cam holder and removed

from the portion of the passage.

20. The internal valve of claim 19, wherein the cam holder stem is configured to support the
cam holder and the cam within the valve body when the actuating shaft is decoupled from the cam

holder and removed from the portion of the passage.
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