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COLLETS FOR USE WITH VALVES
FIELD OF THE DISCLOSURE
[0001] The present disclosure relates generally to control valves and, more

particularly, to collets for use with valves.

BACKGROUND
[0002] Fluid process systems typically use valves such as, for example, rotary
valves to control the flow of process fluids. In general, rotary valves typically include
a flow rate control member disposed in a fluid path and rotatably coupled to the 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, an
electric actuator, a hydraulic actuator, etc.), which operates the flow control member.
To couple the actuator to the valve shaft, a lever or lever arm is typically employed.
The lever converts a rectilinear displacement of an actuator stem into a rotational
displacement of the valve shaft. Thus, rotation of the lever causes the valve shaft and
the flow control member (e.g., a disk, a ball, etc.) to rotate to increase or restrict the
flow of fluid through the valve. In operation, a positioner may be used to control the
displacement of the actuator to rotate the lever and the valve shaft and, thus, the flow
control member of the valve to a desired angular position to achieve a desired fluid
flow through the rotary valve.
[0003] Industry standards (e.g., International Organization for Standardization)
provide a means to couple an actuator to differently sized valve shafts. Adherence to
the ISO standard requires that actuators and valves made by multiple or different
manufacturers can be interchangeably coupled to each other without requiring

modification of the actuators or the valves. To facilitate the compatibility of control
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valves with a variety of actuators, many available actuators have shaft couplings such
as, for example, a square bore that can receive differently sized square valve shafts.
[0004] Some known collets have a cylindrically-shaped outer surface or portion
having a substantially circular transverse cross-section that engages a cylindrically-
shaped inner surface of the lever. However, cylindrically-shaped collets having
engagement ends with substantially circular cross-sections may be prone to lost
motion between the collet and the collet holder or lever if a torque reversal occurs.
During throttling applications, the actuator imparts a torque to the valve shaft via the
lever to cause the flow control member to change rotational directions between a
clockwise and counter-clockwise direction to achieve a desired flow rate through the
valve. This change in rotational direction may cause a cylindrically-shaped collet to
slip at the connection between the collet and the lever, resulting in lost motion
between the collet and the lever. In general, such lost motion may lead to inaccurate
positioning of the flow control member and, thus, poor control of the flow flowing
through the valve.

SUMMARY
[0005] In one example, a shaft coupling assembly for use with rotary valves
includes an elongated member having a first end and a second end in which a
coupling portion is coupled to the first end of the elongated member and having a
cross-sectional shape that has a first dimension along a first axis that is substantially
larger than a second dimension along a second axis perpendicular to the first axis and
a first opening configured to receive a rectangular shaft. The coupling portion
includes at least a first flexible member having a first surface that at least partially
defines the first opening and a second surface that at least partially defines the cross-

sectional shape of the coupling portion. The shaft coupling assembly further includes
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a sleeve having a second opening to receive the elongated member and a third
opening having a third surface configured to receive the coupling portion.

[0006] In another example, a collet for use with a rectangular shaft includes a first
plurality of flexible members configured to be coupled to an elongated member and
each having a first inner surface and a first outer surface. The first inner surface and
the first outer surface define a first cross-sectional shape. The example collet further
includes a second plurality of flexible members configured to be coupled to the
elongated member and each having a second inner surface and a second outer surface.
The second inner surface and the second outer surface define a second cross-sectional
shape that is different from the first cross-sectional shape of the first plurality of
flexible members. The first and the second outer surfaces are to engage a third inner
surface of an opening of a lever that is configured to cause the first and the second
plurality of flexible members to be displaced toward an axis of the elongated member
to cause the first and the second inner surfaces to engage one or more surfaces of a
rectangular shaft.

10007} In yet another example, an example collet includes a coupling portion
coupled to an elongated member and having outer surfaces defining an oblong shape
and a first opening configured to receive a rectangular shaft. The coupling portion
comprises a first flexible member having a first inner surface that at least partially
defines the first opening and a first curved outer surface that at least partially defines
the outer surfaces of the coupling portion. The coupling portion further comprises a
second flexible member adjacent the first flexible member and having a second inner
surface that at least partially defines the first opening and a second curved outer

surface that at least partially defines the outer surfaces of the coupling portion.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1A illustrates an example rotary actuator assembly having an
example collet and lever described herein.
[0009] FIG. 1B illustrates a rotary valve that may be used to implement the rotary
actuator assembly of FIG. 1A.
[0010]  FIG. 2A illustrates the example collet and lever of FIGS. 1A and 1B.
[0011] FIG. 2B illustrates an end view of the example collet of FIG. 2A
[0012] FIG. 3A illustrates another example collet described herein.

[0013] FIG. 3B illustrates an end view of the example collet of FIG. 3A.

DETAILED DESCRIPTION
[0014] The example collets disclosed herein may be used to couple differently
sized, substantially square or rectangular valve shafts to control valve actuators. As
used herein, the term “substantially rectangular” includes substantially square
geometries. In contrast to known coupling techniques, the example collets described
herein are configured to provide a substantially tight coupling between a lever and a
substantially rectangular (e.g., square) shaft without requiring the use of wedges, shaft
keys or the like. In operation, the example collets described herein substantially
eliminate lost motion between actuators and closure members (e.g., a valve plug). In
addition, the example collets described herein may facilitate the coupling and
decouplingof actuators and valve shafts for purposes of, for example, installation
processes, repair processes, etc.
[0015] As described in greater detail below, an example collet may include a
coupling portion having an outer surface or surfaces that form or define a
substantially oblong-shaped cross-section. The coupling portion may include at least

one flexible member (e.g., a tang, finger-like projection, etc.) having an inner surface
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configured to engage a rectangular or square shaft, and a tapered outer surface that
includes a curved surface portion to engage a tapered inner surface of a coupling
component such as, for example, a lever or a sleeve. The flexible member may be
coupled to a first end of an elongated member and displaced toward an axis of the
elongated member by the coupling component. Additionally, the outer surface may
include a substantially planar surface or portion adjacent and recessed relative to the
curved surface to provide greater flexibility to the flexible member to facilitate
displacement of the flexible member toward the axis of the elongated member when
coupled to the coupling component. In general, any number of flexible members may
be used to implement the example collets described herein. Additionally, a first
flexible member may include a first cross-section that is shaped and/or sized
differently than a cross-section of a second flexible member.

[0016] The oblong-shaped outer surface of the example collets described herein
advantageously reduces or substantially eliminates slippage between a lever and the
collet. Such reduction or elimination of slippage is particularly advantageous during
throttling applications, in which an actuator imparts a torque to the lever to cause the
lever to rotate a closure member in a first direction (e.g., toward an open position) and
imparts a torque to the lever to cause the lever to rotate the closure member in a
second direction (e.g., toward a closed position) opposite the first direction. Such a
directional change in torque or torque reversal may cause an outer surface of the collet
to slip within the coupling component (e.g., the lever). For example, the oblong-
shaped outer surface of the example collets described herein engages an oblong-
shaped inner surface of the coupling component (e.g., a lever) to provide a
substantially tight fit or connection between the coupling component and the collet to

prevent or minimize lost motion between the coupling component and the collet and,
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thus, lost motion between the actuator and the flow control member of the valve
associated with the coupling component and the collet.

[0017] FIG. 1A illustrates an example rotary actuator assembly 100 having an
example coupling assembly 102 described herein. FIG. 1B illustrates a rotary valve
104 that may be used to implement the rotary actuator assembly 100 of FIG. 1A. In
general, the example rotary actuator assembly 100 includes an actuator 106
operatively coupled to the rotary valve 104 via the coupling assembly 102. The
actuator 106 is configured to actuate (i.e., rotate, turn, etc.) to open/close the rotary
valve 104 to control the flow rate through the valve 104.

[0018] Referring to FIG. 1A, the actuator 106 (e.g., a diaphragm actuator, a piston
actuator, etc.) is coupled to a housing 108 of the rotary actuator assembly 100. The
housing 108 includes a first faceplate 112 and a second faceplate (not shown)
opposite the first faceplate 112 (i.e., the backside of the actuator 106). The first
faceplate 112 and the second faceplate are substantially similar or identical, which
enables a field configurable fail-safe operation of the actuator 106. The first face
plate 112 includes a plurality of mounting holes 114 for mounting the rotary valve
104 to the actuator 106. A mounting bracket 116 (FIG. 1B) mounts the rotary valve
104 to the faceplate 112 via fasteners 118 (FIG. 1B) or any other suitable fastening
mechanism that passes into and/or through the mounting holes 114.

[0019] As illustrated in FIG. 1A, the first faceplate 112 is removed from the
actuator 106 to expose the coupling assembly 102. The coupling assembly 102
includes an example lever 120 that couples to or engages an example collet 122. The
assembly of the lever 120 and the collet 122 is described in greater detail below. The

collet 122 operatively couples the rotary valve 104 to the actuator 106. The actuator
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106 includes an actuator stem (not shown) having a rod end bearing 124 that couples
to the lever 120.

[0020] Referring to FIG. 1B, the rotary valve 104 includes a valve body 126 that
houses a flow control member 128 and a seating surface for a seal ring 130. The flow
control member 128 engages the seal ring 130 to control the flow of fluid through the
valve 104. The flow control member 128 is coupled to a valve shaft 132 which, in
turn, is coupled to the lever 120 via the collet 122. The valve shaft 132 has a
substantially square end 134 and may conform to an ISO standard for square shafts.
However, the valve shaft 132 may be implemented using any other shape (e.g., any
polygonal shape) and/or size. As described in greater detail below, the collet 122 is
configured to apply a clamping force to the valve shaft 132 of the rotary valve 104
when the collet 122 is coupled to the lever 120.

[0021] As shown in FIG. 1B, a first end 136 of the lever 106 provides a first
sleeve 138 that is configured to receive or engage the example collet 122 to form the
coupling assembly 102. In a similar manner, a second end 140 of the lever 106
provides a second sleeve 142 through which the example collet 122 may be inserted
to form a second coupling 144. The example collet 122 may be drawn into the lever
120 so that the first sleeve 138 or the second sleeve 142 engages the example collet
122 (i.e. the lever may be reversible). As described in greater detail below, the lever
120 engages a washer 146 and a fastener 148 to draw the collet 122 within the lever
120 to cause the collet 122 to apply a clamping force to the valve shaft 132.

[0022] In operation, the rotary actuator assembly 100 receives a control signal
such as, for example, compressed air, to displace a diaphragm plate (not shown)
within the actuator. The diaphragm plate is directly coupled to the actuator stem (not

shown) which is coupled to the lever 120. The displacement of the diaphragm plate



WO 2010/051113 PCT/US2009/057873

results in a corresponding rectilinear displacement of the actuator stem. The
rectilinear displacement of the actuator stem is converted into a rotational
displacement of the lever 120, whereby the lever 120 imparts a rotational force or
torque to the valve shaft 132 via the collet 122 to rotate the closure member 128 to a
desired angular position to vary or control the flow flowing through the rotary valve
104. For example, the actuator 106 imparts a first torque to the lever 120 to rotate the
closure member 128 in a first direction and imparts a second torque to the lever 120 to
rotate a closure member 128 in a second direction opposite the first direction. Such
directional change in torque or torque reversal may cause the collet 122 to slip within
the lever 120 if the collet 122 is not properly sized or tightly coupled to the lever 120.
When the flow control member 128 is closed, the flow control member 128 engages
the seal ring 130 that encircles the flow path through the rotary valve 104 to prevent
the flow of fluid through the valve 104.

[0023] Throttling the flow control member 128 may involve adjusting and
controlling the position of the flow control member 128 between a fully open position
and a fully closed position to achieve a desired process flow rate and/or pressure. In
addition, throttling the flow control member 128 may be performed in connection
with a feedback system (not shown) that is configured to continuously measure the
flow and/or pressure of a process fluid. The feedback system may then cause, for
example, the actuator 106 to at least partially actuate the lever 120 in response to
changes in the flow and/or pressure of the process fluid. In throttling applications,
minimizing or reducing lost motion between the lever 120 and the valve shaft 132 is
important to achieving precise positioning of the flow control member 128. Such lost
motion typically causes the actual position of a flow control member to deviate from a

desired position. Substantially reducing or preventing such lost motion from
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occurring provides more accurate and improved valve performance. Resistance to
slippage caused by torque reversal may be minimized or substantially reduced by
providing a tight fitting connection between the lever 120 and the collet 122.

[0024] FIG. 2A illustrates the example lever 120 and the example collet 122
shown in FIG. 1A. FIG. 2B is an end view of the example collet 122 of FIGS. 1A and
2A. In an assembled configuration, the example lever 120 and the example collet 122
forms a coupling such as, for example, shown in FIGS. 1A and 1B. The lever 120
includes a body 202 having a first opening or aperture 204 substantially near the
center of the body 202. The sleeve 138 includes a second opening 206 having a
diameter that is larger than the diameter of the opening 204. The second opening 206
has surfaces that define an oblong-shaped (e.g., elliptical, oval, etc.) cross-section and,
more particularly, an oblong-shaped (e.g., an elliptical-shaped, an oval-shaped) inner
surface 208 that tapers inwardly toward the first opening 204. The inner surface 208
may also include a plurality of recess portions 209 (e.g., dimples) to substantially
reduce interference when the collet 122 is drawn in the lever 120. In some examples,
the second sleeve 142 of the lever 120 may also include a third opening (not shown)
opposite the second opening 206 having surfaces that define an oblong-shaped (e.g.,
elliptical, oval, etc.) cross-section and, more particularly, an oblong-shaped (e.g., an
elliptical-shaped, oval, etc.) inner surface that tapers inwardly toward the first opening
204. In the illustrated example, the sleeves 138 and 142 are integrally formed with
the lever 120. However, in other examples, the sleeves 138 and/or 142 may be
received by or coupled to the lever 120 in any other suitable manner(s).

[0025] The lever 120 includes lever arms 210 and 212 that extend from the body
202. The arms 210 and 212 include apertures or mounting hole 214 and 216,

respectively, to receive a fastener (not shown) to rotatably couple the lever 120 to the
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rod end bearing 124 (FIG. 1A) of the actuator stem. Additionally, the body 202 may
include a cam 218 that operatively couples to a positioner (not shown), which
provides feedback to control the valve 100 based on the position on the cam 218.
[0026] Referring also to FIG. 2B, the collet 122 includes an elongated member
220 having a first end 222 and a second end 224. The first end 222 includes a
coupling portion 226 having outer surfaces that define a substantially oblong-shaped
cross-section depicted by broken line 227 that has a first length dimension D1 (e.g., a
major axis) along a first axis that is greater than a second length dimension D2 (e.g., a
minor axis) along a second axis substantially perpendicular to the first axis, and a
third length dimension d3 that is equal to a fourth length dimension d4 to form a
substantially square inner bore 228. In the illustrated example, the coupling portion
226 is integrally formed with the elongated member 220 to form a substantially
unitary piece or structure. However, in other examples, the coupling portion 226
couples to the elongated member 220 via any suitable fastening mechanism(s).

[0027] As shown in FIGS. 2A and 2B, the coupling portion 226 comprises a first
plurality of flexible members or finger portions 230a-b and a second plurality of
flexible members or finger portions 232a-b. The first plurality of flexible members
230a-b and the second plurality of flexible members 232a-b have respective inner
surfaces 234a-b and 236a-b that form or define at least a portion of the substantially
square bore 228, which is configured to receive a square valve shaft, such as, for
example the valve shaft 132 of FIG. 1B. The first plurality of flexible members 230a-
b and the second plurality of flexible members 232a-b also include respective outer
surfaces 238a-b and 240a-b that are tapered to matably engage the tapered surface 208
of the second opening 206. The first and second plurality of flexible members 230a-b

and 232a-b may be formed by slits 242a-d.

-10-
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[0028] The outer surfaces 238a-b and 240a-b include respective curved surfaces
or portions 244a-b and 246a-b that form or define at least a portion of the outer
surfaces of the coupling portion 226. The curved outer surfaces 244a-b and 246a-b of
the flexible members 230a-b and 232a-b, respectively, define at least part of the
oblong-shaped (e.g., elliptical-shaped) cross-section 227 of the coupling portion 226.
The flexible members 230a-b have a cross-sectional shape that is different from a
cross-sectional shape of the flexible members 232a-b. For example, the flexible
members 232a-b have a cross-section having a thickness T1 and the flexible members
230a-b have a cross-section having a thickness T2, which is less than the thickness
T1. Additionally or alternatively, each of the curved outer surfaces 244a-b has a first
radius of curvature r1 that is different than a second radius of curvature 12 and each of
the curved outer surfaces 246a-b have a first radius of curvature 13 that is different
than a second radius of curvature r4. Furthermore, the first and second radii of
curvature rl1 and 12 of the outer surfaces 244a-b are different from the first and second
radii of curvature r3 and r4 of the outer surfaces 246a-b, respectively.

[0029] The coupling portion 226 engages the inner surface 208 of the second
opening 206. The oblong-shaped coupling portion 226 and inner surface 208 matably
engage to reduce lost motion due to torque reversals during, for example, throttling
applications. Thus, the coupling portion 226 advantageously reduces or substantially
eliminates slippage or rotation between the outer surfaces 244a-b and 246a-b of the
collet 122 and the inner surface 208 of the lever 120.

[0030] The example collet 122 may be drawn into the lever 120 using a drawing
or pulling technique. As described above in connection with FIGS. 1A and 1B, the
washer 146 and the fastener (e.g., a draw nut) 148 may be used to draw or pull the

example collet 122 toward and/or into the sleeve 138. For example, the elongated
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member 220 may have an externally threaded portion 248 at the second end 224 that
extends through the opening 204 of the lever 120 and the washer 146 to threadably
engage the draw nut 148. In this manner, tightening the draw nut 148 pulls the
example collet 122 into the lever 120 and, as a result, the inner surface 208 of the
second opening 206 matably engages with the curved surface portions 244a-b and
246a-b to cause the flexible members 230a-b and 232a-b to move inwardly to engage
a shaft in the bore 228 as described below. In an alternative configuration, the
elongated member 220 may include inner threads (not shown) and a draw bolt
(instead of the draw nut 148) that engages the inner threads to draw the example collet
122 into the lever 120. The recess portions 209 reduce interference when the collet
122 is drawn into the lever 120 and allows the inner surface 208 of the lever 120 to
firmly contact the outer surfaces 238a-b and 240a-b of the collet 122 at concentrated
locations such as, for example, the corner surfaces of the curved surface portions
244a-b and 246a-b.

[0031] As the collet 122 is drawn into the lever 120, the tapered surface 208 of the
second opening 206 engages the tapered outer surfaces 238a-b and 240a-b to cause
the flexible members 230a-b and 232a-b to be flexed or driven toward an axis 250 of
the elongated member 220, thereby causing the flexible members 230a-b and 232a-b
to flex to decrease the dimensions of the bore 228. In this manner, the example collet
122 may directly engage, for example, the valve shaft 132, thereby reducing and/or
eliminating any gaps between the surfaces of the square bore 228 and the surfaces of
the valve shaft 132.

[0032] As most clearly shown in FIG. 2A, the outer surfaces 238a and 240a may
also include planar (e.g., substantially flat) surface portions 252a and 254a adjacent

and recessed relative to the curved surface portions 244a and 246a, respectively.
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WO 2010/051113 PCT/US2009/057873

Although not shown, the outer surfaces 238b and 240b also include such planar
surfaces adjacent the curved surface portions 244b and 246b. The planar portions
252a and 254a provide a region having a thinner wall thickness than the curved
portions 244a and 246a. Although not shown, the outer surfaces 238b and 240b also
include planar surfaces adjacent the curved surface portions 244b and 246b that form
respective steps between the planar portions and the curved portions 244b and 246b.
The difference in thicknesses between the planar portions 252a and 254a and the
curved portions 244a and 246a forms respective steps 256a and 258a between the
planar portions 252a and 254a and the curved portions 244a and 246a. The thinner
planar portions 252a and 254a provide greater flexibility to the flexible members
230a-b and 232a-b to facilitate displacement of the flexible members 230a-b and
232a-b toward the axis 250 of the elongated member 220 to decrease the dimensions
of the bore 228 and provide a greater clamping force to a valve shaft when the collet
122 is drawn into the lever 120.

[0033] When a shaft (e.g., the valve shaft 132 of FIG. 1B) is positioned within the
bore 228, the inner clamping surfaces 234a-b and 236a-b directly engage and apply a
clamping force to the valve shaft 132 so that a substantially tight fit is achieved
between the inner clamping surfaces 234a-b and 236a-b and one or more surfaces of
the valve shaft 132. Lost rotational motion (i.e., lost motion) between the lever 120
and the valve shaft 132 is substantially reduced or eliminated by eliminating the gaps
between the surfaces of the square bore 228 and the valve shaft 132 via the example
collet 122. Additionally, as the collet 122 is drawn or pulled by the draw nut 148 into
the lever 120, the inner surface 208 of the sleeve 138 matably engages the coupling
portion 226 to provide a tight coupling between the lever 120 and the collet 122 to

further reduce or minimize lost motion between the lever 120 and the collet 122. As
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noted above, this tight coupling between the lever 120 and the collet 122 is
particularly advantageous during throttling applications, which may otherwise cause
the lever 120 and the collet 122 to slip due to torque reversal imparted on the lever
120 and the collet 122.

[0034] Over time and through the continuous operation of a valve (e.g., the valve
100 of FIGS. 1A and 1B), the surfaces of the valve shaft may wear. This may cause
loosening of the initial coupling between a shaft and an actuator. However, with the
example collets described herein such as, for example, the example collet 122, a
substantially tight fit or coupling between an actuator (e.g., the actuator 106) and
valve shaft (e.g., the shaft 132) may be maintained or easily restored by tightening the
draw nut 148 or bolt to draw the example collet 122 further into the sleeve 138 of the
lever 120 and further displace the flexible members 230a-b and 232a-b toward the
shaft.

[0035] The coupling portion 226 of the example collet 122 and/or the inner
surface 208 of the sleeve 138 may be formed via investment casting, or any other
suitable process(es). Additionally, although the example collet 122 is shown as
having four flexible members 230a-b and 232a-b, it is possible to implement the
example collet 122 using fewer or more flexible members. For example, the example
collet 122 may be implemented using a single flexible member that applies a force to
one of the surfaces of the valve shaft 132. In such a case, an inner surface of the
flexible member at least partially defines a portion of a rectangular bore of the collet
and an outer surface of the flexible member at least partially defines a portion of an
oblong-shaped outer surface of the collet. In other examples, the example collet may
include a first flexible member such as, for example, the flexible member 230a

adjacent a second flexible member such as, for example, the flexible member 232a
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configured to form at least a portion of the outer surfaces of the coupling portion 226
and at least a portion of the inner bore 228.

[0036] FIG. 3A illustrates another example collet 300 described herein that may
be used with the example lever 120 of FIGS. 1A, 2A and 2B. FIG. 3B is an end view
of the example collet 300 of FIG. 3A. Referring to FIGS. 3A and 3B, the example
collet 300 includes an elongated member 302 and a coupling portion 304. The
coupling portion 304 has outer surfaces that form or define a substantially oblong-
shaped transverse cross-section. As shown in FIGS. 3A and 3B, the coupling portion
304 includes a first plurality of flexible members 306a-b and a second plurality of
flexible members 308a-b. The first plurality of flexible members 306a-b include
respective tapered outer surfaces 310a-b having curved portions 312a-b adjacent
planar (e.g., substantially flat) recessed portions 314a-b. Likewise, the second
plurality of flexible members 308a-b includes respective tapered outer surfaces 316a--
b having curved portions 318a-b adjacent planar portions 320a-b. Each of the curved
portions 312a-b and 318a-b has a curved edge that has a first radius of curvature (e.g.,
similar to the radius of curvature r1 of FIG. 2B) that is different than a second radius
of curvature (e.g., similar to the radius of curvature r2 of FIG. 2B). Additionally or
alternatively, the radii of curvature of the first curved portions 312a-b are different
than the radii of curvature of the second curved portions 318a-b. The flexible
members 306a-b have a transverse cross-section that is different from a transverse
cross-section of the flexible members 308a-b.

[0037] The flexible members 306a-b and 308a-b also include a plurality of
substantially planar inner clamping surfaces 322a-b and 324a-b that engage a valve
shaft when the collet 300 is drawn into a coupling component such as, for example,

the lever 120 of FIGS. 1A, 1B and 2A. The inner clamping surfaces 322a-b and

-15-



WO 2010/051113 PCT/US2009/057873

324a-b form a substantially rectangular or square bore 326 configured to receive a
substantially square shaft (e.g., the valve shaft 132 of FIG. 1B). The first and second
plurality of flexible members 306a-b and 308a-b may be formed by slits or openings
328a-d. Each of the flexible members 306a-b and 308a-b provides a corresponding
one of the inner clamping surfaces 322a-b and 324a-b and a corresponding one of the
outer surface 310a-b and 316a-b, respectively.

[0038] The outer surfaces 310a-b and 316a-b include groove portions or recesses
330a-d and 332a-d and the inner clamping surfaces 322a-b and 324a-b include groove
portions or recesses 334a-b and 336a-b, respectively, to enable the flexible members
306a-b and 308a-b to provide or concentrate a clamping force to the corners of a
square end of the a valve shaft. The grooves 334a-b and 336a-b enable the corners of
the inner surfaces 322a-b and 324a-b to engage or contact the corners of the square
end of the valve shaft 132, thereby providing or concentrating a load to engage or
clamp onto the corners of the square valve shaft 132. In this manner, the inner
surfaces 322a-b and 324a-b advantageously enable the flexible members 306a-b and
308a-b to concentrate or provide the clamping force to the corners of the valve shaft
132, which is where the most effective torque transmission occurs between the collet
122 and the valve shaft 132 when the actuator 106 rotates the lever 120. Additionally,
the grooves 330a-b and 332a-b enable the inner surface 208 of the lever 120 to
contact or engage the corners of the curved surface portions 312a-b and 318a-b to
transmit a greater clamping force or load onto the corners of the valve shaft 132 as the
collet 122 is drawn within the lever 120.

[0039] The example collet 300 is received by the lever 120 in substantially the
same manner as the collet 122 is received by the lever 120, as described in connection

with FIGS. 1A, 1B, 2A and 2B. The coupling portion 304 engages the second

-16-



WO 2010/051113 PCT/US2009/057873

opening 206 of the lever 120 so that the inner surface 208 of the second opening 206
engages the curved surface portions 312a-b and 318a-b of the flexible members 306a-
b and 308a-b. As the collet 300 is drawn into the lever 120, the tapered inner surface
208 of the second opening 206 engages the tapered outer surfaces 310a-b and 316a-b
to flex or displace the flexible members 306a-b and 308a-b toward an axis 340 of the
collet 300. In this manner, when the collet 300 is drawn into the sleeve 138, the
flexible members 306a-b and 308a-b are displaced toward and directly engage the
corners a square end valve shaft such as, for example, the valve shaft 132 of FIG. 1B.
In particular, when the sleeve 138 receives the example collet 300 (i.e., the collet 300
is drawn into the sleeve 138), the inner surfaces 322a-b and 324a-b directly engage
the surfaces of the valve shaft 132 to provide a clamping force to the corners of the
square end of the valve shaft 132. Additionally, the planar portions 314a-b and 320a-
b of the outer surfaces 310a-b and 316a-b, respectively, have substantially smaller
thickness than the curved surface portions 312a-b and 318a-b to facilitate the
flexibility or displacement of the flexible members 306a-b and 308a-b toward the axis
340 of the collet 300 to provide a greater clamping force to the valve shaft when the
collet 300 is drawn into the sleeve 138.

[0040] As discussed above, the example collet 300 advantageously enables the
flexible members 306a-b and 308a-b to provide a concentrated or greater clamping
force to the corners of a square end valve shaft, which is where the most effective
torque transmission occurs between the lever 120 and a valve shaft (e.g., the valve
shaft 132) when an actuator (e.g., the actuator 106) rotates the lever 120.
Additionally, the curved surface portions 312a-b and 318a-b matably engage the non-

planar inner surface 208 to provide an improved connection between the lever 120
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and the collet 300 to prevent slippage and, thus, to further reduce lost motion between
the collet 300 and the lever 120.

[0041] Although certain apparatus and articles of manufacture have been
described herein, the scope of coverage of this patent is not limited thereto. To the
contrary, this patent covers all apparatus and articles of manufacture fairly falling
within the scope of the appended claims either literally or under the doctrine of

equivalents.
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What is claimed is:

l. A shaft coupling assembly for use with rotary valves, comprising:

an elongated member having a first end and a second end;

a coupling portion coupled to the first end of the elongated member
and having a cross-sectional shape that has a first dimension along a first axis
that is substantially larger than a second dimension along a second axis
perpendicular to the first axis and a first opening configured to receive a
rectangular shaft, wherein the coupling portion includes at least a first flexible
member having a first surface that at least partially defines the first opening
and a second surface that at least partially defines the cross-sectional shape of
the coupling portion; and

a sleeve having a second opening to receive the elongated member and
a third opening having a third surface configured to receive the coupling
portion.

2. A shaft coupling assembly as defined in claim 1, wherein the third
surface of the third opening tapers inwardly toward the second opening.

3. A shaft coupling assembly as defined in claim 2, wherein the tapered
surface of the third opening causes the first flexible member to be displaced toward an
axis of the elongated member to cause the first surface to engage one or more surfaces
of the rectangular shaft.

4. A shaft coupling assembly as defined in claim 1, wherein the first
flexible member further comprises a fourth surface adjacent the second surface and
being recessed relative to the second surface.

5. A shaft coupling assembly as defined in claim 1, wherein the first

flexible member tapers toward the second end of the elongated member.
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6. A shaft coupling assembly as defined in claim 1, wherein the cross-
sectional shape of the coupling portion comprises an elliptical shape.

7. A shaft coupling assembly as defined in claim 1, wherein the second
end of the elongated member is to couple the elongated member to the sleeve.

8. A shaft coupling assembly as defined in claim 1, wherein the sleeve is
integrally formed with a lever that is configured to be rotatably coupled to an actuator.

9. A shaft coupling assembly as defined in claim 1, wherein the first
surface of the first flexible member comprises a first groove and the second surface
comprises a second groove.

10. A shaft coupling assembly as defined in claim 1, further comprising at
least a second flexible member having a fifth surface that at least partially defines the
first opening and a sixth surface that at least partially defines the cross-sectional shape
of the coupling portion, and wherein the second flexible member has a cross-sectional

shape that is different from a cross-sectional shape of the first flexible member.
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11. A collet for use with a rectangular shaft, the collet comprising:

a first plurality of flexible members configured to be coupled to an
elongated member and each having a first inner surface and a first outer
surface, wherein the first inner surface and the first outer surface define a first
cross-sectional shape; and

a second plurality of flexible members configured to be coupled to the
elongated member and each having a second inner surface and a second outer
surface, wherein the second inner surface and the second outer surface define
a second cross-sectional shape that is different from the first cross-sectional
shape of the first plurality of flexible members, and wherein the first and the
second outer surfaces are to engage a third inner surface of an opening of a
lever that is configured to cause the first and the second plurality of flexible
members to be displaced toward an axis of the elongated member to cause the
first and the second inner surfaces to engage one or more surfaces of a
rectangular shaft.

12. A collet as defined in claim 11, wherein the first and second outer

surfaces define an oblong shape.

13. A collet as defined in claim 11, wherein third inner surface defines an
oblong shape.
14. A collet as defined in claim 11, wherein each of the flexible members

further comprises a recessed portion to provide greater flexibility to the flexible
members when the flexible members are displaced toward the axis of the elongated
member.

15. A collet as defined in claim 11, wherein the elongated member is

integrally formed with the first and second plurality of flexible members.
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16. A collet as defined in claim 11, wherein the first and second plurality
of flexible members apply a clamping force to the rectangular shaft when the first and
second inner surfaces engage the rectangular shaft.

17. A collet as defined in claim 11, wherein the elongated member

includes a threaded portion configured to engage at least one of a nut or a bolt.
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8. A collet, comprising:

a coupling portion coupled to an elongated member and having outer
surfaces defining an oblong shape and a first opening configured to receive a
rectangular shaft, wherein the coupling portion comprises:

a first flexible member having a first inner surface that at least partially
defines the first opening and a first curved outer surface that at least partially
defines the outer surfaces of the coupling portion; and

a second flexible member adjacent the first flexible member and
having a second inner surface that at least partially defines the first opening
and a second curved outer surface that at least partially defines the outer
surfaces of the coupling portion.

19. A collet as defined in claim 18, wherein the first and second flexible
members are configured to slide within a third opening of a lever having an oblong
shape, and wherein a tapered surface of the third opening engages the first and second
outer surfaces of the first and second flexible members to cause the first and second
inner surfaces to engage the rectangular shaft.

20. A collet as defined in claim 19, wherein the first flexible member and
the second flexible member are tapered.

21. A collet as defined in claim 18, wherein the first flexible member
further comprises a first planar outer surface adjacent the first curved surface and the
second flexible member further comprises a second planar outer surface adjacent the
second curved surface, wherein the first and second planar surfaces are to increase
flexibility of the first and second flexible members.

22. A collet as defined in claim 18, wherein the first and second curved

outer surfaces have different radii of curvature.
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