SUBSEA ELECTRI C ACTUATOR USI NG LI NEAR. MOTOR CROSS REFERENCE TO RELATED .
APPL| CATI ONS [0001] This application clainms priority to and the benefit of
co-pending U. S. Provisional Application Ser. No. 61/056, 680, filed My
28t h, 2008, the full disclosure of which is hereby incorporated by

r ef erence herein.

1. Field of Invention [0002] This invention relates in

general to production of oil and gas wells, and in particular to an
actuator conprising a linear notor for use with a subsea wel | head. 2.

Description of Related Art

SUBSEA ELECTRIC ACTUATOR USING LINEAR MOTOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of co-pending U.S.
Provisional Application Ser. No. 61/056,680, filed May 28th, 2008, the full disclosure

of which is hereby incorporated by reference herein.
1. Field of Invention

[0002] This invention relates in general to production of oil and gas wells, and in

particular to an actuator comprising a linear motor for use with a subsea wellhead.

2. Description of Related Art

[0003] Systems for producing oil and gas from subsea wellbores typically include a
subsea wellhead assembly that includes a wellbead housing attached at a wellbore
opening, where the wellbore extends through one or more hydrocarbon producing
formations. Casing and tubing hangers are landed within the housing for supporting
casing and production tubing inserted into the wellbore. The casing lines the wellbore,
thereby isolating the wellbore from the surrounding formation. Tubing typically lies
concentric within the casing and provides a conduit for producing the hydrocarbons

entrained within the formation.



[0003] Systens for producing oil and gas from subsea wel|l bores typically .

i nclude a subsea wel | head assenbly that includes a well head housi ng
attached at a well bore opening, where the well bore extends through one or
nore hydrocarbon producing formati ons. Casing and tubing hangers are | anded
wi thin the housing for supporting casing and production tubing inserted
into the well bore. The casing lines the well bore, thereby isolating the
wel | bore fromthe surrounding formation. Tubing typically lies concentric
wi thin the casing and provides a conduit for producing the hydrocarbons
entrained within the formation. [00041 Wl | head assenblies also typically
i nclude a production tree connecting to the upper end of the well head

housi ng. The production tree controls and distributes the fluids produced
fromthe well bore. Valves assenblies are typically provided within wellhead

producti on o0 SwEiHeal 28¢hBlek bBGtyb A1 InENIOE proihlctioh tre@nhdeang @ thel | head
and/or for controlling circulating fluid flow in and out of a well head.

Gate val Vesup%@xderfa}m& @Ll?lféh@ﬂo@fng. ! YR8 dYRbY Ee BHB1sPanY Risk@ufRnler or disc

and operate by selectively novin e stemto insert/renove the val ve

menber intaodf.rom I | d . sired.
SUMVARY OFO‘fl %%f‘ Ef‘g‘%gf"e@"g%l X?gﬁsﬁg%@ﬁg ?‘\gt%d?‘gag&{? %dg? Q‘gthgﬁbs ea
wel | head ass |y that. includes a,valve,body .having a flu d.f passage, a
gate sel ec t‘?’%@?@fy%é}ﬁhﬁrf %eef gorcfﬁ%tﬁoué ¢flog 8}(?12‘3 &Y %?18 af“fegbvgdg aalsl('&s)/é\fg e,

magneti zed segnents stacked fogether and coupled fo.the gate. for novenent
therew th, f%??"émupﬁ&lrﬂgatﬁlﬂrﬂéfyig Ht @@ Bt ?Jf% &Qﬁ’@“{‘ h(éatﬁﬁﬂ%étaf“} 8dsegnent s,
so that flow ng electrical_ current through the windjing array applies a
magnet i ¢ fisfiagssm-yprodiveyhars paaly pmemhenos fisoad oREYRBYCCYRY TBAYEE t he gate
to nove relative to the winding array. The wi nding array can include stator
rods ar r angheistem tuingtrirhmoveetherel vezeainbse intefiow thedlgwiof Suidtottoyadl@wils/i ng a

wi nding. A nulti-phase electrical supply can be included that is in

conmuni cat iflow whénhdesinegl. Wi ndi ng of each stator rod, wherein adjacent

w ndi ngs the stator rods receive current at a different phase from each

ot her. The phase of the current delivered to adjacent w ndings on the
stator rods can vary by about 120. A resilient nenber, such as a spring,
can be engaged with the magneti zed segnents, so that novenent of the
magneti zed segnents froma first position conpresses the resilient nenber
and when the nmagnetic field is renoved, the resilient nenber expands and
noves the magneti zed segnents and gate back to the first position. The

wi nding array can alternatively have a plurality of stator rods, each
having a separate w nding, the stator rods being spaced in a circular array
around and parallel to the segnents. The nagneti zed segnents can be disk

| i ke menbers stacked together to forma shaft, and adjacent segnents have
opposite polarity.



[ 0006] Al so disclosed herein is an actuator for use with a subsea valve. In
one exanple, selectively is disposed into the passage. The actuator can be
formed froma housing, an elongated shaft in the housing with magnetic
segnents along its length of alternating polarity, the shaft being
non-rotatable relative to the housing and axially noveable relative to the
housing, a w nding array arranged around and spaced radially outward from
the shaft, the winding array being fixed relative to the housing so that
applying an alternating current to the winding array causes the shaft to
nove axially, and a coupling on the shaft that is attachable to the gate
for noving the gate in uni SGUMMARY OF DIVENTIONr i ef Description of the
Drawi ngs: [0007] Figure 1 is a side view of a subsea production tree having

a val ve actggdsyildlosBEERéid ARGAIVIGrA shitfiBa REIRRRNssHIFIhaS I RIes a valve

body having a fluid flow passage, a gate selectively moveable to open and close the
fluid flow passage, magnetized segments stacked together and coupled to the gate for
movement therewith, and a winding array mounted proximate the magnetized segments,
so that flowing electrical current through the winding array applies a magnetic field to
linearly move the magnetized segments and cause the gate to move relative to the
winding array. The winding array can include stator rods arranged around the
magnetized segments, each stator rod having a winding. A multi-phase electrical supply
can be included that is in communication with the winding of each stator rod, wherein
adjacent windings the stator rods receive current at a different phase from each other.
The phase of the current delivered to adjacent windings on the stator rods can vary by
about 120°. A resilient member, such as a spring, can be engaged with the magnetized
segments, so that movement of the magnetized segments from a first position
compresses the resilient member and when the magnetic field is removed, the resilient
member expands and moves the magnetized segments and gate back to the first
position. The winding array can alternatively have a plurality of stator rods, each
having a separate winding, the stator rods being spaced in a circular array around and
parallel to the segments. The magnetized segments can be disk like members

stacked together to form a shaft, and adjacent segments have opposite polarity.

[0006] Also disclosed herein is an actuator for use with a subsea valve. In one example,

the actuator includes a valve having body, a passage in the body, and a gate that
-3-



[0008] Figure 2 is a perspective view of an exanple of a |inear notor for
use with the valve actuator of Figure 1. [0009] Figure 3 is a side cutaway
vi ew of an exanpl e of the subsea actuators of Figure 1 having a linear
notor. Detailed Description of the Invention: 100101 FIG1 is a side
schematic view of a well head assenbly 10 that includes a wellhead housing
12 seated on the seafl oor 8 and connected to a hydrocarbon produci ng
wel | bore 5. Coupl ed on the upper end of the well head housing 12 is a
production tree 14 having a tree bore 36 axially formed through the tree
14. The wel | head assenbly 10 and production bore 5 can be accessed through

the tree bagRcBRlyi§Hishbsabinfothe PHssgH CTliebtuatobiak O rmed frothd howirgCan on, or
bypass operations. A production passage 18 is shown |aterally extending

from t he" {66,008 @raffin i 1RMLL U8 bRNRIEHRLEOllorg 1Rerh ofithongy al ve 16

provi-ded in the production passage I8 can be used to selectively regulate

or0ueL1 o ol e LI RS OGS R RARFALR M fiamaal ve |

L Lo 5 AT 5 2 g A0 AT b Stk bl ol oo show
from the shaft, the winding array being fixed relative to the housing so that applying an

alternating current to the winding array causes the shaft to move axially, and a coupling

on the shaft that is attachable to the gate for moving the gate in unison with the shaft.



regulated with in line valves; in one exanple a fluid flow path is a bypass
passage 24 illustrated in dashed outline in the well head assenbly 10. The
bypass passage 24 can provide fluid conmunication fromthe outside of the
wel | head assenbly 10 and into a tubing annulus (not shown) fornmed between
production tubing and casing in the borehole 5. Flow through the bypass
passage 24 can be regulated with an inline bypass valve 22 that in turn can
be controlled with a bypass val ve actuator 26 shown on the production tree
14 housing. Also shown in dashed outline in the well head assenbly 10 is a
wor kover passage 30 for conveying workover fluids to a portion of the

wel | bore 5 ghgTres¥@paVdthODeswananNs are being undertaken. Fluid through

t he wor kover passage 30 is controlled with an inline workover valve 28
shown with an associ ated wor kover val ve actuator 32 for powering the valve

28 open, clipge Figke | B Asidd Wik o b BebsBOSroBuBOn trdhksinhd Yediedctade ior  bypass
operations through the well head assenbly 10 can be perfornmed by fl ow ng

fluid resp pvely t ss passage 24 and/ or workover passage
30. A smab%égkéﬁméﬁ&?gﬂﬂggﬁﬁggﬁpﬁﬁghin the tree bore 36, a swab val ve
actuator 38 attached to the housing bore for providing an opening and

cl osing ne . : . r notor 40
is shown i ﬁb@sﬁ)%&%%lts%%gg?%gy&%@f ﬁgjl“:l Zéofq'll'ﬁléﬁlr@r@a@;un%y 5ﬂrhm§f€g conpri ses
a stator arrgé %%tthq;.inckudes a series of stator rods 44 arranged
paral | el to*&5ER"SPhE¥R° & generally circular pattern. A shaft 48 is

di sposed within the array 42 circle and oriented substantially parallel to

t he i ndivi | .statoy. rods 44. The stator r i.ncl ) (el nogs 46

di sposed og&f%)é %’ﬁfﬂzef %18 & SIg? c‘ﬁﬁ‘@ayrvdﬂg Oéﬁ? Fack l(l’%l §§¥‘§'§‘le %a#kﬁq%ﬁsvgfgg 3 Eown in

FIG 2, the mﬁndiqgg 46 i nclude | oops 47 of electrically conductive
material |ih§nes mMegmYE. sypst anti al |y perpendicul ar to each rod 44. Each
stator rod 44 can include multiple groups of windings 47. The w ndi ngs 46
may each be connected to a three phase alternating current power source
(not shown) where the three phases differ by 120. Simlarly, the power
supplied to adjacent wi ndings of the stator rods 44 nay be sequentially 120
apart. In one enbodi ment, the nunber of stator rods 44 conprising the array
42 is a nultiple of 3. [00131 The shaft 48 is a cylindrical nenber
conprising magneti zed segnents 50 stacked al ong a common axi s, which al so
is the axis of stator array 42. The segnents




50 may conprise a pernmanent. magnet or el ectromagnet, or can be tenporarily
magneti zed. In the enbodi nent shown, each segnent 50 has a polarity

di fferent than adjacent segnents 50. Applying magnetic fields at strategic
| ocations on the shaft 48 exerts a nagnetic nonent that can nove the shaft
48 in a direction along its axis Ax. For exanple, flow ng current through
the coils or wndings 46 of the array 42 as descri bed above can form
magnetic fields that act upon the segnents 50 to nove the shaft 48. The
direction of shaft 48 novenent depends on the direction of electrical
current flow through the individual coils 46. [0014] A side cross sectional
vi ew of an enbodi meeile@DesuRiptioh wti¥ InSéntionc! udi ng a |inear notor 40 is
shown in FIG 3. The actuator 52 conprises an el ongated and substantially
hol | ow outer housing 54. An end cover 55 covers an end of the housing 54

and a val vgomp&re@ 164 o §dsentnglid Viervfendelilead BeeliblySiongatSdclogesasi t e t he
end cover 55. A valve stem 58 is shown inserted through an axial bore 65 in

the bonnet ofinafadoRifd £htBTod A RafIbs 8204 SdrRekttto a MRS Brbdn FO8WRNigny 56

connects the val ve sten158 to the linear notor shaft 48. A valve gate 60,

attached t 8”651@%0 s %l%u rg{hgtu r YRl (\/ﬁhé\yvamécﬁho&%g(?@ &Y ga6ufod @&gTed t hrough

the gate 6 wn |n tlirne 1s an exa val ve body 63 havi ng an

associ ated .flui.d f 7 thro act uat or 52
can be usec}4 '¥ﬂ5%ﬁ Fqﬁﬁggﬁgfgggd%eﬁ%ﬁgﬁéfqudéTg§¥h&m%f%%%&gplhe d
assenbly 10.  However of  the act r 0,the val ves of
FIG1 but @agpte ‘(‘:‘]“888“83)‘/‘%% a\‘i’éesﬁeéiég" éltgﬁ%ﬁﬁ Bore uf)‘?hﬁs %f %fait%‘é% P%n or any

val ve | ocated subsea. . [0015]As described abov ener |2| the coils 46
Wit hin t he "otkaves ﬂ“@d’éﬂe&ﬁo% Pﬁé@aﬁﬂm’@gs t fiePr %43*5?1?11 a%‘ gﬁs $He&™) i near

notor 40 is coupled to a valve stem 65, the stem 65 noves with the shaft 48
to sel ect i Vastrgloerdendingdiam thel trpsdorhas isatedetbe arofustios Headd- 4hBi8). I n one
enbodi ment of use, selective passage or bl ockage of flow can be

acconpl i shealveil6 IprQthhedualﬂweprgduomﬁ@aSsygeemagl bei used tohsslegiyalsregalateo ext end
the shaft 48 fromthe |inear notor 40. In the enbodinent of FIG 3, noving
t he shaft #fbdactiondluid flow thusughphesireductibrepassdge @8 gAtvengal¥erasimator 80 sonnet 64,
aligning the opening 62 with an the passage 67 to open the val ve. Reversing
current fl gMetnbfi@ugNidsh@edidliscotpletd the wirperakb ab for #8sebrtdve/derstiost em 58 in a
direction towards the end cap 55 to position the valve gate 60 as shown in
FIG 3. Optionally, the opening 62 can be |ocated on the far end of the

gate 60 soghaf thediMédayBuill Bowlpameste BRowibdRidMGthinike wellhval asdefilyd® and opened
by pulling the val ve stem 58. .

regulated with in line valves; in one example a fluid flow path is a bypass passage 24

illustrated in dashed outline in the wellhead assembly 10. The bypass passage 24 can
provide fluid communication from the outside of the wellhead assembly 10 and into a
tubing annulus (not shown) formed between production tubing and casing‘ in the
borehole 5. Flow through the bypass passage 24 can be regulated with an inline bypass
valve 22 that in turn can be controlled with a bypass valve actuator 26 shown on the
production tree 14 housing. Also shown in dashed outline in the wellhead assembly 10
is a workover passage 30 for conveying workover fluids to a portion of the wellbore 5

where workover operations are being undertaken. Fluid through the workover passage

-6-



[0016] A fail safe plunger 68 is shown coaxially disposed within the
housi ng 54 and circunscri bing an end of the notor 40. In the exanple of
FIG 3, the plunger 68 includes a hollow cylindrical housing 71 with a
flange 70 around its outer surface. The housing 71 is shown further having
a closed end 69 and an open end 73. The plunger 68 is oriented so the
closed end 69 is proxinmate to the val ve bonnet 64 and the open end 73 is
proxi mate the end cover 55. A bore 72 is provided in the closed end 69 to
acconmodat e passage of the valve stem58. A spring 66 is shown coaxi al

wi thin the housing 54 and depending from an end adjacent the val ve bonnet

64 into thesEssdt@lleSRAR &n RELYRBIV&EaIvE 08 gewrhaitsin@sobiated Weekevetipl | ng 56
i ncludes a cross pin 57 shown engagi ng the closed end 69 so that the

pl unger 68 %%ET“%F 82 15 0RRHR 1B 9a196 28 Spé ¥Rskd, eMAradrokihiey Yaitien. bonnet 64.

10017] The ange 70 1 s dinmensioned to contact and conpress the

spring 66 us WdrRovIP Y& i R ?gﬁ&g@ﬂﬁ%&%Wﬁe@asséﬂbl??%&n ps lost to
pot I'n

the coils 46, enti al energy ore e conpressed spring 66 noves the
val ve stem 58 alignj ng the val ve e 60, i i hion. It
shoul d be pﬂf’i‘fﬂf’%‘?ﬁf bg’gfto dresp ef%‘ée?yatmggé%? %%%s}a% ot grvg(%%%ur ed such
t hat energi zing the notor, 40 and extendin he valve stem 58 pr.oduces

sel ective HSERate HFVEPY B’FS@?&&’?&?%@“ @8%?%%%?&‘?# \fg}?’g 3 tg%tf)%ct i on of

the shaft 48 and the valve stemallows flow through the associ ated val ve.

[ 0018] Opt i GA¥aatiagheditp theonging Bere£or nigiding a8 SRFTRA IR Fles e Hrgns g‘ﬁé £ This can
be acconplished with the present spring 66 and flange 70 arrangenent by
reversi ng tswabapwedhg 62 | ocation on the valve gate 60 to its |ower end.
Alternatively, the actuator 52 is also configurable to remain "as is" upon
a failure. The actuator 52 is usable with a subsea nmanifold, a vertica

wel | head, 400121 z dmteatmple of hliredr materi4Gisphawhiar praspectiye sideyiewan BlSpl i cat i on.

2. The linear motor 40 comprises a stator array 42 that includes a series of stator rods
44 arranged parallel to each other in a generally circular pattern. A shaft 48 is disposed
within the array 42 circle and oriented substantially parallel to the individual stator rods
44. The stator rods 44 include windings 46 disposed on the surface of the rods 44
facing the shaft 48. As shown in FIG. 2; the windings 46 include loops 47 of
electrically conductive material lying in a plane substantially perpendicular to each rod
44. Each stator rod 44 can include multiple groups of windings 47. The windings 46
may each be connected to a three phase alternating current power source (not shown)
where the three phases differ by 120°. Similarly, the power supplied to adjacent
windings of the stator rods 44 may be sequentially 120° apart. In one embodiment, the

number of stator rods 44 comprising the array 42 is a multiple of 3.

[0013]  The shaft 48 is a cylindrical member comprising magnetized segments 50

stacked along a common axis, which also is the axis of stator array 42. The segments

-7-



[ 0019] The present system and nmet hod descri bed herein, therefore, is well
adapted to carry out and attain the ends and advantages mentioned, as well
as others inherent therein. Wile a presently preferred enbodi nent has been
given for purposes of disclosure, nunerous changes exist in the details of
procedures for acconplishing the desired results. These and other sinmlar
nodi fications will readily suggest themselves to those skilled in the art,
and are intended to be enconpassed within the spirit of the present
i nvention disclosed herein and the scope of the appended clains. dains
What is clained is:

50 may comprise a permanent magnet or electromagnet, or can be temporarily

magnetized. In the embodiment shown, each segment 50 has a polarity different than

adjacent segments 50. Applying magnetic fields at strategic locations on the shaft 48

exerts a magnetic moment that can move the shaft 48 in a direction along its axis Ax.

For example, flowing current through the coils or windings 46 of the array 42 as

described above can form magnetic fields that act upon the segments 50 to move the

shaft 48. The direction of shaft 48 movement depends on the direction of electrical

current flow through the individual coils 46.

[0014] A side cross sectional view of an embodiment of an actuator 52 including a
linear motor 40 is shown in FIG 3. The actuator 52 comprises an elongated and
substantially hollow outer housing 54. An end cover 55 covers an end of the housing 54
and a valve bonnet 64 is seated in an end of the housing 54 opposite the end cover 55.
A valve stem 58 is shown inserted through an axial bore 65 in the bonnet 64 and
projecting into the housing 54, where a coupling 56 connects the valve stem 58 to the
linear motor shaft 48. A valve gate 60, attached to the free end of the valve stem 58, an
opening 62 formed through the gate 60. Shown in dashed outline is an example valve
body 63 having an associated fluid flow passage 67 through the body 63. The valve
actuator 52 can be used with any of the valves mentioned in FIG 1 on the wellhead
assembly 10. However use of the actuator 52 is not limited to the valves of FIG 1 but

can include any valve associated with subsea production or any valve located subsea.

-8-



1. Avalve for a subsea wellhead assenbly conprising: a valve body having. a
fluid flow passage; a gate selectively noveable to open and close the fluid
fl ow passage; nmagneti zed segments stacked together and coupled to the
gate for novement therewi th; and a winding array nounted proxi mate the
magneti zed segments, so that flowi ng electrical current through the wi nding
array applies a magnetic field to Iinearly nove the magneti zed segnents and
cause the gate to nove relative to the winding array. 2. The valve of
claim1, wherein the winding array conprises stator rods arranged around
t he magneti zed segnments, each stator rod having a w nding.

[0015] As described above, energizing the coils 46 within the stator rods 44 linearly

moves the shaft 48. When the linear motor 40 is coupled to a valve stem 65, the stem

65 moves with the shaft 48 to selectively open and/or close the associated valve (not

shown). In one embodiment of use, selective passage or blockage of flow can be

accomplished with the valve gate 60 by energizing the coils 46 to extend the shaft 48

from the linear motor 40. In the embodiment of FIG. 3, moving the shaft 48 outward in

turn pushes the valve gate 60 from its bonnet 64, aligning the opening 62 with an the

passage 67 to open the valve. Reversing current flow through the coils 46 pulls the

shaft 48 and valve stem 58 in a direction towards the end cap 55 to position the valve

gate 60 as shown in FIG. 3. Optionally, the opening 62 can be located on the far end of

the gate 60 so that the valve is closed by pushing the valve stem 58 and opened by

pulling the valve stem 58.

[0016] A fail safe plunger 68 is shown coaxially disposed within the housing 54 and
circumscribing an end of the motor 40. In the example of FIG. 3, the plunger 68
includes a hollow cylindrical housing 71 with a flange 70 around its outer surface. The
housing 71 is shown further having a closed end 69 and an open end 73. The plunger
68 is oriented so the closed end 69 is proximate to the valve bonnet 64 and the open end
73 is proximate the end cover 55. A bore 72 is provided in the closed end 69 to
accommodate passage of the valve stem 58. A spring 66 is shown coaxial within the
housing 54 and depending from an end adjacent the valve bonnet 64 into the annular

space between the plunger housing 71. The coupling 56 includes a cross pin 57 shown



3. The valve of claim 2,
I n communi cation wth the w nding of each stator

wi ndi ngs on the stator rods receive current at a different phase from each

further conprising a nulti-phase electrical supply
rod, wherein adjacent

other. 4. The valve of claim 3, wherein the phase of the current delivered
to the adjacent w ndings on the stator rods varies by about 120.
aiml, further conprising a resilient nenber engaged with the
segnents, so that novenent of the nagnetized segnents from a
first position conpresses the resilient nmenber and when the magnetic field
the -12- resilient nenber expands and noves the magnetized

segnent s angggahethbatdsed end 6B sd thasthe Phaigtid 681moves when the coupling 56 is

val ve of cl
magnet i zed

IS renoved,

moved towards the valve bonnet 64.

[0017] Theradial flange 70 is dimensioned to contact and compress the spring 66 as
it is moved towards the valve bonnet 64. If power is lost to the coils 46, potential
energy stored in the compressed spring 66 moves the valve stem 58, aligning the valve
gate 60 into a fail safe position. It should be pointed out however, that the actuator 52
can be configured such that energizing the motor 40 and extending the valve stem 58
produces selective blockage of a corresponding valve and wherein the retraction of the

shaft 48 and the valve stem allows flow through the associated valve.

[0018]  Optionally, the actuator 52 may be configured to fail open. This can be
accomplished with the present spring 66 and flange 70 arrangement by reversing the
opening 62 location on the valve gate 60 to its lower end. Altemafively, the actuator 52
is also configurable to remain "as is" upon a failure. The actuator 52 is usable with a
subsea manifold, a vertical wellhead, a horizontal wellhead, and any other type of

subsea application.

[0019] The present system and method described herein, therefore, is well adapted to
carry out and attain the ends and advantages mentioned, as well as others inherent
therein. While a presently preferred embodiment has been given for purposes of
disclosure, numerous changes exist in the details of procedures for accomplishing the

desired results. These and other similar modifications will readily suggest themselves

-10-
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6. The valve of claim1, wherein.the winding array.conprises a plurality of
stator rods, each having a separate wi nding, the stator rods being spaced
in acircular array around and parallel to the segnents. 7. The val ve of
claim1l, wherein the magnetized segnments are disk |ike nenbers stacked
together to forma shaft, and adjacent segnents have opposite polarity. 8.
An actuator for use with a subsea val ve having a body, a passage in the
body, and a gate that selectively is disposed into the passage, the
actuat or conprising: a housing; an el ongated shaft in the housing with
magneti c segnments along its length of alternating polarity, the shaft being
non- r ot at alh ghos@ikAdAVE tHe@rt! £ HOINTINOG] t31dE eRcoiniadsyd Mitlimald wiritelf dfei ve to the
housi ng; a wi nding array arranged around and spaced radially outward
from the shafdne itVafioM distidied AEERY%n® Bk BEbpE 0K B apfdndéd JAmEO the housing so
that applying an alternating current to the winding array causes the shaft
to nove axially; and

~-11-



a coupling on the shaft that is attachable to the. gate for noving the gate

in unison with the shaft.

9. The actuator of claim8, wherein the w nding

array conprises elongated stator rods circunscribing the shaft, and having

at

| east one wi ndi ng.

rods are parallel to the shaft and spaced apart from each ot her
actuator of claim 10, wherein the adjacent w ndings on the stator
a flow of electrical current that varies by about 120. 12. The actuator of
claim8, wherein the shaft conprises a stack of magneti zed segnents of
alternating polarity.

Claims
What is claimed is:
1. A valve for a subsea wellhead assembly comprising:
a valve body having a fluid flow passage;
a gate selectively moveable to open and close the fluid flow passage;

magnetized segments stacked together and coupled to the gate for movement
therewith; and
a winding array mounted proximate the magnetized segments, so that flowing

electrical current through the winding array applies a magnetic field to linearly move the

magnetized segments and cause the gate to move relative to the winding array.

2. The valve of claim 1, wherein the winding array comprises stator rods arranged

around the magnetized segments, each stator rod having a winding.

3. The valve of claim 2, further comprising a multi-phase electrical supply in
communication with the winding of each stator rod, wherein adjacent windings on the

stator rods receive current at a different phase from each other.

4. The valve of claim 3, wherein the phase of the current delivered to the adjacent

windings on the stator rods varies by about 120°.

5. The valve of claim 1, further comprising a resilient member engaged with the
magnetized segments, so that movement of the magnetized segments from a first
position compresses the resilient member and when the magnetic field is removed, the

-12-

10. The actuator of claim8, wherein the stator

11. The
rods have



13. The actuator of claim@8, further conprising a resilient nenber engaged
with the nmagneti zed segnents, so that novenent of the nagnetized segnents
froma first position conpresses the resilient nenber and when the nagnetic
field is renoved, the resilient nenber expands and noves the magneti zed
segnents and gate back to the first position. 14. A method of controlling
fl ow through a wel | head assenbly conprising: coupling a gate to a
non-rot at abl e shaft having alternating polarity along its length; and
generating a magnetic field around the shaft so that the field interacts
with the shaft to forma nmagnetic nonent on the shaft to nove the shaft and

the gate |iRgREtnehiberexparids htd mORS kenigndtDedsepMmeMBshdRa® bidkadthe firsl 5. The
nmet hod of claim 14, further conprising reversing the polarity of the

magneti c fiﬁﬂd%ohp nove the shaft and gate fromthe second position to the
first position.

6. The valve of claim 1, wherein the winding array comprises a plurality of stator
rods, each having a separate winding, the stator rods being spaced in a circular array

around and parallel to the segments.

7. The valve of claim 1, wherein the magnetized segments are disk like members

stacked together to form a shaft, and adjacent segments have opposite polarity.
8. An actuator for use with a subsea valve having a body, a passage in the body, and
a gate that selectively is disposed into the passage, the actuator comprising:
a housing;

an elongated shaft in the housing with magnetic segments along its length of
alternating polarity, the shaft being non-rotatable relative to the housing and axially

moveable relative to the housing;

a winding afray arranged around and spaced radially outward from the shaft, the
winding array being fixed relative to the housing so that applying an alternating current

to the winding array causes the shaft to move axially; and

a coupling on the shaft that is attachable to the gate for moving the gate in unison

with the shaft.

9. The actuator of claim 8, wherein the winding array comprises elongated stator

rods circumscribing the shaft, and having at least one winding.
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16. The nethod of claim 14, further conprising a conpressing a contacting a
resilient nmenber the nagnetized segnents, so that novenent of the
magneti zed segnents froma first position to a second position conpresses
the resilient menber and when the nmagnetic field is renoved, the resilient
menber expands and noves the magnetized segnents and gate back to the first
position fromthe second position. 17. The nethod of claim 14, further
conprising flowng electrical current through w ndings di sposed around the
shaft and supplying electrical current that varies by 120 to linearly
adj acent w ndi ngs.

10. The actuator of claim 8, wherein the stator rods are parallel to the shaft and spaced

apart from each other.

11. The actuator of claim 10, wherein the adjacent windings on the stator rods have a
flow of electrical current that varies by about 120°.

12. The actuator of claim 8, wherein the shaft comprises a stack of magnetized
segments of alternating polarity.

13. The actuator of claim 8, further comprising a resilient member engaged with the
magnetized segments, so that movement of the magnetized segments from a first
position compresses the resilient member and when the magnetic field is removed, the
resilient member expands and moves the magnetized segments and gate back to the first

position.
14. A method of controlling flow through a wellhead assembly comprising:
coupling a gate to a non-rotatable shaft having alternating polarity along its length;
and

generating a magnetic field around the shaft so that the field interacts with the
shaft to form a magnetic moment on the shaft to move the shaft and the gate linearly

from a first position to a second position.

15. Themethod of claim 14, further comprising reversing the polarity of the magnetic

field to move the shaft and gate from the second position to the first position.
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16. The method of claim 14, further comprising a compressing a contacting a resilient
member the magnetized segments, so that movement of the magnetized segments from
a first position to a second position compresses the resilient member and when the
magnetic field is removed, the resilient member expands and moves the magnetized

segments and gate back to the first position from the second position.

17. The method of claim 14, further comprising flowing electrical current through
windings disposed around the shaft and supplying electrical current that varies by 120°

to linearly adjacent windings.
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