ELECTRI C W RELI NE | NSERT SAFETY VALVE BACKGROUND OF THE I NVENTION 1. Field
of the Invention [0001] The invention relates generally to safety val ves
and devi cwe 200804388t hin a wel | bore. 2. Description of tireTRSk@vaschs t
[0002] In the oil and gas industry, subsurface safety valves are used as a
means of stopping the production of hydrocarbons in the event of an

unexpected cat astrophe or a planned shut down of a well. Mst subsurface
safety valves are hydraulically controlled fromthe surface facility by
connecting a hydraulic control line to surface punpi ng equi pnent.

Application of pressure at the surface is transmtted to the safety val ve
to open the device. Subsurface safety valves are typically installed into
the well as a part ELEGERIC WIREBLINE INSERT SAFETY VAMMBr di ngl y, these
safety valves are typically referred to as tubing retrievable safety val ves
(TRSVs). In the event that the TRSV fails or stops functioning properly, it

i's possible to install »AIREEOUND OFYTME INVENTION he interior diameter of
the existing TRSV by runm t he production tubing

on vviﬁel [ ng_ I hitﬁm?l l er,.installed valve is referred to as a wireline
i nsert- saf \eyJPI @INYEMAN The WSV operates of f of the hydraulic pressure
of the TRSV. Before running the W.SV into the TRSV, it is necessary to
cr eat P01t ormiite dnmendienc sroaheralbetp satetyrralvesnand gievices used within a

wellbore.
5 ‘2. Description of the Related Art
[0002] In the oil and gas industry, subsurface safety valves are used as a means of
stopping the production of hydrocarbons in the event of an unéxpected qatastrophe ora
planned shut down of a well. Most subsurface safety valves are hydraulically controlléd
10 from the surface facility by connecting a hydraulic control line to surface pumping
equipment. Application of pressure at the surface is transmitted to the safety valve to open
the device. Subsurface safety valves are typically installed into the well as a part of the
production tubing string. Accordingly, these safety valves are typically referred to as tubing
retrievable safety valves (TRSVs). In the event that the TRSV fails or stops functioning
15 properly, it is possiblé to install a smaller safety valve into the interior diameter of the
existing TRSV by running the smaller vlalve into the production tubing on wireline. The
smaller installed valve is referred to as a wireline insert safety valve (WLSV). The WLSV
operates off of the hydraulic pressure of the TRSV. Before running the WLSV into the
TRSYV, it is necessary to create a communication chamber between the TRSV and thé
20  wellbore. Several tools or methods can be used to accomplish fluid communication with
the hydraulic chamber of the TRSV. Once communication is established, the WLSV is

landed into the TRSV. A set of seals located on the upper portion and the lower portion of

1



wel | bore. Several tools or nmethods can be used to acconplish fluid
comuni cation with the hydraulic chanber of the TRSV. Once conmunication is
est abl i shw0,2010Ma4398SV i s | anded into the TRSV. A set of psgalSsoos@mbed on
t he upper portion and the |ower portion ofthe W.SV | and above and bel ow t he
TRSV. The seals prevent the hydraulic fluid fromescaping into the wellbore
and allow the W.SV to operate off of the hydraulic control |line of the
TRSV. [0003] It is problematic to utilize a wireline insert safety val ve
where the TRSV uses el ectrical power rather than hydraulic power to be
actuated. There is no nechanismfor transmtting hydraulic power to the
wireline insert valve. In addition, if the WSV is electrically powered, it
i s di tHe WISV tand abowsranhd ddetow the JIRPOWTihet seals pradedy then hgdiraelic doidefromnner .
Downhol e environnments are filled with debris and are extrenely corrosive
envi r ggERiInG intSthe delBare Md hlow hOWIESV &S BPerite 8% oTith@ hjarutie central ive,
I ncluding electrical contacts. An electrical plug or port for electrically
mat i nge ffleTAKGY and WSV woul d |ikely beconme exposed and filled wth debris
to make an electrical connection difficult, if not inpossible. SUWARY OF
THE | I [0004] The jnvention.provi.des, nmet hods, and, devj ¢
11 DR e o et oy o it PRty VaVBNRoS Ry ER b,
del i vering ?ovver to an electrically actuated WSV wi thout the use of wred
coht aelectriaal poyeefathee thasnydiarte POWERtR BE iagtualadr Jinese isneseerhaniste for er
actuating power froma TRSV to a W.SV. There are preferably no exposed
transmitting hydraulic power to the wireline insert valve. In addition, if the WLSV is

- electrically powered, it is difficult to transmit electrical power to the WLSV in a reliable
manner. Downhole environments are filled with debris and are extremely corrosive
environments. Solids can build up on exposed areas of a downhole valve, including

10 electrical contacts. An electrical plug or port for electrically mating the TRSV and WLSV
would likely become exposed and filled with debris to make an electrical connection
difficult, if not impossible.

SUMMARY OF THE INVENTION

[0004] The invention provides methods and devices for utilizing an electrically-actuated

15 wireline insert safety valve and for delivering power to an electrically actuated WLSV
without the use of wired contact. In a preferred embodiment, inductive charging is used to
deliver actuating power from a TRSV to a WLSV. There are preferably no exposed
metallic contacts to corrode, and the electronic compartments are preferably sealed to
prevent water corrosion or physical damage from debris within the wellbore.

20 [0005] In a described embodiment, an electrically-powered tubing-run safety valve is
provided with an induction charging coil that is sealed within the valve housing. A wireline-

run insert safety valve is also provided with an induction charging coil that is operably



metallic contacts to corrode, and the electronic conpartnents are
preferably sealed to prevent water corrosion or physical damage from debris
wi t hi n t woweld/daasve. [ 0005] In a described enbodi ment, @&OT/US2009/050669

el ectrically-powered tubing-run safety valve is provided with an induction
charging coil that is sealed within the valve housing. A wirelinerun insert
safety valve is also provided with an induction charging coil that is

oper abl yi nterconnected with a val ve actuator assenbly that is operable to
cause a safety val ve nenber, such as a flapper nenber, to be operated
within the safety valve. [0006] In an aspect of the present invention, the
WLSV nay be selectively inserted into the production tubing string which

carri pgercbandd8¥.wiffha vallve/actuapsredsyenbly thatnidesperablei to eausendisaletpvalvel e
associated with the TRSV. Wen | anded, the induction charging coils of the

TRSV mw&syuaeag%eflaw&h@é}hber Ity b@é;ﬂé}afédtwnrﬁ.ﬁrtﬁé@afew%wel ve coupling.

Energi zing the induction charging coil of the TRSV will ‘transmit el ectrical

o noloi®y’ Ifahises® of 08 sty BV R UILSAnRs] SeRHyar Fiedtantese
St or clheRroANFLH HAIEERI 30 i ré‘%‘rﬁ%hﬁ?@%%@%@%ﬁ%@b& Bpdeduitin’
el ectri cal energy is thereafter used to actuate the W.SV val ve actuat or

ass endliandingl peafiie agsaciaied witie7TREN. déheailandath s isiuction charamewoikss be

actuated fromthe surface by a wireless signal to a wireless receiver that
i s opteaMRSY rdrer Myh8¥Cbedomiet BubdtaniiilfV alighed tacfomat an aslsetivé ycoubling.hi s
i nstance, the wireless transmtted will conmand the WSV to
- Energizing the induction charging coil of the TRSV will transmit electrical energy to the coil
of the WLSV. The transmitted eléctrical energy is used to actuate the WLSV valve
actuator assembly and safety valve. In an alternative embodiment, the transmitted
10 electrical energy is preferably stored within a charge storage device in the WLSV, and the
stored electrical energy is thereafter used to actuate the WLSV valve actuator assembly
and safety valve.
[0007] In certain embodiments, the WLSV may be actuated from the surface by a
wireless signal to a wireless receiver that is operably interconnected with the WLSV valve
15  actuator assembly. In this instance, the wireless transmitted will command the WLSV to
remain in the open position, and the WLSV valve member will move from the closed
position to the open position. Thereafter, current supplied to the WLSV from the inductioh
charging coil in the TRSV will retain the WLSV in the open position. The WLSV can be
closed by deenergizing the induction charging coil in the TRSV.

20

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The advantages and further aspects of the invention will be readily appreciated by



remain in the open position, and the WSV val ve nenber will nove fromthe
cl osed position to the open position. Thereafter, current supplied to the
WSV fromvOohelonaissti on charging coil in the TRSV wi || PeraiSpoowiosoced SV in
t he open position. The WLSV can be cl osed by deenergi zing the induction
charging coil in the TRSV. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] The
advant ages and further aspects of the invention will be readily appreciated
byt hose of ordinary skill in the art as the sane becones better understood
by reference to the follow ng detail ed description when considered in
conjunction wth the acconpanying drawi ngs in which |ike reference
characters designate like or simlar elenents throughout the several

fi gur msefoftdngindnaskihin thedariasrtbe sanjbeSIMES dpetter tinderstoad by refeagndedio
cross-sectional view of an exenplary wel |l bore containing a production

st ri ngheollbwinghfatafiat 8eSctption Windry esngl@eidrin coaflinclloAgortHaeeomwigahyinge
present invention. [0010] Figure 2 is a side, cross-sectional view of an

exe”p{jﬁarvy néé‘fﬁ't\{qﬂlch*ﬁké' hée SRdabkry ale¥ na’té‘llléc&oélﬁ?ggglle]%éﬂs Ttﬁ}%ugﬁ&?tent

i nvention e valve in an open configuration Fi gure s a
si de, ,Cross ctiona w of the tubing-retrievable safety valve shown in
Fi gur@ezsevr%qflﬁqyreds 8%3?%3(%?9 Paﬁrvg}e[rgwg [0012] Figure 4 is a side,
cross-sectional view of an exenplary wireline insert safg\él val ve

cohst 098k d Figvradde agidr @aial ﬁfQ%%S?ﬁt'@ﬁéh\{'eWrﬂf@thXSmp AYWVERPOFS GRIAINNG | s

an enl arged side cross-sectional view of portions of the w reI ine insert
a production string with subsurface safety valves constructed in accordance with the

present invention.
[0010] Figure2isa side, cross-sectional view of an exemplary tubing-retrievable safety
~ valve, in accordance with the'present invention, with the valve in an open configuration.

10 [0011] Figure 3 is a side, cross-sectional view of the tubing-retrievable safety valve

shown in Figure 2, now in a closed configuration.

[0012] Figure 4 is a side, cross-sectional view of an exemplary wireline insert safety valve

constructed in accordance with the present invention.

[0013] Figure 4ais an enlarged side cross-sectional view of portions of the wireline insert
15  safety valve shown in Figure 4.

[0014] Figure 5 is a side, cross-sectional view of the wireline insert safety valve inserted

within the tubing-retrievable safety valve.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 [0015] Figure 1 illustrates an exemplary wellbore 10 that has been disposed within the
earth 12 from the surface 14 and down to a hydrocarbon-bearing formation 16 from which

it is desired to obtain hydrocarbon production fluid. The wellbore 10 is lined with metallic



safety valve shown in Figure 4 . [0014] Figure 5 is a side, cross-sectiona
view of the wireline insert safety valve inserted within the

t ubi ng- r ewoi2ewdbkMssaf ety val ve. DETAI LED DESCRI PTI ON OPCTHE200BEKHERRED
EMBODI MENTS [0015] Figure 1 illustrates an exenplary wellbore 10 that has
been di sposed within the earth 12 fromthe surface 14 and down to a

hydr ocar bon-bearing formation 16 fromwhich it is desired to obtain

hydr ocar bon production fluid. The wellbore 10 is lined with nmetalliccasing
18 in a manner known in the art. Perforations 20 are forned through the
casing 18 and into the formation 16. [0016] A production tubing string 22
s disposed within the well bore 10, and an annulus 24 is forned between the

pr odugiding 18 ithba Rariigrikngwhdn aiel atth Pecfasatigns1Z ard foened dhroaghdhe thasingpdBe 23
is defined along the Iength of the production tubing string 22 for flow of

f1 ui dgnd hers s ion e production tubing string 22 may be made up of a
nunber opﬁthreacgg?mproduction tubing string segnents, in a manner known in

cor 1 otghi AEPRHetn unibo Sy R R Bedathy ™o thi etndte TBarfFad 8BMERsC: o
107D St BEn R e b 2 4SS e T Aot S e
26 within the well bore 10. [0017] The production tubing string 22 al so
i el ufiesbene 29 iscefinedlalgng welength oftihagxedwtwdubmgs%tfiegﬁvfar8@N@§ﬂ@iﬁl§| y
(TRSV) 30 above the production nipple 26. An electrical
therethrough. The production tubing string 22 may be made up of a number of threaded
production tubing string segments, in a manner known in the art. Alternatively, the
production tubing string 22 may be formed of coiled tubing. The production tubing string
22 includes a ported production nipple 26, of a type known in the art, which is located
10 within the wellbore 10 proximate the perforations 20. Packers 28 isolate the production
nipple 26 within the wellbore 10.
[0017] The production tubing string 22 also includes an electrically-powered tubing-
retrievable safety valve assembly (TRSV) 30 above the production nipple 26. An electrical
power supply cable 32 extends from the valve assembly 30 to the surface 14 wherein it is
15  operably associated with a power source 34. The safety valve assembly 30 is preferably a
flapper-type safety valve which is operable between oben and closed positions to
selectively block fluid flow through the production tubing string 22. The TRSV 30 includes
a tubular outer housing 36 which defines a central axial valve bore 38 which is aligned with
the flowbore 23 of the production tubing string 22. The valve bore 38 contains a landing
20 profile 40. In addition, seal bores 42, 44 are located within the valve bore 38. The seal

bores 42, 44 are smooth bore portions that for packing stacks of seals on a component

disposed inside the valve bore 38 to seal against the seal bores 42, 44.



power supply cable 32 extends fromthe valve assenbly 30 to the surface 14
wherein it is operably associated with a power source 34. The safety val ve
assenbl y 80 208/(pu@Berably a fl apper-type safety val ve wrCthuse@opesabl e
bet ween open and cl osed positions to selectively block fluid flow through
t he production tubing string 22. The TRSV 30 includes a tubul ar outer
housi ng 36 which defines a central axial valve bore 38 which is aligned
with the fl owbore 23 of the production tubing string 22. The val ve bore 38
contains a landing profile 40. In addition, seal bores 42, 44 are |ocated
wi thin the valve bore 38. The seal bores 42, 44 are snooth bore portions
that for packing stacks of seals on a conponent disposed inside the valve
bore FO18) sEw hagsingsSb afibe yable dsseoibly 30 indufedasindurtionahsirgigg3eildd t he
val ve assenbly 30 includes an induction charging coil 46 which is

pr ef ewhlvs gtéfébewmw%@@ldyeawfmm fie houEind96 3fd sefarftpd fivhethd vawe bore

val ve bore 38. The induction charging coil 46 is operably associated with

t he p§8‘.’3"1r2_éli'@cﬁleafioﬁaéﬂa‘?%iﬁ§ 6:'%3 4?2%}08%2%I?§§é?&§te6%¥iﬂpﬁ]em&ﬂ Iy £ tahe

surface power _ _ _ al so opera soclated wth a
(L PPt NS BT el netHGlGR D S SR S e e P B0 2
Pl epTanY saran S e s ke e s B3 e
I nterconnected with a flow tube 56 which controls the position of pivotable
f | appé8. Mihebealve gctuatondfus irderdonpentadnwith yabvet pistoincasseaplySGrehbevabg i s a
known devi ce which is noveabl e about pivot point 59 between an open
\r;gio‘ilteb'@fbn addemsbly Hoddcludesagistenylinadred2amd alpistdn meempas 54 thatdsigiovably
disposed within the cylinder 52. The piston member 54 is interconnected with a flow tube
56 which controls the position of pivotable flapper member 58, in a manner known in the
10 art. The flapper member 58 is a known device which is moveable about pivot point 59
between an open position, illustrated in Figure 2, wherein fluid may pass through the valve
bore 38, and a closed position, illustrated in Figure 3, wherein fluid flow through the valve
bore 38 is blocked by the flapper member 58. As is known, the flapper member 58 is
biased by a torsional spring toward the closed position. The flow tube 56 is moveably
15 disposed within a radially enlarged bore portion 60 of the valve bore 38. The flow tube 56
is biased toward the closed position by a compressible power spring 61, of a type known in
the art. This spring bias provides for the valve aséembly 30 to have a fail-safe mode such
that, in the event of loss of a control signal from the surface (e.g., an electrical signal via
cable 32), the power spring 61 will lift the flow tube 56 (see Figure 3) and allow the flapper
20 member 58 to rotate to its closed position. When the flow tube 56 is in a lowered position

within the bore portion 60, as depicted in Figure 2, the flow tube 56 retains the flapper

member 58 in the open position. When the flow tube 56 is moved to an upper position



bore 38, and a closed position, illustrated in Figure 3, wherein fluid flow
t hrough the val ve bore 38 is blocked by the flapper nenber 58. As is known,
“the fl appeo 200m¢39858 i s biased by a torsional spring t@eans2edesebosed
position. The flow tube 56 is noveably disposed within a radially enlarged
bore portion 60 of the valve bore 38. The flow tube 56 is biased toward the
cl osed position by a conpressible power spring 6 1, of a type known in the
art. This spring bias provides for the valve assenbly 30 to have a

fail -safe node such that, in the event of |loss of a control signal fromthe
surface (e.g., an electrical signal via cable 32), the power spring 6 1
will lift the flow tube 56 (see Figure 3) and allow the flapper nenber 58

t o rowdthn the bare porderBGdbe flapper Wasmbemas Mexes: igbits ssed nasition agrinsld
position within the bore portion 60, as depicted in Figure 2 , the flow

t ube Bélveehember sbat 62 agspdepiotedtiaFigdel i The flapper palvetactimtod8 mahbe fal ow
tube 56 is noved to an upper positionwthin the bore portion 60, the

f | appaGid RIS a ﬁﬁtafo_\éﬁ%léaréméﬂﬁémSWeﬁ@iai, b 8R eRdtioIBydraaliyy Bctimfdtelevieat
62, as depicted in Figure 3. The flapper valve actuator 48 may be a fluid

PUMTP. Ok Yoer wﬁ% %ghégm%@ & o?%éfg@t&n nf¥mB8r ?i g@h[rﬁ@'avdﬂéﬁw dyfinder

act ual'or device iCh 'S opera 10 cause novenen ston'nenber 54
withip,the pist | i nder, 52. e suitabl e el ectro-hydrayl i ¢, v
et uabar O RyisBl betover aicaghe fctiasBrs Ssfeiod R UL bRt R Rt a6 o)
U S. Patent No. 6,269,874 is owed by the assignee of the present invention
and i issHed dgyRawsen gbrakt déd-S. Patest Ble: 6,289,859 is aveiash by the @ssigneerpigihee 4
illustrates an exenplary wireline insert safety valve 70 which is
i nser paaseat inveatiomandrie ectbyoimcorduiratgdsin ifsrenti?@tydrydreferencebl e within t he
tubing run safety valve 30 in
[0019] Figure 4 illustrates an exemplary wireline insert safety valve 70 which is insertable
into the production tubing string 22 and securable within the tubing run safety valve 30 in
10 the event that the tubing-run safety valve 30 fails to operate. The wireline insert safety
valve 70 includes a tubular valve housing 72 which is shaped and sized to fit within the
valve bore 38 of the tubing run safety valve 30. An axial flowbore 74 is defined along the
length of the valve housing 72. The valve housing 72 is secured by release pins 76 to a
wireline running tool 78. The housing 72 carries a plurality of latching keys 80 which are
15 biased radially outwardly by compression springs 82. A flapper member 84 is also located
within the flowbore 74 and is pivotable about pivot point 86 between open and closed
positions within the flowbore 74. As with the flapper member 58, the flapper member 84 is
biased toward a closed position by a torsional hinge spring. An axially moveable flow tube
88 is retained within a radially enlarged portion 90 of the flowbore 74. The flow tube 88 is
20 spring-biased by an axially compressible power spring 91 (see Figure 4a) toward a position

that would Iift the flow tubé 88 and allow the flapper member 84 to be closed. The flow

tube 88 serves the same purpose in controlling the flapper member 84 as the flow tube 56



the event that the tubing-run safety valve 30 fails to operate. The
wireline insert safety valve 70 includes a tubular valve housing 72 which
I s shapedwendigiiz®d to fit wthin the valve bore 38 of wrhe/usa@ongesun
safety valve 30. An axial flowbore 74 is defined along the length of the
val ve housing 72. The val ve housing 72 is secured by release pins 76 to a
wireline running tool 78. The housing 72 carries a plurality of |atching
keys 80 which are biased radially outwardly by conpression springs 82. A
fl apper nenber 84 is also located within the flowbore 74 and is pivotable
about pivot point 86 between open and closed positions within the fl owbore
74. As with the flapper nenber 58, the flapper nenber 84 is biased toward a
cl osedogmisidontmlling the conigunatibn lof theeflapper member 56« Apaiy ofiextertal Buid sealst ube
88 is retained within a radially enlarged portion 90 of the fl owbore 74.

The fHovadidihes Glourtdsste vigvd haasidlgr %@eﬂg@blav). conpr essi bl e power spring 9
1 (see Fi gure 4a) tovvard a position that would Iift the fl ow tube 88 and

allo e§4rp lyOYehsRiy dRdiRafatest dheissame
pur p\(l)\ge |1| controF I'ng t% Fapper 19&”@@ %ﬁéb ge ?I 0\¥v t ube e56does I|Sn
controll the confi ti,on of r r. of r nal
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[0020] An electric flapper nenber actuat Qg assenbl y gener ap%a/ R ﬁat ed
ats 92assembly Sdnglydes mlgéacwri hargingcoibed whichyis RieferaBlvisgaled wih!
fl apper nenber actuating assenbly 92 includes an induction charging coil 94
whi chhoussipg 2 spasity not hednl cantalet with kéhétheifloybore €4 cithe mdiatouter sunfacent act
with either the flowbore 74 or the radial outer surface of the tool 70. The
i nducyf M 1eBRYQI MheCipiduclidn ichaafitd abll Y4i is topleeatsly eeteecbrwiectecawitha giearge
storage device 96, such as a rechargeable battery. The charge storage device 96 is
operably interconnected with a valve actuator, shown schematically at 98. In an alternative
10 embodiment, the coil 94 is directly connected with the valve actuator 98 such that
energizing the coil 94 will cause the valve actuator 98 to be operated. In one preferred
embodiment, the valve actuator 98 also includes a wireless receiver that is operable to
receive a wireless signal from a surface-based wireless transmitter 99 and, in response to
receipt of such a signal, will generate a command to actuate the associated valve piston
15 . assembly 100. The valve actuator 98 is interconnected with valve piston assembly 100.
The valve piston assembly 100 includes a piston cylinder 102 and a piston member 104
that is movably disposed within the cylinder 102.- The piston member 104 is interconnected
with the flow tube 88 which controls the position of pivotable flapper member 84. When
the valve actuator 98 is actuated, the spring bias provided by the power spring 91 is
20  overcome by the actuator 98. The valve actuator 98 may be a fluid pump, a motor, an

electromechanical solenoid, or an electro-hydraulic actuator device which is operable to

cause movement of the piston member 104 within the piston cylinder 102. Upon loss of



storage device 96, such as a rechargeable battery. The charge storage
device 96 is operably interconnected with a valve actuator, shown

schemat i caiDI2g1020t14¥8. I n an alternative enbodi nent, the @oiriusdeniosoedd rect!|y
connected with the val ve actuator 98 such that energizing the coil 94 w |
cause the valve actuator 98 to be operated. In one preferred enbodi nent,
the val ve actuator 98 also includes a wireless receiver that is operable to
receive a wireless signal froma surface-based wireless transmtter 99 and,
in response to receipt of such a signal, will generate a conmand to actuate
t he associ ated val ve piston assenbly 100. The val ve actuator 98 is

I nterconnected with valve piston assenbly 100. The val ve piston assenbly
100 i povedtsthe yalee actuatdi 88ctheldiivamerabei 84 ovill ertiesed dde tthdine ffall-safeabl y
di sposed within the cylinder 102. The piston nmenber 104 is interconnected

W th gmg biaw df e p8RienBpfifig ©ant rol's the position of pivotable flapper
nmenber 8 V\hen the valve actuator 98 is actuated, the spri ng bi as provi ded

by th@ BFé 9% &s'tﬁeWESWI etdr?ec%ﬁél HifHin Wk v%_ ‘G% &cthgat or
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t he val ve actuator t he val ve nenber 84 be cl osed due to [1
fa | - eashalysspiawus mQaER&V §QeVBB%Fh%b‘?Y%@0 qulatwaﬁﬁszo tey@nding rafletd ¢ he
WSV 70 | anded securely within the valve bore 38 of the TRSV 30 so that the
keys B@ indudctiom chN=Byingacadrdd dfthe MEUSVitDoistiim praximity teytheriofluctiorchargingresil
radi al |y surrounding TRSV 30. Wen the keys 80 are latched into the |anding
pr of i 4@ ofthe TRSV 30 such that electrical energy can be effectively transferred from the coil
46 to the coil 94 via induction charging. It can be seen from Figure 5 that, when the
wireline insert valve 70 is landed within the landing profile 40, the induction charging coil 94

10 of the WLSV 70 is preferably generally aligned with the induction charging coil 46 of the
TRSV 30 to form an inductive coupling. Energizing the coil 46 of the TRSV 30 will cause
the coil 94 to be energized via inductive charging. When the WLSV 70 is landed within the
landing profile 40, the fluid seals 93 on the outer radial surface of the WLSV valve housing
72 form a seal against the seal bores 42, 44 of the TRSV 30.

15 [0022] In operation, the WLSV 70 may be used as a back-up valve in the event that the
TRSV 30 fails to operate. When the TRSV 30 fails, the WLSV 70 is affixed to the wireline
running tool 78 and is run into the tubing string 22. The WLSV 70 is lowered through the
production tubing string 22 until the keys 80 of the WLSV 70 become latched into the
landing profile 40. Following landing, electrical power is transmitted from the surface

20 through the cable 32 to the induction coil 46 of the TRSV 30 to energize the coil 46. Via

induction charging, electric charge is transmitted from the outer coil 46 to the induction



t he i nduction charging coil 94 of the WSV 70 is in proximty to the

I nduction charging coil 46 of the TRSV 30 such that electrical energy can
be effectwoebw/ainmasferred fromthe coil 46 to the coil Ped/Us2@9iopdaTt i on
charging. It can be seen fromFigure 5 that, when the wireline insert valve
70 is landed within the Ianding profile 40, the induction charging coil 94
of the W.SV 70 is preferably generally aligned with the induction charging
coil 46 of the TRSV 30 to forman inductive coupling. Energizing the coi

46 of the TRSV 30 will cause the coil 94 to be energized via inductive
charging. When the WSV 70 is landed within the |anding profile 40, the
fluid seals 93 on the outer radial surface of the W.SV val ve housing 72

f or m gharging eajkdshettheNYLEYAT0.bbnetradsmitied electrinal chriye Bstolegionthe sterage
operation, the W.SV 70 nay be used as a back-up valve in the event that the

TRSV geviceidesor! alterpatiaéle, usdibto difeetly REirBBeffRipper mambslibthe Bpes paéitiomed t o
the wireline running tool 78 and is run into the tubing string 22. The WSV

70 TS [@2T anER bR RROALS! diostibakinitod has BeeRZrdiRhiitied RetheaupsyO_of

the beconme latc into t I andi ng” prof i | ow ng | andi ng

the i raute ESTTg ?n@&rbié‘éé“ﬁéﬁv%%s%ﬁ@%‘%ﬂ%éﬁévégﬁﬁae?s?i‘@%%%?&f OB et or
nduc PSR GpFRs BEPHOGS. df orecPTRIRNAd BMbARMERE AGHILSY & ot 818 Ménar ge
is stored in the storage device 96 or, alternatively, used to directly
ret ai pradustion dpbieg steng @2 lnrthemtoag@leppq:btm t Cnee gusticisht glestiical ghangedw@nt
anount of electrical charge has been transmtted to the W.SV 70, the WSV
70 mapebe traabmitted/@l thednd uetiopdHaeging \¢oil B4 ethiel \aprEeactoatdr &8 disbethvepistant s
member 104 to be moved axially within the cylinder 102 so that the flow tube 88 is moved
axially downwardly within the housing 72, resulting in the flapper member 84 being moved
10 | to the open position. In the event of a loss of power to the charging coil 94, the flapper
member 84 would rotate to the closed position as the power spring 91 moves the flow tube
88 upwardly.
[0024] Use of the wireless transmitter 99 to operate the WLSV 70 is preferred when used
in connection with a charge storage device 96. In this instance, the WLSV 70 would be
15 again run into the production tubing string 22 in the closed position. Transmission of power
from the surface to induction charging coil 94 will then store electrical charge within the
storage device 96. When it is desired to open the WLSV 70, a wireless command is
transmitted from the transmitter 99 to the valve actuator 98.
[0025] The WLSV 70 may alternatively be actuated to close the flapper member 84 by
20 transmitting a wireless signal from the transmitter 99 to the valve actuator 98. The valve

actuator 98 causes the piston member 104 to be moved axially within the cylinder 102. As

the piston member 104 is moved within the cylinder 102, the flow tube 88 is moved axially
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open and cl osed positions. In one preferred enbodi nent, the WSV 70 is run
into the production tubing string 22 in the closed position. Once

suf fi ci enwOoebmatsisgal charge has been transmtted to thecraseaiosseshar gi ng
coil 94, the valve actuator 98 causes the piston nenber 104 to be noved
axially within the cylinder 102 so that the flow tube 88 is noved axially
downwardly within the housing 72, resulting in the flapper nenber 84 being
noved to the open position. In the event of a | oss of power to the charging
coil 94, the flapper menber 84 would rotate to the closed position as the
power spring 9 1 noves the flow tube 88 upwardly. [0024] Use of the
wreless transmtter 99 to operate the WSV 70 is preferred when used in
conneupwardiyitith r@spletr tpethet suremendiry hoasieg.72 to alldve tha §apperementien843e 70
woul d be again run into the production tubing string 22 in the cl osed

posi t iétate T RO TIBsERl PEsiidn PPERSbY bRIEKINGER S FloRe thrbag h A dlovdybre ITar of the coi |
94 will then store electrical charge within the storage device 96. Wen it

i's degphngH tggpsgettghﬁe\é@vfc?r%edabweg@%? 0539%%@@4& %f;@@ggé\v aedarfd #i@ t he

transmtte t e valve actuator The W may
alterpati.vel : t 0Se, the 1] htiing a
wrel BES'ESJ?awgm?Prgﬂghﬁ‘@ﬁﬁw %oy@?@ﬁ%ﬂg\&%g ggﬁﬁg&{%ﬁ@ glh? dvaI ve
actuator 98 causes the piston nenper 104 to he noved axi y within the
cy? i nBERduton tuling siring Eé &ﬁﬁﬁ%gglofbﬁ 0y t%aéﬂpﬁi NSM§HE-cyl i nder 102,
the flow tube 88 is noved axiallyupwardly with respect to the surrounding
housi (026} (Thveal RSV A0rand VUEPé 7 Orcoltectivedform a safatyvalve atrangemestithabwilk i on,
t hereby bl ocking fluid flow through the flowbore 74 of the

allow the flowbore 23 of the production tubing string 22 to be selectively closed off to fluid

flow even in the event that the TRSV 30 becomes inoperable and is no longer able to close

off fluid flow through the flowbore 23.

10 [0027] The foregoing description is directed to particular embodiments of the present
invention for the purpose of illustration and explanation. It will be apparent, however, to

those skilled in the art that many modifications and changes to the embodiment set forth

above are possible without departing from the scope and the spirit of the invention.
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housing 72. Due to the seal formed between the seals 42, 44 of the TRSV 30
and the housing 72 of the WSV 70, any fluid flow through the fl owbore 38
of the TRSYU280/am¥8pr oducti on tubing string 22 is therelpgThisSoakasichy t he

fl apper nenber 84. [0026] The TRSV 30 and WLSV 70 collectively forma
safety val ve arrangenent that will allow the flowbore 23 of the production
tubing string 22 to be selectively closed off to fluid flow even in the
event that the TRSV 30 becones i noperable and is no |longer able to close
off fluid flow through the flowbore 23. [0027] The foregoing description is
directed to particular enbodi ments of the present invention for the purpose
of illustration and explanation. It wll be apparent, however, to those
skilled in the art that many m)difi(i_t' s and changes to the enbodi nent
set forth above are possible Wtho&-@%rti ng fromthe scope and the
spirit of \hpe lnvent n. CLAIMS What is clained is: 1. A safety valve
assenbly f rhaééﬁ‘é@ini‘ % closing off and opening fluid flow through a

fl owbore of a wellbore, the safety val ve assenbly conprising: a valve
menber that is noveable between an open positi on wherein fluid flowis

permif{ted §hr he fl d I d
t h‘r oui)h t Hé Sﬁf%ﬂﬂﬁ&éeqséeﬁl &%@ﬁ& Qéﬁef(}% eqpérgng/ﬁ k?'efp%hl'ié@j%ﬁ 5f or
novi ng the val ve nber between its o and cl.osed positions;

2 f?owbore of a wellbore, {he saf\é?y valve assgmgly comprising:

3 a valve member that is moveable between an open position, wherein fluid flow is

o

permitted through the flowbore and a closed position, wherein fluid flow through the
5  flowbore is blocked by the valve member;

6 “a valve actuator for moving the valve member between its open and closed
7  positions;

8 an electrical power source powering the valve actuator; and

9 an induction charging coil operably interconnected with the power source, the
10  induction charging coil operable to receive electrical charge from an inductive coupling with

11 asecond induction charging coil.

1 2 The safety valve assembly of claim 1 wherein the valve member is a flapper valve

2 member.
1 3. The safety valve assembly of claim 1 further comprising a valve housing having a

2 latching mechanism for securing the safety valve assembly within the flowbore of the

3 wellbore.

1 4. The safety valve assembly of claim 1 wherein the valve actuator comprises a fluid

2 pump.

12



an electrical power source powering the valve actuator; and an induction
charging coil operably interconnected with the power source, the induction
char gi ng woi2b10dpe3dabl e to receive el ectrical charge fromCanseevdosicby e
coupling with a second induction charging coil. 2. The safety val ve
assenbly of claim1l wherein the valve nenber is a flapper valve nenber. 3.
The safety valve assenbly of claiml1l further conprising a valve housing
having a | atchi ng nechani sm for securing the safety val ve assenbly within
the fl owbore of the wellbore. 4 . The safety valve assenbly of claiml
wherein the val ve actuator conprises a fluid punp.5. The safety val ve
assenbly of claiml mherein t he valve actuator conprises a solenoid. 6 .

The safety_valv ass of a relnth val eactutor ri ses a
ot orgl The s t¥t‘$? g@i’eﬁt% c"?"?ﬁrﬁ\'rh W ¥plenattHE Wa‘f%p'g%tsuat or
corrprl .an el ectro- hydraul I c actuator device. 8. The safety val ve
assentf'§"YE- cl ai m 1wherein the valve actuator further conprises a wirel ess

receiver to receive a wireless conmand signal froman external source and,
in response thereto, nmove the valve menber between the open and cl osed

52”5: L ?gsf]'!a%%pﬁe(iya\gqﬁ}t%a\s/geln\%l arfrc %emavﬂterefir? {heb\llacf\(/:ek al a{c;r%lo%grfsg\slvatrrrl]étgll’! gh a

1 7. The safety valve assembly of claim 1 wherein the valve actuator comprises an

2 electro-hydraulic actuator device.

1 8. The safety valve assembly of claim 1 wherein the valve actuator further comprises a
2 wireless receiver to receive a wireless command signal from an external source and, in

3 response thereto, move the valve member between the open and closed positions.

1 9. A safety valve arrangement for blocking fluid flow through a wellbore flowbore, the
2 safety valve arrangement comprising:

3 a first safety valve assembly disposed within the flowbore and having a housing
4  defining a valve bore and a first valve member that is movéable between open and closed

5  positions to selectively block fluid flow through the valve bore; |

6 the first safety valve assembly having a first induction coil that is selectively

7  energizable with electrical energy;

8 a second safety valve assembly that is- shaped and sized to be disposed within the

9 valve bore of the first safety valve assembly, the second safety valve assembly comprising
10  asecond valve member that is moveable between open and closed positions to block fluid
11 flow through the second safety valve assembily;

12 the second safety valve assembly having a second induction coil that is selectively

13



safety val ve arrangenment conprising: a first safety val ve assenbly di sposed
within the flowbore and having a housing defining a valve bore and a first
val ve nermverotiday3dss noveabl e bet ween open and cl osed p@Sirtusers/ 0569
selectively block fluid flow through the valve bore; the first safety val ve
assenbly having a first induction coil that is selectively energizable with
el ectrical energy; a second safety valve assenbly that is shaped and sized
to be disposed within the valve bore of the first safety val ve assenbly,

t he second safety val ve assenbly conprising a second val ve nmenber that is
noveabl e bet ween open and cl osed positions to block fluid flow through the
second safety valve assenbly; the second safety val ve assenbly having a

T A R R e
il i di | ectrical. f i th d I nber "bet

OO Be S e P St T o A A B B

wh in the . d f et I nbly furth [ h t

oL 580 B AR w7 o oE2 %, chr e oL or e

el ectrical energy that has been transmtted to the second induction coil.
11. The safety val ve arrangenent of claim9 wherein the second safety val ve

Zggg%b¥ \(,:M?Hg%Iﬁ?qefigg\yé%gﬁlgg%eﬁ%?glghﬁ v]\c/r?errelsnet lérslerc]: n(tj rs]gfe%f?1 ]:/gltvg a\égler\ﬁgly
2 further comprises a charge storage device operably interconnected with the second
3 induction coil for retaining electrical energy that has been transmitted to the second

4  induction coil.

1 11.  The safety valve arrangement of claim 9 wherein the second safety valve assembly
2 comprises a latching mechanism for securing the safety valve assembly within the valve

3 bore of the first safety valve assembly.

1 12. The safety valve arrangement of claim 9 further comprising an electrically-powered
2 valve actuator within the second valve assembly to move the second valve member

3 between its open and closed positions.

1 13. The safety valve arrangement of claim 12 wherein the valve actuator comprises a

2 fluid pump.

1 14. The safety valve arrangement of claim 12 wherein the valve actuator comprises a

2 motor.

1 15. The safety valve arrangement of claim 12 wherein the valve actuator comprises a
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bore of the first safety valve assenbly. 12. The safety val ve arrangenent
of claim9 further conprising an electrically-powered val ve actuator within
t he secormovalova4mssenbly to nove the second val ve nmenb@CThSRev®s06se s open
and cl osed positions. 13. The safety val ve arrangenent of claim 12 wherein
t he val ve actuator conprises a fluid punp. 14. The safety val ve arrangenent
of claim 12 wherein the val ve actuator conprises a notor. 15. The safety
val ve arrangenent of claim 12 wherein the val ve actuator conprises

asol enoid. 16. The safety val ve arrangenent of claim 12 wherein the val ve
actuator conprises an el ectro-hydraulic actuator device. 17. A nethod of

sel ectively blocking fluid flowwithin a production flowbore within a well,
t he met hod. conprising the steps of: disposing a first safety val ve assenbly
wi % hi BOBARI% | owbore, the first safety val ve assenbly having a val ve member
that is noveabl e between an open position, wherein fluid flow through the
flowbore is permtted, and a closed position, wherein fluid flow through

the fl qQwbo i s.hl ocked; operati.n he first safety val ve assenbly to
o ect By Jhg Bt PRNSrpRe e ez Wheei tevas sdteli 0 3ai | s
to rva petween t he open and cl osed position; _

2 electro-hydraulic actuator device.

1 17. A method of selectively blocking fluid flow within a production flowbore within a well,

2 the method comprising the steps of:

3 disposing a first safety valve assembly within the flowbore, the first safety valve

4  assembly having a valve member that is moveable between an open position, wherein fluid

5  flow through the flowbore is permitted, and a closed position, wherein fluid flow through the

6 flowbore is blocked;

7 operating the first safety valve assembly to selectively block the flowbore until the

8 first safety valve assembly fails to move between the open and closed position;

9 disposing a second safety valve assembly into the flowbore, the second safety vaive
10 assembly having an eIectricaIIy-powered valve member that is operablé between an open
11 position, wherein fluid flow through the flowbore is permitted, and a closed position,
12 wherein fluid flow through the flowbore is blocked;

13 transmitting electrical power from the first safety valve assembly to the second
14  safety valve assembly for operation of the valve member of the second safety valve
15 assembly; and

16 operating the second safety valve assembly to selectively block fluid flow through

17  the flowbore.

1 18. The method of claim 17 wherein the step of transmitting electrical power from the
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di sposi ng a second safety val ve assenbly into the fl owbore, the second
safety val ve assenbly having an el ectrically-powered val ve nenber that is
oper abl e Wet2zaman4®a open position, wherein fluid flow trcoaskomsstd owbor e
is permtted, and a closed position, wherein fluid flow through the
flowbore is blocked; transmitting electrical power fromthe first safety.
val ve assenbly to the second safety val ve assenbly for operation of the

val ve nenber of the second safety val ve assenbly; and operating the second
safety val ve assenbly to selectively block fluid flow through the fl owbore.
18. The nmethod of claim 17 wherein the step of transmtting el ectrical
power fromthefirst safety valve assenbly to the second safety val ve
assenply conprises: formng, an induyctive couplin etween.a first induction
char gﬁrﬁéseéw V%'¥§@§§§'E@W&Hhﬁ sarong;salety ¥ ‘@t?/sﬁﬁgfl‘t% CREYYISSy and a second

i nduction charging. coi| {ated with th d safety valve assenply;
aril oner gi BTG AR rEiedYS PAGRING BrivER ARG IO 6 ERO P ol PFECRAEA BB, | o
t it i cal fromthe first induction charging. coil .to th

Schonfhe AL SH1EDA VAHR AGSRAELLARY SepcondunrUF RIS SMaL S aMARRIMIN e ot op

of operati t he second safety val ve assenbly further conprises providing a
CMW%%P&‘@?V%?WSM%# the val ve nenber of the second safety val ve

assenbly via wirel ess.transm ssion.. - , . ,
6 y ener\gllzmg the firs mgucr:?lon charging coil with electrical energy to transmit electrical

7 energy from the first induction charging coil to the second induction charging coil.
1 19.  The method of claim 17 wherein the step of operating the second safety valve

2 assembly further comprises providing a command signal for actuation of the valve member

3 of the second safety valve assembly via wireless transmission.
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