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» a fl.ow passage extending generally longitudinally through the body, the
fl ow passage including a generally lateral first branch connected to a
general ly | ongitudi nal second branch. The gate val ve conprises a gate
which is noveable generally longitudinally a ' ranch bet wee
an open position in which VAb0d/TI2F5HeAdat e m&Mimwmﬂﬁmmmmﬁ|“MWWWWW"kst
branch and a closed position in which the hole 1's offset Tronlthe first
branch; a cparliv, M, e, a0 dsmh, fﬁ&&whi "o AN LR PPk NG B mimg,
actuating mh(ATan.lcsmYpmsnmusameana BrRAME  C Ol bk ra‘xarrepmwnghe roma
first. posi % dL.IB ABNELPI et BE.BBAE.  andmedremt ur n bi asi ng nechanlsm
formoving t é ga TR Vhd™s éﬁhﬂ’ S|t|on to the first p05|t|on wher ei n
one of theuddidist and second positions c8ff ogsm fdofser phiavictios ey ¢ s;i*'l‘fr on of
the gat e -aneutheainer:Resi ti on correspy T Ch S e “”" B8t the
gate; and wherein the conduit extends generally Iongltudlnally through t he
body. . 3 Septenber 2004 Internal Gate Valve for Flow Conpletion S
stens This application is based on U S. Provisional Patent Application No.
601192, 124, which was filed on March 24, 2000. Background of the-Invention
5 The present Invention relates to a gate valve which nmay be used to
control the flow of fluid through various conponents of a flow conpletion
system such as a tubing hanger. Mre particularly, the invention rel ates
to such a gate valve which is renotely operable and which is oriented
generally longitudinally in the conponent and therefore occupies a m ni num
of the radial cross sectional area of the 10 conponent The need to renotely
and reliably control the flow of fluid through conponents having
relatively small radial cross sectional areas is particularly strong in the
field of flow conpletion systens for producing oil or gas froma subsea
well. Atypical horizontal-type flow conpletion system conprises a
wel | head housing which is 15 Installed at the upper end of a well bore, a
-tubi ng spool which Is connected to the top of the well head housing and
whi ch Includes a central bore extending axially therethrough, and a tubing
‘hanger which is suspended in the central bore and which




supports at | east one tubing string that extends into the well bore and
defines a tubing annulus surrounding the tubing string. The tubing hanger
is usually an annular 20 conponent which Includes at | ehEeptomget 20 t udi nal
production bore connected to the tubing string, a |ateral production
passageway that extends btEHEsGate Na ow Cpmpletidndveteaigd a producti on
outlet in the tubi itisspgiohtion RAMEsIA L0, P?&ﬁs?on?ﬁ%’én?ﬁ Fﬁi&ﬂiocﬂlnt rol conduits
for communi Catéd)fb‘?cl%tv{;h%hvﬁai an | s, .0r %I uids from external Service and
control lines to €Orrespondi ﬁ@%%’@% % 2890-posi tions | ocated In or bel ow

t he tubi ng hanBaakground of riedmidinionon, the tubi ng hanger may include a

| ongi tudi nag annul gg : i the tuping, annulus with the

portion of the cecghr_% béglﬁﬁg%ng@ﬁ?@%gg’béq ée‘faﬁgu‘&’lfﬁﬂﬁgbeﬁﬁ?fbt@@”wm%peration

of the flow colfidfidhraughyasieys qompanantsraba ftw cdmeplaiion systsn, boghessand ¢ he

servi ce and combinghangem s Sarituis i rolled.to. ensure that
ng: fa Hy, @l@ lrﬁ@l"&ﬁﬁ F&[Até/stggt% %ba:;e \%&I(Vg%wc ,[S duri ng

well fluid 3 'S Not, esc intp the environne
installation grﬁ%&\%@r%%@@? a%‘?‘ﬂ'ﬁ%s ?riepiRd geiamliy ongitydinglivtintie comporeninul us bor e
must typi cal | yanddhesdfore obmplesla minium of theYa@iiss BERYRNEBE of HBCP") i S

instal | ed ghbov@nbhgent Ubi ng hanger, at which point the tubling hanger may be
opened to allow for circulation of fluid between the production bore and
the tubing annul us'haneed Increrpetely pndaetiablyaontiol thk Rove of fluldghrbsgH doRipsintsy  used t o

cl ose .35 t he havingiteliivdhOdn®all rddi\GYR sectRRS Q[e%‘Q%p*”*’@%ﬂ%%ﬁO@‘{r}PﬁiﬁgM\% Sof t he

pl ug requires I t enber_ 2004 speci al tri sel .
Mor eover; alt r?g‘ﬁ&%'%%'g@g'rs& erdProicing il or gagirasm 9 subsea walh | Atypisdlves f or ‘
control ling fIhQWOUH-iMmgﬂwtdnmpteﬁmmyﬁ&nb@ﬁ@isb@#ﬁelb@&@hcﬂéﬁ.gwh@ms t hese val ves
have for tf% R ' ical 1o i enment due to the limted
radi al cross sggl?cgﬁg% @?ﬁn?ﬁgﬁ@tgo%vﬁwhﬁgﬁg’l W%awmrﬁﬁﬂgwm@r for such
val ves. Ther efbf@Welhepdboysiag pad whishdncludes e nertiral horepesnalabexiagl ve whi ch can
reliably conthesdthrolyh, fldauisig ﬁdnb@r@hkhfs@d&%n@ih%c@%h&rteigﬁ@ ot em

adl a -

conmponent but ' oceupi a,mpimumra Cross sectl ea of the
conponent . Sunthar @Q%tf' eal[%ﬁ?élgluﬁ’&@ﬁ{"f‘%ﬁ'aﬁ "r‘i‘teﬁéfc'ﬂ'ﬁ"dfaﬁw@' biare andidefnes mdbingt
i nvention, thé3¥gsHT@NHiog tha itubing sting. el dubliny Hahger iUy sAlahn@4 € Over cone by
provi di ng2a ckafptnent¥ iR #oub t. having an "el ongated body and a
f1 ow passage @?I endi ngrléer?gr ﬁﬁt%aﬁgﬁgﬁﬁﬁﬁfj'ﬂglpwu‘%ﬁ?gﬁ"&l’?"'ﬁ"}%ted%1 the flow
passage i ncl utirig stgng, &/literaliprapuption Basshgéway Yt éxtande betwearntis bdudtion a
gener al 1y | onlire aotl @pdodictieosifletit B8 &Bing Th1, ShASI & IR licCoRrLSes a gate
wareh s conduits for communicating contro! signals or fluids from extemal service and control

lines to corresponding devices or positions located in or below the tubing hanger. In

25  addition, the tubing hanger may include a ongitudina! annulus bore for connecting

the tubing annulus with the portion of the central bore located above the fubing
hanger.

in operation of the flow con_:pletion system, flow through the annulus bore and
the service and controi conduits must be carefully controlled to ensufe that well fiuid
does not escape info the environment, For example, during installation and workover
of the flow completion system, the annulus bore must typically remain closed unti a
- blowout preventer (‘BOP") is installed above the tubing hanger, at which point the
tubing hanger may be opened to allow for circulation of fiuid between the production
bore and the tubing annulus. In the prior art, a wireline plug is typically used to close
35  the annulus bore. However, sach Installation or removal of the plug requires a

30
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nmoveabl'e generally |ongitudinally across the first branch between an open
position in which a hole in the gate is aligned with the flnﬁt branch and
a closed position in which the hole is offset fron1the1§q@ﬁ_%¥éweﬂ; a
conduit which extends through the body from the gate; actuating neans

itioned i ; [ Vi te.froma first . position to a
econd posi (1 auat OB, stfiee 6B NOrEaP, il 8 cBverel eysioB Bf sroiely
second posi tapgrabie vales fior eantiotisg tfioanthrovgsr tienarondusobort teavki hexin gatenteecond

iti it f. 1 . t he, ot her
Posi 11 on cort e PR Rayeliol IS ARSTLACG N RlrediehilR afglemed it SR ke
condui t ext gadig! gresrseztivnal Iamajhatjsliami:cabge inltl’m“mbgub I‘i‘ah@erﬁ@f&ﬂch%ﬁﬁ@fy EheWh i
' ' n onnect ed, suc a e
the gate is in it egead Dot Bl RP| . Pmp e BospBRg i aido G saGblge | s
bl ocked. I n canselether flavd of rfitiitimengh Gf floweconpletiin eystérh econfidi@hi BEt which
nmechani sm CUERLASES ‘H"“ﬁ‘tfg'ﬁiamogﬁaéﬁigﬁﬁga@?e%ﬁﬁ 8%8@%?&@?&(3 and whi ch

seal ingly engdges e con ‘hydraul i ¢ pressure

to a first (Summan obthe Inventioonduit whi ch conmuni cates with the 3L$tﬁn.
Thus, it may be onents qf the closure nenmber i ch nove
the gate are ali Zﬁggc&grgé;rg:? %ﬁytﬁggﬁe@eﬁﬂlaﬁ{ﬁl!opyth?&? Q'E@Q{E'ef @Sﬁ"@”&&%‘.’" e this
manner, the prier eg.are averdose by pupiidisy a mésureunel_ah@ur@t taoé?md;&egat&gﬁlﬁée ragar OIS?‘]
sectional ar t onen ar .0 _prior ar :
addi ti on, sie@ggﬁgd@d I ?@%pﬂb&ébﬁgara%seﬁ%%nq @eﬂﬁﬁaﬂ%\ﬂ@gﬂ%‘r@”a&t fr OL{?i?ethe t
cl osure rrembgﬂy.n’lé!p chaasagaadjdlmﬂ;? al geane:crf:a)ﬂryoIaagesrgm?‘ihﬁt:l:abﬁ?’iltitt;i ﬁénﬁegtnédglr’cﬁaﬁinch
i nventi on, ﬁﬁﬂg _ \
is jsuspendeg ﬁ%r%éf F)Hé:ﬁng spgéqdi%rg %ﬁi?@% BTN mbe&beéﬁomgr'tqﬂsfg%g%e ?ﬂ/'s
havi ng an amnyeatlegeneraiy kingitudisailysacgessethalfitsy baancalt{elywéefnﬁrg?gfro?%ngon :ﬁr anch
Sept enber 2 t ] . . n enera y . . .
connect ed t gmgbh Eg_ﬁ%lrégf] qu&égg;?'gggg%th%h? ﬁﬁgﬁ ?ﬁﬁ@gfi@l ﬂ@qeg,pqsnagndm Wg‘l?ge
menber conpthesiaale is offact fromithé firsd bramheabbr@@emtmtaéﬁyrr@ﬂh&ldtgﬁ the b?{?sfrél’ﬁe
first branc 0 4. | | | . ole i a [ _
al i gned mﬁtﬂ“{%@ﬁfgggt r@%gﬁ?gﬁ%ﬂ%?%“éggﬁgﬁﬁmﬁe@éSF%HE@ eéﬁgﬁﬁﬁgh?ﬁﬁgn in
whi ch t he hQP%t@rstQﬁ seeandf pasitionhand retern hiasime meaas éamalirig thiai gefte msﬁeun_ésm
Dosi 11 oned paYposcRt 8 s i WhetoIf 8" & R e BB Esn o
ositi

P he open po§Pwespendsiedthe open position of the gate and the other position corresponds to the

closed position of the gate; wherein the conduit extends generally longitudinally

through the body, whereby the first and the second branches are configured and

connected such that, when the gate is in its closed position, fluid flow through the flow

passage is blocked. In a preferred embodiment of the invention the actuating

mechanism comprises a piston which is connected to the gate and which sealingly

engages the conduit, and means for conveying hydraulic pressure to a first portion of

the conduit which communicates with the piston.

Thus, it may be seen that the components of the closure member which move

the gate are aligned generally longitudinally relative to the gate. In this manner, the

closure member occupies a minimum amount of the lateral cross sectional area of the

component compared to prior art closure members. In addition, since hydraulic

pressure is used to actuate the gate, the closure member may be operated remotely.

In one embodiment of the present invention, the closure member is adapted for
use in a tubing hanger which is suspended in a tubing spool and which comprises an
elongated body having an annulus bore that extends generally axially therethrough,



return biasing mechanismfor noving the gate fromthe open position to the
closed 5 position. In a preferred enbodi nent of the invention, the

act uating nechani sm conprises a piston which is connect®eRtember2094t e and
whi ch sealingly engages the conduit, and neans for conveying hydraulic
pressure to fl {] th ondui ich comunicates with the

pi ston. Fur e h@?‘gs B? {gae&%%rﬁ]n& %iﬁé%’?ﬁiB{ l?i%[?ws“c%rﬁﬁ&? §%'§‘qcflerds'{3 B aanerabond
annul ar sealaXighescond hehche Aeemdinglye theo dipsardmemdet ubinEﬂseslﬁ RO Uhictapd the
cl osure ne furt her L Ses._a gate cavi in which the gate is_at

| east part {T?ﬁ"yeagﬁeébt?‘i%aﬂg%&hﬁg‘%ﬂfscﬂe&%@mﬁ‘?ﬁ#‘%eeew W%ﬂ@m'%%ma t he
first and dwtoindhegateds aligned eiith the frstbraacivahda Blokd® gate cavity is
contained by the first and second seals. Therefore it maybe seen that the
cl osure nenber of the present Invention 15 permts flow through the tubing
hanger annul us bore to be reliably controlled froma renote |ocation

w thout the use of wireline plugs. Furthernore, since the gate and its
actuating nechanismare oriented generally axially within the tubing
hanger, the closure nenber occupies a mninmumradial cross-sectional area
of the tubing hanger. 20 These and ot her objects and advantages of the
present invention will be made apparent fromthe follow ng detailed
description, with reference to the acconpanying draw ngs. In the draw ngs,
the sane reference nunbers are used to denote simlar conponents in the
various enbodi ments. Brief Descrintion of the Drawings 25 Figure 1 is a

| ongi tudi nal cross-sectional view of an exenplary flow conpletion system
whi ch conprises the gate valve of the present Invention; Figure 2 is a

| ongi tudi nal cross-sectional view of a portion of the tubing hanger
conponent shown in Figure 1 taken through the tubing hanger annul us bore
and the gate valve; 30 Figure 3 is an enlarged | ongitudi nal '
cross-sectional view of the gate valve shown in Figure 2; Figure 4 is a
radi al cross-sectional view of a portion of the tubing hanger conponent
and the gate valve shown in Figure 1; Figure 5 is a |longitudina
cross-sectional view of the gate and seat 35 conponents of the gate val ve
of the present invention; 3

Za



3 Septenber 2004 Figure 6 is a longitudinal cross-sectional view of a

portion of the tubing hanger conponent shown in Figure 1 taken through the
tubing hanger annulus bore and another enbodiment of tReSYALBOGANE of the
present invention; Figure 7A is a |longitudinal cross-sectional view of the

mal e over ride waliphRiwheh heholdiomBl @Al ifS b ﬁ%tc%ﬂd%% ich@fsfed Shown 1 1

its nornmal node o ure ongi sectional

f
view of the nef geWe%qﬁ%I%'mHSuﬁ‘FQ dyjom tf‘?l@%é@ﬂ@@%ﬂnﬂ@e@mlm wlﬁbmedﬁ gure 6
ishownt i 3 it is nie theabndait éor niosiag ﬂﬁ@ete(ﬁbmqmﬁdkﬁbd Qébiuongdﬁybﬁ‘elﬁ{é ; onponent
ongi t udi na a us bore protec or de
deplgct ed in_Fi g@@%ﬁg%&ﬂmlsﬁ {OF %YO té%gqt? f']%&efﬁe“ P‘isf"@’ﬂlFoéh%Boﬁeé a
| ongi tudi na? diden deapresma embm@wrtbhfthmlevmﬂmmﬂm$cheﬁrtg Mdcb@§hor conponent
ohLt udi nai cooiRed p%ﬁ%hidh'?s é&ﬁe#&rf(‘ﬁthggﬁfetab&’wmg%?%ﬁ’ﬁ%?@egﬁ ® conponent

| ongi tudi nal cross- sect | ona Vi ew 0 nnu
depi cted in FiGITE FAIpeRmfor senveinadydiaulispegssiire ko a firsigortbi githecdhdiis a parti al

| ongi tudi nal  antiskommeticatesbitMhepkior, RRRiIRRe AERMATERerRlayl5 2 0at e val ve

assenbly of t nt.ion. Detail d Descri pti o he Preferred
Enbodi nment s V\%%‘T@ﬁst%aﬁ}g n[dgegoé’fj\% "a\@?%"?ﬁ)ﬁ’c&? qudtbﬁ@’eﬁﬁwé}?@y?ﬂﬂﬁ%lublﬂ@l may be
used to cofft r@Poohfalﬂd\ihetdﬂswagmnmevfarﬁleemmeéégmec‘awﬂjainamdhm Sh

hanger compones eriefpd B e iR ERERS i fh%fv‘%w%%xé’eﬁm“% A ring to-
Figure 1, a pPE‘F%'ﬁF &’Hﬁ&tﬂ'upﬁ%ﬁvmmﬂﬂﬂﬂveggfatceviwowetamdbgmsmmmmd i nstal | ed
In an exerrpl amsygedntiesals onpl et | on system 12. As explained nore fully in
applicants' co-pe cation 09/ 815, 437, which is
theby i ncor porgtgﬁ‘ ﬁeﬁ%g}t%a e@?ﬁa@ﬁgd‘)sqrﬁ@eﬂbﬁwfg@ms@fﬂi igfertigpst em 12 - 25
conpri ses 1@ wepH few mlghﬁgtqbing\,ﬂangdnammlusmsltead: bebliadpdontriiRd reR 20f a wel |
bor e . (ot SkaMSR locdion bishlubi 8RO rdfle BNbE Tk erhgRl SLiHo SYE b i, V] | head

‘housi ng 14 and %gn i ncl cen XI ally
t her et hr ough, 2SHg" "'teﬁl?ﬂ"ﬁa‘ are grightsd genmrallyaxially withinghetpling hmgamtl-lbhe central

bore 18 and whipghe memberdesupesganaimaiiidial 8RB RonaPaYs andRih 9 an outer,
st epped cyli nﬁééﬁfa' wal | 24. The, tubing hanger 20 3% suppor s at | east one

t ubi ng strlng whi ch extends into the well bore and defines a tubing

arinul us 28%sur r ourl@FFRANCIeEer Ohjtatrand dvantages of tedmédentifventidtowil Bdinggs hanger 20
| ncl udes a coagRint s e MG BRalRE bEsAoH U e RNTMA YGAL S5 L. the tubi ng

strin .
9 drawings. In the drawings, the same reference numbers are used to denote similar

components in the various embodiments.
Brief Description of the Drawings

25 Figure 1 Is a longitudinal cross-sectional view of an exemplary flow completion
system which comprises the gate valve of the present invention;
Figure 2 is a longitudinal cross-sectional view of a portion of the tubing hanger
component shown in Figure 1 taken through the tubing hanger annulus bore and the
gate valve;

30 Figure 3 Is an enlarged longitudinal cross-sectional view of the gate valvé
shown in Figure 2;

Figure 4 is a radial cross-sectional view of a portion of the tubing hanger
component and the gate valve shown in Figure 1;

Figure & is a longitudinal cross-sectional view of the gate and seat
35 components of the gate vaive of the present invention;

3



26, a lateral production passageway 32 which extends between the production
bore 30 and a production outlet 34 in the tubing spoof 16, an annul us bore
36 which 35 extends generally axially between the tubind3%ﬁﬂﬁmﬂﬁ¥2ﬂ@4and a
portion of the central 4 3 Septenber 2004 bore 18 | ocated above the tubing
hanger, and a nunber of service and control conduits 38 which extend
general ly axially through the tubing hanger: The flow conpletion system
may al so conprise one or nore valves 40 for controlling flaw through the
production outl et 34Figald ina ogitdiohl srobs-sedfimalden & poRiBNEThe Bing Rghgannul us 5

bore 36 and the } ; ui.t . Wi £ h correspondi ng external
service and conﬁ%ﬁﬁ%@gﬂ (ﬁ@g&éﬁ%\!ﬁ%’fﬂ%ﬁhtﬁﬁg'%\"%?ggbm"@?{g@ﬁa§9stem 12
depicted in Fi glﬁ‘"@”’ffeml??é"ﬂeab?fﬁggﬁﬁwgwOﬂhﬁpfwepﬁmream al so includes both
of the Industry requigad7Aid Bbndinct BEAALARARN R/ F o ARIYBRIGL G ISk Dore

and the environnent. thus elinmnating the nee separate pressure
sealing tree %agﬁeq%v% erdé’P'dﬁ‘g]F‘rﬁa‘%'Feqg%!‘O\HPWﬁS&@@%WD@quP@‘?ﬁ%reI i ne crown
plug .44 thgtz i s di Sﬁgm_'-}c'ifBiid”albﬁgﬁudﬂ@dﬂéﬁie%nﬁ?fe&o?@le?m@ﬁeﬁﬁg%@- fion
passageway 32, ISt . r refera etal  sea 1ch Is
posi ti oned bet weﬁgattﬁ‘édtet?%k 'ﬁtgw‘ﬁlé"%%‘?&%" i "la\ﬂl‘éaqgfﬁﬂq‘?d“@&%we’l@%ibove t he
producti on passagewa§igusBhiisiadengiyditeherosssectional viewaf thi @nmikss Horepibiegs by a
second- wi rel i ne GmpYenfienRicdh ﬁmﬁg&mﬁ’ﬁ%@"t he 15 production bore 30
nnu

above the fiJst crovpéapl 53,44, and a secon nul'ar, preferably netal seal
50 which is {Pg'si t i on'd@eER ihadengitylinal eresisregctional yiew oblbe amnbilustheretpudteciyy spool
16 above the fi retpaealdefioted INFIRFCOSHIIN GALSWLIB pbdinPr €sent invention, the

t ubi ng hanger 20 aI|§i i Juqes.t e gate valve 10 and, in the enbodi nent of
the invention depi ct@uéegﬁ’sﬁi-‘aﬁ '"ﬂ‘g?fP”é?@Pﬁ%WWQT@%a‘H‘%@QWCP'@Wure
[rﬁnberhStZ,h such??mg;&:emgtedég @rﬁgm&rﬁ'f sHoe akzi&gbmeposiﬁag;aﬁent ro![ Ihiﬂg II ui 'dl fl O\iv0
‘hroug e annul us £ 36 g Lo BLgures. 2 - - ate val ve
i's unique inthat substanti laﬁgltﬁ-{g[tddﬂ%% TS otﬁféér?é{'fewgﬁ%rlo%m'ﬂg?ﬁ%ﬂ?@o%re
housed enti r'i@l y 2#PeHpNe ssvembly althopregsmt ipyestiorubi ng  hanger 20. In addition,

the gate val ve Detallal Mystiiibroek tganebidd Bmidinhlsy W thin the tubing hanger
20 so as to occupy we(rqjiemégg O[‘fﬁt he g@ hﬁ Cross sectional area of the
tubi ng 25 hanger. In orderto NBerereX gl s Prasebinvnton way bg used &g qonie]|

orientation of #gyethepsgiua varighnobilaOcontpletioresystaineembarcats I6nipbefi@caaky | ncl udes
a lateral branchersbicrl obeeRRMAA I Yoot CHHUHLPA o B ANG o, AN the gate
ranch. For Pary he

val ve is di gposed z?%oss the latera ( exa
enbodi nment t FAR'HOR St depicted In Figures 2 -- 5, the annul us
Referring to Figure 1, a preferred embodiment of the gate valve 10 is shown
installed in an exemplary flow completion system 12. As explained hore fully in
applicants’ co-pending U.S. Patent Application No. 09/81 5,437,
which is hereby incorporated herein by reference, the flow completion system 12
25 comprises a wellhead housing 14 which is installed near the top of a well bore {not
shown), a tubing spool 16 which is connected over the wellhead housing 14 and
which includes.a central bore 18 that extends axially therethrough, and a fubing
hanger 20 which is supported in the central bare 18 and which includes a generally
annular body 22 having an outer, stepped cylindrical wall 24. The tubing hianger 20
30 supporis atleast one tubing sfring 26 which extends info the well bore and defines a
tubing annulus 28 surrounding the tubing string. In addition, the tubing hanger 20
includes a concentric production bore 30 which communicates with the tubing string -
26, alateral production passageway 32 which extends between the production bore
30 and a production outlet 34 in the tubing spool 16, an annufus bore 36 which
35 extends generally axially between the tubing annulus 28 and a portion of the central
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bore 36 Is shown to conprise an upper branch 54 which extends generally
axially 30 through the body 22 to the top of the tubing han? 20, a |l ower
branch 56 which extends generally axially through the B §rBbeMER0R0t t om
of the tubing hanger, and an internmedi ate branch 58 mhlch ext ends

eneral ly | at epgb AER: nche o facilitate
'?he formgtlon of ?EEEQ“? nul ugh@%bﬂﬁ%‘éﬁge?%gdahﬁer%dﬁ CéanaF%ﬁE‘h 58 is

i deal |y machi n&Hd egtgdgengrally 21gally tarauch the hbing Abrgir. bhediopl ug 35 nenber

60 or any ot hecormﬂeﬁbxabjsesmmso&n@d@%b%fm%v&%olf&&mﬁo“ﬁgﬁ&gl ment of the
i nvention depi gt e at e val ve

conpri se a gener ag}I1 @gpgggﬁ%ﬁﬂﬁ“@%ﬂ%& ‘E’é’(‘i‘%f 9""924%\1‘9?‘@6'"@9@0@?\'@@”@@@& ally
| ateral |y t8r obRys3e &l theisasyicarmidicortvbl mauuﬂseawrbm@s;ﬁbmﬁgéxt&ﬂa@ggmé ntersects
64

the internmedi aify Bhedibs ot slodnfddi tion, an annul ar seat pocket
extendi ng 5 transversely Into the b?rS{ 22 is preferably formed at each

i ntersection of th& Bty complatiensystem f2wdapictadiniFigues ythaitatig Hanger@h 58. The

gate val ve 10 prbﬁmb@fam?iﬂcﬁﬁésHo%fﬂfeliﬁbﬂstéll@rﬂﬁgd ﬁa‘\" &1% %fi fsOf which is
positioned in gweo %@ a ate whi ¢ s slidably-di sposed
bet ween t he se PV (oatt ik Wﬁ%f%@eﬂ%wwwewwa@pm@tloned
substanti af@y Preﬁsare%almgdreeeapdThe)ﬁ‘srbakneﬁiepdwﬁdédlﬁl?aﬁrﬁ't@l‘:re%tcﬂﬂﬂ%luglo
general |y axi err eC|f|caIIy to Figure
5, each seat ?gjt?{at%\éﬁ%ﬁnﬁg%%dﬁfb E’*eggg%oag G\Bﬁqd@% BB P 32 front face
72 that engage® %‘55 fyuler, @@fefab'lf'@atﬂﬂeakﬂéwmhism@emnedbetheen the amingf ace, a
general |y cyl itadgareabn@ib @ibing@pdo! 16 g 8 that
aligns with th % tban g at gg;ﬁ; nchabgg@ﬁ"'?' redag%?'l'eééssgq%g gmﬁ%{yha%
conpri ses all gden J*%' h R ciaaad ﬁ”('@lﬂ‘eéﬁ‘}%&@m?éisffﬂwdﬂfaﬂ)e 72 a
reduced dr%etmduwﬂtbp@rao&ﬁoveahbmmmhgmma afsagmdaﬁnm@qg}e@mglpoul der 84
| ocat ed bet WeQﬁbté[an;Egm.,ﬂmg F%neé gawge%qhed% EQ%EI”S ratglg | n addl tion, a

0

Bel l evil | e was g or Sim means 4308 i m 80 and
the wal | of tH&4 b%‘feéh‘?:@ﬁls??' 482lnageaidagee wihehe prasenbiBvendigmitedtbiighe gat e 68,

and an annul arhasgen0 880 inau&dsﬁ@gafé\&%wgn@ﬁﬁﬁ é[ﬁ&g Wﬁ‘%n i ntensified
e reduce er portion

L LI oL B R bR A SN b s san o |
pref er abl 20 o openheck valvesfor Gopirdliing dnid fove thebubly the bR 36, t he gate cavity
?ﬁeri‘{‘ﬂriuéﬁacer iR, FReD 20 8P pb el 10 & i Pt ien L o
mei ntain the |op5r,a8?5@ ngwstqr@h@@eci rentleem withinttioe bddg 22 ethe tubing
hanger 20. In addition, the gate valve 10 is oriented generally axially within the tubing
hanger 20 so as to occupy a minimum of the radial cross sectional area of the tubing
25  hanger. In order to most readily accommodate this vertical orientation of the gate
valve 10, the annulus bore 36 preferably includes a lateral branch which is connected
to a longitudinal branch, and the gate valve is disposed across the lateral branch. For
example, in the embodiment of the invention depicted in Figures 2 - 5, the annulus
bore 36 is shown to comprise an upper branch 54 which extends generally axially
30  through the body 22 to the top of the tubing hanger 20, a lower branch 56 which
extends generally axially through the body to the bottom of the tubing hanger, and an
intermediate branch 58 which extends generally laterally between the upper and
lower branches. To facilitate the formation of the annulus bore 36, the intermediate

branch 68 is ideally machined into the outer wall 24 and then sealed by a plug
35  member 60 or any other suitable means.



25 Also, the rear face 74 is preferably rounded to forma circular sealing
lip 92 to provide an additional seal, this one netallic, between the seat
66 and the seat pocket 64. The actuating nmechani sm 70 FUPeRtPHRE" 294V e
the gate 68 between a val ve open position, in which a transverse hole 94 in

t he gate |s alignednivekhbbdifentlo | : _ a.val ve dosed
position, In waigh the hole S'zlt @@@ﬁ@%@e%%%“ﬁ@df?ﬁ% %ﬂ?%?%@'@t"g br anch
(as shown I n Fi"guP 8505 LRYpes\gengrlly sectangulangaiaradivédanhivh extends geheralynvent i on,
the act uat: ngSH@mﬂnﬁw mmmmalimgmm@téﬁﬁgehﬁ@ﬁl?di&@rsgé}éﬁg?)guppmtS a

pi ston sea q : the service and control condult , an

el ongat ed pj Stg‘%%ﬁ%g%%%m?d?l%%%ﬁﬂgmugaaseiagpqok%taswm%f t he piston
head 96, and ¥PnP¥sTeaY igiodia bpdp22i preferatly formed abedh ntdrswetion dibe gagwer end of
the piston rodcaeBhitrandintchfed e X le via a T-sl ot
connection 104, Also, a sigi talﬁaqeg)%r%htggp&%%‘g%agg{ss?goﬁ‘g}égﬂ”ﬂg 106 is
posi tioned bet MEETTRRdTseqts P »ach ehwhich s nesitioned in aseatnasket Bhaa gatadi® r ol condui t

38 to.seal thewhjeltlesltably tigpdsad béméenttﬂri]lﬁsea@rs‘gj&,aaggcﬁjgtﬁgl Nin%f" dﬂpd c?)nt rol3
conduit | ocat egk: acking . The packing is ideally he I n place by
a gland _nut %g@aﬁﬁggsﬁﬁggds%@%@&&iﬁafﬂgg%w | andpiids hefhskgadshanger 20 by
sui t abl e nminsgensraly dallyevesthe gelaicadly 62cr ew 110. The actuating mechani sm 70
preferably al so i ngkMgR Bl AS ' jch in the
enbodi nent of th inven?f%@%?%ﬁ%%gh%egﬁé}ﬂ%%%{yg@aa 988%pri ses a
nmechani cal bi a‘gl?%ngBB%af‘?@f*‘%ﬂ@ﬁ“%@"g&g%&@%uﬂi@ﬁ& apesrfase i7# bpposissther s, t hat
i s operati v%ﬁmtﬁg&ge@eﬂmﬁw&ﬁiﬂdﬁﬁﬁau@r%m, Qrﬁﬁ@oo%ﬁhal%’ﬂgug}h%reﬁtﬁé}gzn“t 103'
10 In one e ' . sent .pnyention, the gate cavity ext ends
into the bodg/}:'(ii gg o@ _ﬂﬁ]'géﬁeg%?&magwl’fd’“k?é’(vﬁ%@rfjﬂﬂ!‘?é“yfqof"ﬁﬂseﬁﬁﬂ second
annul ar seli s eprgedgigmetnd i @A diqeastihe forit troa 82, anedipediingetbdbrion shhe wal | 24
that is positiza t IRLrEE dde 74 ' 14. 1S timally dosed
o aha R Siter oAy s n R

by a sinple ¢ r plate 116 whjch |s % ndrical sleeve
118 that is t%@%‘gﬁwsﬁW@Bc@i%ﬁ@@%we"ev%waam&@rmﬂaam@as is20. The
pressure wit hipasitdned getWeercthaﬁmmGRdﬂqéw@lm@mdétht@h@gﬁeggm%e first

and second seghgind fhe gtk dtzjﬁ%nﬁ&lﬁ-meﬁgﬁki 106. “Therefore, no need exists
for a se%%trate seal -or seals petween  t e Ehie SHENGNeIgzes. piftsUene body 22
to cont ai héntensifed sitaight hgre-ypeisash is disppeedeening fheGiuckiiiemaernpotioe pr esent

| nventi on con2umsealiRbvdehdie scitd He Sg&rpgc’%%@?géﬂ}fé%f&?ﬁ@ypr ovi ded

bet ween t he b%ﬁé(nt%fs and either the cover _ sl eeve 118, to
contain the press 2 ARiq bR ?F“?W*F@dgéf”éssé’m‘ fh? 0t cavity 62, and a spacer ring 90
‘ having a plurality of radial holes extending therethrough may be placed between the
seal and the shoulder 84 to malntain the seal properly positioned relative to the seat.
25 - Aiso, the rear face 74 is preferably rounded to form a circular sedling lip 92 fo provide
an additional seal, this one metallic, between the seat 66 and the seat pocket 64.

The actuating mechanism 70 functions to move the gate 68 between a valve
open position, in which a transverse hole 94 in the gate s éllgned with the
intermediate branch 58, and a valve closed position, in which the hole 94 is offset

30  from the intermediate branch (as shown in Figures 2 and 5). In a preferred
embodiment of the invention, the actuating mechanism 70 comprises a piston head
96 which supports a piston seal 98 that engages the service and control conduit 38,
an elongated piston rod 100 which is connected to the botiom of the biston head 96,
and a valve stem 102 which is aftached between the lower end of the piston rod 100

35  and the top of the gate 68, for example via a T-slot connection 104. Also, a suitable
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especi al |y when the opening 114 is not |ocated between. the seals 46, 50.
In addition, instead of the cover plate 116 being retained by, the sleeve
118, the sleeve could be dispensed with and the cover &I%Fge‘ép?ﬁﬁ%mbol ted
onto the body, in which event seals are preferably provided between the

| ate an 2. 10 1 in the 25 pressure wthin the gate
ggﬁ yp62. I'n tgﬁ?gb%?@-g’%tfs |?S i Sﬁ%ﬁgtbgq"eﬁbtg? Yﬂ%‘ﬁeﬁ%”bmz@?@ theisgvica sl et i on
system 12, thec‘g”tﬁ?&ﬂndﬁéﬂ%@@@!msgaie)cavw&;fmhméﬁwﬁﬁﬁﬁgsm@égﬂ.%ﬂ@{%en it ihs
desired to ope oG - A [ i cient t vercone the
co?ﬂlai ned forgeeorf‘dbifg‘g me(?ﬁzen*f‘%g*f&'"@?%“se?pﬁg&ﬁé%ﬁ%ﬁ!%‘d%%ﬁ%aﬂ‘%r‘& ion at the
vari ous i nterfﬁ@ég tig prouted fathe bedy @2 elthe wbiaphdnger 2chyseithblemhaznt,he ser vi ce

d t r ol Scoahiat a Bfaindy t i : . ' . will force
The pioton hesgge o suew 1%, WieSbQang #Rchailim 70 HSaniPaGe plldes s,

e Dl ono") e et B BhchaBnn widhin f embosinaseotie B aptorbisraiodint ond o
flow from theFipgee? alst SennipriSd, a ihduhankghbiadig rﬁé&h@ﬂmﬁhchtag a@fa@l@ﬁ#‘ 58 _ﬁgd i géo
f prosent . 7 o ebiech e s pollablen SH5R bt B D55 Rerit 26881 g 120 of
a conventional9 LS ¢ coupler may be installed in the top of the o
servi ce anti0 cont r oln sheRbAIMER of e prasnt it ﬂw%%%%ﬁ\trifg%g ﬁeﬁ&%‘ﬂtlﬁle of hig
ressure hydr L. fLul .the service and control ondart. e mal e
Eoupl ing 120 ?‘gé-éﬁdﬁg%&%&‘%gggweé%ﬁﬁeﬂ@%ﬁmdeseé@mnnwgaeﬁl@ﬂs,5 shown) ,
whi ch may be rif\andeonsequentiioamynapening B4tithe wall HARGR poskicHXdBEWeae! Or the
2 Cor r espond g, 2 ate Y 11 ol SR ABE SRR coleqolls PG, “The < op
of the servi cehe%d?lala??dmar‘&ﬂmdéﬁﬂdaﬁvﬁ13%ﬁ1ﬁ'fd§/@eﬂmbb§lb' recelvedbvepthefibling for a
stab whi chid s angeri2o dTiesprédiare vt taaRAAAE 62 s fRoterdtly by WG ON1 1 O S
. the pre

bri dge and whi rn onnected t , sure source.” The gate
val vg 10 may a ggé%gﬁ%?qlssﬁstga P8 BeGna 195 hergfope, np Regd exjstsdords t hr ough
the body 22 ofsepafatetseaspm;als@ageenmecmrpxaemedmtﬁagmgﬁzwr}@mamltﬂm ng gangelr
and a portion B [ 0 uit .3 ich i ocat e el ow
The pi Ston hebr o iR itgat A o2 Ablcler, B HRS it Enon oFl et ng or
stab seal - pr 8 PEHEFUBISRE 6oHidfaprarided hetweathobodyl?e andeirertativen port 122
to facilit2® ep!dtseﬂ%rm@ra‘mefd11«8no@6ntéuh1ﬂ1§pi%eﬂemﬁrpd49§at&Efvit%%' ng hanger

I ng €

ind controb 1 oS RN el it ooeBe pueenitrscgisde, Slinaddton, the
pressure is r instead of the enver plate 116 being retained by the sleeve 118, the sleeve could be
dispensed with and the cover plate simply bolted onto the body, in which event seals
are preferably provided between the cover plate and the body 22 fo retain the
25 pressure within the gate cavity 62,

In the production mode of aperation of the flow completion system 12, the gate
valve 10 is normally in the closed position. When it is desired to open the annulus
bore 36, a pressure sufficlent to overcome the combined forcs of the mechanical
biasing means 112 and the friction at the various interfaces of the gate valve 10 is

30  infreduced info the service and control conduit 38 above the piston head 96. This
pressure will force the piston head 96 downward and thus move the gate 68 info the
open position. In this position, fiuid in the tubing annulus 28 Is allowed fo flow from
the fower branch 56, through the intermediate branch 58 and into the upper branch
54, where it will encounter the second closure member 52, if present.



i i i from t he nmechani cal
' service and control conduit 38, whereupon the force (
E)ih:si ng nmeans 112 conbined with the pressure In the annul us b%e%gg acting
on the valve 20 stem 102 will push the piston head 96 upwegRied e the
gate 68 into the dosed position. If the neans supplying the pressure to

the service and comsshbwiciA &e_tz.3%318%9%*"@150%5é’ﬂé"“@@a‘{‘i&%@g?"r\“')[eﬂg dosed

' I as] L t.h taint ~d
mch??l)ﬁal)r blrrg\ﬁl‘{gvgﬁgg@%t%é"%? E?moftﬂﬁg%ﬂ%e%”ﬂ(r?g’itﬂ WRddiGStiptaciitriesed  posi tion.
'Flj'ﬁﬁls in the pﬁ@meq:t'n_edsem;mjhlgbptesmi-ehﬁﬂ_&uﬁdﬂ%ﬂﬂéi&n@@e&i’f@%ﬁoﬁyagg \%gl l/ Z io
Che actuat i g Cooht 1ol Guia T2 € BBl RS oRS L orels CospH ok o 1 ot ur h
Lihgs ?ﬁtguﬁélc Ran PSR s be mowted, foeexamplecih artitinglhabgen sintigg teRorshel 12.
Instead, the ceumpensaigean amﬁicma&n%éoormea@@mﬁgyrésg?g 3P 6ifa of high

' he
sure hydraylic fluid In order to return the ve 10 to t

(F:)Irg:ed posiyt i oﬁéﬂeﬁ?"é@%?ﬂ%@ SPINice Bl roRkp! bngr Hltarpadivi bﬁ%@%@ftﬂﬁmr\mre ?Tb (1)(2“2%; 1(:)
force.the pi stamidwe@ﬂc@ﬁwitﬁ&rdaﬂih@e@b@al@@ﬁ@f&%ﬁﬁﬂ%‘é&acﬁlg%d&\nht enbod! rent .,
o ment o1 SRADE el i o el DB e o 6, e
enbodi ne : 3 '
act uati ng %c%ﬁ%ﬁ@%@%{vsgﬁﬁgm?mpgﬁlac{‘algfmset%gop?ﬁ1ifzﬁa§3u:r3e to
al | ow t he gat etxtahéRdd tRrolidh tBS beds 'be n _
Sept enber 2004 $ihe envernt of rati fgflz?ur e_reﬁtﬁﬁg’ %6()@?16& ?:Eiﬁisgcabdsloﬂlceizlhl S
mechani cal ovelrigRangeragd g parion recirviseandhsontolean v i p gDuri 4
Lt S orount it ot ddt. ke ok ki3l e SPRGh o U110,
he servi o angorpsniE e ien SBRP oy Stng imnelialo oy 2 dadltatmtiepi st on head
96ed§-wnwar 1P 1950Rastion of fhis Rordhreugbrite tatfingchahigarirunning toel @rthe@ntrals @ﬂdaige «tog lrJ e.|s ;s ﬁ re
source, an extzgoRdtpoRdiid'@idihal SeicdhaltofroPel | on of the override coup g

d 96 to nechanically force
{1 piaton” oo LR ST AR e ol Esown vt o
124, which i s teheniceiand cordrohmnauki3s, Wﬁ{dﬁ%@gﬁf&%@% @ﬁ%hgﬁi?\%itbﬁiﬁfﬂg teﬁg
cervi ce- ang canersHR oK Ed wlnlbleEile f rFRRShor B g ordivabisupl | ng
sl'eeve 126%corfiiM tRvilkpush txnpistn hasd Wrupwacl and evvathe gat 88 inteths Bigsed132 and  a
nunber of radipesitignO Nt mckhs blfplying HePRSEurk BAnRGSdr Ale éﬁﬂ%ﬁlﬂl%?oovr\fdaﬁat he exterior
of the should fail for any reason, the mechanical biasing means 112 will either retain the
gate 68 in the closed posifion or move the gate from the open position fo the closed
position. Thus, in the preferred embodiment of the invention the gate valve 1Qis a.
25 “fail closed” device.
Inan aitemative embodiment of the gate valve 10, the actuating mechanism
70 is a pressure balanced device. Thus, the retum biasing mechanism would not
require a mechanical biasing means 112. Instead, the compensation part 122 is
connected to a source of high pressure hydraulic fiuid, in order to retumn the gafe
30  valve 10 to the closed position, pressure is introduced info the compensation port 122
to force the piston head 96, and thus the gate 68, upward. In this embodiment, the
gate valve 10 Is a “fall as Is” device.

In accordance with another embodiment of the present invention, which Is
Hlustrated in Figure 6, the actuating mechanism 70 may comprise a mechanical
35  override feature fo allow the gate valve to be actuated mechanically, for example in
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stem an upper receptacle 136 which is connected to the axial passage,
and-a lowers" 15 receptacle 138 In which the piston he | s slldably
recei ved and agai nst which the piston seal 98 is seal abl q?ﬂ 04The
override coupling 124 also conprises a valve sleeve 140 which is slldably

received | n t hiee opmest rﬁal@@p{a@m Qoéqé e a ring seal
142, a keeper f%Atf}re X sec ﬁre%éoﬁmé ﬂ#,?ﬁtec F%ﬁa’amgel ow t he val ve

sl eeve, a val ve pi ﬁsqa‘éd%ﬁﬁ?yéﬁ"&]%ﬂvgwg?)mlgg 15ﬁﬁ@ﬂ@m@@9@nmoﬂmh 20
ext ends | ongi taetiieecsint] goritof cpndylit 38. Dowgmormy dpieyatidr the dvakidd Sodp ﬁﬂggﬁq ! ”ht hle
I | { 15 I t n the | ower
\(;ZVY'? ysbg'ta \\//v(eae n&)ﬁ %é’ sﬁ@ﬁgéséﬁ%ﬂ%ﬂ? %'%r E&??/gn‘js)‘fomg@g%dﬁﬁﬂfﬁiyﬁ'h@gg@ﬂfﬂl’fé@ sl eeve
upwar ds agad ndhe piptan b%?p" S§fdowpiard. Hawsyer in fhecwantald eelldflatiig® teal ve sl eeve
140 al I | 4 h
also Inc Ltﬁ%u:%%o&l@@%ﬁ eﬁt@hﬁhltaﬁtuétg?oan ?Gsh eﬂfo'rl%héﬁh&g\ge 'c(é%ohﬁq);(]i%.far val ve

bet ween t he upper cgy %‘ | ower é
seat 15.6 that“OeWp] QBS?W%@W“UH%P@%@“@ {a mecharieally fascedhs pistore. | n
addi ti-on, the heppdowrnawd.ty 152 houses a vaI ve head 158 which is -urged Into

sealing engagenmen t sea eljef spring 160 that is
suppor t ed |n t he ‘6%%’85&*85&% g’eg"?’%fi 'Fg?{?ﬁﬂh'%”z‘smi’“ﬁ“ﬂﬁtﬂéqmﬁb open the

gate val vel0Lo rrde @%pmay@peemto mmnmﬁeahmpmaavdezsx@ﬁcmﬁmbamg 124, a
femal e coupl i ﬁgalﬁwa\@mbéarﬁ%ﬁloﬁgm&dﬁlsta%ga?é@ﬂérjs%g Lessuri zed.
ports 134,

hydraulic fluid i’s gonv égd fromthe
through t he afPH NS Wﬂé‘?ﬁfﬁtﬁ’f'ﬂ@QW@W@?S%WQ!93$B®Wmde val ve
sl eeve 140. ﬁnumbpwaiaaﬁlﬂmrﬁsdmﬁatdoh&ctvtﬁéwi pasRoewith b Sl@MMVEHYh agai nst the.

return sprlngsﬂe‘,irpa ad 158 i revented from novi ng
downwar d by the va v@ h I%%a‘ﬁ%gvgl@ﬁ frépaggted foﬁge Wefi?ﬁssﬁ%%é"‘i%@%@ar at es
from the vial v&ecspigete i navh@h thelpisien heart069s @idmmranae@mndwdﬂambl c fluid
to flow througfstdwi&ealgaisfslesl%l @%Q \%H?ﬂlob BB ALo the | over
cavity 148, g@ g qzt%@a;?fgaay ee er [%A{'Eé ?ﬁ%’ E'\Rfllus) 58nd into the
| oner  recept a%vg Is plida WY%’H’& evmerrﬁogntmlﬁ f@mmd%edbdnwar dto
opgn t Pe val v&erqiﬂbmrdgrseggmmﬂeﬂehwgﬁﬂm iWstcifred hahd dppke A OVSV ride
node of oper apyion tfvavess ch is depicted in
Fi gure 7B, an devi ceagugh Q\Ya?\fetphﬂﬁsﬁﬁg{j)g SH'?H éﬁ%@@%eﬁe‘@ﬂﬁl"’w@h hanger
runni ng t 38 e e‘?ﬂsé@ﬂ@!ﬂ’m&wfﬁ%h a Inwertcayity 348 thids fotnexh in ﬂ:@ﬁ)alir@s!@é@h t he
coupling sl eev4, aﬁcﬁa Mmhé 150 Which i ﬁ‘o%mbﬁed if lﬂ%lo?.@f SR 4 t‘g” COUF" ' ng
sl eeve 126 w ct I ston orce rd whi ch
will t her e byl(%egélp ﬂ’ée Pgle e to Urge the valve sieeve upwards against the top ofthe .

upper receptacie 136. The valve sleeve 140 also includes an upper cavity 152, an

orifice 154 which extends between the upper cavity and the lower cavity 148, and an

25  annular valve seat 156 that is formed between the upper cavity and the orifice. In

addition, the upper cavity 152 houses a valve head 158 which is urged into sealing

engagement with the valve seat 156 by a relief spring 160 that is supported in the

Upper cavity by a refalner ring 162.

| Irs order to open the gate valve 10 during normal operation of the override
30 coupling 124, a female coupling (npt shown} is coupled to the stem 130 and

pressurized hydraulic fiuid is conveyed from the female coupling into the ports 134,

through the axial passage 132 and into the upper cavity 152 of the valve sleeve 140.

This pressure forces the valve sleeve 140 downward against the retumn spring 150,

but the valve head 158 is prevented from moving downward by the valve pin 146.

.35 Instead, the valve head 158 separates from the valve seat 186 and allows the
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10 Referring again to Figure 7A, the override coupling 124 preferably

Includes a relief nechanismto prevent pressure fromb app in the
| ower receptacle 138.. Such trapped pressure could int grgf%rt Qé)zﬁgf‘
return of the piston head 96 and thereby prevent the gate val ve 10 from

dosi ng proper | yydrdluﬁcﬂMtoab@ﬂmﬁ@hﬂi‘eoﬁﬁc%%Wﬁ]eHy&a&li&‘ﬁuﬂ'ﬁ me%Yél&% 152 Of the
val ve sl eeve 1@& ower %-

sure w
force the val vé %?@/E%gg@ﬁqoqeﬁ‘ggygb%@eggéy @BSPQWB)%@&*%@@]QW% rel | ef
spring 160. Theecpitedis1atewhnir i wil Gneabpisiston geabesabwrmmotogemésalwr ough the

orifice 154 and e k rough the ssage 132

anl:l ![ he ragia p)(;lrlﬁ Or&%g%% ﬂé%%ge ‘%ﬁ’gqgin%n%g%? (?'ﬁ%"d? H\?&?l?faotﬁ’ﬁ’pg‘?q Qistrat ed
in Figure 67 t 801"?"6‘% upfipg 444, which isgleristed b rigu Tiiagn davick sdeh @ acktddr i s val ve
164 in the uppplatohtanaditozAusig Hah%r%ﬂﬂlﬁb‘tb%t |Qﬁfe§sled%§alh§ E@t&ﬁ’ %&Er i's from

collecting In e
acconmodat e t h?aébﬁ @‘?&‘LH‘WU%Q il'ggfveﬂﬁg doNyErd. tﬁ%ﬁf@?ﬂ“@hﬁ betiom q)f9he| ncl udes an
upper -expansi o?PupBg skead: R6ivdlventaettipepisorchivad 68and3hize it dbrvaE Which wiidl ve 164,

conpri ses a- hogkm h body 170 which I's slidably received In the
annul us 25 por e, g&\gﬁaén%cb;aﬁeq@o Tar 172 which is secured In the annul us bore

bet ween t h&% upper RekHINg 3ol to&lguea v, aoverddechonpling f 24 ygefbianly Muiudss 4 S
operativel y enghea@cifiswae predent &E%l-éjtﬁfm Eéglgthgﬁpé?ﬂﬁ'tﬁhe eP%fcsq%ad radi al
i

flange 176 ext fromthe bg tludes a
cl osed top endﬁ‘%ggagpfﬂ 8?5'? B%ﬁfeé?lﬂ'ﬂllﬁ@’e&ﬁ@idéheﬂﬂ@m@‘ad@ﬁah@teral ports
182 whi ch Com"ﬂlﬁﬁh}ml‘elem fhmgatélmluerﬂ)ablrmosiaﬁ pihEﬁiybﬁﬂMe al%@nlw}ﬁ re% annul us
bore 36 is do t he hone
position aﬁ??h itsf gh&gofé%b‘?gbglge X vﬁ“&ﬁ@&ﬂﬁ‘f"ﬁ\ °Eol lar 172
(Figure "PepPiagied 3 UﬂfQWheVﬂﬂ@lheﬁ@wBsDﬁmmtseaﬂﬁﬁammBﬁnm past the
top end and i n‘él&fﬁdﬁﬁg1%%&!31%3&!%@"o&ﬁse&deﬁﬁﬁeggo@f%g\%%t0 lfi]lug)w up through

the annulus b %Q% )%];( 6ce t e up position,
I n which the f @EWY '@8?1?%’8 "gmﬁ‘PHQ'm%a’Sﬂpéﬁag%lﬁzlwﬂmd the ports
182 are pomtﬂ@ﬂi«'ﬂm@‘lmeast partially in the upper expansion 10 3 Septenber

2004 166 (Figure %heén‘fboﬁlgdeﬁto?@ﬁ'rhbr?daniupﬁ%ﬂ?gﬂq% gi}g?]ﬁ(fw\q\%d o flow up

t hrough t bottom end, 18 ot expansi on
166 and uf% hP¥RIgR 12 Ry ingir & debrigalve. 16¢n the ugper brenmcsn@emedmmeustuoreough t he

top of the andaitajsrelsnt dsbrié fdn EdisdtEly Withd annfigs 68e. RGaM Fiql: E%] jio the down
Fﬁg' ti 0? '12 Z\M:H of3 E&%&&%@% qlegﬁ%\é?ivp 1%5&@%3%??@@ $ geqlly;{n@l:.:deés an 'n9 and
ports are posi '
upper expansnon 166 and a lower expansion 168. Also, the debris valve 164
comprises a hollow cylindrical body 170 which is slidably received In the annulus
25  bore, an annular collar 172 which is secured in the annulus bore between the upper
and lower expansions, and a spring 174 which is operatively engaged between g
shoulder in the annulus bore and a radial flange 176 extending from the body. In
addition, the body 170 includes a closed top end 178, an open botiom end 180 and a
number of lateral ports 182 which communicate with the interior of the body.
30 - When the annulus bore 36 is closed, the spring 174 will urge the body 170 into
‘the home position, in which the top end 178 is positioned within the collar 172 (Figure
8B). In this position, debris is prevented from passing past the top end and into the
annulus bore. if fluid is allowed to flow up through the annulus bore, the fluld wilf
force the body 170 into the up position, in which the flange 176 Is in contact with the
35  collar 172 and the ports 182 are positioned at least parfially in the upper expansion
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expansion (Figure 8A). In this position, the fluid is allowed to flow past
the I ower expansion 168, in through the ports 182, out .t h t bott om
end 180 and down through the annulus bore. Referring ng pgéiﬁ?egrt?lb§49,

anot her enbodi nent of a gate valve of the present 10 Invention, which is

| ndi cat ed gen | ks i Ssho, L.nstal | | n an e | ar t ubi n
hanlger 20. gI n‘-a‘{ i(?&gg é%ﬁ%‘r?tp%%'ﬁog’%Pﬁmﬂ%aﬁ“gﬁag‘rdoﬁ’d@%"x hc{f%mcoﬁplri ge an
annul us bor e 3BWH&Nidthe poris 188 throughnkeupperexparisich 1eareingahrgamanal | y
laterally thr culusbdie. ¢4l BDRARGES HidGiint b o HOLARNARIN, I8 ﬂlt%ggilland a

second branch /186 wg)h&h 7§>§tends fromthe 1 anch to t of the

t ubi ng hanger . R Niebafy 179Nt thg dowpesition, dn whigh tae fange tEHpfaresddown gat e cavi ty
62 t ha]t I ext@nc;hgalnatttimrgphhyartdm?ptgtbssigﬂepediﬂongcﬂatq@‘_?sttﬂggiaww meq\t_g,{epagge ][
generally coa : e first branch. ate cavity orms an
openi ng 114 I)r(léx?%i%\f\ﬁ#l 'é&}ﬁﬁmrf '!'c"ﬁ PP%“B?‘E?@'@B?QPW@Q&@H eyt e lewder 188 that
s ideally reaxpansiony6dn thoughithe porist82 toubwoggHithe bettomsid rgo amyddwai t abl e
nmeans, such ashlagdH e biolus bsBOWN) . I n addition, the cover 188 Is optimally
sealed to the tubi R% hanger wth at 20 | east one annular seal 190. In the
embodi ment of the FAHFUA? PVKlOFGyreS: avptihear embesliment of a gatevalygtoftho plesent 10' i s
Ehownhto c‘tﬂngriiz\&ﬂﬁtm, whitiels Glicatbd g&hefaﬂy@1b'¢l§@hdﬁ:rﬂ:?}s‘iﬂ?§lﬂ%n%ﬁérﬁﬁ the first I
ranch 184 [ al s 2..194. The first seat 192 Is simlar
to the seats g@' bgl g@ﬂ%@é@'@%%@@ﬁ%tag3@5‘9&3'%9@5?0'i@'lf"’\‘?afﬂ"gﬁmsﬁéfhtical to
the first seatahngys kare thaving adirsbhvandh 8Fwbioh extéhds pénetsiiy latasallp tiraghan annul ar

body which Is ' I | r 188. In
ei t%er event,,_ﬁﬁe}gg%g?ﬁigsgg{%éﬂ) lg?g%r]uglugFﬁ,ﬁl%g%’coﬁfd %%P{:%f%\eﬁhl ch aligns

with the thr o] trench énthe top gbithe tubing hengge fla additiensthegate passage 198
tEro]th_gh th? gaklee Y@llcoraprises u@étebawsztpd%x@mwuugﬁﬁugwtﬁégalfmmeus 28 and
the first brapgk - ate valve rther_includes _an actuating
mechani smto %@J@ ﬁ%erg’g'%ee"% 8%’(@@{‘0@&3 @S]‘?’fa&g%%&p&? gate Favity B2 R h a

| ateral hol e & openingid4dethe walk24oftfichds préfembiy clsed Hylamovgrad 88 thglis 8&ly t o an
open posi ti on rerhdvakb btdth ' | .\t ssage, as
shown in Fi g'ur,reﬁ 9. w?’?gg r %ﬁ%ﬁn&n@g@aﬁ#?@n&gﬁg% 'ﬁevavtrq% |UI§El %S\(,)Esolu%)&%ﬁed in-a
service and cSATYB1 INGGAERN. fhe savef 188 s prtimslly seqled tp thewbinahangevwifitdtcal | y over
the gate 1200 least ®eSapilesba#no®004 68. I n addition, the actuating nechani sm

0 Comnon o o b huBietlo BRI S0 he eSSt e
shown to comprise a gate 68 which is slidably disposed across the first branch 184
between a pair of seats 192, 194. The first seat 192 is similar to the seats 66
discussed above. The second seat 194 can be identical o the first seat 192 or, as

25 shown in Figure 9, it can comprise an annular body which is attached to or formed
integrally with the cover 188, In efther event, the cover 188 preferably includes a port
196 which aligns with the through bores in the seats 192, 194 to define a flow ‘
passage 198 through the gate valve 10" which extends between the tubing annulus -
28 and the first branch 186.

30 - The gate valve 10" further includes an actuating mechanism to move the gate
68 between a closed position, in which a lateral hole 84 in the gate is offset from the
flow passage 198, to an open position, in which the hole 94 is aligned with the flow
passage, as shown in Figure 9. The actuating rnechénism (not shown) is positioned
in a service and control conduit 38 that Is oriented generally verfically over the gate |

1 -



Al though not illustrated In Figure 9. it should be understood that other
configurations of the gate valve are within the scope of, {the present

i nvention. For 5 exanple, the gate cavity 62 could ext & Ht?fﬂlb?rt%’eflnal |y
into the tubing hanger fromthe bottomthereof. Thus, the gate cavity woul d

nstalling e st aen upeckninafiR i oy (PR R ofRE R

installing the se}l%t,s In the first, bran _exa tlf‘)‘?)ver whi ch
is used to cl oWETEHEMBHEGSER abAvG: isconnegad to treaata 6B virekeaivelstem 1022 bot t om of

ELgle1 tub: gg hanger Wucihﬂﬂﬁﬁtu%ﬂ%fdd_lﬂrgﬁgt?eD.Qt{sh%ﬂ@ﬁéurﬁa&fbéaﬂq%&feﬁfi rsth ?Lanchl I10
woul d conmyp . G e tubi ng_annul us, 28 throug e wa
24 of the tubl n%ﬁ%sgéf%%ﬂat%\fawgﬁ?mﬁaWeﬁ&pe%éﬁﬁgfeéﬂ“fq‘fe@q‘?@ Frgures, ot her
conf i gur at i ®nsexgmpleige gate oavits 62 tnuidex@6d langltudicaii intbethetibihg hirgemidani n t he
scope of the pHep&hind Nir c%ﬁfﬂ&l fd ranch.of the

annul us bore coul, gnxt!gée}ﬁg ﬁ@%@%ﬁ?& a eré‘ﬁptfm%%&c?uﬁéﬁgﬁ‘iﬁ% fé&lﬂnﬂg: 15 hanger
and comuni catRPYFGHenyghbmeans for stalingthe eantsla theifitst kraash. trhibist ubi ng spoof
that i.s | ocat eékamb!é)/lﬁebd\@rﬂﬂéﬂi§ué@ﬁ&§$bs§%o%@mﬁ@ﬁﬁ%§§%t§&§hﬁ@@eskum ng

anc

hanger to the NQ. -.SRQOl .. I n thi xampl e,” the second “br woul d

ext end gener al #'%Q?t@ﬁ]gquglf%ﬂlgl Hegosr ?"8‘!4‘? "‘ﬁl’ﬂ? Ure 7 B9t 195, Batwesiediret bragh t he

t ubi ng hanifer 184 wonld combiunigatadireatyuweith tertutsbchinhilas2s thidegh B8 all 2eére woul d
preferably be tmg}ﬁéﬁgné&(_j in or near the top of the tubing hanger. 20 It
shoul d be appreciated that -the gate valve of the present invention provides
an effective and efFp-@ftayeh Aetdaictedsin thediinures atihen gorfiigurattons bithe atmubegh t he

annul us bore 3ore 36THecahRidered &) BeRuithH ﬁ%&ﬁﬂfﬂﬁ%ﬂs@ntﬁd@@nt{gﬂ%&%@ﬂ% bei ng a
robust and r eldn?ﬁgt%ﬁ%l ﬁ)s&% r’rpnper . reoyer, ’ajl Ece the gate valve may be
operated renotelyo {Ne Ui neaHY® %?(B%’%Eé‘iea geserally wierafly thrpueh KisitdGaind
retrievi ngl®i hangeiengeamysunicatendh theqlortibh ofitias dehtalbars of the aiblg sbéBthannul us bor e
are el i m nat eds jo&iid 4H8U4ME SealRf ' oriented generally
axially in the t(ﬂbf’ @ hange?a It ﬁ%ﬁ%&%&gg&%ﬁ\rﬁ@%ﬁ]ﬂé @%pglito (@é"-ggsect i onal
area of the t§HPginilisgemplente serandbranch would ewend grecralibiongiudisaly éomt o
compr i se a r eltist firstebry dodh Grough ﬂﬂmdgmandé@m;]oﬂ?ﬁﬂﬂﬂéﬁ%f@fuﬁ.l In2RGNdC fe@nd ﬁont rol
conduits. It’ WA af.; i e_present I nvention has
been descr| be@g%#agigg?laeﬁéfe?%# eg"siaﬂ%é'ﬂf’ré?e@?tg% Pé?ﬁﬁ%&i%wg HERSf-her eof , t hose
skilled I % he ar titsheyldéeappregiated thatitteegateasaivabl thmpredensinvertionyravideand
oper ati onal _dehaifédiverdafidenGRas fob - bR ford
| nvention. Fo ex%rrgl e, t hen varl ous&glf@g'r@%'gHﬁﬁﬁ@pﬁg&eg’aﬁlﬁlﬁﬁpﬁ%ﬁdi fferent
enbodi nent s n@e e «YRJF PropanZed In theindusky arieing|a rokust andaeliablesieeure  Ther ef or e,
the appended aleaiber Mareover siies iogs TdnindybeGRMEid Alnlotdif] Hetleanlis fal ling 35
within the tryg, SCoPe. 308 sl r{u"ar}ingoefnd trer?r?ev;ng Withne 8!393 to control fiuid flow
25  through the annulus bore are eliminated. Furthermore, because the gate valve is
ariented generally axially in the tubing hanger, it occupies a minlmum radial cross-
sectional area of the tubing hanger and therefore aliows the tubing hanger to
comprise a relatively large production bore and several service and control canduits.
It should be recognized that, while the present invention has been described n
30 relation to the preferred embodiments thereof, those skifled In the art may develop a
wide variation of structurat and operational detalls without departing from the
" principles of the invention. For example, the various elements illusirated in the
different embodiments may be combined in a manner not illustrated above.
'Therefore, the appended claims are fo be consfrued to cover all equivalents falling
35  within the true scope and spirit of the invention.

12



12 3 Septenber 2004 CLAIMS: |. - In conbination with a conponent having an
el ongated body and a flow passage extending generally | itt ugi Q%%IOI y
t hrough the' body, the flow passage including a general31 APRFAVOR] 1 st
branch connected to a generally [|ongitudinal second branch, a closure

menber conposing:. . a 'gate which is noveable generally longitudinally
across the fi branch between an open position in which a hole in the
gate is alig th the first branch and a cl osed position in which the

hole is offset frpmt j ' ; ui.t. _whi ch extends . through the
body from the gatg'; ag uégtnﬁlﬁgaﬁ(érgﬁitn&gqrﬁﬁﬁnﬂ% hayind,an @mq?d%@ﬂYé\ﬁ Ag
the gate frdiow passage extentingQrenceally IsAgiaRIinABSiHrb RS tr@ﬂoﬂ%tﬂ’lé'ﬂo% means
for noving the gate frgmthe second position to the first position;

wher ei n one RASSEAR IRGlvding Agenaratin laterat first branchoronssstedito ageneeallyopen
ositi‘on of r It rresponds to the cl osed

Bosi tion of I%ﬁgt%%;%ggrgﬁ%ﬁ#ﬂg %Q%@&irbg@fggﬁé@p@émal Iy longitudinally

through the body, whex gale whiehdsmovehble garpally @ngﬂgéihéllkléc?éésgﬂﬁ%% j th

the fl ow paﬁ)saﬁét R{ld wherein the first and secon ranches are configured
and connectEAT<H, BRIVYaRN an AR Pesitighda which a holesindhegate j aligned withfthei d

f1 ow t hr ouglirdt H hSiti ¢ . Cl ree r .of claim
1, wherein tlkrlertgg?%atg mﬁéﬁpbgg%ﬁ@gh tﬁé&@?@&@f#@prﬁgﬂ%ﬁm@ﬁg@q 0
the gate and which sed ¢orglujt wiiohgtendstthroughdtietbatiydrofdang g=Re; conveying
hydraulic pressure to _a,first éort-i on..of the conduit which conmunicates

with the piston, 3. TREMNEERg jPeans Reitiongd 1 thersondujier maving thegatedyomg

nmeans conpkifiespdsifidrvidla $8EBhd PesifiBALSHg Whi ch is nounted in the conduit
and which incl u%les a flow port Bex‘tﬁén’dl nC({:; t her et hr ough.

retuming means for moving the gate from the second position to
the first position; ' .
wherein one of the first and second positions corresponds to the
open position of the gate and the other position corresponds to the closed
position of the gate;
wherein the conduit extends generally longitudinally through the
body, whereby the actuating means is generally aligned with the flow passage;
and '
wherein the first and second branches are configured and
connected such that, when the gate is in its closed position, fluid flow through the
flow passage is blocked.
2. The closure member of ciaim 1, wherein the actuating means
comprises:
I pistpn which is connected to the gate and which sealingly
engages the-conduit; and |
means for conveying hydraulic pressure to a first portion of the
conduit which communicates with the piston.
3. The closure member of claim 2, wherein the conveying means
comprises a fluid coupling member which is mounted in the conduit and which
includes a flow port extending therethrough.

13 .



13 3 Sept ember 2004 4. The closure nenber of claim3, wherein the coupling
menber conprises: a coupling sleeve which is novable relative t he
conduit; and neans for retaining the coupling sleeve w%t%pﬁﬁm%%@hﬁdui t;
wherein the coupling sleeve is novable by an external force to engage the
pi ston and thereby nove the gate fromthe first position to the second

position. 5. The closure nenber of claim4, wherein at |east a portion of

the flow port extend coupljn | eeve, 6. The cl osure nenber
of claimb5, furt)t%ér cgrﬁpé:@g% @Q@e\?é’?ckggiii"@}%ﬂmi[getQ%'PBBGﬁPWﬁQeéI eeve
for control lcompriske: f| ow of hydraulic pressure through the flow port. 7.

The closure nmenber of claim2, wherein the returning neans conprises a
nmechani cal bi asi ng me@ROUPENgEIREVE Whichds maviable wflatbleaionth2, comdeiteiand t he

returning neans conprj . f. conveyi ng hydraylic pressure to a
second portion of them%%%d@??% "8@“?%0% 'QS%I%%VQWE‘ the qondyit portion of

the conduit by the pi stimreindhe Boeplit@siecoe RPRSADRS bR deribPidfe lo L N OUgn
8, wherein the c onent conprises a tubing hanger Ich I's suspended in a
t ubi ng spooFNERYE %@B'Stqrbﬁpd Hﬁ@ﬁ@@%@ﬁig&@ fram #henfilst positina totthe beexrignds
t hrough thephiigbpg hanger. 10. The closure nmenber of claim9, wherein the
t ubi ng hanggr conprises first and second annul ar seal s positioned between

the body and the5. t ubiThg cigmae madbet bEclgin® Uier@i e lod A fioR UMM Ses: a
gate cavitygi | east partially positi oneo, and Wwhi ch

extends int gé"?'w\g’hr{)%%}‘ﬂgggﬁ%_gh:@%%gﬂﬁﬁg$_|¢§Ye-and second seal s; wherein
Ceai o 11, The cPbsur oMot nerfnbPBL AARES, BkHey RobipiRing 8 YabRei n 't he .-
conponent  cRegitionetinthecrqupling slesfvedof tontraltmptins fiow of WglRillicktessure
through the flow port. ' | '
7. The closure member of claim 2, wherein the returning means
comprises a mechanical biasing means.

' 8. The closure member of claim 2, wherein the returning means
comprises means for conveying hydraulic pressure to a second pottion of the
conduit which is separated from the first pbrtion of the conduit by the piston.

9. The closure member of any of claimis 1 through 8, wherein the
component comprises a tubing hanger which is suspended in a tubing spool and
the flow passage comprises an annuius bore which extends through the tubing
hanger.
10.  ‘The closure member of claim 9, wherein the tubing hanger
comprises first and second annular seals positioned between the body and the
tubing spool and the closure member further comprises:
a gate cavity in which the gate is at least partially positioned and
which extends into the body from between the first and second seals;
' | wherein pressure within the gate cavity is contained by the first and
second seals. '
11. The closure member of any of claims 1 through 8, wherein the
component comprises a component of a flow completion system,
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