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SUMMARY

[0002] A downhole valve apparatus includes: a force transmitter configured to move
in an axial direction; a valve actuator configured to move in an axial direction, the valve
actuator independently movable relative to the force transmitter and physically isolated from
the force transmitter; a first magnetic assembly disposed at the force transmitter; and a second
magnetic assembly disposed at the valve actuator, the first and second magnetic assemblies
configured to repel one another and cause the force transmitter to move the valve actuator
when the force transmitter is moved toward the valve actuator.

[0003] A method of controlling fluid flow in a downhole conduit includes: moving a
force transmitter in an axial direction, the force transmitter including a first magnetic

assembly; exerting a repulsive force on a second magnetic assembly disposed at a valve



WO 2011/ 062824PCT/ US2010/ 056215 actuator, to cause the valve actuator to
nove in the axial direction, the valve actuator being i ndependently novabl e
rel ati ve wo 20hi@ep&ce transmtter and physically isol at @dTfusemmobe1f or ce
transmtter; and noving a val ve between an open position in which downhol e
fluid is allowed to flow through a downhtgle conduit and a cl osed position

in whi ATUHRE Pafarsc Pieabie: At Py PO RNALIECH PR B rRPE R NS Endui t .
BRI EF %&%&Bﬂ%&bﬂé‘#ﬁa@ﬁ@ﬁ NSForce transrﬁi@cgloﬂ%d_ ﬁﬁrfsi%ﬁl'l}.tl' %Blam(;rﬁ ltﬁehférce

drawi ngs wherein like elenents are nunbered aliké in the several Figures:
[ 0005] tRin@nitterj andaneving s valee betoveah ay ppen pdsitam iaxdngl downlolhBudfinedovesdlf et y

val ve assenbl y: 06] FI.G IS a,perspective . .view of an exenpl ary
or ot JneniFpush 8dopnBol hady i€ e\l Gu PRATBREH VG pRck e LG

[ 0007] fldvicof dowishote flhi@whegH theidohdsit.r ati ng an exenpl ary met hod of
controlling fluid flowin a borehole string. DETAI LED DESCRI PTI ON

[ 0008] Referring to FIG t here is@grovi ded a subsurface val ve apparat us

1
10, sudpRES %E§EP\B%V%WJI@%H%WE to bl ock or otherw se control the
fl f d ] ' - |0 it | f
ow 0 O‘Q’g[gg(t)ﬁl%é%ﬂgtﬁ%pwg}eadr%fngg%ﬁ%ﬁ% gfk@%lerﬁéﬁéj Bre ﬁlf;?%ﬁe'r&ga eo

t he val ve S a surface contro subsurface safety valve
(" SCSS\h¢ sesucah Fagmran el ectrical ly actuated SCSSV ("ESCSSV'). The val ve

Fanster 1 onOBOSAEGT Mot GRreCiRal FEPET LR byt aBH5at or
assembly;
[0006] FIG. 2 is a perspective view of an exemplary force transmitter of the
subsurface valve assembly of FIG. 1; and
[0007] FIG. 3 is a flow chart illustrating an exemplary method of controlling fluid

flow in a borehole string.

DETAILED DESCRIPTION

[0008] Referring to FIG. 1, there is provided a subsurface valve apparatus 10, such as
a safety valve configured to block or otherwise control the flow of downhole fluid through a
borchole string. A non-limiting example of the valve assembly 10 is a surface controlled
subsurface safety valve (“SCSSV”) such as an electrically actuated SCSSV (“ESCSSV™).
The valve apparatus 10 includes a control system that uses magnetic forces to transfer force
and/or motion from a force transmitter to a valve actuator.

[0009] The valve apparatus 10 includes a housing 12 having a bore 14 or other
downhole fluid conduit therein. For example, the bore 14 is a production bore or other bore
configured to allow the passage of downhole fluid therethrough. Downhole fluid may
include fluids recovered from an earth formation and/or drilling or production fluids
introduced from the surface. An actuator assembly 16 includes a force transmitter 18, such as
a piston or rod, which is movable axially relative to the housing 12. As described herein,
“axial” refers to a direction at least generally parallel to a direction of the major axis of the
housing 12. A valve assembly 20 includes a valve actuator 22 such as a flow tube 22 that is
movable relative to a valve 24, such as a flapper valve 24, to open or close the valve 24. The
configuration of the valve assembly 20 is exemplary, and may include any type of movable

member 22 in operable communication with any type of valve 24 to open or close the valve
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proximate to the force transmtter 18, or otherw se disposed in a fixed
position. relati. to the force transmtter 18. The first magpetic, assenbly
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[0016] In one embodiment, the magnetic assemblies 32 and/or the magnet assemblies
40 are eclectromagnets disposed at the force transmitter 18 and the valve actuator 22,
respectively. The electromagnets 32 and 40 are coupled to one or more power sources and
optional control units. Utilizing electromagnets aids in provide a system that has improved
failsafe properties, in that such a system effectively resets every time power is cycled on/off
so there would not be a circumstance where the magnetic coupling or repelling was
permanently out of alignment. Alternatively, the magnetic assemblies 32 and 40 are
permanent magnets or a combination of permanent magnets and electromagnets.

[0017] The magnetic assemblies 32 and 40 may be configured so that they interact via

an attractive and/or a repulsive force. The magnets 32 and 40 may be magnetically coupled
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[0018] In one enbodinent, the first and second magnetic assenblies 32 and
40 are configured so that they exert a repelling force relative to one
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have the sane polarity in an axial direction and thus create a repelling

force rel |ve t o one, anot he n this configur n, the first ghetic
assenbl%y 83t BOBFRIY | Brager 79 Horco RS ER 3% $HRIS attidier Py g

transm s%@f{ro&éedrw&ﬁast%hﬁ Ll HahYenasboahe ao %8 thaft he attfa%£ egmgn?etrl c
assenbly 32 repels the second magneti c assenbly he val ve act uat or

22, effecti \{@O%]quneregnhddeJ the faettuaitmcomzmagnﬁrcdasaﬁnblpferﬁ%@mi 40 are in

mhlch the.flo ens .the f er valve 24, 019 en the

het uat oPRaswdhsp IO AR e xepr B RE: MG E Frp anotpiror OF cREmp oy g B
transmdnti@ecokd ﬂn§%ﬂ$t1§ RORATbIiVBY ahil AMHake tfid Qithd pILiFAn aFhRial Alnk@icAckidat or
22 is independently novable relative to the force transmtter 18 as the
force tthaneggiteagepdlng repreddivavapne pestherh dnvhiswenfigyratan thobrst megngivner
sprin S; er
Vol ve 2aserHE 7S pBlAo RIS, o bRn a0kl T8 e o, BYEY i R PR
gravi t wowhmlr thex\aarhird ectu@od 2D] tekBrst hﬁgb@[&asl;élmbl@' B esteiy thehecdddwaghetic
downhol e fl uids therethrou When the actuator 16 is in a

second FHMEHER) O W%aqtlﬁer £or %féeqlwdﬁﬂﬁvmge%helelwsaﬁv@%%%cﬁownaﬁnd t he
val ve 22 (@E&ﬂﬁ lhy 32 nmoves toward the val ve
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housing 34 is disposed in a fixed position relative to the force
transmtter 18 and/or the magnetic assenblies 32. [ 0024] Each
magnetic assenbly 32 is configured, for exanple, to be disposed within a
respective passageway 44. This configdﬁation greatly reduces an air gap 46
bet ween the magnetic assenbly 32 and the magnetic assenbly 40 or ot her
magnets | ocated at the val ve assenbly 20, by reducing the distance that the
nagnetlc force nust over cone. The out5|de dlaneter of the force transnltter
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[ 0025] The nagnetic assenbly 32 may be configured as one or nore magnetic
menbers 32. In one exanple, each of the one or nore magnetic nenbers 32
i ncl udes wo=elgwee2d nunber of snmall magnets nounted on @®CTIUS2@0/086218! | y
ext endi ng nmenber such as a rod. In another exanple, each of the one or nore
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force transmtter 18. WD 2011/ 062824PCT/ US2010/ 056215 [ 0026] The
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wal 1 oftsERb ol Hrges s B BF AimbSe (e REL Peahrfbicor ity | Aifsfiss
pl ur al igaysa@éwhHRr &5 bdés ﬁ%mﬁi‘gh&w tb Yal R aﬂegaﬁi n®f20 Uhaghchid ra@sléﬁfbﬁé@ Beaoae t he
housi ng 45. [0027] FIG 3 illustrates a method 50 of controlling
fluid fligesihtherdor droins gnbadigersy the fesec HanwmnEre | Soid Actuator psserghllidd 50
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exanpl e, the flﬁ Bg sitionis, a close ositign in ich the force

t r ansni {RAECA Wit QUSSR &k PAMINGIIGHLY APPRIICIENALAFS act uat or 22. In

the closed pogr3jiapR hau@ﬁgV@ M8y 3Rt iHeS Porated és%d?@&ﬁﬁ@'f@rdeﬂ%@ﬁ'ﬁ%ﬂ% afc the
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second posi‘tions are descri as c osed positions an en posi tions,
respectdispebad it he fixal vieositpparditie 10 thayfohre comhiiger ¢d e&ml/drh&ie fagndticr st
position is an_open position and the second position is a closed position.
[0031]fﬁﬁmﬂﬂﬁséécond stage 52, the first magnetic assenbly 32 interacts
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magnetically coupled or magnetically repelled.

[0025] The magnetic assembly 32 may be configured as one or more magnetic
members 32. In one example, each of the one or more magnetic members 32 includes a
selected number of small magnets mounted on or in an axially extending member such as a
rod. In another example, each of the one or more magnetic members 32 is formed into
axially extending members such as in the form of rods or rod segments. These configurations
eliminate the need for large annular magnets that require an increased outside diameter of the

force transmitter 18.



WO 2011/ 062824PCT/ US2010/ 056215 toward the second position as the force
transmtter 18 approaches a position that is sufficiently close to the
val ve actwetor1/@2s8280 that the magnetic assenblies 32 an#CF@se@pdbeemnch
ot her. For exanple, as the force transmtter 18 rmves axially toward the
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WO 2011/ 062824PCT/ US2010/ 056215 CLAI M5 1. A downhol e val ve appar at us
conprising: a force transmtter configured to nove in an axial direction;

a val ve awouratigw282enfi gured to nove in an axial directi @eol/ush@owsdzve

actuat or i ndependently novabl e reI ative to the force transmtter and

physically isolated fromthe f transmitter, a fir net.ic assenbly
di sposéﬂwélid S'}? S¢0Pd ePASHUTS A t %r regn fansmitter 8 s apnspae ?‘ﬁ%gangwltio%stg%tn{ﬂ y

di sposed et Ry %eth@%%tééfuatérh}? §d et tlﬁn&la%%% 0 Nds SRR B CndSReFipLl es
configured to'repel one another and cause the force transmtter to nove the

val ve aetluather. Wrreaxamp& fabtltcefomeamgsmttteedé% |nspvnbwdlly toveard thehealxeadopeator
act uat t he

st gkt eee e Bt o L BRaBrG Y FoRrERer sadnd oMkt viuShlelore

per manent torgneioward it Bdppkeadtc one 1etirRclok@agielitter 18 is moved axially away
from the valve actuator 22, for example, the repelling force between the magnetic assemblies
32 and 40 lessens, allowing the biasing device 36 to force the valve actuator 22 toward the
first position.

[0033] In the third stage 53, the valve actuator 22 causes the valve 24 to move
between the first position and the second position. For example, as the valve actuator 22
moves toward the second position, it forces the flapper valve 24 to pivot out of the bore 14
and allow fluid flow therethrough. In one example, the repelling force is sufficient to
overcome the biasing force of the biasing device 36.

[0034] The systems and methods described herein provide various advantages over
existing processing methods and devices. For example, the valve apparatus described herein
allows for isolating the control system of an electric safety valve without the need for
dynamic seals. In addition, one of the benefits of using a repelling force as opposed to a
magnetic coupling is that the repelling system would still be fail-safe if a flow tube were
jarred with a heavy enough force to decouple a magnetic coupling. In a magnetic coupling
arrangement, if the magnet is jarred with a higher load than the coupling force and becomes
decoupled, the flow tube would not be able to travel to the full-closed position. This failure
mode can be avoided by using magnets that are not coupled but relied upon a repelling force
to open a safety valve, as described herein.

[0035] In addition, the use of one or more axially elongated magnetic members
disposed on or in a force transmitter as described herein greatly reduces the air gap between
magnets in a control chamber with magnets on a flow tube or other valve actuator, which
allows for a smaller outer diameter of the force transmitter and associated control system,
compared to prior art magnetic coupled systems. The smaller outer diameter may be
achieved, for example, due to having a thinner wall thickness of the force transmitter near the
first magnetic assembly while retaining the overall burst rating for the housing. One of the
chief complaints of prior art magnetically coupled devices is the large outside diameter of a
housing that is required to contain the magnets. The large outside diameter is a stipulation of
the amount of wall thickness that is required to contain the pressure in the tubing trying to

burst the housing. The configuration described herein overcomes this disadvantage. The
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3. The downhol e val ve apparatus of claim1, wherein the second magnetic
assenbly is selected fromat |east one of: at |east one pernmanent magnetic
and at | exst2oores2&Mect romagnet . 4. The downhol e valwsS2@ppa62as us of
claim1, further conprising a |linear notor operably connected to the force
transmtter. 5. The downhol e val ve a cl.aim1, wherein the
val ve 44 ongatedsSiagBI gy c BB e Qe SRang G Bics HeSTPY diein Y b
comuni fRt R0 Wutih cl%séi%"&@hﬁd@ biahft G fousihBe DiRIY ehAGHHBY A G cishe

downhol'e safety valve configured to nove between an open position in which
downholbetwé¢eni ﬂitelrsagdetsomtheoﬂdwaubq Hreoungpnatisefosnguinginteamd & & lhadelpvel

it whi ch the d | he fl f downhol
Fruia chrsfibeRyGrinat Sl gttt G RSN Bl appar at us “of ol ai m

5, further qoomilsai Mn@cti@ha&mgh@i%@cﬁﬁg§chelfelugwmw Andlyes drldfrValakeical
actuator toward the closed position . The downhol e val ve appar at us
of cl ai@nMPongHe meynbe eed d@wﬁmgedg&ﬂlemd/@raw@g BYSEeTRS. aEb@ﬁyamnv@ay have 8.

.Tﬂa Sg:@ég aﬁeﬁ{?&ﬁctl Oﬁﬁég%sg&aﬁ ra% gfe%gng C?%B{nll’ I glgptqélrﬁon from

t he prqeuct) ozﬁrelm@J euldeiempd, oshtichi olnobﬁf)e us@nihtegfaced sbﬂwbmu@egtaln@ wighyle
actuator and the control chanber conflgured to house the force transmtter.
WO 201 1roesers peigittlsoh porlogh 2ag other such compeaenis (Ad) & VelISapRFiiss of

o2 m Aol s ] GRICSTEI, 1y SR sr SRR, of

t he fordsldscdhsreint treanyi of semeral friansdrs palidpporiaedin the am tThes salsidercacthatat or .
these teachings may be, but need not be, implemented in conjunction with a set of computer
executable instructions stored on a computer readable medium, including memory (ROM:s,
RAMs), optical (CD-ROMs), or magnetic (disks, hard drives), or any other type that when
executed causes a computer to implement the method of the present invention. These
instructions may provide for equipment operation, control, data collection and analysis and
other functions deemed relevant by a system designer, owner, user or other such personnel, in
addition to the functions described in this disclosure.

[0037] While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications will be appreciated by those skilled
in the art to adapt a particular instrument, situation or material to the teachings of the
invention without departing from the essential scope thereof. Therefore, it is intended that

the invention not be limited to the particular embodiment disclosed as the best mode

contemplated for carrying out this invention.



10. The downhol e val ve apparatus of claim9, wherein the valve actuator is
noveabl e in response to a repelling force when the force transmtter is
noved t owsiodotie282al ve actuator relative to the first p@sirttiseeo/056215 11.
The downhol e val ve apparatus of claim1l, wherein the valve apparatus is a
surface cgﬁ%aol | ed subsurface safety valve ("SCSSV') apparat us. 12. A
met hod Of trolling fluid flowin a dowhole conduit conprising: noving a

force transni ttera yhwakbl@¥hidl aphdras bQRpridie force transmitter including a
first magnetic assenbly; exerting a repul sive force on a second

magnet i ¢ asseltdeyraibmpiss eonfigured wahees inenweatabdireationcause t he val ve act uat or
to nove in the axial direction, the valve actuator. 'ngindelend nt |
i Feple theg 3y

b
movabl o 1ol dt MRCLEHE COPRENES dRSMOTT o Ahd iy UrCPTy oS STRE et 4P %m ¢ he

force tin@penddntl§moaBR relative tdMRY if6Yge draMdhivier HRL SLRIANisORE RAFithd fRcd N
whi ch downhole fluid is allowed to flow through a downhol e conduit and a

cl osed tp@smtticsn in whi ch the val ve prevents the flow of downhole fluid

through the Cﬁg%&gtﬁmgne ice%stsee%&?’rdl Ss e}tggegﬁo%e t?&n@#me}fanldvmer ein the first

magnetic assenbly is setl a one of . at least one pernanent
magneti ¢ and &cohéasignetie agdedtily alidmorel at the valve hétuaibnetidofinhahé s¢adnde
apparatus of claim.12, wherein the second magnetic assenbly is sel ected
from atMPgrsts agsRmbEes copfizneddp reiss ope riaih nd ragisdhs orgs Haggmiftele Mese

el ectr qpaonet actuator Whenléle fdiae gQRMHQJ 1?_&&)6& SRR AL Rhugdal m 12, wherein

the force transmtter Is noved via a l'inear notor. 16. The downhol e

val ve appar @ us oJFheaoaintm b2alMetapph@tusodopuindi, mhetziraic fysttrhaznead escablyuat or

toward isa s%?e%‘i[etdi rolrI{ rallt VYQAS% hOI;[eh%f:Vg'tl e%sti Sonie npé[rgl%ne(:rlltorsrlggn t1%s Iarg %?'least one
electromagnet.

3. The downhole valve apparatus of claim 1, wherein the second magnetic
assembly is selected from at least one of: at least one permanent magnetic and at least one
electromagnet.

4. The downhole valve apparatus of claim 1, further comprising a linear motor
operably connected to the force transmitter.

5. The downhole valve apparatus of claim 1, wherein the valve actuator is
operably connected to a downhole safety valve in communication with a downhole fluid
conduit, the valve actuator and the downhole safety valve configured to move between an
open position in which downhole fluid is allowed to flow through the conduit, and a closed
position in which the downhole safety valve prevents the flow of downhole fluid through the
conduit.

6. The downhole valve apparatus of claim 5, further comprising a biasing device
configured to bias the valve actuator toward the closed position.

7. The downhole valve apparatus of claim 5, wherein the downhole safety valve
is a flapper valve.

8. The downhole valve apparatus of claim 1, further comprising a housing
including a production bore and a control chamber in fluid isolation from the production

bore, the production bore configured to house the valve actuator and the control chamber

configured to house the force transmitter.
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17. The downhol e val ve apparatus of claim 12, wherein the val ve apparatus
Is a surface controll ed subsurface safety val ve ("SCSSV') appar at us.

18. The oworrthols282al ve apparatus of claim 12, wherein treTIBkMO/N0FER1R

fl apper val ve, and noving the valve includes pivoting the flapper val ve
about a pivof point. 9. The do | e val ye apparatus of claim 12,
wher ei n t he “downhid| eI i PR p“ﬁ%‘&h CPOROES ier SaRgRF S
chamber,yidiyf gl bid ﬁfél'e?éﬂd@ﬂt &f @ VahR REQEICHAP DRI act¥or is independently
2011/06282XPCT/U82010 056215 the production bore configured to house the

val ve auewuétcovhandic forec rammmiter is iraabet peshdn guretiomshhpuseacth@or.or ce
transmtter. 20. The downh Iea al ve appar at Us o claiq1 g ereiqﬂthe force
tranam e 4% axd 5 Fo ABOaaeEY WERRERGehIar Pnd O %t S S ¢ ne
val ve afdweabRlinirSsponsteReAdeslling fRv@khen WREbrEd Gah@iiger fsAOG fobekd ki a
first position away fromthe val ve actuator.

valve actuator relative to the first position.

11.  The downhole valve apparatus of claim 1, wherein the valve apparatus is a
surface controlled subsurface safety valve (“SCSSV”) apparatus.

12. A method of controlling fluid flow in a downhole conduit comprising:

moving a force transmitter in an axial direction, the force transmitter including a first
magnetic assembly;

exerting a repulsive force on a second magnetic assembly disposed at a valve actuator,
to cause the valve actuator to move in the axial direction, the valve actuator being
independently movable relative to the force transmitter and physically isolated from the force
transmitter; and

moving a valve between an open position in which downhole fluid is allowed to flow
through a downhole conduit and a closed position in which the valve prevents the flow of
downhole fluid through the conduit.

13.  The method of claim 12, wherein the first magnetic assembly is selected from
at least one of: at least one permanent magnetic and at least one electromagnet.

14. The downhole valve apparatus of claim 12, wherein the second magnetic
assembly is selected from at least one of: at least one permanent magnetic and at least one
electromagnet.

15.  The downhole valve apparatus of claim 12, wherein the force transmitter is
moved via a linear motor.

16.  The downhole valve apparatus of claim 12, further comprising biasing the
valve actuator toward a position in which the valve is in the closed position.

17. The downhole valve apparatus of claim 12, wherein the valve apparatus is a
surface controlled subsurface safety valve (“SCSSV”) apparatus.

18.  The downhole valve apparatus of claim 12, wherein the valve is a flapper
valve, and moving the valve includes pivoting the flapper valve about a pivot point.

19. The downhole valve apparatus of claim 12, wherein the downhole conduit

includes a production bore and a control chamber in fluid isolation from the production bore,

11



WO 2011/062824 PCT/US2010/056215

the production bore configured to house the valve actuator and the control chamber
configured to house the force transmitter.

20.  The downhole valve apparatus of claim 12, wherein the force transmitter is
axially movable independent of the valve actuator, and the valve actuator is independently

movable when the force transmitter in a first position away from the valve actuator.
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