18 AUGUST 2006 DEEP SET SAFETY VALVE BACKGROUND The present invention

rel ates generally to operations perforned and equi pment!3&YGyST2a0s n
conjunction with a subterranean well and, in an enbodi ment descri bed
herein, nmore particularly provides a deep set safety valve. It is sonetines
desirable to set a safety valve relatively deep in a well. For exanple, a
safety valve nay be set at a depth of approximtely 10,000 ft. However,
operating a safety val ve BEEFRSHESAFETYANAI ¥E/ari ety of probl ens which
tend to require expensive neasures to overcone. For exanple, a typical
safety valve is operated by di sBACKGROUNIIon of the safety valve in

response to a differential between pressure in a control |ine connected to
the safety VElevepresehtpriasentien i relatesulgengradlyr itog operativish peréorsmddet andal ve
is interconnected. In such situations, the control line is generally

desi gneguiomeit LikifikéD th QoRfiRREBhawItR LA AREFrafbah MRIDASABSin BRfIment
predicted in the tubing string, plus a pressure needed to conpress a

predicted In the t g, plus . mress a
or cssurS e ot nffe AL prlideg tURen et chRIUARR, | Morensos the

cost of the safety valve installation, particularly in subsea environnents

wher e the cdntis ebmletingesndesietilend seba safety vahausdatiselpfdeepen awply Foe
seabed. Anot her problem associated with use of this type of deep set safety

val ve lexahiifle, PLARENGAvO Iy BY SaitCa A8plh GRANRORIAME} MDA fil MHokebee al

control line pressure and “portions of ve at tubi'ng string internal

(such Sperting A a0aP sobPRyntBepals Broseifce FafieRibt bR il hend horc ™

control line. 1 8.AUGUST 2006 -2 One proposed solution is to use a second
cont r ol T*fHE SXBETHAY QHICASHIEE 10 CEELRIRe-

For example, a typical safety valve is operated by displacing a piston of the
safety valve in response to a differential between pressure in a control line connected
to the safety valve and pressure in a tubing string ih which the safety valve is
interconnected. In such situations, the control line is generally designed to
withstand a pressure in excess of the greatest pressure predicted in the tubing string,
plus a pressure needed to compress a biasing device, such as a spring. This usually
requires a relatively high pressure rating for the cqntrol line, which significantly
increases the cost of the safety valve installation, particularly in subsea environments

where the control line may extend for many thousands of feet along the seabed.

Another problem associated with use of this type of deep set safety valve is the
presence of a dynamic seal between portions of the valve at control line pressure and
portions of the valve at tubing string internal pressure. A leak past the dynamic seal
could possibly permit well fluids (such as liquid hydrocarbons or gas) in the tubing

string to enter the control line.



in the other control line. In this type of safety valve, the piston
di splaces in response to a differential between pressurBAUGUTIRE0G wo

control lines. This significantly elimnates the consideration of tubing
string internal pressure in calculating the required pressure rating of the
control line for normal operation of the valve. However, this nethod
requires the installation of two conprol lines, which is very costly. This

type of safety valve also typically has one or nore dynam c seals isolating

the tubing shhd Peopdearmhtitn &S uSe hsCPIMPEEN@OPIIRE tb PRlaiRbahY prassife at
control line pressure. Thus, the control lines are generally required to

I
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use a safety..val ve i.ch includes a. chanbe arged . f,a a.predet erm ned
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differential between caontrol |ine pressure and the gas chanber pressure.

Thi s nedloiatessthes gpasidatation pf dubma atreg dpleraanpresenes inrabfulatingithe
string internal pressure in the control line pressure rating for nornal
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seals to separate portions of the valve at tubing string internal pressure
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In carrying out the principles of the present invention, in accordance wth

enbodi r&% t hereof , apparatus and net hods are provi ded which sol ve one or
nore 18 ST 2006 3 of the above problens in the art of deep set safety
val ve operation and installation. Principles of the present invention are
al so appl i cdihie type of safetytvapesaled tyywikally had ene whinodrealymaatit saslsdsalatingol e.

the tubing string internal pressure from portions of the safety valve at control line
pressure. Thus, the control lines are generally required to withstand the tubing
string internal pressure for safety reasons, in case a leak past one of the dynamic

seals occurs.

Another proposed solution is to use a safety valve which includes a gas
chamber charged to a predetermined pressure. The piston of the safety valve
displaces in response to a differential between control line pressure and the gas
chamber pressure. This method also substantially eliminates the consideration of
tubing string internal pressure in the control line pressure rating for normal
operation of the valve, but this type of safety valve also uses dynamic seals to
separate portions of the valve at tubing string internal pressure from portions at

control line pressure and/or gas chamber pressure.

SUMMARY
In carrying out the principles of the present invention, in accordance with

embodiments thereof, apparatus and methods are provided which solve one or more



In one aspect of the invention, an inproved safety valve is provided. The
safety valve includes a piston, an operating nenber and!® ‘Hﬁﬁﬂew ¢
coupling. The piston displaces in response to a differential between
pressure in a hydraulic Iine connected to the safety valve, and pressure in
an annulus surrounding the safety valve. The operating nenber displaces to
open and cl ose the safety valve. The nagnetic coupling translates piston

di spl acenent into operating nmenber dlsglacenent to thereby actuate the
safety valve. In another aspect of the invention, a nethod of actuating a
safety valve is _provided. The nethod includes t he steps of displacing a

pi ston of t pfche ab@wpr@m% in; the pggi slesi s¢tsatety valve opsration %étlnﬁéﬂattﬂnes sure

in a hydra on n an
annal ue. sarUiRERST RS ERy ' Dubhare FRLARYIRHRIE GRE PRESTREIMIET.
piston to dwﬁgh@gegaﬁyeghoamhggerat|ng menber, the transl ation being
performed across a rigid pressure isolation barrler w t hout the use of any
dynam c seal, and actuating the safety val ve between open and cl osed
positions in response t o, di spl acenent of the operating nepber. In yet
anot her asp@canegspediotiths swen maalmvquo%fewabﬁd%p&vdd%%safm udes an
actuat or and,an. Oﬁgﬁat n The a

o ehaes T RS b ol Serat I wB P ARL ¢ rRERERS Pndbifiel 18R Pt

operating ”&Hﬂﬁéeshﬁ%es%on%?&é‘&f%r@ﬁ%&l'b%t%ﬂ'ﬂr@é‘s’u%é‘ﬁfaeﬁyﬁrﬁﬁl‘i'c fhepl aces to
operate the well tool. D splacenent of the piston is translated into

di spl acementonntcteti¢o dweiazﬁa:ty vglvepremdpressure lireat hendlus sirraurdlisg terwfay essur es
are isolated fromeach other, and wthout the u]sﬁe of a dynam ¢ seal

bet ween t hevalvatlhe opsmptingamembendispigesrefimnpen and c ooevalve.(Thea furt her
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the well t&l%lacérﬁé}ﬂ% AdroGy sdtameareammal valve he act uat or nember to
di spl acenent

In another aspect of the invention, a method of actuating a safety valve is

provided. The method includes the steps of displacing a piston of the safety valve

in response to a differential between pressure in a hydraulic line connected to the

safety valve and pressure in an annulus surrounding the safety valve, translating

displacement of the piston to displacement of an operating member, the translation

being performed across a rigid pressure isolation barrier without the use of any

dynamic seal, and actuating the safety valve between open and closed positions in

response to displacement of the operating member.

In yet another aspect of the invention, a well tool is provided which includes an
actuator and an operating member. The actuator includes a piston which displaces
in response to a first pressure applied to the piston. The operating member has a
second pressure applied thereto and displaces to operate the well tool.
Displacement of the piston is translated into displacement of the operating
member while the first and second pressures are isolated from each other, and

without the use of any dynamic seal between the piston and the operating member.



operating nenber by use of a magnetic coupling therebetween, and actuating
the well tool in response to displacenent of the operaﬂﬁﬁFQH§ﬁﬂwq In a
still further aspect of the invention, a well tool is provided which

i ncludes an actuator, first and second nagnets, and a pressure barrier
between the first and second magnets. The first nagnet is attached to the
actuator and is positioned in a first portion of the well tool at a first
pressure. The actuator displaces the first magnet. The second magnet is
attached to an operating nenber and is ﬁositioned in a second portion of
the well tool at a second pressure. The pressure barrier isolates the first
and second pressures. The well tool is operated in response to displacenent

of the operati menber i spl acenent_of the first nagnet on a first side
of the barrifes hiEasoast apiRecBuanion. amathed Eaciniid REN oA S LuEbIR si e of
the barrier e i I OReS y : i the wel |
t ool . Thesep rzgtrxl(t:}%:glf E}e{? ﬁ*eZlgg%cﬁfnggﬂi eg vasrgt age?léﬁggcﬁgg?ﬁgegﬁgqolﬁ?{égﬁéﬂgget he
present i nvesllitosl, trandlatinpediopiacanestrafnhe Acuaoe meinber dd dapiacskicht of an t he art

upon careful consideration of the detail ed description of representative
embodi ment sopsratingmiemben by vse bR Mmesngtiel coudingdhenspatwacagantt acthaing theg AUGUST
2006 -5 BRI Eﬁ SCRI PTI %%:1 TlHE DéR’At\WfI\{%S Ref er ence is now made to the
acconpanyi n‘&e Ay -1ﬂégsploﬁs | URplaPEnent L aolbea{?tfril%ﬂegl ¢toss- sectional view of
an enbodi rent of a nmethod according to the present invention; FIGS. 2A-E
are enl arged scal e quarter-sectional views of successive axial sections of
an enbodi neht a still furdad abpect af e iacemtioh, agvdlbtobhs provielet iwdich HoGiles3A & B are
gquarter -sectional_views of a first alternative construction of

actuator, first and second magnets, and a pressure barrier between the first and

second magnets.

The first magnet is attached to the actuator and is positioned in a first portion of
the well tool at a first pressure. The actuator displaces the first magnet. The second
magnet is attached to an operating member and is positioned in a second portion
of the well tool at a second pressure. The pressure barrier isolates the first and

second pressures.

The well tool is operated in response to displacement of the operating member.
Displacement of the first magnet on a first side of the barrier causes displacement
of the second magnet on a second side of the barrier, thereby displacing the

operating member and actuating the well tool.

These and other features, advantages, benefits and objects of the present invention
will become apparent to one of ordinary skill in the art upon careful consideration
of the detailed description of representative embodiments of the invention below

and the accompanying drawings.



the safety valve of FIG 2; FIG 4 is a quarter -sectional view of a second
alternative construction of the safety valve of FIG 2;18AUGUST 2086 5
partially cross-sectional view of an enbodi mrent of a packer and nethod of
actuation according to the invention; FIG 6 is a partially cross-sectional
view of a sliding sleeve valve and rret hod of actuation embodying principles
of the invention; FIG 7 is a parti aIIy cross-sectional view of a choke and
‘method of actuation enbodyi ng principles of the invention; FIG 8 is a
partially cross-sectional view of a perforating apparatus and nethod of
actuation enbodyi ng PBRIEF DESCRIPTH@NIOW dHE DRAWIEGS is an enl ar ged
Cross-secti ong}l,\ w of a ma net c coupling enbodying . principles of the

i nvention; ?iF]GPCEELG oy %?ﬁ ?@%ﬁﬂ’n}?@b}él&éié%’t’mgﬁéﬂ WhicBv of anot her

magneti c coupl
DE%CRI IPTI O\Iu%ellg)r esent at e{ﬁg’ Sgg%dr?ao‘tﬁ %ldglle\r?’t E‘fél duglialrlrtétgﬁ %ggv\hl ch

enbodi es acpoiding tpltespebertt hevepties,ent i nvention. In the foll om ng description
of the method 10 18 AUGUST 2006, -6 and ot her. apparat us and net hods
descri bed her éiS- &iA-EcticofBrreee Shrle Rarr-sestiondjagws ofHicresiive axigdper "

"l over”, s%l:t‘%on oflaft eHx%%Q Rgeg{lt)éf E%feﬁﬂ&ﬁ%”ﬂc@&‘aﬁg tg thé rﬁ"eﬁﬂlé‘rg to - the

acconpanyi ng ravm onal e understdod that the various
enbodi nent s ofFIGSeBAr&sPemte qulananiseaml@nalese,ws bedfifse nkematies/cdmstrudtidniafed i n
vari ous r| ent at { ons uch as inclined, inverted, horizontal, vertical,
etc., ?ﬁa%( L FF&% igurations, wthout departing fromthe principles

of t he pr esent Kﬁ\lﬁ@ta' cgﬂrtell rbeEt*ilﬁxaF‘v’iergf A 02oRRbREMaNA ¥shshdichish of the
|nterconnecte In a tubing string 14 a
safety valve of FIG. 2;
FIG. 5 is a partially cross-sectional view of an embodiment of a packer and
method of actuation according to the invention;
FIG. 6 is a partially cross-sectional view of a sliding sleeve valve and method
of actuation embodying principles of the invention;
FIG. 7 1s a partially cross-sectional view of a choke and method of actuation
embodying principles of the invention;
FIG. 8 is a partially cross-sectional view of a perforating apparatus and
method of actuation embodying principles of the invention;
FIG. 9 is amm enlarged cross-sectional view of a magnetic coupling embodying
principles of the invention; and

FIG. 10 is an enlarged cross-sectional view of another magnetic coupling

embodying principles of the invention.

DETAILED DESCRIPTION
Representatively illustrated in FIG. 1 is a method 10 which embodies

principles of the present invention. In the following description of the method 10



is positioned relatively deep in a subsea well 16. A control |line 18 extends
into the well 16 and is connected to the safety val ve 1BAURHBTAM rol |ine
18 is used to actuate the safety valve 12, for exanple, to maintain the
safety valve in an open position, and to close the safety valve to prevent
a blowout in the event of an energency. The well 16 is depicted in FIG 1 as
a subsea well, but principles of theb+nvention may be incorporated in

met hods used at | and-based wells also. Thus, the inventionis not limted
to any gad tathed apphygtas odindvahkthdds déscsibedahpiedn, divectionalr eérohs, nsucks ass a
hydraulic control line. Pressure is applied to the control line 18 at a
renot e t:peb1 OBelowrC hugiserd, NHREHT etk ided ¥nly fr @nveHRSRe ifeBferAhgbat i on,
to maintain the safety valve 12 in its open position. To close the safety

val ve 1g, Qécﬁga%@g/ﬁé" td%%\?ld&%ﬂt Aﬁhitidlﬁ(ﬁxé?/t ﬂthoL §g3ﬁf€%1‘sﬂotodsﬂ§1]%'t”tﬂe Rerious

under st 0od, er neans contr actuation of
the safet alve 12,..in keepin i.th the .princi pl es of, the..inyention. For
examp eSpadiTadits oF e sSen BiationedesuBd Hexfing hal b Bhesd i wATHS case
the control line 18 cou)l d, be_one or nore_ electrical or fiber optic, |ines.
The saf @H§ntatippe sych g melipedadnveatess harizontale veresly etey@mdatn vagiogs| se,
acoustic, electromagnetic, seismc or IS AUGUST 2006 -7 any other type of
t el emet eonfighinatiend, enthout depatting fnong threprinciplasaf the ipneseatynvepsomof  surf ace
or downhol e power source. In addition, it should be understood that the deep
set safety valye 12 .is,used i t he nethod i o _nerel,y as_an ex | e of ,a type
of werl -t vol Tdfiecmetigh B Setin Ve teiniteisanBrriee {prcwbie ST f 8hd on
Furt her exanpl es are depicted in FIGS. 5-8 and are, descri bed bel ow. A Many
ot her ewiRssitinmdrelatdvely seepiia a subseaivedhid-odaropiraklined8 extendointpdhe for a
subsea well includes two control |lines. One is rated to wthstand a
rel at i vieel 16 andry d¢onoected o dbe satety vave agafhlessont® 00@ sis)ysedrid achaatet her
is rated to withstand a relatively high hydraulic pressure

the safety valve 12, for example, to maintain the safety valve in an open position, and

to close the safety valve to prevent a blowout in the event of an emergency.

The well 16 is depicted in FIG. 1 as a subsea well, but principles of the
invention may be incorporated in methods used at land-based wells also. Thus, the

invention is not limited to any particular type of well.

In this example, the control line 18 is a hydraulic control line. Pressure is
applied to the control line 18 at a remote location, such as a production platform or a
subsea control station, to maintain the safety valve 12 in its open position. To close

the safety valve 12, pressure in the control line 18 is reduced.

It should be understood, however, that other means may be used to control
actuation of the safety valve 12, in keeping with the principles of the invention. For
example, the safety valve 12 could be electrically actuated, in which case the control
line 18 could be one or more electrical or fiber optic lines. The safety valve 12 could

be actuated using telemetry, such as mud pulse, acoustic, electromagnetic, seismic or



(for exanple, 10,000psi). If a deep set safety valve nmay use a control |ine
in such a standard umbilical, then there is no need to BAMGHST 2806 peci al ,

expensive, very high pressure rated control |line. Therefore, it is
beneficial to be able to reduce the pressure applied to the control |line 18
to actuate the safety valve 12 in the nethod | o. Al though the control line

18 is depicted in FIG 1 as being extternal to the tubing string 14, it wll
be readily appreciated that any hydraulic Iine nmay be used to convey

act uat i amy ghes sypeof teleinetryafBieysafatyvealie 12 Eouldebaagptivated heingyahyaype of i ne
could be internal to the tubing string 14, or formed in a sidewall of the

t ubi ng sifrfdce@r doWithdly poaet ksutcene coul d extend froma remote |ocation, such
as the earth's surface, or another location in the well 16, etc., or the

actuation pressure could be generated _by a punp or other pressure _.
generation daadditign; ﬁ@h@uldgeundel§a¢@d thaj she deap setrafety viatng Rdigiusedial | y
now to FIGS. 2A-E, the safety valve 12 is depicted in successive

quar t ertheenetlmdhio whewdy aflaa eamaple ofad vepelaf welluwet which meayrbe raethakéd as
descri bed above, but it is to be understood that the safety valve, as well

as ot hefisimglthe PFinti{¥S bf 260 GnvedidR0FurtiRg Céxabesled b€ depict®y iRFIGSed-8n
ot her nethods in keeping with the principles of the invention. The safety

val ve 1z J1g% QcAHLE bellRYSMih RS B bodinUhis Ary BARIIbRNG | over  connector s

24, 26 r interconnecting safety va e tubing string 14. A
control line port 28 is provided for connecting the control line 18 to the
saf ety val veln déhvefltiohaliphadtive, ppnimBBicakfql aiggbskaaweld inslndes tivb @onBryl when
the control line 18 is connected to the port, the control line is placed in

communi sl 00n@ i radéd it@tvﬁ'tlﬁlﬁhndcd“?ém&{rec?%ﬁ'bﬁy&aﬁli& QteRifre Qfio8 éxarfibld)ough a
single rod piston 32 is depicted in Fl 2B, 1t shoul d be understood that

any type 88haNantHREbtR RISt WRthsBhd 4 5ERtiveHCRighShylthhliP lftedfe
pi stons; "or ‘an”annular piston, etc.
(for example, 10,000 psi). If a deep set safety valve may use a control line in such a
standard umbilical, then there is no need to install a special, expensive, very high

pressure rated control line. Therefore, it is beneficial to be able to reduce the

pressure applied to the control line 18 to actuate the safety valve 12 in the method 10.

Although the control line 18 is depicted in FIG. 1 as being external to the
tubing string 14, it will be readily appreciated that any hydraulic line may be used to
convey actuation pressure to the safety valve 12. For example, the hydraulic line
could be internal to the tubing string 14, or formed in a sidewall of the tubing string.
The hydraulic line could extend from a remote location, such as the earth’s surface,
or another location in the well 16, etc., or the actuation pressure could be generated

by a pump or other pressure generation device attached to the safety valve 12.

Referring additionally now to FIGS. 2A-E, the safety valve 12 is depicted in
successive quarter-sectional views. The safety valve 12 is used in the method 10 as

described above, but it is to be understood that the safety valve, as well as other well



The | ower side of the piston 32 is in comunication with another chanber 34.
The chanber 34 is in communication via an opening 36 wi tIRA¥SUSEAM6us 38
surrounding the tubing string 14 in the well 16. Thus, the piston 32 is

responsive to a differential between pressure in the control |ine 18 and
pressure in the annulus 38. A spring 40 in the | ower chanber 34 biases the
pi ston 32 upwardly. When the differ8ntial between control |ine pressure and

annul us pressure acting on the piston 32 exceeds the upwardly biasing force
of the tepls digcriBed hiegeip siaybSdsell Fpbeee methodswakdbyingWith theeritwiples! y
bi asing force of the spring 40 exceeds the force due to the pressure
di ffer e4ftthain@sltiond on the piston 32, the piston displaces upwardly. The
spring 40 depicted in FIGS. 2C & Dis a coiled conpression spring, but any
type of biasing device nmay be used instead, or in addition. For exanple, a
conpressed gl safaghvaye N2t hasgam outeryhdmasing @dsémblyl 2z evitti uplper sapdilowen0. i f
a 18 AUGUST 2006 -9 conpressed gas is used, it may be contained in the
chanbercodhectons whi b foaseterbenndcoingrtheisdéetpfvalveer pirs titntdingryrihg 19xposed
directly to the conpressed gas, and the opening 36 may not be provided, so
that t %n‘fmmr%&ff 2'85is'r;ﬁ'8{/ﬁ‘feﬁcfoi‘ cBAh & fiTSHeCedritro]llftfe ARYINS sty valve
Alternatively, the conpressed gas nmay be contained In a separate ™ chanber
in which case pressure in the annulus 38 may still act on the piston 32. The
safety Malve 12 is of the type which uses a flapper 42 to selectively open
and close a flow passage 44 extending axially through the safety valve. The
flapper is AlfigywEH the pért 288 pesddd £ sHowHHBIG 2\ Swhen 86l chistrohigne18n its
cl osed position in dashed lines in FIG 2D. A torsion spring 46 biases the
f | apper; j it : itk QI 5o : i N0 48 is
APPerig égnﬁf’ctg& Y&%}éé P?ft the &Efgéﬁlqlrpé)ﬁ 14 in cd?mtnggi éa@foonoﬂg'se B (i rREHAY

used to displace t apper etweer i'ts open ( positions, and
open ng vt 32 5P B BN 82,00 Ay P aRt st biiE RERASE "¢

FIG. 2B, it should be understood that any type and any number of pistons may be

used, such as multiple rod pistons, or an annular piston, etc.

The lower side of the piston 32 is in communication with another chamber 34.
The chamber 34 is in communication via an opening 36 with an annulus 38
surrounding the tubing string 14 in the well 16. Thus, the piston 32 is responsive to a

differential between pressure in the control line 18 and pressure in the annulus 38.

A spring 40 in the lower chamber 34 biases the piston 32 upwardly. When the
differential between control line pressure and annulus pressure acting on the piston
32 exceeds the upwardly biasing force of the spring 40, the piston 32 displaces
downwardly. When the upwardly biasing force of the spring 40 exceeds the force due

to the pressure differential acting on the piston 32, the piston displaces upwardly.

The spring 40 depicted in FIGS. 2C & D is a coiled compression spring, but
any type of biasing device may be used instead, or in addition. For example, a

compressed gas, such as Nitrogen, may be used in place of the spring 40. If a



the flapper 42 to its open position. Upward displacenent of the opening
prong 48 will permit the flapper to rotate to its cl osdd AY&diSTi28¢6. A spring
50 is provided to bias the opening prong 48 toward its upward position.
However, since the position of the opening prong 48 is fixed to the position
of the piston 32, as described in detail below, use of the spring 50 is not
necessary. Although the safety valve9l2 is depicted as being a fl apper-type
safety valve, note that any type of safety valve may be constructed to

enbody @mprispddgais tub&l, it mvenbe @dntdined xahplchanibee $afiatwhichl sege tRecoul d
instead be a ball-type safety valve, or a sleeve-type safety valve, etc. 18

AUGUST 126 51de19f ﬂﬂbe Rt %b%affbet{@og&? Hh‘é@tl?rt RHe $8miirk eﬁzﬂeﬁhdttﬁet he

pi ston 32|sf|xedb nmeans o netic couplng 52 T heti c

couplin [ f dto
he. opedroids o, régféo?bﬁﬁra%ﬁsﬁb%od sagt%g SPATRAEREIS SR e hughafE TES
attached to the pist t he gnet s 4 are depjcted as being
exposed?’le up ﬁ"ﬁerxﬁﬁ B’élly44%§r?6mfﬂ’f§s§r%g$%$t Hay eaﬁ%ntab‘bfgi bt aFeRaraigi ng
exposed to the chanber 34, the magnets may be suitably isolated wth

appr opr¢hamebeyatikwhiahycasa paessuae lrpgratmmelus BBenangilbast oa thepistore3pr ef er abl y
constructed and arranged so that their poles are appropriately aligned to

maxi m ze the.m i C attra,ctl ther etween. ny nunber qf magnets 54, 56
Ty be usedeﬂbe J0Rb G20 o5t e aTBE TIHERRE: o R AR sdboay Sb8n e
pi ston 32 nets 56 displ a upwardl ward y, the_magnets 54
and opeHih gﬁ%msawg% A4 THERE ALY tﬁmébﬂwrﬁ\%?@bwa Yen el hefapPerdgnet

i ndi cat es those materials and devices which are used to generate a magnetic
field shyreis itsrapendpositivarinafésS wih & &, padriasbown nist rpasjtigmdnet i ¢
materials. Magnets al so include devices, such as electromagnets, used to
gener at dastedraiescinf FBEGdaD. A torsion spring 46 biases the flapper 42 to pivot to its

closed position.

- A tubular opening prong 48 is used to displace the flapper 42 between its open
and closed positions, and to protect the seal surfaces from damage. As depicted in
the drawings, the opening prong is in its downward position in which it has displaced
the flapper 42 to its open position. Upward displacement of the opening prong 48

will permit the flapper to rotate to its closed position.

A spring 50 is provided to bias the opening prong 48 toward its upward
position. However, since the position of the opening prong 48 is fixed to the position

of the piston 32, as described in detail below, use of the spring 50 is not necessary.

Although the safety valve 12 is depicted as being a flapper-type safety valve,
note that any type of safety valve may be constructed to embody principles of the
invention. For example, the safety valve 12 could instead be a ball-type safety valve,

or a sleeve-type safety valve, etc.



i nstead of using two stacks of annul ar magnets 54, 56, the magnetic coupling
52 coul d include other types of magnetic devices. For exdM&@STi288 nagnet 56
could be an el ectromagnet. The magnet 54 could be a ferrous material which
is induced to displace in response to the magnetic field generated by the
el ectromagnet. Any conbi nati on of nmagnets and/or magnetically reactive
materials or devices may be used f-oroeach of the magnets 54, 56. Thus, any
types of magnetic devices may be used in the magnetic coupling 52 in
keeping wit hm@poﬁﬁbﬁcdfrthes)p@hixﬁprdnngWQﬂresb&ﬂmTpigﬂﬁﬁgz RUfiké@ by
exanpl es of magnetic couplings Ich may be used in the safety valve 12 or
any ot (o} : re, | I i S, - 59; : i ng
rong. 45y 8F aChnablBblic PRGBS aBhad: COPID a2l infiudes, 3FrReE o
actuate a

|l tool, such as the.saf et alve 12. O her .t s of operating
renber sttt peuREnenstitdudl a LanaGIa o R dietlie 7008 08, YB3 Soatliedced by
use of he gnetic coupling 52 in keeping with the principles of the
inventi‘btirﬁn ay|ReiRaRent IHaEP%SS(’Z%FtECﬁIQ%y@rtg{?I plétoalr&%-sa\#télqu,gﬁtq%é ARG | ne
18 has been increased to apply a sufficient differential pressure across
t he pi ssoaradepistet] aplbeing expesedi o the thmempassage 4gandsthe maghetcs6 ever t ed
by the spring 40. As the piston 32 displaces dowmward, the magnets 56

di spl acdepicredvirisking ewpbsed tatlsd clgarhber 3gpidieeinaghdtstmaylibeudiadlyd votwed d,
t hereby al so displacing the opening prong 48 downward and opening the

f'apperwﬁﬁ-apﬁ%lﬁi{at@%}ackﬂgn@iﬁfa@ﬁﬁﬂ‘?&@éti&! essure used to displace the piston
32 is between ‘pressure inthe control line 18 and pressure in the annul us

38. Pressure in the tubing string 14 does not act on the piston 32.
Theref ore, pFlessuagnets Bat EH avmpréeferabily conbirmgtedsand rgrangedosmdhatbeirt o be
considered in the pressure rating of the control |ine 18. Annulus pressure

i's readpdlys acnhpprdpridtely Aigheds toaeaximezedite alaghktialatitheion tRerebetwesdn.t he
pi ston 32 mainly has to overcone only the biasing force of the spring 40 to

giaslplagg&r& huRbet @f HAPANR! £y, EHemAY EI5S Wised M@ ig@ﬂel‘ﬁie tahguﬁﬁ'ﬂér{tohldgin@ﬁcw may
attraction, so that, as the piston 32 and magnets 56 displace upwardly and

downwardly, the magnets 54 and opening prong 48 displace therewith.

As used herein, the term “magnet” indicates those materials and devices which
are used to generate a magnetic field. Magnets include materials such as permanent
and temporary magnetic materials. Magnets also include devices, such as

electromagnets, used to generate magnetic fields.

Instead of using two stacks of annular magnets 54, 56, the magnetic coupling
52 could include other types of magnetic devices. For example, the magnet 56 could
be an electromagnet. The magnet 54 could be a ferrous material which is induced to

displace in response to the magnetic field generated by the electromagnet.

Any combination of magnets and/or magnetically reactive materials or devices
may be used for each of the magnets 54, 56. Thus, any types of magnetic devices may

be used in the magnetic coupling 52 in keeping with the principles of the invention.



than that needed for other conventional deep set safety val ves. For exanple
with sonme conventional safety valves, in the event gas I3SAW TR, the
spring must supply sufficient force to displace the piston and openi ng
prong upward, pushing the fluid in 18 AUGJUST 2006 -12 the control |ine
upward against its hydrostatic pressure, with relatively | ow pressure in
the tubing string to assist. In the-safety valve 12, the spring 40 is able
to nore easily displace the piston 32 upward agai nst the force produced by
t he di f fFaret bRAmpREWTaNagtid @uplinge wiicE 984y Be @Bed P €86 B4ty PalvBg2nul us
38. This annulus pressure is available and substantially constant

t hr ough tﬁ@? : f well 16, and so the spring
V does %%Sgoiﬂé}\?/e ooﬁgelzljgﬁlgﬁgﬁﬂ%ﬁgvﬁg%{{m\}mﬁ{%%ﬁQiel'?'s assi stance. Thus, the
pressure applied to the control line 18 to actuate the safety valve 12 may
be signifi c@he¢ lopehgsptdrans8 istanusadnple ofciniaperatingomertiter omaich daayp beet
safety valve. Furthernore, note that the opening prong 48 is

pressur gispRlcad &6 dchitile hSvelPtRASHIE ASBeadatyvaBm {1 909{&@96§0f39pe1§ﬁn§
containing the pressures used to actuate the safety valve 12. As use

herei n, nfe%ér?,réélcllgésgﬁr?rcg%é @év%é‘,%%%ﬁx;é%ﬁ%%%t& ’}H%}?Wee‘digﬁﬁ%d B??PE'dfi d

pressures actin r or ‘asse ces no net asing” ftorce.
Some copventional safety valyves.use. am ¢ seal s.1,0 provj.de pressure

oo at | HiF Hep0aarcaubielsLh ke Pl e Tefn s ek RUBEHRS D o bt essure
in the control line. However, it is well known that dynam c seals are

general |y nopag depietc® it FDGS. bA-E SafBaalit Passsitdid theSeMtolling h8THds RREAI €7 S,
and so it is desirable to reduce 'or elimnate dynamc seals in a safety

Vive fRrediaRdonisy b sdfiEiehP e A bReSEAl ok bRE diddn AU FAIpIAER! o

whi ch provi re I'solation be ers whic
di spl acgnent . therebetween, .for,e | e, a.seal, which seal ai nst a
i spi actifepistan dewrwardy Bainst b8 PR Hsrtond artaine g SabRinaast «ne
ot her rrg_nber, etc. A d&/n m c seal ) i
isplaces downward, the magnets 56 displace downward as well, causing the

magnets 54 to displace downward, thereby also displacing the opening prong 48

downward and opening the flapper 42.

Note that the differential pressure used to displace the piston 32 is between
pressure in the control line 18 and pressure in the annulus 38. Pressure in the tubing
string 14 does not act on the piston 32. Therefore, pressure fluctuations in the tubing

string 14 do not have to be considered in the pressure rating of the control line 18.

Annulus pressure is readily controllable. And, since the differential pressure
across the piston 32 mainly has to overcome only the biasing force of the spring 40 to
displace the piston downward, the pressure rating of the control line 18 may be less
than that needed for other conventional deep set safety valves. For example with
some conventional safety valves, in the event gas is produced, the spring must supply

sufficient force to displace the piston and opening prong upward, pushing the fluid in



may be el astoneric or resilient, nonelastoneric, netal, conposite, rubber,

or made 18 AUGUST 2006 -13 of any other material. A dynBMGCEdR00my be
attached to each of the relatively displacing nenbers, such as a bellows or
a flexible nmenbrane. A dynam c seal nay be attached to neither of the

rel atively displacing nenbers, such as a floating piston. In the safety
valve 12, a rigid tubular barrier 58i1separates the fl ow passage 44 fromthe
chanbers 30, 34. No dynamic seal is used between the opening prong 48 and

t he pi sgencoddrol Tt upwardlhgdihscReBpdratatidpraabted Wil rélativElgnswaieskirat o
di spl acenent of the opening prong 48, with no dynam c seal being used

t her ebe , gnetic coupling 52 permts translation of the
pi st on @Zvﬁl%g}lgg{g?égﬁg%?tagﬁsﬁe openi ng prong 48 across the barrier 58, with
conpl ete pressure isolation therebetween, and w thout any dynam c seals.
The piston 3 tleesafenycvalde 19ythraprirge4o 4s Gble t©2mobeleasihed@dpldce thatpistbn
pressure across these seals is relatively |ow, as described above. The

seal s 69> HRAvANBS hgQitlsY theefrc@gftbltited® By €8s Wiffeftirtfagsteah AfitnsIeNinkhe

control "line 18 and the annulus 38. Thé hydrostatic pressure in the control
i 18 . : . A ot el
cqual , BAgouls"sh ratitie 4, o, dhidrus peTThis ShEHECHARERS HPRBERAHR 2,

the control I.i to actuyate the fet | ve . Referri addi tionally now
o Fr sty cehsiedRiSueninBe it of Bhe SheBelve i & % 870 b, 807 so
representatively illustrated. in this alternate construction, the chanber
34 is i thecringe soes rotvhare tobeidesignad to wark witkewlgiss assistanes- ehusfthene
annulus 38. FIG 3A is substantially simlar to FIG 2B, except that an
openi ngpésurer applied toohimel wondtdl olind aBwie ractinatef thmvspfesy agdvel 4 2anthyt be
chanber 34. FIG 3B is substantially simlar to FIG 21), except that there

i's no Oﬁgﬁiﬂaﬁnaﬁ 16¥sQth A ithar usedrBlaRheRt h@BnPektiGied] debp sansufbtisvalve.and t he
chamber 34. 18 AUGUST 2006

Furthermore, note that the opening prong 48 is pressure-balanced and is
pressure isolated from the chambers 36, 34 containing the pressures used to actuate
the safety valve 12. As used herein, the term “pressure-balanced” is used to indicate
that the fluid pressures acting on a member or assembly produces no net biasing
force. Some conventional safety valves use dynamic seals to provide pressure
isolation between pressure in the tubing string and, for example, pressure in the
control line. However, it is well known that dynamic seals are generally more
susceptible to leakage than static seals or rigid barriers, and so it is desirable to

reduce or eliminate dynamic seals in a safety valve.

As used herein, the term “dynamic seal” is used to indicate seals which
provide pressure isolation between members which have relative displacement
therebetween, for example, a seal which seals against a displacing surface, or a seal
carried on one member and sealing against the other member, etc. A dynamic seal

may be elastomeric or resilient, nonelastomeric, metal, composite, rubber, or made



-14 Thus, the piston 32 in the alternate construction of the safety valve 12
depicted in FIGS. 3A & B displaces in response to a di fiBeéU&USTEM06bet ween
pressure in the control line 18 and pressure in the passage 44. This
denonstrates use of the principles of the invention in a safety val ve which
is actuated differently fromthe enbodiment shown in FIGS. 2A-E. Note that
the safety valve 12 as depicted in -H3S. 3A & B still has no dynam c seal s
bet ween the piston 32 and the opening prong 48. Referring additionally now

t o Fl GofdanypBeidiemabdrifll NAl @yRAAR! setitmap K atthéheds 84 @hyh \oHl 1R ddatively

representatively illustrated. FIG 4 is substantially simlar to FIG 2B,
except J; ; i r.Q\ ougi
connectqlﬁﬂhgﬁlggﬁ é@gggsﬁgﬁglgﬁg ﬁoﬁaﬁﬁlﬁéﬁ)ﬁg@étﬂg@z sucﬁfaellls23 ) a%g?’%graa%%%lrrg?yl i ne

18). in_thi l.t t ti h h 34 s i ; i cati
w th e il Gomtrer of fRerelieldiplathEnaRas; teh3 g S Ta Bisidthe
annulus 38 (as depicted in FIG 3B). Thus, the piston 32 in the enbodi nent

of the saf ety thalsu€et}Zaka0i) al rigitl tebuthr Khrsiet QB%Phﬁtéﬁﬁ@ﬂéﬁ ddsdze 44
differential between the pressures in the two control |ines 8. e

pressur i f i e t .l LS 41 dacr eased
Po " ai <ol eFEMAG: o 3" o ReRaP Skl in ket Bels theOpeRRE bR BT T
pi ston 32 nd .t he openi pron ,_and a | ati.vely | ow pressyre.

i 11 or diE RS Rigtone oo d 1 SoverRkkemenb of B RSB, 82 Br TATSE (AP 40, as
in the enbodi nent depicted in FIGS. 2A-E. The enbodi nents of the safety

val ve wdisplaesinenh off ¢ke ppemingrmmeng3A8s Bithartp Flmamicdsephsheinge uset
principles of the invention rmay be incorporated into any type of safety

val ve. theesbetweem cinstesl, hy megnetibeoiipling g permdtsitndrs] atidre of theppistaf 32 wel |
tools. Representatively illustrated in FIGS. 5-8 are a packer 70, a sliding
sl eeve diﬁgléé@dgﬁt 20e opeking Prufg 48, ackBsd tHeBardler BN WitH coplte Pressieke go

and a perforating apparatus [oo.
isolation therebetween, and without any dynamic seals.

The piston 32 does include dynamic seals 60, 62, but the differential pressure
across these seals is relatively low, as described above. The seals 60, 62 must only
seal against a pressure differential between the control line 18 and the annulus 38.
The hydrostatic pressure in the control line 18 and in the annulus 38 will in most
circumstances be approximately equal, and so only a relatively small amount of

pressure will be applied to the control line to actuate the safety valve 12.

Referring additionally now to FIGS. 3A & B, an alternate construction of the
safety valve 12 is representatively illustrated. In this alternate construction, the
chamber 34 is in communication with the internal flow passage 44, instead of the
annulus 38. FIG. 3A is substantially similar to FIG. 2B, except that an opening 64
provides communication between the flow passage 44 and the chamber 34. FIG. 3B
is substantially similar to FIG. 2D, except that there is no opening 36 providing

communication between the annulus 38 and the chamber 34.



However, it should be understood that these are nerely given as exanples,
and any type of well tool may incorporate principles oflStAUST288t i on. | n

t he packer 70, depicted in FIG 5, a magnetic coupling 72 is used to

transl ate displacenent froma hydraulic actuator 74 to a setting nmandrel 76
used to set the packer (i.e., outwardly extend sealing el enments and/or
anchoring slips of the packer). Theigaetuator 74 may be simlar to the

pi ston 32 and chanbers 30, 34 used in the safety valve 12, in which the

pi ston di splI'Bags thépisesP g 3¢ th@alké@asdléendtiuciontithelsafdti@alvéG2epieed ed to
t he actuator, although another type of actuator may be used instead. Note

that 1t hgrg1@§ e R0x i rkﬁgi)ﬁcése Sre%%‘l%%b gg&g@?éﬁﬁl%eﬂv%ﬁﬁggreé%fﬁ{ th&9

mandrel 76. 1n"the sliding sleev prcted in magneti c
couplin 21018 ed to transl ate, di spl acenent .firom a hydraulic ac tor 84
Con sPatin) Hpe dBCaal preptl B dne RRSTES A" 1Y mis bt 6 48 o
selectively permt and prevent flow through openings _ 88 forned |aterally

t hr ougPHIP émrf'etthsol.nvwéomleea/éaf@@’ va Vep‘#ﬂ@@dﬁ@cﬁ% sddgﬁfere&gﬁ/ fromyghan ¢
seal is used between the sleeve and the hydraulic _actuator 84. in the choke
go depieambkedinrentisBown, inaFlGy et-Ec Nateghanthegafety vabed 2t as depietedandIGS.

di spl acenent between an el ectrical actuator 94 and a choke sl eeve 96. As the
choke A &l stidBab noplye@nes sealebytwedis sistonoyeaedithd bpeninBpeogs 48peni ngs
98 is progressively increased or decreased, to thereby regulate flow
between a tubing, string and a production or injection zone. The el ectrical
act uat or 94 heforring additienalboraniac HIG ods appthercalteypategcopggyingiion of the
comuni cation with an electrical line 104, 18 AUGUST 2006 -16 an electric
nmot or Isdéety aralvecaniscreipresentativedi ilhadratedd FGh el is-ssbstantiblly similoaotedlG. not or
rotation into |linear displacenent. The actuator 94 displaces one or nore
magnet | 2B deeépiahadh poltesfipgpeividedcidirplighh thdutea hdudingero forgoaheétisiest £es

attached
second control line thereto (such as another control line 18). In this alternate

construction, the chamber 34 is in communication with the second control line 18,

and the chamber is isolated from the annulus 38 (as depicted in FIG. 3B).

Thus, the piston 32 in the embodiment of the safety valve 12 shown in FIG. 4
displaces in response to a differential between the pressures in the two control lines
18. The pressure differential between the control lines 18 is increased or decreased to
displace the piston 32. Note that no dynamic seals are used between the piston 32
and the opening prong 48, and a relatively low pressure differential may be used to
overcome the biasing force of the spring 40, as in the embodiment depicted in FIGS.
2A-E.

The embodiments of the safety valve 12 shown in FIGS. 2A-E, FIGS. 3A & B
and FIG. 4 demonstrate that principles of the invention may be incorporated into any

type of safety valve. These principles may also be incorporated into other types of

well tools. Representatively illustrated in FIGS. 5-8 are a packer 70, a sliding sleeve



to the choke sl eeve 96 displace therewi th, thereby displaci né:; t he choke
sleeve and regulating flow through the choke go. of coulSAUGYTI ¥P&ce of the
electric line 104, telenetry may be used for comunication between the
choke go and a renote |ocation. In addition, a downhole power source, such
as a battery or a downhol e power generator, nmay be used to provide power to
the actuator 94. Power to operate thesactuator 94 nmay also be incorporated
into a telenmetry system such as electronagnetic telenetry or pressure

pul se t ehlese8d,yan Therrdr éotadl vidvepipaciskesod Qhdde Riestdting dppgaratisus®es. a
magnetic coupling 112 to translate rotation froman electrical actuator 114

to a mapghedven Gt @hé@l‘ﬁhﬁé,uh@el%tocRPEﬁﬁrﬁkﬁé‘ﬁréﬂﬁrﬁggﬁfh &8 pldiC aAARGAL US

| oo may be used to rotationally orient e gun y 118 in a well', so

For confiih datstbbol et R Sthotul SbaAPIas f B TBER' L Ty 124 “Note ¢ hat

the mandrel 116 may be pressure bal anced, with no dynam c seals between it

and the act upi ghie pdcker 50 depidteQeRFIGYS, d BfagHege co@plint ab iPnstd tv teabiget t he
gun assenbly 118 to the apparatus | oo only support the weight of the gun

assenbl y; : ' r & r
i 71 or el PR EsR o, §EFHrflic BXaortAl 10 A SRR AU PETRR B et 7 each
of the ors. 1lo6, . 1 described.above i s an.el ectric. motor, t ity should
e unde P god Engueafity SERY PEALE R iadrts RN TG R ot bt refidfor
menber | keeping with the principles of the inventjon. For exanple
hydr aul %Tg? aﬁﬁai%gﬂcmahhﬂ sigigr| to Hhecnision ,32|qrﬁ£aham 855239, 34ttFedtiRehet ypes
of notors may be used. Referring additionally nowto FIG 9, a nmagnetic
coupl i neafeBovdlve 12, inevhichdbe pigtahdlisplacespgniraspansesogiressge iimactonito line
representatively illustrated. The magnetic

78 connected to the actuator, although another type of actuator may be used instead.

Note that there are no dynamic seals between the actuator 74 and the setting

mandrel 76.

In the sliding sleeve valve 80 depicted in FIG. 6, a magnetic coupling 82 is
used to translate displacement from a hydraulic actuator 84 to a sliding sleeve 86.
Displacement of the sliding sleeve 86 is used to selectively permit and prevent flow
through openings 88 formed laterally through the valve 80. The sleeve 86 is
pressure-balanced, and no dynamic seal is used between the sleeve and the hydraulic

actuator 84.

In the choke 90 depicted in FIG. 7, a magnetic coupling 92 is used to translate
displacement between an electrical actuator 94 and a choke sleeve 96. As the choke
sleeve 96 is progressively raised or lowered, flow through openings 98 is
progressively increased or decreased, to thereby regulate flow between a tubing
string and a production or injection zone. The electrical actuator 94 may include a

communications module 102 to provide communication with an electrical line 104,



coupling 130 includes an outer annul ar shaped magnetic device 132 coupled to
an inner annul ar shaped magnetic device 134. Pressure dipd&aBTEe06t he out er
magnetic device 132 is isolated from pressure exposed to the inner nagnetic
device 134 by a rigid pressure isolation barrier 136. Each of the outer and
i nner magnetic devices 132, 134 includes a stack of alternating |ayers of
magnets 138 and magnetically reactivesmaterial |ayers 140. In each of the
magneti c devices 132, 134, polarities of the magnets 138 are axially

al i gnedan RWHctAE oI h PRewdtHliRs (CRItER1I0BY) dHAJAHall-tdteRREld 86 @6Kver§O t hat
the sane nmagnet polarity faces each side of each of the |ayers 140. Thus,

each of . : i N i, A ! i i to
that of PEabRUEDR (0 1S iRHERHeRE nia RN bE (BOPBEL YnBRRORORE, |

| ayers 140 has,induced.n it a.magnei.ic pol anit opposite, to th f ythe

| ayer 1FGEBRA AEVIGHL 066 MARIBtE RORRInG S ABR other ThiFTec A iigs ifacBede
magneti c devices 132, 134 are nagnetically attracted tq each other.

Di spl acnthe: chirke; slgevmgh éilﬂalaawﬁ%r@wwz therebytisplaging Hieeehoke slegyespndcenent
of the magnetic device 134 across the barrier 136. 18 AUGUST 2006 - 18

Fur t her raguéatingfdowphuzighgdheshake vioes of adj acent layers 140 in the opposing
stacks operate to prevent relative displacenent between the magnetic devices

132, 134 w t he additional .force of. netic repul sion between sane
pol arithes | O RSS! plitinr BeqfPlric TR bods tABMeTy draf P Hed Brdo T
the outer magnetic device 132 are repelled from displ aci ngI toward the
posi t i vROTPBIUReatipn bebween dbrej ghelife 9on@ad antgjnele doiphee sadditihefore, a
magnetic pattern in the outer magnetic device 132, and a magnetic pattern
i n t he doweholegmvedri souwtes,i sehl 8 a tmytelne onsedownhplecpewwer gemdratoryenay be
di spl acenent between the devices, by magnetic attraction or by magnetic
repul si gsedaetpreciid frovérmentlel &tRabt e NPower to operate the actuator 94 may also

be incorporated into a telemetry system, such as electromagnetic telemetry or

pressure pulse telemetry.

The perforating apparatus 100 depicted in FIG. 8 uses a magnetic coupling 112
to translate rotation from an electrical actuator 114 to a mandrel 116 attached to a
perforating gun assembly 118. The apparatus 100 may be used to rotationally orient
the gun assembly 118 in a well, so that it shoots in a desired direction. A
communication module 120 provides for communication between an electric line 122

and a motor 124.

Note that the mandrel 116 may be pressure balanced, with no dynamic seals
between it and the actuator 114, so that bearings 126 used to rotationally connect the
gun assembly 118 to the apparatus 100 only support the weight of the gun assembly,
and do not need to resist any force due to a pressure differential between the actuator

and the mandrel.



Referring additionally nowto FIG io0, another magnetic coupling 150 which
may be used in a well tool enbodying principles of the lA¢EEUSEA46S
representatively illustrated. The nagnetic coupling 150 denonstrates other
met hods which may be used to create nagnetic patterns in magnetic devices
152, 154 separated by a pressure barrier 156. However, it should be
understood that, as with other well-tpels 12, 20, 70, 8o, 86, io00 described
herein, it is not necessary for a pressure barrier to separate nagnetic
devi ces of aEs@gofetheaneturphbbgidNd&reibedibove s dheleptriiaaiRbedurfit shdidd
invention. In the magnetic coupling 150, nmagnetic polarities and spaci ngs

and seqyefifgsrstdyel i Any PSS oPRIRS! fila ?t)g]ﬁ{st%ﬁ‘{é s placearP atiRiat emBRBR A C

patterns which translate ~“di spl acenen e outer magnetic device 152 to

i <pi ackite R e prRIbIeTRER igniBN, ¥6r bidmphl HRIE e Bgic, fuef s,

i ncl udes ﬁnﬂul ar ﬁha ed magnet 8 havin radi al Ig al i gned magnetic
pol ar i t $d Cheppigal inear nratay; aRdicthentypRoval BokPiSdBaY BR Usethd 18 AUGUST 2006
-19 negative in the radially outward direction. These magnets 158 are

axi al 'y ali oRedrriké A dIEBORTSndR 20 TG RE o ﬁﬁgﬁa‘i@%ﬁ'\tﬁﬁ deyicsea Indt toMpi ch

al so have radially”aligned “magnetic polaritfes, oppositely directed

(negatiyvenln . th jall ¥ .in -di rect ] i tive qi he radj.ally
out var daPpBapB G RShREof REREEich bR B T8, i B
out er magn?,ti c deyice 152 further incl rldes annul ar shaped ma(g)ne s, 162
havi ng FHRAIRE| 130 mchndes ARGy anpplasshaped magnedic; §@vice 13 €ORRIAANG §0i nwar d
direction, and positive in the radially outward direction. The nmagnets 162
are axi @ney annilpredapef rhagnejitedevides 134.n Préssureagposed dodhieouter magneta,
whi ch al so have radially aligned magnetic polarities, but oppositely
di r ect edevigosid isvsolated Heomaslieadury exposedi tolithe Mnenmagaeidc degireiiga bynat he
radially outward direction). Thus, the nmagnets 162, 164 attract

rigid pressure isolation barrier 136.

Each of the outer and inner magnetic devices 132, 134 includes a stack of
alternating layers of magnets 138 and magnetically reactive material layers 140. In
each of the magnetic devices 132, 134, polarities of the magnets 138 are axially
aligned, but are reversed between alternating magnets in each stack, so that the same
magnet polarity faces each side of each of the layers 140. Thus, each of the layers 140
has induced in it a magnetic polarity opposite to that of adjacent layers 140 in the

same stack.

In addition, each of the layers 140 has induced in it a magnetic polarity
opposite to that of the layer 140 on the opposite side of the barrier 136. In this
manner, the magnetic devices 132, 134 are magnetically attracted to each other.
Displacement of the magnetic device 132 will be translated into displacement of the

magnetic device 134 across the barrier 136.



each other. The magnets 158, 160, 162, 164 are spaced apart in the
respective outer and inner magnetic devices 152, 154 by84N548T300P66. The
spacers 166 are preferably nade of a nmagnetically nonreactive nmaterial
such as alum num conposite material, etc. |In the nmagnetic coupling 150,
the spacers 166 nmay have any thickness, spacers in a nmagnetic device may
have different thicknesses, and any- Bbabi nati on of spacers may be used to
space apart the nmagnets 158, 160, 162, 164 to create any magnetic pattern.

The magnet s Eb8herkhdrd, thé Rpposingl polasities iof ddpadede 1dets aye metR! bppodiigt he
sane polarity magnets 160, 164 in the inner nagnetic device 154.

Addi t | gﬁgélisz’_%péraf'e t@@?&mn&%mtmg@ﬁ@iaeemm %l%ﬂvéérﬁﬁﬁ@ﬁ%%fﬁii'aedmefﬁ 158,

160, 1 , 4 and spacers 166 prevent m salignnment o e magneti ¢ devices

maghet 13400 PP SRtttk AR oo eeidh JBRRA B0 ATRhERIER e

magnet s, 158, .16 162, 164 acts.ito prevyent rel ative displacenent. .

t her eboREHIFKS oo SR ple, 05 SOSEIV IR T Iay FFS(I4E Hirihe ARemagBetic de¥is? ef ul
consideration of the above description of representative enbodi ments of the
i nvent i 32 aneggpelled frgmp désplacing tthwrrdnileg pasitive inodatityrigyersdeiot inothe, inner
substitutions, deletions, and other changes may be nade to these specific
enbodi naagsetiadeliceicdy. cThagésrean enagimibicermpteah éal they otifee magmuticdeviceof3 2t he
present invention. Accordingly, the foregoing detailed descriptionis to be

cl earl yaihdanatrase pattbei 18 t9kiRePYnXEetef ddviddi$44 3haPBe @od R} prRleaton! y,
the spirit and scopée of the present invention being Ii'rmted solely by the

ap p endeg Gha Hﬁp%gmte%‘f Het&aL) Rk %%Ces}%y AI‘H%‘{%EK/Z MfBactiont ogb§7i Magnetic

repulsion between the magnetic patterns.

Referring additionally now to FIG. 10, another magnetic coupling 150 which
may be used in a well tool embodying principles of the invention is representatively
illustrated. The magnetic coupling 150 demonstrates other methods which may be
used to create magnetic patterns in magnetic devices 152, 154 separated by a
pressure barrier 156. However, it should be understood that, as with other well tbols
12, 20, 70, 80, 86, 100 described herein, it is not necessary for a pressure barrier to
separate magnetic devices of a magnetic coupling in keeping with the principles of

the invention.

In the magnetic coupling 150, magnetic polarities and spacings and sequences
between these polarities are used to create the magnetic patterns which translate
displacement of the outer magnetic device 152 to displacement of the inner magnetic

device 154, without relative displacement between the magnetic devices.

The outer magnetic device 152 includes annular shaped magnets 158 having

radially aligned magnetic polarities, positive in the radially inward direction, and



1. Awell tool, conprising: an actuator including a piston which displaces
in response to a first pressure applied to the piston; 18AUST2I0ng menber
whi ch di splaces to operate the well tool, the operating nenber having a
second pressure applied thereto; and a magnetic coupling including at |east
one first magnet attached to the piston and at | east one second magnet
attached to the operating nenber, digplacenment of the piston being
translated into displacenment of the operating nmenber while the first and
second QIAESHTRhANAdiAR shefhrldl ARARS atess mﬂ‘%ﬁé@‘igSta{}% atigty afighly
dynam c seal isolating the first pressure from the séecond pressuré. 2.
wel | t ' . ' T . '

ragnet o it HERlett 060 1 i Ml malREEURERTTS Whichiro 53¢ RN BERREY,
well, the method canprising the steps aof:; displacin n act,uaf or. menber of
the velMAgRIC HOiO8D, bk opphemialy “BardgdcpoBiRe, 67 .0 Aatibedulipel and
the well| tool having a flow passage for_ flow of fluid_ therethrough,

t r ans| adiresgion; apd Keshivietinghe radialy oubwerd disegiion) Thugi the mesnelst158f 16,
operating nenber by use of a magnetic coupling therebetween, the operating
menber diaiangeazhpiberd to a second pressure, the first and second pressures
being isolated fromeach other; and

The

The outer magnetic device 152 further includes annular shaped magnets 162
having radially aligned magnetic polarities, negative in the radially inward direction,
and positive in the radially outward direction. The magnets 162 are axially aligned
with magnets 164 in the inner magnetic device 154, which also have radially aligned
magnetic polarities, but oppositely directed (positive in the radially inward direction,
and negative in the radially outward direction). Thus, the magnets 162, 164 attract

each other.

The magnets 158, 160, 162, 164 are spaced apart in the respective outer and
inner magnetic devices 152, 154 by spacers 166. The spacers 166 are preferably made
of a magnetically nonreactive material, such as aluminum, composite material, etc.
In the magnetic coupling 150, the spacers 166 may have any thickness, spacers in a
magnetic device may have different thicknesses, and any combination of spacers may

be used to space apart the magnets 158, 160, 162, 164 to create any magnetic pattern.

The magnets 158, 162 in the outer magnetic device 152 are repelled by the
same polarity magnets 160, 164 in the inner magnetic device 154. Additionally, the
nonuniform magnetic pattern created by the magnets 158, 160, 162, 164 and spacers
166 prevent misalignment of the magnetic devices 152, 154. Preferably, the magnetic

pattern is constructed so that the magnetic attraction and magnetic repulsion



actuating the well tool in response to displacenent of IS AUGUST 2006 -22
the operating menmber. 4. The method according to claim 3g (egsehins N the
transl ating step the nagnetic coupling translates displacenent fromthe
actuator nmenber to the operating nenber across a rigid pressure isolation
barrier between the first and second pressures. 5. The nethod according to
claim3, wherein in the translatlngzstep the first and second pressures are
i sol ated from each other without theeQse of any dynam c seal therebetween.
6. The net hod accordln to claim3, wherein the displacing e

act uat dietyreem dihe; @aéﬂsg%éd 8¢ 68, t 1612 (l64pRELSs 1R Prevemt éiéltaﬁlé(?oa

displacing in response to a differential between the first and third

pr essurtberebetwadre net hod according to claim6, wherein the displacing step
the first and third pressures are each isolated fron1the second pressure,

wherain i (OECoRseot Rersl SRURIAG e B g Bhrg 2 @acr‘é caifideabafel ci

| ine copnected to the actuator, and the third press pressure _.n a

second HPnabeisn decembtion @lhaoBrasaRtEEHe %vﬁl@n%ﬁsm cb‘i‘fﬁnﬁ’é’nt oreafly m 6,

wherein in the displacing step the fi rst pressure is pressure in a first
appreciate that many modifications, additions, substitutions, deletions, and other

changes may be made to these specific embodiments, and such changes are
contemplated by the principles of the present invention. Accordingly, the foregoing
) detailed description is to be clearly understood as being given by way of illustration
and example only, the spirit and scope of the present invention being limited solely

by the appended claims and their equivalents.



| ine connected to the actuator, and the third pressure is pressure in an
annul us surrounding the well tool. 18 AUGUST 2006 -23 IBQAUGUHE 268¢ hod
according to claim6, wherein in the displacing step the first pressure is
pressure in a first lines connected to the actuator, and the third pressure
is pressure in a chanber of conpressed gas. 11. A well tool, conprising: a
fl ow passage for flow of fluid theretQ{ough; an actuator; at |east one
first magnetic device positioned in a %irst portion of the well tool at a
first presdulms and the actuator displacing the first magnetic device; at

| east one second magnetic device positioned in a second portion of the well
tool at a second pressure, and the well tool being operated in response to
di spl acemgnt of wthe epsel atidgpreiiey, and a pressure barrier isolating the
first and second pressures, and displacenent of the first magnetic device
on a first side oRCtprRtPar rinsrluddnsi ng dP 5Ptk errdHitChof digelagesont™ magnetic

0! co on RBREIC, 5 45 Plal 5 LI TophBe 1S VELLgigilpgcror g o ol aim
actuator. 13, aﬁheop@dtjtr@! macberdiwigidlo diapimtds wher ejp'e_rtalte skeond
pressure is pressure jn an internal flow passage formed oxially thiough the
applied thereto; and
a magnetic coupling including at 1least one first
magnet attached to the piston and at 1least one second
magnet attached to the operating member,
displacement of the piston being translated into
displacement of the operating member while the first and
second pressures are isolated from each other, without the

use of any dynamic seal isolating the first pressure from

the second pressure.

2. The well tool according to claim 1, wherein each of

the first and second magnets is a permanent magnet.

3. A method of actuating a well tool in a well, the
method comprising the steps of:

displacing an actuator member of the well tool, the
actuator member being exposed to a first pressure, and the
well tool having a flow passage for flow of fluid
therethrough;

translating displacement of the acutator member to
displacement of an operating member by use of a magnetic
coupling therebetween, the operating member being exposed
to a second pressure, the first and second pressures being
isolated from each other; and

actuating the well tool in response to displacement of



14. The well tool according to claim21l, wherein the first ressure is
pressure in an annulus surrounding the well tool. 15. TRAUGKYST 20%0]
according to claim11l, wherein the first 18 AUGUST 2006 -24 pressure is
pressure in a chanber containing conpressed gas. 16. The well tool

according to claim1l, wherein the well tool is a safety valve. 17. The

wel |l tool according to claim 16, wherein the operating nmenber is an opening
prong of the safety valve. 18. The el t ool according to claim 11, wherein
the wel | theobpésatsingimgnisdeeve val ve. 19. The well tool according to claim
16, wherein the operating nenber is a sliding sleeve of the valve. 20. The
well tool according to claim1ll, wherein the well tool is a packer. 21. The

wel | tool jaccofdiNGnd On&d ai Jp20eq MRET @icN Lhe imoPer at ;Agr8BAEIni StiRe Set ting
mandrel of the packer. 22. The well” tool according to claim1ll, wherein the
actuator kzamstatingonastertuatbe, amagnperein rotRtinm of trapelitest

magneti c device b he tuataqr. c pandi ro [.oN. t he
second naéﬁ%??%cee%%%ejgﬁgl %%gra ?ﬁggﬁgﬁbéﬁg&%§f $%é %gFI %gé%ggkﬁ rding to
claim 11, mehbeei mdreesf | & Strigidessteesurse | $ebatedofir drartrhersebendeqm essur e

w t hout use ,
the first and second pressures.

5. The method according to claim 3, wherein 1in the
translating step the first and second pressures are
isolated from each other without the use of any dynamic

seal therebetween.

6. The method according to claim 3, wherein the
displacing step the actuator member 1is exposed to a third
pressure, the actuator member displacing in response to a

differential between the first and third pressures.

7. The method according to «claim &, wherein the
displacing step the first and third pressures are each
isolated from the second pressure, without the use of any

dynamic seal.

8. The method according to claim 6, wherein 1in the
displacing step the first pressure is pressure in a first
line connected to the actuator, and the third pressure is

pressure in a second line connected to the actuator.

9. The method according to claim 6, wherein 1in the
displacing step the first pressure is pressure in a first
line connected to the actuator, and the third pressure is

pressure 1n an annulus surrounding the well tool.



of any dynamic seal. 24. The well tool according to claim1l, wherein the
first 18 AUGUST 2006 -25 pressure is isolated fromthe SABHETIUssur e

wi t hout use of any dynamic seal. 25. The well tool according to claim11,
wherein the actuator displaces the first nagnetic device in response to a
pressure differential in the actuator. 26. The well tool according to claim
11, wherein the actuator displaces the first magnetic device in response to
operation of a notor in the actuator.” 27. The wel| tool according to claim
11, wherein .t heheacheahod daspbedasgt e fidlstirmragnet wbedt@inceihn tesponse to

a differential between the firgt gressure and . a third pressure agglied to
the act uatdPla§inaTIE SRel 11% obt X HecBF BF AT 0181 TRSSRI Swhdt e nfthett hird

pressure i19REESSHR R dd NehLoaded t addecaet gt £8 - pré9sutbeiyel | tool
according to claim28, wherein the first pressure is pressure in an annul us

surroundi myesisergelih at gbpnbgp. offheonrygsaasblgagecor ding to clai m 29, wherein
the second pressure is pressure in a tubular string in which the well tool
is interconnected. 31. The well tool according to claim 30, wherein the
t ubul ar stii.ngApwesduteols csopatethdromthe line pressure and fromthe

annul us pressugeflg%tggggaggefgi gﬂxﬂq%Paﬁhﬁd.therethrough;

an actuator;

at least one first magnetic device positioned in a
first portion of the well tool at a first pressure, and the
actuator displacing the first magnetic device;

at least one second magnetic device positioned in a
second portion of the well tool at a second pressure, and
the well tool being operated in response to displacement of
the operating member; and

a pressure barrier isolating the first and second
pressures, and displacement of the first magnetic device on
a first side of the barrier causing displacement of the

second magnetic device on a second side of the barrier.

12. The well tool according to claim 11, wherein the first

pressure is pressure in a line connected to the actuator.

13. The well tool according to c¢laim 11, wherein the
second pressure 1is pressure in an internal flow passage

formed axially through the well tool.
14. The well tool according to claim 11, wherein the first
pressure 1is pressure in an annulus surrounding the well

tool.

15. The well tool according to claim 11, wherein the first



seal . 18 AUGUST 2006 -26 32. The well tool according to claim1l, wherein
the actuator displaces the first magnetic device in resPFeH N0 essure
in aline connected to the actuator, the line pressure being isolated from
the second pressure. 33. The well tool according to claim 32, wherein the
line pressure is isolated fromthe second pressure wthout use of any
dynam c seal. 34. The well tool according to claim1l, wherein the actuator
di spl aces the first magnetic device iT4esponse to a differential between

pressure igreaRBuaBnul &S pyWeleyRrdi ng 4 henwRbbkrt Q@n @it HLSsbhereBsadl i ne
connected to the actuator. 35. The well tool according to claim 24, wherein
the line 98Ffessure and the annul us pressure are isolated fromthe second
pressure wthout use of any dynamc seal. 36. The well tool according to
claim 35, wherein the second pressure is pressure in a tubing string in
whi ch t he 1éwel Theoeielils tioutleragmrmetdingd.t B % 1ldihe Wel | wheotimctbedivaglto claim
35, wherein Hhe firstf ressure is the annulus pressure. 38. The well tool
accor di ng €8 ct&i th T3°WheY21 Kt he operating menmber is a closure menber of
a valve. 39. Awell tool, conmprising: a flow passage for flow of fluid
therethrou%h; , , ,
17. The well tool according to claim 16, wherein the

operating member is an opening prong of the safety valve.

18. The well tool according to claim 11, wherein the well

tool is sliding sleeve valve.

19. The well tool according to claim 18, wherein the

operating member is a sliding sleeve of the valve.

20. The well tool according to claim 11, wherein the well

tool is a packer.

21. The well tool according to claim 20, wherein the

operating member is a setting mandrel of the packer.

22. The well tool according to c¢laim 11, wherein the
actuator is a rotational actuator, and wherein rotation of
the first magnetic device by the actuator causes by
corresponding rotation of the second magnetic device and

operating member.
23. The well tool according to claim 11, wherein the first
pressure 1is isolated from the second pressure without use

of any dynamic seal.

24. The well tool according to claim 11, wherein the first



an actuator for displacing an actuator nenber of the 18 AUGUST 2006 -27
wel | tool: an operating menber which is displaced to opeBBA¥YH2006e| | t ool
and a magnetic coupling between the actuator nenber and the operating
menber, the magnetic coupling including first and second nmagnetic devi ces,
the first magnetic device being connected to the actuator nenber, and the
second nmagnetic device being connected to the operating nenber, the first
and second magnetic devi ces being on opposite sides of a pressure barrier.
40. A wel lpre@@lirecamriségted Elow passagednar giewwnfe fhutBotihenethr ough;
an actuator_ for displacing an actuator nmenber of the well tool; an
oper at i ng Afe?B¥r SWRPEACi 8281 spl aced to operate the well tool; and a
magneti ¢ coupling between the actuator nenber and the operating nmenber, the
magnetic coupling including first and second magnetic devices, the first
magneti ¢ @évui cBhebevall carmmect edaording atouatbrimerider ; waedetine sbeond
magneti c de&ic bein% onnec %d 0 tpe oper ating nenber t he firsE and

{ 8 é 1rst ma ge

second magietPE et tR26EPng br E385F e ™ PEGF&F GV F o &HchSSPREF W Phout t he

use of a dypariseusealiffédienfiyel inteipd acamgydsi ng:

26. The well tool according to claim 11, wherein the
actuator displaces the first magnetic device in response to

operation of a motor in the actuator.

27. The well tool according to claim 11, wherein the
actuator displaces the first magnetic device in response to
a differential between the first pressure and a third

pressure applied to the actuator.

28. The well tool according to claim 27, wherein the third

pressure is pressure in a line connected to the actuator.

29. The well tool according to claim 28, wherein the first
pressure 1s pressure in an annulus surrounding the well

tool.

30. The well tool according to claim 29, wherein the
second pressure 1s pressure in a tubular string in which

the well tool is interconnected.

31. The well tool according to claim 30, wherein the
tubular string pressure is isolated from the line pressure
and from the annulus pressure, without use of any dynamic

seal.



a flow passage for flow of fluid therethrough; an actuator for displacing an
actuator nmenber of the well tool; an operating nenber VMiAH$UST 2896spl aced to
operate the well tool; and a magnetic coupling between the actuator nenber
and 18 AUGUST 2006 -28 the operating nenber, the magnetic coupling
including first and second nmagnetic devices, the first magnetic device
bei ng connected to the actuator nenber, and the second magnetic device
bei ng connected to the operating nenbéﬁ the first nmagnetic device

includingsa.fiteé sesies w@fol Magretaingvi fg ROl tilas oppeskis tena second
series of magnets in the second nmagnetic device, 42. A well tool,

conpr|5|n@CtHaFPémﬂbﬁﬁeﬁﬁésfbheffeﬁFBfm@$@¢Hl$h%@%&%ﬁoh@hreﬁﬂo%%%u%?or for
di spl aci Ngr80,aeL ualer el QorbBBe kel do oAk A0 AL OPeRall N penber

which is disp Faced to operate the wel [ tool; and a magnetic coupling
bet ween t peeastvat beingnbeslared ﬁﬂum(ﬂhﬁ%ﬂﬁcwgdnembesprehe magneti c coupling
including first and second nagnetic devices, the first magnetic device
bei ng connected to the actuator nenber, and the second nmagnetic device
bei ng connect edntowkhe epenatidigraenbero ach of2 t hendidist wiel seeond
magneti c devi ces including

pressure 1is isolated from the second pressure without use

of any dynamic seal.

34. The well tool according to claim 11, wherein the
actuator displaces the first magnetic device in response to
a differential between pressure in an annulus surrounding
the well tool and pressure in a line connected to the

actuator.

35. The well tool according to claim 24, wherein the line
pressure and the annulus pressure are isolated from the

second pressure without use of any dynamic seal.

36. The well tool according to claim 35, wherein the
second pressure 1s pressure in a tubing string in which the

well tool is interconnected.

37. The well tool according to claim 35, wherein the first

pressure is the annulus pressure.

38. The well tool according to claim 11, wherein the

operating member is a closure member of a valve.

39. A well tool, comprising:
a flow passage for flow of fluid therethrough;

an actuator for displacing an actuator member of the



magnets having axially aligned polarities. 43. A well toal, cor:rlpri sing: a

fl ow passage for flow of fluid therethrough; an actuat or!$ACHiTs8%ci ng an
actuat or nmenber of the well tool; an operating nmenber which is displaced to
operate the well tool; and a magnetic coupling between the actuator nenber
and the operating nenber, the magnetic coupling including first and second
magneti c devices, the first nmagnetic d2 vi ce being connected to the actuator
menber, and the second 18 AUGUST 2006 “-29 magnetic device bei ng connected
to the opesalli ngomenber, each of the first and second magneti c devi ces

including magnets having radially aligned polarities. 44. A well tool,
conprising: a FPO\HH?&S%&%‘@ W&l’ﬂ%\idk{ﬁc%fl]lﬂ TR ough®PERERt B8Eor for

di spl aci ng,can aebuwat ghgmenber of the well tool; an operating nenmber which
is displaced to operate the well tool; and a nmagnetic coupling between the
actuator menmbeR darRPnethec opernling mayeen e nagieererc sty RAEI udi ng

first and,second et Vi tiLs aeti ¢ deviy6 bei
HREEd JTBgRE I G dev Ges. %% LESE Qﬁﬁg nPfULERg PELEE

connected to t%%e aaCt Ugt OI’e marrtﬁer, arql g'[ I'e]e SGCSIHIE gnIeltl C egl ce pbel ng

connect ed anal t becopér atagretembelevices, the first magnetic device
being connected to the actuator member, and the second
magnetic device being connected to the operating member,

the first and second magnetic devices being on opposite

sides of a pressure barrier.

40. A well tool, comprising:

a flow passage for flow of fluid therethrough;

an actuator for displacing an actuator member of the
well tool;

an operating member which is displaced to operate the
well tool; and

a magnetic coupling between the actuator member and
the operating member, the magnetic coupling including first
and second magnetic devices, the first magnetic device
being connected to the actuator member; and the second
magnetic device being connected to the operating member,
the first and second magnetic devices being pressure

isolated from each other without the use of a dynamic seal.

41. A well tool, comprising:

a flow passage for flow of fluid therethrough;

an actuator for displacing an actuator member of the
well tool;

an operating member which is displaced to operate the
well tool; and

a magnetic coupling between the actuator member and



each of the first and second magnetic devices including nagnets having
opposing polarity directions, so that the magnets in ed8AU SFH@mflrst and
second magnetic devices are attracted to oppositely directed polarity
magnets in the other first and second magnetic devices. 45. A well tool,
conprising: a flow passage for flow of fluid therethrough; an actuator for
di spl aci ng an actuator nenber of the well tool; an operating nenber which
is displaced to operate the well tool28-and a magnetic coupling between the

actuator gmeEbgpeandingh@eppErat tRE %g@@ﬁlct@@uﬂﬁm@tmcp@@mcj} ngi +&el udi ng
first and second nmagnetic devices, e first magnetic device being

connect edapg t%@@%@iudﬁﬁﬁmﬁéﬁbeﬂevaﬁﬁsthéﬂ§écéﬁ63tna@ﬁépﬁéléev@%%ﬂ%%lng
connect edyLo, g (A9 BeDEL AR AISTRER00, - 3 eaeh olcdhie Tirst
8 netic S

and secon |ces i ncluding magnet avi ng opposing polarity
directi onmagsetidnatdetvh@e rr}agrnegs conneathdoftd hehéi rcqieratdngecmnbemgneti c
devi ces é repel | ed S|n1I égdlrect olarlt% nets iin the. other

of the fiF Yec et| gi C&Cl%&% el | ltrggl SEbhpPi sthy: a

flow passaagné@é Ha@Wnef Hé1H i dhey ebhposiote @B aft yatenal Werdiespl @i ng an
actuator nenber of the well tool;
magnets in the second magnetic device.

42. A well tool, comprising:

a flow passage for flow of fluid therethrough;

an actuator for displacing an actuator member of the
well tool; and

an operating member which is displaced to operate the
well tool; and

a magnetic coupling between the actuator member and
the operating member, the magnetic coupling including first
and second magnetic devices, the first magnetic device
being connected to the actuator member, and the second
magnetic device being connected to the operating member,
each of the first and second magnetic devices including

magnets having axially aligned polarities.

43, A well tool, comprising:

a flow passage for flow of fluid therethrough;

an actuator for displacing an actuator member of the
well tool;

an operating member which is displaced to operate the
well tool; and

a magnetic coupling between the actuator member and
the operating member, the magnetic coupling including first
and second magnetic devices, the first magnetic device

being connected to the actuator member, and the second



an operating nenber which is displaced to operate the well tool; and a
magnetic coupling between the actuator menber and the o¥eYStUSIG%enber, the
magneti c coupling including first and second nagnetic devices, the first
magneti c device connected to the actuator nenber, and the second nagnetic
devi ce being connected to the operating nenber, each of the first and
second magnetic devices having a nmagnetic pattern, the magnetic patterns
preventing relative displacement betvigen the first and second nagnetic

devi ces. wAdnethe WelJideOObe 86§ 0MdinR@ctedc! @i MmA6, owrsiihd h@embagnetic
patterns are produced by varied spacings between nmgnets in the first and
second magAEhi ClefhEestiug: THE WBFFORDOMAGREDEBi F HESS atRF 48310 er ei n

the nagnet t a - YydJi168dipekarity sequences between
magnet s iﬁkkﬁgggiﬁg?gg%dff%g%n %ﬁgﬁg%%c%éeviées. 49 . The well tool

according to claim48, wherein the varied polarity sequences include
alternatigg nagnet lpolﬁi‘ities in &pe_first and second magnetic devices. 18
AUGUST 2006 - 31"801 nORbt hod"oF ¥didhi eting a wel |, the nmethod conprising
steps of: posi ki enbRgpasyehd teOl fidw tde Arlilg tdiespkagbnghan act uat or nmenber
of the well tool; and translating displacenent of the actuator_ nenber to

di spl acement oRNaREHETRE NP imedbaPl dF1ihedhePriighPr figgber of the

well tool;

an operating member which is displaced to operate the
well tool; and

a magnetic coupling between the actuator member and
the operating member, the magnetic coupling including first
and second magnetic devices, the first magnetic device
being connected to the actuator member, and the second
magnetic device being connected to the operating member,
each of the first and second magnetic devices including
magnets having opposing polarity directions, so that the
magnets in each of the first and second magnetic devices
are attracted to oppositely directed polarity magnets in

the other first and second magnetic devices.

45. A well tool, comprising:

a flow passage for flow of fluid therethrough;

an actuator for displacing an actuator member of the
well tool;

an operating member which is displaced to operate the
well tool; and

a magnetic coupling between the actuator member and
the operating member, the magnetic coupling including first
and second magnetic devices, the first magnetic device
being connected to the actuator member, and the second

magnetic device being connected to the operating member,



transl ati on being perfornmed across a pressure isolation barrier wthout use
of any dynamic seal, and the translating step being perlfdVFETA¥NoNg a
magneti c coupling between the actuator nenber and the operating nmenber. 51.

A nmet hod of conpleting a well, the nethod conprising the steps of:
positioning a well tool in the well; displacing an actuator nenber of the
well; and translating displacenent of the actuator nenber to displacenent

of an operating nenber of the well tgol®" the translation bei ng perforned
across a peessw® tsel atimsr badriefcorid hedgnysecofdeaanyedynanctudead, and
the translating step further conprising displacing a first nmagnetic device

oper at | vel$#98858cilaédIni PRPP HietAc PRARELEY H&Nher 8By Clisetle

di spl acemgnt et sa j3econd, mgnetiL £oev CengPRIdne! assord akigdivesh the
operating nenmber. 52. A nethod of installing a tubular string in a well, the
met hod conpei siepglihd Svepsimiflarlyt eligmatect inwg dm Hhenawirfsarist theg a wel |
tool including an_actuator nepber; sitiani.ng e bular string in the
wel | ; andoggangfa%ﬁ%gHﬁ¥%%l%%eﬁ%ﬁ?ng?“{ g%éé?ug%gﬁc%gﬁber to displacenent
of an operating nmenber of the well tool, the 18 AUGUST 2006 - 32

translation being ferfor nmed across, a pressure isolation barrier wthout use
of any dy#&ni cAsB3fl GnQl ¢ heemprising:

a flow passage for flow of fluid therethrough;

an actuator for displacing an actuator member of the
well tool;

an operating member which is displaced to operate the
well tool; and

a magnetic coupling between the actuator member and
the operating member, the magnetic coupling including first
and second magnetic devices, the first magnetic device
connected to the actuator member, and the second magnetic
device being connected to the operating member, each of the
first and second magnetic devices having a magnetic
pattern, the magnetic patterns preventing relative

displacement between the first and second magnetic devices.

47. The well tool according to claim 46, wherein the
magnetic patterns are produced by varied spacings between

magnets in the first and second magnetic devices.

48. The well tool according to c¢laim 46, wherein the
magnetic patterns are produced by varied polarity sequences

between magnets in the first and second magnetic devices.

49, The well tool according to claim 48, wherein the
varied polarity sequences include alternating magnet

polarities in the first and second magnetic devices.



transl ating step being performed using a nmagnetic coupling between the
actuat or nmenber and the operating menber. 53. A method df AUSISE2Png a

tubular string in a well, the nethod conprising the steps of:
i nterconnecting in the tubular string a well tool including an actuator
menber; positioning the tubular string in the well; and translating

di spl acenent of the actuator nenber to _displacenent of an operating nenber
of the well tool, the translation béﬁﬁg performed across a pressure
isolation barrier without use of any dynam c seal, and the translating
step further conprising displacing a first__nagnetic device operatively

associ at e@%wi t*h TRENGRt Ght GIOMIETEES tD VRet eby PEaURF RS pFABRAERINDf a

second nageg%gcofqevice operatively associated with the operating menber.
54. A conpletion string for use in a well, the conpletion string
conprising: a pebitiooingm erecbhrestledn wheh@eddnpl etion string, the well

tool including.an_actuator_nenber. and an r-at i ng , .dLspl acenent of
t he actuator n%ﬁ%%?a %?%gant?%%é %1Eﬂﬂ%§qe%f§fd%?%Igggﬁgggg%f %ﬁg operati ng
menber acrosstaapsbssiti€ hiirdplerceMdntoubfusehof aryuatyranmemdeal ,toand the

wel | tool further including a magnetic cou Iing bet ween .t he actuat or nenber
and the oP4FRLPREVARADEL. 235, CRCT Mkt TYMPSE r Phg th6r Widd i TP meHrS the

Cfnpl eti oR a8k hPYoROMMA S NGer@ Wikl tQ8LosHt & CRRecied | Rsbigr conpl etion
string,
barrier without use of any dynamic seal, and the
translating step being performed using a magnetic coupling

between the actuator member and the operating member.

51. A method of completing a well, the method comprising
the steps of:

positioning a well tool in the well;

displacing an actuator member of the well; and

translating displacement of the actuator member to
displacement of an operating member of the well toocl, the
translation being performed across a pressure isolation
barrier without wuse of any dynamic seal, and the
translating step further comprising displacing a first
magnetic device operatively associated with the actuator
member to thereby cause displacement of a second magnetic

device operatively associated with the operating member.

52. A method of installing a tubular string in a well, the
method comprising the steps of:

interconnecting in the tubular string a well tool
including an actuator member;

positioning the tubular string in the well; and

translating displacement of the actuator member to

displacement o©f an operating member of the well tool, the



| S AUGUST 2006 - 33 the well tool including an actuator nenber and an
operating menber, displacement of the actuator menber bEiMEUIZAMs| at abl e
into displacenment of the operating nmenber across a pressure barrier wthout
use of any dynamic seal, and wherein a first nmagnetic device operatively
associated wth the actuator nenber causes displacenent of a second
magneti c devi ce operatively associated with the operating nenber when

di spl acement of the actuator nenber is*2translated into displacenent of the

operati ng uremRea:i88. We ey haskGforeRRp! etirBgsa yeldreddinrdretiBodacosRri si ng

the steps of: positioning a well tool in the well; displacing an actuator
nmenber of PEFE1RE! | wWiddloUutanduser afél atdhy di¥prBEenefeadf t didct bAEor
menber i ntQ,dhSphacenRal, e afy QREIALIRG MRIME, of nbhgcvell beghiyging a
magneti c co&ﬁl%ng gétmee% tﬁgggktuator menber and tﬁeg gperafing ﬁeﬁber, and

per f or m nipettveenr ahsl attngt st epember ousl & egsuee ingoletiben .barri er wi t hout
use of any dynamc seal. 57. The nethod according to claim56, wherein in
the translating step, a pressure differential exists across the pressure
i sol ation sharr nemeth8d Afmehkedlofingoapkabibgraswel hg theanwkhod epapri sing

the steps of: ,

method comprising the steps of:

interconnecting in the tubular string a well tool
including an actuator member;

positioning the tubular string in the well; and

translating displacement of the actuator member to
displacement of an operating member of the well tool, the
translation being performed across a pressure isolation
barrier without use of any dynamic seal, and the
translating step further comprising displacing a first
magnetic device operatively associated with the actuator

member to thereby cause displacement of a second magnetic

device operatively associated with the operating member.

54. A completion string for use in a well, the completion
string comprising:

a well tool interconnected in the completion string,
the well tool including an actuator member and an operating
member, displacement of the actuator member  being
translatable into displacement of the operating member
across a pressure barrier without use of any dynamic seal,
and the well tool further including a magnetic coupling

between the actuator member and the operating member.

55. A completion string for use in a well, the completion
string comprising:

a well tool interconnected in the completion string,



positioning a well tool in the well; displacing an actuator nenber of the
wel | tool; and translating displacement of the actuat or!3dAST 204 o

di spl acenent of an operating nmenber of the well tool using 18 AUGUST 2006
-34 a magnetic coupling between the actuator nenber and the operating
menber, and wherein in the translating step, the actuator nenber is exposed
to a first pressure, and the operating nenber is exposed to a second
pressure different fromthe first pressure, wthout use of any dynam c seal

t her ebet wegl. w891 Aoket had1ahihgshal hkbgatot UhehBEr SEhEiNGni Bparwelhg the
met hod conprising the steps of: interconnecting in the tubular string a well
tool inclGEPRY  an EIRBAGIRENDePl posRei oM HFRIRF t UBEFRELSt rPRF I N t he

wel |'; and ¢, tpanstahing gdisp! acﬁ’f*‘%feﬁrcﬁeﬁthe ACLYREOr SBRAREE NNt Qember

di spl acenent of an operating ne the well tool "using “a magnetic
coupl i ng betweenat pereacturrat dranrere wididuthealseoper arnngdymaher , saad,
performn nthe translating step across a pressure isolation barrier wthout
use of an dynam c seal. 60. The nmethod according to claim59, wherein in
the translatipgesten, aacpressuagndiitenenttal opxiratsvatyoassbbearpaessure
isolation barrier. 61. A nethod of installing a tubular string in a_well,
t he with the actuator member causes displacement of a “second
magnetic device operatively associated with the operating
member when displacement of the actuator member is

translated into displacement of the operating member.

56. A method of completing a well, the method comprising
the steps of:

positioning a well tool in the well;

displacing an actuator member of the well tool; and

translating displacement of the actuator member into
displacement of an operating member of the well tool using
a magnetic coupling between the actuator member and the
operating member, and performing the translating step
across a pressure 1isolation barrier without use of any

dynamic seal.

57. The method according to claim 56, wherein in the
translating step, a pressure differential exists across the

pressure isolation barrier.

58. A method of completing a well, the method comprising
the steps of:
positioning a well tool in the well;
displacing an actuator member of the well tool; and
translating displacement of the actuator member into

displacement of an operating member of the well tool using



met hod conprising the steps of: interconnecting in the tubular string a well
tool including an actuator nmenber; positioning the tubUB&yUGIST2A in t he
wel | ; and translating displacenent of the actuator nenber into

di spl acenent of an operating nmenber of the well tool using a magnetic
coupling between the actuator nenber and the operating nenber, and 18
AUGUST 2006 -35 wherein in the translating step, the actuator nenber is
exposed to a first pressure, and the'&ﬁérating menber is exposed to a
second pr esstdgnst fd eeenplingmyudiavddn Sthe pressuter whéhibst wsel othany
dynam c seal therebetween. 62 . A conpletion string for use in a well, the
conpl et i oRPEERFIAG BEAPFTsi#E a wel |l tool interconnected in the conpletion

string, the wghbrtoQl iinncliuudi pgaRR1 ACIMAL QEcpENRG, At OPEsAt hBgbeAENDET,
and a magnetic coupling, displacenent of the actuator nenber being

t rans| at ablse expreedi §pl acérsht ptesRereopendt thg apabekingi ngubee hagnetic

coupl i ng, e 1 taool fur j.ngl udj e re | ati barrier
bet ween t. ggg%Fua or Tre %E%Hgﬁdkgﬁésgggra %ﬂ%a%% er, g}s%ﬁgceﬁ%ﬁ ¢ of the
act uat or mesbeurbei wgthoanshad abf eariyntdyrinspl aeatenherebethheenperati ng
menber across the pressure isolation barrier wthout use of any dynamc

seal. 63 . The conpletion string according to claim®62, wherein a
59. A method of installing a tubular string in a well, the

method comprising the steps of:

interconnecting in the tubular string a well tool
including an actuator member;

positioning the tubular string in the well; and

translating displacement of the actuator member into
displacement of an operating member of the well tool using
a magnetic coupling between the actuator member and the
operating member, and performing the translating step
across a pressure 1isolation barrier without wuse of any

dynamic seal.

60. The method according to claim 59, wherein in the
translating step, a pressure differential exists across the

pressure isclation barrier.

61. A method of installing a tubular string in a well, the
method comprising the steps of:

interconnecting in the tubular string a well tool
including an actuator member;

positioning the tubular string in the well; and

translating displacement of the actuator member into
displacement of an operating member of the well tool using
a magnetic coupling between the actuator member and the

operating member, and



pressure differential exists across the pressure isolation_ barrier when

di spl acenent of the actuator nenber is translated intolﬁﬁyﬁp§3éﬂﬁnt of the
operating nenber. 64. A conpletion string for use in a well, the conpletion
string conmprising: a well tool interconnected in the conpletion string, the
wel | tool including an actuator nenber, an operating nenber, and a nagnetic
coupling, displacenent of the actuator nenber being translatable into

di spl acenent of the operating nenber3é§ing t he magnetic coupling, and
wherein the actnateinmemberhd Stexpesetin® Btébl Sthepre&sSsSuHe;r andmbde
operating nenber is exposed to a second 18 AUGUST 2006 - 36 ressure

di f f er ent 1fr 6PPABAf FPsP HrESEUPESSRHER: aPdpFatefBRF2bINYNEBSHethatDr nenber

is transl gkedsLaAt oo displace®nt ool skhee ORgr Btd N BTG, €8e Arsafety valve
suitable for use in a well, the safety valve conprising: an actuator having

an act uat oregewnber ; wabhoperate mf resnbalynahiich segldicdplrgbetdvweenoperate t he
safety val ve; and a magnetic coupling between the actuator nenber and the
operating nenber; wherein the actuator nmenber is a piston which displaces
in response.tonacpmpssdlendisti-engnifioal useb,inA sabelly, veheecoaplet domed in
Cl aim 65, wherein the

string comprising:

a well tool interconnected in the completion string,

the well tool including an actuator member, an operating

member, and a magnetic coupling, displacement of the

actuator member being translatable into displacement of the

operating member using the magnetic coupling, and the well

tool further including a pressure isolation barrier between

the actuator member and the operating member, displacement

of the actuator member being translatable into displacement

of the operating member across the pressure isolation

barrier without use of any dynamic seal.

63. The completion string according to claim 62, wherein a
pressure differential exists across the pressure isolation
barrier when displacement of the actuator member 1is

translated into displacement of the operating member.

64. A completion string for use in a well, the completion
string comprising:

a well tool interconnected in the completion string,
the well tool including an actuator member, an operating
member, and a magnetic coupling, displacement of the
actuator member being translatable into displacement of the
operating member using the magnetic coupling, and

wherein the actuator member is exposed to a first

pressure, and the operating member is exposed to a second



pressure differential is a differential between pressure in a line
connected to the safety valve, and pressure in an annull§{USHST3M¥di ng t he
safety valve. 67. A safety valve as clainmed in Claim®65 or 66, wherein the
operating nenber is pressure isolated fromthe piston. 68 . A safety valve
as claimed in Caim&65 or 66, wherein there are no dynam c seal s between
pressure acting on the piston and pressure acting on the operating nenber.
69. A safety valve as clained in Oaim%5, wherein arigid barrier

separ at es Jieegswee aghEngrontt her phist ontHd oms ipis@Ssupeeaglireg onwhbe
operating nmenber, and wherein the nmagnetic coupling translates displacenent
fromthe piisPdacergnthechbpeilt i FGtverbeEr BeFe’s the Barisdpterds AWERST 2006

-37 70. Ay %ﬁgggmgghvgfaghglg%g@gkiég(aéﬂﬂggxx wherein a barrier separates

pressure actrng on the piston from essure acting on the operating nmenber,
and wherein the magnetic coupling translates displacenent fromthe piston

to the operating nber across the harrier. 71., A safe val ve a | aimed in
clain170,fﬁ%er@iﬁg&ﬁéy BarriSerSHiE abLs CH‘6F§%§U}éai§%#§tighebﬁﬁiFgY. 72. A

safety valyngvas celgikiBedngn C aim 65, wherein the nmagnetic coupling includes
at | east one first magnetic device attached to the piston, and at |east one
second magnet & @e¢Praecht harhed 3d A Bt ARG iienber. 73 . A safety

val ve as Clai”%gid%eQ%%EQQGQEﬁMSF‘ﬂH}éﬂ“{s displaced to operate the
safety wvalve; and
a magnetic coupling between the actuator member and
the operating member;
wherein the actuator member 1is a ©piston which

displaces in response to a pressure differential.

66. A safety valve, as claimed in Claim 65, wherein the
pressure differential is a differential between pressure in
a line connected to the safety wvalve, and pressure in an

annulus surrounding the safety valve.

67. A safety valve as claimed in Claim 65 or 66, wherein

the operating member is pressure isolated from the piston.

68. A safety valve as claimed in Claim 65 or 66, wherein
there are no dynamic seals between pressure acting on the

piston and pressure acting on the operating member.

69. A safety valve as claimed in Claim 65, wherein a rigid
barrier separates pressure acting on the piston from
pressure acting on the operating member, and wherein the
magnetic coupling translates displacement from the piston

to the operating member across the barrier.



magneti c coupling includes at | east one first nmagnetic device operatively
associated with the piston, and at |east one second mad8éUGlSdaléce
operatively associated with the operating nenber. 74. A safety valve as
claimed in Claim65 or 66, wherein the operating nenber is an opening prong
of the safety valve which opens and closes a flapper. 75. A safety valve as
clainmed in Cdaim65 or 66, wherein the operating nenber is

pressure-bal anced. 76. A safety valve3s clainmed in Caimé65, further

conprisingoa fhowpasspge GxteendsngeBxindd Y ibhr oughnt hes , safetreival ye, the
fl ow passage being pressure isolated from the actuator, w thout the use of
a dynani c bggafier| SsRPDEUSTeg00BressBrY7. aatsad et Ynvakhe apiéfarned PR d ai m

06, Turt nefresGANDN INGA ThOWHRASSAS X LNLAGAX! Bkl MLQuah the safety

val ve, pressure In oW passag el ng 1 sol at ed rompressure in the
annul us, wagheti cuseufl imgdyneael atssal diFgladesaiet Y roal viehaspeckaponed in

claim65, further copprising a flow passage ext.ending axially through the
saf ety valt\9e,thﬁh8p?r6gpﬁ%sr§% e)f)e?‘f‘@o%r e@?u%@lﬁréglrat ed from the annul us,
wi t hout the use of dynamic seal. 79. A safety valve as clained in C aim66,

further conmprising a flow passage extending axially through the safety
val ve, prédsurd iTRie fVelWwpasageldeney iisol@tagn 70, wherein the

barrier is a rigid pressure isolation barrier.

72. A safety valve as claimed in Claim 65, wherein the
magnetic coupling includes at 1least one first magnetic
device attached to the piston, and at least one second

magnetic device attached to the operating member.

73. A safety valve as claimed in Claim 66, wherein the
magnetic coupling includes at least one first magnetic
device operatively associated with the piston, and at least
one second magnetic device operatively associated with the

operating member.

74. A safety valve as claimed in Claim 65 or 66, wherein
the operating member is an opening prong of the safety

valve which opens and closes a flapper.

75. A safety valve as claimed in Claim 65 or 66, wherein

the operating member is pressure-balanced.

76. A safety wvalve as claimed in Claim 65, further
comprising a flow passage extending axially through the
safety valve, the flow passage being pressure isolated from

the actuator, without the use of a dynamic seal.



frompressure in the annulus, wthout use of a dynamc seal. 80. A safety
valve as clainmed in Caim65 or 66, further conprising &AUQHTFSsage
extending axially through the safety valve, w thout any dynam c seal being
exposed to pressure in the flow passage. 81. A safety valve as clained in
Cl aim 65, wherein the actuator conprises a notor which displaces the
actuator nenber; and the operating nenber is pressure isolated from the
actuator nenber. 82. A safety valve as*®%laimed in Oaim65, wherein the

actuat or gemprpsega@cPt o aMhchadi sphacesqt henactygiar sgenbenirtheri gid
barrier separates pressure acting on the actuator nenber from pressure

acting onceherépénat ingfleenbeassamel texéemdgnst | extalbby i fdinouahs| Bhes

di spl acenen T 2006 _ -39 o] h t 0. rating
menber acrs(‘)a?sfée%?h@%%g’é%fr i%)er(r)?ssg'fe Amsa e%y%\}gﬁ'v;@as % a?@n%%n%nl%Pg?%an

wher ei n t Fegomachtd QUrecorpr | Sles anmilas , whw ttthalits plaeesof hew adtnamnode

menber; and the operating nenber is pressure-bal anced. 84. A safety valve as
cl ai med i "@ai m 65, wherein the pressure differential is between pressures
in at least two lines connected to the safety valve. 85. A safety valve as
claimed in Caim65, wherein the pressure differential is between pressure

inaline78. A safety wvalve as claimed in Claim 65, further
comprising a flow passage extending axially through the
safety valve, the flow passage being pressure isolated from

the annulus, without the use of dynamic seal.

79. A safety wvalve as claimed in Claim 66, further
comprising a flow passage extending axially through the
safety valve, pressure in the flow passage being isolated
from pressure in the annulus, without use of a dynamic

seal.

80. A safety valve as claimed in Claim 65 or 66, further
comprising a flow passage extending axially through the
safety wvalve, without any dynamic seal being exposed to

pressure in the flow passage.

8l. A safety wvalve as claimed in Claim 65, wherein the
actuator comprises a motor which displaces the actuator
member; and the operating member is pressure isolated from

the actuator member.

82. A safety wvalve as claimed in Claim 65, wherein the
actuator comprises a motor which displaces the actuator
member; a rigid barrier separates pressure acting on the
actuator member from pressure acting on the operating

member; and the magnetic coupling translates displacement



connected to the safety valve and pressure either in an internal flow
passage of the safety valve or in an internal chanber JfAUGYSEZI®ty val ve.
86 . A safety valve as clained in any of Cains 65 to 85, the safety valve
further conprising connectors for interconnecting the safety valve in a
tubing string. 87. A downhole tubing string conprising a safety val ve as
claimed in any of Clains 65 to 86. 88. A nethod of actuating a safety val ve
suitable for use in a well, the method conprising the steps of: displacing

an act uat gi-ofierber aetubbersat@b¥rvabveheabgerkt angl athpgr daspbagepsrat of the
actuator nenber to displacenent of an operating nmenber, the translation
bei ng pePP&FABH-across a pressure isolation barrier wthout use of any
dynam c seal, a nagnetic coupling being used to fix displacenent of the
operating nenber to displacenent of the 18 AUGUST 2006 -40 actuator

menber. 883.A RAetdufthtas vhaveaeds ncChamed 88n ttleimet B6d odmprdigi nghet he

further steﬁ og: actuating the safet¥ %,L% b@tmegncg eqj%pdagkgsggr
posi ti ons AHUPESPorsd R Y T B pPacliett 3Fihe Bper iﬁg menbér-"86°" A net hod
as cl ai meghenBe€: abAY 88he WSS £4 thi i GndtegiietiisC pregyplrienpatanpedses at | east
one first magnetic device being attached to the actuator nenber and at

| east one second

84. A safety valve as claimed in Claim 65, wherein the
pressure differential is between pressures in at least two

lines connected to the safety valve.

85. A safety valve as claimed in Claim 65, wherein the
pressure differential is between pressure in a line
connected to the safety valve and pressure either in an
internal flow passage of the safety valve or in an internal

chamber of the safety valve.

86. A safety valve as claimed in any of Claims 65 to 85,
the safety wvalve further comprising connectors for

interconnecting the safety valve in a tubing string.

87. A downhole tubing string comprising a safety valve as

claimed in any of Claims 65 to 86.

88. A method of actuating a safety valve suitable for use
in a well, the method comprising the steps of:
displacing an actuator member of the safety wvalve; and
translating displacement of the actuator member to
displacement of an operating member, the translation being
performed across a pressure isolation barrier without use
of any dynamic seal, a magnetic coupling being used to fix

displacement of the operating member to displacement of the



magneti c device being attached to the operating nmenber, magnetic attraction
between the first and second magnetic devices causing ﬂﬁéUgH§T§Wan nmenber
to displace with the actuator nmenber. 91. A nethod as clainmed in Caim90,
the nethod conprising the further step of: actuating the safety val ve

bet ween open and closed positions in response to displacenent of the
operating nenber, 92. A nethod as clainmed in Caim90 or 91, wherein in the
translating step, a differential exi st'd bet ween pressure surrounding the
first mageetuetdevineeba@nd pressure surroundi ng the second magnetic device.
93. A nethod as clained in Claim92, wherein in the translating step, the
barrier isolates the pressure surrounding the first magnetic device from

the pressgpe gUREOHAdi BY Ehgiseqond argnetbe, deMécCRetMbihedhptiginge of
any dynam c seal. 18 AUGUST 2006 -41 94. The nethod as clained in any of

d ai ns 90the 98rthehestesm @he first and second magnetic devices each

conprise a m t ied, | 0 ai 9 3,
wherein both ?Eg&??fé g%g§s§§gﬁg§n&éﬁé&?cbggvggés éﬁ%gpggﬁang%%ge%agnets.
96 . A nepbedtasnegl aimeddgpcarye otoCl i gpl 88ent95,0ft hehe operating

member.

90. A method as claimed in Claim 88, wherein the magnetic
coupling comprises at least one first magnetic device being
attached to the actuator member and at least one second
magnetic device being attached to the operating member,
magnetic attraction between the first and second magnetic
devices causing the operating member to displace with the

actuator member.

91. A method as claimed in Claim 90, the method comprising
the further step of:

actuating the safety valve between open and closed
positions 1in response to displacement of the operating

member.

92. A method as claimed in Claim 90 or 91, wherein in the
translating step, a differential exists between pressure
surrounding the first magnetic device and pressure

surrounding the second magnetic device.

93. A method as claimed in Claim 92, wherein in the
translating step, the barrier isolates the pressure
surrounding the first magnetic device from the pressure
surrounding the second magnetic device, without the use of

any dynamic seal.



met hod conprising the further step of interconnecting the safety valve in a
tubing string. 97. A nethod as clainmed in any of C ai ns 188UGYSE3006t he

met hod conprising the further step of locating the safety valve in a
wel | bore so as to forman annulus between the wellbore and the safety

val ve.
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94. The method as claimed in any of Claims 90 to 93,
wherein the first and second magnetic devices each comprise

a magnet.

95. A method as claimed in any of Claims 90 to 93, wherein
both the first and second magnetic devices are permanent

magnets.

96. A method as claimed in any of Claims 88 to 95, the
method comprising the further step of interconnecting the

safety valve in a tubing string.

97. A method as claimed in any of Claims 88 to 95, the
method comprising the further step of locating the safety
valve in a wellbore so as to form an annulus between the

wellbore and the safety valve.





