ELECTRONI CALLY ACTUATED GATE VALVE CROSS REFERENCE TO RELATED APPLI CATI ON
[0001] This application clains priority to U S. Non-Provisional Patent

Appl i cat iwo 2bin/16326820, 096, entitled "El ectroni cal | y ActroatusdoiGasesed/al ve",
filed on June 21, 2010, which is herein incorporated by reference inits
entirety. BACKGROUND [ 0002] This section is intended to introduce the reader
to various aspects of art that may be related to various aspects of the
present invention, which are described and/or clainmed below. This

di scussion is believ | 1 r-QVvi dj reader with

backgr ound informatiEErE.‘ FF@@WAﬁLyQAg?U&%%%W& ng of the various
aspects of the present invention. Accordingly, it should be understood that
these statenments are to be read in this light, and not as adm ssions of

prior arCROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Non-Provisional Patent
Application No. 12/820,096, entitled “Electronically Actuated Gate Valve”, filed on

June 21, 2010, which is herein incorporated by reference in its entirety.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0003] As will be appreciated, oil and natural gas have a profound effect on
modern economies and societies. Indeed, devices and systems that depend on
oil and natural gas are ubiquitous. For instance, oil and natural gas are used for
fuel in a wide variety of vehicles, such as cars, airplanes, boats, and the like.
Further, oil and natural gas are frequently used to heat homes during winter, to
generate electricity, and to manufacture an astonishing array of everyday

products.

[0004] In order to meet the demand for such natural resources, companies
often invest significant amounts of time and money in searching for and

extracting oil, natural gas, and other subterranean resources from the earth.
Particularly, once a desired resource is discovered below the surface of the earth,
drilling and production systems are often employed to access and extract the
resource. These systems may be located onshore or offshore depending on the
location of a desired resource. Once the natural resource is extracted, it is
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used for fuel in a wide variety of vehicles, such as cars, airplanes,

boats, and the like. Further, oil and natural gas are frequently used to
heat honmes during winter, to generate electricity, and to manufacture an
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pi pel i nes, which are control[ed through various types of val ves [ocated at
differ ensuqh)a&ftgthemrtrangporjatlmmeysigzmstcpr@rgeﬁ}alum\s eRuchpigetinespst ens may
i ncl ude PirR klnes or er .trans ort?
ther transpor atlon structures may inc Lde pressure control, regulation, safety
devices, which may include valves, actuators, sensors, and electronic circuitry.
Such devices may be configured to relieve pressure or shut off flow of the

resource if a high pressure condition is detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like
parts throughout the figures, wherein:

[0007] FIG. 1is a block diagram that illustrates a mineral extraction system in

accordance with certain embodiments of the present technique;

[0008] FIG. 2 is a front view of an exemplary gate valve that may be utilized
within the mineral extraction system shown in FIG. 1 in accordance with certain

embodiments of the present technique;

[0009] FIG. 3is a cross-sectional view of the gate valve, taken along line 3-3
of FIG. 2, illustrating a motorized ball screw actuator having an actuating rod
assembly directly coupled to a gate within a valve body in accordance with

certain embodiments of the present technique;

[0010] FIG. 4 is a cross-sectional view of the gate valve, as shown in FIG. 3,
illustrating the gate in an open position in accordance with certain embodiments
of the present technique; and
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structures to transport the resource froma source, e.g., a well, to a
destination such as further transportati on systens or storage facilities.
Such pi peWones/wes46t her transportati on structures may i RCradeoiposEsssr e
control, regulation, safety devices, which may include val ves, actuators,
sensors, and electronic circuitry. Such devices may be configured to
relieve pressure or shut off flow of the resource if a high pressure

diti i det t EF. DESCRI.PTI ON OF THE W NGS [ 0004] Vi
ot wolbolydy oG B adRynHiagiaIs an e aBoRe Mo s e Gueans
better upsles st a6cbrabsce Wih J&ﬂallﬂmdﬁﬁélﬁblcﬁ@héjP?é:srénpfé&l'ﬁlqb%. read with

reference to the acconpanying figures in which |i ke characters represent
l'i ke parts throughout the figures, wherein: [0007]FIG 1 is a block diagram
that illustrates a mneral extraction system.in accordance with certain

enbodi reRES AAELEPHRESCRIBTIONLQR SRERIFICEMBODRIMENTSs a front view of an
exenpl ar Pb(ﬁ%ﬁ e S §r MoRe sB@é(lﬂp%n‘rdenlnéﬁ% of the present invention will be

described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit
of this disclosure.

[0013] When introducing elements of various embodiments of the present
invention, the articles “a,” “an,” “the,” and “said” are intended to mean that there

are one or more of the elements. The terms “comprising,” “including,” and

“having” are intended to be inclusive and mean that there may be additional

elements other than the listed elements. Moreover, the use of “top,” “bottom,”

“above,” “below,” and variations of these terms is made for convenience, but

does not require any particular orientation of the components.

[0014] One type of valve that may be utilized in a mineral extraction system is
a gate valve. A gate valve includes a gate configured to transition between an
open position that facilitates fluid flow through the valve, and a closed position
that blocks fluid flow. Certain gate valves include actuators configured to
transition the gate between the open and closed positions. As will be

appreciated, various actuator configurations may be employed, such as
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within the mneral extraction systemshow in FIG 1 in accordance with
certain enbodi nents of the present technique; [0009]FIG 3 is a

cr oss- secwpanal162846w of the gate val ve, taken al ong |i neC3AB2afi/0biz&E 2,
illustrating a notorized ball screw actuator having an actuating rod
assenbly directly coupled to a gate within a valve body in accordance with
certain enmbodinents of the present technique; [0010]Fl G 4 is a

f th , hown il
Ches st chhematic faradls bl el kel fiah 38 SrHPIee, Gartah aRbiPhoant s of | {he
presentsesliibusinoRee HRIBBHY A GRRARRFEREAD LbARAARAT I90AI 5 15 2

fl ow di agram of an exenplary nmethod of operating the gate
series of gears, clutches and/or other components. For example, high speed/low

torque alternating current (AC) motors may utilize gearing and/or clutches to
establish a force sufficient to drive the gate toward the closed position.
Unfortunately, such configurations may be large, complex and expensive to
produce due to the components utilized to covert the motor rotation into linear

movement of the gate.

[0015] Embodiments of the present disclosure may significantly reduce the
size, weight, complexity and manufacturing costs associated with electronically
actuated gate valves. For example, certain embodiments may employ a
motorized ball screw actuator having an actuating rod assembly directly coupled
to the gate. In such embodiments, the motorized ball screw actuator linearly
translates the actuating rod assembly to drive the gate between an open position
and a closed position. Because the actuating rod assembly is linearly driven by
the actuator and directly coupled to the gate, the present configuration may
obviate the gears, clutches and/or other components utilized to covert motor
rotation into linear movement of the gate, thereby significantly reducing the size,
weight, complexity and manufacturing costs associated with electronically
actuated gate valves. In certain embodiments, the motorized ball screw actuator
is configured to drive the gate toward the closed position with sufficient force to
sever a conduit extending through a flow path of the valve. Such embodiments
may obviate conduit-cutting assemblies separate from the gate valves, thereby
further decreasing the size and manufacturing costs of the present gate valve.
Furthermore, because the actuating rod assembly is directly coupled to the gate,
a valve signature (e.g., relationship between the force applied to the gate and the
resultant translation) may be determined by measuring the position of the gate
and the force applied to the gate by the motorized ball screw actuator. Such
measurements may not be feasible within other electronically actuated gate
valves due to the losses associated with the gears and/or clutches.
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val ve in accordance with certain enbodi nents of the present technique.
DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS [ 0012] One or nore specific
enbodi menwe 20f1/tebsa6pr esent i nvention will be described PperasoiThases

descri bed enbodi nents are only exenplary of the present invention.
Additionally, in an effort to provide a concise description of these
exenpl ary enbodi nents, all features of an actual irrpl enent ati on may not be

descri be th p CIfI ted t in the
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syst em r ednfigeied talewiiattivesious enineeads aodmttarahmoumsmqlmimgar y from one

aever opnii B Rt s B RBER odkl & Rt OuRELAPRI s b Spbeg s " ©

nevert hefhessarlie b $PHé ichtbodnfentsa ki idrafestraionf $iatdra ali igandBdsed
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present LOVSR AR 8 Bt £ ASlucs o wihead 19%0noRAd% sSlfkiarihddt ended

to nmean that théeré a one or nore erren terns onpri sing,"

"i ncl udi ngyvia angl 1®vTIm@'\'Near1es innmjdedadwemndw hute  8sindea wel-boear0t hat t here
may be additional el enents other than the listed el enents. Mreover, the

use of "foma7] " boiet WaNNeacPRGY €8 genbrlIgvhcluassl avardeadibmeserdiul thas & terms is
made for conveni ence, but does not require any particular orientation of

t he conpdisenased af tele[amation oé the wellbgee ?ﬁatThﬁaWtheasﬂt hul 28®revides ni ner al
extracti fay tﬁé(%ﬁr'irédtl%n of the wellhead 12 to the well 16. In some embodiments, the

wellhead 12 includes a connector that is coupled to a complementary connector
of the wellhead hub 18. For example, in one embodiment, the wellhead hub 18
includes a DWHC (Deep Water High Capacity) hub manufactured by Cameron,
headquartered in Houston, Texas, and the wellhead 12 includes a
complementary collet connector (e.g., a DWHC connector), also manufactured

by Cameron.

[0018] The wellhead 12 typically includes multiple components that control
and regulate activities and conditions associated with the well 16. In some
embodiments, the wellhead 12 generally includes bodies, valves and seals that
route produced minerals from the mineral deposit 14, provide for regulating
pressure in the well 16, and provide for the injection of chemicals into the well
bore 20 (down-hole). For example, in the illustrated embodiment, the wellhead
12 includes a production tree 22, a tubing spool 24, and a hanger 26 (e.g., a

tubing hanger or a casing hanger).

[0019] The system 10 may include other devices that are coupled to the
wellhead 12, and devices that are used to assemble and control various
components of the wellhead 12. For example, in the illustrated embodiment, the
system 10 includes a tool 28 suspended from a drill string 30. In certain
embodiments, the tool 28 includes a running tool that is lowered (e.g., run) from
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a gate valve. A gate valve includes a gate configured to transition between
an open position that facilitates fluid flow through the valve, and a

cl osed posptooneessat bl ocks fluid flow Certain gate valPeeasseoalosases
actuators configured to transition the gate between the open and cl osed
positions. As will be appreciated, various actuator configurations my be
enpl oyed, such as pneumatic, hydraulic, or electromechanical, for exanple.
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and a webbrelB4 eobcts (e.g., enables fluid communication between) the tree bore 32

and the well 16. Thus, the tubing spool bore 34 provides access to the well bore

20 for various completion procedures, worker procedures, and the like. For

example, components can be run down to the wellhead 12 and disposed in the

tubing spool bore 34 to seal-off the well bore 20, to inject chemicals down-hole,

to suspend tools down-hole, and/or to retrieve tools from down-hole.
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[0017] The wel | head hub 18 generally includes a |large dianmeter hub that is
di sposed at the termnation of the well bore 20. The wel |l head hub 18

provi des wonotihw2sennecti on of the well head 12 to the wekCr/ubsgo11l0803s®ne
enbodi nents, the well head 12 includes a connector that is coupled to a
conpl ementary connector of the well head hub 18. For exanple, in one

enbodi nent, the well head hub 18 includes a DWHC (Deep Water Hi gh Capacity)

hub by. , h d in Ho . T , dth
her 1 headlOP2al e LT b o REh 2 or 1P astackor SRsiph Roen’ Rinc
connect oglamles s BRUIIAGIBOSEANIIFRITR! ABINERDTLT BecurelbpahntPcdsing cal |y

includes nmultiple’conponents that contro regul ate activities an
condi t i ofigspEnsiediiatieel weiltdere R, aed o pvidea paite fasrttyddautisraastral Aeidwel | head

12 | 1v. ipcludes bodies, . val | s, that i ner al
e R e L L e
16, and gxteMdsenrbagh the cbmieeof tHNh@igdT®TandltRat iBt® fllidecoMemiuniarien 20
(down-hole). For exanple, in the illustrated enbodi nent, the well head 12

i ncl udesWih ghe BiRirg spoelrtase 34, and thepivelhbeisodd. 2he raingral exliagden 26 (e.g., a

dovi cos ey iASLAY ARG val BE SN re bR do FB Rl Lo
assenbl eaad@greszoteobf Mids ougartmnpsorestandaihanhelswardUndadit s migrabxanpl e, in

the illustrated enbodinent, the system 10 includes a tool 28 suspended from
a drill S¥raGlignRystam 1@erﬁ°&iﬁ¥a€ﬂﬂiédﬁ Naednay Re iRQefed i iedreriés a running

ool t hahnd/s: | RARdPLGwed AL AIRBAMRS {SHAE Y RTRElal hBpbUE14e} 16

and/ or the we ments, such as surtace systens, the
tool 28 smyeiembadimeatsehesevalvepearajddclodera gate/\alve baengd motavizetle
well headbé?sc‘:’r‘e@v gctﬁét%?,esu%rh é)sF {h%ror?eugggcrntt}e%qnOcljee\(éifge’low. Embodiments of

the present gate valve may be smaller, less expensive to produce and less

complex than gate valves employing other electronic actuators.

[0023] FIG. 2 is a front view of an exemplary gate valve 38 that may be
utilized within the mineral extraction system 10 shown in FIG. 1. As illustrated,
the gate valve 38 includes a valve body 40 coupled to a valve bonnet 42 by
fasteners, such as the illustrated bolts 44. Specifically, the bolts 44 pass through
a flange 46 of the bonnet 42 and into the body 40, thereby securing the body 40
to the bonnet 42. As discussed in detail below, the gate valve 38 is actuated by
a motorized ball screw actuator 48. Specifically, the motorized ball screw
actuator 48 includes an actuating rod assembly directly coupled to a gate which
regulates flow through the valve 38. The motorized ball screw actuator 48 is
configured to linearly translate the actuating rod assembly to drive the gate
between an open position that facilitates flow through the valve 38, and a closed
position that blocks fluid flow. As illustrated, the motorized ball screw actuator 48
is coupled to the bonnet 42 by a housing 50. As discussed in detail below, the
housing 50 contains a spring configured to bias the gate toward the closed
position. In such a configuration, the gate will automatically transition to the
closed position upon a loss of electrical power. Consequently, the present valve
38 may be known as a fail safe closed valve because the valve 38 closes in
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[ 0020] The tree 22 generally includes a variety of flow paths (e.g., bores),
val ves, fittings, and controls for operating the well 16. For instance, in
sonme enbodpDrEeMt®2846he tree 22 includes a frame that is @cTass@doaisent a
tree body, a flowloop, actuators, and valves. Further, the tree 22
generally provides fluid conmunication with the well 16. For exanple, in
the illustrated enbodinent, the tree 22 includes a tree bore 32. The tree

bore 32 rOV|de for c Ietlon and over rocedure uch as.the
oser s ofbspbneay af eSQEal gk e e tal SIS G 4 Agtat i e MotSigest: i on of

various ghestred scrligiop 4BhﬁcIWééé a]f@n@@%’ﬁﬁwﬂ%'h@oup?é@dtoti‘éoﬂréﬁ%nd: i t her,

mnerals extracted fromthe wel g., and natural gas) are
gener al | ﬂam@gwaf the bousing by mutilpleh@Sterws Mchmﬂthent&w%traied boklie 565 ee 22

b | d tied back t th
o orerfERE st Qg HRRFbr s jo T h?%sd %, Inssulcﬁ anagnbogl et |
d d | fl th th | | head 12
Pnd/ or 1 WLSZQTEZ‘ The W@Y%Eéoﬁv%%} %ﬁtn'@hp%%ﬁagﬁ. AR o el pasiatel Ia | Tas.
[ 0021] Theydf ke NnRBEGIN B fr@vérd&ﬁeﬁc&%?ﬁnéﬁtrs e 48 rg‘@%ﬂel/%lv%”@@ or an

i nt ermedi ate connecti on be ween the wel head hub 18 and the tree 22.

Typi cal | maytbeeplaqed bgtvegrivan ms(raamoplpeﬁértransptodn’@aéluthmega bhewdy i s one
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34. The tubi ng?I spool bore 34 connects enabl es fluid comuni cation
tho

bet ween) enafle flouciroprtae ypsizaam piee k2 thrqtez% theualve B8 andbnh@dhgpom bore 34
provi desd@xﬁﬁ%?éar%%éé‘ 4% b Ifégre?n hifr@hid! 3 04 e SR ﬁtt}e Isdy @eedur es,

wor ker procedures the or €ex ar‘rpl e, conponents Ccan be run dovvn to

the wel | rgadhiéd e gncchbkepiiswdrom thdepstieampisgeglintoahe dodvristreaeapipef f t he
wel | bore 20, to inject chem cals down-hole, to suspend tools down-hol e,
and/or t®*retrieve tools from down-hole. WD 2011/ 162846PCT/ US2011/ 030363
[0022] The il lustrated hanger 26 (e.g., tubing hanger or casing hanger), for
exanpl e, [0025] yp|A§a<ﬂ|59U$ﬁe§ip6$i@cﬂa|{/\bQ|ﬁWnbﬁﬁ@&ﬁaﬁl&f@@@@@thﬁ”s‘@é@ﬂe t ubi ng and

cont o1 “HTEER b RablBie! et faf G g Bl Bk a B R BsHHE Tt
hanger b@m@tr%clbbed pesitiendthet presegierhbedietant eaybbiibe feargecluihesand t hat

isin fluid communi cation with the tubi ngf spool. bore 34 and the well bore
20. The ANGEF aihescompanests sordiasred tp aysteniatatien pf thgselapiionigaciatonhi ch are

enpl oyed hr‘i@%%é&@m%ﬁ?oﬁth@‘r’&aﬁ’{‘é‘dB rcﬁﬁlﬁwocﬁtﬁeoiddlﬂldﬂlag%oh@o\ﬁ@htso‘ﬂﬁa bores and

channel sln{tcﬁr oughout e mne racti anmple, a valve
may be i prcelsedegauervatl\ma%mm/ ge smmlbquesssagmﬂnptea{ dricdbsbekpeesive e wel | head

hub 18 dth th
ol Lede Bogluce AT 0eSias BRIV ing tisars STHERS Sagi0 M ORI . g { ha

a1 o R B P Lot R R I M e ™ ™°
enpl oyi ngatetthwa@tf’ea:cloeem poalﬁoumlttrmfﬂment force fr(r)p; the gate to sever a

conduit extending through a bore of the valve 38. Consequently, the present

embodiment may obviate separate conduit-cutting devices (e.g., springs),

thereby further reducing the size, complexity and manufacturing cost of the gate

valve 38. Furthermore, as discussed in detail below, the present valve 38 may

include a controller configured to compute a valve signature (e.g., relationship

between the force applied to the gate and the distance the gate translates) by

measuring force applied by the actuator 48 to the gate and the resultant gate

movement. In further embodiments, the controller may be configured to detect a
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[0023]FIG 2 is a front view of an exenplary gate valve 38 that may be
utilized within the mneral extraction system 10 shown in FIG 1. As

i Il ustratwd,2otie2gyat e val ve 38 includes a val ve body 40pcoast@dossen val ve
bonnet 42 by fasteners, such as the illustrated bolts 44. Specifically, the
bolts 44 pass through a flange 46 of the bonnet 42 and into the body 40,

t hereby securing the body 40 to the bonnet 42. As discussed in detail

bel ow, te valye 38 is _act b m)tor rew act uat or 48.
Spect 11 cltia §acant Bl vavedenant o Sl i Be Rl BiorR B uat  ng
rod asse,rgg?ﬁngéq@g{é deoteeidRi md. to a gate which regulates flow through the

val ve 38 he notorized ball screw actuator 48 is configured to linearly
transl at agtgakli I gopen
posi ti onfbt haﬁe faﬂ?f ?tlgtae(’rsre @é éﬁ'eﬁp fjlrh'evcgalt%fe&ﬁ%/%aé %n?éﬁ’@l%g Eehg' posi tion

t hat bl 0843soff FI@E. @, ‘iIIuvaatM>g;thd mmﬂ;d)rrzﬁdebhll $drewramttoator 8 Hazlrig &t aetvatiinguat or
ed to the b houm i n detail

48 is co nnet 42 b 50. i Sgusse,

el ow, UL Aesioly CEaCEoRRURIAd 18 s NUTUb e e Rofs 26, 5 ereike t oar o

the closgg ppsd bb&;MO'|ﬁbl§él'§§‘a@109\%'§th%€é‘%tbﬁ&n tmwg@h%hawmét gudagat i cal |y

transition to the closed position upon a | oss of el ectrical powe

Consequeb8 lapd thﬁ@uﬂeb@’m&ageaﬁﬁleA:mterﬁﬁ ipposifioned adthin theiflove path 68 tsed val ve
ctri mechani cal

(ai ture ook BiotR e Gibie A TEROMRG dSuaR Fe BPblpifsaiAT a8 i nc udes a

fl ange SPuvdatel, ﬁ@l@&t@%gl@ |@a0@6§e%5;§@§lﬁ'¢rﬁlﬁlhfdha@@§k§ﬂﬂeoﬁow Befifigusi ng 50 by
mul tiple fasteners, such as the illustrated bolts 56, t her eby securing the

act uaéorthdwgff)th%‘ém%@& ﬁ@tfmprqmizamh@éhmamt«memalm@pdué@ ingludas ét Eassage
8
58 and 20, 1) 6} pRAREFE5s S B SARRF SR 2 ARBRO TR o her

conponents exanpl e en "an upstream

pi pe 62 $¢asFpareiooafiguiddiiodldelomtiawssiiiuie asnhditheéasts 68earhepy e 634
transporti n% the fluid to dovvnst ream equi pment. In such an enbodi nent, the

val ve 38M#&\PSH a'é?ﬁb@ @V‘faé de QQFF\P@W'OBIW&R&%@“%'@b@ dire¢tidn f2om t he
upstr eag%lBQgea Iﬁﬁgft@cﬂ ﬂH%( % ha oﬁﬁé/ €al§’%§ Fdn Jﬂégwé%t%ﬁﬂ@%rraﬁéﬁ“ fhcpe 64. In
0 , may

ot her e ment e va e use regul ate choke) flow
f rom t helonpgudieahaxs gé eﬁ@emdﬂ alohhandualsdireetion FiSpeCedsedueddp] As di scussed
In detai (ljovl?/r?\llvg\rlc\é m%%?nue% n1e gateoéé él(e)ﬂgl?l% lax%?(r:i%vction 75 transitions the

gate 68 toward the open position. Specifically, the gate 68 includes an opening

76 which enters the flow path 66 as the gate 68 moves in the downward direction

72. When the opening 76 is aligned with the flow path 66, the valve 38 is in an

open position that facilitates flow through the valve 38. To facilitate movement in

the downward direction 72, the valve body 40 includes a recess 78 at the lower

axial extent of the body 40 to capture a solid portion 79 of the gate 68.

[0027] Inthe present embodiment, the gate 68 is directly coupled to an
actuating rod assembly 80. As discussed in detail below, the actuating rod
assembly 80 is driven to move in the axial direction 75 along the longitudinal axis
74 by the motorized ball screw actuator 48. Because no gears, clutches or other
components are employed to couple the motorized ball screw actuator 48 to the
gate 68, the valve 38 may be smaller and less expensive to manufacture than
valve configurations which utilize gears and/or clutches, for example. In addition,
without the mechanical losses associated with gears and/or clutches, the
efficiency of the present embodiment may be significantly greater than
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actuator 48 is capable of directly translating the gate between the open
position and the cl osed position, the present enbodi nent nmay obvi ate gears,
cl ut ches woadbuariees4her conmponents configured to transfer pcottsboion3ohst he

el ectronic actuator into |inear novenent of the gate. By omtting the
addi ti onal conponents, the present gate valve 38 may be smaller, |ess
conpl ex and | ess expensive to produce than designs enpl oying gears,

clutches and/ or. ot her. conponents. I n additiop, .the present notorized ball
Sor ew actaiHbpauRns Ehich SABREY gHonePlIRRG et AadkSTaliet 3¢ AEUBIB8 AR posi ti on
Wi th suf bRl donnemabeT S ERBRA LYl SLMMNGI BXloRRdl ng through a
bore of the valve 38. Consequently, the present enbodi nent may obvi ate
separ at eceppdoentscigsciiped belove eEh¢ stegn 829pconplel, totthe gats/68.uanchie r educi ng
t he size, conpl.exi nd n ct.urj t..of  the .val v .

Furt ner e Y Blafiba s S0G PR RO U S B, SRRbiRan, 2adRbE K RE8sE oy i nel ude
a cont rOiHr@lﬁ%rCQﬁfoip@HrrngiNﬂtlﬁInQﬁ@BpHﬁg platglsvenrsd enadied & {te &tem 82bgtd onshi p
between the torce applied to the gate and the distance the gate transl ates)

by neasuftire@dgdeernegiioni o epgmaie  &onsadeentlys thaasHatayLtds A@ndee ifesul t ant
gate nov i t NixL i.,gured to
ot ect oty fan 4 gald b8 BlorE RN dna i% #2TWsthy FioBRted Baf BEEE. " 35 1o
cl ose t hactgato? 48drivesithespring pldte Sdeihethé edwinwaed diredféh PRGooubling a
cross-sectional view of the gate valve 38, taken al ong%I ine 3-3 of FIG 2,

i | 1 ust r aPPMENHEC FHIIBRIPLAE Hald N1 FRTHEL GRVRY tRBSIRAY PAGOMIREuat i ng rod
assenbl yth@ré&fﬁéﬂsiﬁwgbgﬂ%gaﬁﬁgﬁ%ﬁ% tﬁ@'dbfemt?osYtﬂJnl‘ge body 40. As

illustrated, e va es a w path 66 extendi ng between

the inle sa i i{ioned
wtenin cI092TonE e ot Btk fin S RRRE BT nasHENGWER iR M98 £ IS
t hrough pdsitiéh bwapedrhpEssioAsspringléd dizpesed Withirgieehdaing50.nAs cl osed
position which blocks the flow of fluid through the valve 38. In the
present EHdERiEAeie SRIiNG §Rip¥iends dptwecn Hia sridw plat8f and HROERIPh an

cont 1 gur R1R Y P tRIBHA SRMPIC o AdiE ife Srind B8 aReE 2t ) be
transitionibe spoingrlatetty ppedireciirt 92aldng thedorsgiatdinal gixis 24 df thectdlen 72

| i tudinal axis 74, 0f the val 8. | t fi tion,
o1 ono 2 heraiudlagle 2, 16,0k, LD AL, 1B, oL A Rrestt soptd qurat on
downwar ds%ﬂ?’r@f{g e hlasel thbYatnbs 16Fad PRLIdNRy ﬁdéilfi’clﬁrf.dﬂ'()?%tn'sﬂi%nztﬁe a@ds! L1 ons

the gate oward the oOpen position. Specifically, e gate 68 Includes an
openi ng @& tawiarchhercpenspasdiior, thevmsdotizesbalkserew apiuato6d8rappdissian t he

downward direction 72. . VWen t.h eni.ng 76 is ali it he f. ath
oo P CahEakd R B\ iohAR PRGNt dvar bR plis' ot thERpHE 7 e
val ve 38gg.TConaeidely, ahe nitrysranball Bercheastoamnralsdndy treekition thd gatdregval ve
body 40 includes a recess 78 at the | ower axial extent of the body 40 to

capt ur e B@vwasditie ploserpesitondly baek-ddyiag &sc apvaling red apsepplysEhin ebodi nent ,
th te 68.i.5 i | ot uat.i 80, AS

i scuasereatioh i fi6hsVef R8s Baifo Bt B AT b REAPSEERRAER, o 6 nove
i n the afdilate disablekithe m&ortehbal berevoagtubtoti4datheaxpring’88 lill t he not ori zed

bal | screw actuator, 48. Because no gears, clutches or other conponents are
enpl oyedaﬁt'TS”E%\Qah)édE'ﬁ%thﬁ)%ﬁei SRl Tg‘&l Cﬁo%‘%fjr BW'H@?-u&PB?eQ%eQW’ if}?elg%&@@t 68, the
val ve 38 I - i : I

ot gur S TS0 A BR (Hted B3R Re o IRth e TR Dalve 26

addi t i onwilvautboaticalhecloee raréspahse ¢s sesachsdocialties Autthergeaesinathd/ or

clutches, the efficiency. th resent enbodinent, may be_significantly

ar eater  PIESATEEATIGHERGRT. drbe Ao ERE R P TEaar RamBRaRE SRH | 1 st rat ud,
the act uglgirtenaRek 356@NBhY, tRE dake bEARR rémafneimiRe cRidéddosiidNg pl ate 84, as
wel | as other conponents described below. The stem 82 'is coupled to the
gate 68,@Q§th i i ATONT t cifically, a
bolt 86 [s Jsp?s%@reﬂﬁjgﬁjgﬁgg%égégém%@%@éﬁdn%llhéyg\glref\dr%ééf g?? 84 and

coupl ed mounted ®tthmBRising 20 bhtlealadgeobd aotliseh antidhe dolabe. ASConsequent | y,

the actuator 48 j,s arran in-line wth e gate 68 aJ ong the | ongitudinal
s 5 MuSlaidg, I BRI EaShal kel Satlattr A8 Siiet 47 o bl Bhsingrod S8l at e o4
in the downward direction 72, coupling between the spring plate 84 and the

stem 82 drives the stem 82 down d erehy transition ing the gate 68
toward the open position. \AB]S&QGHBO&B



[0028] I n the present configuration, the gate 68 is biased toward the cl osed
position by a conpression spring 88 di sposed within the housing 50. As

i 11 ustratwo,2tie2&pri ng 88 extends between the spring plrarasdeiiassden bottom
portion 90 of the housing 50. In this configuration, the spring 88 applies
a force to the spring plate 84 in a direction 92 along the |ongitudinal

axis 74 of the valve 38. Because the spring plate 84 is coupled to the gate

68 via th t 82, th i 88 Dbj th te 68 t d th | d
posi t on PeUMEReRaRDBsL ERecka DS R e Al RSoRPRTEGRSEhe. 1ot or | zed
bal | “scrgyymgidrlnRigrs, BEhbRYs PndloprdNRIds ffREiERt ﬂo"r’%%é‘ﬁ) diiveeHd on 72

sufficient to overcone the bias of the spring 88. nversely, the notorized
bal | scraoiuaingsdasssnbyBQindhsidirestion He agairst @8 taseaofltheneprinm8@ to

position . - drjvi t.h ctuating rod enbly, 80 in the dir ion 92.
Povever - ransias e ghe fifia M, GEn Risidih. . RCadREE Butn Talo shitfatafigt 1o

di sabl e?rria‘?%d@haﬂér%%és@dde@ﬁé?ﬂh@‘l—‘é%aéd?ﬁplé&to bbﬁtrélﬁhbﬁ@lt@ﬁwa\ﬂvé'
automatically drive the gate 68 to the closed position. Consequently, the

present W@lvdesignfayHpwerendl aieraative eaiqosimenist o8 nedafs @yal on because
the valv il I N failure.
Fur ¢ nor By syl 58 SBhcehoNs BlBHaHhG ARRAPDRG) s, BB  2inved

f rom t hemotdrgefod@xbiorplerai nt enance operations, the gate 68 will remain in
the cl osed position. [0029] As previously discussed, the notorized ball

screw acgmr Athe SreBBRNG@ThdrRnt itadi e sDCINERr 0% ihbledbs anagr 98 aed 54,
(0]

and the lts 56. As illustrated, the notorized ball screw actuator 48
i ncl udes@ &PtopdPBr Bodk itheysadora3fiand e riaehP0 paigneiabadit theaclvaiar&® (DO
not or 96 L hac er, provi de
suffici e‘%ltO g\r,\%tééj rﬁ%r%ﬁ%\@ﬁ{aﬁtﬁa&gw%{aﬁgﬁ@%& %&%gggtﬁﬁt%g% ﬁé@q{é@éﬁ) rection
72 agai nge d¢dsing 94 a@adahe rbter Ip0IingosSiiohed inveargiftarnhé baitga@&akdgtad t he open
position. | n addition, such notor confi g?,urati ons nma smal l er, |ess

tl

d , . : . be
expensi vadigglirectiar 104myVale e gk 98 istixgd ralefive F%%/WQ/%C’[HBEO(BA%H’@ gns.
However, i ?¢d RY dRfwertosohad b ; elBh@ﬁ&diHRFé&&é?%W HRE cRRhRYERig SUCh as
synchronous alternating current ? a nmotors, or induction notors, 3for
exanpl e. dif@ado] MO ortbsemesgraravafigatativagiiet rotdd Gtbisarouped tocd taes a st at or

98 d 1 00.,. Both t t at 98 . th 100 d about th
2ct uat or POBOR GRPHANE RS G &1 dotam BBticb 068! MRCHRMELEE Pit ed, the
stator 9gghschriPb&ithds1 @é‘.eTﬁé%ﬁﬂng‘ffa(ﬂﬁlﬁ;{jé RRatigh 6f th&48tdrS deesddut ened

ISy
inward fromthe stator 98 along a radial direction 104. Wile the stator 98
i s fixedlongltadingeaxis 7é¢hwhie liowiing tragslati¢rein ieaxia@irectoal/bovedne o rot at e
about the | ongi iLhal axis .74 14 the circunferential djirecti 102. In the
oresent GENERIPRBREnt i s 6{hscuna pE RN Bl 2nedhe 5 TBR Y05 of < ne
casi ng 94n anstt@nyricd Mimding] Sowdveroh difeensipel e1ab8dimnts appestorveobear i ngs
106. The bearing facilitate rotation of the rotor 100 about the

| ongi t udMaylbeaxicsrmanemiinpanet, aneithe) statend ataydre PR aleriraamagnetdi recti on 75.
In the prm}‘i‘ enbodi nent, the stator 98 is a pernmanent magnet and the
rotor 10019 %n el ectronmagnet w ndi ng. However, in alternative enbodi nents,

the 1ot ofonhd? i Re e RSHTARGLTRAN Bl RS 40 6e7be ke AR Ry, e 2N
female threads) of a ball screw assembly 109, while a shaft 108 of the actuating
rod assembly 80 serves as the screw (e.g., male threads). Consequently,
rotation of the rotor/nut 100 in the circumferential direction 102 drives the
shaft/screw 108 downward in the direction 72 along the longitudinal axis 74. As
illustrated, the rotor/nut 100 includes a series of grooves 110 extending along the
axial direction 75. The shaft/screw 108 includes a similar series of grooves 112
approximately axially aligned with the grooves 110 of the rotor/nut 100. Ball

bearings 114 are positioned within the grooves 110 and 112. As will be
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[0031] In the present configuration, the rotor 100 serves as a nut (e.g.,
femal e threads) of a ball screw assenbly 109, while a shaft 108 of the

act uat i ngvoadiiasssaabl y 80 serves as the screw (e.g., naPeTiUsc@a®3)363
Consequently, rotation of the rotor/nut 100 in the circunferential
direction 102 drives the shaft/screw 108 downward in the direction 72 al ong
t he | ongi tudi nal axi s 74. As illustrated, the rotor/nut 100 includes a

i f t i | t h | di t 75
Shaf 0] sCPRRPSRT. Rt moose 41 i PLEIaS SbEH s800ES o3tadBiadPharel v
axi al l'y fd greshftditet 418 %WﬁYﬁélo%JgﬂuQﬂcnaﬁ Qﬁsro@tti% fcﬂHF 1é@gnd%ﬁla\‘t fegar i ngs

114 are positioned within the grooves 110 and be appreci at ed,
each gr obhe ralatveadgleld the sheftsacgpvanto W@d@tﬁyaeawey]deh@eatramgreh@f

circum‘eren and d th l.ONn i,nal i f 1 r r 0, and shaft

Tob. - ThebfafBePRedpiihar o R vodeeHlidicl kobliEny BobP MBS Sori nes
t he degr@atﬂfel)ﬂéﬂn@th dfﬂbf@ﬁ@éltn Ifafce ?aﬁ‘r@’é WwilBuned réiQWeﬁ?sﬁfall@@alr rotation.
For exanple arelativel ference in raceway angle will result in

rel ati vemvgmﬂmt ohfheash Véar@ﬁt d@grepné retadipn of dige rmtpr a@@r EONYErselit. & i on of
the rotof, %1%1 fﬂ%‘?%:ﬁ(cq i rra‘é!a\%y‘é]ﬁ Yo wmrrgégl‘{’g{ eﬁ%@é@ﬁ aa{ge %gg?way angl e

will resdl |ve arge- ax 9ovensn per degree
of rotat mnem‘enit bétHeO$tht ﬂ(ﬁ@pet degdai dfirotatiohltd thaestonyo@ngt additibher ence

affects the force ap shaft_ 108. Specifical | smal | er raceway
angl e di edirepway al”@&]‘ljﬁef qeagfgeéqts they fosee app !qde*ayme%fv%f 0% t 108 for a

gi ven t OSPé‘é%ﬂ fﬁ%ﬁ?a‘ﬂ@r %e&@ﬁ@ié’?uf@%n@% Wsh |t n*?Par@ﬁfeFo'F@és el ted, the

bal | bearings serve to r riction between rooves 110 and 112,
t her eby fhecsHaft 528 foy a given tanquefgenieeatedtbyrthé Mlotev 6. veksamllabel frtper axi al

f i i ed h haf f
ot o nar 208Rgis afe AT BRRANGs 1 dA e o rsdoa Aot EpeeR Bl BB 0f ¢+ he
act uati ng16 agasee il yophditshiny RAaRoPbei® b8 10teldr HAthaliarbe Sha base

plate 120 is coupied to the top portion 105 of the outer casing 94, and the
spring 1f1360¢!§a:mﬂh}9kjéd th©3haﬁ1l@§se plate 120. In addition, the spring 116
and shaft 108 are coupled to the internediate rod 118, V\/ni ch serves to
connect [00323haf In thedresenttoonfiguritiodean aftetrizd tatdieratpmigg f d6 extseisbl y 80. In

t hi fi t i 16 to furth t 68
e -t PR A i SR o8 duE o1 Be A ath o Asae e BE A BE o 116
urges t hﬁla’cé“i 6. nﬁ@'lmsﬁrarté’@ tﬂﬂé%as@ ﬁlé’[@ mrdé)uﬁ?@oet'o tﬁbﬁ@ﬁ%}bﬂﬂ)ng‘?GS bher eby

bi asi ng the actuating d ‘assembly 80 upward. In alternative enbodi ments,
t he sprihg auter mn@@4oandttfw$pmm1ﬂﬁ®s cougled s thenbase plage 880mhy serve to

bi as the . t owar Lo S 0 Lo fur her odi nent s,
5 forsi catdhitndbe YR e R Ln Atk thgNeR GRte imidristiaRTenii®a 1o

ci rcunf ewBiehi strvéd BScdiiect BieshdPO08 ¢o td MendiRge Dt teGRidaingy @ddt he cl osed
position. [0033]As a result of the direct coupling between the actuating

rod asseadigmigy ndntthis epafisusgiont Hie spyingr 1 eaetyasito deihar kivs the eate4s may

l'inearlyg 9@%"&&&\8 cﬁcfée% F?c?s li)cﬁ*f V‘§§8¢. Oy B nRARLT 1R RN 18 RS

posi ti on: ecifica
the intermediate rod 118 in the upward axial direction 92, thereby biasing the

actuating rod assembly 80 upward. In alternative embodiments, the spring 116
may be omitted, and the compression spring 88 may serve to bias the gate 68
toward the closed position alone. In further embodiments, a torsion spring may
extend between the rotor 100 and the casing 94 to circumferential bias the rotor
100 to drive the gate 68 toward the closed position.

[0033] As aresult of the direct coupling between the actuating rod assembly
80 and the gate 68, the motorized ball screw actuator 48 may linearly drive the
gate 68 between the open position and the closed position. Specifically, to drive
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the gate 68 toward the open position fromthe presently illustrated cl osed
position, an electrical current may be applied to the notor 96, thereby

i nduci ng wbeorioises46100 to rotate about the |ongitudi nal paxits24/08636 he gat e
valve 38. As the rotor 100 rotates, interaction between the raceways of the
ball screw assenbly 109 drives the shaft 108 to translate downward in the
direction 72. Because the shaft 108 is an el enent of the actuating rod

O A oSS58 g RS e AR s o

the gat e38@jecfctcAMeAtflaYy B S5HEEE thEPYGBEOE t‘%réﬂlﬁina\%&iﬁ%@ﬁe Irdtof he

direction 72 transitions the opening 76 into al 1| gnnent the flow path
66, ther #0Ytd endale akautrige fangitddinabaxis Mdolighe tdade valve 8838As [rEoAPICHIVer sel vy,

an electrical currer be plied to e (.. 96 indugi the rotor 100
Co 1ot at @S, 5ERRy PR ARMarEiel ot e SR s antik 8 PP RR e  ng

t he shaf theldHaft 108 frtahShR ddwhigraliBwae dirdcli®@s YRoBRAusBesauRglt ibe ishaf t

108 is an elenent of the actuating rod assenbly 80 (including the

i nt er medeReensenifaf the actuatiegspe iasgemboit 80 gaclughng thednisrasdey shabvenent of

the shafy, égﬁg%@gﬂ@ﬁatg &P%Sﬁﬂ«?%@rﬂgzg‘;@ﬁg{%@bn%f tﬁ}@%k&‘ﬁt 86ﬁ1du'§§s a

previ ously novemnent 0 I'n"the difectton

t ransi t i corsesdgundinzemongmént ofitheofatal 68y ptevidudly tiiveubsanyy matdmén, oft her eby
bl ocking fluid flow through the valve 38. Because the present notorized

bal | scr &\ Gaif & Briha gliresticn fabiapstionaithe eppyingr 16 ity aligiengal WilsBaset ween
the Openﬂ&ﬁﬂ)gﬁﬂ gé,eﬁ'l.e %gmg%%n&%i@ﬂﬁmhrﬂﬁ@?%vé gyers, or other

conmponent s e di spose en the act and the gate 68.

Consequefigay © R RERSR Y BleticP oo e BRI Siec!th 9L Rlorgl 685 expensi ve

to produ re erficien noré relia n-valrves enpl 0yi n

el ect r oninduainigltht eotor w0 rotaitd Inzars oppasite ciedumiehestial diretioren82t o coupl e
the actuator to the gate. n the present configuration, a visual

0035] |
i ndi cat ofheiely Edueing h?ﬁ@ﬁhﬂl@@ t]§HHﬂF"tS|3it©8” e eRYAG HIELCRS; Iy Bacauga h t he
(e 68 i . | g . T 122
oxt onds 18 R L R B P B A o e DO S s o1 < ne
casi ng Yiierrimdiatershafis! t&)¢hasprirag platd 841 anah fidg stens 82hengadeeddfttbear d t he

I d ition, | i bet t he vi i ndi cat 122 and th haf t
105 causaeat A8 IdiRER e F Ot P oS PR e eRl P NFialart A PIRHPUAY cct  on 72

Once t hegigal &k mevenierti? té 9aRIGH ASIHE @RoctibR DV stiond e P eMing 726 Wi ||

no longer extend fromthe casing 94. Consequently, an operator nmay readily
det er mi neutt¢fealigogiant avithdhetflow pathesas héygby blacking fluiddisacthrowghothe he

i ndi cator_,12 wever,. 1n alternative jments, . t Visu i ndi cat or
122 may BV, CREALRE thn e et BRI BRRSG ST ARt 88 ARbie Mhed by
ot her f egitsdtgsdrivih@the §Aie@T BEwechahbldpen diRPSUs&Bbsilions H3§édee present
enbodi nent enpl oys a controller 124 to regul ate the

clutches, levers, or other components may be disposed between the actuator 48

and the gate 68. Consequently, the present valve 38 may be smaller, lighter,

less expensive to produce, more efficient and more reliable than valves

employing electronic actuators which utilizes gears, clutches, or levers to couple

the actuator to the gate.

[0035] In the present configuration, a visual indicator 122 extends from the
shaft 108 through the casing 94. With the gate 68 in the illustrated closed
position, the visual indicator 122 extends in the upward axial direction 92 from
the top portion 105 of the casing 94. However, as the actuator 48 transitions the
gate 68 toward the closed position, coupling between the visual indicator 122 and
the shaft 108 causes the indicator 122 to move axially downward in the direction
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nmotor 96 of the notorized ball screw actuator 48. As illustrated, the
controller 124 is coupled to an electrical power source via an el ectrical
conduit 1®6.201meesst ai N enbodi ments, the control |l er 124 pomyuscolalosades cert ai n
el ectrical circuits configured to convert the current fromthe electrica
power source to a formusable by the notorized ball screw actuator 48. For
exanple, the electrical conduit 126 may be coupled to electrical mains

L ot e o P A el RS el euRo ™, o

convert fohge ExteHb RIM thé BA3ihG DD EHSRISNAP drPop¥ratsl hmaPreddly the notor
96. In addition, the controll@er 124 may be tonfigured to reverse the

pol ari t ydeifermine therpasitiorseigpeigade 68 tyrae vispabinspection efdhalirdieatohd2ai r ect i on

of rotatj,on.  For |.e first polarit A \A ied to the nmotor 96
Lo | nduckOhreSiip aERRSs chbddibbaly vt it B Bl vad e obbos ¢ i on,
and a segRdthdpbsifibh Bf tHePGasicgemaly OB ddterrhinedtbypsthar fdaturc@g®.goe applied to
the notor 96 to induce the actuator 48 to drive the gate 68 toward the open

posi t i on€lecyonriz|nasitoer Mapsuremid)-nents, a battery 128 may be coupled to the
controller 124 to provide power to the actuator 48 in the event of a
current [0036] r uptheopreteninemhediptem enseiay s a.cortollexbirpiereguiadedlodit rol | er 124

may be cgnfi ed . to auto ically instruct,the.actuator, 48 t rive the
gare 68 TRWEP BFioednBlebes bl Reish aitid e o A8 1BRAR g RphBafts

i nterrupi2s cduplsditdaR efstiidd WoRldr @Burdd@a kat é|86tyicaPsoritrint 128 cignf i gured to
contain sufficient energy to facilitate such an energency shut down

oper at i oPertain esndiments, the conlreliary 2dxsayrinclude seiginadeatdcal GisLE$ panel 130
whi ch i i i i the batt
1581 " ST e HEE Gy ond e BREITRAYAORE SRty e Pt ter

enbodi mensashle bipehdatdtorized B8l sodvwsattantqpaide | Fdr3ikammyle himeeslsettitalci ent
capacity to drive the actuator 48 without the electrical power source.

ConsequefRMIGHI 130 BRYPLABHIP N BIECIGRE MANS Wil GAHYY B BN di¥ed in renpte
| ocat i ong J&W’&iﬁ%ﬁ(%e%d%é h&ﬂﬁtor%ﬁﬁi% al?mglé%%/r 2Rt ﬁi@b’f'lﬁ@' condui t

126. In further e ménts, a capacit e enp ed in place of
t he bat t eojorl@B Congequemtly htheaoaniadler 128 . mdy00@8jdrntheeAC aiurreabbodi ent s, t he

e val voua” e 6 Bl Ml o Rl s ipS sofnel gt B bRt o °
fire or GbeudiGuchagRelasy e bl Seheburdht SLbPRd &8l maoPeRegr 132 is

coupled to the valve body 40 and configured to send a signal tc
cont r ol | eeguidta thedireatiorvef rotatiort. i rer extinaplena firgl poteyity anay balapplissto For

exanpl e, ,t h e r .132 b t her.noco , ke d ctor,,an optica
Frane celhegRotd 2o idied e gt PGP erOPon oalk PO TGt LB R Rech "2 F 1 o
I n addi t pedltion,hds&B866Nd B8laRBY dpPoBiRs frohnmedirst pdlantyd s baappfedfo t he

val ve 38, such as the bonnet 42 or the housing 50, anong other areas. The

cont r ol | e motpri%% todnpducrithedagtuatos d8ito alrivadhe iggimbs teowanct the opeisor 132, and
determn og}p@ her a fire is present based on the signal. [0039]In one
exenplar§ enbodi ment, the sensor 132 is a thernocouple

[0037] In certain embodiments, a battery 128 may be coupled to the controller
124 to provide power to the actuator 48 in the event of a current interruption from
the power source. For example, the controller 124 may be configured to
automatically instruct the actuator 48 to drive the gate 68 toward the closed
position in the event of an electrical interruption. In such a configuration, the
battery 128 may be configured to contain sufficient energy to facilitate such an
emergency shut down operation. In addition, the battery 128 may be coupled to
a solar panel 130 which provides electrical power to the battery 128 to maintain
the battery 128 in a fully charged condition until utilized. In alternative
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configured to send a signal to the controller 124 indicative of the valve
tenperature. In such an enbodi nent, the controller 124 may be configured to
i denti fy woforiele¢sas undesirabl e heat | evel) based on thecralse@iasper at ur e
and a duration associated with that tenperature. For exanple, the
controller 124 may identify a fire if the tenperature of the valve 38 is
greater than 1000 degrees Fahrenheit for |longer than six mnutes. As wll

o S ol A0SR L% B SO e SOl T

t enper at 4 @iveSthded RGABH 48 Withd Ut BRO8IecHitaRbbRBr sbickNeidAYeBuedlly GhNat i ve
enbodi nents may enpl oy other tenperature and/or duration ranges. For

exanpl e, stdteembadinaenter theaslven§s intknibe ppsitioned én rdmatetleopiéanst withowf gr eat er

Fanr ennele il e Pter SLlnol e B el ol 126, R0 °1° 2 5 4

5, 6, 8, eMBolinritesa capatiirdankimaBe&mbibpbd 81 plhdéd ofeiebitery fag @, the
controller 124 will instruct the actuator 48 to close the gate 68, thereby

bl ocki ngP®WVeheragediendBal |y fl amable fluid through the valve 38. In
certain enbodiments, a conduit 133 extending between the controller 124 and
t he act uf038] 148n gastainempadimartie thalcpatrobery1 2Wissanetiguirest toaddteeikethadj acent

to the val ve bod 0 sever, the copduit 133 . 1f the conduit 133 is

sever ed. PEE0EY OLait e aRiaceh) [ ine RGP or e Tisrh CibB s b 0
Consequegbby thd §8teSed if 08 Ad\Hied tdrhPemitlile iYddeedibe. DatiRuditaté® 4 he cl osed
position. Routing the conduit 133 past the valve body 40 may be enpl oyed

al one or SensadRRUASOHBIRAP tthe vRerhady 4baee cPefiowed e seadscsipnaldodheve.

However, o4 Giapybd |AGIRRI 6L AlEHabER 0 PE SRDFQNe 132 MR BE SaraRl e of

detecting the presence arrier € conduit-severing

confi gur e¢ngon.13p0AdPbera thertacougiehadimaket detetioe, aroopticdl flamelgehsory be
configured to determ ne a signature of the valve 38. As will be
appr eci aPethey aeNeorGogHatiRGIoRSiesidhadresRFeQf &fifee| 1IR3, hdet ween t he

force applisy 1%?\/@52ib%?o%it%%e@ﬂﬁitﬁiﬂ%tﬁé@ér@&&gf ;Hbevg?%gs@uéﬁ aggat es.

Variation in va ature from an expecte orce/ di'stance relationship
may be i bonest42ver the rousorgS@ramahd ottariaveasgThalceatr8er FFisexanple, if the

controller 124 detects that .a relatively |ar force.is .applied to nove the
Gate o8 Conitied (R fepeline sl Sl VS pen B, rie deteriniABeliendi e ¢ ha
the val vfe38 présdfilhalB8 Rt thBGighgrerly. [0041] The present gate valve 38

i ncl udes a position sensor 134 communi catively coupled to the controller

124tonm§et ! MoT- 17 ; { guration,
t he posi |onﬁserkﬁgpg%§ggw@£%rgf)€@ to mg%8%?5%§%6$%ﬁ%%06%%§1é t he

act uat or cardgjungd Stseridha il to the santsaier 124 indicaiive ofgtheediteo noni t or t he
position of the irrlirgrmadi ate

rod 11 el atjve tg the actuator casing 94.

Because. (SRPALEP muPUE bR s Eoment she cBpkrofars 2 Teuteiniaur e Bnpl y 5o
and the gehhid ig {o?%@@gi%m&he%@|év§QGBars%atdthh%Q}W&fénﬁ@eﬁanﬁe%foea 68,
measuring thé position of the internediate rod 118 effectively determ nes
t he posi durationfassheated with that temperature. For example, the controller 124 may

identify a fire if the temperature of the valve 38 is greater than 1000 degrees

Fahrenheit for longer than six minutes. As will be appreciated, the controller 124

may be configured to identify a fire if a higher temperature is detected for a

shorter duration, or a lower temperature is detected for a longer duration.

Furthermore, alternative embodiments may employ other temperature and/or

duration ranges. For example, the controller 124 may identify a fire if a

temperature of greater than 300, 400, 500, 600, 800, 1000, 1200, 1400, 1600,

2000 degrees Fahrenheit, or more is detected for a duration of 0, 0.25, 0.5, 1, 2,

3, 4,5, 6, 8, 10 minutes, or more. If the controller 124 detects a fire, the
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gate 68. However, in alternative enbodinents, the position sensor 134 may
be |l ocated in other areas of the valve 38. For exanple, the position sensor
134 may mwea=worieickssnear di spl acenent of the spring pl at e P84justéia/osisast 108,
the stem 82 or the gate 68, for exanple. In further enbodi nents, the
position sensor 134 may neasure rotation of the rotor 100. As previously

di scussed, because the rotor 100 is coupled to the shaft 108 via the ball

f th t 100 { ted int
e e LR i ke B B oo e b Bl T
Posi | 0nfig1af pbtehd)yYhRaie Kald thPOIAFIneSRISOBICHNbEALNAmbIFRAKL O t he

magnetic field of the rotor ermne rotor rotation. [O ]A
variety @fcoﬂdmt:é%@xt;enctngr’agtvmnemlQwér@llem %aedﬁhenacwéorft#&maappl i ed by

el odesro gt Spv e BT Sl FRL ATt E B er PR bo BT INAED: ot o

ot her fogerrir®ebAGuiteYs CahERYNBRItA0BlI9¥ETerel, alccToanpbwer fhedi ments. I'n
t he present conflguratlon the load cell 136 is positioned between the

i nt er medaeitiatar d@ willbealisamineded pongeguently. 8 spings 88 RRJRE(IswWil greed

asserbl Y00 et e RANEL MR 07t 7] Lorki 12ARMGShe VAR eGRITY: o51 o

of the act |ng ro asse y neasurin force on the gate

68. As wib Imd;eb@ppfpﬁ@y@t@ldnetdnm tomjdncidn wﬂtB@h@rﬁse beteposm iysigad Wit hin
anot her portjon of the actuati n%Or od assenb such as between the

spring pHes@ibgg ahaye: Héowevsh B! P@rb%ﬁaw,%@tecﬁ AhatiernseRGaaTRBNDE ¢ he
ad ce tagatfle wei?e%nﬁgﬂbég g%léggclegfgﬁﬁe etaP@r%&m%cm.w&/ flg°, o8-

Simlarly, e strain I sposed agai nst the stem to nmeasure
strai n wearfiguratien.act uati ng rod asserrbly 80, ther eby neasuring force acting
on the gate 68. As will be appreciated, the strain gauge 138 may be coupl ed

to alterjogdoye dorpaanérabodinidris bt wahtrotier R4 asyardtonfrestich as the

internediate rod 118 or the sp rlnr%gpl ate 84, for exanple. Wiile the strain

gauge 13@eigAAinend Sidhailredftha ¥glvgris. nde w"b%aspeqplatﬁdw@vww@mre

enbodi e "@‘9 gt% nmay

I ncl ude on Y eg%%f r%segr?}%%gﬁﬂralgﬂ ev?%@ﬁ;e %lr(t’&épgﬁéciy [{F' %Iég:g@t ai n gauge

138). [ Oﬂneajlishanaéﬁm gatd @&tranblamme‘marsatldmle vfaduecegapmre éont ant he gate 68

may be , , , o
expected force/distance relationship may be indicative of a worn or

malfunctioning valve 38. For example, if the controller 124 detects that a

relatively large force is applied to move the gate 68 a relatively short distance,

the controller 124 may determine that the valve 38 is not operating properly.

[0041] The present gate valve 38 includes a position sensor 134
communicatively coupled to the controller 124 to measure the position of the gate
68. In the present configuration, the position sensor 134 is coupled to the bottom
portion 107 of the actuator casing 94. The position sensor 134 is configured to
monitor the position of the intermediate rod 118 relative to the actuator casing 94.
Because the intermediate rod 118 is part of the actuating rod assembly 80 and
the actuating rod assembly 80 is directly coupled to the gate 68, measuring the
position of the intermediate rod 118 effectively determines the position of the
gate 68. However, in alternative embodiments, the position sensor 134 may be
located in other areas of the valve 38. For example, the position sensor 134 may
measure linear displacement of the spring plate 84, the shaft 108, the stem 82 or

the gate 68, for example. In further embodiments, the position sensor 134 may
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determ ned by neasuring the torque of the notor 96. As will be appreciated,
current draw froman electric notor, such as the permanent nagnet, DC notor
96, is reavated/tses4she t orque applied by the notor. Consequarstén/o3ishe
controller 124 may be configured to neasure the current applied to the
notor 96, and conpute a torque based on the neasured current. Based on the
angle difference between the racetracks of the ball screw assenbly 109, the

f d by th t d rTbI det by the
comput cMEBRHRIOHE) 8 BP0 HIOE M POV BI M SR URspchBEER IS RECT or co
appl i ed {0 idG & 1P thebHdIONEs VARKHE Hall B é a%éér?ﬂbﬂﬂi 09 8Beioh-of e W | | be

appreci ated, determning force in this manner may be possible in
el ect r oniate 190 iscdlicestlydranslaied duafingar dispagsmeit @htramafw @@afFer and/ or

cl ut ches th wn_ | o L a se ents.

0044 v el e BREREHEeNE B B5S06 Seftont mS A IR on of the
val ve 38gendormanfighee tBensditdrithd Infadrieticarid Mﬁﬂh‘é&ofdrnmo on@dtetriinghi | e the
gate 68 is in the open position. For exanple, the controller 124 may send a
signal t®@h@@idMNat or 48 instructing the actuator 48 to transition the
gate 68 a mnute distance in the axially downward direction 72. The

di st ance[0942] be Avarigty wif force seoberst vdy bectmplosed thdefdrowne Hreefosse f | ui d

t hr ough th sage 66 _is fantja unaffec . _For e t he

di 't ancetnairee MESatialeh 43R ToE Dhises.) PP BRaBBL the HEssREBMRRYmSAE o hes.
or | ess.infrideRe Babedlid 3wrarReaisiralrhgagiavmaer Asdiin eetdpptedidied, dendrosi tion of
the gate 68 will Dbe measured by the position sensor 134 and the force

appl i ed fgyce Rensieg @QN@IGSMW\PB lemployechin aliainative aebogigaerds! IN 186, t he

U aln opuaent 3R AIPLAN e G G tae RS L8 405 CERIAL AGLaLAg (e

position"a orc e co conpu val ve
si gnat ured bl &ahelthfe eprw@praln@84tvhm|rvaie/ectaatm§ r@cpasgémblg q0.opehlsy. Once the
test is co the controller 124 will instruct the actuator 48 to

transi ¢ BAROR 5 taaﬂ%acteelba%@ MERSUFRS BiSerPRRESEIoAR! theaeBatRadest ai n
enbodi ”eé‘és%fg@y B%W?rﬁam LR ]t A8 oY%, o‘?ﬁh%oqgglé%'s‘?%é ¥Al be 58 Félc‘?é{eé}g the

controller tate co ni cation a renote ope tor
renot e i thiedobdcell 186 may be pasdivnedwathie apotieriportidreskitieactzatsiggoal from t he

t 34 to th t h that th t f h
Vol ve S6Se e BHbArE e bo RO I Evat Pl of aRokBo B APads SRRy cnabl e

the oper thﬂ?uFttheﬁ%ﬁfrﬁént\éaiﬁé%ﬁﬁ%ﬁﬁ'3@%&?b@ posﬂ%@b%t@@@n ¢hosidng the gate
68) froma renote | ocation. a configuration may significantly reduce

t he dur aB2 anddbe gateab@d Srmtlarly, éb@ﬁframam t 3R isvdibpesecaigainsidherséem 12, for
exanpl e. 82 to measure strain within the actuating rod assembly 80, thereby measuring
force acting on the gate 68. As will be appreciated, the strain gauge 138 may be
coupled to alternative components of the actuating rod assembly 80, such as the
intermediate rod 118 or the spring plate 84, for example. While the strain gauge
138 and the load cell 136 are both employed in the present embodiment, it
should be appreciated that alternative embodiments may include only one force

measuring device (e.g., load cell 136 or stain gauge 138).

[0043] In alternative embodiments, the force applied to the gate 68 may be
determined by measuring the torque of the motor 96. As will be appreciated,
current draw from an electric motor, such as the permanent magnet, DC motor
96, is related to the torque applied by the motor. Consequently, the controller
124 may be configured to measure the current applied to the motor 96, and
compute a torque based on the measured current. Based on the angle
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WO 2011/ 162846PCT/ US2011/ 030363 [0046] FIG 4 is a cross-sectional view of
the gate valve 38, as showmn in FIG 3, illustrating the gate 68 in an open
posi ti on.wAomrws4eus!| y di scussed, transitioning the gareTAB21410/08(363 open
position aligns an opening 76 with the flow path 66, thereby enabling fluid
to flow through the valve 38. In the present enbodi nent, the notorized ball
screw actuator 48 drives the gate 68 in the direction 72 to transition the

68 t d th ficall h | | 124
st ruct AMETRGAIRGNEBE LoF Caseyraits oLkt hebroiew eesargpies e ks
ci r cunt eagpidcby tel &bl *PasddmIgRy Hal telbibhifineldh{thd @Bnidbd ans! at e

in the direction 72. Because the shaft 108 is an elenent of the actuating
rod asseiggye.sdharedonchEheaconitaliend 24ddandstarmine 8@ ﬁoscejap@tad tp thegalted to

t he gate.g88.. novene f_.the shaft 1 PRtk ir t 72 1n S the gate
55 1o tr SRt PENARERPR! hXshan ss08Bts s WiELR PBBARy Grlelitisd ' he
recess 7ﬁ)r@§ﬁﬂm@ﬁ@hﬂ§rh’@@r&ﬁ'befbmrﬁleWel@%tr@hcbh@a@ﬁia@ecﬁﬁal%l e the gate
68 is in the open position. [0047] The notorized ball screw actuator 48 is

conf i gur eeNfiaIrdiins wh@h@nl@omeﬁﬁ AR 0p plutciRssdug nth@i Unknewndeasti al Iy | ess
current gé étQé‘Wfﬁl t‘ﬁ‘éts ”5’?% Ie)’]tsaCt uat ed val ve configurations that enpl oy

a sol enoi omanaln € 1n the open posi tion. Asvmll be

appreci a con u atl ns which utjl solenaid ta bl enent of
the. gat old0; a WhEE B W@@ﬁﬁfr&{n%h sl nsa Bhilnb Bepra SHEr eby
demandi n@all/élBgeltWQItsé e dsdie@ld tr-rist pél‘oélfundtibn@ﬁlgt\mﬂfé theagéél%tlénrﬁ' ally

| ower current draw may be utilized by the notorized ball screw actuator 48

to hol d theeoRRR ROBEON.nFEREXPBIE, mfsc@ntmileadaﬂrr@aysa@dgmm@t@t@g As a
result, %&Ea%?h‘é%%@y%ﬂr"g{tﬁ H&Bmg%@trﬁhg%h'tﬁ@ 2RO¥EY M%‘t‘e ”e”ts

that enploy a sol resul Wer oeralona

Fur t her miprtae axlallgzeidvmwarelrdimbtmmzs Théﬂdnstmtdeeﬁay lbé&)amwlamseléetewf ficient
el ectrical power to the actuator 48 for the actuator 48 to hold the gate 68

in the ofedh ES@HHQ bow vterRf tuid Hisodglk ehe P%ﬁ"st%ges@ﬁ)ﬁl fil@?t%i)f'aﬂ')ﬁém@ feeled; cal
030,y ST e SRBIHAE bE oo MRt B & b S 4 et et 1 cal
power madssinches, or less. As the gate 68 moves in the downward direction 72, the

position of the gate 68 will be measured by the position sensor 134 and the force

applied by the actuator 48 will be measured by the load cell 136, the strain gauge

138 and/or the current applied to the motor 96. Using the position and force

information, the controller 124 may compute the valve signature to determine

whether the valve 38 is operating properly. Once the test is complete, the

controller 124 will instruct the actuator 48 to transition the gate 68 back to the

open position.

[0045] In certain embodiments, a remote interface 140 may be
communicatively coupled to the controller 124 to facilitate communication with a
remote operator. The remote interface 140 may transmit valve position based on
a signal from the position sensor 134 to the remote operator such that the
position of each valve 38 may be monitored. In addition, the remote interface
140 may enable the operator to control valve operation (e.g., opening and closing
the gate 68) from a remote location. Such a configuration may significantly
reduce the duration associated with reconfiguring the valves of a wellhead 12, for

example.
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[ 0048] The present enbodi nents are configured to close the gate 68 rapidly
while maintaining the structural integrity of the gate 68 and val ve body
40. Speciwocally2846he controll er 124 may regul ate the spesdsatiimbizeh t he
gate 68 translates in the direction 92 to limt the contact forces between
various conponents of the valve 38 (e.g., gate 68, valve body 40, etc.). In
certain configurations, the notorized ball screw actuator 48 nay be capabl e

O s S 3L S0 P P SEiORb LR 4 L R et el
st ruct ur gl il the e bBaN %tcﬁ)eﬁﬁp@ﬁﬁbﬁ has (R HEudpdectBsedn contrast,

alternative el ectronic actuators (e.g. C notors coupled to the gate by
gears antna@$|t|@|11Ing ctmeg?teh@& tcz:thes@pemeoga@re abgns\an Igipeningpf@withdioe flpw30

Consoqueritnyee 2RE gy Bl BTG oRLEMROL i uthe e e bRReRR e

cl osed qem@&bb(nerYWtHeemEmjr&te@IlUallrm:ré\h%cfcwwi 1@ aeles Yn@?atb*’& athee 38.
[ 0049] Because the actuati na@n t assenbly 80 is directly coupled to the gate
gqle

68, the ds@ions’Frigtraesiven 18 toMeard hee opesirostiant oras Icallpsiee posi ti on
by reveréérﬁ@%‘?ﬁgg'. d@ﬁl\i/dté’ ep?(no':[cﬁl @gﬂm% (136, 4YBF 25 13 Potale®h ¢ mﬁéa”p' e, the

control |l er he opposite crrcuntérenti al

di r ect i ocirdl0aferérte elrgcliord 102 noetdty grivireg ﬁ& Nmft 10$ % abeslate intthedi recti on
92. In certajn configurations, .the notor P% be configured to apply a

U 11 i RTINS BECRIE 181 Shalict Gl SR EIRBIST UG BCWAIG TodhasselnBlvbs
touar d 5 aALIREAcRAtiG88 (BYERK) f|CORSU od B GARLaYE BN Lhe [ ow

path 66. For exa n certain-e may be utilized
to regul mwefriemtvot tiveoshgit B0&ve thebdirextiao 72||ndecm31trmrgmdiaeeinttaansvta:m ous

dui t t th h the fl ath 66 t d hol
Ct 1 ot ur BEB e BRARAOBIDorS PR b RCH DR 8358 /Enser ted t hr ough t he

vel | bor gcefni@dbrEl thetsalig p%?t"drﬁ?@ of B0 68 WRO W Qfatbeéﬁ‘@'lﬁlﬂﬁéo bh a fire
devel ops adjacent to the wellhead 12, the valve 38 nay be quickly closed to

i sol ate pogtienre. In such a S|tuat|on there may be insufficient tinme for
the conduit to be extracted fromthe vveII bore 20 prior to closing the
val ve 38[008Fis eduenthbigrizeddaljatoees @icimmitoh48 ¢ oxdguned to bolidftheigaid 68orce to

t hy dui t .h t uat 8 b f dt
o1 ovi de. GUTBAAE RO 6R ShosRaligl BSb4tiah i lasdartoridihg a o amet or
great er hAamRpPRlRX LoRGUrkiithat 8niploPa Edlenbid A MaimaineQard iSRS ore. the

actuator 48 nay apply a force in the rection 92 of greater than
appr oxi neped poatloooASMIllwoapmemamﬂ ceofigwations whidh pidizeds solenoitiioe.

Because fhe, notorized | 1 bl f driving the gate
o6 wi th Qe TR B eRy 26 eaRE it BThE Riealibe RorbBRRRYRLEN ol i
devi ces {heréby dO@WRHING lagge ameanasifdigstries gowvdroneeohtigsgatRibseartially t he
conduit) may be omitted, thereby reducing the size, cost and conplexity of
t he val VI@V\@@ current draw may be utilized by the motorized ball screw actuator 48 to

hold the gate 68 in the open position against the spring bias. As a result, the

valve 38 will consume less electrical power than embodiments that employ a

solenoid, thereby resulting in lower operational costs. Furthermore, in certain

embodiments, the battery 128 may provide sufficient electrical power to the

actuator 48 for the actuator 48 to hold the gate 68 in the open position without

the electricity supplied by the electrical power source. Such a configuration, in

combination with the solar panel 130, may enable the valve 38 to operate in

locations remote from electrical power mains.

[0048] The present embodiments are configured to close the gate 68 rapidly

while maintaining the structural integrity of the gate 68 and valve body 40.
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[ 0050] The present enbodi nent al so includes a fusible | ock-open device 142
configured to support actuator nai ntenance operations. As previously

di scussedyvotha/sps4ngs 88 and/ or 116 are configured to Ppcaasthe/ogsce 68
toward the cl osed position. Consequently, if the actuator 48 is renoved for
mai nt enance, the gate 68 will automatically transition to the cl osed

posi tion, thereby bl ocking flow through the fluid passage 66. However, it

b d t th | 38 th ] iti duri
oy unt or SRafRoaRate ConBiRy Nghitay Frotlad Tnaneai ol Niner B GHPREGh 1 no
passage ﬁ&nslﬂé%rlﬁftlﬁ’é Bire¥tr 62 thBmAahe cBRtdcE fdrBed Biiddrigdridijsed open

position, the fusible | ock-open device 142 nay be inserted into the
act uat i ngompdne@tgattbh@/valae@& @rgtga@eﬁs&t\daWﬁbQﬂyé@ ¢thg. dccadaior 48. Cont act

36 bt ookt AbERANE 21 TS RERS TG Buc G BRE BT RLbE soBbIRH” Cheroby ™ °

mai nt ai nll’é]lﬁbltlmng ga%868 fo tHeeclossd ppsiibh Wathin h@@@(]rhé]tel)hﬁo Py, 683 6Mb,
enbodi ment, the fusible |ock- ogen device 142 is bolt inserted through t he

housi ng BEEreRds. héess avhilgau ially maintaiieq the ratéucetpw dvpaiiyPithat
| t t] j d t 42
o e 12 e g DN R B RE B e ot 2

devi ce 1AZ rmofprgesupled tottiesngdi lbylgehles anidisediutahespdiayesivse tHe gdtedad be
appreci ated that the device 142 ma ga ge other areas of thF actuating rod

assenbl yWgIn %QEEHX'H@’[@M@OS%ﬁqOrﬁHSpP alPBQ b G tPHRaGGalerRantal 87 ed 118, for

exanpl e. r d i ,p@e 142 is a
bol t, |tds\ﬂﬁ%rﬂ§6tg’e) gBB%@tQ gﬁ%‘iﬂr‘tﬁgté%ge ceé\ﬁlﬁ?:éews?ﬁ{séggﬁy S pins,

cl anps orepethexly stosedtquickdy, cwm'lfei rgarmaaintng thelfdnctttwa@a/_tcea‘ t68 viatvet 32 open
position may be enployed. [0052]1n the present enbodi nent, the fusible

| ock- ope[oodeyi caebeasesh@antuagugedd eeseimbwwltdmlyampmd toghee@t@ssenbl y
80 in the event of afire adjacent to the valve 38. For exanple, the

i |l ustraf@®dhsgate ﬁﬁjn%léb@&ﬁ‘ﬁ!@@é@%ﬁ“%%%@?ﬁ'@o('éo éhe C|036d position’by
pol ytetr t%fv'el;@?ﬁ% #@é‘tﬁ}n (%fggtatf@h' di%hé C}Bf‘v‘g@r %?%98@ e, tbRirofs the
open melts, 1t

fusible loc evi ce I sengages actuating rod 80,
t her eby t2dblayndyivehinebnatr 9§ ihdne epposite mmumfmremtgﬁ dg8ctordl 02, thazﬁektyo drive

PR SR R R R P A
As W T RRIGHIE Bl %@Qonf@ufr@d [Biébﬁl? @éﬁ?ﬁ@bﬁ?ﬂ&?&ué@tt@%l@cr@hher fusible
| ock- open devi ces 142 configured di sengage the actuating rod assenbly 80
in the egssambly 1Q9tordsivadhageate 68¢owa@j ihel alesegBposition even if a conduit is

present within the flow path 66. For example, in certain embodiments, the valve

38 may be utilized to regulate flow through a well bore 20. In such embodiments,

various conduits may be inserted through the flow path 66 to access down hole

structures. For example, continuous coil tubing may be inserted through the well

bore 20 to facilitate certain secondary recovery techniques. If a fire develops

adjacent to the wellhead 12, the valve 38 may be quickly closed to isolate the fire.

In such a situation, there may be insufficient time for the conduit to be extracted

from the well bore 20 prior to closing the valve 38. Consequently, the gate 68

may be closed with sufficient force to sever the conduit. For example, the

actuator 48 may be configured to provide sufficient force for the gate 68 to cut a

conduit having a diameter greater than approximately 0.25, 0.5, 0.75, 1 inch, or

more. Therefore, the actuator 48 may apply a force in the direction 92 of greater

than approximately 8,000, 12,000, 20,000, 30,000, 40,000 pounds, or more.
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[0053]FIG 5 is a flow diagram of an exenplary nethod 144 of operating the
gate valve 38. First, as represented by block 146, an electrical current is
appl i ed twotzha/wses46ri zed ball screw actuator 48 to drivecrhs2gans3ss

bet ween the open position and the cl osed position. As previously discussed,
the electrical current powers the notor 96 which rotates to drive the
actuating rod assenbly 80 in the axial direction 75, thereby transitioning
the gate_68 to the o osed positi i,rect cou bet ween
the St BSrAES bd mOBERERpalc et R et is@Pa obehias S HBEEY ar i ve
the gat ewﬁﬁshﬁi@ﬁérﬁ féiae t@lsetfeﬂtwéocsartduﬂnamtlbhai VAPRLCON éi’).aés g 8 7,6,
5 seconds, or |ess, while substantially maintaining t struc ural

integri tpowerfult@r@@seoesgam torerceaihecgabo dy cut)thelo@nalud) mayrhe omgtegtt uat or
48 may appl fficient forc h e6frh ate 68 to sever a
condui/t @%{%%Fq‘f{bjlcﬁgrtgﬁgsnz‘? H%SE %B@v §gﬁlﬁé og?ig&‘?tvﬂé{? e, due to tsh\e di rect
[ th t uat 48 th I 38 b
armi | er TO0BGHT o herkrepeat TaRnamay s MR ook G R SR PG ARAL | ons

enpl oyi n oG t or 48
and the %@@%@?88@@?@2@%@“3@%@%m ed gg&?)iéoggswgﬁgugggjlﬁ%%?

fire is tetgpingd %d@rmifenﬂt@@re henfigured t@3®jas the mte oéttowaddthe ¢lpsett i ve t he

gate 68 to the Iosed it i OUS BEUss Sensar 132

ot t1 onbae o CeREeauIR. AP aelthelh &Y et Pl A e nafre B RAIS T er 124
i ndi cat i gg warf a@tofnhéti%allil trahbigioA e ti@tlosed ba4itidat ﬂfe?feﬂi'yemobhﬁb foiire is
present based on a set of desired fire detection criteria, the controller

124 may ihieughithe fivid passage 66. Howeyery ibmay boaesirblgde mastairthendlve osed

posi {1 onag Baseck o, baileaLARE SLIfARLFRAAGRcEhd G, hogpgont ol ler 124

may be a presence of a fire eariier

cabl e- semaintaimirepitdw throabhane gessagded. ahevefordavtiledtetaty 68/is skt
enbodi ments nay be able to substanti ally nai ntain the structural integrity

of the V'é“-’%téat@g QReHJPasHiam éne BisiRieilQfi-ePerndeyiee 14dakRe iIngeterinial ve 38.
[ 0055] Asyp é‘éﬂiﬂr@ PSS B0 tfrnﬁ' tﬁ?ﬂ@raﬁﬁ\/la{tﬁ)rn ofdfle BRYIRG SONELAET tO
det er mi na a4 signat ur e’ wh ate

I's 1n the open position wthout
subst ant betwegnrtbstfusiblel Ingk bbewcteivrwu‘gﬁtﬂ anhe ahlauterpalrfao@ﬁof tRe vatve 368

represented by block 1 the en ut e di st.ance toward
the. of osboKRBaveBient R Hie Se eIt dh shoePstiony BiesoBs mATRINGYr e, as
repr esenid,dve B8 9¢ theleden F)'Bgitlg,il_ectri cal current applied to the notorized
bal | screw act uator 48 is then nmeasured, as represented by block 156. As

pr evi ousjgp chﬁ?ﬁé’ réée?i gi'irh%ﬁtj torst?dié ldck- %&érﬁ&?ﬂ%é(?&h@ algyiaue

appl i ed yt eactua or ue 1s tr into a torce by
the bal | inserted/ttrmsightthy hmogngmlaaqtl@mtem 82.helovavee ibphmul@teby t he

t uat 48 d d th d t .t d
oo Cappre e el aBnale fuS pRBRk bpan Vi S gy Be st heeldlt Toror e
appl 1 ed i dcabay G VERSASLU N6: SRAUEEnLRLARPINIBURE HigBe he val ve

signature nmay be determ ned epresented by bl ock be
appr eci atoehj -opeardevideotd? angagesths @tam&E i) meowreaante@apbodlm:erftolt eecblddst ance

relation may_.b ive a_worn . ar | f unct.i nin
i nal |y, DaeBpiaBE bAdhE Hoyich 2 eV rhets ABe 64 3RS MO ERIAIEE 98 ¢ ne
open pOSaéée?ﬁbl)]/%Céu&ﬁ?abftI@e gptifg pfaté 82CUT|tMemt§ﬂh§@|Q€b fdn Teitigr di stance in
the direction 72, the flow rate through the Passa ge 66 may be substantially
unaf f ect example. Furthermore, while the present fusible lock-open device 142 is a bolt, it

should be appreciated that alternative devices such as pins, clamps or other

structures configured to hold the gate 68 in the open position may be employed.

[0052] In the present embodiment, the fusible lock-open device 142 is
configured to disengage the actuating rod assembly 80 in the event of a fire
adjacent to the valve 38. For example, the illustrated bolt may be composed of a
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[ 0056] As represented by block 162, the fusible | ock-open device 142 may be
i nserted into the actuating rod assenbly 80 to hold the gate 68 in the open
positi on.wAomrws4eus!| y di scussed, the fusible | ock-opercaaseia/ 030583 i S
configured to disengage the actuating rod assenbly 80 in the event of a
fire such that the springs 88 and/or 116 drive the gate 68 toward the

cl osed position. Wth the gate 68 in the closed position, flow of

potential |y flamm t he e 66 e bl o . In this
manner, PRSIS(S fe eobderafliageivlensd hadrol Tande s ot i okt 1 1 y

mai nt ai ey Akl zoéh bévige '1%2F?ﬁ&?se"'ttdlé'&dlg?d?g%@tthé%&dhﬁlnb%kﬂ%(ﬁ@her\é@/
2011/162846PCT/US 011/ 030363 [ 0057] Wh the I nvention may be susceptible

t o vari oerabiingi the déasiog foraa droan the smrigﬁe88 angfor 14 pdoidrive teergat 68nt s have

been shown ex | e t h an s esgribed in
dotai 1 rimant K eBee RS iy TBe iR al el s 30y M S B Wb on i s not
I nt endedgigstietidilyhaiethinipgtthe imagtitycfltas vhRenss. dAs WilPbe Gpphadidret, the
invention is to cover all nodifications, equivalents, and alternatives

falling @HeARAVE RODOGIMentsARAY Sty ether fiesiblaeett-poen devigesitad by t he
fol I ow ng, GRREOS T abAbEGe thékétliMhg rod assembly 80 in the event of a fire

adjacent to the valve 38.

[0053] FIG. 5is a flow diagram of an exemplary method 144 of operating the
gate valve 38. First, as represented by block 146, an electrical current is applied
to the motorized ball screw actuator 48 to drive the gate 68 between the open
position and the closed position. As previously discussed, the electrical current
powers the motor 96 which rotates to drive the actuating rod assembly 80 in the
axial direction 75, thereby transitioning the gate 68 to the open or closed position.
Due to direct coupling between the actuating rod assembly 80 and the gate 68,
the actuator 48 may drive the gate 68 toward the closed position within
approximately 10, 9, 8, 7, 6, 5 seconds, or less, while substantially maintaining
the structural integrity of the gate 68 and the valve body 40. In addition, the
actuator 48 may apply sufficient force to the gate 68 for the gate 68 to sever a
conduit extending through the flow path 66. Furthermore, due to the direct
coupling between the actuator 48 and the gate 68, the valve 38 may be smaller,
lighter and less expensive to produce than valve configurations employing
clutches, gears and/or other components between the actuator 48 and the gate
68.

[0054] Next, as represented by blocks 148 and 150, if a fire is detected
adjacent to the valve 38, the actuator 48 will drive the gate 68 to the closed
position. As previously discussed, a sensor 132 positioned adjacent to the valve
38 may send a signal to the controller 124 indicative of a fire. If the controller
124 determines that a fire is present based on a set of desired fire detection
criteria, the controller 124 may instruct the actuator 48 to transition the gate 68 to
the closed position. Based on the desired fire detection criteria, the controller
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1. A systemconprising: a gate valve conprising: a valve body having a fl ow
pat h; a gate disposed within the flow path, wherein the gate
subst ant ivabI2g11bleesaks fluid fl ow t hrough the fl ow path wecClrastég/ogasse is in
a closed position, and allows fluid flow through the flow path while the
gate is in an open position; an actuator configured to
transition the gate between the open position and the cl osed position,

wher ei n act uat co ri.s an out asin . a
e enon] 4 aides Bl B RIS STasds o 5 e fle than he sablessyenBg i y
coupl ed &@r]f?gmrétrﬁr%ééﬁntféﬁ éﬁlﬁ/eo%@rﬁsefq%hﬂﬁ pré@é’ntaerheé@i?né?ﬁ@?ﬁ%@d to
rotate withrespect to the stator; and

able to substantially maintain the structural integrity of the valve 38 despite the

formation of a fire adjacent to the valve 38.

[0055] As previously discussed, the controller 124 may be configured to
determine a valve signature while the gate is in the open position without
substantially restricting flow through the flow path 66. First, as represented by
block 152, the gate 68 is driven a minute distance toward the closed position.
Next, the displacement of the gate 68 is measured, as represented by block 154.
The electrical current applied to the motorized ball screw actuator 48 is then
measured, as represented by block 156. As previously discussed, the electrical
current is related to the torque applied by the actuator 48, and the torque is
translated into a force by the ball screw assembly 109. Consequently, the force
applied by the actuator 48 is dependent on the supplied current. As a result, the
measured electrical current supplied to the actuator 48 may be converted to a
force applied to the gate 68. Based on the computed force and position, the
valve signature may be determined, as represented by block 158. As will be
appreciated, variation in valve signature from an expected force/distance
relationship may be indicative of a worn or malfunctioning valve 38. Finally, as
represented by block 160, the gate 68 is driven back to the open position.
Because the gate 68 is only displaced a minute distance in the direction 72, the
flow rate through the passage 66 may be substantially unaffected.

[0056] As represented by block 162, the fusible lock-open device 142 may be
inserted into the actuating rod assembly 80 to hold the gate 68 in the open
position. As previously discussed, the fusible lock-open device 142 is configured
to disengage the actuating rod assembly 80 in the event of a fire such that the
springs 88 and/or 116 drive the gate 68 toward the closed position. With the gate
68 in the closed position, flow of potentially flammable liquid through the passage
66 may be blocked. In this manner, the structural integrity of the valve 38 may
be substantially maintained even if a fire is present adjacent to the valve 38.
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an actuating rod assenbly engaged with the rotor by a ball screw connection
such that rotation of the rotor drives the actuating rod assenbly along a

| ongi t udiwal20axiess4ef the actuator, wherein the actuati ngCras2@3®sesbdy i s
directly coupled to the gate. 2. The systemof claim1l, wherein the
actuator is configured to transition the gate toward the cl osed position
with sufficient force to sever a conduit extending through the flow path of

t he valv y. . IThe systemof claiml, conprising a.spring coupled to
the act uDOBTY; duhe BEBVTIGT Yot SuthestoBoasRUR faqbala the

cl osed pgedrhbfiVe forfhs, $PEcifiY ehfBdthefilstdlehe SPEMWS b?gva\?y busidphelipck- open
devi ce configured to engage the actuating rod assenbly to hold the gate in

t he opentheodranings aiihave beae desclibed b dataiieraint toweavenadt should bgi sengaged,

actuat | i stpeabRn R G ifiehdef Mbe AHiER e baRLAGGolmE
2011/ 16281468644 USERALY, 8a0pR8ntidn isTloecovis bi M @dificdtiding) dquiciehtd, sinAg a

battery electrically coupled to the actuator and configured to power the
not or.  @ltermpives/iallng withieItae grBit apgmsereiohghainyentien pasiefined dytthecal | y

coupl ed FO(HPM}& %@%éﬁe\&dgﬂ%_confi gured to maintain a charge within the

battery su power 't he not or.
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7. The systemof claim11, conprising a controller comunicatively coupl ed
to the actuator, and a sensor conmunicatively coupled to the controller,
wher ei n twe 28amses46i s configured to send a signal to thecrasteialobwsss
indicative of a fire adjacent to the gate valve, and the controller is
configured to instruct the actuator to transition the gate toward the

cl osed position in response to the signal. 8. The systemof claiml1,
conprising a controller comruni catively coupled to the actuator, and
configured to neasure a torque applied by the notor to determ ne a val ve
si gnat ur ELAIFIS A system conprising: a gate valve conprising: a gate

di sposed within a val ve body; and a notorized ball screw
actuat or having an actuating rod assenbly directly coupled to the gate,
wher ei n 1he nBtSYBISfRGOBWINISINGEr ew actuator is configured to linearly actuate

t he actuating,r rive the gate between an open position and a
cl osed positi %rg%?e ?%I%Q[Fﬁh'}bsrbs&ggm of claim9, conprising a controller

configured to receavelve odynadvingdifioat path; of actuating force applied by the
potorized ball Scr o & HiaB635d Wit et pafhn Wherein 1B Gafe Subdantaly 92U e
gnat!
blocks fluid flow through the flow path while the gate is in a closed position, and
allows fluid flow through the flow path while the gate is in an open position;
an actuator configured to transition the gate between the open
position and the closed position, wherein the actuator comprises:
an outer casing;
a permanent magnet, direct current (DC) motor comprising a
stator rigidly coupled to an interior of the outer casing, and a rotor configured to
rotate with respect to the stator; and
an actuating rod assembly engaged with the rotor by a ball
screw connection such that rotation of the rotor drives the actuating rod assembly
along a longitudinal axis of the actuator, wherein the actuating rod assembly is

directly coupled to the gate.

2. The system of claim 1, wherein the actuator is configured to transition the
gate toward the closed position with sufficient force to sever a conduit extending
through the flow path of the valve body.

3. The system of claim 1, comprising a spring coupled to the actuating rod
assembly, and configured to bias the gate toward the closed position.

4. The system of claim 3, comprising a fusible lock-open device configured to
engage the actuating rod assembly to hold the gate in the open position against
the spring bias while the actuator is disengaged, wherein the fusible lock-open
device is configured to disengage the actuating rod assembly in the presence of

a fire.
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WO 2011/ 162846PCT/ US2011/ 030363 11. The system of claim 10, conprising a

| oad cell disposed within the actuating rod assenbly, a strain gauge

coupl ed twotha/mes4aat i ng rod assenbly, or a conbi nati onPpCharseafi/o30sher ei n
the load cell, the strain gauge, or a conbination thereof, is configured to
out put the signal indicative of actuating force. 12. The systemof claim
10, wherein the signal indicative of actuating force conprises an

el ectrical current applied to the notorized ball screw actuator. 13. The
systemof claim9, wherein the notorized ball screw actuator is configured

to transstionThagygahtof Q¥mh 4 EB@pﬁbﬁ@%ﬁE&@%{ktélé’&riM\éWbcﬁfﬁ@d & thghan

approxi mately 40,000 pounds of force. . e systemof claim9, wherein
t he not oadtzetdr waid casdigeredchicor pewerthesneions i gured to transition the gate to
the cl osed position within approximately 5 seconds while substantially
mai ntai ning structural integrity of the gate and the valve body. 15. A

met hod of. opeTphé ispstetn 6REIGINY 8| ¥EmpEiSIABrd ShlBBpanel electrically coupled to the
battery, and configured to maintain a charge within the battery sufficient to power
the motor.

7. The system of claim 1, comprising a controller communicatively coupled to
the actuator, and a sensor communicatively coupled to the controller, wherein the
sensor is configured to send a signal to the controller indicative of a fire adjacent
to the gate valve, and the controller is configured to instruct the actuator to

transition the gate toward the closed position in response to the signal.

8. The system of claim 1, comprising a controller communicatively coupled to
the actuator, and configured to measure a torque applied by the motor to

determine a valve signature.

9. A system comprising:
a gate valve comprising:
a gate disposed within a valve body; and
a motorized ball screw actuator having an actuating rod assembly
directly coupled to the gate, wherein the motorized ball screw actuator is
configured to linearly actuate the actuating rod assembly to drive the gate

between an open position and a closed position.
10.  The system of claim 9, comprising a controller configured to receive a

signal indicative of actuating force applied by the motorized ball screw actuator to

the gate, and to compute a valve signature based on the signal.
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applying electrical current to a notorized ball screw actuator having an
actuating rod assenbly directly coupled to a gate of the gate valve such
t hat t he wotoaticesyer od assenbly drives the gate betweenpram/uspeEn/opisss ti on
and a cl osed position. 16. The nethod of claim 15, conprising receiving a
signal indicative of a fire adjacent to the gate valve, and driving the
gate to the cl osed position based on the signal. 17. The nethod of claim
15, conprijsing; receivi a first signal jndicatjve of gate displacenent;
Foceivingia ctassuserynbfiafndbtmpEdan a kadaeldistasde BliF ek “honi ed 1o
the not oakizaendedd a§§érﬁwrtya§tsﬂatrp@aug9@gouaéa% MR hBfafny Py 8sSdrBBgL yF € based
on the first signal and the second

a combination thereof, wherein the load cell, the strain gauge, or a combination

thereof, is configured to output the signal indicative of actuating force.

12.  The system of claim 10, wherein the signal indicative of actuating force
comprises an electrical current applied to the motorized ball screw actuator.

13.  The system of claim 9, wherein the motorized ball screw actuator is
configured to transition the gate toward the closed position with greater than
approximately 40,000 pounds of force.

14.  The system of claim 9, wherein the motorized ball screw actuator is
configured to transition the gate to the closed position within approximately 5
seconds while substantially maintaining structural integrity of the gate and the
valve body.

15. A method of operating a gate valve, comprising:

applying electrical current to a motorized ball screw actuator having an
actuating rod assembly directly coupled to a gate of the gate valve such that the
actuating rod assembly drives the gate between an open position and a closed
position.

16.  The method of claim 15, comprising receiving a signal indicative of a fire
adjacent to the gate valve, and driving the gate to the closed position based on
the signal.

17.  The method of claim 15, comprising:
receiving a first signal indicative of gate displacement;
receiving a second signal indicative of the electrical current applied to the

motorized ball screw actuator; and
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signal. 18. The nethod of claim 17, conprising: applying el ectrical
current to the notorized ball screw actuator while the gate is in the open
posi ti on wo 20111628461 on the gate a m nute distance towar @¢crhms2alosesds
position wthout substantially reducing a flow rate through the gate val ve;
receiving the first signal, receiving the second signal, and determ ning
the val ve signature; and applying electrical current to the notorized

ball screw actuator .to transition the te pack to the open position. 19.
The method of CERETIANGE VEBRFIDRRNGE BaSHA PG HF SN EPALE? SBRRAnt T rom a
battery,si@HQLchargi ng the battery with a solar panel. 20. The nethod of
claim 15, “conprising inserting a fusible | ock-open device into the
actuating rod assenbly to hold the gate in the open position while the

not or i zef8bal# scr%ﬁ/ (?c} utat ar, i s deactivated, wherein the fusible |ock-open
devi ce i $8conf "GMEHPET § J’a§8”{9§'§'r‘§ct uating rod assembly in the

\F;|r :S:nggr ?Lga%%‘)ﬂggiﬁg%!éﬁribﬁlaéurié?ﬁ t@ Heemot@nad bANscre® ddigatet AHRE tROSI tion
gate Is in the open position to transition the gate a minute distance toward the
closed position without substantially reducing a flow rate through the gate valve;
receiving the first signal, receiving the second signal, and determining the
valve signature; and
applying electrical current to the motorized ball screw actuator to transition

the gate back to the open position.

19.  The method of claim 15, comprising supplying the electrical current from a
battery, and charging the battery with a solar panel.

20. The method of claim 15, comprising inserting a fusible lock-open device
into the actuating rod assembly to hold the gate in the open position while the
motorized ball screw actuator is deactivated, wherein the fusible lock-open
device is configured to disengage the actuating rod assembly in the presence of
a fire such that the gate transitions to the closed position via a spring bias.
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