VALVE VENTED REDUNDANT STEM SEAL SYSTEM BACKGROUND OF THE INVENTION FIELD
OF THE INVENTION [0001]This invention relates in general to valve stem seals and, in particular, to a
valve vented redundant stem seal system. BRIEF DESCRIPTION [0002] A gate valve has a body with
a central chamber that is intersected by a flow passage. A gate moves within the chamber between
the open and closed positions. The gate has a hole through it that aligns with the flow passage while in
the open position. The gate may be of a split type, comprising two halves or it may comprise a single
slab. A stem extends into engagement with the gate for moving the gate between open and closed
positions. The chamber haéAd.¥ENENDEID RE DUNOIA NTISTBEEdE StedllbyMREEMw passages, and a stem
portion that extends from the central portion. [0003] In one type, the stem extends into rotatable
engagement with a threaded nut or sleeve secured to the gate. Rotating the stem causes the gate to

move linearly. In anoth%ﬁ%@?fﬁé@e% dEESINUERSEERY A threaded nut sleeve mounted in the bonnet

of the valve engages the stem, and when rotated, causes the stem to move linearly. The threads of the
sleeves ang$teMMALESIER:RGFI$t each other, or they may employ balls between the grooves for
reducing friction. [0004] Gate valves may be operated manually, such as with a wheel mounted to the
stem or the nut sleeve. It is also known to utilize a remote operated vehicle (ROV) to engage and
rotate a StEODOIThist isleatuen Hydeauticalyrgawenda aciuatels aré alspauitizedtwhergir aqpiston moves
the stem lﬁﬁﬂhﬁn‘@@{gﬂ%iﬂ%ﬁm- Electrical actuators are also known that employ an electrical motor
and a gear train to rotate a stem or nut sleeve to cause movement of the gate. [0005]Typically, a seal
in the stem portion of the chamber engages the stem to seal pressure

BRIEF DESCRIPTION

[0002] A gate valve has a body with a central chamber that is intersected by a flow passage. A
gate moves within the chamber between the open and closed positions. The gate has a hole
through it that aligns with the flow passage while in the open position. The gate may be of a
split type, comprising two halves or it may comprise a single slab. A stem extends into
engagement with the gate for moving the gate between open and closed positions. The chamber
has a central portion, which is intersected by the flow passages, and a stem portion that extends

from the central portion.

[0003] In one type, the stem extends into rotatable engagement with a threaded nut or sleeve
secured to the gate. Rotating the stem causes the gate to move linearly. In another type, the stem
does not rotate. A threaded nut sleeve mounted in the bonnet of the valve engages the stem, and
when rotated, causes the stem to move linearly. The threads of the sleeves and stem may slide

against each other, or they may employ balls between the grooves for reducing friction.

[0004] Gate valves may be operated manually, such as with a wheel mounted to the stem or the nut
sleeve. It is also known to utilize a remote operated vehicle (ROV) to engage and rotate a stem
or nut sleeve. Hydraulically powered actuators are also utilized wherein a piston moves the stem
linearly without rotation. Electrical actuators are also known that employ an electrical motor

and a gear train to rotate a stem or nut sleeve to cause movement of the gate.

[0005]Typically, a seal in the stem portion of the chamber engages the stem to seal pressure
within the chamber. The pressure exerted on the stem seal can be quite great, leading the stem

seal to fail. When the stem seal fails it will allow fluid or gas to flow out of the valve around the



within the chamber. The pressure exerted on the stem seal can be quite great, leading the stem seal
to fail. When the stem seal fails it will allow fluid or gas to flow out of the valve around the stem. Some
prior art embodiments provide a second seal that will seal the valve stem to the valve body in the
event the primary seal fails. This provides redundancy within the valve stem seals that increases the
reliability of the seals. [0006] Where a second seal is used, in the event the first seal leaks, a volume
of fluid will be held between the failed first seal and the second seal. Depending on the size of the
spacing between the first seal and the second seal, the volume can be quite small. The small volume
size allowstfiid prassprenthimtiediventima o dapistyonshetaltteaindirghls e eraissute. trhis is not a

rare conditigReasodanyief dheemvippnmenisinavhichitbealyas-atenplace dhvargnstbjett daextreme

pressure I(S)%?Ssﬂfgtri many years,. gr 1§1tl(}/f|tggr%al§.|ng the likelihood that the primary seal will leak or fail.

When the valve 1s opened, pressureymay then quickly vent out past the leaking seal. This can cause
further damage to the primary seal so that what had been a small leak becomes a larger failure of the

primary sgabdy]argerfailldeeraf {he privarysedl may alimpateany.kenelisithe lepking primsry seal

provided, increasing the likelihood of subsequent secondary. seal,failure, Thus, there is a need for a
Clem seal b RS B bRt by o T SRIG v S e 1 (5 Dol RCt
instances bittesskalkrepestethengribsanpadaicas U voARY OF bEHEINYEN TN [0 Ihegecand other

problems angwgemedaiyssalvadir siscwnventedprandteghnicakadvantagesramgenarallynachieved, by

preferred emb%glgngrrllts of nghe present invention thzrilt Bvﬁggﬁd%g‘ v lve vent d Q%dgrrédgr%ts em seal

system, and a method for u?slmg0 he same. %‘éﬁ n'accor'danceavmi) an &m odimen Of the present
invention, &XWeiveltiRivirg aske frsBanassaim e diverosdt theelralihedhchatidkeapviaive erdy defining
a flow passageans @abodyzavity pavpendicndar pecthedaw passqgecdy henvalvehody defings a stem

opening e>s‘é§f‘dlglﬂsfr9ar{‘ anexiaror of ihe.opdy,into, the bagy gayity- ne %ﬁ"@%eiﬁ‘céu%%%ha}e‘éﬁ"’e
member moveable between an open position and a close position, the valve member aving a hole

therethrouRfis¥tsich lAsgsis fareiwieh fiserfisiipasdage (iseh fHareal eeaimper selntke dpsrrisosition.
The valve algodnatudesiamMaiyerstem favigvalsa e stemy axisikolmed o ditgsjabve semhagr, the valve
stem extending {Tom fis.badh caviiip an.ctarianel s alvaihary Yroaln e (G siem opening
for moving the valve member from the close position to the open position. A" packing assembly is
positioned Rith N a0 e feAl Bhestfrl 5iaress @depkige Rees e tHa28%e body. The packing
assembly includes a seal ring having a chevron profile defining a first and a second leg extending from

an apex ogm&ﬁ%{\({r%rmfww%% the first and second legs for sealing to

[0007] These and other problems are generally solved or circumvented, and technical advantages
are generally achieved, by preferred embodiments of the present invention that provide a valve

vented redundant stem seal system, and a method for using the same.

[0008] In accordance with an embodiment of the present invention, a valve having a stem seal
assembly is disclosed. The valve includes a valve body defining a flow passage and a body
cavity perpendicular to the flow passage. The valve body defines a stem opening extending from an
exterior of the body into the body cavity. The valve includes a valve member moveable
between an open position and a closed position, the valve member having a hole therethrough
which registers with the flow passage when the valve member is in the open position. The valve
also includes a valve stem having a valve stem axis coupled to the valve member, the valve stem
extending from the body cavity to an exterior of the valve body through the valve stem opening
for moving the valve member from the closed position to the open position. A packing assembly is
positioned within the valve stem opening to seal the valve stem to the valve body. The
packing assembly includes a seal ring having a chevron profile defining a first and a second leg

extending from an apex of the chevron radially outward, the first and second legs for sealing to



opposing annular surfaces. The packing assembly includes a back ring having a chevron channel so
that an apex of the seal ring may insert into the channel, the back ring having a greater stiffness to
radial movement than the first and second legs to limit radial deformation of the first and second legs.
[0009] In accordance with another embodiment of the present invention, a gate valve stem packing
assembly for sealing a gate valve stem to a gate valve body having a body cavity is disclosed. The
packing assembly includes a packing ring situated within the stem opening so that an outer diameter
of the packing ring abuts the inner diameter of the stem opening, and an inner diameter of the packing

ring abuts @M diden stepesh theg angkingapeile ipelekpsg bavy degihedng fideaionglkanpebwss on the
outer diamgiernef ih& packingeingapchasasend aRnulardessss oe heinngs diameter ofthe packing
ring. The aggembly also neludes apackerctanerling Rositioned comig il he prgking fing and
secured to the valve oély SO that the packer retainer ring secures fhe packing ring to the valve body.
The packeyfegsiigrieiig defines a third annular recess on the outer diameter of the packer retainer
ring coaxial with and axially above the first annular recess. The packing ring defines a fourth annular
recess Progimate (o e packer fetaner ring, e oyt apnularsecess gomxial yitn and axiglly above
the second annular recess. A seal Is positioned In eac annular recess so'thateach seafprevents
passage dfafilieEiassemay divecadimandventalYuidem & seesisdvairedtivn dpposite b fidstidirsction.
[0010] In aggeasshancenyithyatangthenembodimenhalithepresentdnvanioma seal spgiferse gate valve
s discloseg, The sealding jnclydes ananndlar seal siand fhawiao a fistend and.a secpnd end. The
seal ring also includes a seal ring %gvmgga chrevron profile positioned on the seal standoff 8o that the
second en@nst thnsealidsdParkitsEng M thie Cheismpro et Helseateiihg defiprssiaefiisgand a
second leggxsndingtfeamian apax of the chevrammiadially weitpuakthgthmdirsidandeosonddegs for
sealing o QpRosing, anpklan sfaces- AneNeraio spinalaving.Achevien RIplle.is.igiposed
between the seal stand off and the seal r ng, the efiergizing spring exerting an xpandrlngl}orce on legs
of the seaf iA@Y inat e delarithdhrinadinairiig sehieryresitabewriraiedppodiagthhRatsf surfaces.
The energizingesphineecnay the selliagtadqi b raspansadoya fiidpiesseitmaniledseadsringiepposite the
energizing,spring, Lo allow fluid flow; past the seabing. The, sealing, ingludgs a badking, baving a
chevron channel S that an apex of the seal ring' may insert intothe channel the'dack ring %aving a
greater stifhadyst tnraldiaicpseive hemeeking the fiednang oucbrandesredesh @rosmainty thdinsitkeadial

deformatioBughdhedir shapdraesontlegseicthe sealring Hafissbentholdhnsensiandelf Ras a
substanially fiaf portion pesifioned on,2 supporive, shapider gfihe packing assembly and ghe second
end of the seal stand off IS In operal%lve engagementt with the Bﬁevronppro e. The seal ring 1s formed of
a polymer disetiieaphrrrsrilyid iforsseend i acpiny ramnopi ks pfeegéehardness than the. polymer of the
seal ring. The channel of the back ring extends only partially to distal ends of each leg of the seal ring.
A width of e hagk ringls smaferhan fhe distance Pstieenng seal ing leds: andyihe back ring does
not sealing engage the stem. channel of the back ring Bxtends from the apex %ff%e geal ring over
only part ofite Sedibriorgd[00he 5o daganthiges omaspreterrse sitisbalning st provieks true
redundantssealingnivhifastdhplawing feicprssuseareligf Maming wbaompededpdkhissca@ny iakage past
the primary seal dogs not cause damage to, or further failure of. the primary seal.when fluid vents past
the primary S e g AT S R B R e the
wear on tH&"g&afiarsse By aht rendnigisetardinss fanseainsssdisyhsRERDESCRIFFI BRI OF THE
DRAWINGS{044 2k Sadhaisthe Rramnekdropyoichy thenieatuigscadvantagesandsphigcitwehithe invention,
as well as %thers Whﬁh will becom% gglggr%gzsarﬁs%t}l |g§dan%(r} can.be understood.in more detail,

.chevron protile s inteyposed 1 e scal TIhg, RS energizing sprin
more partlcular d scription O{%ﬂe Invention briefly summarize above m%ly e ag %ygre ere%ﬁce to the

embodimetfestite AP RAIER SR GRS s s Pintthacabpah s dhafr Siwirfgs et Tatiradm it seahne
specificatioshttiSvieh bie: Pppecnhoameme suiftatih el aniagsmil usirateonbe acpeeiariedeepoediment of the

invention a1l a6 NGFE(0I 5,001 e SRAIRIESIIARD.AHie S9B6 ARNRIPKRITRNIAY, dmt ©
other equally effective embodiments.

The seal ring includes a back ring having a chevron channel so that an apex of the seal ring may

insert into the channel, the back ring having a greater stiffness to radial movement than the first

and second legs of the seal ring to limit radial deformation of the first and second legs of the seal

ring. The first end of the seal stand off has a substantially flat portion positioned on a supportive



[0013] Figure 1 is a partial sectional view of a gate valve in accordance with an embodiment of the
present invention. [0014] Figure 2 is a detail view of a portion of the gate valve stem as indicated on
Figure 1 in accordance with an embodiment of the present invention. [0015] Figure 3 is a detail view of
a gate valve stem seal as indicated on Figure 2 in accordance with an embodiment of the present
invention. [0016] Figure 4 is a top view of a back ring of the gate valve stem seal of Figure 3.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [0017] The present invention will
now be described more fully hereinafter with reference to the accompanying drawings which illustrate
embodimehesidetd imgarging Tasrsie riidnthaasechedvené robéhe radsb dieadirofhanyndifeesine forms and
should nothe consirued as lbmied erdhr.illusiraiadiapiadiments seblafih herei vratheg these
embodiments are provided so that this disclosure will be thorough and complete, and will fully convey
o 500pe DHURE TR A SR g e P Rt oo,
and the prib&asstetsftimdsenlyingictbe o slivifenedrerhesstslag aftdmwalErnembodiitesfishqdeds] In the
following disgussiamidumeradsispaciicctdeiailsnare aetdoryio pmovideathaiodeh uodssstanding of the
present invention. However, it will bvious to thos s#«ille in the art that the present invention may
be practic e e & L M e
constructi®hthi$ed iHgd the like have been omitted inasmuch as such details are not considered
necessary to obtain a complete understanding of the present invention, and are considered to be
within the skills, of persons skilled in the relevant art..[0019] Referring to Figure te valye 11 has a
ody 13 ah0l Py st o iR BB B B A b G AR B e 1
with a holétirtiestiagnisuitss Cateiafexdmprhradiended iNohapidekase fiY Prepesagatal d7emay be split
into two slafs;packashageabgaterkihanstedher e ppanpiaiosathailiine wamedimge Gate 17 is shown
in the closed ositiop i%Fi ure fL Valve 1& sEtova ir111 FI%. lisa risirtl -stem E};E,ﬁ vtalve('1 however, this
invention éan %riﬁwslf"grlf}v & used oh RS 9ﬁ%lhg-§{en%ﬁtyeﬁe vaived. W aennéaetnee 1SN the %%en position,
hole 19 oftharecaprabistatgsprnh Howdraclong éhd BfopHbdyerBaskrenblyy allowing flow through valve 11.
When gate

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the features, advantages and objects of the invention, as well as
others which will become apparent, are attained, and can be understood in more detail, more
particular description of the invention briefly summarized above may be had by reference to the
embodiments thereof which are illustrated in the appended drawings that form a part of this
specification. It is to be noted, however, that the drawings illustrate only a preferred
embodiment of the invention and are therefore not to be considered limiting of its scope as the

invention may admit to other equally effective embodiments.

[0013] Figure 1 is a partial sectional view of a gate valve in accordance with an embodiment of

the present invention.

[0014] Figure 2 is a detail view of a portion of the gate valve stem as indicated on Figure 1 in

accordance with an embodiment of the present invention.

[0015] Figure 3 is a detail view of a gate valve stem seal as indicated on Figure 2 in accordance

with an embodiment of the present invention.

[0016] Figure 4 is a top view of a back ring of the gate valve stem seal of Figure 3.



17 is closed as shown, hole 19 no longer registers with flow passage 15, blocking flow of fluid through
passage 15 and valve 11. Flow passage 15 intersects a central cavity or chamber 21 located in body
13. A counterbore is formed in flow passage 15 at each intersection with chamber 21. A seat ring 27
locates in each counterbore to seal flow passage 15 to gate 17 while gate 17 is in the closed position.
Gate valve 11 also includes a stem 29 coupled to gate 17. Stem 29 has an axis 25 passing through a
center of stem 29. Stem 29 is linearly moveable without rotation along axis 25 to actuate gate 17
between the open and closed positions. In the illustrated embodiment, a biasing assembly 31 couple
to body 13 around stem 29 to bias stem 29 and gate 17 to the closed position. As illustrated, valve 11

is hydrauligghy agtvated A [efete b opaiaiads MERISHMRYEBISRER With biasing assembly 31 to move
stem 29 and gate 17 from the closed mition shown, to an gpen position wherein hole 19 registers

with flow paSbHgE 5" ALY W SB35 Prsiitrssraaa il rorstBHics oV ihers etem 2g passes
through badyothBaAiperderiskilledirh tHrsrteviiinbndierstand tihat igatetivalveThis isnagnexemplary valve.

The discloggel mhRdimenis Cantemplaie.aAnd incivde AMLYRMBNEYIRG&-SIE T RAsRIAGihiQUah a valve
body to operate a valve member located within the bo y.é[g%%g%}Referring to Fig(lijre 2, packing

assembly 335LEHHIP Y MBYE FTPAERINg Sadism By BB ATE AP YA 9235 K ur of which
are showndiscloigrarevil] adfitbtrsngt 38d\ campbtormdedl | 35By adies seab3HE phtiet anfeurttnseal 35D. As

shown in Figwedicaarineedl 3aunaluRRsaSand IRl ddmansaRRIPINg SRIMAY FnamediHng 41, and a

back ring 43. S.gétl stand off371 com rise-lts an annu ardrin or protrusion having a first end 45 and a
second en%fei]’ll. FeEeA ljfg BFLEN ARG B S ARG zlamseuﬁstantially flat portion 49 so that seal stand
off 37 may be positioned on a supportive cylindrical shoulder within packing assembly 33. Second end

47 of seal AR Bffi}/ ﬂﬁl@@ﬂ@%&&&%rﬁQﬂrﬂécﬁ@%&@fﬁ'@ﬁ&@ﬁs%ﬁr%{ H&%ﬂé}?&fiﬁ@% withwenergizing

spring 39 to;roge(gg posglion seal ring 41 against ackt ring 43 and limit L n es'g.?d axiaécompression
of seal rind 2T EAHPE &N T ORSF Wi BTENYe HOUBSor (815 L5 5% Bty X EE LV Bhpression
of seal 35 thyt tbactiergrioifurotendinex ted fratrasbothdue necd Bowar ddirgds. eddidiBoiBBal Brat off 37 will

be formed @fsanatesialh@nnensifficient sesistaneeulescammestiom sovhat seakstand i3 will not
collapse duriﬂg otgﬁsrational use onengS. 00214 %gal ring 41 comprises a .inve{tt d V-shaped,

0]
G 88 re not _cqnsidere necgssary t tain a compqete nderstanding of the presen
chevron s aped memaper, or cnevron proftiie

invention, and are considered to be within the skills of persons skilled in the relevant art.

[0019] Referring to Figure 1, gate valve 11 has a body 13 and a flow passage 15 that extends
transversely through body 13. Valve 11 has a gate 17 with a hole 19 therethrough. Gate 17 can
be designed in one piece or two pieces. Gate 17 may be split into two slabs; each slab of gate 17
must either be open or closed at the same time. Gate 17 is shown in the closed position in Figure
1. Valve 11 shown in FIG. 1 is a rising-stem type valve; however, this invention can similarly be
used on non-rising-stem type valves. When gate 17 is in the open position, hole 19 of gate 17
registers with flow passage 15 of body 13 thereby allowing flow through valve 11. When gate
17 is closed as shown, hole 19 no longer registers with flow passage 15, blocking flow of fluid
through passage 15 and valve 11. Flow passage 15 intersects a central cavity or chamber 21
located in body 13. A counterbore is formed in flow passage 15 at each intersection with
chamber 21. A seat ring 27 locates in each counterbore to seal flow passage 15 to gate 17 while
gate 17 is in the closed position. Gate valve 11 also includes a stem 29 coupled to gate 17. Stem
29 has an axis 25 passing through a center of stem 29. Stem 29 is linearly moveable without
rotation along axis 25 to actuate gate 17 between the open and closed positions. In the illustrated
embodiment, a biasing assembly 31 couple to body 13 around stem 29 to bias stem 29 and gate 17

to the closed position. As illustrated, valve 11 is hydraulically actuated. A remotely operated



so that an apex 51 of the V-shape and the second end 47 of seal stand off 37 face in the same
direction. Seal ring 41 also includes a first leg 53 and a second leg 55. First leg 53 and second leg 55
extend toward first end 45 of seal stand off 37. In addition, a width between distal ends 57, 59 first leg
53 and second leg 55, respectively, is greater than the width between first and second legs 53, 55 of
seal ring 41 at apex 51. Thus, seal ring 41 is wider proximate to first end 45 of seal stand off 37 than at
apex 51. In the example shown, the exterior surfaces of legs 53, 55 incline at a first angle a from apex
51 to a junction 52. Legs 53, 55 incline at a second angle p from junction 52 to distal ends 57, 59.
Junction 52 is spaced closer to apex 51 than to

vehicle may interface with biasing assembly 31 to move stem 29 and gate 17 from the closed
position shown, to an open position wherein hole 19 registers with flow passage 15. A packing
assembly 33 provides sealing for stem 29 where stem 29 passes through body 13. A person
skilled in the art will understand that gate valve 11 is an exemplary valve. The disclosed
embodiments contemplate and include any valve having a stem passing through a valve body to

operate a valve member located within the body.

[0020] Referring to Figure 2, packing assembly 33 is shown in more detail. Packing assembly

33 includes at least one seal35, four of which are shown in Figure 2: a first seal 35A; a second
seal 35B; a third seal 35C; and a fourth seal 35D. As shown in Figure 3, each seal 35 includes a
stand off 37, an energizing spring 39, a seal ring 41, and a back ring 43. Seal stand off37
comprises an annular ring or protrusion having a first end 45 and a second end 47. First end 45 of
seal stand off 37 has a substantially flat portion 49 so that seal stand off 37 may be positioned on a
supportive cylindrical shoulder within packing assembly 33. Second end 47 of seal stand off 37 is
opposite first end 45 and comprises a protrusion in contact with energizing spring 39 to properly
position seal ring 41 against back ring 43 and limit undesired axial compression of seal ring 41.
Seal stand off 37 will provide a support for seal 35, preventing excessive compression of seal 35
by reacting to forces directed from second end 47 toward first end 45. Seal stand off

37 will be formed of a material having sufficient resistance to compression so that seal stand off

37 will not collapse during operational use ofseal35.

[0021] Seal ring 41 comprises an inverted V-shaped, chevron shaped member, or chevron profile
so that an apex 51 of the V-shape and the second end 47 of seal stand off 37 face in the same
direction. Seal ring 41 also includes a first leg 53 and a second leg 55. First leg 53 and second
leg 55 extend toward first end 45 of seal stand off 37. In addition, a width between distal ends 57,
59 first leg 53 and second leg 55, respectively, is greater than the width between first and second
legs 53, 55 of seal ring 41 at apex 51. Thus, seal ring 41 is wider proximate to first end 45 of seal
stand off 37 than at apex 51. In the example shown, the exterior surfaces of legs
53, 55 incline at a first angle a from apex 51 to a junction 52. Legs 53, 55 incline at a second

angle p from junction 52 to distal ends 57, 59. Junction 52 is spaced closer to apex 51 than to



distal ends 57, 59. Angle 13 is smaller than angle a relative to an axis 54 bisecting legs 53, 55 and
passing through apex 51. When energized, distal ends 57, 59 may contact at least one of stem 29
(Figure 2) and body 13. Seal ring 41 has an interior surface 42 facing seal stand off 37 and an exterior
surface 44 facing back ring 43. Seal ring 41 may be formed of a fluorocarbon material such as Teflon.
A person skilled in the art will understand that other materials having similar properties to the
fluorocarbon material disclosed herein are contemplated and included in the disclosed embodiments.

[0022] Energizing spring 39 is an annular spring interposed between seal ring 41 and seal stand off
37. Energitiitd apling-39-hasze\B shupdidrahessusge ionlalipe dfilenginiilaf ostitndlegedbringaad so that a
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opposite surface 49 of first end 45 of seal sta 7..S e 69 ma sitioned proximate to an
oppositeh o RSty S Ui Bk a2 otk oo ob Bhap s S Hhe shoutder
56 during Bskfgisnenbiycddiseian: mihe Nustiamuediribsirirsanddagsiointy 48 ssthyitsetoitned of a
polyether athes ketereoR bESKInBterniabedsulficie restrangthitentesishyieeivgign gdefoirpation during
operational,uses that may compress. back ri 3 betwee | ring 41 and shoylder 56 of packing
cosembly 33 AL e e R e B B
person skt widpiatand Wit uetbier stafraithabdtier vivailariaronsaisn g osimilaoprtpbieieiiiotisécPEEK
thermoplagiis, discleseddareir asecaptenplatediand inchided cthenthisalasas embodiments. In an
embodiment, back ring 43 bonds to seal ring 41. In another embodiment, back ring 43 does not bond
to seal ring 41. [0024] Back ring 43 also includes a plurality of bumps 60 formed on one or both of the
inner dian@téssBitkcinartd they dgter anamisteingudatensd Balekerintgd 3ot edpnetiecxusBig seal 35B
of Figure Zilgcludas impsdofiormenandineoutsy diametry eflaackniing 43 praxtivatepiemacking ring
71 as shown.in Figure.3..In other.seal35 pl nts, bumps 60 may be formed on the inRer diameter
of back T T B B e TE BRI e S it pac
ring 43. E&ERBURIpiED mastingederaiyitiapé Aigarshapeer cidseadionasptofiles ddsextetds a
fractional pitien of the ciscuaptarencadh thethacke rirgrbs asmhowndn feiguig 4.1 Eachaemgr60 forms a
channel 62 with.an agiga%gntrpyv%/p 80, Eluid under a higher pressure Qroxwgga}t%to surface 69 of back

. mag/ xtend rFa a ﬁ CX!EJCII‘IOI‘ sur?ac Secon legs of Seal TiAg
ring 43 vents through channels 62 to flow to an area of lower pressure proximate to interior surface 42

of seal ringl41nthsssitodinps sreRidack tesdssmieite dnedasuis bir pees/dntihy Atk dwishic failure of

seal 35 due to a buildup of pressure in the non-sealing direction.



[0025] In an operation, seal 35 will perform both sealing and venting functions. As shown in Figure 3,
seal 35 provides a sealing function in response to fluid or gas pressure on interior surface 42 of seal
ring 41. As gas or fluid pressure attempts to move from interior surface 42 to exterior surface 44 in
Figure 3, a seal initially energized by energizing spring 39 will prevent passage of fluid or gas past
distal ends 57, 59 of seal ring 41. Increasing fluid or gas pressure will exert a force on energizing
spring 39 and interior surface 42 of seal ring 41, pushing distal ends 57, 59 and first and second legs
53, 55 of seal ring 41 into tighter sealing contact with the surfaces to which seal ring 41 is sealed.
Thus, as pressure increases on interior surface 42, the seal force of seal ring 41 will increase. [0026]

As fluid prespuresincseasss omuinteriap syrface 42 ofgeaklingr 4L pyshing distah6ads.aE % into tighter

sealing contact with adjacent surfaces, back ring 43 will exert a reactive force on exterior surface 44

through chAHet 67 THETGESASBY IEagV§ 83Vighy ﬁﬁihﬂ}ﬁ‘h&‘ﬁo\\%@ t Urahrehdy 7 86Tre M6t directly
restrainedsérond flezxing, dutwarddoyehack siad) 4 Hicréasedilkidipgess prdeahdieldaonntecidrisurface 42

may causgfistsnd Se6oReLIPS, ﬁa%cﬁfhﬂ‘g 49/laRse a0 RIS Ladiagemh By AL e Rk IBeifRE cases,

force portions of first and second legs 53, 55 tg extrude between sides of back ring 43 and adjacent

surfaces Sf"ﬁ%tcc?kﬁgogggétrﬁ%/‘§3°£ﬁ82‘5f’t?é]§s?%r‘?’g -of SEEHI 2 AP BSRPIrd BETHRRIR fls, channel
67 will exerpasreactivenospeuddecoihprebsiqnaimsealstngly B agaithst baticeing 48 cdausiechbthéncreased

fluid pressyrgiQn !i&t%ﬂf?ﬁgs%@é%%&? uIJ‘@f'5‘8:@1'[("3'3'nﬂlQﬁgfﬂiﬁs%fa%%ﬂ%hﬁﬂeﬁtn@a@%@ﬁ@@ﬁﬁ?‘%@ 44 will
allow channel 67 to reS|st£ermanent deformation of seal I‘In% 41. By preventing or limiting permanent

deformati6H B8 RYPETSh SheiatiiRechERS hiR'sRlseLruTc syt Fféé‘%’h IRETISH SUFFARE 92, back
ring 43 aidsfimpriolongingsthpeopenatiosal life ofageaintmegs s bagkditlus SEatd3. 0027 gA%! shewn in

Figure 3, seali®? BBOMEdﬁ‘&ﬁn‘éerté@&kan%'onPﬁ‘éf&lAlqﬁer@é RESBUIR ORRIGLI Sikfaged 4 of seal 41.
In the event hat fl 4 around. s %nn 41 durj rolonged use of valve 11, fluid or gas
ay Dec B TELH Sbelim® RERART T el eRi e B B SRR AR volume
between seutrdrsesitB5Boakd fikith téeah@ﬁ@m&echmdlémmh@rﬁm@wmwtﬁappedudﬁé volume of
between tfig sReRnd 8@L3RRAN Ipad BRgARREIMIYRIEantiMed eneratiap of valvenbdaay quickly

raise the prebssure of th tra volumbe o(I fluid on e>ﬁenor surface 44 to that of the pressure on
nt, back rin on I 1in
interior sur’% A5'0f S&al'th Witen ate 8 ¥ mbves to the open position, allowing fluid flow

through flow passage 15 of valve 11, a pressure differential arises between exterior surface 44 and
interior sufdaeR 4A&f srals rmsélnaugé@ m@t@ahig hﬁrbaf@p%smsef&ﬁ{@&sognome&ig&pfom@ri%e%urface 44.

The narroxver W|dth ?f bacg tr|n Iatnt/e to qf(h of se 41 an channﬁ?ls q% %r ed by
bumps 60K RS HAbPS ow’ %s‘feb a?lnrdn§3 Bu 1P B Haiftaln & Separation

between thguin nérlmquumbpaféklﬁgmﬁdgom e ammna;ha@e@ss@%aﬁd bagléﬁngrq?s{npm\mimg a flow

path for t%&a@%{%mlummﬁlmmﬁm @Ilq«s){wr\é%mirsgpgfc&hﬁﬁlyi@W%o%H@@@f&mtiwal

conditions, The flui | press ert orce e exterlo urface 44 of se | ring 41 overcoming
the spring I?Srltr:“éef)lééln(eetre@?#\g sprm%Q§9 %"ﬁi higHE P oTe ST (%rtgx tanerEr }fcéisj) rggly‘otompress first
and secorid lets BB268 ofitedheingidy 49 séat@@m@o@%sr@mvmlﬂlﬁmeemdd 5lapsg from sealing
contact WH&&B%@QI@E{%“%H@E&%@S Eh%amegcﬁw&q QF GRS dRayidRAH oYY B@Sta&ekahﬂglgéﬂasto the low
pressure shde of |ri[;er|or iur]t:ace 42 (ﬁ) Oncehsuffl réeanPL ssure ha£5 venteé% pﬁst Sec rlng 41, the
spring forde ofjenerguzmg sprlng overednie the force exer e on exlfe jor surface Sfrby the fluid

or gas présghnfem%aummm@talteﬁd@ase?ﬁ%@%bﬂsrmad%ee@m@eg@%ﬁ%lwééﬁecﬁw@p pack into
sealing C%&a@%%ﬂ%@d}@%&l@uﬁ%eﬁe&ﬁmdl@fff%@apﬂﬁgiﬂmsﬁﬁ@' bimghédoacsifficignt distance
from the suppoifingshauider, coniacluih gt erfion 9, gllauing s displasemeny of sgal ing 41.
In addition. s€al stand revents axial movement of Sea ring 49 durlngl%hls pressure ventlng
operation "Thepsligedissiprovides a seal to high pressure forces exerted against interior surface 42 of
seal ring 41 and a vent to high pressure forces exerted against exterior surface 44 of seal ring 41.
FoIIowmg 8?5{] tﬂ ener%lgtllr(l) rlng %? ,?ly r ﬁgrn O%I rlng 41 t% tré%tl%ne Lgllczt%clilgpos/l‘téosrﬁ, &neYEntlng flow
from |nter rface G EXterior surtace 44 When vanve P11 dIo%a

Figure 3, seal 35 provides a sealing function in response to ﬂuld or gas pressure on interior

surface 42 of seal ring 41. As gas or fluid pressure attempts to move from interior surface 42 to

exterior surface 44 in Figure 3, a seal initially energized by energizing spring 39 will prevent



[0029]As shown in Figure 2, packing assembly 33 includes four seals 35 in this example. Packing
assembly 33 also includes a metal packing ring 71, and a metal packing retainer ring 73. Packing ring
71 lands on an upward facing annular shoulder 75 of body 13 formed within a stem-opening 77 that
allows passage of stem 29 into cavity 21. Packing ring 71 includes an aligning annular surface 79 on
an inner diameter of packing ring 71. Aligning surface 79 is conical and extends from a downward
facing shoulder 81 of packing ring 71 into opening 77. Downward facing shoulder 81 is adapted to land
on annular shoulder 75 of body 13 so that packing ring 71 will be coaxial with axis 25. Packing ring 71
includes a first annular recess 83 formed on an outer diameter of packing ring proximate to annular

shoulder g1 FEsLARMIF '['g@&%s“t SR EXIRAdS frag! Jf‘?eﬁuﬁ%%qiﬁmﬁltﬁéégfggaﬁ!ﬁﬁ‘grrga‘ﬂ predqyuard to

outwardly facing cylindrical surface 84 and from downward acin% shoulder 81 to downward facing

recess shBtlld&FE5: it ShAH 78888 BR Wil NaVE L5 FE 4o S HU PSS 08 tHat st $ediF95A may be
placed witds fiYst @naldirsecstssc831dHirst §2ai BbAsEll slgstantialtycfilkfisstlannudencesédstB3 and be
pOSitiO_ne%ﬁ%QﬂJ i(;?ﬁi&{‘geéigr@gﬁf% %Qa@édﬁr?fﬁﬁ%s? f%s\M'H; 49&1‘&&&9&\{&}{ %‘?@EB?Q;&%U_'QE{V tho of body
13 (Figure 2). Surface 69 of back ring 43 of first seal 35A will be proximate to but optionally may not
contact dSWPEHY=EH G PE L L SHSTHMSY 85. Preferably, distal end 59 of second leg 55 seal ring 41 of
first seal 35A will contact and seal to outward facing shoulder 84 of packing ring 71 within first annular
recess B33 AISIRLANC RZALA'SE 18R gl akelsing &b o3t SealABAI cRptact and seal o
a surface of body 13. Thus, first seal 35A will seal against movement of fluid from cavity 21 to an
exterior of body 13, and will vent fluid from an exterior of body 13 into cavity 21. [0030] Packing ring 71
also definés mtsacing seahoaraeesssi8admwainndhdarbeteriof gackilhgringa7/ita@ecdondeammular
recess 87 gxtends i Ihedrnes @fﬁmat%sumgot@lmgf%g f?ﬁigﬂyfﬂa&@'%ﬂcfﬁﬁm shagdder 89 and

from an upward facing shoulder 91 toward cavity 21 to land at an upward facmg, recess shoulder 93.

Packing riff*71’aisd HeRRdEYSHYAFRGTAIA oFiBh b5 B QHAME RO Sh Unér endESHCKIRG ring 71
near a ceptesswktheplwdith oftpacikimeng? Magoihat packidgemgd7iteseiihes upwdlrdsasmgshoulder 91

onan inn%ﬁj@&@ﬁ‘ﬂ%Iﬁfa&g,e&fié'éma{eRQEQQW&&%@E% W@%ﬂaﬁﬁpﬁégo%‘%gg%@??s% anQuter
diameter glde of annular§ort|0,n 95. An load ring an?semEI 99 will be ;E?smoned on exterior facing
[

shoulder 914 &X8nY (ptharBeadSHioH BFTAL ARG 8F R Srarisioh B8, 1 4% rilg 85sembly 99
may comptise 2iand hiedb| 83 assemiicadapiedbentrersterilbad fromastrofdcsdal@8Bresspacking ring
71. In the lystrated erhedmantinoad ting.assemaiue derspatiranafeliailnad.arplied gsecond
seal 35B to fO}lill‘th se 135Dfs thaﬁs cong seal 35B and fo gh S aJﬁ%SD era]teé'gdtependently of
each otheP R "41F eREMplary ERBSdiRieAt 088FRy S¥<&bly 98 complis@E Y Stel aSséfibly similar to
"SegmentednSeeitRivfgrandos wp pert fog SamBY ardigidlesediinifyenplimps dPatenatigpplicstion No.
13/281,526 diladiO ciohens &A1 digR Rk lGerRosatacivh referRpGe iR ki e iliatyiRereinids Rerson

skilled in thrglgr{t.willtrego ni%gam gg}kslearl §.uit Ign tméllgéra em assemblies may be used provided that
the stem gsserﬁ}f[)'l%/ allows 1o |ndepen enfnl%adlng of second seal ring 35B and fourth seal ring 35D.

[0031] Second seal35B will substantially fill second annular recess 87 and be positioned so that first

end 49 (Figore) 33 Ofisrerid seal3bBwilkabybupward facinarsherldes 93iefpaskingsing th (Figure
2). Surface 69 of b%ck rl%g 04%38 eoaﬁ %t-i-cogl?t%%al 35B, will be proxim%t%to but may not ¢ té;\ct a downward
'mbly

facing surfatE Yot 84 ring assem .eYﬁPéftehraébffufdd?srtﬁiiSen g'ot Islecsce)nldr ’I%% of S&al ring 41

of secondrselah89Bundlloforithiet Ahdfvehloto gin e bdiareterrsedfacea ofodtem Rbacsimitaidyiodistal end

57 of first {gg.53 0f serd ring 4hbsassnd seal3RBwilcentast aadsgalste inwardfasingshoulder 89

of SecondA %%g{eiﬁcggsﬂgzi (r)r{ag%%l?rra]l pgg 9n7al\'/olume of between the second seal 35B and load ring

assembly 99. Continued operation of valve 11 may quickly raise the pressure of the trapped
volume of fluid on exterior surface 44 to that of the pressure on interior surface 42 of seal ring

41. When gate 17 moves to the open position, allowing fluid flow through flow passage 15 of
valve 11, a pressure differential arises between exterior surface 44 and interior surface 42 of seal
ring 41, such that a higher pressure exists on the side of exterior surface 44. The narrower width of
back ring 43 relative to the width of seal ring 41 and channels 62 formed by bumps 60 will allow

the trapped fluid to flow past back ring 43. Bumps 60 maintain a separation between the



Thus, second seal 35Bseal against movement of fluid from cavity 21 to an exterior of body 13 along
stem 29, andvent fluid into cavity 21 along stem 29 from an exterior of body 13. [0032] Packer retainer
ring 73 includes an annular protrusion 103 extending from a lower portion of packer retainer ring 73
towards cavity 21. Annular protrusion 103 has a width such that annular protrusion 103 will
substantially fill a gap between annular protrusion 95 of packing ring 71 and an inner diameter surface
of opening 77. As illustrated, the outer diameter of annular protrusion 103 is flush with the outer
diameter of packing ring 71. Annular protrusion 103 will define a third annular recess 105 extending
from the outer diameter of annular protrusion 103 toward annular protrusion 95 to land at an outward

facing shoplderd Q7. Third anmylantesessAawikexend.iomanapd of AR Presisian 103 away

from cavity 21 to land at a downward facin%lshoulder 109. [0033] Third annular recess 105 will have a

size and sHAp&STRPH AL ird sBYA 5 MY b prasgsaithictivy ARt SPaUE i M8 Fhird seal

35C will suwbsdantially Tiblettivdl anevsies revetsl @& drndbegositiored sorthat 41t stiewrdl 4 ¢FHidure 3) of

third seall %?QcWﬂlr@bMEQMQWé&@ @QR&@BQ&%%&QQ. afthirgdiRPPRIALEGE SRt ﬁﬁligl'ééez@)- Surface
69 of back ring 43 of th#;d se@I 35Ci}/vlll be£roxn}1ate to but may not contact upward faCI,n%‘lshoulder 91

of packing PGCPTP TR fEFABRY AT A% 87 of filstTid 88 bF KXt Br third BRATSSE il contact
and seal tewatiVai? faoingeshiawiideadi0Yitvithirndhirehasmiss rébessaposl Bimikarkyes distatlend 59 of

second legigp pfsssal FingAkLnhthird seahroGanil emiachangd geal to a surface of body 13. Thus, third
seal 35C will seal against movement of fluid from an exterior of body 13 to cavity 21, and will vent fluid

from cavity 21 to an exterior of body 13. [0034] Packer retainer 73 defines a downward facing shoulder
111 extendi?Gfidina beSeioftanmslas protrasioh eGstelammnrér tiamreter biackenagiainger ring 73

proximate 1@, $teny2A1ANRLbaRIRUMSIAR SR PEPAGKINY findcf hhesR-widihbihat xignds,giportion of
the width betwe%nt n?lﬁlarfr%érufi' nt10 ofé)%clker%%tgiper ring&i??f agd l'ghe innef.diam(-%-ter of packer
retaining rify P3RS0 4 fouRth SHRTEICFeReLE) 13 eXSERSE e SN TIar B StRBiRYs,
downward fetinbe skipatdesutfadent patkentefiinepainyE3cantan luppéficentditadctSiofdad ring

assembly 99y fputhinnidaniepesswhiibmxiRnds fomeRiaef NIRyimate i stem 43 nward to inward
facing surfaa 117 of annlélgff%rotrusion 95. [0035 Fougth nnulﬁq recess 113 will have a size and

shape such et fr T Seal S50 MEY bE PIRCEE WA ISUARSRnUTAPT LTS FBIMR seal 35D

will substarepaipidill fdbvsh arimiarradess stal3ahgdtbrrgsouiitmed seetisdtafipgtse idenor (@idane 3) of fourth

seal 35D will syt upRes suraesa dil 200fi naddingeassemnbly-R9 (Fgure Kriswiase 69 of hack ring 43 of
fourth seal .35? w&l tﬁ?) V[;)roximate to but may.nogt&ontacttdown ard }‘Qctin shoulde[illl of packer
retaining MG 73, Prefarably “HiSg caRg 8 ot Hrar 18555 SFSSAl Hiy 41 bF ot 4eh a8y Wil contact
and seal torievarre Beintosu FidetenstTiast 4Atritatcp ey trusiong5vbepeadkind mrdosed within fourth annular
recess 113. Similarly, distal end 59 of second leg 55 of seal ring 41 of fourth seal 35D will contact and

sealto a S#%;J Oe%of tem. 2 .Thui, fourth seal 3§P ill s?adl aqalnst oyeme nt of fluid from cavity 21

to an exte yody 13. ant Wil veit filf o Cavity BT CS TouT sean is example.
Packing assembly 33 also includes a metal packing ring 71, and a metal packing retainer ring 73.

Packing ring 711lands on an upward facing annular shoulder 75 of body 13 formed within a stem-
opening 77 that allows passage of stem 29 into cavity 21. Packing ring 71 includes an aligning
annular surface 79 on an inner diameter of packing ring 71. Aligning surface 79 is conical and
extends from a downward facing shoulder 81 of packing ring 71 into opening 77. Downward
facing shoulder 81 is adapted to land on annular shoulder 75 of body 13 so that packing ring 71
will be coaxial with axis 25. Packing ring 71 includes a first annular recess 83 formed on an
outer diameter of packing ring proximate to annular shoulder 81. First annular recess 83
extends from the outer diameter of packing ring 71 inward to outwardly facing cylindrical surface
84 and from downward facing shoulder 81 to downward facing recess shoulder 85. First annular
recess 83 will have a size and shape such that first seal 35A may be placed within first annular

recess 83. First seal 35A fill substantially fill first annular recess 83 and be positioned

so that first end 49 (Figure 3) of first seal 35A will abut upward facing shoulder 75 of body 13

10



[0036] As illustrated in Figure 2, second seal 35B and fourth seal 35D are positioned so that the seals
seal to stem 29 to prevent flow of fluid out of cavity 21 along stem 29 while allowing fluid that may leak
past second seal 35B to vent back into cavity 21. This provides a redundant sealing system that is
more effective than prior art sealing methods. Similarly, the combined second and fourth seals 35B,
35D provide fluid venting that prevents damage to the seals where fluid pressure within cavity 21 is
suddenly released. Similarly, first seal35A and third seal 35C are positioned to prevent fluid flow into
cavity 21 along body 13. Unlike seals 35B and 35D, seals 35A and 35C do not provide redundant
protection (fistead); firstfzeadiifdadarngshoBEE e géAtivelybppenvdaie pp duiterdivedtiomaealing. This
potentially jedusestthavameanncokildiddhabinay paspheireriamexienorsibam 13 andaavity 21. In
B e 20 P S SRl RLOME S ORRORIG et vt e protects
both seals from amage 1n the event of a su den pressure charige In the area Sealed. A person skilled
in the art Wilkltindievstardeiiaesiie Sedimgprandivehapg dirddiionssot telckd amemhyidessiftthed by
flipping the position-eftaachsashiasoneededJ0087dAccordngly, thea disglosedeimbedingnts provide
numerous achaniaqes ouer IeRIIRr ATl O XBMPIS- IR disclasedemBadimants provide g redundant
sealing system that provides two mﬁepen ent and veritiable seals a ong the stem of the valve. This
greatly impfdwey bifeitiveigsd and reliability over prior art stem seals. In addition, the disclosed
embodiments provide a venting mechanism to allow for release of fluid that has leaked past the seals
toventinr e to quick in fluid pressure within the valve.cavity. This prevents damage to
the frst se Lt A B L bt L g B B VE  hals RIS
this prolongReté lifeemthangelar. r¢es8] Ivis i derstdsdithet enpies sereave dtishahiaip ¢kl many
forms and iamib@ @imeitoAee@alinglyiose e iphwadi aiiansshaxhe Maderincthafone@aiag without
departing fiom [neSRITK.eLScARG.f 43¢ Iveniion, Hrving i describer e Rresentiygniion by
reference {6 certain of Its pre erred embodim nts,git is‘noted that the embodiments disclosed are
illustrative fFath P tHBRETIFIGRY PReiaRErEngnd thetr 2 \iRIE T gheoidihiati oriskinfodifie dfionsthehanges,
and substipdtiang e Tomemplaesdrihrsfaregaingidisclosuie antheitr sIef insidncastispme features
of the present invention be empl without a carresponding.use of the otherfeatures. Many
such variate B e e SHISY i the ar
based upoing Fevblyothalkbrarpsifeperbet ApBer dtnefdreere HadirthtsumcEd Rinignieis
appropriatehéhaintlie appentedglainkmbesonstiedrbwadiynatid igpamanaengaasisiesiiwii the scope
of the inveption, f)’\él*a%té% %W&S%&Sio%d‘%ré’l%"é&@&%’ (et aéﬁs,elm S?&é}&?ﬁ%&“‘?w GRMR 150 areq 2 VaIVE

]
body defining a flow passage and a body cavity perpendicular to the flow passage; the valve body

further defffiRgiEnsienteheRny ERRHIhYFdREFRsEEE AP tHRIBL R StRdhEoaP eyt

seal 35D so that second seal 35B and fourth seal35D operate independently of each other. In an
exemplary embodiment, load ring assembly 99 comprises a stem assembly similar to
"Segmented Seal Ring and Support for Same" as disclosed in pending U.S. Patent Application
No. 13/281,526, filed October 26, 2011, and incorporated by reference in its entirety herein. A
person skilled in the art will recognize that other suitable annular stem assemblies may be used
provided that the stem assembly allows for independent loading of second seal ring 35B and

fourth seal ring 35D.

[0031] Second seal35B will substantially fill second annular recess 87 and be positioned so that
first end 49 (Figure 3) of second seal35B will abut upward facing shoulder 93 of packing ring 71
(Figure 2). Surface 69 of back ring 43 of second seal 35B will be proximate to but may not
contact a downward facing surface 101 of load ring assembly 99. Preferably, distal end 59 of

second leg 55 of seal ring 41 of second seal 35B will contact and seal to an outer diameter
surface of stem 29. Similarly, distal end 57 of first leg 53 of seal ring 41 of second seal 35B will

contact and seal to inward facing shoulder 89 of second annular recess 87 of packing ring 71.
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a valve member moveable between an open position and a closed position, the valve member
blocking the flow passage in the closed position, and allowing flow through the flow passage in the
open position; a valve stem having a valve stem axis coupled to. the valve member, the valve stem
extending from the body cavity to an exterior of the valve body through the valve stem opening for
moving the valve member from the closed position to the open position; a spring energized first
seal ring positioned within the valve stem opening to seal the valve stem to the valve body; a
second seal ring positioned within the valve stem opening to seal the valve stem to the valve body;
and  a [bag. reryessehORy wiltierlaghing oraveartboA Ay id &fnirgVapottio arofthaoyai/eoBpdy between

the first segd ridgeanshtbe secandeaatiiagibatispataptaedirst saahsing-av8.the segond seal ring so

that a force applied to the first seal ring in a direction toward the second seal ring transfers to the load
ring assembly. 2. The valve of Claim 1, wherein the first seal ring comprises: a chevron profile
defining a M&adaksessneriegnextEndintydedfnapnapeax othsieneltoreprodieerddially daweard, the
first and seeansl leus.sraliRgihe stenTansihe kody toloppesing porwWansLfaces andh suca back ring

having a chevron channel that receives the x.of the chevron profile, th
pat u? I F{rusmn 16% }e{ ?#ks)?%n léiF fch a Cﬁfg Igetweﬁrl’lnl nnuﬁ Plg?

svron ghant ! bagking haying a greater
stiffness to radial movement than th nd second’legs to limit radia eformation Of the Tirst and

second leg8'e37 ITavd valecsiEmser 2uifise fiApeiengrst séalitivig fiseHbe evisipligayer of annular

protrusion 103 is flush with the outer diameter of packing ring 71. Annular protrusion 103 will
define a third annular recess 105 extending from the outer diameter of annular protrusion 103
toward annular protrusion 95 to land at an outward facing shoulder 107. Third annular recess

105 will extend from an end of annular protrusion 103 away from cavity 21 to land at a

downward facing shoulder 109.

[0033] Third annular recess 105 will have a size and shape such that a third seal 35C may be
placed within third annular recess 105. Third seal 35C will substantially fill third annular recess

105 and be positioned so that first end 49 (Figure 3) of third seal 35C will abut downward facing
shoulder 109 of third annular recess 105 (Figure 2). Surface 69 of back ring 43 of third seal 35C
will be proximate to but may not contact upward facing shoulder 91 of packing ring 71.
Preferably, distal end 57 of first leg 53 of seal ring 41 of third seal 35C will contact and seal to
outward facing shoulder 107 within third annular recess 105. Similarly, distal end 59 of second
leg 55 of seal ring 41 of third seal 35C will contact and seal to a surface of body 13. Thus, third
seal 35C will seal against movement of fluid from an exterior of body 13 to cavity 21, and will

vent fluid from cavity 21 to an exterior of body 13.

[0034] Packer retainer 73 defines a downward facing shoulder 111 extending from a base of
annular protrusion 103 to an inner diameter of packer retainer ring 73 proximate to stem 29.
Annular protrusion 95 of packing ring 71 has a width that extends a portion of the width between
annular protrusion 103 of packer retainer ring 73 and the inner diameter of packer retaining ring
73 such that a fourth annular recess 113 exists between annular protrusion 95, downward facing

shoulder 111 of packer retainer ring 73, and an upper surface 115 of load ring assembly 99.
Fourth annular recess 113 extends from an area proximate to stem 29 inward to inward facing

surface 117 of annular protrusion 95.

[0035} Fourth annular recess 113 will have a size and shape such that a fourth seal 35D may be
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an annular seal stand off having a first end and a second end, wherein a chevron profile is
positioned on the seal standoff so that the second end of the seal stand off inserts into the chevron
profile; an energizing spring having a chevron profile interposed between the seal stand off and
the chevron profile, the energizing spring exerting an expanding force on legs of the chevron profile so
that the chevron profile will remain in sealing contact with the opposing annular surfaces; wherein
the energizing spring may be deflected in response to a fluid pressure on the chevron profile opposite
the energizing spring to allow fluid flow past the chevron profile; and wherein the first end of the

seal standrifeddasigisufostanaamlfiarensstibys posthedab® supbarevenatlbufde farthepataking
assembly anekshe seaend gogiiohihesaak st@ndrﬁfhbs(méap@@tbfef&ma@@msnt withathe ghyron profile

of the energizin ri The valve o im 2, where chevr le is.forme polymer
and the bag&%nf?gﬁg f‘?r)}ﬂrﬂaéﬁdn asse el Bﬂ? ugr;eaz\grega ér %?dnpe%ss %?e 53 rrﬁ%qro e chevron

profile. 5. WH@?QF\?@’@P@F&WZ?WW@P@W&%W E@F%Sb@téﬁeﬁﬁ@léa&%gréﬁwwﬁwy to distal
ends of eagh leg:-Rfdhe, chevremn prolilen:&. [Thevatvgofaiadm o, falereial3sD will contact and

seal to inward facing surface 117 of annular protrusion 95 of packing ring 71 within fourth
annular recess 113. Similarly, distal end 59 of second leg 55 of seal ring 41 of fourth seal 35D
will contact and seal to a surface of stem 29. Thus, fourth seal 35D will seal against movement of

fluid from cavity 21 to an exterior of body 13, and will vent fluid into cavity 21.

[0036] As illustrated in Figure 2, second seal 35B and fourth seal 35D are positioned so that the
seals seal to stem 29 to prevent flow of fluid out of cavity 21 along stem 29 while allowing fluid
that may leak past second seal 35B to vent back into cavity 21. This provides a redundant
sealing system that is more effective than prior art sealing methods. Similarly, the combined
second and fourth seals 35B, 35D provide fluid venting that prevents damage to the seals where
fluid pressure within cavity 21 is suddenly released. Similarly, first seal35A and third seal 35C
are positioned to prevent fluid flow into cavity 21 along body 13. Unlike seals 35B and 35D,
seals 35A and 35C do not provide redundant protection. Instead, first and third seals 35A, 35C,
respectively, provide opposite direction sealing. This potentially reduces the amount of fluid that
may pass between an exterior of body 13 and cavity 21. In addition, first and third seals 35A,
35C, respectively, provide opposite direction venting that protects both seals from damage in the
event of a sudden pressure change in the area sealed. A person skilled in the art will understand
that the sealing and venting directions of each seal may be switched by flipping the position of

each seal as needed.

[0037]Accordingly, the disclosed embodiments provide numerous advantages over the prior art. For
example, the disclosed embodiments provide a redundant sealing system that provides two

independent and verifiable seals along the stem of the valve. This greatly improves effectiveness
and reliability over prior art stem seals. In addition, the disclosed embodiments provide a venting
mechanism to allow for release of fluid that has leaked past the seals to vent in response to
quick changes in fluid pressure within the valve cavity. This prevents damage to the first seal
that may be caused by known leakage issues in all valve sealing mechanisms. In turn,

this prolongs the life of the seal.
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a width of the back ring is smaller than a distance between outer side of distal ends of the seal ring
legs; and an inner gap is located between the back ring and the stem and an outer gap is located
between the back ring and the body. 7. The valve of Claim 2, wherein the channel of the back ring
extends from the apex of the chevron profile over only part of the chevron profile. 8. The valve of
Claim 2, wherein the chevron profile has two exterior angled portions meeting at a junction; and

the angled portion from the apex to the junction has a larger angle relative to an axis passing through
the apex than the angled portion from the junction to the distal ends of each seal ring leg 9.The valve
of Claim 2[Fshertcsmpridingioadlutedity BbuprisentircoyAfEpantialiy spalked npsErt nnthe BBEK ring,
defining a ghyalitiotdehanaglscalaning.tivid iuyeatpast thensuthagef thenehevepapigfile.

from the spirit or scope of the invention. Having thus described the present invention by
reference to certain of its preferred embodiments, it is noted that the embodiments disclosed
are illustrative rather than limiting in nature and that a wide range of variations,
modifications, changes, and substitutions are contemplated in the foregoing disclosure and, in
some instances, some features of the present invention may be employed without a
corresponding use of the other features. = Many such variations and modifications may be
considered obvious and desirable by those skilled in the art based upon a review of the
foregoing description of preferred embodiments.  Accordingly, it is appropriate that the

appended claims be construed broadly and in a manner consistent with the scope of the invention.
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10. The valve of Claim 1, wherein the first seal ring further comprises a bump formed on an outer
surface of the first seal ring opposite an end of the seal ring that seals to the valve stem and the valve
body, the bump forming one or more fluid channels, allowing fluid to vent past the sealing surface of
the seal ring. 11. The valve of Claim 1, wherein the second seal comprises a spring energized seal.
12. A valve stem packing assembly for sealing a valve stem to a valve body having a body cavity, the
packing assembly comprising: first spring energized seal ring positioned within a valve stem
opening extending axially through the body to seal the valve stem to the valve body; a second
seal ring pB4itionedinithis the valve stem opening to seal the valve stem to the valve body; and a
load ring assembly mounted to and forming a part of the body having a first end in engagement with
the first seal ring and a second end in engagement with the second seal ring, such that an axial force

applied to the first'SERY FiY e SFEPSTH 53RN YBREHNSY, an axial force in an opposite direction on
the second seal ringplvansférsddithe leatoingassembily.a 18T evpackimgraisdmbly dfeCllaimn 12,
wherein thg first.seal comprises: an annular seal stand off having a first end and a second end; a

seal ring having a cheyron profile positioned on the seal standaff so that the second end of the seal
stand O?f ins ert% ihe VAle Cl?]ogj\}llrgﬁﬂg%roﬂf ining a stem open?ng extendEng from an exterior og t%eqyocly
into the body cavity;

a valve member moveable between an open position and a closed position, the valve
member blocking the flow passage in the closed position, and allowing flow through the flow
passage in the open position;

a valve stem having a valve stem axis coupled to. the valve member, the valve stem
extending from the body cavity to an exterior of the valve body through the valve stem
opening for moving the valve member from the closed position to the open position;

a spring energized first seal ring positioned within the valve stem opening to seal the
valve stem to the valve body;

a second seal ring positioned within the valve stem opening to seal the valve stem to the
valve body; and

a load ring assembly stationarily mounted to and defining a portion of the valve body
between the first seal ring and the second seal ring that isolates the first seal ring and the
second seal ring so that a force applied to the first seal ring in a direction toward the second seal

ring transfers to the load ring assembly.

2. The valve of Claim 1, wherein the first seal ring comprises:

a chevron profile defining a first and a second leg extending from an apex of the chevron
profile radially outward, the first and second legs sealing the stem and the body to opposing
annular surfaces; and

a back ring having a chevron channel that receives the apex of the chevron profile, the
back ring having a greater stiffness to radial movement than the first and second legs to limit radial

deformation of the first and second legs.

3. The valve of Claim 2, wherein the first seal ring further comprises:
an annular seal stand off having a first end and a second end;
wherein a chevron profile is positioned on the seal standoff so that the second end of the

seal stand off inserts into the chevron profile;
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wherein the seal ring defines a first and a second leg extending from an apex of the chevron profile
radially outward, the first and second legs sealing to opposing annular surfaces of the stem and the

body; an energizing spring having a chevron profile interposed between the seal stand off and the
seal ring, the energizing spring exerting an expanding force on legs of the seal ring so that the seal
ring will remain in sealing contact with the opposing annular surfaces; wherein the energizing

spring may be deflected in response to a fluid pressure on the seal ring opposite the energizing spring
to allow fluid flow past the seal ring; a back ring having a chevron channel that receives an apex of the
seal ring, the back ring having a greater stiffness to radial movement than the first and second legs of

the seal ring to limitaadiglcetprmationmgf thaditsh prehisesongolrgvakiha sealdngaandst andwherein

the first entgeogﬁhe searl0 tlan off has a substantlagg flat grtlon Bostl(t)lrgg%gl na (ﬁuglgocrﬁlve shoulder of

the packing asseevﬁogly and ’theeseélgrcﬁgﬁzdnénséfg}g(ﬁéese%ﬁ $ anﬂ)%l}?lsgin operatlvésengagemeé/ﬁ(fnwith the
chevron piififde 5% thphéhgathevemaratfiel 3ilturtReMcamsASMEgcansitir atit) shoapRpsngrenmiarentially
spaced apastesthe back ring, defining a plurality of fluid channels, allowing fluid to vent past the

sealing surface o\ljv ﬁgreei%etgl ring. .15. The valve q)fe(%igfilrcg t:eL 3.Wherein th firﬁ¥1 1sdeal gisrﬁgeflgrrltql?er comprises

€ en 1Z1Ng mmg ma 1n respons 1C,
a bump formed on an outer surface o?pﬁwegba K ring opposite an end of the seal ring that seals to the
valve stenfhevEPtherfanerpRsdy, e rusnfor it o ridor et fiasehisrerss tiafifruriday vent
past the sealing suifacetrf the Brgtserd Hagstand off has a substantially flat portion positioned on a

supportive shoulder of the packing assembly and the second end of the seal stand off is in

operative engagement with the chevron profile of the energizing spring.

4. The valve of Claim 2, wherein the chevron profile is formed of a polymer and the back

ring is formed of a polymer having a greater hardness than the polymer of the chevron profile.

5. The valve of Claim 2, wherein the channel of the back ring extends only partially to distal

ends of each leg of the chevron profile.

6. The valve of Claim 2, wherein:
a width of the back ring is smaller than a distance between outer side of distal ends of the

seal ring legs; and

an inner gap is located between the back ring and the stem and an outer gap is located between

the back ring and the body.

7. The valve of Claim 2, wherein the channel of the back ring extends from the apex of the

chevron profile over only part of the chevron profile.

8. The valve of Claim 2, wherein:

the chevron profile has two exterior angled portions meeting at a junction; and

the angled portion from the apex to the junction has a larger angle relative to an axis
passing through the apex than the angled portion from the junction to the distal ends of each seal

ring leg.

9. The valve of Claim 2, further comprising a plurality of bumps circumferentially spaced
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16. The valve of Claim 13, wherein: the seal ring is formed of a polymer; and the back ring is
formed of a polymer having a greater hardness than the polymer of the seal ring. 17. The valve of
Claim 12, wherein the second seal ring comprises a spring energized seal. 18. A seal ring for a valve
stem comprising: an annular seal stand off having a first end and a second end; a seal ring having
a chevron profile positioned on the seal standoff so that the second end of the seal stand off inserts
into the chevron profile; wherein the seal ring defines a first and a second leg extending from an
apex of the chevron profile radially outward, the first and second legs sealing to opposing annular
surfaces offiie valle Srsh ard eeliaing bobiyality ohMleneimizialy, splennhaliingta chevren prefile
interposedsheiwegmthases] siamnd off and the seal ring, the energizing spring exerting an expanding
force on legs of the seal ring so that the seal ring will remain in sealing contact with the opposing

annular surfaces;
10. The valve of Claim 1, wherein the first seal ring further comprises a bump formed on an

outer surface of the first seal ring opposite an end of the seal ring that seals to the valve stem and
the valve body, the bump forming one or more fluid channels, allowing fluid to vent past the

sealing surface of the seal ring.
11.  The valve of Claim 1, wherein the second seal comprises a spring energized seal.

12. A valve stem packing assembly for sealing a valve stem to a valve body having a body
cavity, the packing assembly comprising:

first spring energized seal ring positioned within a valve stem opening extending axially
through the body to seal the valve stem to the valve body;

a second seal ring positioned within the valve stem opening to seal the valve stem to the
valve body; and

a load ring assembly mounted to and forming a part of the body having a first end in
engagement with the first seal ring and a second end in engagement with the second seal ring,
such that an axial force applied to the first seal ring transfers to load ring assembly, an axial force

in an opposite direction on the second seal ring transfers to the load ring assembly.

13. The packing assembly of Claim 12, wherein the first seal comprises:

an annular seal stand off having a first end and a second end;

a seal ring having a chevron profile positioned on the seal standoff so that the second end of
the seal stand off inserts into the chevron profile;

wherein the seal ring defines a first and a second leg extending from an apex of the
chevron profile radially outward, the first and second legs sealing to opposing annular
surfaces of the stem and the body;

an energizing spring having a chevron profile interposed between the seal stand off and
the seal ring, the energizing spring exerting an expanding force on legs of the seal ring so that the
seal ring will remain in sealing contact with the opposing annular surfaces;

wherein the energizing spring may be deflected in response to a fluid pressure on the seal
ring opposite the energizing spring to allow fluid flow past the seal ring;

a back ring having a chevron channel that receives an apex of the seal ring, the back ring
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wherein the energizing spring may be deflected in response to a fluid pressure on the seal ring
opposite the energizing spring to allow fluid flow past the seal ring; a back ring having a chevron
channel that receives an apex of the seal ring, the back ring having a greater stiffness to radial
movement than the first and second legs of the seal ring to limit radial deformation of the first and
second legs of the seal ring; wherein the first end of the seal stand off has a substantially flat
portion positioned on a supportive shoulder of the packing assembly and the second end of the seal
stand off is in operative engagement with the chevron profile; wherein the seal ring is formed of a
polymer ahavihe dziekdintifiacte tmedidieepongi dran ey shagfestondtiagdmé e tisahritetp Biytner of the

seal ring; radiyvheksifutios shannek efdhe-hackding xtendmeniydpartially to distal ends of each leg of
the seal ring; herein a width of the back ring is smaller than a distance between outer sides of the
cistal encis of the US55 ©lulionsih AT ABIBRap JTSCAIAH USRI REDRICTA And the
stem and avwpputeie geapukidocitde heteerethrenbhckudntanddhé valvel bbeyseal stgndepéinsthe channel
of the backgingiextapds Hamheianexedihe.gral ring over only part of the seal ring; and

14. The valve of Claim 13, further comprising a plurality of bumps circumferentially spaced
apart on the back ring, defining a plurality of fluid channels, allowing fluid to vent past the

sealing surface of the seal ring.

15. The valve of Claim 13, wherein the first seal ring further comprises a bump formed on an
outer surface of the back ring opposite an end of the seal ring that seals to the valve stem and the
valve body, the bump forming one or more fluid channels so that fluid may vent past the sealing

surface of the first seal ring.

16. The valve of Claim 13, wherein:
the seal ring is formed of a polymer; and

the back ring is formed of a polymer having a greater hardness than the polymer of the

seal ring.
17. The valve of Claim 12, wherein the second seal ring comprises a spring energized seal.
18. A seal ring for a valve stem comprising:

an annular seal stand off having a first end and a second end;

a seal ring having a chevron profile positioned on the seal standoff so that the second end of
the seal stand off inserts into the chevron profile;

wherein the seal ring defines a first and a second leg extending from an apex of the
chevron profile radially outward, the first and second legs sealing to opposing annular
surfaces of the valve stem and a valve body;

an energizing spring having a chevron profile interposed between the seal stand off and
the seal ring, the energizing spring exerting an expanding force on legs of the seal ring so that the
seal ring will remain in sealing contact with the opposing annular surfaces;

wherein the energizing spring may be deflected in response to a fluid pressure on the seal

ring opposite the energizing spring to allow fluid flow past the seal ring;
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a plurality of circumferentially spaced apart bumps formed on an outer surface of the back ring,
defining a plurality of fluid channels so that fluid may vent past the sealing surface of the seal ring.
19.The valve of Claim 18, wherein: the seal ring has two angled exterior portions meeting at a junction;
and the angled portion from the apex to the junction has a larger angle relative to an axis passing
through the apex than the angled portion from the junction to the distal ends of each seal ring leg.

a back ring having a chevron channel that receives an apex of the seal ring, the back ring
having a greater stiffness to radial movement than the first and second legs of the seal ring to limit
radial deformation of the first and second legs of the seal ring;

wherein the first end of the seal stand off has a substantially flat portion positioned on a
supportive shoulder of the packing assembly and the second end of the seal stand off is in
operative engagement with the chevron profile;

wherein the seal ring is formed of a polymer and the back ring is formed of a polymer
having a greater hardness than the polymer of the seal ring;

wherein the channel of the back ring extends only partially to distal ends of each leg of
the seal ring;

wherein a width of the back ring is smaller than a distance between outer sides of the
distal ends of the seal ring legs;

wherein an inner gap is located between the back ring and the stem and an outer gap is
located between the back ring and the valve body;

wherein the channel of the back ring extends from the apex of the seal ring over only
part of the seal ring; and
a plurality of circumferentially spaced apart bumps formed on an outer surface of the back
ring, defining a plurality of fluid channels so that fluid may vent past the sealing surface of the seal

ring.

19. The valve of Claim 18, wherein:

the seal ring has two angled exterior portions meeting at a junction; and

the angled portion from the apex to the junction has a larger angle relative to an axis
passing through the apex than the angled portion from the junction to the distal ends of each seal

ring leg.
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