1 PRESSURE BALANCED FLUI D CONTRCL DEVI CE Technical Field The present
invention is generally related to the field of pressure control devices,
and, in one particular exanple, to a pressure balanced fluid control

devi ce. Background Art Fluid control devices, such as gate valves, are
commonly enployed in a variety of different industries, e.g., surface and
subsea oil and gas drilling and producing industries. Gate valves nay be
classified as either bal anced stem or unbal anced stemvalves. As is well
known in the art, in an unbal anced stemgate valve, there is a net force
exerted on the val ve ' e equal to the
pressure exerted wt h%ﬁ@@?ﬁ%@gﬁ@pﬁﬁcﬁ%ﬁéﬁ%%ieal qar ea of the
stem |In unbal anced gate val ve designs, it is often necessary to limt the
stem seal area to reduce the unbal anced stemforce and thus the operating
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essentially the sane seal area as the valve stem Accordingly, there is no
net forceBxnkibng AR the valve stem One drawback to the use of such a
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g actuate the gate valve. Aﬁ:,hough rec{ucin% the stem sealyarea may reduce unbalanced forces,

such a limitation may place a number of undesirable constraints on the design of a gate valve.

In some embodiments, particularly surface valves, balanced stem gate valves include a
second stem attached to the opposite end of the gate wherein the second stem has essentially the
same seal area as the valve stem. Accordingly, there is no net force acting on the valve stem.
One drawback to the use of such a balanced stem design is that the second stem increases the
size, cost and complexity of the valve, and introduces additional potential leak paths. For
example, in many subsea applications, there is no available space for incorporating a balance
stem into the design of the subsea equipment, e.g., a Christmas tree.

Figure 1 depicts one illustrative embodiment of a prior art balanced stem gate valve 10.
In general, the gate valve 10 is comprised of a body 12, a bonnet 14, a gate 16 having an
opening 18 formed therethrough, and a seal 15, e.g., typically a metal gasket. The gate valve 10
further comprises a plurality of flanges 29 and it has an opening 31 formed therethrough to
allow working fluid to pass through the gate valve 10 when the gate 16 is positioned such that
the opening 18 in the gate 16 is aligned with the opening 31 through the body 12. The bonnet
14 is secured to the body 12 by a plurality of nuts and studs, generally indicated by the
reference number 14a. The gate valve 10 further includes a valve stem 20 and a pressure

balance stem 22. The valve stem 20 is coupled to the gate 16 by a lifting nut 21. A pin 21A



14 is secured to the body 12 by a plurality of nuts and studs, generally
I ndi cated by the reference nunber 14a. The gate valve 10 further includes a
val ve stem 20 and a pressure balance stem 22. The valve stem 20 is coupl ed
to the gate 16 by a lifting nut 21. A pin 21A 2 couples the lifting nut 21
to the stem 20 such that there is no rotation between these conponents. A
directional valve stemseal 11, e.g., WV elastoner packing, is positioned in
the bonnet 14 around the val ve stem 20. .The pressure bal ance stem 22 is
positioned within a balance stem housing 22a that is coupled to the body 12
by a plurality of studs and_nuts, generally indicated by the reference
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the roller screw 30). The valve stem 20 nay further _ be coupled to the
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relativel ynd Aiges W HOsid 29. OAA YhstofePEdat' @ & polifioned between the bonnet 14 and the
bonnet cap 26. Also depicted in Figure 1 are a plurality of openings 42 having threaded
fasteners 43, e.g., screws, positioned therein. The openings 42 are provided as a means of
providing lubricant to the bearings 36. In some cases, e.g., sub-surface applications, such
openings would not typically be present. The valve stem 20 is threadingly coupled to the roller -
screw 30 via a threaded connection 33 (external threads on an end of the valve stem 20 engage
an internally threaded opening formed in the roller screw 30). The valve stem 20 may further
be coupled to the roller screw 30 by a pin 23.

Historically, gate valves have required a relatively large amount of torque to actuate the
valve, e.g., actuation systems involving the engagement of high friction ACME threads.
However, such high torque actuation systems present several problems. For example, with
respect to manually actuated valves, such high torque valves required the generation of
relatively large forces, thus making actuating such gate valves difficult and very time-
consuming given that the actuating force was generated by an operator attempting to manually
open or close the gate valve. Even in valves employing electrical or hydraulic actuators, the

relatively large torque required to actuate the valve required that the actuator components be



val ve, e.g., actuation systens involving the engagenent of high friction
ACME t hreads. However, such high torque actuation systens present severa
probl enms. For exanple, with respect to nanually actuated val ves, such high
torque valves required the generation of relatively large forces, thus
maki ng actuating such gate valves difficult and very tinme- consum ng given
that the actuating force was generated by an operator attenpting to manually
open or close the gate valve. Even in vaéves enpl oying el ectrical or
hydraulic actuators, the relatively large torque required to actuate the
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applications where there is limited spaced available. Thus, the use of the pressure balanced

stem 22 is undesirable in such a situation.

The present invention is directed to an apparatus and methods for solving, or at least

reducing the effects of, some or all of the aforementioned problems.

Disclosure of Invention

The present invention is directed to a pressure balanced fluid control device. In one
illustrative embodiment, the device comprises a body, a valve stem operatively coupled to a
gate positioned in the body, a valve stem seal positioned around the valve stem, wherein a
sealed cavity exists above the valve stem seal, and an opening in fluid communication with the
sealed cavity and an interior region of the body, the opening allowing a pressure of the working
fluid to be exerted in the sealed cavity above the valve stem seal.

In another illustrative embodiment, the device comprises a body, a bonnet coupled to
the body, a valve stem operatively coupled to a gate positioned in the body, a valve stem seal
positioned between the valve stem and the bonnet, wherein a sealed cavity exists above the

valve stem seal, and an opening through the bonnet that is adapted to allow a pressure of a



The present invention is directed to a pressure bal anced fluid control
device. In one illustrative enbodi nent, the device conprises a body, a

val ve stem operatively coupled to a gate positioned in the body, a valve
stem seal positioned around the valve stem wherein a sealed cavity exists
above the valve stemseal, and an opening in fluid conmunication with the
sealed cavity and an interior region of the body, the opening allowi ng a
pressure of the working fluid to be exeated in the seal ed cavity above the
valve stemseal. In another illustrative enbodi ment, the device conprises a
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valve stem seal, and an opening through the bonnet that is adapted to allow a working fluid

flowing through the valve to enter the sealed cavity, thereby exerting a pressure of the working
fluid in the sealed cavity above the valve stem seal.

In still another illustrative embodiment, the device comprises a body, a bonnet coupled
to the body, a valve stem operatively coupled to a gate positioned in the body, a bonnet cap
coupled to the bonnet, a roller screw assembly operatively coupled to the valve stem, the roller
screw assembly comprising a housing, a portion of which extends through the bonnet cap, a
first valve stem seal positioned between the valve stem and the bonnet, a second seal positioned
between the bonnet cap and the bonnet, and a third seal positioned between the bonnet cap and
the housing, wherein a sealed cavity exists above the first valve stem seal, the sealed cavity
being defined by a portion of the bonnet cap, the first valve stem seal, the second seal and the
third seal, and an opening through the bonnet that is adapted to allow a working fluid flowing
through the device to enter the sealed cavity, thereby exerting a pressure of the working fluid in
the sealed cavity above the valve stem seal.

In a further illustrative embodiment, the device comprises a body, a valve stem
aperatively coupled to a gate positioned in the body, a valve stem seal positioned around the

valve stem, wherein a sealed cavity exists above the valve stem seal, a piston chamber, the



fluid in the sealed cavity above the valve stemseal. In still another
illustrative enbodi nent, the device conprises a body, a bonnet coupled to
t he body, a valve stemoperatively coupled to a gate positioned in the body,
a bonnet cap coupled to the bonnet, a roller screw assenbly operatively
coupled to the valve stem the roller screw assenbly conprising a housing,
a portion of which extends through the bonnet cap, a first valve stem seal
positi oned between the val ve stem and the bonnet, a second seal positioned
bet ween the bonnet cap and the bonnet, arid a third seal positioned between
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being defined by a portion of the bonnet cap, the first valve stem seal, the second seal and the

third seal, a piston chamber formed in the bonnet, the piston chamber being in fluid
communication with the sealed cavity and an interior region of the body, and a piston
positioned in the piston chamber.

In still a further illustrative embodiment, the device comprises a body, a bonnet coupled
to the body, a valve stem operatively coupled to a gate positioned in the body, a valve stem seal
positioned between the valve stem and the bonnet, wherein a sealed cavity exists above the
valve stem seal, and means for allowing a pressure of a working fluid flowing through the valve
to be exerted in the sealed cavity while preventing the working fluid from entering the sealed

cavity.

Brief Description Of Drawings

The invention may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like

elements, and in which:



first valve stem seal positioned between the valve stemand the bonnet, a
second seal positioned between the bonnet cap and the bonnet, and a third
seal positioned between the bonnet cap and the housing, wherein a seal ed
cavity exists above the first valve stemseal, the sealed cavity being
defined by a portion of the bonnet cap, the first valve stemseal, the
second seal and the third seal, a piston chanber forned in the bonnet, the
pi ston chanber being in fluid connunica&ion with the seal ed cavity and an
interior region of the body, and a pisto positioned in the piston chanber.
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Ilustrative embodiments of the invention are described below. In the interest of clarity,

not all features of an actual implementation are described in this specification. It will of course
be appreciated that in the development of any such actual embodiment, numerous implementa-
tion-gpecific decisions must be made to achieve the developers’ specific goals, such as compli-
ance with system-related and business-related constraints, which will vary from one:
implementation to another. Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. The
words and phrases used herein should be understood and interpreted to have a meaning
consistent with the understanding of those words and phrases by those skilled in the relevant
art. No special definition of a term or phrase, i.e., a definition that is different from the ordinary
and customary meaning as understood by those skilled in the art, is intended to be implied by
consistent usage of the term or phrase herein. To the extent that a term or phrase is intended to
have a special meaning, i.e., a meaning other than that understood by skilled artisans, such a
special definition will be expressly set forth in the specification in a definitional manner that
directly and unequivocally provides the special definition for the term or phrase.

In general, the present invention is directed to a pressure balanced fluid control device.

As will be recognized by those skilled in the art after a complete reading of the present



within the spirit and scope of the invention as defined by the appended
clains. Best Mode for Carrying Qut the Invention Illustrative enbodi nents of
the invention are described below. In the interest of clarity, not al
features of an actual inplenentation are described in this specification. It
will of course be appreciated that in the devel opnent of any such actual
enbodi nent,. nunerous i nplenenta- tion-specific decisions nust be made to
achi eve the devel opers' specific goals, ?uch as conpli- ance with
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The opening 31 may one of many openings formed in a portion of the body 12. The
opening 31 may also be the primary opening in the structure, i.e., the main bore extending
through the subsea equipment, or it may be an-ancillary flow path created within the subsea
body. In any event, the gate 16 of the valve 100 may be used to regulate the flow of a working
fluid through the opening 31. In one illustrative embodiment, as depicted in the drawings, an
opening 102 is formed through the bonnet 14. The valve 100 further comprises a directional
seal pack 103 between the bonnet cap 26 and the roller screw housing 25, a directional seal
pack 104 between the bonnet cap 26 and the bonnet 14, and a bi-directional valve stem seal 106
between the bonnet 14 and the valve stem 20. The structure and composition of such
directional and bi-directional seals are well known to those skilled in the art. A retaining ring
108 and locking nut 110 are used to retain the directional seal 103 in place. The bonnet cap 26
and the seals 103, 104, 106 define a sealed cavity 112, i.e., in all interior spaces within the area
defined by the bonnet cap 26 and the seals 103, 104 and 106. In the depicted embodiment, the
bonnet 14 is a separate component that may be coupled to the valve body 12A. However, after
a complete reading of the present application, those skilled in the art will appreciate that the

bonnet 14 may be a separate component or formed integral with the body 12A depending on the



reference, in Figures 2 and 3A-3 C, the sane reference nunber wll be

enpl oyed to identify conponents of the valve that have been previously
described with respect to Figure 1. Thus, the description set forth above
wWith respect to Figure 1 may be applicable to the other figures set forth
in the application. Figure 2 depicts one illustrative enbodi nent of a val ve
100 where the present invention nay be enployed in a subsea application. As
shown therein, the body 12A may be a portion of another structure, e.g., a
Christmas tree, a tubing head, a vel | heal, etc. The body 12A is intended to
be representative in nature as the body 12A may be of any general shape or
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In the depicted embodiment, the opening 102 is in fluid communication with the sealed
cavity 112, as well as the interior region of the body 12A. In one embodiment, the opening 102
is provided in the bonnet 14 such that the internal pressure existing within the body 124, e.g.,
within the opening 31, may also exist within the sealed cavity 112 as defined by the bonnet cap
26, and the seals 103, 104 and 106. That is, the opening 102 is provided such that the pressure
above the valve stem seal 106 is the same as the pressure within the body 12A of the valve 100,
i.e., the working pressure (*“WP”) of the working fluid flowing through the opening 31 exists on
both sides of the valve stem seal 106. In other embodiments, the opening 102 may extend
entirely or at least partially through the body 12A such that pressure of the working fluid may
be exerted on both sides of the valve stem seal 106, i.e., the opening 102 may not extend
through the bonnet 14. In some cases, the opening 102 may be coupled to a conduit that
extends between the opening formed in the body 12A and the sealed cavity 112.

In one illustrative embodiment, the opening 102 allows working fluid flowing through
the valve 100 to enter into the sealed cavity 112. In this embodiment, there is no seal between

the inlet 105 of the opening 102 and the sealed cavity 112 to prevent the flow of working fluid



particul ar enbodi nent or type of bonnet/body configuration unless such
limtations are expressly recited in the appended clains. Al so depicted in
Figure 2 is a schematically depicted arm 111 of a renpte operated vehicle
(ROV) that may be used to actuate the illustrative valve depicted in Figure
2. Such ROV vehicles and their use are well known in the art. In the

depi cted enbodi nent, the ROV arm 111 may be used to create a rotational
force to actuate the valve 100 through uge of the roller screw assenbly 24.
However, the present invention may be used in situations where other neans

are enpl oyed..t o actuat. al ve, . e. 9. l.ectyric, or hydr 1,C t ,
manual aﬁ%?ﬁei%ﬂ?a (5?‘(’:‘% Wegyea:ﬂ?mgtlﬂ%a@ﬁh{ng‘gm{}gﬁov&éﬁqége %éiﬁd cctag%' ﬁg’(ﬁl% S
act uat ed pisspPbn 6pidsae siikes af tHeOlahlel sidiR lsedl Q06 65 écual, hikerelsl babncing rthe\pRsseand| y
24, the present .invention may be used in applications where the valve is

act uat ed foyees aglingonthe vakvg & m i.e., translational rnovement. In such an
application, tfg RN BnkbhrafBY oPfhe b8 ?02?‘&§Qveﬁras@ﬂdlﬂ0?jiﬁ& FithmQHD BHRRE

operatively coupled to the valve stem 20 To achieve thé desired results.
Thus, theld pndlerbedyi RAvrman Mayhispéndingupanethe paticelar eppligstian; nintang itlestratiec
manner in Leh th I IS t uat: r. t S C

val ve, un r\ggés(ﬁrsnﬁ}gh%?él/%p%’gip F olnosza gfr ggéé%%lregslgl @%S@E@g Fh&ﬁn&qfa%eé alb?ﬁlgeﬁéggf

cl ai ns. | apprtvemdeehyi £ 6d/&iohdimpsnkral, tthresnagdlenthe gpdiidg 1182, ithe Jedsdikely particulate
conmuni cation with the.seat}hed 9 vit%// éZ, as well .as the interior, regi on of
the body PR a7 BHEEIBYMFerRCd R olé Hlgargse OftEr oM. T8> tHEcrlShnet
14 such t babwtabRmibh 24.NTf RLAESHUE Qompbiiehis T thd VA1 100 habatly bel fdjectedTo the
within the opening 31, may al so exist within the sealed cavity 112 as

defi ned biluidrigorkisg petsswrg yithipthe seied qaxity dhq wilhupsd to beydesigped tppvithstagd speha ¢ he
opening 1 s | t I
106 1 ot e osam P BB oR Bl b e RO (N R RS E T SR TGRS
t he wor ki highpe.gseuthe ¢rdanpof)S,970-17@00wsi-k Forgexpinpleg dépending gpeththe applicatien, sleni ng
31 exists th si h | v em seal r odipent s,

t he openi h"’éﬂl %ﬁ%is/ Dgilg %Rghegnct‘ei P \r%l %}%6?1%%1‘[71% gé:térf&%g?dt %é; %qﬁhbrogﬁqéh&f) gg‘c’{)ody
12A such titgdctgdrte sisswerkifg prisumsef idiengorking ifldlidray be exerted on both sides of
t he val ve stem,seal ' t he

e el ve ot emceal 108 doeses SRR SR eSS o s R e

ext ends bimeRprefdt QReNGdY AOLHRG thétrein)@ie RARY 108 LomPfisek AQit@al Whoabhéd/

iz in a piston chamber 132. In the depicted embodiment, the piston chamber 132 is formed in the
bonnet 14. In some applications, the piston chamber 132 may be formed at some location
within the body 12A. A filter 140 may also provided. A seal 134, e.g., an elastomer O-ring, is
positioned around the piston 130 to provide sealing engagement between the piston 130 and the
surface 133 of the piston chamber 132. The piston 130 is secured within the piston chamber
132 by a piston retainer 136 that is threadingly coupled to the interior of the piston chamber
132. That is, the piston refainer 136 is externally threaded while a portion of the interior of the
piston chamber 132 is internally threaded. An opening 137 is provided in the piston retainer
136 to allow working fluid within the valve 100 to contact the piston 130. The piston chamber
132 is in fluid communication. with the sealed cavity 112 (via the opening 102) and with the
interior of the body 12. The size, location and configuration of the piston chamber 132 and the
piston 130 may vary depending upon the particular application. In the illustrative embodiment
depicted in Figures 3A-3C, the piston 130 and the piston chamber 132 have a generally circular
cross-sectional configuration. In one illustrative embodiment, the piston 130 has a diameter of
approximately 0.5-1.5 inches, and the piston chamber 132 has a depth of approximately 3-4

inches. The volume of the piston chamber 132 is sized to compensate for the contraction and/or



In one illustrative enbodi nent, the opening 102 allows working fluid flow ng
through the valve 100 to enter into the sealed cavity 112. In this

enbodi ment, there is no seal between the inlet 105 of the opening 102 and
the sealed cavity 112 to prevent the flow of working fluid 9 into the
sealed cavity 112. By allowing the working fluid to enter the sealed cavity
112, the pressure on opposite sides of the valve stemseal 106 is equal,

t her eby bal ancing the pressure forces aﬁieng on the valve stem 20. The size
and configuration of the opening 102, as as its position within the
bonnet 14 and/or body 12A, .may _ vary dependj ng, upon.the cul ar |
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structure similar to the filter support housing 142.

A check valve 150 (see Figure 3A) is provided in the bonnet cap 26. The check valve
150 allows the sealed cavity 112 and all spaces above the piston 130 to be filled with a lubricant
fluid or a hydraulic fluid for lubrication. By using the piston 130 depicted in Figures 3A-3C,
the internal working pressure within the valve 100 may be transmitted throughout the sealed
cavity 112 while separating the working fluid, and the possible contaminants therein, from the
sealed cavity 112 and components contained therein, e.g., the roller screw assembly 24.

Figures 3B and 3C are provided to depict an illustrative example of the situation where
the piston 130 is subjected to working pressure of the working fluid flowing through the valve
100. Figure 3B depicts the situation where the sealed cavity 112 has been filled with a lubricant
fluid or a hydrautic fluid through the check valve 150. The hydraulic fluid is present in all open
spaces throughout the sealed cavity 112, the opening 102 and the piston chamber 132 above the
top surface 130a of the piston 130. At the point in time depicted in Figure 3B, there is no
internal pressure within the body 12. Figure 3C depicts the piston 130 at a point where a
working fluid is flowing through the valve 100 at a working pressure (“WP™). The piston 130

is exposed to the working fluid via the opening 37 in the piston retainer 136. As can be secen



136 to allow working fluid wthin the valve 100 to contact the piston 130.
The piston chanber 132 is in fluid conmunication with the sealed cavity 112
(via the opening 102) and with the interior of the body 12. The si ze,

| ocation and configuration of the piston chanber 132 and the piston 130 nay
vary dependi ng upon the particular application. In the illustrative

enbodi nent depicted in Figures 3A-3C, the piston 130 and the piston chanber
132 have a generally circular cross-secL{onal configuration. In one
illustrative enbodi ment, the piston 130 has a diameter of approxinmtely
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As will be recognized by those skilled in the art after a complete reading of the present
application, the components of the valves described herein may be manufactured from a variety
of materials commonly found in traditional valves, e.g., carbon steel, stainless steel, etc.
Moreover, the valve 100 described herein may be oriented in any desired direction, e.g., where
the valve stem 20 is disposed vertically, horizontally or at any other angle.
The present invention is directed to a pressure balanced fluid control device. In one
illustrative embodiment, the device comprises a body, a valve stem operatively coupled to a
gate positioned in the body, a valve stem seal positioned around the valve stem, wherein a
sealed cavity exists above the valve stem seal, and an opening in fluid communication with the
sealed cavity and an interior region of the body, the opening allowing a pressure of the working
fluid to be exerted in the sealed cavity above the valve stem seal.
In another illustrative embodiment, the device comprises a body, a bonnet coupled to
the body, a valve stem operatively coupled to a gate positioned in the body, a valve stem seal

positioned between the valve stem and the bonnet, wherein a sealed cavity exists above the

valve stem seal, and an opening through the bonnet that is adapted to allow a pressure of a



fluid or a hydraulic fluid for lubrication. By using the piston 130 depicted
in Figures 3A-3C, the internal working pressure within the valve 100 may be
transmtted throughout the sealed cavity 112 while separating the working
fluid, and the possible contam nants therein, fromthe sealed cavity 112
and conponents contained therein, e.g., the roller screw assenbly 24.
Figures 3B and 3C are provided to depict an illustrative exanple of the
situation where the piston 130 is subjpcted to working pressure of the
working fluid flowng through the valve 100. Figure 3B depicts the
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fluid in the sealed cavity above the valve stem seal.

In still another illustrative embodiment, the device comprises a body, a bonnet coupled
to the body, a valve stem operatively coupled to a gate positioned in the body, a bonnet cap
coupled to the bonnet, a roller screw assembly operatively coupled to the valve stem, the roller
screw assembly comprising a housing, a portion of which extends through the bonnet cap, a
first valve stem seal positioned between the valve stem and the bonnet, a second seal positioned
between the bonnet cap and the bonnet, and a third seal positioned between the bonnet cap and
the housing, wherein a sealed cavity exists above the first valve stem seal, the sealed cavity
being defined by a portion of the bonnet cap, the first valve stem seal, the second seal and the
third seal, and an opening through the bonnet that is adapted to allow a working fluid flowing
through the device to enter the sealed cavity, thereby exerting a pressure of the working fluid in
the sealed cavity above the valve stem seal.

In a further illustrative embodiment, the device comprises a body, a valve stem
operatively coupled to a gate positioned in the body, a valve stem seal positioned around the

vatve stem, wherein a sealed cavity exists above the valve stem seal, a piston chamber, the



val ve 100 of the present invention is nore conpact and may be enpl oyed in
situations where space availability is limted. As will be recogni zed by
those skilled in the art after a conplete reading of the present
application, the conponents of the valves described herein may be

manuf actured froma variety of materials comonly found in traditional

val ves, e.g., carbon steel, stainless steel, etc. Mreover, the -valve 100
descri bed herein may be oriented in any Sesired direction, e.g., where the
val ve stem 20 i s disposed vertically, h& i zontally or at any other angle.

The present inyention.is, directed tp a pressure | anced fluid control

dovi Do | RSHETAbY SR D CBTTRERRT Wi 14 50160 ¢ SEBHBH] Sbintesoh Jegjon of
val ve Steme(hgﬁy,%'tl\égﬁéfo&ﬁdéﬁloﬁédith@pisﬁﬁﬁ:EanQ&iitiOned in the body, a valve
stem seal positioned around the valve stem wherein a sealed cavity exists

above the val vi ¥t @dfighesillusiativegmbadinenhghe deviee fompeiseme hedvaaibgpnahicpypledhe

seal ed cay | ' | : ' ]
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seal ed cavity exists apove the . . )
the ﬁ/ousmg, \/ CI‘GL% a se erc]l cavity exists above the first valve stem seal, the sealed cavity

being defined by a portion of the bonnet cap, the first valve stem seal, the second seal and the
third seal, a piston chamber formed in the bonnet, the piston chamber being in fluid
communication with the sealed cavity and an interior region of the body, and a piston
positioned in the piston chamber.

In still a further illustrative embodiment, the device comprises a body, a bonnet coupled
to the body, a valve stem operatively coupled to a gate positioned in the body, a valve stem seal
positioned between the valve stem and the bonnet, wherein a sealed cavity exists above the
valve stem seal, and means for allowing a pressure of a working fluid flowing through the valve
to be exerted in the sealed cavity while preventing the working fluid from entering the sealed
cavity.

The particular embodiments disclosed above are illustrative only, as the invention may
be modified and practiced in different but equivalent manners apparent to those skilled in the art
having the benefit of the teachings herein. For example, the process steps set forth above may
be performed in a different order. Furthermore, no limitations are intended to the details of
construction or design herein shown, other than as described in the claims below. It is therefore

evident that the particular embodiments disclosed above may be altered or modified and all



val ve stem seal, and an opening through the bonnet, the opening being in
fluid conmunication wth the sealed cavity and an interior region of the
body. In yet another illustrative enbodi nent, the device conprises a body, a
bonnet coupled to the body, a valve stemoperatively coupled to a gate
positioned in the body, a valve stemseal positioned between the valve stem
and the bonnet, wherein a sealed cavity exists above the valve stem seal,
and an opening through the bonnet that iy5 adapted to allow a working fluid
flow ng through the valve to enter the seal ed cavity, thereby exerting a

ressure t I h t
E eal. In §‘§Ch1 ‘%ngnol{sﬁéég%o %l‘iegédrj‘é‘q rr%gg aﬁ&i nﬁlﬁy{) %ﬁaeg\ggé’n?ghcgk%?% g@sf tﬁffood
a bonnet pﬂﬂ@ﬁhﬂsm@htmhanbmdywtﬁmmamﬂmc$mmwmdmwrat|ver coupled to a gate
positioned in the body, a bonnet cap coupled to the bonnet, a roller screw
assenbly operatively coupled to the valve stem the roller screw assenbly
conprising a housing, a portion of which extends through the bonnet cap, a
first valve stem seal positioned between the valve stemand the bonnet, a
second seal positioned between the bonnet cap and the bonnet, and a third
seal positioned between the bonnet cap and the housing, wherein a seal ed
cavity exists above the first valve stemseal, the sealed cavity being-
defined by a portion of the bonnet cap, the first valve stemseal, the
second seal and the third seal, and an opening through the bonnet that is
adapted to allow a working fluid flowng through the device to enter the
seal ed cavity, thereby exerting a pressure of the working fluid in the
seal ed cavity above the valve stemseal. In a further illustrative
enbodi ment, the device conprises a body, a valve stem operatively coupled
to a gate positioned in the body, a valve stem seal positioned around the
val ve stem wherein a sealed cavity exists above the valve stemseal, a
pi ston chanber, the 13 piston chanber being in fluid comrunication with the
seal ed cavity and an interior region of the body, and a piston positioned
in the piston chanber. In yet a further illustrative enbodi ment, the device
conpri ses a body, a bonnet coupled to the body, a valve stem operatively
coupled to a gate positioned in the body, a valve stemseal positioned
bet ween the valve stem and the bonnet, wherein a sealed cavity exists above
t he




val ve stem seal, a piston chanber fornmed in the bonnet, the piston chanber
being in fluid comunication with the sealed cavity and an interior region
of the body, and a piston positioned in the piston chanber. In yet a
further illustrative enbodi nent, the device conprises a body, a bonnet
coupled to the body, a valve stemoperatively coupled to a gate positioned
in the body, a. bonnet cap coupled to the bonnet, a roller screw assenbly
operatively coupled to the valve stem Ithe roller screw assenbly conprising
a housing, a portion of which extends through the bonnet cap, a first valve
stem seal positiaoned between the valve stem and the bonnet, a second seal
posi ti oned ‘b%t‘%/\é%‘ﬁ‘efihe bonnet cap and the bonnet, and a third seal

positi oned between the bonnet cap and the housing, wherein a sealed cavity
exi sts above the first valve stemseal, the sealed cavity being defined by
a portion of thd.bonAedevicgpcomising: r st val ve stem seal, the second seal and
the third seal n Bad i ston chanber forned in the bonnet, the piston chanber
being in fluid “co nication with the sealed cavity and an interior region
of the body, andvalvpisgirsperfivglytdoapled td ngdtdiposictiedin sdivhbdaty; . I n still a
further illustrative enbodj ment, the device con%i ses a bogg a.bonnet

coupl ed to t he 3D stem spal Rasitionedrargpad sad Valys Step ihesein@seaed, sV posi t i oned
in the bodyyisg b8ld/&iFtR §&RlealPOSI tioned between the valve stemand the
bonnet, wherein a seal ed cavity exists above the valve stemseal, and neans
for allowi ng a préseushembtr, saidpiskinghamber keirfg indiuidhcammueniegtionhathsgidve  to be
exerted in the Vi i |l.e qr i the working fluid from
entering t HE Es:degﬂ%gggg%grs}n{t%}%r%énp%f%?ﬁ\éﬁpgrﬁgrrbodi ments di scl osed above are
il lustrative onlapist@spdsitinediredaid gistonmalyambee thaoslibkiasth] Brisolpeacdd sakbdi n

di fferent but. equival ent .manners_a (Pﬁ&’rent to those skilled in the art

havi ng t he “B&Rel? s “i‘tﬁ%mtré%leﬂioﬁ@fg Yein. For exanple, the process steps
set forth above nay be perfornmed in a different order. Furthernore, no
limtations are intended to the details of construction or design herein
shown, other thah asThedevicmeldlaim I mdersimsaidspisten shamber iy ormedingfboneet evi dent
that the pajticul a i ts disclosed above may be altered or nodified
and all 14%astlljs(:?1ou9%fii?a al(?%lr}lg;s%gre considered within the scope and spirit of

t he invention. Accordingly, the

3. The device of claim 1, wherein said piston chamber is formed in a portion of

said body.

4, The device of claim 1, wherein said valve stem is operatively coupled to a

roller screw.

5. The device of claim |, further comprising a piston retaining ring that is adapted

to retain said piston in said piston chamber.

6. The device of claim 5, further comprising a filter positioned between said

piston and said interior region of said body.

7. The device of claim S, further comprising:
a filter positioned between said piston and said interior region of said body; and
a filter support ring to retain said filter in position, said filter support ring being

threadingly coupled to said piston retaining ring.



protection sought herein is as set forth in the clains below 15 Wat is
clainmed: 1. A device, conprising: a body; a valve stem operatively coupl ed
to a gate positioned in said body; a valve stem seal positioned around said
val ve stem wherein a sealed cavity exists above said valve stemseal; a
pi ston chanber, said piston chanber being in fluid commnication with said
sealed cavity and an interior region of said body; and a piston positioned
in said piston chanber that substantialléy i solates said sealed cavity from
said interior region of said body. 2. The device of claim1, wherein said
pi ston chanber is _fornmed in a bonnet, that is coupled to,.sai.d body. 3. The
devi ce of clai msiTL?/\ﬂ?é’ﬁ‘é? of claiind ﬁihgﬁewatdﬁ‘ﬁ‘l%esfer? §‘P"‘5 Ef’r%tfi“ieﬁ“‘é‘agﬁﬁa ‘i on of
said body. 4. The device of claiml, wherein said valve stemis operatively
coupled to a roller screw. 5 The device of claim1, further conprising a
pi ston retai ni n@- thadevid¢vanf claimddabersin saidsepled aavitysaptdesst parvally defingd 8y pi st on
chanber. 6._,The ? ice of claim5b, further conprising a filter positioned

bet ween saiadbonB?ts 'n and said interior region of said body. 7. The device of

claimb5, further conprising: a filter positioned between said piston and
said interior regian of sai.d body. and a fjlter support ring to retain said
filter in posi tilgn?hes‘gﬁvffefoiflclta@?qs[Yﬁ'gﬁrrcton}ﬂnﬁﬁ'gﬁéfﬂgjmg@ﬂ?@atlﬁ“ﬁ nsaidyypled to
sai d pi st onified ld¥aliOpistbAGhandter. 8. The device of claim 1, wherein said valve
stem seal i's a bi-directional seal

11. The device of claim 1, further comprising a hydraulic fluid positioned in said
sealed cavity above said piston, wherein said hydraulic fluid is adapted to be substantially

isolated from a working fluid within said body by said piston.

12. A device, comprising:

a body;

a bonnet coupled to said body;

a valve stem operatively coupled to a gate positioned in said body;

a valve stem seal positioned between said valve stem and said bonnet, wherein a
sealed cavity exists above said valve stem seal;

a piston chamber formed in said bonnet, said piston chamber being in fluid
communication with said sealed cavity and an interior region of said body; and

a piston positioned in said piston chamber that substantially isolates said sealed

cavity from said interior region of said body.

13. The device of claim 12, wherein said valve stem is operatively coupled to a

roller screw.,

14. The device of claim 12, further comprising a piston retaining ring that is
threadingly coupled to said bonnet, said piston 'retaining ring being adapted to retain said

piston in said piston chamber.



9. The device of claim1l, wherein said sealed cavity is at |east partially
defined by a bonnet cap. 10. The device of claiml, further conprising a
seal positioned between said piston and said piston chanber. 11. The device
of claim1, further conprising a hydraulic fluid positioned in said sealed
cavity above said piston, wherein said hydraulic fluid is adapted to be
substantially isolated froma working fluid within said body by said

pi ston. 12. A device, conprising: a boHy: a bonnet coupled to said body; a
val ve stem operatively coupled to a gate positioned in said body; a valve

Seal e cavi Uy exteite ARITOIRHTA el GBS T B ORRA R s B v 1 1

sai d bonnet petwédnGaidl Fitomahandbateridetegibni of sdil bbdy. conmuni cation with said
sealed cavity and an interior region of said body;, and a piston positioned
in said piston chanber that substantially isolates said sealed cavity from

said interior reg fe Hé‘”%f%lmqg fu%ﬁerc%r?@gi ce of claim12, wherein said

val ve stemis operatl vely coupled to a screw. 14. The devi ce of
claim12, furt herﬁlmmpmtlgqugn aaigibenneh between ssiichpiston agd sdidiintéror regiorealdi ngl y
coupl ed to saj ddb said piston retaining ring being adapted to retain
said pi st off %’ p| ston chanber. 17 15. The device of claim 14, further

conpri si ng a fi |iﬁlﬁer@®§joﬁ‘ﬂr@fg€tdrd:tﬂlnfsaidd'llﬁﬁlhf]ﬁfsml@ﬁlS&ﬁﬁﬂltﬁ&hﬁbo@lﬂ digeignd sai d
interior %IOH of said _bod 16. The device of claim 14, further

conpri si ng: EmﬁmgbéW“HSQFi$ﬁ%@@mpﬁﬂ§%FﬁrﬁBnnet bet ween sai d piston and said
interior region of said body; and

17. The device of claim 12, wherein said valve stem seal is a bi-directional seal.

18. The device of claim 12, wherein said sealed cavity is at least partially defined

by a bonnet cap that is coupled to said bonnet.

19. The device of claim 12, wherein said sealed cavity is at least partially defined
by a bonnet cap that is coupled to said bonnet, a seal between said bonnet and said bonnet

cap, and said valve stem seal.

20. The device of claim 12, further comprising a seal positioned between said

piston and said piston chamber.

21. The device of claim 12, further comprising a hydraulic fluid positioned in said
sealed cavity above said piston, wherein said hydraulic fluid is adapted to be substantially

isolated from a working fluid within said body by said piston.

22. A device, comprising:

a body;

a bonnet coupled to said body;

a valve stem operatively coupled to a gate positioned in said body;

a bonnet cap coupled to said bonnet;



a filter support ring to retain said filter in position, said filter support
ring being threadingly coupled to said piston retaining ring. 17. The
device of claim 12, wherein said valve stemseal is a bi-directional seal

18. The device of claim 12, wherein said sealed cavity is at |east partially
defined by a bonnet cap that is coupled to said bonnet. 19. The device of
claim 12, wherein said sealed cavity is at least partially defined by a
bonnet cap that is coupled to said bonn#, a seal between said bonnet and
sai d bonnet cap, and said valve stemseal. 20. The device of claim12,

further conprising . a seal positioned betwe sai, i ston and said piston
Charber . 21" The TUG: CEGHSETY PTSIFL R 12 ST P EF s BTVt 1 ui o
posi tioned 4sterf domp@ahLah& Mgl ¥ pordioN 8f Sfic cRichdOMrouph 84i@ bbnifedtap; hydr aul i ¢
fluid is adapted to be substantially isolated froma working fluid within
sai d body by saiafirgi wiritenp seal postiésicd betweempid ¥3lyestemzang seig borndbcnnet
coupled to I g t ] : e positioned
in said bod% ?&q'agg%g)\éﬁlg? néécg%“g%%psﬁgdb %Egétggﬂ) %‘ﬂooh&r:l@(th%ti gn& %th?rg %?%]r screw
assenbl y opsssaiohetebyrwesangaiddsbnnet capiand vad bausdigewhersimi aksenletl kevitysoiseav assenbl y
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second seal bd@lﬂéticra%%ml@ma\r\@eﬁeméaq shidRB&Ind Gad) aRdShi$ i@ segnnet, and a third
seal positioned between said bonnet cap and said housing, wherein a seal ed

cavity exists abristen shamper formed jimsajdbameaié aistonshpmbardmingdndiid t y bei ng
defined by 19@5-' : i - Sal J: sjem seal, said
second seaI&%n 'E%f@“?ﬁ??ﬁ“ﬁgﬁ?? a Bfg?g%H@%gﬁ€%$5f%$%guﬁﬁﬂ’%@id bonnet,
sai d pi st on chardysstobposigeried if faid plistoo@harlper clet substantislly sallats sedkededcavi ty

and an int ergefv%r/ frE)l(ffxigslalodnlntcc):];'iorS taelg%n%?ge}/iéi bgé‘ﬂ

23. The device of claim 22, further comprising a piston retaining ring that is
threadingly coupled to said bonnet, said piston retaining ring being adapted to retain said

piston in said piston chamber.

24. The device of claim 23, further comprising a filter positioned in said bonnet

between said piston and said interior region of said body.

25. The device of claim 23, further comprising:

a filter positioned in said bonnet between said piston and said interior region of
said body; and

a filter support ring to retain said filter in position, said filter support ring being

threadingly coupled to said piston retaining ring.
26. The device of claim 22, wherein said valve stem seal is a bi-directional seal.

27. The device of claim 22, further comprising a seal positioned between said

piston and said piston chamber.



a piston positioned in said piston chanber that substantially isolates said
sealed cavity fromsaid interior region of said body. 23. The device of
claim?22, further conprising a piston retaining ring that is threadingly
coupled to said bonnet, said piston retaining ring being adapted to retain
said piston in said piston chanmber. 24. The device of claim 23, further
conprising a filter positioned in said bonnet between said piston and said
interior region of said body. 25. The d&ice of claim23, further
conprising: a filter positioned in said bonnet between said piston and said

interior region Qf .said b s dea filter. suppornt ring.+o0 retain said

1 er i posi tigh e Bpie i aip 20 ikt s ARG o ik Pl s b 8L B fed <o
sai d pi slt Ohseﬁﬁﬂgbﬂidy_fwoi’/é 30 plaﬁm, Wllilﬁeidggiﬂfﬁﬂﬁﬁg@ﬂﬁﬁidm Q%ptéfhﬁbegﬂzbsﬁt?ﬁﬂlwhm ve
stemseal is a bi-directional_s ... 27. e device of claim?22, further
conpri sing ﬁo@gﬁﬁhﬁb%FQV%ﬁ@HE%%gaééﬁd§éﬁﬂ- pi ston and said piston chanber.
19 28. The device of claim22, further conprising a hydraulic fluid
positioned in said sealed cavity above said piston, wherein said hydraulic
fluid i s adapt ed2% & dewicsadapttechtoi alvé y worldng Huid dlofwr themethaouhwenik dewicef | ui d by
said piston, 29..A device adapted to have a working fluid flow therethrough,
sai d devi ceconﬁodﬁﬁ\g'rsi ng: a body; a bonnet coupled to said body; a valve stem
operatively coupdiediyf 0 a gate positioned in said body, a valve stem seal
positi oned between said val ve stem and said bonnet, wherein a sealed cavity
exi sts above saidParicouBkdin wadbedyand neans for allowing a pressure of said

working fluid to, Pevet&h bpctalivkly 8dubIcaaah gohe poatbhed WA @oly;€VeENting said
working fluid fromentering said sealed cavity.
a valve stem seal positioned between said valve stem and said bonnet, wherein a
sealed cavity exists above said valve stem seal; and
means for allowing a pressure of said working fluid to be exerted in said sealed

cavity while preventing said working fluid from entering said sealed cavity.

30. The device of claim 29, wherein said means comprises a piston positioned in a
piston chamber formed in said body, said piston chamber being in fluid communication

with said sealed cavity and an interior region of said body.

31. The device of claim 29, wherein said means comprises an opening through
said valve body that is in fluid communication with said sealed cavity and an interior

region of said body.

32. The device of claim 29, further comprising a roller screw operatively coupled

to said valve stem.

33. The device of claim 30, further comprising a filter positioned in a recess in

said bonrnet upstream of said piston.

34. The device of claim 30, further comprising a piston retaining ring that is

threadingly coupled to said bonnet.



30. The device of claim?29, wherein said neans conprises a piston positioned
in a piston chanber formed in said body, said piston chanber being in fluid
comuni cation wth said sealed cavity and an interior region of said body.
31. The device of claim?29, wherein said neans conprises an openi ng through
said valve body that is in fluid communication wth said sealed cavity and
an interior region of said body. 32. The device of claim?29, further
conprising a roller screw operatively cupled to said valve stem 33. The
device of claim30, further conprising a filter positioned in a recess in
sai d bonnet upstre f .said pistopn.. 34. The. device of claim 30 t her
conprising a pi é5 ilmr ‘gﬁvéﬁerﬂfﬁb“?m?hgp“fthﬁ‘iCof'?“s't“ﬁraéJHW ﬁ‘&p?rtcf’&'gﬁ? ée(ﬁélfléa'gal d
bonnet. 20 fig%. The device of claim 33, further conprising a filter support
ring toretain said filter.



