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ROTARY VALVE ACTUATORS HAVING PARTIAL STROKE DAMPING
APPARATUS

FIELD OF THE DISCLOSURE
[0001] This patent relates generally to actuators and, more particularly, to rotary valve
actuators having partial stroke damping apparatus.

BACKGROUND

[0002] Process control plants or systems often employ rotary valves such as, for
example, butterfly valves to control the flow of process fluids. In general, rotary valves
typically include a fluid flow control member disposed in a fluid flow path between an
inlet and an outlet of the rotary valve. The fluid flow control member is rotatably coupled
relative to a valve body of the rotary valve via a shaft. Typically, a portion of the shaft
extending from the rotary valve is operatively coupled to an actuator (e.g., a pneumatic
actuator, a hydraulic actuator, etc.) that rotates the valve shaft in a first direction and a
second direction opposite the first direction.
[0003] In operation, a control unit (e.g. a positioner) may supply a control fluid (e.g.,
air) to the actuator to position the fluid flow control member to a desired position to
regulate or throttle the flow of fluid through the rotary valve. The actuator may move the
fluid flow control member through a complete stroke between a fully open position to
allow fluid flow through the valve and a fully closed position to prevent fluid flow through
the valve.
[0004] Rotary valve actuators such as rack and pinion type actuators are often used to
implement, for example, quarter-turn rotary valves. A rack and pinion type actuator
converts rectilinear motion of two opposing pistons into rotational motion of the valve
shaft. Rack and pinion type actuators often provide a relatively high output torque and a
compact physical envelope or footprint. However, rack and pinion actuators may require a
damping mechanism to provide a cushioning and/or deceleration effect to prevent noise,
shock and/or damage to the components of the actuator.
[0005] However, some known damping mechanisms used with rotary actuators
dampen the movement of the actuator over an entire stroke of the actuator. For example,
such known damping mechanisms may dampen or reduce the speed of the pistons over an
entire closing stroke. Such a configuration significantly reduces the efficiency of the
actuator and significantly reduces or limits the overall closing speed and output torque

provided by the actuator.
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SUMMARY

[0006] An example rotary valve actuator described herein includes a housing
containing a first piston and a second piston opposite the first piston, where the pistons
move in opposite directions to rotate a shaft of the rotary valve actuator. A damper is
operatively coupled to at least one of the first piston or the second piston to slow the
movement of the piston for only a portion of a stroke of the rotary valve actuator.
[0007] In another example, a damping apparatus for use with a rotary valve actuator
includes a valve shaft operatively coupled to a rotary valve actuator in which the rotary
valve actuator rotates the valve shaft in a first direction and a second direction opposite the
first direction. A cam is coupled to an end of the valve shaft. A viscosity damper is
coupled to a housing of the rotary valve actuator. The viscosity damper includes a
movable member that is to be engaged by the cam over only a portion of a stroke of the
rotary valve actuator.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIGS. 1A-1B illustrate a known double-acting, rotary valve actuator.
[0009] FIG. 2 illustrates a known damping apparatus operatively coupled to the rotary
valve actuator of FIGS. 1A-1B.
[0010] FIG. 3 illustrates an example actuator having an example damping apparatus
described herein.
[0011] FIGS. 4A-4D illustrate another example damping apparatus described herein
that can be used to implement the example actuator of FIGS. 3A-3B.
[0012] FIGS. 5A-5E illustrate another example damping apparatus described herein
that can be used to implement the example actuator of FIGS. 3A-3B.
[0013] FIGS. 6A-6B illustrate yet another example damping apparatus described
herein that can be used to implement the example actuator of FIGS. 3A-3B.
[0014] FIGS. 7A-7C illustrate yet another example actuator having a damping
apparatus described herein.
[0015] FIG. 8 illustrates another example damping apparatus described herein that can
be used to implement the example actuator of FIGS. 7A-7C.
[0016] FIGS. 9-17 illustrates alternative example damping apparatus described herein
that can be used to provide the actuator of FIGS. 1A-1B with partial stroke damping.

DETAILED DESCRIPTION

[0017] The example actuator apparatus described herein may be used with, for

example, rotary valves (e.g., quarter-turn valves). The example actuator apparatus
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described herein are implemented with a damper to slow the speed of the actuator for only
a portion of the full stroke of the actuator. More specifically, the example actuator
apparatus described herein provide partial stroke damping at, for example, an end of a
closing stroke as the actuator moves a flow control member of a rotary valve between an
open position and a closed position. The example actuator apparatus may be a double-
acting actuator, a single-acting actuator, a scotch yolk actuator, a vane-type actuator, or
any other suitable rotary actuator.

[0018] In general, the example damping apparatus described herein are operatively
coupled to an actuator to provide damping for only a portion of the full stroke of the
actuator. In one example, the damping apparatus includes a damper operatively coupled to
at least one of a first piston or a second piston of the actuator to slow the movement of the
pistons for only a portion of a stroke of the actuator. Examples of such apparatus are
described in greater detail below in connection with FIGS. 5A-5B, 6A-6C, 9-17.
Additionally, in some examples, the damping apparatus also includes a first fluid circuit
and path and a second fluid circuit or path in fluid communication with the inner chamber
of the actuator. Examples of such apparatus are described below in greater detail in
connection with FIGS. 4A-4E, 7 and 8.

[0019] In contrast to the example damping apparatus described herein, some known
actuator apparatus implement a flow restrictor in an exhaust path of the actuator to provide
stroke damping. However, such known stroke damping apparatus slow the speed of the
pistons over an entire stroke (e.g., a full closing stroke) of the actuator, thereby affecting
actuator efficiency and performance. Additionally, such known damping apparatus are
often mounted externally relative to a housing of the actuator, which increases the overall
physical or dimensional envelope or footprint of the actuator.

[0020] Before discussing the example actuators having partial stroke damping
apparatus in detail, a brief description of a known rotary control valve assembly 100 is
provided in FIGS. 1A and 1B. Referring to FIGS. 1A and 1B, a rotary valve actuator 102
(e.g., arack and pinion type actuator) is coupled to a valve body 104 of a rotary valve 106
via a bonnet 108. The valve body 104 defines a fluid flow path between an inlet 110 and
an outlet 112. A fluid flow control member 114 is disposed within the fluid flow path to
regulate the flow of fluid between the inlet 110 and the outlet 112. The flow control
member 114 is rotatably coupled relative to a valve seat (not shown) disposed within the
valve body 104 via a valve shaft 116. As shown, an end 117 of the valve shaft 116 is

operatively coupled to the actuator 102 via a drive shaft 118 of the actuator 102.
-3-
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[0021] The actuator 102 includes a first piston 120 and a second piston 122 disposed
within a housing 124 to define an inner control chamber 126 and respective outer control
chambers 128 and 130. The pistons 120 and 122 include respective body portions 132 and
134 having racks or gears 136 and 138 to engage a pinion 140 of the drive shaft 118. The
housing 124 includes a first port 142 in fluid communication with the outer control
chambers 128 and 130 via a passageway 144 defined by the housing 124. The housing
124 also includes a second port 146 in fluid communication with the inner control
chamber 126 to provide and/or remove pressurized fluid from the inner control chamber
126.

[0022] FIG. 2 schematically illustrates a known damping apparatus 200 operatively
coupled to the known rotary control valve assembly 100 of FIGS. 1A and 1B. Referring
to FIG. 2, the damping apparatus 200 includes a solenoid valve 202 mounted externally
relative to the actuator 102. The solenoid valve 202 moves between a first position 204 to
fluidly couple the second port 146 and the inner control chamber 126 to a fluid supply
source 206 and a second position 208 to fluidly couple the second port 146 and the inner
control chamber 126 to a fluid flow restrictor 210. In this example, in contrast to the
example damping apparatus described herein, the known damping apparatus 200 dampens
or slows the stroke speed of the pistons 120 and 122 for a full or complete stroke (e.g., an
entire closing stroke) of the actuator 102 when the pistons 120 and 122 move toward the
valve shaft 116.

[0023] In operation, referring to FIGS. 1A, 1B, and 2, the inner chamber 126 and the
outer control chambers 128 and 130 receive pressurized fluid to move the pistons 120 and
122 in a rectilinear motion away from and toward the valve shaft 116. The rectilinear
motion of the pistons 120 and 122 is converted to rotational motion of the valve shaft 116
via the racks 136 and 138 and the pinion 140 as the pistons 120 and 122 move in opposite
directions within the housing 124. Rotation of the valve shaft 116 causes the flow control
member 114 to rotate to a desired angular position to vary or regulate the fluid flow
through the valve 106. For example, rotation of the valve shaft 116 in a first direction
(e.g., a counterclockwise direction) moves a flow control member 114 of the valve 106 to
an open position to allow or increase fluid flow through the valve 106 and rotation of the
valve shaft 116 in a second direction (e.g., a clockwise direction) moves the flow control

member of the valve 106 to a closed position to decrease or prevent fluid flow through the

valve 106.
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[0024] To rotate the valve shaft 116 in a first direction (e.g., a counterclockwise
direction) indicated by arrow 148 of FIG. 1B, the solenoid valve 202 is moved to the first
position 204 to fluidly couple the fluid supply source 206 to the inner control chamber 126
of the actuator 102. The inner control chamber 126 receives pressurized fluid (e.g.,
compressed air) from the fluid supply source 206 via a first fluid pathway 212 and the
second port 146. A control fluid (e.g., air) provided in the inner control chamber 126 via
the second port 146 having a pressure greater than a pressure of a fluid (e.g., air) in the
outer control chambers 128 and 130 displaces the pistons 120 and 122 in a direction
indicated by arrows 150 and 152 and causes the valve shaft 116 to rotate in the first
direction 148. Any fluid in the outer control chambers 128 and 130 is vented via the
passageway 144 of the housing 124 and the first port 142.

[0025] To rotate the valve shaft 116 in a second direction opposite the first direction
148, the damping apparatus 200 is moved to the second position 208 to fluidly couple the
inner control chamber 126 to the fluid flow restrictor 210 via a second fluid pathway 214.
The pressurized fluid from the inner control chamber 126 is vented via the second port 146
and pressurized fluid is provided in the outer control chambers 128 and 130 via the first
port 142 and the passageway 144. The pressurized fluid in the outer control chambers 128
and 130 causes the pistons 120 and 122 to move toward the valve shaft 116 (e.g., a closing
stroke) to cause the valve shaft 116 to rotate in the second direction (e.g., a clockwise
direction). As the pistons 120 and 122 move toward the valve shaft 116, the fluid flow
restrictor 210 restricts the flow of the fluid through the second fluid pathway 214. As a
result, the motion or the speed of the pistons 120 and 122 is reduced or dampened for a
full stroke of the actuator 102 in which the pistons 120 and 122 are moving toward the
valve shaft 116 (e.g., a complete closing stroke).

[0026] In contrast to the example damping apparatus described herein, the known
damping apparatus 200 includes the fluid flow restrictor 210 in a configuration that is
disadvantageous because the damping apparatus 200 dampens or reduces the speed of the
pistons 120 and 122 over substantially an entire or complete stroke for which the pistons
120 and 122 move toward the valve shaft 116. Thus, the damping apparatus 200 restricts
the stroke speed over the complete stroke, thereby significantly affecting the performance
and the efficiency of the actuator 102. Additionally, the damping apparatus 200 is
mounted externally relative to the housing 124 of the actuator 102, thereby increasing the

overall dimensional envelope of the rotary control valve assembly 100.
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[0027] FIG. 3 illustrate an example rotary valve actuator 300 having a damping
apparatus 302 described herein. The example damping apparatus 302 described herein
may be used with double-acting actuators, single-acting actuators, rack and pinion
actuators, scotch yolk actuators, vane actuators or any other suitable actuator(s).

[0028] In this example, the example actuator 300 is a single-acting, rack and pinion
type actuator. The actuator 300 includes a housing 304 having a first piston 306 and a
second piston 308 disposed therein to define an inner chamber 310, a first outer chamber
312 and a second outer chamber 314. The first and second pistons 306 and 308 include
respective body or rack portions 316 and 318 that engage a drive shaft or pinion 320 of a
valve shaft 322. The valve shaft 322 is operatively coupled to a fluid flow control member
(e.g., the fluid flow control member 114 of FIG. 1A) of a valve (e.g., the rotary valve 106).
Biasing elements or springs 324 and 326 are disposed within the respective outer
chambers 312 and 314 of the housing 304 to bias the pistons 306 and 308 toward the valve
shaft 322. In this example, the housing 304 includes a first port 328 and a second port 330
in fluid communication with the inner chamber 310. The housing 304 also includes a third
port 332 in fluid communication with the outer chambers 312 and 314 via a passageway
334.

[0029] In general, the damping apparatus 302 slows the motion of the pistons 306
and/or 308 over only a portion of a stroke of the actuator 300. In this example, the
damping apparatus 302 includes a damper or blocking element 336 operatively coupled to
the first piston 306. The first piston 306 moves the damper 336 between a first position to
enable fluid flow between the inner chamber 310 and the first port 328 and a second
position to substantially restrict fluid flow between the inner chamber 310 and the first
port 328 over a portion of the stroke of the actuator 300. For example, the damper 336
may be configured to block or restrict fluid flow through the first port 328 over only a
portion of the actuator stroke during which the fluid in the inner chamber 310 is removed
or exhausted to a vent 352.

[0030] Additionally, in this example, the damping apparatus 302 also includes a first
fluid circuit 338 and a second fluid circuit 340. In this example, the first fluid circuit 338
includes a first fluid pathway 342 fluidly coupled to the inner chamber 310 of the housing
304 via the first port 328. The second fluid circuit 340 includes a second fluid pathway
344 fluidly coupled to the inner chamber 310 via the second port 330. The second fluid
circuit 340 also includes a restrictor 346 such as, for example, a fluid restrictor (e.g., a

bleed valve) to restrict the fluid flow through the second fluid pathway 344. In other
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words, the restrictor 346 restricts fluid flow through the second fluid pathway 344 so that
fluid flow through the second fluid pathway 344, when the first piston 306 is in the second
position (e.g., the damper 336 is restricting fluid flow through the first port 328), is less
than the fluid flow between the inner chamber 310 and the first port 328 when the damper
336 is positioned away from the first port 328. The restrictor 346 may be adjustable to
increase or decrease the restriction (e.g., the rate of fluid flow) through the second fluid
pathway 344.

[0031] Additionally, in this example, the damping apparatus 302 includes a third fluid
pathway 348 having a one-way valve 350 (e.g., a check valve) that allows fluid flow in a
first direction and which substantially restricts or prevents fluid flow in a second direction
opposite the first direction. In this example, the third fluid pathway 348 is fluidly coupled
to the inner chamber 310 via the second port 330. However, in other examples, the third
fluid pathway 348 may be fluidly coupled to the inner chamber via the first port 328. In
yet other examples, the one-way valve 350 may be integrally formed with the damper 336.
{0032} Although the first and second fluid circuits 338 and 340 are schematically
illustrated, the first and second fluid circuits 338 and 340 may be integrally formed with,
disposed within, or coupled to the housing 304, the ports 328 and/or 330, and/or the
pistons 306 and 308. For example, the restrictor 346 and/or the one-way valve 350 may
be disposed within the second port 330, within the housing 304, and/or coupled to the
piston 306 (e.g., disposed within the body portion 316). For example, the restrictor 346
and the one-way valve 350 may be integrally formed with the damper 336. Such an
example is illustrated in FIGS. 5A-5E and 6A-6B. In another example, the one-way valve
350 may be integrally formed with the damper 336 and the restrictor 346 may be disposed
within the second port 330. Such an example is illustrated in FIGS. 7A-7C and FIG. 8. In
yet another example, the one-way valve 350 and the restrictor 346 may be disposed within
the body portion 316 of the piston 306. Such an example is illustrated in FIG. 15.

[0033] As shown, the first fluid pathway 342 fluidly couples the inner chamber 310 of
the actuator 300 to, for example, the vent 352. The third fluid pathway 348 fluidly couples
the inner chamber 310 to a fluid supply source 354 (e.g., a compressed air supply source).
The one-way valve 350 enables fluid flow in a first direction from the fluid supply source
354 to the inner chamber 310 (e.g., when a supply fluid is provided in the inner chamber
310) and prevents fluid flow in a second direction from the inner chamber 310 to the vent
352 (e.g., when the fluid is removed or exhausted from the inner chamber 310). The

restrictor 346 of the second fluid pathway 344 substantially restricts or decreases the rate
-7 -



WO 2011/028663 PCT/US2010/047151

of fluid flow flowing through the second fluid pathway 344 when the fluid is removed or
exhausted from the inner chamber 310 as described below. In other examples in which the
restrictor 346 and the one-way valve 350 are integrally formed with the damper 336, the
second port 330 and/or the second and third fluid pathways 344 and 348 are not required.
[0034] The inner chamber 310 receives pressurized fluid (e.g., compressed air) from
the fluid supply source 354 to move the pistons 306 and 308 in a first direction opposite
the forces provided by the biasing elements 324 and 326 (e.g., an opening stroke). The
inner chamber 310 may receive the pressurized fluid via the third fluid pathway 348 and
the second port 330. For example, if the damper 336 is blocking the first port 328,
pressurized fluid from the fluid supply source 354 cannot freely flow to the inner chamber
310 via the first fluid pathway 342. Instead, the one-way valve 350 moves to an open
position via the pressure of the supply fluid to enable the pressurized fluid to flow between
the fluid supply source 354 and the inner chamber 310 via the third fluid pathway 348.
The outer chambers 312 and 314 may be vented to the atmosphere via the passageway 334
and the third port 332 so that the pressure of the inner chamber 310 need only overcome
the forces exerted by the respective biasing elements 324 and 326.

[0035] When the pressurized fluid is removed from the inner chamber 310, the biasing
elements 324 and 326 bias or move the pistons 306 and 308 toward the valve stem 322
(e.g., a closing stroke). As the pistons 306 and 308 move toward the valve stem 322, the
fluid in the inner chamber 310 flows primarily between the first port 328 and the vent 352
via the first fluid pathway 342 for a first predetermined length of the stoke (e.g., 80% of
the stroke). When the damper 336 is positioned away from the first port 328, the fluid in
the inner chamber 310 flows primarily through the first fluid pathway 342 because of the
increased flow resistance provided by the restrictor 346 in the second fluid pathway 344.
[0036] However, as the pistons 306 and 308 move toward the valve stem 322 over a
second predetermined length of the stroke (e.g., the remaining 20% of the stroke), the first
piston 306 moves the damper 336 in a position that blocks the first port 328 to
substantially restrict or prevent fluid flow through the first fluid pathway 342. As a result,
fluid in the inner chamber 310 flows to the vent 352 primarily via the second port 330 and
the second fluid pathway 344. As noted above, the one-way valve 350 prevents fluid flow
from the inner chamber 310 to the vent 352 via the third fluid pathway 348. Instead, the
fluid in the inner chamber 310 flows to the vent 352 via the second fluid pathway 344,
where the restrictor 346 restricts the rate of fluid flow through the second fluid pathway

344. When the damper 336 is blocking the first port 328, the fluid flows primarily through
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the second fluid pathway 344 because the restrictor 346 provides a restriction through the
second fluid pathway 344 that is less than the flow restriction between the inner chamber
310 and the first port 328 when the damper 336 is blocking the first port 328. In this
manner, the speed of the pistons 306 and 308 is reduced or dampened (i.e., the movement
of the pistons 306 and 308 is slowed) over the second predetermined length of the stroke,
providing a partial stroke damping as the pistons 306 and 308 move toward the valve shaft
322 (e.g., a portion of a closing stroke of the actuator 300).

[0037] Therefore, the first piston 306 moves the damper 336 between a first position
to enable fluid flow between the inner chamber 310 and the first port 328 and a second
position to substantially restrict fluid flow between the inner chamber 310 and the first
port 328 over only a portion of the stroke of the actuator 300. In other words, the damper
336 enables fluid flow through the first fluid pathway 342 as the fluid in the inner chamber
310 is removed or exhausted over a first predetermined portion of the stroke (e.g., 80% of
a closing stroke) and substantially restricts fluid flow through the first fluid pathway 342
over a second predetermined portion of the stroke (e.g., 20% of a closing stroke). When
the first port 328 is blocked by the damper 336, fluid in the inner chamber 310 flows to the
vent 352 via the second fluid pathway 344 and the restrictor 346. In this manner, the
speed of the actuator stroke is only reduced over the second predetermined length of the
stroke (e.g., an end of a closing stroke).

[0038] Although not shown, the damper 336 may be sized so that in the first position
the damper 336 blocks the first port 328 over a larger portion (e.g., 30%) or a smaller
portion (e.g., 10%) of the full stroke of the rotary valve actuator 300. In yet other
examples, the damping apparatus 302 may include a first damper disposed adjacent a
second damper to increase an amount or length of the partial stroke for which the first and
second dampers block the first port 328.

[0039] FIGS. 4A-4D illustrate an example damping apparatus 400 that may be used to
implement, for example, the example rotary valve actuator 300 of FIG. 3. FIG. 4A
illustrates a partial cutaway view of the example housing 304 of FIG. 3. In this example,
the damping apparatus includes a damper 402 operatively coupled to a body portion 404
of a piston 406. Referring to FIGS. 4B-4D, the damper 402 is a pad or a bearing 408
coupled (e.g., via press fit or interference fit, etc.) to a slot or opening 410 of the body
portion 404 of the piston 406. The pad 408 may be made of an elastomeric material, a
plastic material, a metallic material, and/or any other suitable material(s). As shown in

FIG. 4C, a first side 412 of the example pad 408 includes protruding members 414 that fit
-9.
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tightly within the slot 410 of the body portion 404. A second side 416 of the pad includes
a surface 418 (e.g., a relatively smooth surface, a relatively rough surface) that is to restrict
fluid flow through the first port 328 over only a portion of the actuator stroke as the piston
406 moves toward the valve shaft 322 (e.g., a portion of a closing stroke of the actuator
300).

10040] The operation the example damping apparatus 400 is similar to the function or
operation of the example damping apparatus 302 described above in connection with FIG.
3 and, thus, will not be repeated. Instead, the interested reader is directed to the
description described above in connection with FIG. 3.

[0041] FIGS. 5A-5E illustrate another example damping apparatus 500 described
herein that may be used to implement, for example, the example rotary valve actuator 300
of FIG. 3. As shown in FIG. 5A, the example damping apparatus 500 includes a piston
502 disposed within the housing 304 of the actuator 300. The piston 502 includes a body
or rack portion 504 operatively coupled to the drive shaft or pinion 320 of the valve shaft
322. In this example, the damping apparatus 500 includes a damper or blocking element
506 operatively coupled (e.g., via press fit, interference fit, etc.) to the body portion 504 of
the piston 502.

[0042] As most clearly shown in FIGS. 5C and 5D, the damper 506 is disposed (e.g.,
via press-fit, interference fit, a fastener, etc.) within a slot or opening 508 of the body
portion 504 of the piston 502. Referring to FIGS. 5C and 5D, the damper 506 includes a
flexible member or strip 510 coupled to a holder 512 such that a portion of the flexible
member can bend or deflect. The flexible member 510 and/or the holder 512 may be
made of a metal material, an elastomeric material, a plastic material, and/or any other
suitable material. As shown, the flexible member 510 comprises an elongate portion 514
and a base portion 516. The holder 512 includes a slot 518 having a recess 520 that is
larger than the slot 518 (e.g. to provide a T-shaped profile) to matably receive an end 522
(e.g., a T-shaped end) of the base portion 516. In other examples, the flexible member 510
and the holder 512 may be integrally formed as a unitary piece or structure via, for
example, over molding, injection molding, etc. In yet other examples, a second damper
may be disposed within the slot 508 of the body portion 504 adjacent the damper 506 to
increase the length of the stroke for which the damper 506 restricts or prevents (i.e.,
blocks) fluid flow to the first port 328.

[0043] FIG. 5B illustrates the damper 506 in a blocking position. As shown, in

operation, the piston 502 moves the damper 506 through a full stroke of the actuator 300.
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However, the damper 506 blocks the first port 328 when the piston 502 moves toward the
valve shaft 322 to substantially restrict fluid flow between the inner chamber 310 and the
first port 328 over only a predetermined portion of the full stroke of the actuator 300 (e.g.,
20% of a closing stroke) as the piston 502 moves toward the valve shaft 322. As noted
above, the example damping apparatus 500 provides a flow restrictor (e.g., the flow
restrictor 346) and a one-way valve (e.g., the example one-way valve 350) of FIG. 3
integrally formed with the damper 506.

[0044] When the damper 506 is in the blocking position, fluid may be supplied to the
inner chamber 310 via the first fluid pathway 342 and the first port 328. In particular, the
pressurized fluid causes the flexible member 506 (e.g., the elongate portion 514) to deflect
or move away from the first port 328 when pressurized fluid is provided in the inner
chamber 310 via the first pathway 342. Thus, the flexible member 506 provides a one-
way valve to allow fluid flow within the inner chamber 310 when the flexible member 506
is in the blocking position and pressurized fluid is provided via the first pathway 346.
[0045] As the pressurized fluid in the inner chamber 310 is removed or exhausted,
the piston 502 moves toward the valve shaft 322. As the piston 502 moves toward the
valve shaft 322, the fluid in the inner chamber 310 flows between the first port 328 and the
vent 352 via the first fluid pathway 342 for a first predetermined length of the stoke (e.g.,
80% of the stroke) without restriction (i.e., the damper 506 is away from the first port
328).

[0046] However, as the piston 502 moves toward the valve stem 322 over a second
predetermined length of the stroke (e.g., the remaining 20% of the stroke), the piston 502
moves the damper 506 in a position that blocks the first port 328. The pressure of the
pressurized fluid in the inner chamber 310 causes the flexible member 510 to deflect or
move toward the first port 328 to substantially restrict (e.g., obstruct) fluid flow through
the first fluid pathway 342. In this manner, the damper 506 reduces the rate of fluid flow
to the vent 352 via the first fluid pathway 342 when the damper 506 is blocking or
impeding fluid flow to the first port 328. In other words, the fluid flow between the inner
chamber 310 and the first port 328 when the damper 506 is blocking the first port 328 is
less than the fluid flow between the inner chamber 310 and the first port 328 when the
damper 502 is positioned away from the first port 328. In this manner, the damping
apparatus 500 provides partial stroke damping as the piston 502 and the second piston (not
shown) move toward the valve shaft 322 (e.g., a closed position of a valve operatively

coupled to the actuator 300.
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[0047] Additionally, the second port 330 and/or the second fluid pathway 348 shown
in F1G. 3 are not required. Thus, although not shown, in other examples, the example
damping apparatus 500 may be used to provide partial stroke damping to, for example, the
actuator 102 of FIGS. 1A and 1B. For example, the piston 120 may be replaced with the
example piston 502 having the example damping apparatus 500. Thus, in other examples,
the actuator 102 of FIGS. 1A and 1B may be retrofit with the example damping apparatus
500.

[0048] FIGS. 6A and 6B illustrate another example damping apparatus 600 described
herein. Referring to FIGS. 6A and 6B, the damping apparatus 600 includes a damper or
blocking element 602. In this example, the damper 602 is a spring 604 coupled to a spring
holder or clip 606. The spring 604 is depicted as a leaf spring that can be made of metal,
plastic, and/or any other suitable material. The spring holder 606 is disposed within a slot
or opening 608 of a piston 610 via press fit or interference fit to couple the spring 604 to
the piston 610.

[0049] The spring holder 606 includes a lower clip portion 612 that has a surface 614
protruding from the lower clip portion 612. Additionally, the opening 608 is recessed and
shaped (e.g., tapered) to matably receive the spring holder 606 so that when disposed
within the opening 608, the surface 614 engages a surface 616 of the opening 608 such
that the lower clip portion 612 is biased or compressed toward an upper clip portion 618 of
the spring holder 606 to couple the spring 604 to the piston 610. Additionally, the upper
clip portion 618 engages a surface 620 of the piston 610 to guide or maintain the position
of the spring 604.

[0050] The spring holder 606 is disposed along a portion of the opening 608 such that
the spring 604 blocks the first port 328 as the piston 610 moves over a portion of a stroke
of the actuator 300. For example, in operation, the spring 604 blocks the first port 328
over a partial or end portion of a closing stroke. The operation the example damping
apparatus 600 is similar to the function or operation of the example damping apparatus
500 described above in connection with FIGS. SA-5E and, thus, will not be repeated.
Instead, the interested reader is directed to the description described above in connection
with FIGS. 5A-5E.

[0051] FIGS. 7A-7C illustrates a rotary valve actuator 700 having another example
damping apparatus 702 described herein. In this example, the actuator 700 is a double-
acting actuator and includes a first piston 704 and a second piston 706 disposed within a

housing 708 to define an inner chamber 710 and respective outer chambers 712 and 714.
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The housing 708 includes a first port 716 and a second port 718 in fluid communication
with the inner chamber 710 and a third port 720 fluidly coupled to the outer chambers 712
and 714 via a passageway 722 (e.g., integrally formed with the housing 708) and
respective openings 724 and 726. The pistons 704 and 706 include respective body or
rack portions 728 and 730 operatively coupled to a valve shaft 732. The body portion 728
of the first piston 704 includes an opening 734 to fluidly couple the first port 716 to the
inner chamber 710 when the first piston 704 is positioned within the housing 708 such that
the opening 734 is aligned with the first port 716 (e.g., when the first piston 704 is in a
first or closed position shown in FIG. 7A).

[0052] In this example, the damping apparatus 702 includes a first fluid pathway 736
fluidly coupled to the inner chamber 710 via the first port 716 and a second fluid pathway
738 fluidly coupled to the inner chamber 710 via the second port 718. The first fluid
pathway 736 fluidly couples the inner chamber 710 to a fluid supply source 737 and a vent
739. The second fluid pathway 738 fluidly couples the inner chamber 710 to the vent 739
and includes a flow restrictor 740 to reduce or restrict the fluid flow rate through the
second fluid pathway 738. More specifically, fluid flow through the second fluid pathway
738 when the damping apparatus 702 is blocking fluid flow to the first port 716 is less
than the fluid flow between the inner chamber 710 and the first port 716 when the
damping apparatus 702 is not blocking fluid flow to the first port 716.

[0053] Referring also to FIGS. 7B and 7C, in this example, the damping apparatus
702 includes a damper or a blocking element 742 (e.g., a flow control device) coupled to
the first piston 704 such that the damper 742 aligns with the opening 734 of the first piston
704. The example damper 742 includes a body or housing 744 having a flap or movable
member 746. As shown, the movable member 746 is pivotally coupled to the housing
744. A biasing element 748 (e.g., a spring) biases the movable member 746 toward the
housing 744 so that the damper 742 is in a closed position as shown in FIG. 7B. FIG. 7C
illustrates the damper 742 in an open position. When coupled to the first piston 704, a first
face 750 of the housing 744 faces the first port 716 and a second face 752 of the housing
744 faces the opening 734 of the first piston 704.

[0054] In operation, the inner chamber 710 receives pressurized fluid from the fluid
supply source 737 via the first fluid pathway 736. If the first piston 704 is in the position
shown in FIG. 7A, the pressurized fluid from the fluid supply source 737 causes the
movable member 746 to move to the open position as shown in FIG. 7C to allow fluid

flow to the inner chamber 710 via the first port 716 and the opening 734 of the first piston
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704. The pressurized fluid in the inner chamber 710 causes the pistons 704 and 706 to
move in a rectilinear motion in a direction away from the valve shaft 732, causing the
valve shaft 732 to rotate in a first direction (e.g., a counterclockwise direction). As the
first piston 704 moves away from the valve shaft 732, the damper 742 moves away from
the first port 716 and the pressurized fluid continues to flow in the inner chamber 710 via
the first fluid pathway 736 and the first port 716 (e.g., around the body portions 728 and
730 of the respective pistons 704 and 706). The fluid in the outer chambers 712 and 714 is
removed or vented via the respective openings 724 and 726 and the passageway 722 as the
pistons 704 and 706 move toward respective surfaces 754 and 756 of the housing 708.
[0055] The pistons 704 and 706 cause the valve shaft 732 to rotate in a second
direction (e.g., a clockwise direction) when the pistons 704 and 706 move toward the
valve shaft 732. To move the pistons 704 and 706 toward the valve shaft 732, the
pressurized fluid is provided in the outer chambers 712 and 714 via the third port 720 and
the passageway 722, and the pressurized fluid in the inner chamber 710 is removed or
exhausted. As the pistons 704 and 706 move toward the valve shaft 732, the pressurized
fluid in the inner chamber 710 flows to, for example, the atmosphere via the first port 716
over a portion of the piston stroke for which the damper 742 does not align with or block
the first port 716. Due to the flow restrictor 740 in the second fluid pathway 738, the fluid
in the inner chamber 710 flows primarily between the inner chamber 710 and the first port
716 because there is less fluid flow resistance in the first fluid pathway 736 when the
damper 742 is not blocking the first port 716.

[0056] As the pistons 704 and 706 move toward the valve shaft 732 and the damper
742 aligns with or blocks the first port 716, the pressurized fluid in the inner chamber 710
acts on the second face 752 of the movable member 746 and causes the movable member
746 to move to the closed position shown in FIG. 7C. Thus, in the closed position, the
damper 742 substantially restricts or prevents fluid flow through the first port 716. Asa
result, pressurized fluid in the inner chamber 710 is removed or vented primarily via the
second port 718 when the damper 742 blocks the first port 716 as the pistons 704 and 706
move toward the valve shaft 732. With the damper 742 in the closed position, the flow
restrictor 740 restricts the rate of fluid flow through the second fluid pathway 738. More
specifically, fluid flow through the second fluid pathway 738 when the damper 742 is
blocking fluid flow to the first port 716 is less than the fluid flow between the inner
chamber 710 and the first port 716 when the damper 742 is spaced away from or not

blocking the first port 716.
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[0057] Thus, in operation, the pressurized fluid in the inner chamber 710 provides a
cushion effect to reduce the speed of the pistons 704 and 706 as the damper 742 moves
and aligns with the first port 716 over only a partial stroke of the actuator 700. For
example, such a partial stroke may be 20 percent of a closing stroke. Also, when the
damper 742 is aligned with or blocking the first port 716, the damper 742 provides a one-
way valve to allow fluid flow in the inner chamber 710 via the first port 716 and
substantially prevent fluid flow from the inner chamber 710 to the vent via the first port
716. In other words, as noted above, the example damping apparatus 702 provides a one-
way valve function that is integrally formed with the damper 742.

[0058] FIG. 8 illustrates another example damping apparatus 800 described herein
that may be used to implement the rotary valve actuator 700 of FIG. 7A. In this example,
the actuator 700 includes a piston 802 having a bore 804 that is substantially perpendicular
to an opening 805 of the piston 802. The opening 805 fluidly couples the first port 716 to
the inner chamber 710 when the opening 805 aligns with the first port 716.

[0059] In this example, the damping apparatus 800 includes a damper or rod 806 (e.g.,
a flow control assembly) slidably disposed within the bore 804 of the piston 802. A
biasing element 808 is disposed within the bore 804 between a spring seat 810 and the rod
806 to bias the rod 806 toward a surface 812 of the piston 802. A housing 814 having an
aperture (not shown) therethrough is coupled within the opening 805 of the piston 802 and
fluidly couples the first port 716 and the opening 805 when the aperture is aligned with the
first port 716.

[0060] In operation, a pressurized fluid is provided in the inner chamber 710 via the
first port 716 and the opening 734. When the aperture of the housing 814 aligns with the
first port 716, the housing 814 directs the pressurized fluid within the opening 805. The
pressurized fluid engages or acts on a tapered surface or edge 816 of the rod 806, thereby
causing the rod 806 to move in a direction opposite a force exerted by the biasing element
808. The piston 802 moves toward the surface 754 as the inner chamber 710 receives
pressurized fluid. The pressurized fluid continues to flow through the first port 716 when
the piston 802 and, thus, the housing 814 move away from the first port 716.

[0061] To move the piston 802 toward the valve shaft 732 (e.g., a closed position),
pressurized fluid is provided in the outer chambers 712 and 714 via the third port 720 and
the passageway 722, and the pressurized fluid in the inner chamber 710 is removed or
exhausted. As the piston 802 moves toward the valve shaft 732, the pressurized fluid in

the inner chamber 710 flows to, for example, the atmosphere via the first port 716 and the
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first fluid pathway 736 over a portion of the stroke of the actuator 700 in which the
housing 814 (and the rod 806) is away from (e.g., does not align with or block) the first
port 716.

[0062] As the piston 802 moves toward the valve shaft 732 and the housing 814 aligns
with the first port 716, a face or surface 818 of the rod 806 prevents fluid flow between the
inner chamber 710 and the first port 716. Instead, the pressurized fluid in the inner
chamber 710 is removed or vented via the second port 718 over a portion of the stroke of
the actuator 700 for which the rod 806 blocks the first port 716 as the piston 802 moves
toward the valve shaft 732. The flow restrictor 740 restricts fluid flow through the second
fluid pathway 738 such that the fluid flow through the second fluid pathway 738 is less
than the fluid flow between the inner chamber 710 and the first port 716 when the housing
814 is away from or not blocking the first port 716. As a result, the pressurized fluid in
the inner chamber 710 is vented at a reduced or slower rate and provides a cushion effect
or damping to reduce the speed (i.e., slow the movement) of the piston 802 as the housing
814 and the rod 806 align with or block fluid flow to the first port 716 over only a portion
of the stroke of the actuator 700.

[0063] FIGS. 9-17 illustrate other example damping apparatus described herein that
may be used to provide partial stroke damping to, for example, the actuator 102 of FIGS.
1A and 1B. In yet another example, the actuator 102 of FIGS. 1A and 1B may be retrofit
with the example damping apparatus 900-1600 described in FIGS. 9-16, respectively. For
example, the pistons 120 and 122 of the actuator 102 of FIGS. 1A and 1B may be replaced
with the example pistons and damping apparatus described herein in connection with
FIGS. 9-16. Additionally, the damping apparatus described in FIGS. 9-16 do not require a
second fluid circuit or flow path (e.g., the second fluid circuits 340 and 738 of FIGS. 3A
and 7A, respectively) or a second port (e.g., the second ports 330 and 718 of FIGS. 3A and
7A, respectively) described above in connection with the example actuators 300 and 700.
[0064] FIG. 9 illustrates another example damping apparatus 900 described herein. In
this example, a first piston 902 includes a first recessed bore 904 that coaxially aligns with
a first bore 906 of a second piston 908. Additionally, as shown, the first piston 902
includes a second bore 910 that coaxially aligns with a second recessed bore 912 of the
second piston 908. A first biasing element 914 is disposed within the first bore 906 of the
second piston 908 and a second biasing element 916 is disposed within the second bore

910 of the first piston 902.
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[0065] In operation, as the pistons 902 and 908 move away from each other (e.g., an
open position), the damping apparatus 900 does not provide damping. In other words, the
first recessed bore 904 is spaced away from or does not engage a first end 918 of the first
biasing element 914 and the second recessed bore 912 is spaced away from or does not
engage a first end 920 of the second biasing element 916. Also, the damping apparatus
900 does not provide a damping for a first portion of the stroke for which the first and
second pistons 902 and 908 are moving toward each other and when the first piston does
not engage the first biasing element 914 and the second piston 908 does not engage the
second biasing element 916.

[0066] The first recessed bore 904 engages the first end 918 of the first biasing
element 914 and the second recessed bore 912 engages the first end 920 of the second
biasing element 916 to activate the damping apparatus 900 over only a portion of the
stroke for which the first piston 902 moves toward the second piston 908. The biasing
elements 914 and 916 exert respective forces on the pistons 902 and 908 that increase
significantly when the pistons 902 and 908 move toward each other. The biasing elements
914 and 916 exert forces that increase as the biasing elements 914 and 916 compress as
the pistons 902 and 908 move toward each other (e.g., to a closed position). In turn, the
forces exerted by the biasing elements 914 and 916 increases significantly to reduce the
speed of the pistons 902 and 908 as the pistons 902 and 908 move toward each other.
Thus, the biasing elements 914 and 916 increasingly slow the speed of the pistons 902 and
908 as the pistons move closer to each other.

[0067] The biasing elements 914 and 916 can have a linear spring rate or constant or a
non-linear spring rate or constant. As shown in this example, the biasing elements 914
and 916 are coil springs. However, the example biasing elements 914 and 916 are not
limited to coil springs as shown in FIG. 9 and may be any suitable biasing elements. For
example, referring to FIG. 10 the damping apparatus 1000 may instead be a biasing
element 1002 such as, for example, a bellows spring, a bellows type spring seal, a shock
absorber, a mechanical seal, an air spring, etc. and/or any other suitable biasing
element(s).

[0068] In yet other examples, damping apparatus may be non-mechanical biasing
elements such as, for example, the damping apparatus 1100 and 1200 of FIGS. 11 and 12,
respectively.

[0069] Referring to FIG. 11, the damping apparatus 1100 includes an air spring or

shock absorber 1102 coupled to a surface 1104 of a first piston 1106 and extending or
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protruding from the surface 1104 toward a second piston 1108. The second piston 1108
includes a body portion 1110 having a bore 1112 coaxially aligned with, and sized to
slidably receive, the air spring 1102. The air spring 1102 has a cylindrically-shaped body
1114 that includes channels or fluid pathways 1116 to fluidly couple a first end 1118 of
the body 1114 and a second end 1120 of the body 1114. When coupled within the bore
1112, the air spring 1102 and the bore 1112 define a fluid chamber 1122.

[0070] In operation, the inner chamber 126 of the actuator 102 receives pressurized
fluid to move the pistons 1106 and 1108 away from each other (e.g., to an open position).
When the air spring 1102 is spaced away from the bore 1112, the bore 1112 receives
pressurized fluid from the inner chamber 126 of the actuator 102.

[0071] The damping apparatus 1100 does not provide damping when the air spring
1102 is spaced away from or does not engage the second piston 1108. Also, the damping
apparatus 1100 does not provide a damping for a first portion of the stroke for which the
first and second pistons 1106 and 1108 are moving toward each other and when the air
spring 1102 does not engage (i.e., is not received by) the bore 1112 of the second piston
1108. Instead, the first piston 1106 moves the air spring 1102 within the bore 1112 to
activate the damping apparatus 1100 for only a second portion of the stroke. Specifically,
the first piston 1104 moves the air spring 1102 within the bore 1112 between a first
position and a second position toward a surface 1124 of the bore 1112 to compress the
fluid in the chamber 1122, As a result, the pressure of the fluid in the chamber 1122
increases to provide a significantly greater resistance or force in a direction toward the
first piston 1106.

[0072] Also, the fluid in the chamber 1122 bleeds to the inner chamber 126 via the
channels 1116 of the air spring 1100. The channels 1116 have a relatively small diameter
to substantially restrict fluid flow between the first end 1118 (e.g., the chamber 1122) and
the second end 1120 (e.g., the inner chamber 126) of the air spring 1100. Thus, the air
spring 1102 provides a damping or cushion effect to reduce the speed (i.e., slow the
movement) of the first piston 1106 during only a portion of the stroke of the actuator 102
for which the air spring 1102 moves within the bore 1112, thereby providing partial stroke
damping. A plug 1126 may be coupled to at least one of the channels 1116 to vary the
bleed rate between the chamber 1122 and the inner chamber 126. Additionally, the air
spring 1102 may include a seal 1128 to prevent fluid leakage past the body portion 1114

of the air spring 1102. In this example, the second piston 1106 also includes the damping
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apparatus 1100 to provide additional damping (i.e., to slow the movement) over only a
portion of the stroke.

[0073] Referring the FIG. 12, the example damping apparatus 1200 is also an air
spring or shock absorber 1202 similar to the air spring 1102 of FIG. 11. However, the air
spring 1202 of FIG. 12 includes an adjustable member 1204 to adjust or vary the damping
to be provided by the damping apparatus 1200. The adjustable member 1204 (e.g., a
threaded fastener) may be adjusted to move or position a cylindrically-shaped body
portion 1206 of the air spring 1202 relative to a surface 1208 of a first piston 1210. For
example, the adjustable member 1204 may be adjusted to position the body portion 1206
further away from the second surface 1208 of the first piston 1210. In this manner, the
body portion 1206 of the air spring 1202 will move closer to a surface 1216 of the bore
1212 when the first piston 1210 and a second piston 1214 move toward each other and the
air spring 1202 is received by the bore 1212. As a result, the fluid within the bore 1212 is
compressed to provide a force toward the first piston 1210 that is greater than a force
provided by the compressed fluid in the bore 1212 when the body portion 1206 is
positioned closer to or adjacent the surface 1208 of the first piston 1210 as shown, for
example, in FIG. 12. Thus, adjusting the position of the body portion 1206 within the bore
1212 varies the bleed rate of the fluid between the bore 1212 and the inner chamber 126 of
the actuator 102 via channels 1218 of the body portion 1206. Additionally, as a result, the
amount or length of the portion of the stroke for which the damping apparatus 1200
provides a damping may also be adjusted because the body portion 1206 may be
positioned to move within the bore 1212 a greater distance toward the surface 1216 than,
for example, the position shown in FIG. 12. In this example, the second piston 1214 also
includes the damping apparatus 1200 to provide additional damping over only a portion of
the stroke.

[0074] FIG. 13 illustrates another example damping apparatus 1300 described herein
that may be used to implement, for example, the actuator 102 of FIGS. 1A and 1B. In this
example, the example damping apparatus 1300 is disposed within a bore 1302 of a first
piston 1304. A second piston 1306 may also include a damping apparatus 1300. The
damping apparatus 1300 includes a body or cylinder 1308 slidably coupled or disposed
within the bore 1302. The cylinder 1308 includes a bore or chamber 1310 to slidably
receive arod 1312 (e.g., a piston) at a first end 1311 of the cylinder 1308 and has a second
end 1320 protruding from the first bore 1302 of the first piston 1304.
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[0075] The cylinder 1308 includes an opening 1314 to form a fluid pathway 1316
between the chamber 1310 and the inner chamber 126 when a surface 1318 of the second
piston 1306 is spaced away from the second end 1320 of the cylinder 1308. Also, the
cylinder 1308 includes apertures 1322 adjacent the second end 1320 to fluidly couple the
chamber 1310 and the inner chamber 126 of the actuator 102 when the surface 1318 of the
second piston 1306 engages the second end 1320 of the cylinder 1308. The diameter of
the apertures 1322 is smaller than the diameter of the fluid pathway 1316, which is smaller
than the diameter of the chamber 1310. A biasing element 1324 is disposed within the
bore 1302 to bias the cylinder 1308 away from the rod 1312.

[0076] In operation, the chamber 1310 receives pressurized fluid via the fluid pathway
1316 when pressurized fluid is provided to the inner chamber 126 of the actuator 102.
When the pressurized fluid in the inner chamber 126 is removed or exhausted, the pistons
1304 and 1306 move toward each other. The damping apparatus 1300 does not provide a
damping for a first portion of the stroke for which the second piston 1306 is moving
toward the first piston 1304 and for which the second piston 1306 does not engage the
second end 1320 of the cylinder 1308. Instead, the damping apparatus 1300 provides a
damping only for a second portion of the stroke for which the second piston 1306 engages
the cylinder 1308.

10077} More specifically, as the second piston 1306 moves toward the first piston
1304, the surface 1318 of the second piston 1306 engages the second end 1320 of the
cylinder 1308 to activate the damping apparatus 1300. When actuated, the second piston
1306 causes the cylinder 1308 to move toward the rod 1312. As the cylinder 1308 moves
toward the rod 1312, the pressure of the fluid in the chamber 1310 increases to provide a
significantly greater resistance or force in a direction toward the second piston 1306.
Additionally, the surface 1318 of the second piston 1306 substantially restricts fluid flow
between the second end 1320 of the fluid pathway 1316 and the inner chamber 126 when
the surface 1318 engages the second end 1320. As aresult, the rod 1312 forces the fluid
in the chamber 1310 to flow to the inner chamber 126 via the fluid pathway 1316 and the
apertures 1322.

[0078] As noted above, because the diameter of the fluid pathway 1316 is smaller
than the diameter of the chamber 1310 and the diameter of the apertures 1322 is smaller
than the diameter of the fluid pathway 1316, the fluid flow to the inner chamber 126 1s
substantially restricted through the apertures 1322. In other words, the fluid flow between

the inner chamber 126 and the chamber 1310 via the apertures 1322 (when the surface
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1318 of the second piston 1306 engages the second end 1320 of the cylinder 1308) is less
than the fluid flow between flow between the inner chamber 126 and the chamber 1310
via the fluid pathway 1316 when the surface 1318 is spaced away from the second end
1320, |

[0079] Thus, the pressurized fluid in the chamber 1310 provides a damping or cushion
effect to slow the speed of the first piston 1304 only during the portion of the stroke for
which the second piston 1306 engages the cylinder 1308. In other words, the increased
fluid pressure in the chamber 1310 provides damping over only a portion of the stroke of
the actuator 102 for which the second piston 1306 engages the second end 1320 of the
cylinder 1308. The damping apparatus 1300 of the second piston 1306 also provides
partial stroke damping as the second piston 1306 moves toward the first piston 1304.
[0080] FIG. 14 illustrates yet another example damping apparatus 1400 described
herein that can be used to implement, for example, the example rotary valve actuator 102
of FIGS. 1A and 1B. In this example, a first piston 1402 includes a body portion 1404
(e.g., arack portion) having a bore 1406 to receive the damping apparatus 1400. As
shown, the damping apparatus 1400 includes a rod or bleed piston 1408, a biasing element
1410, and a spring seat 1412. The biasing element 1410 biases the rod 1408 toward a
shoulder 1414 of the body portion 1404 formed by the bore 1406. A surface 1416 of a
second piston 1418 engages an end 1420 of the rod 1408 to activate the damping apparatus
1400. The rod 1408 includes a fluid pathway 1422 to fluidly couple the inner chamber
126 of the actuator 102 and a chamber 1424 defined by the bore 1406 and the rod 1408.
[0081] In operation, the inner chamber 126 of the actuator 102 receives pressurized
fluid to move the pistons 1402 and 1418 away from each other. The chamber 1424
receives pressurized fluid from the inner chamber 126 via the fluid pathway 1422. When
the pressurized fluid is removed or exhausted from the inner chamber 126, the pistons
1402 and 1418 move toward each other. The damping apparatus 1400 does not provide a
damping for a first portion of the stroke for which the pistons 1402 and 1418 are moving
toward each other and when the surface 1416 of the second piston 1418 does not engage
the rod 1408. Instead, the damping apparatus 1400 provides a damping for only a second
portion of the stroke for which the second piston 1418 engages the rod 1408. Also, the
pressurized fluid in the chamber 1424 flows to the inner chamber 126 via the fluid
pathway 1422 substantially without restriction when the second piston 1418 is spaced

away from the rod 1408.
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[0082] For the second portion of the stroke, the surface 1416 of the second piston
1418 engages the end 1420 of the rod 1408 to activate the damping apparatus 1400. The
second piston 1418 engages the end 1420 to cause the rod 1408 to move between a first
position and a second position in a direction toward the spring seat 1412. In turn, the rod
1408 compresses the fluid in the chamber 1424 and causes the pressure of the fluid in the
chamber 1424 to increase. Also, the surface 1416 of the second piston 1418 and the end
1420 of the rod 1408 do not sealingly engage, thereby allowing fluid in the chamber 1424
to bleed or flow to the inner chamber 126 via the fluid pathway 1422 when the second
piston 1418 engages the rod 1408. Also, although not shown, the end 1420 of the rod
1408 may include a channel or slot to enable fluid flow between the chamber1424 and the
inner chamber 126 when the second piston 1418 engages the rod 1408. However, such
flow from the inner chamber 126 via the fluid pathway 1422 is substantially restricted or
reduced due to the surface 1416 of the second piston 1418 being engaged with the opening
of the fluid pathway 1422 at the end 1420 of the rod 1408.

[0083]) Thus, as the second piston 1418 causes the rod 1408 to move toward the spring
seat 1412, the fluid in the chamber 1424 bleeds to the inner chamber 126. As a result, the
pressurized fluid in the chamber 1424 increases over a portion of the stroke for which the
second piston 1418 engages the rod 1408. Thus, the damping apparatus 1400 provides a
damping or cushion effect to reduce the speed of the second piston 1418 during only a
portion of the stroke of the actuator 102 for which the second piston 1418 engages the rod
1408, thereby providing partial stroke damping.

[0084] FIG. 15 illustrates yet another example damping apparatus 1500 described
herein. In this example, the damping apparatus 1500 is disposed within a bore 1502 of a
piston 1504 to define a chamber 1506. The damping apparatus 1500 includes a movable
member or rod 1508, a biasing element 1510, and a valve assembly 1512. The biasing
element 1510 is disposed between the movable member 1508 and the valve assembly 1512
to bias the movable member 1508 toward a shoulder 1514 formed by the bore 1502. The
movable member 1508 includes a stem portion 1516 that protrudes from the bore 1502
and which is to be engaged by a second piston (not shown). The valve assembly 1512
includes a first fluid pathway 1518 having a one-way valve 1520 (e.g., a check valve) and
a second fluid pathway 1522 having a flow restrictor 1524. The flow restrictor 1524 may
be adjustable to increase or decrease the restriction or the rate of fluid flow through the

second fluid pathway 1522.
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[0085] In operation, the chamber 1506 receives pressurized fluid via an inlet 1526 of
the first fluid pathway 1518. For example, the first fluid pathway 1518 may be fluidly
coupled to an outer chamber or a port of an actuator such as, for example, the outer
chamber 130 and the pathway 144 of the example rotary valve actuator 102 of FIGS. 1A
and 1B. The damping apparatus 1500 does not provide a damping for a first portion of the
stroke for which the second piston is moving toward the piston 1504 and when the second
piston does not engage the movable member 1508. Instead, the damping apparatus 1500
is activated or provides a damping over only a second portion of the stroke as the second
piston moves toward the piston 1504 and engages the stem portion 1516 of the movable
member 1508 to cause the movable member 1508 to move toward the valve assembly
1512. As the movable member 1508 moves toward the valve assembly 1512, the movable
member 1508 compresses or reduces the volume of the fluid in the chamber 1506, thereby
causing the pressure of the fluid in the chamber 1506 to increase.

[0086] Additionally, the one-way valve 1520 moves toward a seating surface 1528 to
prevent fluid flow from the chamber 1506 to the inlet 1526 via the first fluid pathway
1518. Thus, as the movable member 1508 moves in a rectilinear motion toward the valve
assembly 1512, the fluid in the chamber 1506 flows through the second fluid pathway
1522. The flow restrictor 1524 substantially restricts the fluid flow through the second
fluid pathway 1522. As a result, the pressurized fluid in the chamber 1506 provides a
damping or cushion effect to reduce the speed of the piston 1504 during the second portion
of a stroke for which the second piston engages the stem portion 1516 of the movable
member 1508.

[0087] FIG. 16 illustrates yet another example damping apparatus 1600 described
herein that can be used to implement or retrofit, for example, the rotary valve actuator 102
of FIGS. 1A and 1B to provide partial stroke damping. In this example, a first piston 1602
includes a body portion 1604 (e.g., a rack portion) having a first bore 1606 to slidably
receive arod 1608. The rod 1608 includes a first portion 1610 disposed within the first
bore 1606 and a second portion 1612 protruding from an end 1614 of the body portion
1604. The first bore 1606 and the first portion 1610 of the rod 1608 define a chamber
1616 to hold a fluid such as, for example, a viscous fluid. The chamber 1616 is filled with
the fluid via an access port 1618. A plug (not shown) is coupled to the access port 1618
and the rod 1608 includes a seal 1620 to fluidly seal the chamber 1616 and prevent fluid
leakage between the chamber 1616 and an inner chamber (e.g., the inner chamber 126) of

an actuator (e.g., the actuator 102). A surface 1622 of a second piston 1624 engages the
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second portion 1612 of the rod 1608 to activate the damping apparatus 1600 over only a
portion of the stroke for which the second piston 1624 engages the rod 1608.

[0088] In operation, the first piston 1602 and the second piston 1624 move in a first
position or an open stroke and a second direction or opposite the first direction or a closing
stroke. As the pistons 1602 and 1624 move away from each other (e.g., an open position),
the damping apparatus 1600 does not provide damping and the volume of the fluid in the
chamber 1616 causes the rod 1608 to move away from a surface 1626 of the first bore
1606. Also, the damping apparatus 1600 does not provide a damping for a first portion of
the stroke for which the second piston 1624 is moving toward the first piston 1602 and
when the second piston 1624 does not engage the second portion 1612 of the rod 1608.
[0089] Instead, the damping apparatus 1600 is activated or provides damping over
only a second portion of the stroke as the second piston 1624 moves toward the piston
1602 and the surface 1622 engages the second portion 1612 of the rod 1608 to cause the
rod 1608 to move toward the surface 1626 of the first bore 1606. As the rod 1608 contacts
and moves toward the surface 1626, the first portion 1610 of the rod 1608 compresses or
reduces the volume of the fluid in the chamber 1616, thereby causing the pressure of the
fluid in the chamber 1616 to increase. The increased pressure of the fluid in the chamber
1616 provides a cushion effect to reduce the speed of the pistons 1602 and 1624 as the
pistons 1602 and 1624 move toward each and the first portion 1610 of the rod 1608 moves
toward the surface 1626 over a portion of a stroke (e.g., a portion of the closing stroke),
thereby providing partial stroke damping.

[0090] FIG. 17 illustrates another example damping apparatus 1700 described herein
that provides partial stroke damping to a rotary valve actuator 1702. In this example, the
damping apparatus 1700 includes a viscosity damper 1704 that is mounted to a housing
1706 of the actuator 1702. The viscosity damper 1704 includes a casing 1708 having a
viscous fluid therein and a slidable piston member 1710. The actuator 1702 includes a
valve shaft 1712 having a cam 1714 coupled to the valve shaft 1712 to engage the slidable
piston member 1710. In this example, the cam 1714 has an arcuate or curved surface that
includes an edge or surface 1716 to engage the piston member 1710 of the viscosity
damper 1704. The actuator 1702 includes pistons (not shown) having rack portions (not
shown) that engage a drive shaft or pinion (not shown) of the valve shaft 1712 to rotate the
valve shaft 1712.

[0091] In operation, the pistons (not shown) reciprocate within the housing 1706 in a

rectilinear motion to rotate the valve shaft 1712 in a first direction (e.g., a counter
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clockwise direction) or an opening stroke and a second direction (e.g., clockwise
direction) or a closing stroke. As the pistons move toward the valve shaft 1712, the cam
1714 rotates with the valve shaft 1712 and engages piston member 1710 of the viscosity
damper 1704 for only a portion of the stroke of the actuator 1702. The viscous fluid of the
viscosity damper 1704 provides a cushion effect to reduce the speed of the pistons as the
pistons move toward each other during a portion of a stroke for which the cam 1714
engages the piston member 1710 of the viscosity damper 1704, thereby providing partial
stroke damping.

[0092] Although certain example apparatus and articles of manufacture have been
described herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all apparatus and articles of manufacture fairly talling within

the scope of the appended claims either literally or under the doctrine of equivalents.

-25.



WO 2011/028663 PCT/US2010/047151

What is claimed is:

1. A rotary valve actuator, comprising:

a housing containing a first piston and a second piston opposite the first
piston to define an inner chamber therebetween, wherein the pistons are to move in
opposite directions to rotate a shaft of the rotary valve actuator; and

a damper operatively coupled to at least one of the first piston or the second
piston to slow the movement of the pistons for only a portion of a stroke of the rotary
valve actuator.

2. A rotary valve actuator of claim 1, further comprising a first port in fluid
communication with the inner chamber of the rotary valve actuator and a first fluid
pathway.

3. A rotary valve actuator of claim 2, wherein the damper comprises a
blocking element coupled to a first body portion of the first piston, wherein the first piston
causes the blocking element to move between a first position to enable fluid flow between
the inner chamber and the first port and a second position to substantially restrict fluid
flow between the inner chamber and the first port over the portion of the stroke of the
rotary valve actuator.

4. A rotary valve actuator of claim 3, wherein the first fluid pathway fluidly
couples the inner chamber and a vent when the blocking element is in the first position.

5. A rotary valve actuator of claim 3, wherein the first body portion has a slot
to receive the blocking element.

6. A rotary valve actuator of claim 5, wherein the blocking element is coupled
within the slot of the first piston via an interference fit.

7. A rotary valve actuator of claim 6, wherein the blocking element comprises
a pad.

8. A rotary valve actuator of claim 3, wherein the blocking element comprises

a flexible member coupled to a holder.

9. A rotary valve actuator of claim 8, wherein the flexible member comprises
a spring.
10. A rotary valve actuator of claim 3, further comprising a second port in fluid

communication with the inner chamber and a second fluid pathway.
11.  Arotary valve actuator of claim 10, wherein the second fluid pathway

includes a fluid flow restrictor so that fluid flow through the second fluid pathway when
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the first blocking element is in the second position is less than the fluid flow between the
inner chamber and the first port when the blocking element is in the first position.

12. A rotary valve actuator of claim 11, further comprising a third fluid
pathway to be fluidly coupled to the second port or the first port and having a one-way
valve to allow fluid flow through the third fluid pathway in a first direction and restrict
fluid flow through the third fluid pathway in a second direction opposite the first direction.

13. A rotary valve actuator of claim 12, wherein the second fluid pathway
fluidly couples the inner chamber to the vent when the blocking element is in the second
position, and the third fluid pathway is to fluidly couple the inner chamber to a fluid
supply source.

14. A rotary valve actuator of claim 3, wherein the first piston further
comprises an opening within the first body portion to fluidly couple the first port and the
inner chamber when the opening is aligned with the first port.

15. A rotary valve actuator of claim 14, wherein the blocking element
comprises a second housing having a movable member aligned with the opening of the
first piston.

16. A rotary valve actuator of claim 15, further comprising a biasing element to
bias the movable member toward a closed position.

17. A rotary valve actuator of claim 16, wherein the movable member is to
move to an open position to allow fluid flow in a first direction from the first port to the
inner chamber when the blocking element is in the first position and pressurized fluid is
provided to the inner chamber, and wherein the movable member is to move to a closed
position to substantially restrict fluid flow in a second direction from the inner chamber to
the first port when the inner chamber contains pressurized fluid and the blocking element
is in the second position.

18. A rotary valve actuator of claim 14, wherein the first body portion of the
first piston further comprises a first bore substantially perpendicular to the opening of the
first piston, and wherein blocking element is disposed within the first bore.

19. A rotary valve actuator of claim 18, wherein the blocking element
comprises a rod having a tapered surface that faces the first port.

20. A rotary valve actuator of claim 19, wherein the tapered surface enables the
blocking element to move away from the opening and the first port to allow fluid flow in a
first direction from the first port to the inner chamber when the opening of the first piston

is aligned with the first port and pressurized fluid is provided in the inner chamber, and
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wherein the blocking element restricts fluid flow in a second direction from the inner
chamber to the first port when the opening is aligned with the first port and the blocking
element is in the second position.

21. A rotary valve actuator of claim 20, further comprising a biasing element
disposed within the first bore to bias the blocking element toward the opening of the first
piston.

22. A rotary valve actuator of claim 1, wherein the first piston includes a first
body portion having a first bore.

23. A rotary valve actuator of claim 22, wherein the damper is disposed within
the first bore of the first body portion, and wherein the second piston is to engage the
damper to activate the damper over the portion of the stroke of the rotary valve actuator.

24. A rotary valve actuator of claim 23, further comprising a second damper
disposed within a second bore of a second body portion of the second piston, wherein the
first piston is to engage the second damper to activate the second damper over the portion
of the stroke of the rotary valve actuator.

25. A rotary valve actuator of claim 23, wherein the damper comprises a
biasing element disposed between the first bore of the first body portion and a first
recessed bore of the second piston, wherein the first bore of the first piston and the first
recessed bore of the second piston are coaxially aligned.

26. A rotary valve actuator of claim 25, wherein the biasing element comprises
a coil spring or an air spring.

27.  Arotary valve actuator of claim 23, wherein the damper comprises a
cylinder having a chamber to slidably receive a rod at a first end of the cylinder and
having a second end protruding from the first bore of the first body portion, wherein the
second piston is to engage the second end of the cylinder to move the cylinder over the
portion of the stroke of the rotary valve actuator.

28. A rotary valve actuator of claim 27, wherein the cylinder includes a fluid
passageway to fluidly couple the chamber of the cylinder to the inner chamber when
second piston does not engage the second end of the cylinder.

29. A rotary valve actuator of claim 28, further comprising a biasing element
disposed within the first bore of the first body portion to bias the cylinder away from the
rod.

30. A rotary valve actuator of claim 29, further comprising at least one aperture

adjacent the second end of the cylinder to fluidly couple the chamber of the cylinder to the
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inner chamber when the second piston engages the second end of the cylinder, wherein the
diameter of the at least one aperture is smaller than the diameter of the fluid passageway,
and wherein the diameter of the fluid passageway is smaller than the diameter of the
chamber.

31. A rotary valve actuator of claim 23, wherein the damper comprises a rod
having a first portion disposed within the first bore of the first body portion and a second
portion protruding from the first bore of the first body portion, wherein the second piston
is to engage the second portion of the rod to move the rod between a third position and a
fourth position over only the portion of the stroke of the rotary valve actuator.

32. A rotary valve actuator of claim 31, wherein the first bore of the first body
portion is to hold a viscous fluid.

33. A rotary valve actuator of claim 31, wherein the rod includes a fluid
pathway to fluidly couple the inner chamber and the first bore of the first body portion,
and wherein a biasing element is disposed within the first bore to bias the rod toward the
second piston.

34. A rotary valve actuator of claim 31, further comprising a valve assembly
disposed within the first bore of the first body portion, wherein the valve assembly
includes a first fluid pathway having a one-way valve and a second fluid pathway having a
fluid flow restrictor.

35. A rotary valve actuator of claim 34, wherein an inlet of the first fluid
pathway is to be fluidly coupled to an outer chamber of the rotary valve actuator, and
wherein the first fluid pathway allows pressurized fluid to flow in a first direction from the
inlet to the first bore of the first body portion and restricts fluid flow in a second direction
from the first bore to the inlet.

36. A rotary valve actuator of claim 35, wherein pressurized fluid in the first
bore is to flow through the second pathway when the second piston engages the second
portion of the rod to move the rod between the third position in which the rod is spaced
away from the valve assembly and the fourth position in which the rod moves toward the
valve assembly over the portion of the stroke of the rotary valve actuator.

37. A damping apparatus for use with a rotary valve actuator, comprising;

a valve shaft operatively coupled to a rotary valve actuator, wherein the rotary
valve actuator is to rotate the valve shaft in a first direction and a second direction
opposite the first direction;

a cam coupled to an end of the valve shaft; and
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a viscosity damper coupled to a housing of the rotary valve actuator, wherein the
viscosity damper includes a movable member that is to be engaged by the cam over only a
portion of a stroke of the rotary valve actuator.

38. A damping apparatus of claim 37, wherein the cam comprises an arcuate
shape and has an edge to engage the movable member over the portion of the stroke of the

rotary valve actuator.
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