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(57) Abréegée/Abstract:

Actuator levers, collets and collet tools for use In process control devices are disclosed.. An example apparatus Iincludes an
actuator lever (106), a collet (202) coupled to the actuator lever, and a collet tool (402). In the example apparatus, the collet tool is

removably coupled to at least one of the lever or the collet, and the collet tool applies a force to at least one of the actuator lever, the
collet, a valve shaft, or an intervening structure to couple or decouple the collet to or from the lever.
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(87) Abstract: Actuator levers, collets and collet tools for use in
process control devices are disclosed.. An example apparatus includes
an actuator lever (106), a collet (202) coupled to the actuator lever,
and a collet tool (402). In the example apparatus, the collet tool is
removably coupled to at least one of the lever or the collet, and the
collet tool applies a force to at least one of the actuator lever, the collet,
a valve shaft, or an intervening structure to couple or decouple the
collet to or from the lever.
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ACTUATOR LEVERS, COLLETS, AND COLLET
" REMOVERS

FIELD OF THE DISCLOSURE
{0001}  The present disclosure relates generally to process control devices and,

more particularly, to actuator levers, collets and collet removers for use with process

control devices.

| BACKGROUND
(0002} Fluid process systems typically use valves such as, for example, rotary
valves to control temperature, pressuré, and other parameters asséciated ;vith a fluid
control process. Rotary valves typically have a valve stem or shaft that is
mechanically coupled to an actuator. In operation, the actuatc;r may rotate the valve
shaft to cause a control element (e.g., a disc) to move between an open position ihat
permits the passage of fluid through the valve aﬁd a closed position that ;ubstmtially
prevents the passage of fluid through the valve. Rotary valves are typically installed
in-line with a pipe so that as the control eleméﬁt (e.g., a disc) moves (i.e.,
opens/closes), t.he flow of fluid through the valve and; th.us, through the pipe may be
varied (e.g., in a throttling control oﬁeration or an on/off operation).
[0003] As Is known, actuators are typically coupled to a shaft of a valve to operate
the valve between an open position and a closed position and rﬁay be implemented
using electric, pneumatic, and/or hydraulic device(s). To facilitate the combatibility
of process control valves with a variety of actuators, many available procesé contro]

valves have shafis that are compliant with well-known standards. For example, the

International Standards Organization (ISO) has developed a standard for square shafis
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that specifies shaft size, shaft dimensions, and shaﬁ extension. Adherence to the ISO
standard ensures that .acmators and valves made by multiple manufacturers can be
interchangeably coupled to each other without requix;ing modiﬁcati'or; of the actuators
or valves. In particular, the valve shaft Speéiﬁcation or 1SO star;dard is particularly
advantageous when purchasing off-the-shelf actuators.

[0004]  Many off-the-shelf actuators provide shaft }eCEptacles having a square
bore that comply with the 1SO standard. The square bore is typically manufactured |
using a broaching technique in which a thick saw-like cutting tool hgvin g a plurality
of teeth is driven thfougl1 a solid shatt or receptacle. In this manner, material is
removed In a precise manner to form a bore dimensioned to receive a square valve
shaft. 'However, broaching is an undesirable technique due to the precision or
tolerances required to provide properly dimensioned bores (i.e., bores that are not too
large or too small). In many instances, to ensure that the dimensions of the shaft
receptacle are compliani: with the ISO standard, the inner dimensio;ns of th? shaft
receptacle are made substantially larger than 'thg outer dimensions of a valve shaft.
[0005]  For most on/off applications, the inner dimensions of the shaft receptacle
may be significantly larger than the outer dimensions cf_f the valve shaft without
compromising operation. However, for throttling applications, in which the position
of a control element (e.g., a disc) is varied {e.g., modulated about a control p.oint)

between a fully closed and a fully open position, oversized shaft receptacles are not

suitable. An oversized shaft receptacle typically results in a loose mechanical

coupling and, thus, lost motion between the shaft receptacle and the shaft of the

process control device.

[0006] Lost motion may be generally defined as the difference in angular rotation

between a shaft receptacie and a shaft and is typically a result of a loose coupling
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between the shaft receptacie and the shaft. For example, if a loose coupling is made
between a shafi receptacle and a substantially square shafi, the angular rotation of the

shaft receptacle may be different from the rotational displacement of the shaft.

[0007] In general, lost motion may lead to inaccurz;te.posi_tionirig of the valve disc
| and poor control over the fluid flowing through the valve. Lost motion may be
- reduced by placing a collet in a lever in a valve assembly actuator. The collét couples
the valve shaft to the lever, which is rotated by the actuator to open aﬁd close the
valve. Collets provide a substantially tight éoupling between the lever and the valve
shaft without .requirin g the use of wedges, shaft keys, or th;a like.
[0008] When a valve assembly is disassembled, for examﬁle during an outage or
for routine maintenaripe, the valve shaft must be removed from the actuator.
Removing the valve shaft from the actuator may be acconipli;hed by decoupling the
collet from the lever. Typicﬁlly, collets aré removed with the use of blunt force such
as, for example, by hitting the actuator with a ham rﬁer until the collet is unseated or
loosened from the lever. This is undésirable as it requires a lot of effort (especially

tor large shaft sizes), and hammering on the end of the collet or valve shaft has the

potential to cause internal damage to the valve assembly.

SUMMARY
[0009]  Example apparatus includi;lg actuator levers, collets and collet tools
disclosed herein may be used with a process control device. In one example
‘apparatus, an actuator levér i5 coupled to the collet. The example apparatus also
includes a colle.t tool that 1s removably coupled to at Jeast oﬁe of the acmatc;r lever or
the collet. Furthermore, the collet tool applies a force to at least one of the actuator |

lever, the collet, a valve shaft, or an intervening structure that may located in the

23
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lever. - T'he force applied by the collet tool decouples the collet from the actuator
lever.

[0010] In accordance with another example, a too! for installing 6r removing &
collet from an actuator lever includes at lea.';t one of a plurality of innei‘-diame;er
threads, a plurality.of outer-diameter threads, or a plate to removably couple the tool
to at least one of an actuator lever or a collet. The tool is configured ato apply a force
to at least one of the actuator lever, the collet, a valve shaft, or an intervening
structure to install the collet in or remove the collet from.the actuator lever.

[0011] In accordance with yet another example, a means for installing a collet in
or removing a collet from a leverin a prbcess control device includes means for
removably coupling a collet tool to at least one of the lever or the collet. The means
for instailing the collet in or removing the collet trom the lever also includes means

for applying a force through the collet tool to at least one of the lever, the collet, a

* valve shaft or an intervening structure to install the collet in or remove the collet from

the lever.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  FIG. 1 depicts an example valve assembly.
. [0013] FIGS. 2A and 2B are isometric views of the actuator of FIG. 1.

[0014] FIGS. 3A and 3B are isometric views of the lever and the example collet

of F1GS. 2A and 2B.

[0015] FI1G. 4 i1s a cross sectional view of an example actuator lever with an

example collet and an example collet tool.
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[0016] F1G. 5 is a cross-sectional view of an alternative example actuator lever,

collet and collet tool.

[0017] FIG. 6 is a cross-sectional view of another alternative example actuator

lever, collet valve shaft remover.

[0018] FIG. 7 is a partial cross-sectional view of yet anot.her altemaﬁve example

- actuator lever and collet with an example adjustable coupling.

{0019} F1G. 8 1s a partial cross-sectional view of still another alternative example

actuator lever and collet with an alternative example adjustable coupling.

[0020] F1G. 9 shows the actuator lever and collet of FIG. 8 with an example collet

tool positioned for assembly.

[0021] - FIG. 10 is a cross-sectional view of the example collet too]l of F1G. 9.

[0022]  FIG. 11 shows the actuator lever, collet and collet tool of FIG. 9, with the

collet tool rotated 180° and positioned for disassembly.

DETAILED DESCRIPTION
[0023]  FIG. 1 depicts an example valve assembly 100. The example valve
assembly 100 may be used in a process control system to control, for example,
temperature, pressure, or flow rate. The example valve assembly 100 may be used to
open a fluid path, close a fluid path, and/or vary the size of (i.e., throttle) a;1 opening
1n a fluid path. For example, as ﬁﬂuid flows through a fluid path including the
example véive assembly 100, varying the size of an opening in the example vaive.
assembly 100 causes the flow rate of the fluid in the fluid path to be reduc.ed or

increased based on the degree to which the valve assembly 100 1s opened or closed.
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[0024])  As shown in FIG. 1, the example valve assembly 100 includes a valve 102,
an actuator 104, and a lever 106. The lever 106 is mechanically coupled to the

actuator 104 as described below in connection with FIGS. 2B through 3B. The

actuator 104 is conﬁgured to actuate (i.e., r(;tate, turn, etc.) the lever 106 about its axis
to oi)eMclose the v.alve 102. The valve 102 includes a valve body 108, a control
element 110 {e.g., a disc) positioned within an inner surface or chamber 112 of the
valve body 108, and a valve shaft 114 mechanically coupled to the control element
110 as shown by hidden lines. The valve shaft | 14 1S slu')wn as a substantially square
shaft and may be designed to conform to an 1SO standard for square shaﬂs;. However,
. the valve shaft 114 may be implemented. using any other shape (e.g., any polygonal
shape) and size. For example, one of ordinary skill in the art should appreciate that

- the shaft may be substantially circular.in cross-sectional except for an end portion that
~may be polygonal or substantially square to engage an 1SO standard actuator.
.Additionally, one skilleci in the art may also cgntemplate the example collét,. lever

and collet tool being used with a known keyed shaft without departing from the spirit

and scope of the present invention.

[0b25] In a closed position, the control element 110 may be in a seated positio;l in
which a sealing surface 116 of the control élement 110 is 1n contact with the inner
surface 112 of the valve body 108, thereby preventing the flow of tﬂuid through the
valve body 108. Moving the control element 110 to a fully open position may involve
r.otating the valve shaft 114 so that the control element 110 is in a substantially

- perpendicular orientation relative to the opening defined by the inner surface 112.
Throttling the control el;e:ment 110 may involve adjusting and controlling the position
of the control element 110 between a fully open position and a fully closed position to

achieve a desired process fluid flow or pressure reduction. In addition, throttling the
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control element I 10 may be performed in connection with a feedback system that is

configured t..o continuallyo measure the flow and/or pressure of a process fluid. The |
feedback system may then cause, for example, the actuator 104 to at least partially
‘actuate the lever 106 in response to changes in the flow and/or pressure of the brocess
fluid. In this case, minimizing or reducing lost motion between the lever 166 and the

~ valve shaft | 14 is crucial to achieving precise positioning of the control element 110.

[0626] As shown in FIG. 1, the actuator 104 is mechanically cou;:.ﬂéd to the valve
102 via a mounting bracket 118. The actuator 104 may include any powered or non-
powered actuﬁting device that is capable of rotating the val;ve shaft 114. Asis known,
actuators are typically implemented using electric, pneumatic,.anc.ilor hydraulic
device(s). Altemativély, the actuator 104 may be implemented using any non-

powered actuating device such as, for examnple, a hand operated device, etc.

[6027]  The léver 106 inclucies a first coupling 120 and a second céupling 122,
Aithough the first coupling 120 IS sllawn as being mechanically coupled to the val‘;/e
shaft 114, the second coupling 122 m.ay a[-so be configured to be mechanically
coupled to the valve shaft 114 as described below. The lever 106 may impart a
rotational force to the valve shaft 114 via the first coupling 120 and/or the second

coupling 122. For example, as the lever 106 rotates, the first coupling 120 rotates the
valve shaft 114 to cause the control element 110 to move between an open position

and a closed position.

[0028] The lever 106 engages a washer 124 that is captured between the lever 106
and a draw nut 126. As described in connection with FIGS. 3A and 3B below, the
washer 124 and the draw nut 126 enable the first coupling 120 and/or the second

coupling 122 to engage (e.g., to be clamped to) the valve shaft 114. Additionally, the

couplings 120 and 122 are configured to be substantially similar or identical so that

-7
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the actuator 104 may be turned 180° td change a fail-safe operation of the valve 102

as described below in connection with FIGS. 2A and 2B.

[0029]  FIGS. 2;4 and 2B are isometric views of the actuator 104 of FIG. 1. FIGS.
2A and 2B generally depict the manner in which the lever 166 of FIG.. I is rotatably
coupled to the actuator 104. As described above in connection with FIG. 1, the
actuator 104'may be mechanically coupled io a shaft (e.g., the valve shaft | 14 of FIG.
1) to rotate the shaft. Although the actuator 104 is shown as a spring and diaphragm
actuator, any other suitable actuating device may be used. The actua,tor. 104 also
includes a first faceplate 204, which is shown as a front side 61" the actuator 104, and a
- second faceplate (not shown) on the sidé opposite the first faceplate 204 (i.e., a back
side of the actuator 104). The first faggplate 204 and the second faceplate.are
substantially similar or identical, which enables a field configurable fail-safe

_operation of the actuator 104 as described below.

[6030] The lever 106 is mechanically coupled to or otherwise engages an example
col]et.?.()z that is configured to apply a clamping force to, for example, the valve shafi
114.(F1G. 1). The lever 106 andothe example collet 202 may form the first coupling
120 (F1G. 1) and/or the second coupling 122 (F1G. 1) as described below 1n
connection with F1GS. 3A and 3B. »Additionally, the lever 106 is shown as extending
th;'ough the first faceplate 204. In a similar manner, the lever 106 extends through the

second faceplate and 1s hidden from view in FIGS. 2A and 2B.

[0031] The fail-saﬁ;: operation of the actuator 104 is field configurable. The fail-
safe operation defines whether the ;ralve 102 (FIG. 1) is configured to open or close
when power (e.g., electric power, pneuinatic powef‘; hydraulic power, etc.) is
interrupted. For example, mechanically couplirig'the aﬁrst coupling 120 to the valve

. shaft 114 may provide a fail-safe open configuration. On the other hand, physically

8-
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furming the actuator 104 as indicated by arrow 206 and mechanically coupling the
second coupling 122 to the valve shaft 114 may provide a fail-safe closed

configuration.

{0032] " As shown in FIGS. 2A and 2B, the first 'Facepléte 204 includes a plurality
of mounting holes 208 that may be used to mechanically couple the actuator 104 to,

: for example, the valve 102 (FIG. 1) via the mounting bracket 1 18 (FIG. 1). In FIG.
2B, the ‘ﬁrs;t faceplate 204 is remgved from the actuator 104 to éxposé the lever 106
‘and the example collet 202. The assembly of the lever 106 and the example collet
202 is describ;ad in greater detail below. The lever 106 is rﬁechaﬁicaliy coupled to an

actuating element 210, which may be reciprocated or stroked by the actuator 104 and

configured to turn or rotate the lever 106 to open/close the valve 102.

[0033] PIGS.‘ 3A and 3B are more detailed isometric v.i'ews of the lever 106 anci
the example collet 202 of FléS. 2A and 2B. In particular, F1G. 3A Sh(.)WS the lever
10‘6 and the example collet ;202. in an assembled configuration and F1G. 3B is an
exploded isometric view of the lever i06 z.md the collet 202. In an assembled
configuration, the lever 106 and the example collet 202 form a coupling such as, for
example, thé couplings 120 and/or 122 of F1G. 1. The example collet 202 is shown as
having a square bore .302, which is depicted in an engaged or clamped configuration
in F1G. 3A and an open conﬁgur.ation ln F1G. 3B. The lever 106 and the example
collet 202 may be manufactured using any material suitable for engaging and rotating
(1.e., actuating) a valve shaft such as, for example, the valve shaft 114 of FIG. 1.
Additionaliy, the levér 106 and the example collet 202 may be manufactured 'uéing

any suitable manufacturing technique such as, for example, die casting, foi'gi'ng; etc.

[0034] The square bore 302 méy be configured to receive and engage or clamp

rectangular or square shafts such as, for example, the valve shaft 114 of FIG. 1.

0.
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Additionally, the square bore 302 may be configured to engage square shafts that
comply with an ISO standard for square shafts. However, the square bore 302 may be
implemented using any desired shape and size and may be confi gurea to engage any
shaft having a subsfantially similar shape an‘d size. In general, the shape and s:ize of
the bore 302 may be configured to be substantially complementary to the shape and
size of a corresponding shaft. For exa;nple,' if the lever 106 and the exampl;e collet
202 are used to implement the couplings 120 and 122 of FIG. 1, the dimensions of the

bore 302 may be substantially similar or identical to the dimensions of the valve shaft

114.

{0035] As shown in FIG. 3B, a first end of the lever 106 forms the first coupling
120 and provides a first sleeve 304 thz}t ts configured to receive and engage the
example collet 202. In a similar manner, a second end of the lever 106 forms the
.second coupling 122 anq providés a second sleeve 306 through which the example
collet 202 may be inserted. The example collet 202 may be drgwn into the lever 106
so that the first sleeve or the second sleeve engages the example collet 202. As
described in greater detail below, as the example collet 202 is engaged by one of the
sleeves 304 and 306, the dimensions o‘r; the bqre 302 are reduced, which causes the

example collet 202 to engage and apply a clamping force to, for example, the valve

shaft 114.

[0036] The example collet 202 may be drawn within ’the lever 106 using a
drawing or pulling techhique. For example, the lever 106 may include a passage (not
shown) extending therethrough and thr-_; example collet 202 may include an elongated
member 308 that may be placed within the passage. The elongated member 308 may
have a threaded portion 310 that may extend through the lever 106 and th.e washer

124 to threadingly engage the draw nut 126. Tightening the draw nut 126 pulls the

~-10-
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example collet 202 into the coupling 120, which causes thé dimensions of the square
bore 302 to decrease. In this manner, the example collet 202 may directly engage, for,
example, the valve shaft 114, thus reducing and/or eliminating the gap between the

surfaces of the square bore 302 and the surfaces of the valve shaft 114. In an

alterﬁative configuration, such as the examples discussed below, the elor'lgat.ed

: member 308 may include inner threads and a draw bolt (instead of the draw nut 126)
that may er;gage the inner threads to drgw the example collet 202 into the lever 106.
As discussed below, a draw bolt may be combine.d In a.s.,ingle structure with a céllet
tool, and the term “collet tool” may refer to both a draw bolt or céllet inétaller (which

couples a collet to a lever) and a collet remover (which decoupies a collet from a

lever).

[0037] Lost rétational motion (i.e., lost motion) betweén the lever 106 and the
valve shaft 114 are substantiz;lly reduced or eliminated by eliminating gaps between
the surfaces of the square bore 302 and the valve shz;ﬁ 114 via the example collet 202.
In addition, the example collets descritbed .ﬁerein (e.g., the example collet 202) may
facilitate the-coupling and de-coupling of actuators (e.g., the actuator 104) and shafts

(e.g., the valve shaft 114) for purposes of, for example, installation processes, repair

processes, etc.

[0038] FIG. 4 shows a cross-sectional view of the collet 202 inserted into the
lever 10.6 with a collet tool 402 attached thereto. As shown in FIG. 4, the c'ollef tool .
402 may be used to remove the cbllet 202 from the lever 106 without damaging the
collet 202, the lever 106 or any other component of the valve assembly 100.. Tl;le .

collet tool 402 includes a plate 404 that is placed against the back portion or end 405 |

of the collet 202. The plate 404 has a first borehole 406 and a second borehole 408

through which a first stud 410 and a second stud 412 pass, respectively. The first stud

-11-
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410 is inserted into a third bore hole 414 located in the lever 106, and the second stud
412 is inserted into a fourth bore hole 416 also located in the lever 106. The opposite
ends of the first and second studs 410 and 412 are coupled to a first draw nut 418 and

a second draw nut 42.0,. respectively. The dﬁw nuts 418 and 420 are rotated to drive
the c;ollet tool 402 égainst the end 405 of the collet 202. That is, as the draw nuts 418
and 420 are rotated into contact with the drawing plate 404, the draw;mg the plate 404
moves closer to the lever 106. As the plate 404 approaches the lever 106, the plate
‘404 pushes on the end 405 of the collet 202, overcc‘)mes the friction between the collet
202 and the lever 106, decouples the collet 202 from the lever 106, and forces the
collet 202 out of the other end of the lever 106 without démaging any of the
components of the valve assembly 100. This example collet tool 402 is mounted

during disassembly (i.e., removal of the collet 202) and, thus, functions as a collet

remover.

[0039] An alternative example collet tool 502 is shown in FIG. 5. The collet tool
502 may be a substantially u-shaped component that includes a first leg 504, a second
leg 506 and a back piece 508. Altematwely, the first leg 504 and the second leg 506
may be integral such that the collet tool 502 is 2 hollowed cylindrical structure opened
at one end. At least a portion of the collet tool 502 has inxmer—diame;er threads 510. In
the illustrated example, the inner-diameter threads 510 are located at the ends of the
first and second leg; 504 and 506. The lever 106 further includes outer-diameter
threads 512 on at least a po;tion of the lever 106. The outer-diameter threads 512

" complement or are configured to threadably couple to the inner-diameter threads 510
of the coliet tool 502. To remove the collet 202 from the lever 106, the collet too!l 502
is mounted to the back of the lever 106 so that the inner-diameter threads 5 ] 0 of the

collet tool 502 engage the outer-diameter threads 512 of the lever 106. The collet tool
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502 1s then rotated causing the threads 510 and 512 to engage further and draw the

collet tool 5'02 toward the back of the lever 106. As the collet tool 502 is rotated, the
back piece 5b8 of the collet tool 502 contacts the collet 202, errcomes the friction
.betx;feen the collet 202 and the lever 106, decouples the collet 202 from the lever 106,
and forces the collet 202 out of the other end of the lever 106 ;.VitIIOUt dama.ging any

- of the components of the valve assembly 100. The example collet tool 502 may be

mounted or used durin g disassembly (i.e.; removal of the collet 202).

{0040]  FIG. 6 illustrates another alternative example collet tool 600. In this
example, the collet 202 includes outer-diameter threads 602 and inner-diameter

threads 604. The inner-diameter threads 604 of the collet 202 .cor.nplemf.:nt outer-
diameter threads 606 of a valve shaft remover 508. Toremove a valve shaft (not
shown), the valve shaft remover 608 is inserted (.e.g., threaded) into the collet 202 so
the outer-diameter threads 606 of the valve shaft remover 008 engage the inner-
diameter threads 604 of the collet 202. The valve sixaft remover 608 is then rotz;ted SO
that the valve shaﬁ remover 608 is driven further into the collet 202. After sufficient
rotation of the valve shaft remover 608, an end 610 of the valve shaft remover 608

contacts the valve shaft. As the valve shaft rémover.608 Is further rotated and driven

further into the col!ét 202, the valve shaft is forced out of the collet 202.

[0041] Removing the valve ;v.ha[’t from the coliet 202 eliminates or relieves
wedging forces the valve shaft exerts via the collet 202 against the lever 106. In the
absence; of wedging forces, the collet 202 may be removed from the lever 106 via
manual mani pulation of the collet 202, interaction of a tool (e.g., a. wrench or ﬁliers)
with the outer-diqmeter threads 602 of the coilet 202, via the force of gravity, etc. In

this manner, the valve shaft remover 608 also functions as a collet too] or remover.

However, whereas the other collet tools 402 and 502 described above impart a force
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on the lever to decouple the collet 202, the valve shaft remover 608 imparts a force on

the valve shaft to enable removal of the collet 202,

.[0042] The illustrated example shows the valve shaft remover 608 as a bolt.

However, any type of fastening device such as, for example, a screw, may be used
instead. In addition, in the illustrated example, the valve shaft remover 608 is fully

removable and may be mounted or used as needed {e.g., during disassembly)',

[0043] FIG. 7 illustrates yet another alternative collet tool 700. The apparatus
shown .in FI1G. 7 includes an inte;rvening structure or adjustab!e coupler such as, for
example, an adjustable threaded coupling or coupler 702 that may be permancr;ﬂy

" located in the interior of t.he lever 106 a;ld which is freely rotatable relative to the
lever 106. The adjt;stable coupling 702 is retained in the lever 106 and is kept from
translating along the center axis, or a longitudinal éxis of the lever 106 by fasteners
such as, for example, snap rings (not shown) or similar devices. The adjustable
coupling 702 has two chambers, or a first bore hole 704 and a second bore hole 706.
The 'F;rst bore hole 704 has inner-diameter threads 708 that co.mplement outer-
diameter threads 710 on the elongated portion 308 of the collet 202. The second bore
hole 706 also has inner-diameter threads 712.. The adjustable coupling 702 further.

includes a center portion 714 having a cross-bore 716. In the illustrated example, the

- cross-bore 716 has a square cross section. However, any other polygonal shape could

be used instead.

[0044] To draw the collet 202 inward and couple the collet 202 to the lever 106, a
rod or shaft or other form of a collet tool (not shown) may be inserted into the end of
the lever 106 opposite the collet 202, The collet toéi may have a square end that is
inserted into and which engages the cross-bore 716. The collet tool may then be

‘rotated clockwise which, in turn, rotates the adjustable ¢oupling 702 clockwise.
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Clockwise rotation of the adjustable coupling 702. causes the outer-diameter threads
710 of the c.c;llet 202 to engage the inner-diameter threads 708 of the first bore 704 of
the adjustable coupling 702, which draws the collet 202 ﬁlrthe.r into the lever 106 and |
couples the collet 202 and the lever 106. Alternatively, a portion of the collet too!
may have outer-diameter threads that en gape the inner—diamet-er threads «712." of the
second bore hole 706. In this ca'.;:e, when the outer-diameter threads of thé collet tool
and the inner-diameter threads 712 of the adjustable coupling 702 are engaged,
.continual clockwise rotation of tl;e coil;et taol rotates the adjustable coupling 702

clockwise and couples the collet 202 and lever 106 as described above.

1

[0045] To remove the collet 202, a collet tool having a square-shaped end may be
inserted into the cross-bore 716 and rotated in a counterclockwise direction. The
counterclockwise rotation of the collet tool rotates the adjustable coupling 702 in a

counterclockwise direction, which causes the inner-diameter threads 708 of the

adjustable coupling 702 and the outer-diameter threéds 710 of the shaft 308 of the
collet 202 to disengage and decouple the collet 202 and the lever 106, In an
alternative example co.mbination of a lever, collet and collet tool is shown in FIGS. 8-
11..The example lever 106 has an intervening structure 802. In this example, the

intervening structure 802 is a web or plate 802 that divides an internal chamber of the

lever 106 into a first bore hole 804 and second bore hole 806. In this exammple, the
intervening structure, plate or web 802 may be integral with the lever 106. 'The web

802 has another bore hole or a center bore hole 808 through which the shank or shaft

308 of the collet 202 may pass (FIG. 8).

[0046] The collet too) 902 has a first end 904 and a second end 906. The first end
904 has an opening 908 to a bore hole 910, at least a portion of which includes inner-

diameter threads 912. To coﬁple the collet 202 and the lever 106, the collet 202 is
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inserted into the first bore hole 804. The first bore hole 804 includes inner-diameter
threads 810 that may éngagés outer-diameter threads 914 on a portion of the collet
tool 902. . The shaft 308 of the collet 202 also has outér-diameter threads 812. When
the shafi 308 is inserted through the first bofe hole 804 and the center bor.e 808., a
porti-on of the shaﬁ.308 enters the second bore hole 806. The collet tool 802 is
inserted into tl;e second bore hole 806 from the Opposité end. The collet tool-902
engages the shaft 308 of the collet 202. The shaft 308 enters the opening 908 and the
outer-diameter threads 812 of the shaft 308 engage the inner-diameter threads 912 of
the collet tool 902. As the collet tool 902 is rotated, the collet tool 902 imparts a force
‘ on the center web 802, which is transferred to the collet 202 and causes the threads
812 and 912 to engage further. In turn, the collet 2;02 s pulled further into a tight
coupling with the lever 106. The collet tool 902 may be left in the second bore hole

806 of the lever 106 during operation of the valve assembly 100.

[0047] To remové the collet 202, the collet-tool 902 is removed from the second.
bore hole 806 of the lever and rc:;tated approximately 180°. The collet tool 902 is then
re-inserted into the second bore hole 806 second end 906 first, as shown in FIG. 11.
At ieast a portion of the external surfacé of thg collet tool 902 includes outer-diameter
threads 914. The outer-diameter threads 9]4 engage inner-diameter .threads 814 that
are located on at least a portion of the surface of the second bore hole 806 of the lever
106. As the collet tool 902 is rotated, the .threads 914 and 814 engage further, and the
collet tool 902 moves toward the .interior of the lever ]Qﬁ. The second end 906 of the
collet tool 902 includes a substantially flat and solid surface 916. Asthe collet tool
902 moves further into th.e lever 106, the collet tool.902 approaches the end of the
shaft 308 of the collet 202. Further rotational force that is exerted on the collet tool

902 1s transferred into linear force that acts on the collet 202 and forces the collet 202
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out of the second bore hole 806. By time the collet remover 902 has been inserted far
enough into the second bore 806 to reach the web or plate 808, the collet 202 has.beén
decoupled oraunseated from t.he.le\.fer 106. At this point, enoug.h of the collet 202 is

. exposed exterior to the lever 106 to enablf; manual manipulation and removal of the
valve shaft (not shown) from the collet 202 without causing any damage to 'einy
'éomponents in the valve e;ssembly 100. 1;I1e collet tool 902 may be stored in the
second bore 806 unitil further future use. Storing the collet tool 962 in the lever
decreases the likelihood that the collet remover 962 will be misplaced or lost and

facilitates rapid conversion from assembly of the combination to disassembly.

[0048] Although certain methods, 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 methods, apparatus, and articles of manufacture

fairly falling within the scope of the appended claims either literally or ﬁnder the

doctrine of equivalents.
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What 1s claimed 1s:

1. Apparatus for use with a process control device, the apparatus including:

an actuator lever:;

a collet coupled to the actuator lever; and

a collet tool removably coupled to at least one of the actuator lever or the collet,
wherein the collet tool is configured to apply a force to at least one of the actuator lever, the
collet, a valve shaft, or an intervening structure to decouple the collet from the actuator
lever, and

wherein at least a portion of the actuator lever includes outer-diameter threads, the
collet tool has a u-shaped cross section, and a portion of the collet tool includes inner-

diameter threads.

2. Apparatus as defined in claim 1, wherein the inner-diameter threads of the collet tool
are to engage the outer-diameter threads of the actuator lever to cause the collet tool to

contact the collet to decouple the collet and the actuator lever.

3. Apparatus as defined 1n claim 1, wherein the force applied by the collet tool 1s a

rotational force.

4, Apparatus as defined 1n claim 1, wherein the force applied by the collet tool 1s a

linear force.

. Apparatus for use with a process control device, the apparatus including:

an actuator lever;

a collet coupled to the actuator lever; and

a collet tool removably coupled to at least one of the actuator lever or the collet,
wherein the collet tool 1s configured to apply a force to at least one of the actuator lever, the

collet, a valve shaft, or an intervening structure to decouple the collet from the actuator

lever, and
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wherein at least a portion of the collet includes outer-diameter threads and a portion

of the collet tool includes inner-diameter threads.

0. Apparatus as defined in claim 5, wherein the inner-diameter threads of the collet tool
are to engage the outer-diameter threads of the collet to enable the collet and the actuator

lever to decouple.

7. Apparatus as defined in claim 5, wherein the collet tool comprises a plate.

8. Apparatus as defined in claim 7, wherein the plate causes the collet and the actuator

lever to decouple when the plate is moved relative to the lever.

9. Apparatus as defined in claim 5, wherein the collet tool has at least one substantially

flat surface.

10.  Apparatus as defined in claim 5, wherein the force applied by the collet tool 1s a

rotational force.

1.  Apparatus as defined in claim 5, wherein the force applied by the collet tool is a

linear force.

12.  Apparatus for use with a process control device, the apparatus including:

an actuator lever;

a collet coupled to the actuator lever; and

a collet tool removably coupled to at least one of the actuator lever or the collet,
wherein the collet tool is configured to apply a force to at least one of the actuator lever, the

collet, a valve shaft, or an intervening structure to decouple the collet from the actuator

lever, and
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wherein the collet tool comprises a valve shaft remover, and wherein at least a
portion of the collet has inner-diameter threads and at least a portion of the valve shaft

remover has outer-diameter threads.

3. Apparatus as defined in claim 12, wherein the outer-diameter threads of the valve
shaft remover are to engage the inner-diameter threads of the collet to cause the valve shatt
remover to engage the collet, contact a valve shaft, and drive the valve shatt away trom the

collet.

14.  Apparatus as defined in claim 12, wherein the force applied by the collet tool 1s a

rotational force.

5. Apparatus as defined in claim 12, wherein the force applied by the collet tool 1s a

linear force.

16.  Apparatus for use with a process control device, the apparatus including:

an actuator lever;

a collet coupled to the actuator lever; and

a collet tool removably coupled to at least one of the actuator lever or the collet,
wherein the collet tool is configured to apply a force to at least one of the actuator lever, the

collet, a valve shaft, or an intervening structure to decouple the collet from the actuator

lever, and

wherein the intervening structure is disposed in an interior of the actuator lever and
includes a first bore hole and a second bore hole, and wherein the first and second bore holes

have inner-diameter threads and the collet engages the first bore hole and the collet tool

engages the second bore hole.

17. Apparatus as defined in claim 16, wherein the intervening structure 1s rotatable

relative to the actuator lever and is to be rotated to couple or decouple the collet and the

actuator lever.
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18. Apparatus as defined in claim 17, wherein the intervening structure 1s to be rotated

by the collet tool.

19. Apparatus as defined in claim 18, wherein the intervening structure 1s kept from

translating along a longitudinal axis of the actuator lever by spacers.

20.  Apparatus as defined in claim 16, wherein the force applied by the collet tool 1s a

rotational force.

21.  Apparatus as defined in claim 16, wherein the force applied by the collet tool is a

linear ftorce.

22.  Apparatus for use with a process control device, the apparatus including:

an actuator lever:

a collet coupled to the actuator lever; and

a collet tool removably coupled to at least one of the actuator lever or the collet,
wherein the collet tool is configured to apply a force to at least one of the actuator lever, the
collet, a valve shaft, or an intervening structure to decouple the collet from the actuator
lever, and

wherein at least a portion of the actuator lever includes inner-diameter threads, the
intervening structure includes a plate with a bore hole there through, at least a portion ot the

collet includes outer-diameter threads, at least a portion of the collet tool includes inner-

diameter threads, at least a portion of the collet tool includes outer-diameter threads, and a

portion of the collet is to traverse the bore hole of the intervening structure when the collet 1s

coupled to the actuator lever.

23.  Apparatus as defined in claim 22, wherein the collet tool is to be oriented in a first
position so that the outer-diameter threads of the collet tool engage the inner-diameter

threads of the actuator lever and, when the collet tool is rotated, to draw the collet tool into
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the lever so that the collet tool engages the collet and decouples the collet and the actuator

lever.

24.  Apparatus as defined in claim 23, wherein the collet tool is oriented 1n a second
position so that the inner-diameter threads of the collet tool engage the outer-diameter
threads of the collet and, when the collet tool 1s rotated, draw the collet into the lever to

couple the collet and the actuator lever.

25.  Apparatus as defined in claim 24, wherein the first position and the second position

are about 180° apart.

26.  Apparatus as defined in claim 22, wherein the intervening structure is integral with

the actuator lever.

27.  Apparatus as defined in claim 22, wherein the collet tool may be stored in the

actuator lever during operation of the process control device.

28.  Apparatus as defined in claim 22, wherein the force applied by the collet tool 1s a

rotational force.

29.  Apparatus as defined in claim 22, wherein the force applied by the collet tool 1s a

linear force.
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