;e3eD": Z6TZ *159159* 1 cooooa* DEEP SET SAFETY VALVE BACKGROUND The

present invention relates generally to operations perforned i
utilizedp ' ion with a subterranean well and, in an am@mwmmw
describemmmumwmmEMWMFe particularly provides a deep set safety . IS
sonet i nes deé+%§b eto set a safety vhive relatively deep in a wef¥ For
exanpl e, a sa y valve nmay be set at a depth of approximately 10,000 ft.

However, operating a safe k%ggﬁgpgff? esents a variety of
probl ens which tend to reﬁhﬁi’lém a d{iyﬁo overcone. For exanple,
a typical safety valve is operat i ing a piston of the safety
valve in response to a differengﬁgpgﬁéggg@ﬁfgressure in a control |ine
connected tq. he safety. val ve anq Pressurelin a tUbiFﬂ stri 8 i n,whi ch the
safety val vel?& PIRSERCOMKERERY relates, eRneallat? oAReraPiRES cBREPBREd i 40 | s

general ly . designed to wthstand a pressyre in excess qf ,the greafest

pr essur%l%?@@ﬂgp@glzf’g 1R GEDIURSHAY ‘§‘(t£1i ':é’t?}lrﬁ%eaé’ Ve §§’§r i aREPRPERERb DY ess
a biasing device, such as a spring. This usually requires a relatively high
pr essurdeseribedetain, mose p@mqugaﬂy Pravidestd deepssepafeiyceltya.y i ncreases the

cost of the safety valve installation, particularly in subsea environnents

where the cogp %Erﬂe%ﬂxée Ysifati €0 3@% b tsﬁ?égg éf&i&?‘it%ﬂa?g@}p&egpgﬁf a%equFﬁpe

seabed. Another pro m assocl ate ype eep 'set safety
valve is the presgnce .of a dynam ¢ seal ,between .portions of .t val ve at
control ex,am@e,p.? é%@ﬁf ¥al¥p @ayohe Isgna‘s:t %geqtﬁeﬁl\ﬂﬂp\%n ately o PR £ ih]ﬁawFYﬁrer nal
pressure. A.leak past the dynam c seal could possihly permt well fl uids
(such #Parpingd %@@%}M@L\feﬂn%lcgmegaéﬁ PrefeRisd Yéﬁ?ﬁme?w E‘St‘ﬁh’\é\ﬁtt@é tthe
control line. -2 One proposed solution is to use a second control line to
bal anc&redHEeEXPERINe Maasuras tgoNercoftrol line. In this type of safety

val ve, the piston displaces in response to a differential between pressures

|0 the tvio Rl Gmble3Sypithl Safthd Dalvk 8 Bbkired *bgic;lﬁ%1s§iggtalep£sgmb?%@ti on

of tubing string Intetn pressure I n calculatin pressure

rating t J f J 3 ey, this
ot hod st ALE ieSborutelp . iRt R nedihrR m a donf e BN
costly. This type of safety valve also,typically has or re.dynam c
ceal s ittt FHERE RBNE AR st gy A P Siis b PR O STV VYD fS | he
safety valve at control line,pressure, Thus, tPe control |in s,arg

gener aliP{erFeRRgGied: + dn,suels sitvations, thei Gogtiol gy 15 ngenesally Hesigmgdetd or
safety reasons, in case a | eak past one of the dynam ¢ seals occurs.

Anot herwisheiaad @dpressuneiiBexressial the greates paespuispirdicipd émthemibirgsiringgas
chanber charged to a predeterm ned pressure. The piston of the safety valve
di spl agdys arpressipernaseded ta canfrresen Ewungoée\m; suelp s racipringa ellpis asualhe and

t he gas chanber pressure. This nmethod al so substantially elimnates the
consi daegtires sotelatibelyghighr pregsunet mting foyrhescomdral ling; ewhicht significamidy
pressure rating for normal operation of the valve, but this type of safety
val ve dherassethedyosant thesedidty valvesapiatlatien qrrticulagy df stithseavanivirenifentaubi ng
string internal pressure fromportions at control |ine pressure and/or gas
chanberwireshe controUNyEmay exterd for manythousmed st foet b taf sehbed.pr esent
invention, in accordance wi th enbodi nents thereof, apparatus and nethods
are provi ded which salve one or [ -3 of the ove prable in the art
of deep set %%ﬁ%@y w@ﬂe@ %@?laiqu‘?ﬂtgﬁﬂe iogghlanmqf eppet saiety vabveds thee
present invention are also applicable to other types of well tools which
are actmrgsenredyindioranic seabbetwespmortions ehidiejvalueraticontrohking ppessursrnshf et y
valve is provided. The safety valve includes a piston, an operating nenber
and a rpghions of thepalvagt tUbiagstyng intereal (pressure. nAdeappastdhe dynandic feal ent i al
bet ween pressure in a hydraulic line connected to the safety val ve, and

pr essurg@uld passibhynpémmsit svell fluiddi (sgch be ligaidhydvadrbens Tiregaspér die tubimgnber

di spl aces to open and cl ose the safety val ve. The nagnetic coupling

trans| aftfagpb ehedt the ephBekliRat i nto operating menber di spl acement to

t hereby actuate the safety valve. In another aspect of the invention) a
met hod of actuating a safety valve is provided. The nmethod includes the
steps of displacing a piston of the safety valve in response to a
differential between pressure in a hydraulic |ine connected to the safety
val ve and pressure in an annulus surrounding the safety valve, translating
di spl acenent of the piston to displacenent of an operating nenber, the
transl ati on being perfornmed across a rigid pressure isolation barrier

wi t hout the use of any dynam c seal, and actuating the safety val ve between
open and cl osed positions in response to displacenent of the operating
menber. In yet another aspect of the invention, a well tool is provided

. o - I N o e o o



-4 while the first and second pressures are isolated fromeach other, and

w t hout the use of any dynam c seal between the piston and the operating
menber. In a further aspect of the invention, a nethod of actuating a well
tool in a well is provided. The nethod includes the steps of displacing an
actuator nmenber of the well tool, translating displacenent of the actuator
menber to displacenent of an operating nenber by use of a magnetic coupling
t her ebet ween, and actuating the wel 12t o0l in response to displacenent of

t he operating nmenber. | a still further .aspect . of the.inveption, a well
tool is pro/YEeRraReseH ﬁoﬁ‘é‘ilQFHé%thﬁﬁsea%F%P&PérQ°%F’iqﬁ 1o 4 belants e PEGHBTS, and
a pressure barrier between the first and second na%nets. The first nagnet

i s att aieHde other eantreltling. oin thigityps of safiety valeel the pisten displases in sespense he

well tool at a first pressure. The actuator displaces the first magnet. The
second wagnéifferentidlt heivagnt pressumgsemathe gwoeodmdrolalided. s Thisi diguifiegntln a
second portion of the well tool at a second pressure. The pressure barrier

i sol at eglirhiifitéd thé consideeivid oprabingr @singTitenal Ipréssate ii6 cbwilaigd the
response to displacenent of the operating nenber. Displacenent of the first

magnet QRudrelll pAdss8iedPathg tdFetRacohi@s] GALSRE Ab9RilasssRlbn 0bf the vaReond
magnet on a second side of the barrier, thereby displacing the operating

menber aadeoGt Yald H&tﬂ(g@trggﬁﬁeé AR insfHIBRRNG0NR] Pﬁﬁ‘g&?ﬁﬁé& &%hicRdY }BERIES,

benefits and dbjects o present 1 nvention w econe ‘apparent t'o one

of ordi‘Pasé skill in the art upon careful consideration of the detailed
descri pq "of representative enbodi nents of the invention bel ow and the
acconpanyi ng draw ngs. -5 BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is a

partial ly crisistgpenf sufaty walwvalod typicatlyltes eaetordyoregdrammicisphle ssoddtiige
present invention; FIGS. 2A-E are enlarged scal e quarter-sectional views of

successih\setxﬁmgbtr&ﬁg: iritental Presousafriny poatives efrbiedydfey wilvaat Bbsololind he
invention; FIGS. 3A & B are quarter -sectional views of a first alternate

const r UgtdsQiteOf THiRE, B ebitr¥Plines Ate Bhferally reyfdred tbSwRhStdal! @e rudded | onal
view of " a second alternate construction of "the safety valve of FIG 2; FIG

515 a Aftkidldohal L9ASHRETH €agohin %aBRGHEEK 3L BEL Bedne byReiiat  on

enbodyi ng princip e 1 nvention,; i'S a par

Cr 0SS- S ESI Ocr&ﬁlé view of a sliding sleeve valve and net hod of actuation

enbodyi%é T %‘pl es of the invention; FIG 7 is a partially

cross-sectional view of a choke and net hod of actuation enbodyi ng

princi pl es oinétheriproposedplttich i8td use pavafétpl vajvec mddeh dacudenal gas ew of

a perforating apparatus and method of actuation enbodying principles of the

I nvent | é¢iymber 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



FIG 9 is an enlarged cross-sectional view of a nmagnetic coupling enbodyi ng
principles of the invention; and FIG 10 is an enl arged cross-secti onal

vi ew of another magnetic coupling enbodying principles of the invention.
DETAI LED DESCRI PTI ON Representatively illustrated in FIG 1 is a nethod 10
whi ch enbodi es principles of the present invention. In the follow ng
description of the nethod 10 -6 and ot her apparatus and net hods descri bed
herein, directional ternms, such as "hBove", "bel ow', “upper", "lower",

etc., are used only for convenience in referring to the acconpanyi.n

dr ant @S thAGBPYE BRAVIETS It thecaTt 91 BEeR ARl EOr YhaReTeHEn Rl BRSISHBR I ment s
of the present invention described herein may be utilized in_various

ori ent é’ﬁ*mmglps of dheapreserl inyention ye radscdapplifablota atherviapes ehwelletagls and
in various configurations, wthout departing fromthe principles of the

pr esentwhink ar acinatdddewehotet hod 10, a safety valve 12 is interconnected in
a tubing string 14 and is positioned relatively deep in a subsea well z6. A
control line_ i8 extends into.the.well i.6 and js nngcted_to .t.h fety
valve'i 2 e S eraret ot e ipvPRidS em iiprdfted SueBhEAEE S aySurde B o

exanple, ;to i nt the safety valve in an open_position, and to close the
e B

safety spfgty ¥atvs I5eRIASHa BISHITL\IBUPPSTALIRG ENEDBek 2% 2 JRAghRL NEThe®wel | 16
is depicted in FIG 1 as a subsea well, but principles of the invention may
be i nc@pigonadisplaces i rhepmnsasen differgntiabbeaveenapressuar .2 MideaulicHine
invention is not limted to any particular type of well. In this exanple,

t he combnpoectedrie il safety wgldteaamd pressore @b ani aenulPs svswouading Hppbifety to t he
control line i8 at a renote |location, such as a production platformor a
subsea vabmt r Thesépdrating member rdisplacesht® spdretyidvabscethie?safetyi valveperhe
position. To close the safety valve x2, pressure in the control line 18 is

r educednagretiRhosthipliig undaslaterodpistoemedidplackimeht offter JRRAEngRYmdRbatsed to

control actuation of the safety valve 12 in keeping with the principles of
the i ngRiliQ@neiidb BB ftudtBehe aifelywaral ve 12 could be electrically

actuated, in_mhiph case’'the control I'ine i8 could be one or nor e el ectri cal
or fiber Optlhcehﬂdtﬁﬁﬁ -aaﬁ&‘% SEFHRL MvERHYE, &%P%Bhdofbﬁctﬂgﬁﬂg?‘fae&f&%! vive is
tel emetry, such as nud” pul se, acoustic, electromagnetic, selismc or any

ot her H%B@id?& ﬁe%g%%%gtgf%%ﬁag E%gg%lf\ﬁ?slnlﬁ%cirggg:p%tgg o??]@é’%ﬁfgﬁrl \%‘]Qieggx any

type of sUrtace or Wer “seurce. t1on

under st ood .t hat t de el safety valve,12 is.used in th ho 0

ror ol y Taonse iy s areittal BEyaR el i B Cmin e et B IRERIES g ¢ he
princiglfs of .the invention. Further exaﬁg.es gge dgfiCtﬁq in FIGS, 5-8 and
are dedePeodRdhATERIRANY B AR WHS oI Br E0%ELty)| ¥alven W& onal
practice, .an unbiljcal for a subsea well includes two control lines. One is
rated téeSPAReemRentnef éierlélﬁﬁ?ﬂ tetlisplasemaybiphan pperatimgduember dhe dransiation 3, 000
psi), and the other is rated to withstand a relatively high hydraulic

pr essumbeing perfoxmeg| asrog® aouigidprgssure isplatinsp bamierswitboyt Vg wee miyanyse a

control line in such a standard unbilical, then there is no need to instal
a specidyhameés peals iand, acreatmg it spfiets valve betwesh opert and dosed. poBiteoresfior e, it
is beneficial to be able to reduce the pressure applied to the control |ine

i 8 to aedpuatse to dispdademhgntuafltie opratingtrhembet.hod 10 Al t hough the control
line 18 is depicted in FIG 1 as being external to the tubing string 14 it

wi Il be readhlyet apoties afpedt bhitle Ryntivmraiell cobl Rerowded avhisk dndladgonvey
actuation pressure to the safety valve 12. For exanple, the hydraulic |line

could ke h&ﬁﬂf&@'anﬂoahhépéﬂdﬁhggn@hmeﬁg Irheokicthaioremhcluiied $ipgigtonl Whith t he
tubing string. The hydraulic I'ine could extend froma renote | ocation, such

as the \ , i 1 : t he
ﬁ‘%&g?gﬁ?@‘i‘%ﬁfﬁ%ﬁg g}é?s‘é‘ﬁré éjfpgfeHgB gl&ﬁgfsgc?n.ﬂé opétatifik tnemBér

actuat i ner at ed by er’ pressure

. . 5 ¢ ! . ]

ow 1 o TP bR BesBERE Apbfled MheRtbohiq iietsC (HPelie Rl toat™ 1Y
ter-.secti ' . . Th f et A 12 in the.nethod, 10

descr i BUSDEDER GLETS Pisten B BRAAanES iSATACRIIENE AL PRAGHOE FbES el |

as ot her well _g_ tools described herein, may be used in other nethods in

keeping with the principles of the invention.



The safety valve 12 has an outer housing assenbly 22 with upper and | ower
connectors 24, 26 for interconnecting the safety valve 12 in the tubing

string i4. Acontrol line port 28 is provided for connecting the control
line 18 to the safety valve 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 comuni cation with an internal chanber 30 above a rod

pi ston 32. Although a single rod piéﬂGh 32 is depicted in FIG 2B, it
shoul d be _understood that any type and, any . nunber of pistons may_ be used,
such aswhile thefiestapd ssraRd RESSSHFesAze aﬁﬁﬂﬁiﬁ%‘r‘mﬁi gadrother, andwmshowitee Use de of
the piston 32 is in comuni cation wth another chanber 34 The chanber 34 is
i n conmefranyadynamicisaaldretwieen thepstonmndtheropenaiingmessesur r oundi ng t he
tubing string 14 in the well 16. Thus, the piston 32 is responsive to a

di f f er ent i al Ibefuvther aspees of the inveligor, amhetdlod ofreetiBirgrdwpll ¢ssline well t he
annulus 38. A spring 40 in the | ower chanber 34 biases the piston 32

upwar dl ¥ .pri¥idedt Mehedinfetles®iid@destit wegR of Adplading bR cRIARSS tetnldpbfapaUl US
pressure acting on the piston 32 exceeds the upwardly biasing force of the

Spring oy tbBE tP4:AtnG AidfisRAGRSoiRlU G oy muliBe: kb AisMBRE & %1 NG

force of the Spring 40 exceeds the force due to the pressure differenti al

acting i , i i i:

dept o aoptratifp QReiGRr 15,00 61 B Bhplrt SRSREEIHIRRKGLSh, aHSConBEURERE

bi asin i hnstead, -or | Lt ...For exanple, a

conpr eg‘ggl§¥%oj§n¥§%iacq$%ggg aﬁpll%c&gl?}e%q%&eo@(ﬁgﬁgé ﬁrhe(%%k?e&e of the spring 40. If
a -9 conpressed,,gas,i s used, .[;t may be contained in the chamher. 34, in
Shi ch case (1ies SUNSRREER aSTHEt oh bie PR tBRon 2 e MR T RAOAES HRBATFPIED t he
conpressed gas, and the openjng 36 may_ not be provided, so that_ the chanber
34 is | ¥bReaton fEs prdsecandd mAsngs, aheé a RE§se barrier hefwepr|the firgleand
conpressed 3as may be contained in a separate chanber, in which case

pr essursecppd tagnedhul us g8 may still act on the piston 32. The safety val ve
12 is of the type which uses a flapper 42 to selectively open and close a
f1 ow passagelhe fAirsixtegniitrig attarkdd to therastipitor fied afasitjoned ine fikh@ottiamper i s
shown in its open positionin FIGS. 2D & E, and is shown in its closed

posi ti osf ihe dalhed] lat mefirstnprekire2 (TheAattoatirodisplacentheqfifst inagest. t Tee
flapper 42 to pivot to its closed position. A tubular opening prong q.8 is
used t sedbB@Imagndthie dtkaubiedrtodar opetargmieirthedReid BNsbsitioiFRdirpeSetods, and
to protect the seal surfaces from damage. As depicted in the draw ngs, the
openi NGy Aot thel Welll kSoldRVN¥EIARRSEIreN The prBésifte bharté@sSisdlatdd teshtst he
flapper 42 to its open position. Upward di spl'acenent of the opening prong

48 wi | | dbhdidiesddraprer to rotate to its closed position. A spring 50 is
providéﬁﬂf% b?géﬁ}%ergﬁening prong 48 toward its upward position. However,

o1 5t on 32, " ool fgel 1F ARIMAD P AREEiSE 1" chlrfitrich, 4F O’ ¢
caf oty AT SEledRiFelbP b Sy Felied SnuBRE! B3 I R RncrdeE, P
ot cachIBEIAEPRETT -t he' SepRg Rage, oy a SGPBdy e, bl ta MLy o
{1 wed GYCRBERE e CpeFRgHE Mt A4 oS mE PRevHIGALt | ¢ coupl | ng 521 nol udes
a series of annular pernmanent magnets 54 attached to the opening prong 48,
A though € ol agnat s b e b P o e e e Ceage
44 and i%@@nﬁgﬂﬂgifljfpgg?@éfa;gcﬁg%ﬁf ?9.0{?% @be@n&ﬁ&pgﬁﬁdﬁ E‘let bt ﬁP@Hbc%E% af" the

magnet s nmay bé ed w approprrate packaging tn ac
practice, T ne 54 r .ef e I onstruct ed.and arran SO
Phat ¢ rgmsigsptBe ot e esaled (el 22 Perf SRR, EmpRBtndiyscRy e
attract,jon thekggftmegﬂg ﬁg%pgynber @f nagnets 54, 56 may be used to
gener at BVERUYR PRQVEARC KBS APVINSHLEBRES-so that, as the piston 32 and
magnets 56 di splace upwardly and downwardly, the magnets 54 and openi ng
prong 48 di splace therewith. As used herein, the term "nagnet" indicates
those materials and devices which are used to generate a magnetic field.
Magnets include materials such as permanent and tenporary magnetic
materials. Magnets al so include devices, such as el ectromagnets, used to
generate magnetic fields. Instead of using tw stacks of annul ar magnets
54, 56, the nmagnetic coupling 52 could include other types of magnetic
devi ces. For exanple, the magnet 56 could be an el ectromagnet. The nagnet
54 could be a ferrous material which is induced to displace in response to

. T




Annul us pressure is readily controllable. And) Since the differential
pressure across the piston 32 mainly has to overcone only the biasing force
of the spring 40 to displace the piston downward, the pressure rating of
the control line 18 may be | ess than that needed for other conventional
deep set safety valves. Fox exanple with sone conventional safety val ves,
in the event gas is produced, the spring nust supply sufficient force to
di spl ace the piston and openi ng proh@"upmard, pushing the fluid in -12
the control line upward against its hydrostatic pressure, with relatively
| ow pressure in the BBBEH&BESGWTH)&S‘QMHEH%WM%W valve i2, the
spring 40 is able to nore easily displace the piston g2 upward agai nst the
force produd@6. Byis aheartially eresstiegtional vieerofcomethsad ¢mhbedying principlesdf
pressure in the annulus 38. This annulus pressure is avail able and

subst arthé arésent imemdiom; t hr oughout the use of the safety valve x2 in the
well 16 and so the spring 40 does not have to be designed to work w t hout

its assistamges. BTWE arbendiged Welapphttesseaidiag wems ! succeivedatial
actuate the safety valve z2 may be significantly | ess than that used to

act ual Qe SMANAHAlal ACERbSRTInE hRicipIKabithe tRVtAL MOT e, note that the

opening prong q.8 i S pressure- anced and is pressure isolated fromthe

chambers 30 prdgs Q08! Bidhl Yakle -DUERSLT FRWISAL Bk arblke digalsl yr val ve

i 2. As used herein, m " pressure- I'sS us to 1ndicate that

t he leggﬁg%ggﬁggﬁﬁfgﬁghgg on a nmenber or assenbly produces no net biasing

force. safety val ves use dynam c seals to provide

pressure is tion between pressure.in the tubing strin nd, .for exanpl e,
Pt eosur e | nHihe 4 BnE ETIer EECTRBTisiY of ¢ 5eons AfteibaSRRARCH AR sbal s
are general ly nore _susceptible to | eakage than static seals or rigid

barri eséfetyHalve fiHIG; 35 desirabl e to reduce or elimnate dynamic seals in a
safety valve. As used herein, the term"dynamc seal"” is used to indicate
seal s” whi ch oG iga parisdlyrcsosssenciionshvige ofet packensadsmethiodroftaeteatian at i ve
di spl acenent therebetween, for exanple, a seal which seals against a

di spl acimbpdyimg principdes of theahverdion;ed on one nenber and seal i ng agai nst the
ot her nmenber, etc. A dynanmic seal nay be elastoneric or resilient,

nonel ast onerMIG, 6nistapartiadlypresst-sectionhbeiew of a siidiag sleeld vabk anlymethuel
material. A dynam c seal may be attached to each of the relatively

di spl aof agruzeishesisbodydal painciploed thednentiorf;| exi bl e menbrane. A dynamic
seal may be attached to neither of the relatively displacing nenbers, such

as a floati RGPSk A pattiallGosab&ioniB ity bfa choké dhd thethebiadst dfidtisy 58
separates the flow passage 44 fromthe chanbers 30, 3g.. No dynamc seal is

used b : : i nd the piston 32. Thét is, displacenent
%mﬁggnﬁgfﬂt‘léw Ak SRt p p

of the ranslated 1 nt'd di spl acenent of the opening prong 48

Soupl i ng. 52 100 i e & ARBAY Rt MRS EREL WRRE of D oAb RrRRARES g

Oer PG 8R% A BRSSP S ot pressure | solaton
el ati very 3G Sas oethradSastoatiaL v PLE SoAEs o0 ik A S R gal st
a pressure,qiffgrential,be;me n the control line 18 and the annulus 38. The
hydr osPAMCPlEs SEE BVERteRAdnt rol Iine i8 and in the annulus 38 will in
nmost circunstances be approximtely equal, and so only a relatively smal
anount - of eréE;r; mos lstiam ?lb]ér&ﬁdﬁg!c{féé'ﬁelétll@ Yflél‘Yt @‘igrlrégth%Amgglaé@wawil:nge t
safety valve i2. Referring additionally now to : , an alternate
const r gothaslying prineipdes efithevmvension? i s representatively illustrated. In
this alternate construction, the chanber 34 is in conmunication with the
internal flow passage 44, DETAJLED DESCRIPIION38. FIG 3Ais
substantially simlar to FIG 2B, except that an opening 6q. provides

conmuni cat i RephedameetivdlheilluserdnaaagdecG4d and tthehedandewhidh enfiddies3B is
substantially simlar to FIG 2D, except that there is no opening 36

provi di ithaty Vesion.h Héuﬁé : _14
Thus, hgxﬁggggﬁtggl?gﬂ?ﬁghalte#%a?gq@ggétructi%ﬁggkﬂﬁﬁgﬁéng??%ggfg% 12
depicted in FIGS. 3A & B displaces in response to a differential between
pressure in the control line i8 and pressure in the passage 44. This
denonstrates use of the principles of the invention in a safety val ve which
is actuated differently fromthe enbodi nent shown in FIGS. 2A-E. Note that
the safety valve i2 as depicted in FIGS. 3A & B still has no dynam c seal s
bet ween the piston 32 and the opening prang 48. Referring additionally now
to FIG 4 another alternate construction of the safety valve 12 is

T ] o ) 1 o~ .= N v 1 o~ P—



In the choke 90 depicted in FIG 7, a magnetic coupling 92 is used to
transl ate di spl acenent between an el ectrical actuator 94 and a choke sl eeve
96. As the choke sleeve g6 is progressively raised or |owered, flow through
openings g8 is progressively increased or decreased, to thereby regul ate

fl ow between a tubing string and a production or injection zone. The

el ectrical actuator 9g. may include a conmmuni cati ons nodule 102 to provide
communi cation with an electrical |ife 104 -16 an electric notor Q6, a
freewheel ing clutch 108, and a ball-screw 110 to convert notor rotation

i nto | endapther sappesemsnand Tmethedsudesoribed Hewsin,adigectinnal otermsr suelhgset i c
devi ces of the magnetic coupling 92, and other magnetic devices attached to
t he chékieow! cthetows “dppel’atlewent ey are, use emdxpiordionperencryint redercingke sl eeve
and regul ating flow through the choke go. O course, in place of the

el ectr ilge htdtnpdying alranthgy madithendllypat fsoto bommdsistedd ehatbdienegtoushe
choke 90 and a renote location. In addition, a downhol e power source, such

as a b%hﬂﬂd&’m@htsaofjﬂ’{@B%s%n@%tﬁﬁ”@és’t‘fi%d Hé?édnt}ﬁa}"%%%t‘ili)zeﬁrﬁ}/\i'ﬂﬂ)uﬁomr to
the actuator 94. Power to operate the actuator 94 nay al so be incorporated

i nt t . em ty QF ti : t .
bul g LGRS SEA' STindHEd, ivenal BATRANG \E Gl oo [ nQ p R C

magnet i oupl. [ r | at tat.pony fr n.electric actuator i14
ro°a mernfaniioR v itRohEabtRe Mo 1HS Blikd Pl TR BB S 858 2 L par a us
100 may be used to rotationally orient the gun assenbly 118 in a well, so
that it sho®hshé methdé3or adafbiy eslve ap is thiereonnedtedin amubingstang 29 apdovi des
for conmuni cation between an electric line i22 and a notor i24. Note that

t he nmapgpeditidhed FedtivelyPdepSitr £ shibdeansélt 16 WA Soritfoldiitars exieadt $nidetheeen it
and the actuator 114 so that bearings 126 used to rotationally connect the

gun assRMOleYadd & ddhrebfedRPi bttty ¥9Re Q8! HRWRRA] 1ihB§8 e LsdH tPdcthdle gun

assenbly, and do not need to resist any force due to a pressure

differ %{g%%ﬁ%?@ prgxﬂ*ﬁb}éaE&fneagx{ﬁ%i% he éﬁ?élgrvgive in ah%eﬁ?ggﬁgg;nd%gﬁ ot or s

i.06,1 adbove 1S an e notor, but 1t sho er st ood

ccepi ngS bR et R reSeii oy ST s e bR TOV Sl £ O

pneumatic, fuel cell, chemcal, linear, rotary, and other types of notors
may be usedThBRewellriends ddgictedrinl FEG.nowstod sibsea wellabumgrirdiples @fpheng ego
for a well tool enbodying principles of the invention is representatively

i1l ust ifepgionTieyBronebIgoratdpin methbde ussé lat tarl-baseduvélls ABHUITALS Sthaped
magneti c device 132 coupled to an inner annul ar shaped nmagnetic devi ce 134.

Pr es s uf¢2XResi8 Shot Bntifdl RUR pdrEeiRt hfpedsiWige 132 is isolated from pressure
exposed to the inner magnetic device 134 by a rigid pressure isolation
barrier 136, Each of the outer and inner nmagnetic devices 132, 134 includes
a stack of Antthisnexample, sheconpl fingridts a bydeawdic megtrel ilinet | Yressuretisve
material |ayers 140 In each of the nmagnetic devices 132, 134, polarities of
t he nagnplied I@theemntzaliling 18 2l 4 rpmeete lbeationy suchessea prafiustionagdaifain er aat i ng
magnets in each stack, so that the sane magnet polarity faces each side of
each ofubsm dayenlstdtden, tohusintaiachestfetphralvayers itbddpehasosithahuc®d closei t a
magnetic polarity opposite to that of adjacent layers 140 in the sane

st ack. theisafddi tdlvaniz, gaedsuné it the domywl Hingé48 idhaslucedluced in it a magnetic
polarity opposite to that of the layer 140 on the opposite side of the
barrier 6., In thi.s manner, e magnetic devices 132, .i34 are nmagnetically
ot ract ed ¢ 3t SheHOchBndemtdnd diurEn et ottt dhgms vey disvieed o VI | pe
transl at ed jnt%Hgksplacenﬁpt of &he,nagng;ic devi.ce B4, across, the barrier

i 36. actmtion fi&essfety valve 12y b SeeRing HIHY the paneiples ¢f dbe Hvensiper F0140 in

t he opposing stacks operate to_prevent relative displacenent between the
nmagnet ie@am@gﬁ,dbs safeby valys 12 qorqﬂc{) he elastrieallyrestuated.da whichwgsetheccandmll si on
between the sane polarities in the stacks. For exanple, the positive

pol ar i tinel 18yendd bé®rerort mere alectricahgn fiberopidy lines. i BRe safetyr egded tzdodldom

di splacing toward the positive polarity layers 140 in the inner magnetic
devi ce bk3@tuatdd ekigteRmeéryRuoR b endpliles moolistid) elertiiogiagietit sdeiginidexi ce

i 32, and a magnetic pattern in the inner magnetic device i34 nay be used to
prevent relative displacenent between the devices, by magnetic attraction
or by magnetic repul sion between the magnetic patterns. Referring
additionally now to FIG 10, another magnetic coupling 150 which may be
used in a well tool enbodying principles of the invention is
representatively illustrated. The magnetic coupling 150 denonstrates other
met hods whi ch may be used to create nmagnetic patterns in nagnetic devices
x52, 154 separated by a pressure barrier i56. However, it should be

o . . o A~ ~ — o~ o~ ~ o~ A NN N L T 1



The magnets 158, 160, 162, 164 are spaced apart in the respective outer and
i nner magnetic devices 152, i54 by spacers i 66. The spacers i66 are
preferably made of a magnetically nonreactive material, such as al um num
conposite material, etc. In the nmagnetic coupling 150, the spacers 166 may
have any thickness, spacers in a magnetic device may have different

t hi cknesses, and any conbi nati on of spacers nay be used to space apart the
magnets i 58, 160, i62, i64 to creatd any magnetic pattern. The nagnets 158,
i62 in the outer magnetic devjce 152 are repelled by the same polarity
magnet 80y ethersype of felemetner Thegateti valve iz eeuldse agipated; using pyy tmeeof
nonuni f orm magneti c pattern created by the magnets i58, 160, 162, 16g. and
spacer surféé qgrdwenboleipoatergoneset of t he nmagnetic devices 152, i 54.
Preferably, the magnetic pattern is constructed so that the magnetic

attraction and netig r | si.gn - n the nets.L58 60 162,

i 64 acts to?lbﬁgag ’r’teﬁﬁ'*@ﬁui?@ edninglﬁs&%«igml%%%gg%ﬁ%géﬁgv%%e&%&srg%e,]d P person
chilled in the,art woyld, upon a gareful copsideration,of the above

Goscr i bie BiFthed AR mEse i 41, Sramplar e ATRE F MEfdophy DI BRY Teadnrizd
appreciate that many nodificatiaons, additions, substitutiaons, deletions,
and ot HEMEC n@réamlsri@f Wethepiveptonh diuthescpiemples Arrodemietedstn BHeS-sur8h
changes are contenplated by the principles of the present invention.

Accor dandlaye deseaibedrbsdoivn §lanst ether embednemsiasepossible. be cl early under st ood
as being given by way of illustration and exanple only, the spirit and

scope of the prese i.Aventi.on bei nd.l ikt ed | el ended .cl ai ns
and thei r odproar el R RG Bl tr s TG Ml indh e ARRECSIRol
conpri Si ng: Lstqgn i ch,dj splaces..in response .0 a differential between
pr essuﬁ@egn @‘ﬁ%F%ﬁﬁ% thétaf’gn%égl@%ayclovﬁgyirépéf )Pr?rséiu\‘/%?{oéirﬁi‘aﬁ}@%sur ein
an annul us suyproundj ng .t he, safe val.ve; an aoperating er., whi ch

di spl a8€99 @sapeag $he Cehelsis lfaFﬁ%A ¥%thapaf eer?ﬁ&ﬂglyahlahrg{fyg?wccmwrﬁg

bet ween the piston and the operati ng menber, the magnetic_coupling

t r ans| &foryapinie.de. @9 e pshe dinrfleepsebsafpler vl vyehgayaiss ér comten) linedpsiech go
thereby actuate the safety valve. 2. The safety valve according to Caiml
wher ei staniderd pambificalg themibhere is nr agedite install st special oenpemsivej sexynhigh. The
safety valve according to Claim1l wherein there are no dynam c seal s

bet weemprgssass reedacontmgl tinet h&hprefowen itnsl benelcal to det allg wnrédeeogher at i ng

menber. .. The safety valve according to Claiml, wherein a rigid barrier

separ apeesspreappliea] cthergnar] line 19its hemmaty thespfees salve 12401 tHrgmethddhe.
operating nenber, and wherein the nmagnetic coupling translates displacenent

fromthe pi %t r(‘Jutgﬁ tthrf]zecoo tlecglaltuilen QB%%%Ectgg "in Sf?f[(}t hleasb %relrrigeé)&ternal 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



5. The safety valve according to Caim1 wherein the magnetic coupling

i ncludes at | east one first nagnetic device attached to the piston, and at
| east one second magnetic device attached to the operating nenber. 6. The
safety valve according to Claim1l, wherein the operating nenber is an
openi ng prong of the safety val ve which opens and closes a flapper. The
safety val ve according to Claim1l, wherein the operating nenber is

pr essur e- bal anced. -22 8. The saf‘egy val ve according to Claim1 further
conprising a fl ow passage extendi ng axially. through the safety val ve) the
f1 ow passkgiesbribad hereinsurey hesasest imdothev methedshipdkeepingwithrtbe princides t he
use of a dynamic seal. g. The safety valve according to Caim1, further
conpr i sifnfe nfdndivnpassage extendi ng axially through the safety valve, the
fl ow passage being pressure isolated fromthe annulus, w thout the use of a

dynam c seal,, 10.. The ;saf ety val ve according to,Cl aim.l further ,conprising
2T ow pasedbhe SEEBNIRING 1Slan 1 SfieR oLy 3o Vhith PPk ERAJOWERy
dynam ¢ seal being e;%posed to pressuge i the1 flow pgss ge. i1l. A nethod of
act uat i GUECIORF @dy 264y dnterepnriegting d %%%FX ¥alyg 12 AR ta¢ EWANg SRS 41 4ki ng a
piston of the safety valve in response to a differential between pressure
in a hynsraliline pers 280k mwevidedifor cornectingtthe gantrel line 18 te sheisafetynvadye

annul us surroundi ng the safety valve; transl ating displacenent of the

pi ston 20 di spl acenent of an operating nenber, the translation being
performed across a rigid pressure isolation barrier wthout the use of any

cynam o seal ;1 ANGIGLYRL N8 LR SRHL YRS L BRORERTRe BORSH 95
is connected to the port, the control line is placed in communication with an internal
chamber 30 above a rod piston 32. Although a single rod piston 32 is depicted in

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



di spl acenent of the operating nenber. 12. The method according to Caim1ll
wherein in the translating step, a nmagnetic coupling is used to fix

di spl acenent of the operating nenber to displacenent of the piston, i3. The
met hod according to Caimx1, wherein in the translating step, at |east one
first magnet is attached to the piston and at | east one second nagnet is
23 attached to the operating nenber, nmagnetic attraction between the
first and second nagnets causing t Hed operating nmenber to displace with the
pi ston. z4. The nethod according to Caimz3, wherein in the translating
step, &OHIETPESEEngasals ﬂ*s%ﬂ?ﬁe@?ﬂ%ﬂ@és@r estharmhes B4 gniwichcase theagnet
and pressure surroundi ng the second magnet. z5. The nethod according to

C ai m 1dawensidei of the pision 3amedyabe ﬂgp@ﬂegp)irﬁdh]é toatheicompressedigas, amdthe essure
surrounding the first magnet fromthe pressure surrounding the second
magnet ,opehiryogié nidienoiske pfovdded, dyrihat thesdmimber @4 ¥ heolared Houn gressude irg t o
Claimz3, wherein both the first and second magnets are permanent magnets.
z~. Thehsrhhotuag8orAliaidatioely tharedmhpydieedighs iy batentuined Mea Raparatd | ow
passage extending axially therethrough, and wherein in the translating step

the opehakibey, HBHFRRA daSe ﬁié‘s@hﬁ’&i%{h\é'iahﬁﬁﬁis SBPAYIsAN aghn thgsign $£al to
pressure in the flow passage. z8. The nethod according to aim1ll wherein

the safety valve has a flow passage extending axially therethrough, and
wherein in tThe sefetyaralng 12 tiepf ke Bipeawhichsesgs 4 Bappeseretd sadeqiivebsopen i n t he
fl ow passage. z9. The nethod according to Caim11l wherein the safety val ve
has a fandwelpsess fge passegaliiggxtExnidalg axislhettabhgl tlyhsafetyd alves rBiatflappet e
di spl acing step the piston

shown in its open position in FIGS. 2D & E, and is shown in its closed position in

dashed lines in FIG. 2D. A torsion spring 46 biases the flapper 42 to pivot to its

closed position.

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

will permit the flapper to rotate to its closed position.

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

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

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

or a sleeve-type safety valve, etc.



Is isolated frompressure in the flow passage without the use of any

dynam c seal. 20. The nmethod according to Caim1l1l wherein in the actuating
step, the operating nmenber is pressure-balanced. 2z. A well tool,

conpri si ng: -24_ an actuator including a piston which displaces in
response to a first pressure applied to the piston; an operating nenber

whi ch di splaces to operate the well tool, the operating nmenber having a
second pressure applied thereto; and®Tspl acenent of the piston being
translated i nto displacenent of the operating nenber whjle the fir and
second pr essbh@position; fghaapgnimeprongAd b’iﬂa?efre?PW e &he Pisken g34ds 5¥e‘§£\3§/

dynam c seal between the piston and the operating nmenber. 22. The well tool
accor di mgans oflaamagretic Jespling g2ne Thelmagresic ¢auplinga§2i5cludes/a seras ofher ei n
di spl acenent of the operating nenber actuates the safety valve between its
open anzhmilas pdrpasent magnetd3d4 Tthachedl o the apeatngmpoingy8, and @sencdd, sether ei n
the operating nenber is an opening prong of the safety valve. 24. The well

t ool acefodriler perrehaém RAhgneieyeeittadhed toahk pictoh gos Ailhaghethe maghetber ei n
di spl acenent of the operating nenber sets the packer. 25. The well tool

accor di 99 ako debRkéd 3¢ beitiPeRbeseN® BROTALE HIIENE! ahd R HRigeRdsEmpelr el of

the packer. 26. The wel according t aim 2i, wherein the well tool
o8 ChE b RAER G, HOMRte ol e Wheatlhouch candvheisle
oper at | MO ABRBEP it e Teetrp iy BB S e v ve, e e
The magnets 54, 56 are preferably constructed and arranged so that their
poles are appropriately aligned to maximize the magnetic attraction therebetween.
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.



28. The well tool according to Oaim21, wherein the well tool is a choke,
and wherein displacenent of the operating nenber regulates a rate of flow

t hrough t he choke 25 2g. The well tool according to C aim 28, wherein
the operating nmenber is a flow regul ati ng nenber of the choke. 30. The well
tool according to Caim2i, further conprising a nmagnetic coupling

i ncluding at | east one first magnet attached to the piston and at | east one
second magnet attached to the operatitig member. 3i. The well tool according
to Caim?2l1l, wherein each of the first and second pagnets is a_permnent
magnet .Fugthermyamples of gwgngtie epaphings whichdanay be usoh e thesafply valvesi2 of essure
I's hydraulic pressure in a first hydraulic line connected to the actuator.
33. Thenyaither pype dowdrivokpredll@toated B2 FIGH« &i10.a third pressure is
applied to the piston, and wherein the piston displaces in response to a

e R ik A BRI AT B o
ZciS?3Pﬁgﬁ%s&?‘oa%%ﬁg%?aw%@&ﬁ?ﬁ%ﬁﬁﬁrﬁﬁr %f%%tevéi‘&r‘%é-g %r&xﬁﬁ@ RFHPEnu us
[ . 36. T ' im 33, [
he. opeRPRES, FERbEs UG deeince SPUBEAERIEI S FH4. B RE (HTIRGALbF 6% of t hout |
the use of any dynanmic seal. 3~. A nethod of actuating a well tool in a

wel |, tthe magrieti¢ coupling SR keeping vapls thef prinyiples o€ theginyentden.uat or menber of
the well tool; translating displacenent of the actuator nenber to

di spl ace”entAsoée}ﬁQted in FIGS. 2A-E, hydraulic pressure in the control line 18 has been
increased to apply a sufficient differential pressure across the piston 32 to displace
the piston downwardly against the force exerted by the spring 40. As the piston 32
displaces downward, the magnets 56 displace downward as well, causing the
magnets 54 to displace downward, thereby also displacing the opening prong 48

downward and opening the flapper 42.

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

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

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

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



operating nenber by use of a magnetic coupling therebetween; and actuating
the well tool in response to displacenent of the operating nenber . - 26
38. The nethod according to Claim 37 wherein in the displacing step the
actuator menber is exposed to a first pressure, and wherein in the

transl ating step the operating nenber is exposed to a second pressure, the
first and second pressures being isolated fromeach other. 39 ~ The net hod
according to Claim 38, wherein in tRé translating step the magnetic
coupling trans| ates displacenent fromthe actuator nenber to the operating
menmber tge costrohling gipwvardeageinst itsduidaestatic paessies; With trlatively dow pressuknd
second pressures. 40. The nethod according to Claim 38, wherein in the

t r ansl dhithgtwdiing stieg fo assistand second pressures are isolated from each

ot her without the use of any dynam c seal therebetween. 4i. The mnethod

according t ai 8, erein in.the displacing step,the actuator, nmenber
i s exposed 38%%5%38 Vﬂr‘géé’u the spyipg é@t‘ﬁé@’kﬁ t%@%ﬁ%Faﬁle%FB@F?}&’% W1 ponse
to a differential between the first dthir ressures. 42. The t hod
accor di3%g upyare ap8a1Rgt tbmé%aenpmfisqc@nay stgF a‘gffg‘@er&’caipbect}‘t@e’? i qogqtroéﬁgue( hird
pressures are each isolated fromthe second pressure, w thout the use of
any dymaasssire edld pressumEnhin itee leanubitsed®-di Tys menulusi presgurevisedvailablerande

di splacing step the first pressure is pressure in a first hydraulic line
connectsabstantinlly canstaat throughdut te udei ofdhpsafeuvalve 32 i desweld 16,ramd econd
hydraulic |ine connected to the actuator. 44~ The nmethod according to Claim
41, wheheispring 4ddoel 5ol lanieng st dgxigrival fol weitk withewtliteadsistpnes SThw, the a
first hydraulic line connected to the actuator, and the third pressure is
pr essurngesstiranapplivd 46 ther eontiell Misiet 18 toehdtubteothe safety valve 12 may be

significantly less than that used to actuate a conventional deep set safety valve.

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

reduce or eliminate dynamic seals in a safety valve.

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

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



-2~ 45. The nethod according to Caim4i, wherein in the displacing step
the first pressure is pressure in a first hydraulic line connected to the
actuator, and the third pressure is pressure in a chanmber of conpressed
gas. 46. The nethod according to Caim37 wherein in the actuating step the
operating nenber is an opening prong of a safety valve. 4~. The net hod
according to Claim37 wherein in the actuating step the operating nenber is
a sliding sleeve of a sliding sleevé3val ve. 48. The nethod according to
Claim37 wherein in the actuating step the operating nmenber is a setting
nmandr elof fnyaoweskmateried. Ardynamiscigahorar be agtachedtaieach ofvither welatively t he
actuating step the operating nenber is a flow regul ati ng nenber of a choke.
The netdisplacinganeinbgrs, such as mZNowsearei flexibletrhembranet A dynatmipsedl enay

operating nenber is used to rotate an assenbly within the well. The nethod
accor dijethttaehell 2b MeftBer vhdieaielutivelyt displacing ahérmberst uch ddeflesiepikion. s a
perforating gun assenbly rotationally oriented within the well. 52. A well

tool, conprising: an ac{uator; .at least_one first magneti ¢ device attached
to the actudBdhe seidy valveil2qa gigd it%b@éx/be@leaéwpﬁb%tﬁ st tlowi nasspEei 44s
portion of the well tool at a first pressure, and the actuator displacing
the fi rfsemrihgrebaimbete 3i0c 84- Ao idynamicseal dxusathbetmganithe opevingerrengatthed to
an operating nenber, the second nagnetic device being positioned in a
second guar therpistont Be. wellatt ispldisplacensentonfl the epistome 32aisd tramslahed lintcool
bei ng operated in response to displacenent of the operating nenber; and
displacement of the opening prong 48, with no dynamic seal being used
therebetween. Instead, the magnetic coupling 52 permits translation of the piston 32
displacement to the opening prong 48 across the barrier 58, with complete pressure

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.



_z8_ a pressure barrier isolating the first and second pressures, and

di spl acenent of the first nmagnetic device on a first side of the barrier
causi ng di spl acenent of the second magnetic device on a second side of the
barrier. 53 The well tool according to Caimb52, wherein the first
pressure is pressure in a hydraulic line connected to the actuator. 54 The
well tool according to Caim52, wherein the second pressure is pressure in
an internal flow passage forned axi-a#l'y through the well tool. 55 The well
tool according to Claim52, wherein the first pressure is pressure in an
annul us sur ridursdthepisten gelin theaternst: conistrugeiph of Hul safety valieng depictkdi m 52,
wherein the first pressure is pressure in a chanber containing conpressed
gas. 5AnTREGSweBA &oBIdisplacedimgesmorsk aionn SRfferdntink betwéen pedssuteoinl the a
safety valve, and the operating nenber is an opening prong of the safety

val ve. ®@irollignaalsl ah@0preasirer irfithe pa@sdgdeair i) SZhiswlemehstrites vl bf the! is a
sliding sleeve valve, and the operating nenber is a sliding sleeve of the

val ve. nfiscifleg ofelte #98hti8RGRTAsME 0altd HHTEIP s a%‘ﬁ{el%i gifffethﬁlﬂyekﬂorﬁ PRe GiOS a

packer,” and the operating nenber is a setting mandre e ‘packer.
The wel | I el s : i onal
act uat AR ERSREOTIA RECALE Nore it Saleb oL Va8 RS, Pt or

causes COLI£s di.n ot at.i on ;0 he con net,,c devi.ce and erating
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menber is pressure-bal anced. 62. The well tool according to O aim52,
wherein the Réféﬁﬁn?raﬂ@lwkﬁﬁllysnbﬁoﬂoaf‘ﬂﬂ iy amothBe ahennite cohassetich vf theut use

of any dynam c sea
safety valve 12 is representatively illustrated. FIG. 4 is substantially similar to FIG.
2B, except that a port 66 is provided through the 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



29 63. The well tool according to Caimb52, wherein the actuator

di spl aces the first magnetic device in response to a pressure differenti al
in the actuator. 64. The well tool according to Caimb52, wherein the
actuator displaces the first magnetic device in response to operation of a
notor in the actuator. 65. The well tool according to Caimb52, wherein the
actuator displaces the first magnetic device in response to a differenti al
between the first pressure and a tHhilbd pressure applied to the actuator.

66. The well tool according to Claim65 wherein the third pressure is

pr essurvalven8@, apdinderviat cphirel yelveeen elpkeood lmdaa tneafasating ApPIIESUSWPD. t 00
according to Claim66, wherein the first pressure is pressure in an annul us
sur r ourfdoweverhit skiuld beaindeggtooditbatdiese avnmeaely @ivimas ¢exangplas,mmi7amyher ei n
the second pressure is pressure in a tubular string in which the well tool

i s i nt eygeofiwelledol 108y iddvepueité principlacsfahdim@ntionC ai m 68, wherein the
tubul ar string pressure is isolated fromthe hydraulic |ine pressure and
fromthe annul us pressure, w thout use of any dynam c seal. _The well t ool
accor ding t ARAP&iHFcke: 7oAepicted I Ghé aaeEnClr SOIRINETA Raised (@ ranggtist i o
device in response to pressure in a hydraulic |ine connected to the

act uat shispleermenydfrem jachydraslip mebmtee74 ée agsatdng mandirel pnushd te seb e

pressure. Vii. The well tool according to Caim70 wherein the hydraulic
| i ne prresker @6, outwardlyedténdsnaling ebroentd apd dersunchoving islips of e mwickeny
dynam c seal. ~2. The well tool according to Caim52, wherein the actuator

di spl acBse adreatdrr s magbetsimilaevo ciee pistore spanskchambedi §d,e3408edhin bed ween
pressure in an annulus surrounding the well tool and pressure in a
hydr aulsafet) vaReci@n it ohech the pib®nAdibplabey in respord@ ta pressure in a control line

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 magnetié 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,



The well tool according to Caim72 wherein the hydraulic Iine pressure and
the annul us pressure are isolated fromthe second pressure w thout use of
any dynam c seal. The well tool according to Caim73 wherein the second
pressure is pressure in a tubing string in which the well tool is

i nterconnected. The well tool according to aimfig, wherein the first
pressure is the annulus pressure. 76 A safety valve, conprising: a piston
whi ch di splaces in response to a di-fifer enti al bet ween pressure in at |east
one hydraulic |ine connected to the safety val ve, and pressure in another
hydr aulancelettnie tonoedpéd at peewheadingetlytohal o anth adpadl-sarewgligettheenygnt ch

di spl aces to open and cl ose the safety valve; and a magnetic coupling

bet weemotoe pitstion iata linker dpplatemmentnethe rctudier gggdisplacesc onplarngore
transl ating pi ston displacenent into operating nmenber displacenent to

t her ebymagidtit devibe Sfaftet magaeticcouplingsed,eind viley ensgretic deviret atiaklhédn 76
wherein the operating nmenber is pressure isolated fromthe piston. 78 The

saf ety {¥ah¥@nake A% d AidplaicthéfeWilE! Glefelinaisplarify e dvdl@nlteredld |
bet ween pressure acting on'the piston and pressure acting on the operating

menber -regﬂﬁtiﬁgffﬂvytﬁi‘%hgﬁtﬂ&&% 3. to Claim76 wherein a rigid barrier

separ at €3 preSsure actrng on the’ piston frompressure acting on the
operating nenber, and wherein the nagnetic coupling translates displ acenent
fromthe pi Qforourse; Ha plaee avf tge ebexdbric line aeg, ttelentedryr meay be usil f@0. The
safety valve according to Caim76 wherein the magnetic coupling
communication between the choke 9o and a remote location. In addition, a
downhole power source, such as a battery or a downhole power generator, may be
used to provide power to the actuator 94. 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.



i ncludes at |east one first magnetic device attached to the piston, and at

| east one second magneti c device attached to the operating nenber. 81. The
safety val ve according to Caim76 wherein the operating nmenber is an

openi ng prong of the safety val ve which opens and cl oses a flapper) 82. The
safety valve according to Caim76 wherein the operating nenber is
pressure-bal anced. 83. The safety valve according to Caim76 further
conprising a fl ow passage extendingldxially through the safety valve, the
fl ow passage being pressure isolated fromthe hydraulic lines, wthout the
use of a dyrEashcofdbaimoters 106d2¢afeserjbadabaveds an elickic mota, dukitabonld t her
conprising a flow passage extending axially through the safety valve, the
f1 ow padssayierbmiodghpt asy type dfsnotareulay bousadto displataan actuatounember inse of a
dynam c seal. 85. The safety valve according to Claim76 further conprising
a fl owkeapigoeithithe pdineiplexofthleynvdntinmg IFFdriexasnle thydvallicg pnenmbatiot fuahy
dynam ¢ seal being exposed to pressure in the flow passage. 86. A safety

val ve, @ONgHdrdical lindafRbeiry dHE Bt $1led ©f nAbrsamby BE @kedrenber of the safety
val ve; an operating nenber which displaces to open and cl ose the safety

val ve; and a nmgnetic_coupling between the actuator nmenber and the
oper ati ng netaferring pdditiogally inove BuplGng & magsete cogpling 130 &r apieddpol
di spl acenent into operating nmenber displacenent to thereby operate the
saf et y emabadying prifiuplenbétlye imientionds septiesentatively dllnstBged Witheanagnétic
operating nenber is pressure isolated fromthe actuator nenber. _32_ 88.
The safwuplivglige mehaiedi aigotiter @raiudaBshapel anagretichéevicears2 aouplgdanian seal s
bet ween pressure acting on the actuator nenber and pressure acting on the
inner annular shaped magnetic device 134. Pressure exposed to the outer magnetic
device 132 is isolated from pressure exposed 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 maguetically 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.



operating nenber. 89. The safety valve according to Caim86, wherein a
rigid barrier separates pressure acting on the actuator nenber from
pressure acting on the operating nenber, and wherein the magnetic coupling
transl ates di splacenent fromthe actuator nenber to the operating nenber
across the barrier. 90. The safety valve according to Caim 86, wherein the
magneti c coupling includes at | east ogne first magnetic device attached to
the actuator nmember, and at |east oA second magneti c device attached to
the operating menber. 9i. The safety valve according to Cl aim86, wherein
t he oper at i figrihermere, theappppring pglasitinspiofdiadeat Jayaas y40dnibev@nrosingpens
and closes a flapper. 92. The safety valve according to Claim86, wherein
t he opeatamks mpenstetier prevent ealative displanevwnt @e8wedh the afagnyptiv alevieenagar di ng
to Claim86, further conprising a fl ow passage extending axially through

t he safighwivialtke additéorid]l dorqeasSmagnbiic pepulsion hetwedrs thabatle fpotaritidsein
actuator nenber, without the use of a dynamc seal. g4. The safety val ve

accor dithgstaeksd BbeRfinplel thd86siB0ePblasity iyers 140Nnhe Hader By feail daiaxi al |y
through the safety valve, the flow passage being pressure isolated fromthe
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conprising the stteps f: di gpl aci ng _an E{Ct at.or _nenber ,of t saf ety val ve;
Urans| 20y ARG RARED Bt Tho gl nagurtic dREk 1% TG BF dtserldn, Digye

relative displacement between the devices, by magnetic attraction or by magnetic

repulsion between the magnetic patterns.

Referring additionally now to FIG. 10, another magnetic coupling 150 which
may be used in a well tool embodying principles of the invention is representatively
illustrated. The magnetic coupling 150 demonstrates other methods which may be
used to create magnetic patterns in magnetic devices 152, 154 separated by a
pressure barrier 156. However, it should be understood that, as with other well fools
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



operating nenber, the translation being perfornmed across a rigid pressure

i solation barrier without the use of any dynam c seal; and actuating the
safety val ve between open and cl osed positions in response to di splacenent
of the operating nmenber. The method according to Cl aimg6, wherein in the
transl ating step, a magnetic coupling is used to fix displacenent of the
operating nenber relative to displacenent of the actuator nenber. g8. The
met hod according to Claimg6, whereilBin the translating step, at |east one
first magnetic device is attached to the actuator nenber and at | east one
second neggtive i thewviadiallysoutwaad hdivectiont hEhegsemagiety 158ndrer axiathy akigned
attraction between the first and second nagneti c devi ces causing the

oper at iwith fexgnets 160 din $hé doseruhignédtivedevideursiqo whiddnileo ha9é radiellyreligrod
according to Claim98, wherein in the translating step, a differenti al

exi st s RetVRRN HUILRELE, e baYT 6 el diftdd r(%bﬁm&n%l thd epaidnglyamsviridessur e
surrounding the second magnet’i ¢ device. 100 The nethod according to Claim
99, V‘*“%%Fécﬁoh“aﬁ&'?o&i&ﬁr@%%ﬁé Pélii%l‘l)?{?uw&a]%& d%'éﬁbﬁf. THRG, ﬁﬁ@ﬁa&ﬂ&sﬁé@,sﬁsw e
surrounding the first magnetic device fromthe pressure sufrounding the
second i ice, wWithout the use of any dynam c seal. 101 The net hod
accordia%g&géaéﬁéﬁ%g 8, wherein both the first and second nagnetic devices

i ncl ude permanent nagnets. -34 102, The nmethod according to C aim g6,
wher ei n t he Haf etter vabgeetivadevdcd 1sanfipdiserdgeludes endilag shaxped magnkisr sizhr ough,
and wherein in the translating step the operating nenber is displaced

wi t houthaeiiposddigllypaligieiaiticcte pblaritics) Baative ih thd Arlidlhoinwead agetiod03 The
nmet hod according to C aim96, erein the safety valve has a fl ow passage,

ext endizg odigvé ¥n the radiaNg wabwa RN dirdR et Thé mdghRtPdLatd Halft SRzt

dynam c seal is exposed to pressure in the flow passage. 104 The fret hod

accor diyigh tadre®d 1696 MO BRI midifetRA&1ck 153! ¥RidPAsG hhlOYadially 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



passage extending axially therethrough, and wherein in the displacing step
the actuator nenber is isolated frompressure in the flow passage w t hout
the use of any dynami c seal. 105 The nethod according to C aimg6, wherein
in the actuating step, the operating nmenber is pressure-bal anced. 106. A
wel | tool, conprising: an actuator for displacing an actuator nenber of the
wel | tool; an operating nenber which is displaced to operate the well tool;
and a nagnetic coupling between the28ctuator nenber and the operating
menber. ion. The well tool according to Caim2106 wherein the magnetic
coupl i hgtivers] dbesmiagnets ag8, sécont2mabsetdts tdeprayest relativei displasergent i c
devi ce being connected to the actuator nenber, and the second nagnetic
devi ce thexebgtwesmect ed to the operating nenber. 108. The wel |l tool
according to Claimion, wherein the first and second magnetic devices are
on opposite sides of a pressuye,barrier. - 35 109. e well tool
according t IEoTRe bBerRReTaled fhehs AFsould u@@%ﬁﬁfﬁ&ﬁﬁ@@ﬁ@%&ﬂ%& are
pressure isolated fromeach other without the use of a dynami c seal. 1lo.
The welthe tahsiveadessrintinn 1of CRipsAntative wmebasdimentse of  thet inwegheni ceadili ce
includes a first series of nmagnets having polarities opposite to a second
seri es appremapectimti many enedifications, gardditionsjestibstitutions, delesions) hnd asher
according to Claimion, wherein each of the first and second magnetic

devi ceshangdsuadesy rgnetde havitheseaxpeadifiy ahbodiatnpg| and tsweh. chdidgesThe wel |
tool according to Caim 107 wherein each of the first and second nmagnetic
devi cegohfehpldesd Brghepeineiplenof tladpikéyt alveanes petadiidlgstheldibgolfte wel |
tool according to Caim 107 wherein each of the first and second nagnetic

devi cegjetdiFdqui@eripR@nel Sohrvéles )Y BRAsIsESh PN Béink Kivkn B¢ Wa9 e ille@rdthat the
magnets in each of the first and second magneti C devices are attracted to

opposi Vo di t lar s & s i cond
Tagnet g 2 PaE iy AR R0 ol fhe piedti Bietion Donk idled el 0"
first ' Ls ' es magnets havi ng opposing polarity
direct?@ggggggggﬁ%?ggﬁég%ﬁgﬁé@ggﬁﬁhég%%gof the first and second nmagnetic
devices are repelled by simlarly directed polarity nagnets in the other of
the first alWHATASICIRIMEIXISievi ces. 115. The well tool according to
Claimion, wherein each of the first and second nmagneti c devices has a
magnetic pattern, the nmagnetic patterns preventing rel ative displacenent
between the first and second magnetic devices.



36 mb. The well tool according to C aim 115 wherein the nagnetic patterns
are produced by varied spaci ngs between nmagnets in the first and second
magneti c devices. 117 The well tool according to Caim1li5, wherein the
magneti c patterns are produced by varied polarity sequences between nmagnets
in the first and second magnetic devices. 118 The well tool according to
Claim 117 wherein the varied polarity sequences include alternating magnet
polarities in the first and second™Aagneti c devices. .A
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5. The safety valve according to Claim 1, 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.

6. The safety valve according to Claim 1, wherein the operating member is
an opening prong of the safety valve which opens and closes a flapper.

7. The safety valve according to Claim 1, wherein the operating member is

pressure-balanced.
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8. The safety valve according to Claim 1, further comprising a flow
passage extending axially through the safety valve, the flow passage being pressure
isolated from the hydraulic line, without the use of a dynamic seal.

9. The safety valve according to Claim 1, further comprising a flow
passage extending axially through the safety valve, the flow passage being pressure
isolated from the annulus, without the use of a dynamic seal.

10. The safety valve according to Claim 1, further comprising a flow
passage extending axially through the safety valve, without any dynamic‘seal being
exposed to pressure in the flow passage.

11. A method of actuating a safety valve, the method comprising 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.

12,  The method according to Claim 11, wherein in the translating step, a
magnetic coupling is used to fix displacement of the operating member to
displacement of the piston.

13.  The method according to Claim 11, wherein in the translating step, at

least one first magnet is attached to the piston and at least one second magnet is
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attached to the operating member, magnetic attraction between the first and second

magnets causing the operating member to displace with the piston.

14.  The method according to Claim 13, wherein in the translating step, a
differential exists between pressure surrounding the first magnet and pressure
surrounding the second magnet.

15.  The method according to Claim 14, wherein in the translating step, the
barrier isolates the pressure surrounding the first magnet from the pressure

| surrounding the second magnet, without the use of any dynamic seal.

16.  The method according to Claim 13, wherein both the first and second
magnets are permanent magnets.

17.  The method according to Claim 11, 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.

18.  The method according to Claim 11, 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.

19.  The method according to Claim 11, wherein the safety valve has a flow
passage extending axially therethrough, and wherein in the displacing step the piston
is isolated from pressure in the flow passage without the use of any dynamic seal.

20. The method according to Claim 11, wherein in the actuating step, the
operating member is pressure-balanced.

21. A well tool, comprising:
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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 between the piston and the operating member.

22, The well tool according to Claim 21, wherein the well tool is a safety
valve, and wherein displacement of the operating member actuates the safety valve
between its open and closed positions.

23.  The well tool according to Claim 22, wherein the operating member is
an opening prong of the safety valve.

24. The well tool according to Claim 21, wherein the well tool is a packer,
and wherein displacement of the operating member sets the packer.

25. The well tool according to Claim 24, wherein the operating member is a
setting mandrel of the packer.

26.  The well tool according to Claim 21, wherein the well tool is a valve with
openings for flow laterally therethrough, and wherein displacement of the operating
member actuates the valve between open and closed positions.

27.  The well tool according to Claim 26, wherein the operating member is a
sliding sleeve of the valve.

28.  The well tool according to Claim 21, wherein the well tool is a choke,

and wherein displacement of the operating member regulates a rate of flow through

the choke.
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30. The well tool according to Claim 21, further comprising a magnetic
coupling including at least one first magnet attached to the piston and at least one
second magnet attached to the operating member,

31.  The well tool according to Claim 21, wherein each of the first and
second magnets is a permanent magnet.

32. The well tool according to Claim 21, wherein the first pressure is
hydraulic pressure in a first hydraulic line connected to the actuator.

33.  The well tool according to Claim 32, 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.

34. The well tool according to Claim 33, wherein the third pressure is
hydraulic pressure in a second hydraulic line connected to the actuator.

35. The well tool according to Claim 33, wherein the third pressure is
pressure in an annulus surrounding the well tool.

36.  The well tool according to Claim 33, wherein the operating member is
pressure isolated from the third pressure, without the use of any dynamic seal.

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

displacing an actuator member of the well tool;

translating displacement of the actuator member to displacement of an

operating member by use of a magnetic coupling therebetween; and

actuating the well tool in response to displacement of the operating member,
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actuator member is exposed to a first pressure, and wherein in the translating step

the operating member is exposed to a second pressure, the first and second pressures

being isolated from each other.

39. The method according to Claim 38, wherein in the translating step the
magnetic coupling translates displacement from the actuator member to the
operating member across a rigid pressure isolation barrier between the first and
second pressures.

40. The method according to Claim 38, wherein in the translating step the
first and second pressures are isolated from each other without the use of any
dynamic seal therebetween.

41.  The method according to Claim 38, wherein in the displacing step the
actuator member is exposed to a third pressure, the actuator member displacing in
response to a differential between the first and third pressures.

42.  The method according to Claim 41, wherein in the displacing step the
first and third pressures are each isolated from the second pressure, without the use
of any dynamic seal.

43. The method according to Claim 41, wherein in the displacing step the
first pressure is pressure in a first hydraulic line connected to the actuator, and the
third pressure is pressure in a second hydraulic line connected to the actuator.

44.  The method according to Claim 41, wherein in the displacing step the

first pressure is pressure in a first hydraulic line connected to the actuator, and the

third pressure is pressure in an annulus surrounding the well tool.
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first pressure is pressure in a first hydraulic line connected to the actuator, and the
third pressure is pressure in a chamber of compressed gas.
46. The method according to Claim 37, wherein in the actuating step the
operating member is an opening prong of a safety valve.
47. The method according to Claim 37, wherein in the actuatiﬁg step the
operating member is a sliding sleeve of a sliding sleeve valve.
48. The method according to Claim 37, wherein in the actuating step the
operating member is a setting mandrel of a packer.
49. The method according to Claim 37, wherein in the actuating step the
operating member is a flow regulating member of a choke.
50. The method according to Claim 37, wherein in the actuating step the
operating member is used to rotate an assembly within the well.
51.  The method according to Claim 50, wherein in the actuating step, the
assembly is a perforating gun assembly rotationally oriented within the well.
52.  Awell tool, comprising:
an actuator,
at least one first magnetic device attached to the actuator, the first magnetic
device being positioned in a first portion of the well tool at a first pressure, and the
actuator displacing the first magnetic device;
at least one second magnetic device attached to an operating member, the
second magnetic device being positioned in a second portion of the well tool at a

second pressure, and the well tool being operated in response to displacement of the

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

53. The well tool according to Claim 52, wherein the first pressure is
pressure in a hydraulic line connected to the actuator.

54. The well tool according to Claim 52, wherein the second pressure is
pressure in an internal flow passage formed axially through the well tool.

55. The well tool according to Claim 52, wherein the first pressure is
pressure in an annulus surrounding the well tool.

56. The well tool according to Claim 52, wherein the first pressure is
pressure in a chamber containing compressed gas.

57.  The well tool according to Claim 52, wherein the well tool is a safety
valve, and the operating member is an opening prong of the safety valve.

58.  The well tool according to Claim 52, wherein the well tool is a sliding
sleeve valve, and the operating member is a sliding sleeve of the valve.

59. The well tool according to Claim 52, wherein the well tool is a packer,
and the operating member is a setting mandrel of the packer.

60.  The well tool according to Claim 52, wherein the actuator is a rotational
actuator, and wherein rotation of the first magnetic device by the actuator causes
corresponding rotation of the second magnetic device and operating member,

61.  The well tool according to Claim 52, wherein the operating member is
pressure-balanced.

62. The well tool according to Claim 52, wherein the first pressure is

isolated from the second pressure without use of any dynamic seal.
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63. The well tool according to Claim 52, wherein the actuator displaces the
first magnetic device in response to a pressure differential in the actuator.

64. The well tool according to Claim 52, wherein the actuator displaces the
first magnetic device in response to operation of a motor in the actuator.

65. The well tool according to Claim 52, wherein the actuator displaces the
first magnetic device in response to a differential between the first pressure and a
third pressure applied to the actuator.

66. The well tool according to Claim 65, wherein the third pressure is
pressure in a hydraulic line connected to the actuator.

67.  The well tool according to Claim 66, wherein the first pressure is
pressure in an annulus surrounding the well tool.

68. The well tool according to Claim 67, wherein the second pressure is
pressure in a tubular string in which the well tool is interconnected.

69. The well tool according to Claim 68, wherein the tubular string
pressure is isolated from the hydraulic line pressure and from the annulus pressure,
without use of any dynamic seal.

70.  The well tool according to Claim 52, wherein the actuator displaces the
first magnetic device in response to pressure in a hydraulic line connected to the
actuator, the hydraulic line pressure being isolated from the second pressure.

71.  The well tool according to Claim 70, wherein the hydraulic line
pressure is isolated from the second pressure without use of any dynamic seal.

72.  The well tool according to Claim 52, wherein the actuator displaces the

first magnetic device in response to a differential between pressure in an annulus

surrounding the well tool and pressure in a hydraulic line connected to the actuator.
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73.  The well tool according to Claim 72, wherein the hydraulic line pressure
and the annulus pressure are isolated from the second pressure without use of any
dynamic seal.

74.  The well tool according to Claim 73, wherein the second pressure is
pressure in a tubing string in which the well tool is interconnected.

75.  The well tool according to Claim 73, wherein the first pressure is the
annulus pressure.

76. A safety valve, comprising:

a piston which displaces in response to a differential between pressure in at
least one hydraulic line connected to the safety valve, and pressure in another
hydraulic line connected to the safety valve;

an operating member which displaces to open and close the safety valve; and

a magnetic coupling between the piston and the operating member, the
magnetic coupling translating piston displacement into operating member
displacement to thereby actuate the safety valve.

77.  The safety valve according to Claim 76, wherein the operating member
is pressure isolated from the piston.

78.  The safety valve according to Claim 76, wherein there are no dynamic
seals between pressure acting on the piston and pressure acting on the operating
member.

79. The safety valve according to Claim 76, wherein a rigid barrier
separates pressure acting on the piston from pressure acting on the operating

member, and wherein the magnetic coupling translates displacement from the piston

to the operating member across the barrier.
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ety valve accorc?ing to Claim 76, 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.

81.  The safety valve according to Claim 76, wherein the operating member

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

82.  The safety valve according to Claim 76, wherein the operating member

is pressure-balanced.

83. The safety valve according to Claim 76, further comprising a flow

passage extending axially through the safety valve, the flow passage being pressure

isolated from the hydraulic lines, without the use of a dynamic seal.

84. The safety valve according to Claim 76, further comprising a flow

passage extending axially through the safety valve, the flow passage being pressure

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

85. The safety valve according to Claim 76, further comprising a flow

passage extending axially through the safety valve, without any dynamic seal being

exposed to pressure in the flow passage.
86. A safety valve, comprising:

a motor which displaces an actuator member of the safety valve;

an operating member which displaces to open and close the safety valve; and

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

the magnetic coupling translating actuator member displacement into operating

member displacement to thereby operate the safety valve.

87.  The safety valve according to Claim 86, wherein the operating member

is pressure isolated from the actuator member.
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0 88. The safety valve according to Claim 86, wherein there are no dynamic

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

89. The safety valve according to Claim 86, wherein a rigid 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.

90. The safety valve according to Claim 86, 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.

91.  The safety valve according to Claim 86, wherein the operating member
is an opening prong of the safety valve which opens and closes a flapper.

92. The safety valve according to Claim 86, wherein the operating member
is pressure-balanced.

93. The safety valve according to Claim 86, further comprising a flow
passage extending axially through the safety valve, the flow passage being pressure
isolated from the actuator member, without the use of a dynamic seal.

94. The safety valve according to Claim 86, further comprising a flow
passage extending axially through the safety valve, the flow passage being pressure
isolated from the annulus, without the use of a dynamic seal.

95. The safety valve according to Claim 86, further comprising a flow

passage extending axially through the safety valve, without any dynamic seal being

exposed to pressure in the flow passage.
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96. 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.

97. The method according to Claim 96, wherein in the translating step, a
magnetic coupling is used to fix displacement of the operating member relative to
displacement of the actuator member.

98.  The method according to Claim 96, wherein in the translating step, at
least one first magnetic device is attached to the actuator member and at least one
second magnetic device is attached to the operating member, magnetic attraction
between the first and second magnetic devices causing the operating member to
displace with the actuator member.

99. The method according to Claim 98, wherein in the translating step, a
differential exists between pressure surrounding the first magnetic device and
pressure surrounding the second magnetic device.

100. The method according to Claim 99, wherein in the translating step, the
barrier isolates the pressure surrounding the first magnetic device from the pressure
surrounding the second magnetic device, without the use of any dynamic seal.

101. The method according to Claim 98, wherein both the first and second

magnetic devices include permanent magnets.
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102. The method according to Claim 96, 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.

103. The method according to Claim 96, 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.

104. The method according to Claim 96, 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.

105. The method according to Claim 96, wherein in the actuating step, the
operating member is pressure-balanced.

106. A well tool, comprising:

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

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

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

107. The well tool according to Claim 106, wherein the magnetic coupling
includes first and second magnetic devices, the first magnetic device being connected
to the actuator member, and the second magnetic device being connected to the
operating member.

108. The well tool according to Claim 107, wherein the first and second

magnetic devices are on opposite sides of a pressure barrier.
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109. The well tool according to Claim 107, wherein the first and second

magnetic devices are pressure isolated from each other without the use of a dynamic
seal.

110. The well tool according to Claim 107, wherein the first magnetic device
includes a first series of magnets having polarities opposite to a second series of
magnets in the second magnetic device.

111.  The well tool according to Claim 107, wherein each of the first and
second magnetic devices includes magnets having axially aligned polarities.

112, The well tool according to Claim 107, wherein each of the first and
second magnetic devices includes magnets having radially aligned polarities.

113. The well tool according to Claim 107, wherein each of the first and
second magnetic devices includes magnets having opposing polarity directions, so
that the magnets in each of the first and second magnetic devices are attracted to
oppositely directed polarity magnets in the other of the first and second magnetic
devices.

114. The well tool according to Claim 107, wherein each of the first and
second magnetic devices includes magnets having opposing polarity directions, so
that the magnets in each of the first and second magnetic devices are repelled by
similarly directed polarity magnets in the other of the first and second magnetic
devices.

115. The well tool according to Claim 107, wherein each of the first and
second magnetic devices has a magnetic pattern, the magnetic patterns preventing

relative displacement between the first and second magnetic devices.
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116. The well tool according to Claim 115, wherein the magnetic patterns are

produced by varied spacings between magnets in the first and second magnetic
devices.

117.  The well tool according to Claim 115, wherein the magnetic patterns are
produced by varied polarity sequences between magnets in the first and second
magnetic devices.

118. The well tool according to Claim 117, wherein the varied polarity
sequences include alternating magnet polarities in the first and second magnetic

devices.



