1 PRESSURE BALANCED FLUI D CONTRCL DEVI CE Technical Field The present
i nvention 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
comonly 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 balanced stem or ug?alanced stemvalves. As is well
known in the art, in an unbal anced stemgate valve, there is a net force
exerted on the valve s o i e equal to the
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is aligned with the opening 31 through the body 12. The bonnet
actuate the gate valve. Although reducing the stem seal area 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 valve 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
nunber 22koupledithe diftimgnabt $éato iR istsmpa&isui:brhlmﬂ thereuindnd hretatipn dstweer theseance
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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 vakves enploying electrical 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 exegted in the sealed 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
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, 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 valve stem and the bonnet, a second seal positioned
bet ween the bonnet cap and the bonnet, an¥ a third seal posi ti oned between
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t hr ough t héhellonsing, \Obﬁﬂemaa. 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, 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 piston positioned in the piston chanber.

In still a further (Llustrative enbodinner t he .devi ce conpri ses ,a.body, a
bonnet coupl ed%lﬁuﬁe i I EBWSCCHOIWEIV’&?@’ @Eﬁ%ﬁ@?vﬁqa&&ﬁﬁe%%g%gaaf% desighi; e
positioned in EiRrdedYs adchad-¥RUSARMWMISRAS oD SldstkaivRd chBbdBRA bPahy PheseniSt em
and the bonnet, wherein a sealed cavity exists above the valve stem seal,
and neansi¥6ptiema8%i ng a pressure of a working fluid fl owing through the
valve to be e ) : ' ' I i wgﬁlﬂh | uid
fromentering ?ﬁée&%e%‘?gg Q%a‘éigggy.&g%érﬁlﬁle/:‘v ie}é[g\gglré g%t?o%%gr&govah %%se e dr

i nvent i oniliwsgratvee embislinentad the presshbmeendiont o t he fol | owi ng description taken

in conjunctio L th the acconpanyi dr.awi_ngs, in.whi.ch like, reference
nuneral s i denti 9 Fl]gemvgp%%ﬁ%)gl,l%gﬁgﬂ? ﬁo V\W@Fﬁ n@ﬂlﬁ@t@(ﬂ]ﬁemﬁﬁl&e@aﬂw t%rms,
Cr 0Ss- secgparifid embedimehtsathierebf hisier deh \showa b nesdo S éxamplainethe alrmeinge sad)ive

Figure 2 s a cross-sectional_view, of oae illustrative gg‘oodi ment of the
present PAFEhAPSHDeh MY defdurlk shaild Je udersiopdshoves it dhe (PRI hereig pfe
valve in %ﬁﬁfﬁﬁﬁ&iﬂpﬁt@ e theRdedith likhih Sk 4fioR 1A ipaRRhIaP forkb 8isPl &ASH

i nventi on. Ile the invention is susceptible to various nodifications and
al t er nat i 98 theeenirary, sheegitdritiondsrisoeiivarll modifieatians, snuiMalaptseandstitpieatives falipgof
exanpl e i .k I3 . el ' ' .. It should be
under st 0o %%ﬁ@&t%ﬁg@o@g ﬁgﬁ%elg‘tc}rﬁl{l%% %o%ﬁag% %’P‘?}lgg I%ng%%@lhhsb enbodi nents is
not intended to limt the invention to the particular forns disclosed, but

gzdt Qlet Z?*,Qﬁf&r’,{éﬁge %02&, ::;fg”(’)t'lﬁﬂe in%eltlt%ncover all nodifications, equivalents,

Hustrative 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-specific 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 expressiy 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



wthin the spirit and scope of the invention as defined by the appended
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in the appgedtddAdnay als bemeragiestypture that is intended to only house the valve 100.
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 cSupled 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 portjon of another structure, e.g., a
Christmas tree, a tubing head, a well head, etc. The body 12A is intended to
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the appended claims.

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,
1.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 arml | 1 of a renote 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 uséd in situations where other neans
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112.
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 retainer 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



I'n one 1llTustrative 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 hereby bal ancing the pressure forces acting on the valve stem 20. The size
and configuration of the opening 102, as Mell as its position within the
bonnet 14 and/or body 12A, may vary dependi ng upon the particul 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 hydraulic fluid through the check valve 150. The hydrautic 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 137 in the piston retainer 136. As can be seen



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-3 C, the piston 130 and the piston
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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



flurd or a hydraulic fluid for lubrication. By using the piston 130 depicted
in Figures 3A-3 C, the internal working pressure within the valve 100 may
be transmitted throughout the sealed cavity 112 while separating the

wor king 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 subjected to working pressure of the
working fluid flow ng through the val ve 12100. Figure 3B depicts the
situation where the sealed cavity 112 has been filled with a |ubricant
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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
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, 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 desired direction, e.g., where the
val ve stem 20 is disposed vertically, horjzontally or at any other angle.
The present invention is directed to a pressure bal anced fluid control

devi ce. | @8 chanitel Bbindlih YRiE R IABMon Willethe Q¥dIEE AU B SnRriSORY¥ion DF
val ve stem operatively coupled to a gate positioned in the body, a valve
st em seal thokddyi enteaipision pagitiensd iy feastes ambiherein a seal ed cavity exists

above the val vg, g&ﬁ‘hﬁﬁ@} iu@Pdive %m%BE%% tﬂe’lgeirigk! icgmﬁﬂ%‘é%‘aﬁ,ti P‘f})ln\é‘ﬂ dolipfeli®
sealed cavity and an interior region of the body, the opening a omAnB a
pressure db thettedyor kilvgsternlopemtivay baupbeddn ta edteipositibeedsie dheebbdyaw valye stémgenlt he

val ve stem seal . anot.her .illustratjve enbodi nent, t devi ce copprises a
body. 5 baREEnLEAPEE S VatvReo i Pl e ot S oyePR Uy STt PR 6
gat e posi tyaRiReslerh RedlNa MY chinbe! findt RMhE Gdhnet POSI Histon @HakBr IR fhBuiyal ve
stem and the bonnet, wherein a sealed cavity exists above the valve stem

seal , and emMBEeHay Wit dhe)ealet cpdtnand apdiiterier segaon of the hedy.oand appisteBur e

of a 12 gﬁEilﬁ'bﬁ&iiB't‘l% sthh QWAHsE,t hrough the valve to be exerted in the seal ed
cavity above the va stem seal. In yet another illustrative enbodi nent,

t he devi ce conpniystesfiatheoillpsiraiive zinbedisteatrtheojsaica chmptises aduggdly caibermetacoypled

ositioned. i he ba I . L r. | ve _stem
Pherei i a ol biS. 3NA s St el TRRR! (7 Bt LBARthA 1R phE o tectel
t hrough tdaapleddythelbahna) 4 foller scrpw asssmbly opkratihey wouedtp the walde stembpthe ekt ed

in the seal ed cavi above, the, valve stemseal.., In apother illustrative
oot mam ECTe SR TR & BSEy B APioR B orHEh SH5ME LEPEh e FEIELEp, 4

val ve st engepalalstereksal pOsiHbRE bbQvedn BRNVAVE QR ArdBSIbdrhet, ABeRRd ¥eal Posidnie
stem seal positioned between the valve stem and the bonnet, wherein a

seal ed cawietyeenthebenngbeapeandiibe 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, 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 openi ng through the bonnet that i§4adapted to allow a working fluid
flow ng through the valve to enter the sealed cavity, thereby exerting a
ressure of fhe.workin fluid in.the seal ed, cavjty above .the,val ve stem
Deat 1 cieh Vesatipnar pameiddienpih U S50 Rl i b dieGtono AfPerdeth Bay
a bonnet cprdfkBsh soughitHeeeid adi setforidimBe claRig teRpv.at i vel y 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 the roller screw assenbly conprising
a housi ng, “h#ids elpigredsf whi ch 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

posi ti oned lbatdeeire allysed et acapkmgdluid Aewhmtethraighyduid dévicen seal ed cavity
exi sts above the first valve stemseal, the sealed cavity being defined by
a portion &PMPHEDBoNNnet cap, the first valve stemseal, the second seal and
the third seal, a piston chanber fornmed in the bonnet, the piston chanber
bei ng ir‘flfﬂég' comuni cation with the sealed cavity and an interior region
of the body, td a pi ston positioned in the piston chanber. In still a
further illustrative enbodi nent, the device conprises a body, a bonnet
coupl ed t q HoRRetRBHYIed o ¥4 Y&dy8t em operatively coupled to a gate positioned
in the body, a valve stem seal” positioned between the valve stemand the
bonnet, wherein a sealed cavity exists above the valve stemseal, and neans
for all ow ngalveptans speretivdly aowpbedkioraggatd posttidnedm sugd bodygwdlerdileaid abhlve to be
exerted in the seal ed cavity. whil reventing the working fluid from
entering tﬁ@“k@éW@@mvgﬁﬁpﬂyﬁd?h%“g@???%ﬁiar enbodi nent s di scl osed above are
illustrative only, as the invention may be nodified and practiced in

di fferent ' . er t .11 I : art

havi ng thel%t){é}@fas I&l{ﬂg%aﬁ?p {%sé eacaﬁ;&h@gsg ﬂ%‘?ﬂgen%t&&‘o‘pf?%@g%%egeﬁg ﬁeg&pér)!gsgsess st eps
set forth abowesaitbyalvdbaemeeiloamed in a different order. Furthernore, no
limtations are intended to the details of construction or design herein
shown, other than as described in the clainms below. It is therefore evident
t hat the pantoperihgforareddnlsaid hosnadi i enveihgdisingdn fd eammbpispiéen with modi fi ed

and al | 14 el BRAIR Rk BorRBRhdRLRd nii Mol SRR AABG:RNY P TT L O
pressure of said working fluid to be exerted in said sealed cavity above said valve

stem seal.

2. The device of claim 1, wherein said opening further extends through at least a

portion of said body.
3. The device of claim 1, wherein said bonnet is formed integrally with said body.
4. The device of claim 1, wherein said valve stem seal is a bi-directional seal.

5. The device of claim 1, wherein said sealed cavity is at least partially defined by a

bonnet cap that is coupled to said bonnet.
6. The device of claim 1, 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 vaive stem seal.
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protection sought herein is as set forth in the clainms below Wuat is
clainmed: 1. A device adapted to have a working fluid flow therethrough, said
device conprising: a body; a bonnet coupled to said body; a valve stem
operatively coupled to a gate positioned in said body, wherein said val ve
stemis operatively coupled to a roller screw, a valve stem seal positioned

around sai d yal vevieé saptad8malda dovi8ak AHidR IRraoahRs, safiRVResai d valve
stem seal ; and an opening fornmed in said bonnet, said opening being in fluid

communi cat COMPUFNE:  said seal ed cavity and an interior region of said body,
said opening allowing a pressure of said working fluid to be exerted in
sai d seal ed .cavity above said valve stemseal. 2. The device of claim1l,
wherein saiadmgﬁ’eni ng further extends through at |least a portion of said
body. 3. The device of claim1, wherein said bonnet is forned integrally

with said | eyi .of claim1l, wherein said valve stemseal is a
bi -directi ?)lna %te?é}lp-g@?o %hdéb(?i@ﬁ ce of claim1, wherein said sealed cavity is

at least partially defined by a bonnet cap that is coupled to said bonnet.

6. The deviacalvefsteh apdtativelWbaupdédtosidate sealondd trastid Bodys wilerdie gl valaeti al |y
defined by a bonnet cap that is coupled to said bonnet, a seal between said
bonnet and Sie&t i§ aperstisely corpled Sndraller 616%™ ve stem seal . 15 7. A device
adapted to have a working fluid flow therethrough, said device conprising:

a body; a %ngpv%tste%(l) ls'lgall }e)gsiﬁgne%a}alegwge%ds\éi.d valve stem and said bonnet, wherein a

sealed cavity exists above said valve stem seal; and

an opening formed in said bonnet that allows a pressure of said working fluid to be

exerted in said sealed cavity above said valve stem seal.

8. The device of claim 7, wherein said valve stem seal is a bi-directional seal.

9. The device of claim 7, wherein said sealed cavity is at least partially defined by a

bonnet cap that is coupled to said bonnet.

10. The device of claim 7, 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.

11. A device, comprising:
a body;
a bonnet coupled to said body;

a valve stem operatively coupled to a gate positioned in said body, wherein said valve

stem is operatively coupled to a roller screw;

a valve stem seal positioned between said valve stem and said bonnet, wherein a

sealed cavity exists above said valve stem seal; and
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a valve stemoperatively coupled to a gate positioned in said body, wherein
said valve stemis operatively coupled to a roller screw, a valve stem seal
positi oned between said val ve stem and said bonnet, wherein a sealed cavity
exi sts above said val ve stem seal; and an opening formed in said bonnet that
allows a pressure of said working fluid to be exerted in said sealed cavity

above sai d analp¥king fered R baid BonddiSatiEdfeaigMeingl iaitlid conti@hRhtiorb@itHl val ve
stemseal is a bi-directional seal. 9. The device of claim7, wherein said

seal ed cavisgid sealedeaviypnd apan&erlanuegloa@rfﬁﬁéérow a bonnet cap that is coupled
to said bonnet. 10. The device of claim 7, wherein said sealed cavity is at
| east partially.defined_.hy. net ca hat 1s e i d bonnet, a
seal bet vveenlé‘aji“}l? ‘{%H:ﬁé)lf C%Hﬂ%a\” erelﬁ’osﬁ’r?o ‘farl cm gljld&%v%:lgvga F%lm seal . 11.
A devi ce, conpri si ng: a body; a bonnet coupl ed to said body; a valve stem
operatively coupled to a e positjoned in said bod wherein said val ve
stemis oper 3ilhside V@G@épgﬁﬂtld whersin seid sealed wavity iy af lrastasiallyalefingsbsi t i oned

bet ween said v wherein a sealed cavity exists
above saldb B’%}Iﬁ[l&tc%h]sea u%%gqiggggsg%%nlng formed in said bonnet, said
opening being in fluid connunication with said sealed cavity and an
interior reglon of said body. 12. The device of claim11l, wherein said valve

stem seal isl4 Ele %V}Cé@ficlﬂﬁallls@hfrem spigl seqlgd caty isat @PStdlagl%Yij fingther ei n
sai d seal eq) Y dap 1 h &ﬁ%ﬁ]edﬁg ki oh tdz?%éaflﬁéiwig’r}’mi;‘d Bgnﬂ{é?ﬁncf%ﬁ’ t hat ' S

coupled to onn &Vice of alm 1 erelrn sald seale

cavity is aionhaa:ap, amdrshudajalvsemﬁsm.d by a bonnet cap that is coupled to
sai d bonnet, a seal between said bonnet and said bonnet cap, and said val ve
stem seal .

15. A device adapted to have a working fluid flow theretbrough, said device

comprising:
a body;
a bonnet coupled to said body;

a valve stem operatively coupled to a gate positioned in said body, wherein said valve

stem is operatively coupled to a roller screw;

a valve stem seal positioned around said valve stem, wherein a sealed cavity exists

above said valve stem seal; and

an opening formed in said bonnet that allows a pressure of said working fluid to be

exerted in said sealed cavity above said valve stem seal.

16. The device of claim 15, wherein said valve stem seal is a bi-directional seal.

17. A device adapted to have a working fluid flow therethrough, said device

comprising:
a body;

a bonnet coupled to said body;
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15. A device adapted to have a working fluid flow theretbrough, said device
conprising: a body; a bonnet coupled to said body; a valve stemoperatively
coupled to a gate positioned in said body, wherein said valve stemis
operatively coupled to a roller screw, a valve stem seal positioned around
said valve stem wherein a sealed cavity exists above said valve stem seal;

and an openi gvé QemRperativelaicduplod ked gitb pbsitibhedVia sfidpodg swligeiafsaidaiatiewor ki ng
fluid to be exerted in said sealed cavity above said val ve stem seal. 16.
The devi ce B¢mdy eperativsly covpteditp adaller sgye stem seal is a bi-directional
seal. 17. A device adapted to have a working fluid flow therethrough, said

seal device adapt e | d ¢1ow |
oper ati vel y¥ Ui En o %S RARRE DU E el daSThl PORGE WL P T

stem i s opegcaled\¢aviyy &astphesletsaidaval vl st s&tyad, a val ve stem seal positioned
bet ween said val ve stem and said bonnet, wherein a sealed cavity exists
above said valve stemseal; and an opening forned in said bonnet that allows
sai d wor ki nap dnening fooneashinsaiddaindetdbat| adldws saidiwoyking ikwidtpyentsrsnidi sagled pressure
of said worki qg t&l lr#?d in.said sealed cavit aﬁo.ve sai d lvﬁffll ve stDem seal . 18.
The devi ce G TFHPH FCCTHEE £ REFPSEBRHIA! ?"’Hﬁé{‘ég Pﬁdtl&sa‘gc?g‘i”ﬁ EhEW B°RVS recess
formed in S thiboasatseglver said opening so as to filter said working fluid
flowi ng through said opening in said bonnet and into said seal ed cavity.

19. The device of claim 17, wherein said valve stemseal is a bi-directional
seal . 20. Th&. tibwdorcedf ddimi W, fitthenhempiising aifilttespeslitemhed aw b rgcesssformned east
partially dﬁfslalrgieb%nnet over said opening so as to filter said working fluid flowing through said

opening in said bonnet and into said sealed cavity.
19. The device of claim 17, wherein said valve stem seal is a bi-directional seal.

20. The device of claim 17, wherein said sealed cavity is at least partially defined

by a bonnet cap that is coupled to said bonnet.

21. The device of claim 17, 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.

22. A device adapted to have a working fluid flow therethrough, said 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 roller screw assembly operatively coupled to said valve stem, said roller screw

assembly comprising a housing, a portion of which extends through said bonnet cap;

18



by a bonnet cap that is coupled to said bonnet. 21. The device of claim17,
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 stemseal. 22. A device adapted to have a working fluid
fl ow t heret hrough, said device conprising: a body; a bonnet coupled to said

body; a valyfrssvlie spRrsedl poeitionedb@ivech §0d aalgatiempedishiddnedet, B s&dnhd body; a
bonnet cap coupled to said bgnnet; a roller screw assenbly operatively

coupl ed to 8l Rpsifiongd betvean said banped carpndsarddhpnngts audip trd-$sabpesittangd a

housi ng, a Welp i . S 3l 9513{,_, : first
varvia gtem %g‘g%éng%éﬂ?%{e%%bagtﬁ\%gggﬁggﬁ%%{gg%??g%@an ség(?sgs %bé)#ﬁg?d :a second

seal positifinedleitowanalssidsdatedravite bgingdeffirsali by doportien pf seidibenrtehcapd seal
positioned befween said bonnet cap. and sai d housing, erein a seal ed
cavity exi st LAV P sofl paig S%B@éef’gf”é‘ﬁf%%g\“, sk wdeal ed cavi ty being
defined by a portion of said bonnet cap, said first valve stemseal, said
second seal i j ; ' ' t that
1 ons sar dhoriRg el ¥l 36Rhe SRRAIAD: QRERLAE NEAHHURGRLARANE. | 100

pressure of cavith dhwvebk exgtihd #ptksuie shsaid sellieg fladvh kyidabalvdcavigiaboval ve stem
seal . 23. The_device of claim?22, further conprising a filter positioned in
a recess foiabelve Hem#pal bonnet over said opening so as to filter said
working fluid flowing through said opening in said bonnet and into said
seal ed cavity. 24. The device of claim 22, wherein said first valve stem
seal is a bi-directional seal. 25. A device adapted to have a working fluid

f1 ow t her et hr3ughe dsadeCofdMnCE, fiGdip Compigig a filter positioned in a recess formed
in said bonnet over said opening so as to filter said working fluid flowing through said

opening in said bonnet and into said sealed cavity.

24. The device of claim 22, wherein said first valve stem seal is a bi-directional

seal.

25. A device adapted to have a working fluid flow therethrough, said device

comprising:
a body;

a solid valve stem having a first end operatively coupled to a gate positioned in said
body and a second end opposite said first end, said second end of said valve stem

having an end face,

a valve stem seal positioned around said solid valve stem, wherein a sealed cavity
exists above said valve stem seal and said end face of said second end of said valve

stem; and

an opening in fluid communication with said sealed cavity and an interior region of
said body, said opening allowing a pressure of said working fluid to be exerted in said

sealed cavity on an entirety of said end face of said second end of said valve stem,
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a body; a solid valve stemhaving a first end operatively coupled to a gate
positioned in said body and a second end opposite said first end, said
second end of said valve stem having an end face; a val ve stem seal
positioned around said solid valve stem wherein a sealed cavity exists
above said val ve stem seal and said end face of said second end of said
valve stem and an opening in fluid comrunication with said seal ed cavity
and an interior region of _said body, said opening allow a pressure of
sai d wor ki ng 264 E.hfa evacepdf cdaiay 3% avhiersis sgi¢iopaning @ﬂer@éﬁupyglw g#tamertioat y of
said end faﬁ% gld second end of said valve stem 19 26. The device of
claim 25, rein said opening extends through at least a portion of said
body. 27. The device of claim25, wherein said opening extends through a
bonnet coupled _to said dy. 28. The device of claim?25 wherein sajd
openi ng ext eﬁ&smﬁéwfﬁwﬁﬁewﬁm s3id opendng eeiends trghah p oppet Fowpled body .
29. The devkgsmquﬁlaln125 wherein said valve stemis operatively coupl ed
toa roller scre 30. The device of claim?25, wherein said valve stem sea
is a bi- dlrectional seal . 31. The device of claim27, wherein said sealed

cavity is at Je art fined b bonnet ¢ at 1s cqupled to

sai d bonnet . %ﬁel'ﬂ‘g Xb%e(‘,“fhﬁfeﬁ’i‘ 09&%‘?%‘?’?‘16%‘158}3‘0355?@8“% }tg is at

| east partlﬁlnlﬂg a6 tﬁ:g i@ Hagpnet cap that is coupled to said bonnet, a
seal between sald %# 1anaclil sa?g bonnet cap, and said valve stem seal. 33.

The device of claim 25 wherein said openl ng all ows worki ng fluid to enter

B?;g edsieﬁl gg@aﬁt X%Vé f cTa1m fSeVIh%lgeu? ];al ve?lve st%rSn is \Sgeratweqy coupqer:]d tsoae{ d valve Is

roller screw.
30. The device of claim 25, wherein said valve stem seal is a bi-directional seal.

31. The device of claim 27, wherein said sealed cavity is at least partially defined

by a bonnet cap that is coupled to said bonnet.

32. The device of claim 27, 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.

33. The device of claim 25, wherein said opening allows working fluid to enter said

sealed cavity.

34. The device of claim 25, wherein, when said valve is placed in service, said
pressure of said working fluid exerted on said entirety of said end face substantially

balances pressure forces acting on said solid valve stem.

35. A device adapted to have a working fluid flow therethrough, said device

comprising:

a body;
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pressure of said working fluid exerted on said entirety of said end face
substantially balances pressure forces acting on said solid valve stem 35.
A devi ce adapted to have a working fluid flow therethrough, said device
conprising: a body; 20 a bonnet coupled to said body; a valve stem having a
first end operatively coupled to a gate positioned in said body and a
second end ppfort tcupsal td shidieidygnd, said second end of said valve stem
having an end face; a valve stem seal positioned between said val ve stem
and sai d bonnet, wherein a_ sealed cavity exists above said val ve stem sea
and sai d endvalseetenrhayings fstonopsriively cogpled to/akate p@ﬁlénpechmadrboglpem ng

formed in sali annet { hat 0 u f sa rkln fdeto be
exerted in éildadg%g‘%n enéitc?émm?e Sald’\ﬁm?e dr’1§|1§le Cfng n‘gali‘S i VF&%E\] G4 second
end of sai dendfata/e stem 36. The deV| ce of claim 35, wher ein said valve stem
is operatively coupled to a roller screw. 37. The device of claim 35,
wherein said valve stemseal is a bi-directional seal. 38. The device of

cl ai m 35, whealet semeseal posdioned betweey sdig valve BtemndpaidtboanetyW@elfeim@d by a
bonnet cap that, is. cou ) nnet he, dev

wherei ' o A SREY E105 EioedaB VAN E St and ] S P ol a8 se S SRAEL cap
that is couglig@dail®stemt gndonnet, a seal between said bonnet and said bonnet
cap, and said val ve stemseal. 40. The device of claim 35, wherein said
opening allows working fluid to enter said sealed cavity. 41. The device of
cl ai m 35, \Mueolm'nMgihhmdmedaﬂi hcaimﬂhhtsallphwacaqzﬂes’suresﬁrswiﬂ@mrkmgifwid mriEssure of

said workin d erted on said entir aid end face substantiall
(g:gxcrtectll L1n sa(la seai%cavﬂy on an entirety c?ft Sgld end% ace of said second e lEi %salg y

valve stem.

36. The device of claim 35, wherein said valve stem 1s operatively coupled to a

roller screw.
37. The device of claim 35, wherein said valve stem seal is a bi-directional seal.

38. The device of claim 35, wherein said sealed cavity is at least partially defined

by a bonnet cap that is coupled to said bonnet.

39. The device of claim 35, 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.

40. The device of claim 35, wherein said opening allows working fluid to enter said

sealed cavity.
41. The device of claim 35, wherein, when said valve is placed in service, said

pressure of said working fluid exerted on said entirety of said end face substantially

balances pressure forces acting on said valve stem.
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bal ances pressure forces acting on said valve stem 21 42. A device adapted
to have a working fluid flow therethrough, said device conprising: a body;
a valve stemhaving a first end operatively coupled to a gate positioned in
said body and a second end opposite said first end, said second end of said
val ve stem having an end face; a valve stem seal positioned around said
val ve stem wherein a sealed cavity exists above said valve stem seat and
said end face of said second end of said valve stem and an opening fornmed
in said body 4hAtdexice adapted forhays amorking dhidilow therethraueh sid deviee  exerted in
sai d Sea|EQﬁﬁﬁﬂﬁﬁ@CWlan entirety of said end face of said second end of
said valve stem “43. The device of claim42, wherein said valve stemis
operatively coupled to a roller screw. 44. The device of claim42, wherein
sai d val ve gb@ip,;seal is a bi-directional seal. 45. The device of claim42,
wherein said opening allows working fluid to enter said sealed cavity. 46.
The device of claim42, wherein, when said valve is placed in service, said
pressure ofa salvelstawrbaving af fingt ehdeperativdlyenuplad tb pate pesitiondd inapid bedsl f ace

substanti al | bal anc ressure.forces .acting on sai.d valve stem 22
and a secon(f' enedsol:E)OSI Ssid firsten , said second en of sa.u.%j valve stemshavmg an
end face;

a valve stem seal positioned around said valve stem, wherein a sealed cavity exists

above said valve stem seal and said end face of said second end of said valve stem;

and

an opening formed in said body that allows a pressure of said working fluid to be
exerted in said sealed cavity on an entirety of said end face of said second end of said

valve stem.

43. The device of claim 42, wherein said valve stem is operatively coupled to a

roller screw.
44. The device of claim 42, wherein said valve stem seal is a bi-directional seal.

45. The device of claim 42, wherein said opening allows working fluid to enter said

sealed cavity.
46. The device of claim 42, wherein, when said valve is placed in service, said

pressure of said working fluid exerted on said entirety of said end face substantially

balances pressure forces acting on said valve stem.
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