DEEP SET SAFEJY VALVE BACKGROUND The present invention relates generally to
operations perforned and equipnent utilized in conjunction with a

subt erranean well and, in an enbodi nent described herein, nore particularly
provi des a deep set safety valve. It is sonetinmes desirable to set a safety

valve relatively deep in a well. For exanple, a safety valve may be set at

a depth of approxi mately ing a safety val ve at
such depths presents a vah%Jwéé?rmVMd to require expensive
nmeasures to overcone. For exanpl A ﬁt}mﬁ‘ijmsaf ety valve is operated by

di splacing a piston of the safety valve I'n response to a differenti al

bet ween presgure in a contral |ine connect to the safet al ve,and
ressure | n T BIoRETs PVRBOPR. WA RBeEDecly \iReraions Berfortdndtded. 1 n
such situations, the control line is generally designed to wthstand a

pr essureJuipmert aidized in wengmamswtbree§@bﬁeérq@eéamlgandnm AR embndignest i ng,
plus a pressure needed to conpress a biasing device, such as a spring. This
usual | ydescehed hesein, melrapartitulatly ghoyidess deep selt safiefyfvatvet he control i ne,
which significantly increases the cost of the safety valve installation,
particularly i.n subsea envi.rgnnments, where the cantral Line may tend for
many t housandds SPIetunes, %&%qﬁéoﬁéﬁe%ﬁﬁe%(nﬁgﬁ%?g]ﬁ lﬁglb’e‘hﬁeé’s’ébéi"é@gd%n\ﬁrth use
of this type of deep set safety valve is the presence of a dynanm c seal

bet weerexgotnle.onsatety valyevaay be et goatdepth pf approxématale 10/00 for Hoviesenf t he
val ve at tubing string internal pressure. A |eak past the dynam c seal

coul d puo=satihg apafetytvaled 4t $udhi diepths présemss hivguiety b pralsdamisomsichrtegdsd i n
,tt,he{ tubing string to enter the control line. -2- One proposed solution is

t 0 'use RqgafeRRfersiné htdaslitddaotsveb@mace the pressure in the other control
line. In‘this type of safety valve, the piston displaces in response

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 cpntrol line, which significantly

increases the cost of the safety valve installation, particularly in subsea environments

o—

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.



to a differential between pressures in the two control lines. This
significantly elimnates the consideration of tubing string internal

pressure in calculating the required pressure rating of the control |ine
for normal operation of the valve. However, this nethod requires the
installation of two control I|ines, ich is very costly. This type of

safety val ve also typically has one 6r nore dynamc seals isolating the

tubing string internal, prressur.e from portions of the safety valve at control
[i'ne r essupRe PrARSSed SRIGHBR(S 59 UF Aceeand gafal He o AR the BreRr st and
the tubjn sfring internal pressure_ for safety reasons, in case a | eak past

one of ¥ndegihensentrelding brehis sypepbiately yalvspdhepision displacesdntrgspansea

safety val ve which includes a gas chanber charged to a predeterm ned
pr essuri®. aTHdfepestialn befwedme predsairgs val the twlo sgirdoaslines.r eEhisnsignifocaatly
differential between control line pressure and the gas chanber pressure.

Thi s neglivathaes ¢hé WonkRIRrAtabh Yofehibihg at8hg tilferal Prei@iaé iiANcAAtulativpi the
string internal pressure in the control Iine pressure rating for nornmal

operati Ry @fedt piaeis\éﬁ{é’ Gatifl! of ?h? hég‘ﬁ@%l Ofind efgfb%or\‘(?ﬂlvtﬁ?@ﬂaﬁ‘anu BEShdyRa

seals to " sepafate portiofis o ve at Ing string Irnternal pressure
from poygtions at . conﬁr&l | ine ﬁ]ess r ﬁnd/ (%r as_chajher prgs ure. SUMVARY
I'n carr(}ﬁoﬁ’ﬁ"%t SHESIRPAIIEES fpe R aﬁ? QR i TR, ERRYTBH Iesy WOLEY BabdE wi t h
enbodi ments thereof, apparatus and nethods are provided which sol ve one or

more - 3COs- t he above problens in the art of deep set safety val ve operation
and installation. Principles of the present invention are also applicable

to other t yp?ﬁis%%pé!‘%% éaf%gg@g? g’[&bﬂ%ﬂ%ﬁy B8 YAk ed d'ggf_@%aqnici LafiBoRPRECt Of

t he i nvention, i nprov ve’'i's provi

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



safety valve includes a piston, an operating nenber and a nmagnetic coupling.
The piston displaces in response to a differential between pressure in a
hydraulic line connected to the safety valve, and pressure in an annul us
surroundi ng the safety valve. The operating nenber displaces to open and
close the safety valve. The nmagnetic coupling translates piston

di spl acement into operating nember ~“dSplacenent to thereby actuate the
safety valve. In another aspect of the invention, a nethod of actuating a
saf et y ofatheeahaye probleraedn tirpartef derp Feictalielysval veoperapionodndingialiation; a

pi ston of the safety valve in response to a differential between pressure
i n a hyPrinciples 6f tiee poeseat tiedentoon hee atfoeapplicables to atbleptygees wfeweh taaols
annul us surrounding the safety valve, translating displacenment of the

pi st on WWRid Felarasireddodnhadle. oper ati ng nenber, the translation being
performed across a rigid pressure isolation barrier wthout the use of any
dynam c seal, and actuating the safety val ve between open and cl osed

posi tions i nin paemspset b tgfe dpversiommn amproedopafed vakyensnprovidada Jde

anot her aspect of the invention, a well tool is provided which includes an
act uat ogsafatydvadve apdodés agistenpen.opehating mahber and laudagnatipicstiplingvhThie

di splaces in response to a first pressure applied to the piston. The

oper at i pigtdte AlPlacedan ﬁasgéﬁ&ﬂ@o RI ferbStiAPRe ANt Prekaiie N8 IHIdFRIAE dinet O
operate the well tool. spl acement of the piston is translated into

di spl acgir{dtf 14 e & Lol essite M ahCafNQuL! i fo@ifing SRR hfe
egf‘éf't? C oﬁ] g %1 gf any

pressures are 1sola om ea er, and w out the use nam c
seal between . the piston and the.operating nenber,. .In further aspe of the
maent | Bven Thi: RBaaE, ftnabetod DT tolim ARdzclagh fhe Salely saheb g Thepc

met hod i ncludes the steps of displacing_an actuator nmenber of the well

tool , tmagBete | egupliBg| deansdates ofpister adishlacementniieio t oPeNasimgacBeEHErof an
operating nenber by use of a magnetic coupling therebetween, and actuating
t he displacement to thereby actuate the safety valve.

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



well tool in response to displacenent of the operating nenber. In a stil
further aspect of the invention, a well tool is provided which includes an
actuator, first and second nagnets, and a pressure barrier between the first
and second nmagnets. 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 nagnetT4The second nmagnet is attached to an
operating_ nenber and is positioned in a second portion of the well tool at
a seco ﬁ’?&hlﬂﬁ thesfist angisecord pEassares e isalated dremeach ggher, pad witheutdbe ssg
pressures. The well tool is operated in response to displacenent of the
oper at iaf@nyrdymperic seildystercentin pistont ed the epenatiggenemben first side of the
barri er causes displacenment of the second magnet on a second side of the

barrier, thdnebfurtle 6t oftHeiaveRgsRtd AEtiedbeactantinget wall t6él ihhewek! |
tool. These and ot her features, advantages, benefits and objects of the

pr esent;g gkga?qalé}&_i %e\é)‘ghihcﬂﬁﬁﬁﬁfdéépcﬂ@&?éﬂs (?f‘e)c(l}g’]glggfgfﬁ M At SliehiBer! dt thBe art

upon car consideration of the detai ption of representative
enbodi ne f ,.the, .invantion bel.o nd_t.he, acconpanyi ng. drawi ngs. ~5- BRI EF
DESOR! PY bt 2 Ptk heiengin 0F ol SRR SRR of &0, of &
nmet hod enbodyin i)i nci pl es gf t he preserit ig{ﬁgnf)i on; FIGS 2A-E ar}e1

enl ar géPeL %Hg?}g £ PY S&tet PloA Nagneis CP Hge Ererspeiyves;, and aduatipgadngs a
safety val ve enbodying principles of the invention, FIGS. 3A & B are quarter
- sect i omell topl émsesplonae 1o displademanti af the openatingtmembef. t he safety val ve of

FIG 2, FIG 4 is a quarter -sectional view of a second alternate
construct i orinoA stilhéurther aspect of the invention, a well tool is provided which includes

| an 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.



safety valve of FIG 2; FIG 5 is a partially cross-sectional view of a
packer and net hod of actuation enbodying principles of the invention; FIG
6 is a partially cross-sectional view of a sliding sleeve val ve and net hod
of actuation enbodying principles of the invention; FIG 7 is a partially
cross-sectional view of a choke and nethod of actuation enbodying
principles of the invention; FIG 879 a partially cross-sectional view of a
perforating apparatus_and nethod of actuation enbodying principles of the

invention; FIG 9 i SBRIEHDESERIPIION QR THEIDPRY Sa magnetic coupling

enbodying principles of the invention; and FIG |lo is an enl arged
cross- sect i oFi}. wisewpartialyotioss-sectiprel ivieve ofipl mathodeernbddyimg principlesiafs of
the invention. DETAI LED DESCRI PTI ON Representatively illustrated in FIG 10

i s a nefhegiteddhtiivaitig@irbodi es  principles of the present invention. In the
foll owi ng description of the nethod |o -6- and ot her apparatus and net hods

descri bed hepgid), HfiIf ‘%g%i)ﬁﬂ?k;%frseﬁe @H&kﬂeﬁ&cﬁ'b‘%g?‘{ﬁéws "c;feél?é@ésﬂgé‘%f' ,

"l ower", etc., are use convenience I n referring to t
acconpanyi.ng draw pgs. Additiopal ly,. 11.is be understood that the various
erbod; ot bt KT gk Emtclihg BrintlbldsatyBa ResieR ey “be. uti 1 2ed i n
various orientations, such as inclined, .inverted, gﬁ)ri zontal, verti %gl ,
etc., and i nFNayiBh& Boansr quarten 1sefdonal views of aefgrﬂ {tggnate HADSHACHPN Y pl es
of the present invention. In the nethod lo, a safety valve 12 is
i nt er cothesafaty valveaftFlGi. Ay string 14 and is positioned relatively deep in a
subsea well 16. A control line 18 extends into the well 16 and is connected
to )t he saf etyI.a4 i€ alquartdre-seeribnal viewnsf 4 8etendialtdriaie aphugiuetion of the
safety valve of FIG. 2;
FIG. 5 is a partially cross-sectional view of a packer and method of actuation
embodying principles of 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 is 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 an 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



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 emergency. The well 16 is depicted in FIG 1 as a subsea well, but
principles of the invention nmay be incorporated in methods used at

| and- based wells al so. Thus, the ingentionis not limted to any particul ar
type of mell I n this exanple, the control line 18 is a hydraulic control

l'i ne. reis I|ed to control .Ijne.18 .at a e | ocat i such
ns5 prt ot aBpafBy it methogscdsered bR adisntobdl Fert ar i

safety vaI ve 12 inits open_ position. To close _the safety vaI ve 12,

pr essur'@bpye’s helewht ruepperi ndower’; etc.caradisad only Esenyepienga de rrgtetsaag to
however, that other neans nmay be used to control actuation of the safety
val ve 1be donokgapying drawingse Additivnallgsitois tohke iimdenstood. thEbithe exasiopse, t he
safety valve 12 could be electrically actuated, in which case the control

line l&%rabodiehdis @feherpriebérd @iveatioh ddscbed l}iéeélnomtaydod utitiged Theasiaust y
valve 12 could be actuated using telenetry, such as nud pul se, acoustic,

el ect r gt 1bﬁ%e§gdélts ggcmgﬁnecf irfVRY el hﬁfrﬁoﬂ?ﬁ q)(e#lgéhe%?é r BéndTﬂff vafbBky

val ve 12 cou usi’ng any type of sur ace or e power

sour ce. Ltion.qit .S b rstood the de safety val ve
1o < ncatftdse Witidv P4 ihg ol M BHRERIGR b PRaEE BuSiaRd T Y oo
whi ch may be actuated wusing the prlnC|pIes of the i nvention. Further

exanpl es ar gndgRihkfbd 1b,M Safetyvalve & BterclBAEELAGH atl@b‘?ﬁg Wﬁfgyuphmr
ica

enbodi nents are possible. in conventl onal practice, an unbi for a

subsea juelL; tidﬂh(‘eﬁ ?:?tl‘few deé ttﬁ%l su (s'TeQ Swell %'.elA 501&@8%%1&3 V%)Jt ?‘Hﬁﬂ dhe

rel atlvel y rau ssure or exanple e ot her

is rat ed Wit hst and ive h hydr aul i £SS r

16, 000 81 } o Hhit'S G’ gé?O i $5t 98 ey o ey ﬁ 1S|1}S%é°f cfi

st andar | lical, then there is no needlto install, a special,, expensi ve
very hitgs 'sa ety valve'12, for example, to maintain the safety valve in an open position, an

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



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 nmethod io. 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 my be used to convey actuation pressure to the
safety valve 12. For exanple, the hyéfr_aul ic line could be internal to the
tubing string 14, or fornmed in a sidewall of the tubing string. The

hydr aul 3w othes tasuptitedemety- FHamsaieheyalve 12 seuld bs actaied nsingrnyeyPerefs
surface, or another location in the well 16, etc., or the actuation

pr essursirtaeelot dosvigere paved solscea punp or ot her pressure generation device
attached to the safety valve 12. Referring additionally nowto FIGS. 2A-E,
the safety val ve..12 i epj £ited i,n  successivVv uarter-sectional views. The
safety val vel%laéf 1é085§&gpﬁicfﬁ UHQFW(S‘BP‘fﬁ’aEZhe g@ SeRle TN 1hifused s 1o
be understood that the safety valve, as well as_other well -8- tools

descri &g methadh10 asrebe as gagexamplener a et welltoob avhigly may hetassuated
principles of the invention. The safety valve 12 has an outer housing
assenblysizg the tpinepples ofirtbe linventiow.ofuertherrexapdple® Gré depiatedin difsScts-8g t he
safety valve 12 in the tubing string 14. A control line port 28 is provided
for conmfriletdestiiBed Balowe! ManfothSr é:@bbAMmeMsQry pyadivR. 12. Al though the
port 28 is plugged as shown in FIG 2A, when the control line 18 is
connected to the port, the control line is placed in communication with an
i nternal chianeerveBsioaBbpraciicepanpirsbidicaBfor aksubwnagivel includes twodcopitedon 32
is depicted in FIG 2B, it should be understood that any type and any
nunber lidespi Ohenis rawsd be witlsstdnd sucélatiselynibivi hydraubid miessuves(fopexampinul ar
piston, etc. The | ower side of the piston 32 is in conmmunication with

anot hers 6banigy, a3 thelbehez a3 FRRI ?tﬂ“ﬁﬁls{dhd?ﬁffﬁlh’ﬂivél?} hfgfh M&d&a@ﬁcﬁﬁ@éﬁﬁ@ 36
wi th an annul us 38

(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



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 | ower chanber 34 biases the
pi ston 32 upwardly. When the differential between control |ine pressure and

annul us pressure acting on the pi stc_)ré_32 exceeds the upwardly biasing force
of the spring 40, the piston 32 displfaces downwardly. Wen the upwardly

bi asi ng, force o, e spring 40 exceeds the force due .to the pressur

di ffer ewpfsaﬁesg&@ﬁﬁgl%ﬁﬁb Aedy,Pe used @P%h%énst}sqdédn e¢ lrsg:%twwrdwpfeﬁhe
spring 4o depicted in FIGS. 2C & Dis a coiled conpression spring, but any
type ofolthgdnyRptiwvi ce may be used instead, or in addition. For exanple, a
conpressed gas, such as Nitrogen, nay be used in place of the spring 40. If

a -9- conpr ed S_ 15 _use it e _cont ai ned,in_the chanber in

whi ch case thec S?%?Xe?’ a]:}'led]% g?s ?ﬂeor{g%{rs%ﬁs%@ 4 LY §§p‘?5§}éd19ﬂerr eaéﬂsfjlwe& t he
conpressed gas, and the L opening 36 y not be provided, so that the chanber
34 is i SBIECEYS 120 r"ﬁ6p §§Eﬁré°’ilﬁeCt{qf$etr@rﬁﬂ?¢%’sV e 121 dhe 5@‘?\?& §iringhist. A

conpr essed %as may be contained in a separate chanber, in which case

pr essureontroltline portud8its p®vidad &iridonnacting the hentppkline 1820 thhsatdy enlveval ve
12 is of the type which uses a flapper 42 to selectively open and close a
fl ow pagsage 44 extending axially through the safety valve. The flapper is
shown in its open position in FIGS. 2D & E, and is shown in its cl osed
position in dashed lines in FIG 2D. A torsion spring 46 biases_the flapper
42 to Pivot Abhpugh the peaeisplugeed apshawninFlgpan niepitbagondol £ngd8d to
di spl ace the flapper 42 between its open and closed positions, and to

pr ot ectistdoaneetet tethé poes the oonidahlige is placetbjyi coradhimicatidre withaam mgernalhe
opening prong is in its dowward position in which it has displaced the

fl apperchidnbér 36 aborer sk biston -32Upakheugh %péiﬁgl%nwal pitor Re @p&picedanong 48
will permt the flapper to rotate to its closed position.
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



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 enbody principles & the invention. For exanple, the
safety valve 12 could instead be a ball-type safety valve, or a sleeve-type
saf et y cpanpressest gas isjpsedrHe mpays be icontained hie thp ehampesrhgnashight ¢asedbpect t o
the piston 32 is fixed by neans of a magnetic coupling 52. The magnetic
coupl i nigwe? sidecoidespiataeganaphbe expos¢ddipetlyandhe corgpressedsghsatindched t o

t he openi ng prong 48, and a second set of annul ar pernanent nagnets 56

at t achegpdning 56 may h6nbé profideAsttha: MBe CRAMBEP 3§5§ iV el TROGI EsAfrelR NY
exposed to the inner passage 44 and the magnets 56 are depicted as being

| b _ Ct . .
%B?ig?ﬁh%?a e pac"ﬁggi ngrtfﬁ]%ﬁe!}gltﬁg%gﬁﬁge. Igzgs ﬁnlléé)' n@%jgg%%?r%é%hgrgese\g?{é%{gr ably
t t d d t hat {hei I . i at | i dt
o m FEHRE G NB TSt TGS PP dRRaB ey S SHLbEhe BR'Ihets 54, 56
may be used to generate a sufficient magnetic attraction, so that, as the

pi ston 32 anphd egres) $a196 191 SRIfaRE typANHELY 38da ﬂ%ﬁﬁﬂrawzd{cysemaﬁ%vwg ghs 54

and openi ng prong 48 displace therewth. As used ein, the term gnet"

i ndi cat i ey] . Wi u e ghetic
el d NRHOPES o8} Ehseg ad e R B aR A il et e A e B EhEoRaRer
mat eri al.s. Magnets al so .j.ncl.u vices, such as electro ets, .used to
Goner a L BN RPN B I A deFng s BoRaIE P osid BRIt Bt o 54,
56, the_magnetic coupling 52 could include other types of magnetic devices.
For exadgshed lings m@f@t 286 Adgrsion 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.



be an el ectromagnet. The nmagnet 54 could be a ferrous material which is
induced to displace in response to the nagnetic field generated by the

el ectromagnet. Any conbi nati on of nagnets and/or nagnetically reactive
materials or devices nay be used for each of the magnets 54, 56. Thus, any
types of magnetic devices may be usﬁg_in the magnetic coupling 52 in
keeping with the principles of the invention. - 11 Further exanples of

magneti c co be used in,thg safet t her

TyoeCof vl | T BRSHARLTIE dheRind Bhe 49 ﬁltesgei w0 heBishindhé Brsdhas i s
an exanpl e of an oper ati ng nber \%e ch may be s Iace act uate wel |
tool , seanyef @h@%&ﬁ'@?)ﬁ%@ h€1ra899§5‘é§0813 18565r2atri ‘é‘gesrrérﬁﬁélr% Olsuch
as sIrdlng sl eeves, setting nandrels etc. may be displaced by use of the
magnet i a:amﬂauppengaﬁ»em magpelsi szgaWached hether opeiipgggong 48 anidny eerdnshsetAs

depicted in FIGS. 2A-E, hydraulic pressure in the control line 18 has been

i ncr eaS@thﬁrmla:ppéMnanéntf magheRtsalatthelicdnto dle PicrasYbe Aticigh theempgasten 32
to displace the piston domnmardly agai nst the force exerted by the spring

40. As §z{‘§ré’ﬂ§h cﬁ%s b%'lﬁ% %@Wfﬁer&ﬁﬁ%aéf%%t thep%rféﬁﬁegé%ward

as wel |7 causi 54 to displace

di spl hbt
that ¢ s pagedRif RpBeelth él?eusli%r“l‘ﬁ%faéﬂ BB R ek B iR ot
pressure.in the control |.ine 18 ressure in the annul us 38. Pressure in
t he tubWHbaPQF‘PPrﬁﬁteMc B@9E1BACH: P(S t9%e piston 32. Therefore, pressure

fluctuations in the tubing string 14 do not have to be considered in the

pressure 1 at g gleldie N ale Lirderddly SAULURPLRASMESnky Es&t%t ¥heir

controll abl e sin er ent pressure acros e pr ston 32
I t t he, bi f di spl
the. pi RO aﬁtﬁfeﬁf@p°”‘“tﬁﬁv”g¥moﬁroe'r$a§%ﬁﬁ@e e Trgne ﬁtarér‘éctwﬁ S| ess

than that needed faqr other conventlonal Sp set safety % ves For exanpl e
with Any number of magnets 54, 56 may be used to generate a sufficient magnetic

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.



sonme conventional safety valves, in the event gas is produced, the spring
must supply sufficient force to displace the piston and openi ng prong
upward, pushing the fluid in -12- the control line upward against its
hydrostatic pressure, with relatively low pressure in the tubing string to
assist. In the safety valve 12, the spring 40 is able to nore easily

di spl ace the piston 32 upward agaihst~the force produced by the
differential between control |ine_ pressure and pressure in the annulus 38.
Thi s arfiuther erasples of magnesic copplingsavhichbwyabe hagd in tomsafaht valke a2 @hout
the use of the safety valve 12 in the well 16, and so the spring V does not
have t anyotlestypead well tomlkars illhstratedia FES. gt&anoe. Thus, the pressure
applied to the control line 18 to actuate the safety valve 12 may be
significantké}less,than that used to aﬁtu?te a conventi onal qgep set safety
val ve. Furt HEM@PRINERIONEIH] 15 AR e¥pRe §T BRRETABNE NGNBEE yHCh ANBhbed and
is pressure isolated fromthe chanbers 30, 34 containing the pressures used
t o act ulisplacedhto acthiate/a wellMiool, suchsisitbe safety walve 12hOtther fypes of operating
"pressure-bal anced” is used to indicate that the fluid pressures acting on
a nenbehembess saohlag Pidingckevey settindnagidrdls, b, egay berisplacadeby s alf
safety val ves use dynam c seals to provide pressure isolation between
pressurige 'nﬁhgﬂb%ictdé!ﬁbﬁ\% %ﬂbrihrl&eﬁﬁ%hw{tﬁ rthég)@fﬂéhﬂes Of 82SHVEntignt he control
line. However, it is Il known that dynam c seals are generally nore
susceptible to | eakage than static seals or rigid barriers, and so it is
desirabl e t As deplateel ior FEGS.mAdl, drydyaain pressatesin theacasafaltlines a8 has baen - used
herein, the term"dynam c seal"” is used to indicate seals which provide

pr essurigcicastdito apphes waeficisRn i eremtialchresame debal fheepiitewkacen@iplace
t her ebetween, for exanple, a seal which seals against a displacing surface,

or a segl pi&%prd&ngnngrecﬂggggm%e e eRBHbAIG AR Biind 6, ASite FRARPL, ©fC

A dynanic "sea L omeric or resi stoneric,
Corrpos'&igplaééjsb%%%nw%{rd@t%% 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



-13- of any other material. A dynamic seal nmay be attached to each of the
relatively displacing nenbers, such as a bellows or a flexible nenbrane. A
dynam c seal may be attached to neither of the relatively displacing
menbers, such as a floating piston. In the safety valve 12, a rigid tubular
barrier 58 separates the fl ow passage 44 fromthe chanbers 30, 34. No
dynami c seal is used between the opelgng prong 48 and the piston 32. That
is, displacenent of the piston 32 is translated into displacenent of the
openi ngtheraongrol dinewipwartbaghinsinite hydedstasis presasked withheeletivelgdew. pressiiread,

t he magnetic coupling 52 permts translation of the piston 32 displacenent
t o t he iotdeitabingrrigg46 assistoss the barrier 58, with conpl ete pressure

i sol ati on therebetween, and w thout any dynam c seals. The piston 32 does

i ncl ude dynam ¢ seals 69, 62, but the differential pressure  across these
seal s is r el thessafetyovalve s2.dbecsriediiapsable tpyaose sasilysdispkiee Hie PIgANY

seal against a pressure differential between the control line 18 and the
annul us3381pwalide agyitsbdhat forcgpmesduced ihy the diffatendlal | hetevet8 egmtrolnlinhe
annulus 38 will in nost circunstances be approxinmately equal, and so only a

rel ati velegsi@®dnd pressiire Gh ther fasulae 38.! Thixe anpplusepressutehs s@ilabld ahdne to
actuate the safety valve 12. Referring additionally nowto FIGS. 3A & B, an

| . . el
al ter ”aéﬁs%ﬁfirl]fy'{tﬁdss%t%ré out#hel¥e Y)?!tl‘{eesé'ftg e‘%‘ﬁgﬁnﬁ‘z% )18 ¥nd so

illustrate ternate construction, C r 34 1s in

comruni gat i on. Wi the [pterpal fl ow sage, 44... i nst ead.qaf the, annul us 38.
e e R Ehed o dphaRot Bafd i be deSiEpPRS S ol Aidhn it oy e

provi des conmuni catjon hetween Ege fl ow passage 44 and the_chanber 34. FIG

3B is RigBHEnapRiied t9; Hhe gentigl dine 18150 acheast then satetnevalve d2nmaypbi ng 36
provi ding comuni cation between the annulus 38 and the chanber 34. -14-

Thus, tdignificantyless than that usetldonatuate amotventional deep shbsafafyetalveial ve 12
depi ct ed

Furthermore, note that the opening prong 48 is pressure-balanced and is
pressure isolated from the chambers 30, 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



in FIGS. 3A & B displaces in response to a differential between pressure in
the control line 18 and pressure in the passage 44. This denonstrates use
of the principles of the invention in a safety valve which is actuated
differently fromthe enbodiment shown in FIGS. 2A-E. Note that the safety
valve 12 as depicted in FIGS. 3A & B still has no dynam c seals between the
pi ston 32 and the openi ng prong 48.'Féferring additionally nowto FIG 4,
another alternate construction of the safety valve 12 is representatively

i |1 ust reftary othes, materals uihs dxnamig sealsingy| be attecimdsto each, ofetheopelatively a
port 66 is provided through the outer housing 22 for connection of a second
cont r ol displaeinghaenther§,such asa belbdweor adlxilie rhembrad). . Aidyralniie sehl miagat e
construction, the chanber 34 is in conmunication with the second control

line 18e attdttheldt® eEboF thérd2@Vdy Akpld@ng hitnBe3ubith &3a fl8atiAgpistbgd i n
FIG 313). Thus, the piston 32 in the enbodi nent of the safety valve 12

shown in FIG 4 displaces in response to a differential between the
pressures i ninthe safetycaive 1, a rigidstubudar tereiep 58ssepacatds the flomt patsagetdeen

the control lines 18 is increased or decreased to displace the piston 32.
Not e t hizdmnihedyhzanbers 3gl135. aNe digrnicaieak Bnudddebdtineenrthd dpeaitt phengop8ni ng
prong 48, and a relatively I ow pressure differential may be used to

over conghd RRe Eﬂ)i@ﬁirﬂ%zf. Or PRatOfs, ¢ H%P%@hféglt“&’ﬁ tRe ﬁi&&hgzeimfﬁr{mﬁ&ddﬁﬁbct ed
in FIGS. 2A-E. The 'enbodi nents of the safety valve 12 shown In FIGS. 2A-E,

FIGS. 3 B_ and F 4 monstrate that i nci plies. of the,invention.may be
| ncor polisPlmRRE Ghythe!' BB BRR, A vBH THOuRTuRic ] HRL. VAR 4R b
i ncorporated i nto other tﬁpes of . well tools. Representativ I})l/ i|lustrated
in FI G3here t‘é(?%nahb%%rt 9@}&@%]Cicgpﬁbng|53d2ﬁ‘éml SStraggpien 9b the RISteR gRval
control valve or choke go and a perforating apparatus |oo. However, it
shoul d displaseiest twotha ppeningqwengd awrpss thegbanriersss, exitinpompletarnreasiyre t ype
of well tool may incorporate principles of the invention.

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.



In the packer 70 depicted in FIG 5, a nmagnetic coupling 72 is used to
translate displacenent froma hydraulic actuator 74 to a setting mandrel 76
used to set the packer (i.e., outwardly extend sealing el ements and/ or
anchoring slips of the packer). The actuator 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 splaces in response to presk¥ure in a control line 78 connected to
the actuator, although another type of actuator may be used instead. Note
that there afkus;thelpisson 824w she aliernate nonsteuctinruef ihe safetuvdlvene dapictedg
mandrel 76. In the sliding sleeve valve 80 depicted in FIG 6, a magnetic
coupl i ng BEG$.s3Au&eB dieplacassh atespohsspt@aediffarefitislnbetvaetr puéssaredh uwheor 84
to a sliding sleeve 86. Displacenent of the sliding sleeve 86 is used to

sel ectiyldol PERET I8 and #&E@&t i 1AW péé@ég’élgfh.()pﬁﬂé NG 88str¥edeakd af ahal |y
t hrough the val ve 8o. e sleeve 86 1s pressure-bal anced, and no dynamc

seal | SpRaHe BR i BRBh SR A, VIRUALRU SR B Ry hdln e choke

go depi a magnetic I's use

di spl acengnt. bet ween an trical actuatgr 94 and.a choke sl eeve As the
Choke ST BRYENTY SOV Bk Lesiafinty Natedbat e 1isiredie 13 Suiehe ngs
98 is progressively increased or decreased, to thereby regulate flow

bet weer34 & BistiH das siordymgmis seals hebueen thanpistori 32 anditheopemiag preagaiSect ri cal
actuator 94 may include a conmmunications nodule 102 to provide

conmuni cat i ith a l.ectyical i 104, - 16- el ectri t or a
freewheel i ngﬁ%f‘fgmfftl%% a%iggt,lo éﬂb' QOB’ah T‘i@r éwaffé-‘etroglg(?)rﬁ]\?ger Pong}‘gﬁ%’t}oq (9&= ggfeon
into |inear displacenent. The gctyator 94 displ aces one, nor, magnet i c
devi cessagewt%ivmmqpée%ﬁﬁw glﬂﬁtrﬁﬁa- dtligerd Wlflagg’vﬁl&l rdetlbhed to
the choke sleeve 96 displace therewith, thereby displacing the choke sleeve
and r egjhlexcepighiat aworheo igpravidedttiukugh she outer housing 22 for connection of a

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



O course, in place of the electric line 104, telenetry may be used for
communi cati on between the choke go and a renote location. In addition, a
downhol e power source, such as a battery or a downhol e power generator, may
be wused to provide power to the actuator 94. Power to operate the actuator
94 may also be incorporated into a telenmetry system such as

el ectromagnetic tel emetry or pressut® pul se telemetry. The perforating
apparatus 100 depicted_ in FIG 8 uses_a_ nmagnetic coupling 112 to translate
rot at i oalve &0, an Enteevaljcomtralcealeg or choketgp andaadresiorating ARRAEARE 1Q0-a
perforating gun assenbly 118. The apparatus | oo may be used to rotationally
ori ent Hoheveyit sismddibe/uid&rsioodthat|thesesaret inarely tgiwdmwas sxamplesdend aag
direction. A conmuni cation nodul e 120 provi des for conmmunicati on between an

el ect ri gpkiofivellddol AR§ idcompoRitelptinciPlet of thwinvehtiopgndrel 116 may be
pressure bal anced, with no dynanic seals between it and the actuator 114,

so that bearings 126 used to rotationally connect the gun assenbly 118 to
t he appar at U ihecpaskey 76 depinted i E1Ges,ghimaghetiheouplinga32 imtided, to taanslate not
need to resist any force due to a pressure differential between the actuator
and t hedisplademlent fioin d&Ehgdranflict detuatolr orsstdl aGettiZg niersdyiel béduseldotoesdtsthan
electric notor, but it should be understood that any type of notor nay be

used top;sﬂk%ptia&,eomva&am@&eﬁdB@ﬂhﬁgelbﬁlenls@&&paﬁg dﬂchbgﬁl lesli@)rsio%h@bs&e@j. the

i nvention. For exanple,” hydraulic, pneuratic, fuel ell, chem cal, |1near,

rotary, f: r Y. u g, Aadgi t | l,y. .now to

F b THE Aohbdt 74 ¥RET bR ifHled P HRUp R 5 G ELBBHRG B0 nlsB el " e

invention is representatively.illustrated. The magnetic couplin 0

et udes ey YaNDr dmitnsh (B biston AiRplaies ab desiosBe 19 PTETuBF O Agntal Tkner

annul ar shaped nmagnetic device 134. Pressure exposed to the outer 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,



device 132 is isolated from pressure exposed to the inner nmagnetic device
134 by a rigid pressure isolation barrier 136. Each of the outer and inner
magneti c devices 132, 134 includes a stack of alternating |ayers of magnets
138 and magnetically reactive material |layers 140. In each of the magnetic
devices 132, 134, polarities of the gnets 138 are axially aligned, but
are reversed between alternating magttets in each stack, so that the sane
magnet polarity faces each_side of each of the |layers 140. Thus, each of the
| ayer s am@lecHis meignded ianfreewheeling stuteh JoBaendya dghlosarew 11§ tgpnygrt

adj acent layers 140 in the sane stack. In addition, each of the |ayers 140
has i ndootd ratationantmdinenr clipplpeement. dpyeosctuietarogq hdisplates hoelerymoré40 on
the opposite side of the barrier 136. In this manner, the nagnetic devices

132, 13Aagheicagrieds 6btHe/maghete codplifg @2¢ Andtdther mdgneHk akeimetateichbde
magnetic device 132 will be translated into displacement of the magnetic

devi ce t@)%ea(?fo‘k%ssléé'{% Q@rﬂ;ﬂacelﬁ@erem; théteb ediggaemgtﬁ]% QRRQSEIRGvPRhAr i ti es

of adjacent layers 14071 n the opposing stacks operate to prevent relative
di spl ac . wean th eil ¢ devices 132, 134 with the additional
force orﬁgﬁﬁbﬁ&%foyﬁg?ﬁﬂgﬁitgﬁ%ﬁghégn the sane polarities in the stacks. For
exanpl e, the positive polarity layers 140 in the outer magnetic device 132

are repel | edDf rcotrsd, sipl %Tddégof aher dlettie Poel 16X, tdleitht Ynd RN sisddOok N t he
i nner nmagnetic device 134. Therefore, a magnetic pattern in the outer

magneti g, b Elélgc%tﬂ)%z betidkh Elh?ﬁ%é;/gop%ﬁeﬁ "rdrfloteN focaliBR" RS '&ghit?orgeé(i c

e
134 may to prevent di spl acenen et vieen the devicés, by
magneti ¢ atit raction or b% ma neticD r%pulsiﬁn bet ween t he magpetic@ggtterns.
Referri £ RO3YRE SPTROWUCE 4 &PAISTY 2R 6t RVDRGISHRYWE BRIy ™MB0DGni ch
may be used in a well tool enbodying principles of the invention is
repres é;ﬁpattp\mpylde power to the actuator Q4. Power 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.



illustrated. The magnetic coupling 150 denonstrates other nethods which may
be used to create nmagnetic patterns in nmagnetic devices 152, 154 separated
by a pressure barrier 156. However, it should be understood that, as with
other well tools 12, 20, 70, 80, 86, io00 described herein, it is not
necessary for a pressure barrier to separate magneti c deV|ces of a magnetic
coupling in keeping with the principles of the invention. In the magnetic
coupling 150, nagnetic polarltles and_spaci ngs and sequences . between these
polarities atacheidhempotreans, tawdessyetiabopeis anr plectiie giotor.dntlinskould

di spl acenent of the outer magnetic device 152 to di splacenent of the inner
magnet ilee undarsodithat any typeiof metert mag beivset do eisplacerat aerntohmensmgrani c
devi ces. The outer magnetic device 152 includes annul ar shaped magnets 158
havi ng kdepthgaivith Bk ipe leBghneid mveatiahl ‘P‘o@%xatﬁ@%é thydeahlit, pReunddicafikel

inward direction, and -19- negative in the radially outward direction. These
magnet s..h5 gpe, 4i nner magnetic
devi ce f‘i;lﬂgh%fcgﬁ)ﬁlﬁ Hﬁ oﬂ}t\%}&ggégne?‘ﬁoé%%p?@@gol arities, but

oppositely directed (negatlve inthe radially inward direction, and
posi tive i n Réferrirgiaddityorallyvaew tdiFIEC g, tanhagﬂ'étﬁmcomlblﬁlgmg@ébsal&al ficd
attract each other. The outer magnetic devi ce 152 further includes annul ar

shaped dmRBH@fifg i M'o‘l’@thé&iﬂv&{tidh ?s'f RGN ituftehifl tTIeS ggkive in
t he radi al ‘P‘;g}’tlu %\A]Egr dmﬂeil?r ection, p05| t| ve in t%e radltg ly outnv\d/a%?l

nner . KOBRIREC 3@'5‘81%&1?5%3 0%%?6 e it SaTRORES SohBhfy A°

pol arities, but opposi ted g{iposbtlve in the radtbgll i nwar d

di rect i BRE agRl aﬁé apf én %Pett GVagh 534y PressiiEs expaseddoi the)outeh iragnetie
magnets 162, 164 attract each other. The nagnets 158, 160, 162, 164 are
spaced @yggq 132nist iselated §m|m§sm@xpgﬁ@i to the inner magnetic device 134 by a

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.



i nner magnetic devices 152, 154 by spacers 166. The spacers 166 are
preferably made of a nagnetically nonreactive material, such as al um num
conposite material, etc. |In the magnetic coupling 150, the spacers 166 may
have any thickness, spacers in a magnetic device nmay have different

t hi cknesses, and any conbi nati on of %gacers may be used to space apart the
magnet s 158, 160, 162, 164 to createl ny magnetic pattern. The nagnets 158,
162 in the outer magnetic device 152 are repelled by the sane polarity
nmagnet s 160, Fuhermores dhe pmosinggpelaridied enfi abiacesd layerdi 1icoimthe opppging
nonuni f orm magnetic pattern created by the magnets 158, 160, 162, 164 and
spacer sstadléboperatee bt prewaiti mhateret displachmemt drettveen dbe imagnets2ddbdes 132,
Preferably, the magnetic pattern is constructed so that the magnetic

at t r act jgonwahdtHeegdditiofal ek Bf Aagrdlic RYHISIBN BotRetMINE lsEmkSPolatifies iA62,
164 acts to prevent relative displacenent therebetween. O course, a person

ki | | echiiollfdie. a7k c9lle, HOYDRIGALALHEY FOBR! R A IR RL: R eAROISice

descri ption represe ment’s I nvention, Iy

appreci gt e that nodj.fi.cati qns itions, sybstifutions,.dgletions, and
orher | Pirarsde et o ieb A hegbard B PoS e A e et TRt o e g
are contenplated by the principles of the present invention, Accordingly,

t he for@gsnelic deneais4dlberetoreyimagneaticpatiandndhe pyterinagaetiodevdiee Kid.ng
given by way of illustration and exanple only, the spirit and scope of the
pr esentandaemngoetib @attgrnh iini thedinget ehggndiic dédcapggndey bel asats tapdeventi r

equi valents. 21 WHAT IS CLAIMED IS: 1. A nethod of actuating a safety

val ve, ttiviedizpthceaiantilsdtvgeh hesd@icesPby mapaeti@attigctdsh @@tbgahﬁarr%)ﬂme‘oer of
the safety valve; and translating displacenent of the actuator nenber to

di spl acepRioRbeffeddPRledhhfiktic 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



menber, the translation being perfornmed across a pressure isolation barrier
w thout the wuse of any dynamc seal. 2. The nethod according to claiml1,
wherein the safety valve has a fl ow passage extending axially therethrough,
and wherein in the translating step the operating nenber is displaced

W t hout exposing any dynam c seal to Es)ressure in the flow passage. 3. The
met hod according to claim1, whereinl9he safety valve has a fl ow passage
extendi ng axially therethrough, and wherein in the translating step no
dynani cnegadiveiin thexyaskially ootywawk dineetiom. tThest| magpets siaearedaxialy ahgniedd
according to claim1, wherein the safety valve has a fl ow passage extending
axi al | ywitheneghetougb,inathd inher aiagnetic deeicdiisp) ahictgalsd dyave radatlyudigmedmenber
is isolated frompressure in the flow passage wi thout the use of any

dynam cmagaétic E1i)<_)155'ﬂﬂie§,'3tﬁiﬂd o@ﬁ@é’i‘télynﬂi&@te@ﬂ ThBativeif’ ehd feﬂiiél’hf‘ fhvaRdl ating
step, the operating nenber IS preSsure-balanced. 6. A well tool,

conpri Sh:0Qs: 1 nel udi i - Whi. { i e to a
Firer ponditl oA Rla S ReddRa Bt P L, SRR, SEE et BREAPAC S o
oper ateq&he wel. | t;]%ol, the operating nenber having a second pressure

appl i ecPFEF 83h Oth8E di spl acenent of the piston being translated into

di spl acenent of the operating nenber while the first and second pressures

are | sol at edrhé MAAAALIS tevith UBIULIIHRR iHARGeO hnAllar bHABE magRlis 1Bo! ati ng

the first pressure fro e second pressure. e well tool a C(;[I‘ ing to
claim wher ei.nnt h | tool.is.a.safety valve,. 8.  The wel]| 0ol .according
o e pa e FRmLY AREAEd mdsRic ioIAuRRS, Hebalifly 1S thradiafty Mivard d0paBRED: 01 )
val ve. 22. 9.. The V\ﬁ| I éo?l accorai g to claim®6, wherein the, [1,. togl is a
packer . and, positiye jg the radially r gﬂ’ze&t@pai YmagRer:10R AR asiRdy Aligh§dmenber

is a setting
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



mandrel of the packer. it. The well tool according to claim®6, wherein the
well tool is a valve with openings for flow laterally therethrough. 12. The
wel | tool according to claim11l, wherein the operating nenber is a sliding
sl eeve of the valve. 13. The well tool according to claim®6, wherein the
well tool is a choke, and wherein displacenment of the operating nmenber

regul ates a rate of flow through thHe*@hoke. 14. The well tool according to
claim 13, wherein the operating nenber is a flow regulating nenber of the
choke. beweanethgemagnets 158¢ 6@, N2, olel acts 60 piewent melahiyvef displacemesgure i s
pressure in a first line connected to the actuator. 16. The well tool

accor dithgrdébetweenn.m 15, wherein a third pressure is applied to the piston
and wherein the piston displaces in response to a differential between the
first and third pressures. ﬁ,. The wel | toql according.to clajm 16, erein
the third pr@sseiise; 8 neraas skidledringthesart syppld; HpoR GnerzefWcansiGasatian hat or .
18. The well tool according to claim 16, wherein the third pressure is

pr essurthei abave descnipticn sofr represenigptiveeembodiments. of theThevemtiadn, t wadily
according to claim 16, wherein the operating nenber is pressure isolated

from t hgpprbéiate higsiiang, meidifieitionshaddittorsf sabytititivhs debitins, Add étheet hod
of actuating a well tool in a well, the nmethod conprising the steps of:

di spl aci r t | | : I I flow

paseage Papey ey opé il RE thete pEcie prittimehas, 460! ol chaBieag, | R

act uat ol et d By 4k SR ASSBRN o She BheS RN KRSS g SthelorsdfRge!  ©
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.



actuating the well tool in response to displacenent of the operating nenber.
21. The nmethod according to claim20, wherein in the actuating step the well
tool is a safety valve. 22. The nmethod according to claim 20, wherein in
the actuating step the well tool is a sliding sleeve valve. 23. The net hod
according to claim 20, wherein in the gactuating step the well tool is a
packer. 24. The nethod according to claim20, wherein in the actuating step
the of well toQgalrSse %ﬁ@ﬁﬁ)ﬁg5 The net hod according to claim?20, wherein
in the actuati ing nenber is used to rotate an assenbly
within the well. 26. The nethod according to claim25, wherein in the

actuating step, t heAﬂﬁe‘iﬁJﬁtﬂf){ctha‘émg 2sR&Y L eatnk %thg&'@orﬁﬁﬁﬁlm%teli@&tat ional l'y
oriented within the wel . A Safety valve, conprising: an actuator

i ncl udi ng a notor mﬁisalwmﬁ@@metesmweaeﬁth@%a&wmw of the safety valve;

an operating nmenber yyi.6he Ji1§pl£$le1%9{t %@ﬁ@'a&t&tcﬁ’ﬁféﬁﬁ&ﬁo Hﬁﬁla&%ﬁto\f aY e¥sing and a
magnetic coupling between the actuator nmenber and the operating menber .

The safety val WwsmbereBe Hristptionbainggerforred avrpﬁéra@mﬁswlé?léﬂoarberrﬁbwmaﬁh@c seal s
bet ween pr essumge@giydwaﬁ@sgame actuator nenber and pressure acting on the
operating nmenber. Z9. The safety valve according to claim 27, wherein the
magneti c coupling includes at |east one first magnetic device attached to

the actuator mamber rh@Rethéd ack&aRE toWMEm I OFRRE theBARGLAIGe BBV INGH padsh@ached to
the operating nmenber. 24 30. The safety val ve accordi ng to claim 27,
€

wherein the op Q{tgﬂdﬂggﬂ%gpth{@g%ﬁnd whergin in the translating step the operating member '

is displaced without exposing any dynamic seal to pressure in the flow passage.

3. The method according to claim 1, wherein the safety valve has a flow passage
extending axially therethrough, and wherein in the translating step no dynamic seal is

exposed to pressure in the flow passage.

4, The method according to claim 1, wherein the safety valve has a flow passage
extending axially therethrough, and wherein in the displacing step the actuator member is

isolated from pressure in the flow passage without the use of any dynamic seal.

5. The method according to claim 1, wherein in the translating step, the operating

member is pressure-balanced.

6. A well tool, comprising: an actuator including a piston which displaces in
response to a first pressure applied to the piston;

an operating member which displaces to operate the well tool, the operating
member having a second pressure applied thereto; and

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.
7. The well tool according to claim 6, wherein the well tool is a safety valve.

8. The well tool according to claim 7, wherein the operating member is an opening

prong of the safety valve.



openi ng prong of the safety val ve which opens and closes a flapper. 31. The
safety val ve according to claim 27, further conprising a fl ow passage
extending axially through the safety valve, the fl ow passage being pressure
isolated from the actuator nmenber, wi thout the use of a dynam c seal. 32.
The safety val ve according to claim 2722 further conprising a flow passage
extending axially through the safety valve, the fl ow passage bei ng pressure

i sol ated from gthe apyliHSel a\éé&&]%&) clalitf? 6 UstRredl @ wllY PRI G piel. - 33. The
safety val ve according to claim further conprising a flow passage

extending axially through the safety valve, w thout any dynam c seal being

exposed to pregsur end Welf 106 sbéRBPRIRAN G, whdtkin de BREAAL nefnb@GS ¥@king9 a safety
val ve, the nmethod conprising the steps of- displacing an actuator nmenber of

the safety val Yendreloitheipagkeng di spl acenent of the actuator nmenber to

di spl acenent of an operating nenber, the translation being perforned across
arigid pressure isolation barrier without the use of any dynam ¢ seal; and
actuating the $hf et yhswsllteolfetopgingto 5j3amo.avgredy thawell t9plds ¢ YdysaithPPeiiEsonse t o

di spl acenent ohnEMngaghah&g@Kﬂ?nber. 35. The nethod according to claim 34,
wherein the safety valve has a flow passage extending axially therethrough,

and wherein in the translating step the operating nenber is displaced

wi t hout exposimg anyh&yépdbicsRdhg o@laith @5 SHAERini tRe dpaitihd AWnRRA%eAUBing 36. The
met hod according to_.claim 34, wherein the safety valve has a fl ow passage
ext endi ng axi af ?wPﬁ@Féﬂﬂ?ough, and wherein in the actuating step no dynanic
seal is exposed to pressure in the flow passage. 37. The nmethod accordi ng

to claim34, whereipn the safety valve has a fl ow passage xt endi ng axially
ther et hr ough, A wABS BSTHOP ook 3 & el B WP BOLEF Shakr kR | s

i so: ated from pisplactiest of theloPératidgQendass gdktes\i rhtB 0fiflov heouds tie@hokany dynami ¢
seal .

14. The well tool according to claim 13, wherein the operating member is a flow

regulating member of the choke.

15. The well tool according to claim 6, wherein the first pressure is pressure in a first

line connected to the actuator.

16. The well tool according to claim 15, wherein a third pressure is applied to the
piston, and wherein the piston displaces in response to a differential between the first and

third pressures.

17. The well tool according to claim 16, wherein the third pressure is pressure in a

second line connected to the actuator.

18. The well tool according to claim 16, wherein the third pressure is pressure in an

annulus surrounding the well tool.

19. The well tool according to claim 16, wherein the operating member is pressure

isolated from the third pressure, without the use of any dynamic seal.

20. 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 well tool having a flow

passage for flow of fluid therethrough;



25 38. The nethod according to claim 34, wherein in the actuating step, the
operating nenber is pressure-balanced. 39. A well tool, conprising: a flow
passage for flow of fluid therethrough: an actuator for displacing an
actuat or nmenber of the well tool; an operating nenber which is displaced to
operate the well tool; and a magnetic gpupling between the actuator nenber
and the operating nenber. 40. The well tool according to claim39, wherein
the magnetic coupl i fghiafif dfisefbdi 8F the Adthor HeRBEt tgaﬁgsée&n%m%% GRfuting e first
magnetic device being connhected to the actuator nenber, and the second
magneti ¢ devi c&epgenby usoifparagadiccaunlingtherseatugenigdrenber . 41. The wel | too
according to clai m g, MeiHe Wi tddeindPPoRE tWspIREREE of tRe SpefdtifS HEMberMENDEr Of a
val ve. 42. The nethod according to claim20, wherein in the actuating step,
the operating nenber is a closure nenber of a valve. 43. The well tool
according to chai m 3R m¥RES Rtdtdhd R PR LAIHEIHTR HR&EuAThgRtep RS €ol FBNMDEr  Of
a valve. 44. The nethod according to claim2 1, wherein in the actuating
step, the oper &f¢thy2lverenber is an opening prong of the safety valve. 45. The
wel | tool according to claim?7, wherein displacenment of the operating

menber actuates the _safety val ve between its open and. cl osed positions. 46.
The wel | tool &&cor dhsigethes acrring & clajp &Pevhsred 8 Hlescstingstepthetyst tohlsrat i ng
menber sets thelif@ch®ie vavé. The wel | tool according to claim1l, wherein

di spl acenent of the operating mnenber actuates the val ve between open and

cl osed positions. 48. The nethod according to claim 22, wherein in the
actuating step23t heThp@EBd 42gording to claim 20, wherein in the actuating step the well tool is a

packer.

24, The method according to claim 20, wherein in the actuating step the of well tool

is a choke.

25. The method according to claim 20, wherein in the actuating step the operating

member is used to rotate an assembly within the well.

26. The method according to claim 25, wherein in the actuating step, the assembly is

a perforating gun assembly rotationally oriented within the well.

27. A safety valve, comprising:

an actuator including a motor which displaces an actuator member of the safety

valve;

an operating member which is displaced to operate the safety valve; and

a magnetic coupling between the actuator member and the operating member.
28. The safety valve according to claim 27, wherein there are no dynamic seals

between pressure acting on the actuator member and pressure acting on the operating

member.

29. The safety valve according to claim 27, wherein the magnetic coupling includes
at least one first magnetic device attached to the actuator member, and at least one second

magnetic device attached to the operating member.



menber is a sliding sleeve of the sliding sleeve valve. 26 49. The nethod
according to claim23, wherein in the actuating step, the operating nenber
is a setting mandrel of the packer. 50. The method according to claim 24,
wherein in the actuating step, the operating nenber is a flow regulating
menber of the choke. 51. The well tool2gaccording to claim39, wherein the
well tool is a valve. 52. The well tool according to claimb51l, wherein the

operating menbep i sy GASUIG aclTRTRED ol HISnBhE ooiind REpEnt 00

according to claim erein t todl 1s a eeve valve. 54.
The wel | tool ae@mgmrmoﬁ"&leéélfetiymls%whlvhmeeqmdﬁheese;ﬂepm| ng menber is a
sliding sleeve of the sliding sleeve valve. 55. The well tool according to
claim 39, wherein the well tool is a safety valve. 56. The well tool
according to cPB& m Fhe saﬁﬁﬁsevaé\ierm%n@pélaa@ ?%@Jﬁb@h@éwﬁﬁiég aflowpspigag prong of

the safety val \éﬁenoqﬂ axfEh?th htlk@ﬁiety%l@@'ﬂﬁ'ﬂag/ Ha&aé‘e'lﬁln@‘p?é?suré"@cﬂét@d florh he wel |
tool is a packer. ﬁ according to claim57, wherein the

operating merrbé*reaF%‘atar@@T‘l?ef’r‘f@thoﬁ’fﬁl?f‘dfséPf"(ﬁyanﬁéS‘ﬁhcker 59. The wel | tool
according to claim39, wherein the well tool is a perforating assenbly. 60.
The wel | tool accordlng to claim5b9, wherein the operating nenber is a
mandrel used £& rotlA¢ %élfet%\éal‘ﬁéﬁ‘fob‘?‘%&‘i"ﬁbln&%QHE‘FVOWTSIH%EO‘V\BTSF*‘%PooI

according to cleabdBing%hxial) 8k Righ tHe RfetyRhiVe, tHRAlowi pﬁss@ge@éng%resgge 1s<ﬁaed e wel |

tool according to claim®61, wherein the operat| ng ne is
the annulus, without the use of a dynamic seal.

33. The safety valve according to claim 27, further comprising a flow passage
extending axially through the safety valve, without any dynamic seal being exposed to

pressure in the flow passage.

34. A method of actuating a safety valve, the method comprising the steps of:

displacing an actuator member of the safety valve;

translating displacement of the actuator member 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.

35. The method according to claim 34, wherein the safety valve has a flow passage
extending axially therethrough, and wherein in the translating step the operating member

is displaced without exposing any dynamic seal to pressure in the flow passage.

36. The method according to claim 34, wherein the safety valve has a flow passage
extending axially therethrough, and wherein in the actuating step no dynamic seal is

exposed to pressure in the flow passage.

37. The method according to claim 34, wherein the safety valve has a flow passage
extending axially therethrough, and wherein in the displacing step the actuator member is

isolated from pressure in the flow passage without the use of any dynamic seal.



regul ati ng menber of the choke. 63. A safety valve, conprising: an actuator
havi ng an actuator nenber; an operating nmenber which is displaced to operate
the safety valve; and a magnetic coupling between the actuator nenber and
the operating nmenber, wherein the magnetic coupling transl ates displacenent
of the actuator nmenber into operating@smenber displacenent to thereby
operate the safety valve. 64. The nethod according to claim1, wherein in

the translating stef, ,ﬂéaﬁ)dra&%%ﬁﬁgt@ clalnwd WhbOR PRk utsartmg aeﬁ the Pedtifpar ri er.

65. The nethod according to claim 34, wherein in the translating step, the
pressure i sol @emkshistpagspyrebalansedy rigid barrier. 66. A nethod of conpleting a
well, the nethod conprising the steps of: positioning a well tool in the
wel | ; displacing an actuator menber of the well tool; and translating

di spl acement 039t heA #el tpel SPPRSHSer to di spl acement of an operating menber

of the well tool, t%ﬁﬁﬁ&g&ﬁ,}ﬂg@omlmge@%&gﬁmd across a pressure
isolation barrier wthout use of nam ¢ seal. 67. The nethod according

to claim66, whereidt FHaPher @lﬁlﬁ‘i‘%‘}gaﬂl|aﬁbat%‘t"é3§‘be‘é°fﬁl?ee‘§‘§lt}9‘é differenti al

exi sts across the parne@&uﬁ@gm&@deatvm@mlsla@pmearto offtthte thb RelM@bhagh according to
claim 66, wherein in the translatl ng the actuator nember is exposed

to a first pressure® Maggliqqeup %@F%?‘HS ?‘Fgﬁf?éf“ei“ erau,the QPFrtRE PeBRond

pressure different fromthe first pressure. 69. The nethod according to

cl ai m 66, whereln [ transl ating s the well tool _is. afety val ve.
70°" The et hodacc oD (14 SCPEETR G o ASe AT 11 ee e PRI PP SRk, he
operating mengisedoid MbgrRREMYvites, He@ig nafnetib @eviabeihy condbatdl to the actuator

member, and the second magnetic device being connected to the operating member.

41. The well tool according to claim 6, wherein the operating member is a closure

member of a valve.

42. The method according to claim 20, wherein in the actuating step, the operating

member is a closure member of a valve.

43. The well tool according to claim 39, wherein the operating member is a closure

member of a valve.

44, The method according to claim 21, wherein in the actuating step, the operating

member is an opening prong of the safety valve.

45. The well tool according to claim 7, wherein displacement of the operating

member actuates the safety valve between its open and closed positions.

46. The well tool according to claim 9, wherein displacement of the operating

member sets the packer.

47. The well tool according to claim 11, wherein displacement of the operating

member actuates the valve between open and closed positions.

48. The method according to claim 22, wherein in the actuating step, the operating

member is a sliding sleeve of the sliding sleeve valve.



28 71. The nethod according to claim®66, wherein in the translating step,
the well tool is a packer. 72. The nethod according to claim71, wherein in
the translating step, the operating nenber is a setting mandrel of the
packer. 73. The nethod according to claim®66, wherein in the translating
step, the well tool is a perforating sgssenbly. 74. The nethod according to
claim73, wherein in the translating step, the operating nenber is a
mandrel used to rotate the perforating assenbly. 75. The nethod according to
claim66, wherein in the translating step, the well tool is a choke. 76.
The met hod accd?.di ndha wetbdddcparding tostaim @3.rwhiereirt ih ¢hetactptirigatep ibe epeeating t he
operating ne Eaf)érsisé”"sefnl %\%a;lglgwf%elﬂa&epenber of the choke. 77. A method of
installing a tubu string in a well, the nethod conprising the steps of.
interconnecting in the tubular string a well tool including an actuator
menber;  posi tispni ngpd ﬁ&h&d&wré‘l §)tc'idlr994'%eﬁehﬁn%lalcwmﬁ%q,tebrtﬁ@@e@aruh g

di spl acement of the actuator er to displacement of an operating menber
of the well toéﬂemb?fh%aﬂ?‘é%lﬂa@qu?ﬁ“&éi‘i’fgh%?lfeorrred across a pressure
isolation barrier w thout use of any dynam c seal. 78. The nethod according
to claim77, wherein in the translating step,. a pressure differenti al
exists across fhe pilexydliechaserdns Grlaas? |“@Pre‘“7©°vwe|*ht@° et K- according to
claim77, wherein in the translating step, the actuator nenber is exposed
to a first pressure, and the operating nenber is exposed to a second
pressure diffePént Fhoyeltieel aﬁ?qrdgflgtﬁrcegsélr évhersmthwraﬂe&lﬁea AEAAUPSg to
claim77, wher giehbérdbriReavé.ansl ati ng step, the well tool is

53. The well tool according to claim 39, wherein the well tool is a sliding sleeve
valve.
54. The well tool according to claim 53, wherein the operating member is a sliding

sleeve of the sliding sleeve valve.

55. The well tool according to claim 39, wherein the well tool is a safety valve.

56. The well tool according to claim 55, wherein the operating member is an opening

prong of the safety valve.

57. The well tool according to claim 39, wherein the well tool is a packer.

58. The well tool according to claim 57, wherein the operating member is a setting

mandrel of the packer.

59. The well tool according to claim 39, wherein the well tool is a perforating
assembly.
60. The well tool according to claim 59, wherein the operating member is a mandrel

used to rotate the perforating assembly.

61. The well tool according to claim 39, wherein the well tool is a choke.



a safety valve. 29 81. The method according to claim&80, wherein in the
translating step, the operating nenber is an opening prong of the safety
val ve. 82. The nethod according to claim77, wherein in the translating
step, the well tool is a packer. 83. The nethod according to claim82,
wherein in the translating step, the operating nenber is a setting nandrel
of the packer. 84. The nethod according to claim77, wherein in the

translating st 8P gﬁ &@L oolta%)ordlhg cﬁu‘? v@%r%[n tﬁ'egop%fa 1§£pl%lﬁber§55ﬂo The met hod

according to claim ing's e operating
menber is a rramtrﬂ@tmm@nbetgfthml@k@ the perforating assenbly. 86. The met hod
according to claim77, wherein in the translating step, the well tool 1is a
choke. 87. The nmethod according to claim86, wherein in the translating
step, the oper &B.i ng A saithealve eomprifingw r egul ati ng nenber of the choke. 88. A

conpletion string fof, rlhg\,“@g Melktuatod MGuePPl €tion string conprising: a
wel | tool interconnected in the conpletion’string, the well tool including

an actuator menber amer¢raging mpabatwhiey) indisplased to dpespk eerfetitvaly; andhe act uat or
menber being trans er across
\%ﬂa%@ i€ cduplik 151: wih B g&ﬁsﬂ& r¥imbkd! eﬁld%g{p@lfa %‘r?r%'[)

a pressure barrier use o any dynam c sea The ¢ etion
string accor di mderein th ra?mtwoumﬂeﬁreﬁslﬁt% dpple@mnt@fdiefaﬁteﬁt@rm@@her ingxj sts across

the pressure i 3platy %m%afcﬁgp%emﬁa thbrplo ggﬁgﬁl@fsaf@&vm@ actuator nenber is
transl ated into di spl acenent the opefating nmenbér. 90. The conpletion

string according to claim 88, y\herel n the actuator nenber is exposed to a
first pressuregsandthdi@eRREIAIHNG 0 BIRET whedeif HRRSEHsIhthgied EHOPUssifceSSUr €

isolation barrier is a rigid barrier.

65. The method according to claim 34, wherein in the translating step, the pressure

isolation barrier is a rigid barrier.

66. 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 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.

67. The method according to claim 66, wherein in the translating step, a pressure

differential exists across the pressure isolation barrier.

68. The method according to claim 66, wherein in the translating step, the actuator
member is exposed to a first pressure, and the operating member is exposed to a second

pressure different from the first pressure.

69. The method according to claim 66, wherein in the translating step, the well tool

is a safety valve.

70. The method according to claim 69, wherein in the translating step, the operating

member is an opening prong of the safety valve.



different fromthe first pressure, when displacenent of the actuator nenber
is translated into displacenent of the operating nmenber. 30 91. The

conpl etion string according to claim88, wherein the well tool is a safety
val ve. 92. The conpletion string according to claim91, wherein the
operating nenber is an opening prong §§ the safety valve. 93. The
conpletion string according to claim88, wherein the well tool is a packer.
94. The conpletion string according to claim93, wherein the operating
menber is a setting mandrel of the packer. 95. The conpletion string
accordi ng to cl7ai m 88¢ methed ascordinhéo ot [66,tvdefein ig the trapsdating stap, itregvelisadisbl y. 96.
The conpl etion ﬁ%&&pg according to claim95, wherein the operating nenber is
a rmandrel used to rotate the perforating assenbly. 97. The conpl etion
string according to claima88, wherein the well tool is a choke. 98. The

conpletion strisRg a i | 9%, - 04 rat ris
flom/regulatingahenggg&%?&?ﬁgagﬁggga&ég}”ﬁﬁﬁgfﬁg%hgﬁﬂggﬁﬁﬁéfﬁga a m%ll, t he
met hod conpri simegbehiea satténggnanfirel ofglasspackenni ng a wel | tool in the well;

di spl aci ng an actuator nmenber of the well tool; and translating displacenent
of the actuator nmenber into displacenent of an operating nenber of the well
tool using a mAgnet iThe methpd dcagydingtospdadm 66.vehersintin dhedranslavioebiep, thervelltdedis
operating nenbgrmﬂﬁaggaggﬁbgpthod according to claim99, wherein in the
transl ating steﬁ, the well fool is a safety valve. 101. The net hod
according to claim 100, wherein in the translating step, the

74. The method according to claim 73, wherein in the translating step, the operating

member is a mandrel used to rotate the perforating assembly.

75. The method according to claim 66, wherein in the translating step, the well tool
is a choke.
76. The method according to claim 75, wherein in the translating step, the operating

member is a flow regulating member of the choke.

77. 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 of an operating
member of the well tool, the translation being performed across a pressure isolation

barrier without use of any dynamic seal.

78. The method according to claim 77, wherein in the translating step, a pressure

differential exists across the pressure isolation barrier.

79. The method according to claim 77, wherein in the translating step, the actuator
member is exposed to a first pressure, and the operating member is exposed to a second

pressure different from the first pressure.

80. The method according to claim 77, wherein in the translating step, the well tool is

a safety valve.



operating nenber is an opening prong of the safety valve. 31 102. The

nmet hod according to claim99, wherein in the translating step, the well tool
is a packer. 103. The nethod according to claim 102, wherein in the

transl ating step, the operating nenber is a setting nmandrel of the packer.
104. The nethod according to claim99, ,yherein in the translating step, the
well tool is a perforating assenbly. ?LOS. The met hod according to claim
104, wherein in.the transl ating.step,.the  operati nber i.s a nmandrel
used to rot ate%tlhe pthffn%)eﬁé’ iaﬁcﬁgdé%gstgglﬁ'lnﬁb’ ypgein %‘e Rg‘isﬁ"éﬂg %%ch?ﬁf’?{@tmtgo claim
99, wherein i n niembertis anefeainiz pong b safdyevalvel | t ool is a choke. 107. The
nmet hod according to claim 106, wherein in the translating step, the
operating nenber is a flow regul ati ng nenber of the choke. 108. The net hod
accordi ng to cl8i m 9he nwitted ecqorditego than®l, avhérpig irsthe parfslatibdreep, the e tdos es

di splacing a fii{)%acl@gneti c device operatively associated with the actuator
menber to thereby cause di spl acenent of a second magnetic device operatively
associated with the operating nmenber. 109. A nethod of installing a tubular
string in a welgh, t t r ing in

t he tubul ar st rslg'ng gﬂ ?Negﬁﬁl&f%g rg{;% %%ﬁg% ‘g'ﬁerezé:?lﬁ%%a%lﬁédﬁgk i tﬁé’%ﬁaﬁb# oni ng

t he tubul ar st mientpei ina sdttengwedntrel efiiek parkens| at i ng di spl acenent of the actuator
menber into displacenent of an operating nenber of the well tool using a
magneti c coupling between the actuator nenber and the operating nmenber.
110. The met hod4accdhelinggjod ascertiag tn clahg 77.wheredi in thertranshating stgp shearelltepl 5t ep, t he

wel | tool a perforating assembly.

85. The method according to claim 84, wherein in the translating step, the operating

member is a mandrel used to rotate the perforating assembly.

86. The method according to claim 77, wherein in the translating step, the well tool
is a choke.
87. The method according to claim 86, wherein in the translating step, the operating

member is a flow regulating member of the choke.

88. 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.

89. The completion string according to claim 88, wherein a pressure differential
exists across the pressure isolation barrier when displacement of the actuator member is

translated into displacement of the operating member.

90. The completion string according to claim 88, wherein the actuator member is
exposed to a first pressure, and the operating member is exposed to a second pressure
different from the first pressure, when displacement of the actuator member is translated

into displacement of the operating member.



is a safety valve. 32 111. The nethod according to claim 110, wherein in
the translating step, the operating nenber is an opening prong of the
safety valve. 112. The nethod according to claim 109, wherein in the
translating step, the well tool 1is a packer. 113. The nmethod according to
claim 112, wherein in the translating gfep, the operating nenber is a
setting mandrel of the packer. 114. The method according to claim 109,

wherein in theefr an%ﬁegfokr@g%igﬁ &g dLFGNFLlIRES, wileRifinPGER ROAL Legetgsseﬂb' Y.

115. The net hod ‘accor erern in e translating step, the
operating nenbadve.is a mandrel used to rotate the perforating assenbly. 116.
The met hod according to claim 109, wherein in the translating step, the well
tool is a choke. 117. The method according to claim 116, wherein in the
transl ating st&p, t ke copeletion siang aveardiag toickim 9§, whereingbrdpatatingmembebsan of  t he

choke. 118. Th do AEHOLHL o0 claim 109, wherein the translating step
further conpr?%%g&gﬁgglac?ngtggw%%st magneti ¢ devi ce operatively associ at ed

with the actuator nenber to thereby cause displacenment of a second magnetic
dev! ce operatl yﬁl y T%@%f]ﬁﬂl@tﬁﬁ%r%{&o}dﬂ% t@ﬂﬁﬁl?StS', Qﬁ’eréﬂ?[ﬁa%ell tdol -2 fAckeP P! eti on
string for use in a well, the conpletion string conprising: a well tool

i nterconnected in the conpletion string, the well tool including an

act uat or _menben, an 1MPESAILRY HREREEiR RRBIRRLLiR 1 QBbiitenbbriph acement

of the actuator nenber being translatable into displacenent o

oper ati ng nenbeéqttinggnangret oféhe ppgkphet i ¢ coupl i ng. 120. The conpl etion string
according to claim 119, wherein the well tool is a safety

95. The completion string according to claim 88, wherein the well tool is a

perforating assembly.

96. The completion string according to claim 95, wherein the operating member is a

mandrel used to rotate the perforating assembly.
97. The completion string according to claim 88, wherein the well tool is a choke.

98. The completion string according to claim 97, wherein the operating member is

flow regulating member of the choke.

99. 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.

100.  The method according to claim 99, wherein in the translating step, the well tool

is a safety valve.

101.  The method according to claim 100, wherein in the translating step, the

operating member is an opening prong of the safety valve.



valve. 33 121. The conpletion string according to claim 120, wherein the
operating nenber is an opening prong of the safety valve. 122. The

conpl etion string according to claim 119, wherein the well tool is a packer.
123. The conpletion string according to clain1122, wherein the operating
menber is a setting mandrel of the pa? 124. The conpletion string
according to claim 119, wherein the we tooI is a perforating assenbly.
125. The conpletion string according to claim 124, wherein the operating
menber is a nmandrel used to rotate the perforating assenbly. 126. The
conpl eti on strilfd adbomethodpctodiog ®ichird 99, whatearieihe ttaisating btep, tleotellitel & choke.
127. The conpletl%n string according to claim 126, wherein the operating
menber is flow regulatlng menber of the choke. 128. The conpletion string
according to claim 119, wherein a first nmagnetic device operatively

associ ated wi t ot he g ﬁl&ﬁ{&fccé}& B clal ‘f@?%vhgle %ﬁ%‘?}”ﬂh 1n§ te rp%%?é?%ﬁaé

magneti c deV|ce opera |ve y asso |ate wth the operati

di spl acenent ofmembéres assttirgtnoandnekofitlerpatier.t r ansl at ed i nto di spl acenent of the
operating nmenber. 129. A well tool, conprising: a flow passage for flow of
fluid through the well tool; an actuator nenber; and an operating nenber,

t he actuat or mafber Theinethodserrdibg to claim 4 pihgrem if the drenslating ktep, thepetldtol ng nenber
across a press barrier wi thout use of any dynam c seal,

wherein the me% gﬁhaﬁ%?%kgggacker. 130. The well tool according to claim
129, wherein the operating nenber is a setting nandrel of the packer.

105.  The method according to claim 104, wherein in the translating step, the

operating member is a mandrel used to rotate the perforating assembly.

106.  The method according to claim 99, wherein in the translating step, the well tool

is a choke.

107.  The method according to claim 106, wherein in the translating step, the

operating member is a flow regulating member of the choke.

108.  The method according to claim 99, wherein the translating step further
comprises 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.

109. 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.

110.  The method according to claim 109, wherein in the translating step, the well tool

is a safety valve.



131. A well tool, conprising: a flow passage for flow of fluid through the
well tool; 34 an actuator nenber; and an operating nenber, the actuator
menber being operable to apply a force to the operating nmenber across a
pressure isolation barrier wthout use of any dynam c seal, wherein the
well tool is a perforating assenbly. 43p82. The well tool according to claim
131, wherein the operating nenber is a mandrel used to rotate the

perforating as§ I , ris e for flow
of fluid thr oug {T?h)efh%?f"%o‘%a%‘\f/\ﬁ‘“g%”? i B %@‘gﬁra"séaﬁ‘ag %yﬁPoﬁﬁ ’i’tf“ﬁg
menber, the actmeaberis areoporing prenggf thymefegblabet 0 apply a force to the
operating menber across a pressure isolation barrier w thout use of any
dynam c seal, wherein the well tool is a choke. 134. The well tool

accordi ng to cll&.m TB8methirbacedrding heclaipd O twharginre the énanslaing ktepy thervedjudat i ng
menber of the ghy dﬁa& 135. A nethod of actuating a well tool in a well, the
met hod conprisin e steps of: positioning the well tool in the well, the
wel |l tool including a fl ow passage for flow of fluid therethrough, an

act uat or rrerrber an@h%@etﬂ Jc@&rhlﬂgtor@ré;gqh V@IQ' m%?ﬁlg?r"aﬁs n%nﬁpéﬁ%e el‘LtRl by

appl yi ng force rom-t at or e operati 0sSs a
pressure i sol ateghehas sdtteang mantdidebeftthemekenf any dynani c seal, mhereln in the
actuating step, the well tool is a packer. 136. The nethod according to
claim 135, wherein in the actuating step, the operating nenber is a setting
mandr el of the lphck&he matBad acpordieg tothimfl 0% ethergini im the drapwddting stop Ithej welldookel |, t he
met hod conpri si ‘Jﬁgm LRsRf positioning the well tool in the well, the
wel | tool inclu ow p ssage for

115.  The method according to claim 114, wherein in the translating step, the operating

member is a mandrel used to rotate the perforating assembly.

116. The method according to claim 109, wherein in the translating step, the well tool

is a choke.

117.  The method according to claim 116, wherein in the translating step, the operating

member is a flow regulating member of the choke.

118.  The method according to claim 109, wherein the translating step further
comprises 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.

119. 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.

120.  The completion string according to claim 119, wherein the well tool is a safety

valve.



flow of fluid therethrough, an actuator nenber, and an operating nenber; and
actuating the well tool by applying force fromthe actuator nenber to the
operating nenber across a pressure isolation barrier w thout use of any
dynam c seal, wherein in the actuating step, the well tool is a perforating
assenbly. 35 138. The nethod accordingsto claim137, wherein in the
actuating step, the operati ng nmenber Is a mandrel used to rotate the

perforating ass 139.. A net hod of actuat well tool in wel |, the
et hod conpr | <At e SoBelos R gisoinedf G (e T b sbfPing ERBeVEl | |t he
wel | tool incl adbpeging pfdngwf thassagealfeor fl ow of fluid therethrough, an
actuator nenber, and an operating nenber; and actuating the well tool by
applying force fromthe actuator nmenber to the operating nenber across a
pressure isol atl2n Bide corepletivintstring acaosiingad claimy1 1@y wizmgic ths el tool ishgaecen i n t he
actuating step, the well tool is a choke. 140. The nmethod according to claim
139, wherein in the actuating step, the operating nenber is a flow

regul ati ng menb2¥. offh¢ ¢penpistiok grindlattordiip® atairn H22] wheretmrtish apgrating ro¢natiernis &,

wherein the di C t her conprises displacing the actuator
menber in resp%%é%'t‘pngre%ﬁges aﬁ%e differential. 142. The nethod according to

claim 141, wherein in the displacing step, the pressure differential is

between |ines q?ffmeer[’@é%rrh)?etépﬁn %&c%rﬁmé?ol dim 1%&%116%&%1‘[%31%911 geor ding to

claim14 1, wheréin int thé pressure erentlal is
between a | i ne petnwagassdmbly. the saf ety vaI ve and an annul us surroundi ng the
safety valve. 144. The nethod according to claim 141, wherein in the

di splacing step, the pressure differential is between a |line connected to

t he safety val V@5.andihamompietéanrstring ecoudingds slaigel 28f wherdie ths apesatingynemper.is 145, The

met hod accor di Rg .t &eClsa 1dide The pm(ggtgqusgegb&he di spl aci ng step, the pressure

126.  The completion string according to claim 119, wherein the well tool is a choke.

127.  The completion string according to claim 126, wherein the operating member is

flow regulating member of the choke.

128.  The completion string according to claim 119, wherein a first magnetic device
operatively associated 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.

129. A well tool, comprising:

a flow passage for flow of fluid through the well tool;

an actuator member; and

an operating member, the actuator member being operable to apply a force to the
operating member across a pressure isolation barrier without use of any dynamic seal,

wherein the well tool is a packer.

130.  The well tool according to claim 129, wherein the operating member is a setting

mandrel of the packer.

131. A well tool, comprising:

a flow passage for flow of fluid through the well tool;



differential is between a line connected to the safety valve and an internal
chanber of the safety valve. 146. The nethod according to claim1l, wherein
the displacing step further conprises displacing the actuator nenber using
a notor. 147. The method according to claim1l, wherein the displacing step
further conprises displacing the actugjor nmenber linearly. 36 148. The

nmet hod according to claim1l, wherein the displacing step further conprises
di spl aci ng the actuatq nber. rotationally. 149. The nmethaod according to
claim 1, aherei n i nibAQ TG osk R B erber e s8FaSPRIBRLBREN Dar i er i s
a rigid pressuroperaigotospplyn freg toitkser operbtily méfter apdsh e dressosdsaatiog barderc| ai m 34,
wherein the di i ther Ik | I I ctuat or
menber in res péﬁglg&tugg%ﬁgfg%néﬁcesgﬁi ‘?tfege?;gt?}%l glft.oogigiB‘Lrﬁée&gg%sh%%&accor ding to
cl ai m 150, wherein in the displacing step, the pressure differential is

bet veen | nes_qganect iyl oatfal Matpl i Syyclditne The B Hg AcEOr di N {0

cl aim 150, wherern acing step, e pressure erential is

bet ween a | i ne mandrketét rootettiepedforengassemblye and an annul us surrounding the
safety valve. 153. The net hod according to claim 150, wherein in the

di splacing step, the pressure differential is between a line connected to
the safety val vé3.and\ well topl eqmpaising:l ow passage of the safety valve. 154. The

met hod according tOa%owﬂﬁs%&%rméﬁumthﬂauQMS gjﬁ]%%naci ng step, the pressure
differential is between a ITne connected to t%e safety valve and an internal

chanber of the saf @pygctyaigrygembesgnd The et hod according to claim34, wherein

the di splacing step oh i nAHbBY i SsuardtRAlbacleltd chlifo LAY AndBERE! USi N
a notor.
operating member across a pressure isolation barrier without use of any dynamic seal,

wherein the well tool is a choke.

134.  The well tool according to claim 133, wherein the operating member is flow

regulating member of the choke.

135. A method of actuating a well tool in a well, the method comprising the steps of:
positioning the well tool in the well, the well tool including a flow passage for

flow of fluid therethrough, an actuator member, and an operating member; and
actuating the well tool by applying force from the actuator member to the

operating member across a pressure isolation barrier without use of any dynamic seal,

wherein in the actuating step, the well tool is a packer.

136.  The method according to claim 135, wherein in the actuating step, the operating

member is a setting mandrel of the packer.

137. A method of actuating a well tool in a well, the method comprising the steps of:
positioning the well tool in the well, the well tool including a flow passage for

flow of fluid therethrough, an actuator member, and an operating member; and
actuating the well tool by applying force from the actuator member to the

operating member across a pressure isolation barrier without use of any dynamic seal,

wherein in the actuating step, the well tool is a perforating assembly.



156. The nethod according to claim 34, wherein the displacing step further
conprises displacing the actuator nenber linearly. 157. The net hod
according to claim 34, wherein the displacing step further conprises

di spl aci ng the actuator nenber rotationally. 158. The method according to
claim 34, wherein in the translating sigp, the pressure isolation barrier
is arigid pressure isolation barrier. 37 159. A safety valve, conprising:

an actuator bl s4en LGl BLAGED 4 SERANSE if B Ao SLETI Aol veon

pressure in a |ne connec val'v

annul us surroumdmhglmealmeﬂewtomtwtéqqumraupeasamhi}g menber whi ch |s

di spl aced to operate the safety valve; and a nagnetic coupling between the
pi ston and the operating nenber. 160. The safety valve according to claim
159, wherein t h3. opérmethadgf aetwrbtieg a ivell topkie s sueH.ché wethed @dpfisiogrihe brepspifist on.

161. The safety val gc‘?sit%ﬁﬁlg‘iﬂ'%ﬂt!io‘? irCth @y, 1R el W §re i EQ%Q @t@{sﬁgge% dynam ¢

seal s between presSure acting on t eplétona presstire a on the
oper ati ng nmenbdpw of ﬂlﬁchefﬁﬁeomfaeltaytwmm@nh&c@uﬁfmqwgratlug mé¢mbernatd9, wherein a

barri er separates pgﬁ&mﬁ%rel‘&%m%pgy%@ g%rpéf%“? aEtQﬂBrRﬁe%?o%P{o?h acting on the

oper ati ng nenber, tic cou Ing translates displ acenent
fromthe pist ORPAing Imembereacress npyessiraiselationguarriss yntbm@umaf piyedynamigeal, The saf ety

val ve according,to. Gl %g&téﬁi gst@@%{e%é"l 0§16 JEgRet i ¢ coupling includes at

| east one first magnetic ce operatively associated with the piston, and
at | east one second nagnetic device operatively associated with the

operating membeso 1. mdiics RAIEhY o/ $IRGROERI he buftnBl@h. ooty o1 N L he
operating nmenber is an_ opening prong o he safety val ve mhlch opens and
cl oses a f| app@ember is a flow regulating member of the choke

141.  The method according to claim 1, wherein the displacing step further comprises

displacing the actuator member in response to a pressure differential.

142.  The method according to claim 141, wherein in the displacing step, the pressure

differential is between lines connected to the safety valve.

143.  The method according to claim 141, wherein in the displacing step, the pressure
differential is between a line connected to the safety valve and an annulus surrounding

the safety valve.

144.  The method according to claim 141, wherein in the displacing step, the pressure
differential is between a line connected to the safety valve and an internal flow passage of

the safety valve.

145.  The method according to claim 141, wherein in the displacing step, the pressure
differential is between a line connected to the safety valve and an internal chamber of the

safety valve.

146.  The method according to claim 1, wherein the displacing step further comprises

displacing the actuator member using a motor.

147.  The method according to claim 1, wherein the displacing step further comprises

displacing the actuator member linearly.



165. The safety val ve according to claim 159, wherein the operating nmenber
is pressure-bal anced. 166. The safety valve according to claim 159, further
conprising a flow passage extending axially through the safety val ve,
pressure in the flow passage being isolated frompressure in the |ine,

Wi t hout use of a dynamc seal. 167. The safety val ve according to claim 159,
further conmprising a fl ow passage ext3gnding axially through the safety

val ve, pressure in the flow passage being isolated frompressure in the

annul us, wi thoiyg Usﬁqe%et}ﬁ)dqyda?dﬂgcto %ﬁﬁﬂl whreintRBdisplitheS b finheV@mpfis@ccor di ng
to claim159, further conprisi ngﬁﬁgﬁﬁt ow passage extending axially thr ough
©

the safety val d)@lacwgtth'f@muatawera ndla| being exposed to pressure in the
fl ow passage. 169. A nethod of actuating a safety valve, the method
conprising the steps of :  displ aci nlg an actuator nenber of the safety valve;
and transl ati ngdi sﬁeé&eé‘f?éﬁf”&ﬁmgttﬂé aige b e indietensiative ger SheaReERt of an

operating meng@ktiontol@ict i aRiglddrdsQie RELIG t®fef. Or Med across a pressure
i solation barrier without use of any dynami c seal, a magnetic coupling

bei ng used to fix displacenent of the operating rrerrber to di spl acenent of

the actuator meGberthehibhodAcdBREAYAE clim 8 bakin M Aspfiding bip Hitth¥%Qomprdies Met hod
conprising the steps of: displacing an actuator nenber of the safety valve;

and transl ati n§SHACEgItheASTHAIRE mﬁ‘Pb"E Herespersgae ‘E)Pre??’érﬁﬂéffer%adl spl acement of an
operating nenber, the translation bei ng performed across a pressure

i solation barrjer w.thout use of an) nam ¢ seal . | east one first
magnet bei ng atY aChEH‘Eg“OFH&COH’&&}afIS{\;" h%nﬂ%‘?’e‘&H’dﬁ%t?lsﬁ‘l‘cé‘&sfepotﬁ%p@ﬁﬁrﬁnd nmagnet
bei ng at t achedditferedtiabis Bpreeat lindgcomBethdrio theBgagldle. attracti on between the
first and second nagnets causing the operating nmenber to displace with the

actuat or nenber.
152.  The method according to claim 150, wherein in the displacing step, the pressure

differential is between a line connected to the safety valve and an annulus surrounding

the safety valve.

153.  The method according to claim 150, wherein in the displacing step, the pressure
differential is between a line connected to the safety valve and an internal flow passage of

the safety valve.

154. The method according to claim 150, wherein in the displacing step, the pressure
differential is between a line connected to the safety valve and an internal chamber of the

safety valve.

155.  The method according to claim 34, wherein the displacing step further comprises

displacing the actuator member using a motor.

156. The method according to claim 34, wherein the displacing step further comprises

displacing the actuator member linearly.

157.  The method according to claim 34, wherein the displacing step further comprises

displacing the actuator member rotationally.

158.  The method according to claim 34, wherein in the translating step, the pressure

isolation barrier is a rigid pressure isolation barrier.



171. The nethod according to claim 170, wherein in the translating step, a
differential exists between pressure surrounding the first magnet and
pressure surroundi ng the second mnmagnet. 172. The nmethod according to claim
171, wherein in the translating step, the barrier isolates the pressure
surrounding the first magnet fromthe essure surrounding the second
magnet, w thout use of any dynamc seal. 173. The nethod according to claim
170, wherein bqw tlle Hrs} and second magnets are pernmanent nagnets. 174.
A saf ety val ve, >Conpri¥srPng: “aft &ct Uat or pi ston whi ch displaces in response
to a pressure diffeneattiagdr pisehwdinhdispiaces dpespahienga digfeizetial Wwktivedn prgswie spl aced
to operate the.safet gg ; Q’%ﬁ ghet i ouplin get e t%e iston and
t he operating r@? l%rc.%na‘/f egﬁdfgé.a te aglgf{e}"t%)?&e\%% Ve a%?:%n%lru f'flrég% &(;m%: ar rﬁt)_'L74,
wherei n the operlatgii ng menber is pressure isolated fromthe piston. 176. The

safety valve accor diaﬁ‘g%ehgiﬁgtkh%ﬁér%?ch iy\g]ﬁ{éa%iz&oto Sthi€ tt%%?feﬁ%l@&’lf} 1 ¢ seal s

bet ween pressure acti e piston and pressure acting on the operating
menber. 177. The safragyetiy apupbinglestwred thagistop and thie npetatihg mehnberei n a rigi d
barrier separates pressure acting on the piston from pressure acting on the
operating nenber, and wherein the magnetic coupling transl ates displ acenent
fromthe piston6f.o fThesasybeyaiieianeprdimgtoslaim 4%k wheein the dpemtingomemtt78. The safety

val ve according to &l ai dddmeMig,ei n the magnetic coupling includes at
| east one first magnetic device attached to the piston, and at | east one

second magnetic device attached to the operating nenber. 179. The safety

val ve accor dingsf o chisfd (fve WRGKEER G 199 SHRIIN ARG lylahidlals OPENi NG
prong of the safety valve i ch opens and closes a ¥ apper-
between pressure acting on the piston and pressure acting on the operating member.

162.  The safety valve according to claim 159, wherein a 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.

163.  The safety valve according to claim 159, 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.

164.  The safety valve according to claim 159, wherein the operating member is an

opening prong of the safety valve which opens and closes a flapper.

165.  The safety valve according to claim 159, wherein the operating member is

pressure-balanced.

166.  The safety valve according to claim 159, further comprising a flow passage
extending axially through the safety valve, pressure in the flow passage being isolated

from pressure in the line, without use of a dynamic seal.

167.  The safety valve according to claim 159, 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.



180. The safety valve according to claim 174, wherein the operating nmenber
is pressure-balanced. 181. The safety valve according to claim 174, further
conprising a flow passage extending axially through the safety val ve, and
at | east one line connected to the safety valve for applying the pressure
differential to the piston, the flow pagssage being pressure isolated from
the line, wthout use of a dynamc seal. 182. The safety valve according to

claim 174, Luriper cURILSLn% ALLANARIAIEE sl N0 BXLObLAT ough the

safety valve, the flow passag ern ressure 1s _ rom “an -annul us
surroundi ng t hextemlingtayialhathvaagh thie séfety valves withdut anydiynanit eeablecailg exp@8d toThe saf ety

val ve accordin re"ss'%recihﬁiferﬁoéﬁp%ss %/egrt her conprising a fl ow passage extending
axially through the safety var e, Without any dynam c seal being exposed to

pressure in the flow passage. 40 184. A safety valve, conprising: an
actuator havi ngegn %mms@&agﬁmra_s%gyavme% Wi ERplintth@G&s of:he act uat or

et
menber; an operati ngilsmenber ich is displaced to operate the safety val ve,

the operating menbeisplpsngry aptuatesmeneber afghesatety Yahgnandhe act uat or menber; and

a magnetic coupl i NgyRRLWREMsHREmER bHRE Riuald: HeRberdd dishIAE MRS &t bpdghsAETDer .
185. A safety valve, conprising: an actuator having an actuator nenber and a

mot or  whi ch dimspberctés trerslatierchalngtrorformerrsess a aressyisdsodation barrierilputupd ¢h i s

di spl aced to opgy Ahgnik Q&l,%f?ﬁa%ﬁéﬁc‘é@xlp‘t’iﬁ' beichisél ORARRplalenfeRUi e PeRBineen the
actuat or nenber "and the operating rrerr%er, wherein a barrier Separates
pressure acti n§eaheritodisplesengntof thegetper menbss pr essure acting on the
operating nenber, and wherein the nagnetic coupling translates displacenent

fromthe actuator nmenber to the operating nenber across the barrier.
170. A method of actuating a safety valve, the method comprising the steps of:

displacing an actuator member of the safety valve; 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, at least one first magnet being attached to the actuator member and at
least one second magnet being attached to the operating member, magnetic attraction
between the first and second magnets causing the operating member to displace with the

actuator member.

171.  The method according to claim 170, wherein in the translating step, a differential
exists between pressure surrounding the first magnet and pressure surrounding the second

magnet.

172.  The method according to claim 171, wherein in the translating step, the barrier
isolates the pressure surrounding the first magnet from the pressure surrounding the

second magnet, without use of any dynamic seal.

173.  The method according to claim 170, wherein both the first and second magnets

are permanent magnets.

174. A safety valve, comprising:
an actuator piston which displaces in response to a pressure differential between;
an operating member which is displaced to operate the safety valve; and

a magnetic coupling between the piston and the operating member.



186. A safety valve, conprising: an actuator having an actuator nenber and a
not or whi ch di spl aces the actuator nenber; an operating nenber which is

di spl aced to operate the safety valve, the operating nenber being
pressure-bal anced; and a magnetic coupling between the actuator nenber and
the operating nmenber. 187. A nethod ofg actuating a safety val ve, the nethod
conprising the steps of displacing an actuator nenber of the safety val ve;

transl ating di ac q . i ..of an
operati ng rreng}eglr', ?%gsgltepg{%ﬂg gﬁogd%@biglﬁl%g gg%?erlrﬁegle giée?%ls? %geqﬁ%gsure

i sol ati on bar r pressusgiisotptadtfrogstie piftonany dynami ¢ seal, a magnetic coupling
being used to fix displacenent of the operating nenber relative to

di spl acenent of the actuator nenber; and actuating the safety val ve between
open and cl osed/%osiThe eatdy valverasepsdingte clagm 14, wherais diretare ag dmamicspay at i ng
menber. 188. AudiGidQeksQie RGEHE thdPisBn SR RdsYury &M Eon B SpdiRIPALmEQTPr I Sing the
steps of: displacing an actuator nenber of the safety valve; translating

di spl acenent of the actuator nenber to displacenent of an operating nenber,
the transl ati opei Age RRL UVELAGHOR I 1afn PTLIRLER alrRR @Jr'ie?EEpr%{e_E' er wi thout
use of any dynam c seal ,” at | east one first magnetic device being attached
to the act uat opresgure apgngoa thegrigiongfron prassure gefing 9a ghsrogeraingriesnber, ged/ vieeibei ng
attached to thg.qan ERP1iRER di j ' ,xg@@glrh first and
second magnetic deg/ri{e?gg%gusi ngatf%elg%%g@g{tt?ﬂgttﬁerrgﬁ)detrgm%egﬁ%i sp a%ng)%Wth t he
act uat or membefcrosafg bagieiat i ng t he safety val ve between open and cl osed
positions in response to displacenent of the operating nenber. 189. The

net hod accordi n7c§ to claim 188, wherein in the translating step, a
differenti al 178.  The safety valve according to claim 174, wherein the magnetic coupling includes

at least one first magnetic device attached to the piston, and at least one second magnetic

device attached to the operating member.

179.  The safety valve according to claim 174, wherein the operating member is an

opening prong of the safety valve which opens and closes a flapper.

180.  The safety valve according to claim 174, wherein the operating member is

pressure-balanced.

181.  The safety valve according to claim 174, further comprising a flow passage
extending axially through the safety valve, and at least one line connected to the safety
valve for applying the pressure differential to the piston, the flow passage being pressure

isolated from the line, without use of a dynamic seal.

182.  The safety valve according to claim 174, further comprising a flow passage
extending axially through the safety valve, the flow passage being pressure isolated from

an annulus surrounding the safety valve, without use of a dynamic seal.

183.  The safety valve according to claim 174, further comprising a flow passage
extending axially through the safety valve, without any dynamic seal being exposed to

pressure in the flow passage.



exi sts between pressure surrounding the first magnetic device and pressure
surroundi ng the second magnetic device. 190. The nethod according to claim
189, wherein in the translating step, the barrier isolates the pressure
surrounding the first magnetic device fromthe pressure surrounding the
second magnetic device, w thout use ofgpany dynami c seal. 191. The net hod
according to claim 188, wherein both the first and second nagnetic devices

i ncl ude permangpt ”39§?§%Mvé%§hgfn% safety val ve according to claim 174,

wherein the pressSure ferén bet ween pressures in at |east two

| i nes connected to anrstugef kaving\an lasteator igRberTand a gupfastwhioh dlisplaces dhegeiditoy t o
claim 174, mheﬁgﬁ Pl he pressure differential is between pressure in a line
connected to the saTety val ve and pressure in an internal flow passage of
the safety val ve. 18voperfieg methter ywhigh s\displagad oo elternie thesaditnyaivelthd opagiigg ei n t he

pressur e di £ ehebdBbing fresIRGMRAD RIEPRE Michud: hefiplid £ connected to the safety

val ve and pressure in I nterna chanber of the safety valve. 195. The
saf ety val ve accor di magneic edupling be@zen i aqteatas memberpad thieoperptingananibgi.- d pr essur e
i sol ation barrier.

185. A safety valve, comprising: an actuator having an actuator member and a motor
which displaces the actuator member;

an operating member which is displaced to operate the safety valve; and

a magnetic coupling between the actuator member and the operating member,
wherein a barrier separates pressure acting on the actuator member from pressure acting
on the operating member, and wherein the magnetic coupling translates displacement

from the actuator member to the operating member across the barrier.

186. A safety valve, comprising:

an actuator having an actuator member and a motor which displaces the actuator
member;

an operating member which is displaced to operate the safety valve, the operating
member being pressure-balanced; and

a magnetic coupling between the actuator member and the operating member.

187. A method of actuating a safety valve, the method comprising the steps of:

displacing an actuator member of the safety valve;

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 relative to displacement of the actuator member; and

actuating the safety valve between open and closed positions in response to

displacement of the operating member.

188. A method of actuating a safety valve, the method comprising the steps of:
displacing an actuator member of the safety valve;
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, at least one first magnetic device being attached to the actuator
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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; and

actuating the safety valve between open and closed positions in response to

displacement of the operating member.

189.  The method according to claim 188, wherein in the translating step, a differential
exists between pressure surrounding the first magnetic device and pressure surrounding

the second magnetic device.

190.  The method according to claim 189, wherein in the translating step, the barrier
isolates the pressure surrounding the first magnetic device from the pressure surrounding

the second magnetic device, without use of any dynamic seal.

191.  The method according to claim 188, wherein both the first and second magnetic

devices include permanent magnets.

192.  The safety valve according to claim 174, wherein the pressure differential is

between pressures in at least two lines connected to the safety valve.

193.  The safety valve according to claim 174, wherein the pressure differential is
between pressure in a line connected to the safety valve and pressure in an internal flow

passage of the safety valve.

194.  The safety valve according to claim 174, wherein the pressure differential is
between pressure in a line connected to the safety valve and pressure in an internal

chamber of the safety valve.

195.  The safety valve according to claim 162, wherein the barrier is a rigid pressure

isolation barrier.



