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(57) Abréegée/Abstract:
A control valve includes a valve body (14) defining a top opening. A bonnet (28) Is provided for closing off the top opening of the
valve body. A stem (40) housed In the bonnet and the valve housing slidably moves a valve plug (30) in the valve housing to open
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(57) Abrege(suite)/Abstract(continued):
and close the valve. A packing assembly (44) is provided for sealing between the stem and bonnet, and a packing retainer

maintains the packing asserr

bly within the bonnet. A retainer ring (12) I1s provided for securing the packing retainer (48) in place.

The retainer ring can be formed as a generally cylindrical ring that engages the packing retainer and can be tightened on the

packing retainer. Outer notch

es (56) formed In an exterior surface of the lock nut provide for tightening of the lock nut with a tool. In

addition, the retainer ring may include a lower portion that closely receives an outer surface of the packing retainer, thereby to
center the retainer ring with the packing retainer. Still further, the retainer ring may have an upper portion that automatically centers
the retainer ring with the bonnet.
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(54) Title: RETAINER LOCK NUT FOR THE STEM PACKING OF A FLUID PRESSURE CONTROL DEVICE

(57) Abstract: A control valve includes a valve body (14) defining a top
opening. A bonnet (28) is provided for closing off the top opening of
the valve body. A stem (40) housed in the bonnet and the valve housing
slidably moves a valve plug (30) in the valve housing to open and close
the valve. A packing assembly (44) is provided for sealing between the
stem and bonnet, and a packing retainer maintains the packing assembly
within the bonnet. A retainer ring (12) is provided for securing the pack-
ing retainer (48) in place. The retainer ring can be formed as a generally
cylindrical ring that engages the packing retainer and can be tightened
on the packing retainer. Outer notches (56) formed in an exterior sur-
face of the lock nut provide for tightening of the lock nut with a tool.
In addition, the retainer ring may include a lower portion that closely
receives an outer surface of the packing retainer, thereby to center the
retainer ring with the packing retainer. Still further, the retainer ring may
have an upper portion that automatically centers the retainer ring with
the bonnet.
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RETAINER LOCK NUT FOR THE STEM PACKING OF A
FLUID PRESSURE CONTROL DEVICE

Field of the Invention

The present invention generally relates to fluid pressure control devices and,
more particularly, to packing retainer assemblies used 1n such devices.

Background of the Invention Fluid pressure control devices, such as control
valves and regulators, are used in a wide number of process control system
applications to control a given parameter of a process fluid (1. . , a liquid, gas, slurry,
etc. ). While the process control system may ultimately control the pressure, level, pH,
or other desired parameter of a fluid, the device basically controls the rate of tluid
flow.

Typically, a fluid pressure control device may include a valve body defining a
tluid inlet passage coupled through an orifice to a fluid outlet passage. A closure
member 1s positionable with respect to the orifice to control the amount of fluid flow
therethrough. The closure member may include a valve plug having a surface which
seats against a seat ring located at the orifice. A stem is attached to the closure
member for driving the closure member to the desired position.

The stem typically extends through a top opening in the valve body. The top

opening 1s closed off by a bonnet, which supports an actuator. The bonnet includes a

bore through which the stem passes to allow the actuator to be operatively coupled to
the stem. During operation, the process control system, or an operator manually

controlling the fluid pressure control device, moves the valve plug toward and away
from a sealing surface of the seat ring to provide a desired fluid flow through the
orifice.

Conventional control valves typically include a packing assembly for

preventing fluid leakage between the stem and the bonnet bore. An adjustable retainer
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assembly is often provided for compressing the packing assembly to form a sufficient
seal between the shaft and bonnet. For example, commonly assigned co-pending U.S.
Patent Application Publication No. 2003/0089875, entitled “Control Valve Stem Split
Guide Bushing,” discloses a control valve having a packing retainer 46 threadably
received by a lower portion 41 of a bonnet 40. A top surface of the packing retainer
46 pushes washers 49 into a packing assembly 50, thereby to compress the packing
assembly. The packing retainer 46 may be threaded into the bonnet 40 to a desired
position to obtain the desired compression force on the packing assembly 50.

The control valve disclosed in U. S. Patent Application Publication No.
2003/0089875 1s suitable for many applications. Control valves having larger inlet
and outlet ports, or which generate greater pressure drops, however, may generate
substantial amounts of vibration that may tend to loosen the threaded connection
between the packing retainer and the bonnet. As a result, the compression force on the
packing assembly 50 may be reduced, thereby increasing the possibility of control
fluid leaks between the stem and bonnet bore. If unchecked over a long period of
time, the packing retainer may disengage the bonnet entirely, causing increased
leakage and potentially interfering with the operation of the control valve.

It 1s also important for the stem and plug to be properly aligned with the
orifice to avoid undue wear on the moving components and to ensure a sufficient seal
in the fully closed plug position. Cage trims, while typically providing superior plug
guidance, are not suitable for certain applications where the process fluid is gritty or
sticky, and therefore a post-guided plug, such as that disclosed in U. S. Patent
Application Publication No. 2003/0089875, may be used. The threaded connection
between the packing retainer and bonnet in that post-guided plug, however, does not

precisely position the packing retainer with respect to the stem, and therefore the plug
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and stem may be misaligned with respect to the orifice, causing increased wear of the
trim components and increasing the potential for leaks.
Brief Description of the Drawings

FIG. 1 1s a cross-sectional view of a control valve including a packing retainer
lock nut in accordance with the teachings of the present invention.

FIG. 2 1s an enlarged detail view of a portion of the control valve of FIG. 1.

FIG. 3 1s a top view of the retainer lock nut of FIG. 1.

FIG. 4 1s a detail view of an alternative embodiment of a packing retainer lock
nut.

FIG. 5 1s a top view of the retainer lock nut of FIG. 4.

Detailed Description

Reterring to FIG. 1, a control valve 10 is shown having a retainer lock nut 12
1in accordance with certain aspects of the present invention. The control valve 10
includes a valve body 14 defining an inlet passage 16 and an outlet passage 18. An
opening 20 connects the inlet passage 16 to the outlet passage 18, and a valve seat 22
1s inserted in the opening 20 and defines an orifice 24. The valve body 14 further
defines a top opening 26.

A bonnet 28 is provided for closing off the top opening 26 of the valve body
14. The bonnet 28 1s removably secured to the valve body 14, such as with a threaded
hammernut 32 as shown in FIG. 1. The bonnet 28 includes a lower portion 30
extending through the top opening 26 and into the valve body 14, and an upper
portion 37 adapted for attachment to a housing 33 of an actuator 34 having an
actuating element such as a diaphragm 35. The illustrated actuator 34 is well known

in the art, and therefore it 1s not described in further detail herein. The bonnet 28

further includes a central bore 36 which, in the illustrated embodiment, is stepped.
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A closure member such as valve plug 38 is disposed inside the valve body 14
and 1s adapted to engage the valve seat 22. The plug 38 is removably coupled to a
bottom end of a stem 40, such as with mating threads as shown in FIG. 1. The plug 38
may further be secured to the stem 40 with a pin 42, as described in greater detail in
commonly assigned U. S. Patent No. 6,991,218 entitled “Control Valve with Retained
Pin for Easy Valve Trim Maintenance”. The stem 40 is sized to pass through the
bonnet central bore 36 and has an upper end coupled to the diaphragm 35. As is
generally understood in the art, movement of the diaphragm 35 causes movement of
the plug 38.

Accordingly, by controlling the pressure present in the upper and/or lower
chambers of the actuator housing 33, the position of the plug 38 may be controlled. It
will be appreciated that other types of actuators in addition to the diaphragm actuator
1llustrated 1n FIG. 1 may be used without departing from the present invention.

A packing assembly 44 1s provided for sealing between the stem 40 and
bonnet 28. The packing assembly 44 preferably includes a resilient packing material,
such as PTFE or graphite elastomers, which may be compressed to create a sealing
force between the stem 40 and bonnet 28. Spring washers 46 and a packing retainer
48 are provided to provide a compression force to the packing assembly 44. In the

1llustrated embodiment, the lower portion 30 of the bonnet 28 has internal threads
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while an intermediate portion of the retainer 48 may be formed with mating external
threads. A boss 49 (FIG. 2) 1s formed at an upper end of the packing retainer 48 for
engaging the spring washers 46. The boss 49 has an outer diameter sized to closely fit

a retainer guide surface 51 formed in the bonnet lower portion 30.

The packing retainer 48 may be formed with an internal bore 50 that defines a
guide surface for the plug 38. As best shown in FIG. 2, the internal bore 50 is sized to
closely yet siidably receive an external diameter 52 of the plug 38. Aécordingly, the
packing retainer 48 not only generates the compression force for the packing

assembly 44, but also helps guide the plug 38 toward the seat 22.

The packing retainer 48 may be threaded into the bonnet lower portion 30, so
that the upper surface of the boss drives the spring washers 46 toward the packing
assembly 44. The packing retainer 48 may be further threaded into the bonnet 28
until the packing assembly 44 1s sufficiently compressed to generate the desired seal
force. In addition, the outer diameter of the boss 49 and the retainer guide surface 51
of the bonnet 48 may be machined to tolerances that are more tightly controlled than
for the threads, so that the packing retainer 48 1s more concentrically and axially
aligned with the seat ring 22. As a result, the packing retainer internal bore 50, which

forms a guide surface for the plug 38, 1s better aligned with the seat ring 22.

The retainer lock nut 12 1s provided for securing the packing retzﬁner 48 1n
place. As noted above, process fluid passing through the valve body 14 may generate
vibrations sufficient to at least partially unthread the packing retainer 48 from the
bonnet 28. When the retainer lock nut 12 is attached to the packing retainer 48 and
the packing retainer 48 1s subsequently attached to the bonnet 28, the lock nut 12

secures the packing retainer 48 in place against the force of any vibrations.
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As best shown in FIGS. 2 and 3, the lock nut 12 may be formed in a generally
cylindrical ring. The lock nut 12 includes internal threads 54 sized to mate with the
external threads of the packing retainer 48. Outer notches 56 are formed 1n an

exterior surface 58 of the lock nut 12.

During assembly, the illustrated lock nut 12 is first threadably attached to the
packing retainer 48. The packing retainer 48 with attached lock nut 12 may then be
threadably attached to-the bonnet 28 until an upper surface of the lock nut 12 engages
a bottom surface of the bonnet 28. The lock nut may be further tightened so that the
packing retainer is more securely held in place. The outer notches 56 facilitate such
;i ghtening by allowing a punch, chisel, or similar standard tool to be inserted. The

chisel may then be hammered or otherwise struck to rotate the lock nut 12 as desired.

The outer notches 56 provide a significant advantage by allowing the lock nut
12 to be tightened using standard tools, such as a hammer and chisel. Due to the size
of the components typically used in a control valve, alternatives to the lock nut 12,

such as a hex nut, would require non-standard or special tools to tighten and release.

~ Furthermore, by providing inwardly extending notches, the amount of space inside the

valve body 14 needed for the lock nut is reduced. The lock nut 12 is further
preferable to using adhesives on the threads between the bonnet 28 and packing
retainer 48, since such adhesives typically require the application of heat to disengage
the threads. The lock nut 12 may be formed of a corrosion resistant material, such as
a metal alloy, to resist chemical attack and corrosion. Additionally, the lock nut 12
allows accurate adjustment and re-adjustment of the compression load on the packing

assembly 44 without requiring disassembly.

An alternative lock nut embodiment is illustrated in FIGS. 4 and 5. Except for
the packing retainer 60 and lock nut 70, the main components of the control valve of

-6-
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this embodiment are 1identical to those of the previous embodiment, and therefore the

same reference numbers have been used where applicable.

As in the previous embodiment, the packing retainer 60 includes the boss 49
formed at the upper end for engaging spring washers 46. The outer diameter of the
boss 49 closely fits the retainer guide surface 51 of the bonnet lower portion 30 to
improve axial and concentric alignment of the packing retainer 60 and bonnet 28.

The packing retainer 60 also has the internal bore 50 defining the guide surface for the

plug 38.

The packing retainer 60 differs from the previous embodiment by having a
second retainer guide surface 62 formed about an exterior of the intermediate portion.
The second retainer guide surface 62 may be machined to tigﬁt tolerances for

purposes described below.

As 1n the first embodiment, the lock nut 70 may be formed as a generally
cylindrical ring having internal threads 54 sized to mate with the external threads of
the packing retainer 60. The lock nut 70 may also include outer notches 56 which
allow the lock nut to be tightened using ordinary mechanics tools and reduce the

amount of space inside the valve body 14 needed for the lock nut.

In addition to the foregoing, the lock nut 70 further includes a chamfered
projection 72 that mates with a chamfered recess 74 formed in the bonnét lower
portion 30. The lock nut 70 also includes a downwardly projecting cylindrical wall
76 having an interior guide surface 78. The interior guide surface 78 is preferably
machined to tight toierances and is sized to closely receive the second retainer guide

surface 62 of the packing retainer 60.
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During assembly, the lock nut 70 is first threaded onto the packing retainer 60.
The packing retainer 60 (with attached lock nut 70) is then threaded into the bonnet
lower portion 30. The chamfered projection 72 of the lock nut 70 and the chamfer of
the bonnet lower portion 30 automatically center the lock nut 70 on the bonnet 28.

S The packing retainer 60 may be inserted into the bonnet lower portion 30 so that the
boss 49 is received by the bonnet retainer guide surface 51, thereby forming a first
retainer alignment guide. Additionally, the interior guide surface 78 of the lock nut
70 closely fits the second retainer guide surface 62 formed about the intermediate
portion of the packing retainer 60, thereby defining a second retainer ahgnment guide.

10 Accordingly, the packing retainer 60 is guided at two locations, providing more

positive and robust alignment of the retainer with the other valve trim components.

From the foregoing, it will be appreciated that the lock nut and packing
retainer form a packing retainer assembly that improves concentricity and axial
alignment of the trim components in a post-guided control valve. The improved

15 alignment minimizes leakage, extends packing life, and minimizes wear of shiding

components.

While the embodiments are described herein as being employed in a control
valve, it will be appreciated that the packing retainer assembly may be used in other

types of fluid pressure control devices, such as regulators.

20 The foregoing detailed description has been given for clearness of
understanding only and no unnecessary limitations should be understood therefrom,

as modifications will be obvious to those skilled in the art.
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Claims

What is claimed 1s:

1. A control valve comprising:

a valve body defining a top opening;

a bonnet adapted to close the top opening of the valve body, the
bonnet including a lower surface and defining a central bore wherein the lower
surface of the bonnet includes an inwardly chamfered recess;

a stem sized for insertion through the bonnet central bore and
slidable 1n the central bore;

a plug coupled to the stem and adapted to move in the valve
body between an open position and a closed position;

a packing assembly disposed between a portion of the bonnet
central bore and the stem for sealing between the stem and the bonnet;

a packing retainer attached to a bottom end of the bonnet, and
adapted to retain the packing assembly within the bonnet central bore and around the
stem; and

a retainer ring including an upper portion having a chamfered
projection, the retainer ring being adjustably coupled to the packing retainer wherein
tightening the retainer ring on the packing retainer provides mating of the chamfered
projection of the retainer ring and the chamfered recess of the bonnet, thereby
centering the packing retainer with in the bonnet central bore and engaging the bonnet

lower surface to secure the packing retainer in place.
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2. The control valve of claim 1, in which the packing retainer
includes an externally threaded portion adapted to mate with an internally threaded

lower portion of the bonnet.

3. The control valve of claim 2, in which the retainer ring is
5 nternally threaded to mate with the externally threaded portion of the packing
retainer, wherein tightening the retainer ring on the packing retainer presses the

retainer ring against the bonnet lower surface to secure the packing retainer in place.

23 The control valve of claim 3, in which the retainer ring includes

a plurality of inwardly extending outer notches sized to receive a tool for rotating the

10 retainer ring on the packing retainer.

5. The control valve of claim 1, in which the retainer ring has an
upper portion internally threaded to mate with an externally threaded portion of the
packing retainer, and 1n which a lower portion of the retainer ring includes an inner
guide surface sized to closely receive an outer surface of the packing retainer, thereby

15  centering the packing retainer and the retainer ring.

6. A control valve comprising:

a valve body defining a top opening;
a bonnet adapted to close the top opening of the valve body and
detining a central bore, the bonnet including a lower surface and a bottom portion

20 wherein the bottom portion includes a chamfered recess;

a stem sized for insertion through the bonnet central bore and

slidable 1n the central bore;

a plug coupled to the stem and adapted to slidably move with

the valve stem in the valve body between an open position and a closed position;

_10 -
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a packing assembly disposed between a portion of the bonnet
central bore and the stem for sealing between the stem and the bonnet;

a packing retainer attached to a bottom end of the bonnet and
adapted to retain the packing assembly within the bonnet central bore and around the
stem; and

a retainer ring having an upper portion and a lower portion, the
upper portion including internal threads and a chamfered projection wherein the
internal threads adjustably couple to an externally threaded portion of the packing
retainer, the retainer ring further including an inner surface for closely receiving an
outer surface of the packing retainer to center the packing retainer within the retainer
ring such that tightening the retainer ring on the packing retainer provides mating of
the chamiered projection of the retainer ring to the chamfered recess of the bonnet
thereby engaging the lower surface of the bonnet to secure and center the packing

retainer with the bonnet central bore.

7. The control valve of claim 6, in which the retainer ring includes
a plurality of inwardly extending outer notches sized to receive a tool for rotating the

retainer ring on the packing retainer.

8. The control valve of claim 6, in which the packing retainer
includes an externally threaded portion adapted to mate with an internally threaded

lower portion of the bonnet.

-11 -
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