;ede{{| (T AND PCSI TION CONTRCL USING 111 1 111
MAGNET LUDS I *159159* Technical Field The present invention
e

rel at es of magnet or heol ogi cal fluids in dov~nhol e equi pnent to
provi de sol i"8®¥ate controls. Background of the Invention

Magnet or heol ogi cal fl uids, 1n It s di red that fluids
could be created MOS\ZAE&SEM%égﬁBWMﬁ§%%E by sukd \
themto a nagnetic or electric field. This was disclosed in U. Smmmmm[ﬂm“‘m“lm
2,661,596, which is her AGNESORBHEQLMGICALFBRIDS where the 1 nvent or

al so disclosed its use in a hydraulic device. Those fluids that are™®%
responsive to an electrical fielTeehni¢aldields el ectrorheol ogi cal fluids
whil e those responsive to nagnetic fields are nagnetorheological. O these

two, nagnet orheohegbslintdntidls rélave Beahet hee ASmaEnétdrMesikgiéal iffuds 28
their electrical counterparts are susceptible to performance-degrading

cont am i : ! : J hel ds, which necessitate

conpl i cgg‘gﬂmee%ﬁé@%tF‘?Bﬁ‘@%?%&gde%gﬁg‘?n%%m i es and conpl ex contr ol
systens. In contrast, bot hg)eg%%nent r@?ﬁetls and. el ectromagnets are

i nexpensi ve and easy to pr A ,0\}\}{}‘}8 & HX&H 198 heol ogical fluids are
not as sensitive to contam pation. l}%%ﬁetoréﬁglp ical (MR) fluids can be
formed by combining a | ow v etar PEICHIHEE a type of oil, with
magnetic particles to forma _slurry. The original_ patent used particles of
iron on the btke 1950%, it wes dispovareadhatfluidstapulg he created velnseresisiegce 0% or
nore by volune of the fluid. Mdre recent work in MR fluids can be found,
for i nstaflow, were wo8ifidtde dytsubjersing thes tohemagnetimgretlectrici fidld. Tssess
through the fluid, the magnetic particles align with the field, limting
novenendisefosédén [U.guPsketitie, 661,498 wiiitla figRemby i8¢orpbeated &y fefdrehed, @heréds t he
field increases, the MR -2 fluid becones increasingly solid, but when the

field igd aiumer Al didaldsddr RS WERSIH bShyd:@ulif i ARIsB- flidgWhet hrkS @
graph of the flow rate of an exenplary fluid through o.qg. inch inner

di anet e ALY 8ehT WhdiigISiaanEaRfu e dRARSHLEIdAGH thAgPlisd fsthe

fluid. ITnTeach case, t ow rate goes to zero as t i NCreases.
Magnet or heal ogi c flui navg e sed | h,ar.eas as ers, .locks,
br akes, e i’gng]%'?a?iove%#%gﬁi n%elggdrhﬁgl i%ﬁgﬁ%t,%ﬁ\%ﬁqlﬁélg er 1 p e@%t stwossued
that utilize these fl uids. fluids can be obtained fromthe,Lord .

Cor por am%ﬂemfﬁeai%}caﬂéfwﬁs @r"&l SRp t vﬁ?ﬁWetoE&iﬂrgrﬁéﬂ » BEVY é“se{eﬁgﬂcaér e

used in the devel opnent and_production of hydrgcarbon wells have a nunber
of consEQuntATRAIS ayhisEscePidle e Pertormanse-degrading sontaminglion andfregaiigl i ng
the harsh environnent to which they are subjected, be controllable fromthe
sur f acestrang elestsit findds,ovhich nécessitate nonyplidatedarexpensive High-obhge ppwert he
fact that they can be operating thousands of feet underground nmakes their
reliabi supplies dmdyleoprplex cogtroBeystewis. t he conirhite botle peonmanentechagnett ahdi ng
and production of hydrocarbons are as follows: 1) It is inperative to

rel i abl y¥lebgoatig@etPatd irEdpensve @¥idNdasphenpddats,eehil®the MPigiedtedloghail

i nstance, the firing of guns used to create openings through the casing

into a f]ﬁfd%ie%tﬁk‘%én%ﬁ{f@ﬁﬁ@o DRHEismergy to fracture through not only
a

t he casing, but also throug maged sections of the formation. Premature

and an econo iRk ThER) b G e Somed b TERRARE: £30w el °

and an econom I ssue can peni ngs

pbegt AR R A R L T e R
P

equi pnent, the relat] nsh%p betV\Bﬁn t rts nmust be fixe ai] )
patent used particles of iron on the order of 0.1 to 5 microns, with the particles

comprising 20% or more by volume of the fluid. More recent work in MR fluids can
be found, for instance, in U.S. Patent 6,280, 658. When a magnetic field passes
through the fluid, the magnetic particles align with the field, limiting movement of

the liquid due to the arrangement of the iron particles. As the field increases, the MR



-3 sone points in time, yet noveable at others, such in a travel joint,

whi ch makes up for the novenent of a drilling ship as it floats on the
surface of the ocean. Traditional apparatus has relied various physical
nmeans to operate valves or release a part froma fixed relationship. These
can include rotating the drill string to release a J-fastener, relying on
pressure, either within the string or”+n the annulus, to rupture a valve or
to apply the pressure necessary to nove a part, and shear pins or simlar
devi cesfluid beé®ntesincadasingly sbiad,ebutonken ehe fibldeis remosedfthefhridtresignedits

equi pnent nore precisely. Additionally, the use of noving parts leads to

ri gor ouiqaRisstansagdial Ridered @45 @SgraphsdStiRnloweté OE ahi dkeniplary MR Thader
the valvés. It would be desirable to utilize solid-state valves to | ower
costs, j [ Y= IO I ; d&s ' [ ivat.i : t
woul d bgﬂfg{elgyf%ﬁlei? cf}giln %??\ﬂ%@%%%l np %ngsgiggt}#eoéf?%%%?ﬁﬂnegﬁfd&&@’ggfﬁe&%m r ol
steps, w tho he qus f moving parts. d.) Devices such,as.packers

raaiti o e R ARG oK e Pl Boudate B8 EERD IS WRVAR BTG and
the casjng or borehole.. The. rubber requi.res high pressures to set, and the
i nfl at ﬂ%ﬂﬁ%ﬁ@?@%&ﬂ%&/b% o Seat v ch teRb i ?H’é)elr%trlﬁéﬁ%itqrﬁ $%ent i al
pressures_of those using rubber paclters. An alternative_ is desirable that
woul d netd pbrasivecfinishirg and nelisbmg sviteover 12 patents issued wball dtilizmthiese| ar ge
differential pressures. Because of the variety of devices disclosed in the
cur r ent flajgsl i MRi flnjds peni bé cohtained! fromofthpr Lard forpoatioreof CarypdNathiul |y
di scussed before the inventive alternative is disclosed. SUWARY OF THE

| NVENTI ChtdMnizer ous devices that utilize magnetorheol ogical fluids are

di scl osed for use -4 in oil and gas drilling and/or production. Wth
their ability to act as solid- stghnigbNCEquipnidtt dS can serve in areas
such as 1) fluid valuing systens for |ocking and safety devices, 2)

D LB e A A O, S RES G,

acting as a valv I ng an evi ces, 1

di scl d t MR f1 uids. hydraylic fluid th trol i.§t
st 0SB R A bR B e Sl RS ThCel e BoRURE R, cn
s e e A

practical for many other | ocking applications. In hydraulic | ogic systens,
it is dfwéressandihe siged to &t mithinthe small eeeatafa borgheles ysbghe:faseglthﬁi £Y " 0"
or "1" dependi ng on whether or not a magnetic field is present. Systens can
be desi ¢aredet opewtingoitholsemids| ef depti pndengroynd ayaked theis petisbdity ca duglsor

i nput. Valves can be tied together to create nore conplex logic It is

f urt her prosity.os&bne obrtheoprsblemgoshtownmesdd cine diidling eané! ptodieetion afiot her
device by MR systens. Moywvenent of the devices relative to each other is

tied tohvdwecREBEEERRE a8foldowsd:St on t hrough MR fluid; by blocking the flow of
the MR fluid, the relative positions of the pieces are fixed. A magnetic

or “darpent ng orr et Dl s EUERABhIE SIS IBTRCHh PRI EesRed T R Y
a packef.,0f %?qﬁsﬂﬁx&ct%etf?ring of guns used to create openings through the casing

into a formation must release enough energy to fracture through not only the casing,

but also through damaged sections of the formation. Premature firing of the guns is

both a safety issue (i.e., personnel can be injured) and an economic issue (equipment

can be damaged, openings made into undesired strata must be repaired or bypassed).

2) Many pieces of equipment used downhole have valves that must be opened

and closed. In other equipment, the relationship between two parts must be fixed at



bl ock the flow of other fluids. By solidifying the MR fluid, the seal can
provide a strong barrier to the passage of other fluids, while its ability
to have a fluid phase allows the MR fluid to conformto the walls of
damaged wel | bores. Little force is require to set the packer, yet it can
hold large differential pressures. Devices utilizing MR fluids wll have
one or nore of the follow ng advant ages: -5 they are generally sinple
designs, fit well into existing systens, have fewer noving parts, and can
be designee pointkdnltithef yetl moveablalat obmerecsudhnin @teviebidint,iwhieh trhakesaupval ve
open or valve closed position. The MR fluid itself is relatively

I nexpengirVehe @aGtdnyedtandl £drilligg- §lgyi & ifMbats Sonv ithe OfiirficeCan the y@aned by
sinply changing the magnetic field to which it is subjected.

e SN S AP Dol R e
et 1 orRHLREPIp s SRR RO RO RI e S priliafyibBYS MR £ P
a preferred node .of use, further,objects and advant ages thereof, will best

be undef§33EReIYElY NIRRT RESSSYES: EHECY HotHEL AR Al aRRYIUSt IRSHrem
illustrative enbodi nent when read in conjunction with the acconpanying

dr awi ngealvevesrtei applyithe meessuse aiRsessare ke Mver  PgFta s doshear ins owsimilar of a
magnet or heol ogi cal fluid versus the field strength of magnetic field

appl i eddewiceashdt id desicablé hae RorErediable maanoooparating shisfequipreenunbrerg a
magnet or heol ogi cal val ve assenbly from nagnets and/ or el ectromagnets.

Fi gur esp@pbiselld ABditvnallyeslse desbf atdvengrphitedsadsyf to Hgerduspddsiyhst that imageet i ¢
flow. Figure 4 shows a conventional pressure-operated firing head for a

per f or afdaRekeditbes BnAl @i HRNEnR L LTk Atk Jalids ITHARAIIBR bl 1 an

MR fluid control Figures 6A and B show an alternate enbodi nent of firing

Tac SrORRRIRHAC TR to el it AngEl T PRy A Bigldabe P R bES

del ay fe%tug.e provided by MR fluid. Figures 8A-C show a prior art
ci rcul AA9HENRt ve. Fi gure 9A shows a three-way val ve such as can be used in

acirculatin al ve
5?) \ft would be desirable to provide a simple means for performing logical

control steps, without the use of moving parts.

4) Devices such as packers traditionally use hard rubber parts to seal between
the downhole tubing and the casing or borehole. The rubber requires high pressures
to set, and the inflatable packers that have been used will not hold the large
differential pressures of those using rubber packers. An alternative is desirable that
would not require large amount of force to set, but that would handle large
differential pressures.

Because of the variety of devices disclosed in the current application, specific
examples of prior art devices are more fully discussed before the inventive alternative
is disclosed.

SUMMARY OF THE INVENTION

Numerous devices that utilize magnetorheological fluids are disclosed for use



whil e Figures 9S-C denonstrates the valves in the tubing that can be
controlled by the three-way val ve. Figures 10A-C show a prior art trave
joint inadrill string, in both a | ocked and an unl ocked position. Figure
1~ shows a partial cutaway of a travel joint designed to utilize MR fluid
for position control. Figure 12 shows a schematic of a nunber of downhol e
pi eces of equi pnent, each tied to hi-gh=pressure and | ow pressure contr ol
lines and controlled through the use of magnetorheol ogi cal valves. Figure

13 shows ailnmghgorditilihggindlorviodectibal Wit theiefabdity tohact! agscld-statact i on
of an exclusive "OR' applied to the two inputs. Figures iqg.A-C show a

packer, yalbd, 'MRnﬁBuMB dahWedve WMhfdasGa0h 8 19 QTulélV‘vhhfn'l% E&ét@m@ffBP dokit hn@hi ch

can withstand a large pressure differential across the packer. DETAI LED

DESCRI i b
di scuss%é%n%ﬂgﬁhgmﬁ%% %@%@E o?j Pﬁ%’@‘églcﬁghﬁ’g%&g@%& IIl gdlhg\évl ©
Fl d It Ll Kk t hat |,f d f O sh d f

wr gllppeda%li 3%\3%6% §Sng\f(’ma%‘{ﬁqgﬁgthe£8ﬁﬂd§srl)ngugt o?n ansefiggt r (F;Irrggﬁet? c:aFlogel >

formed. When_a_direct current is run through the coils, the irop rneat h
the coils isln é&onkéngandysatelyréavicasq it wdlﬁclpﬁpél Borse ME fh&é@ﬁé.%b@ ulige
direction of current. The O shaped

fluid that controls a piston designed to initiate an event. The presence of a magnetic

field can prevent the piston from moving, acting as a safety lock for critical events.
Examples are given for tubing conveyed perforation (TCP) guns, but are practical for
many other locking applications.

In hydraulic logic systems, it is disclosed to utilize MR fluid valves that have a
logic value of “0” or “1” depending on whether or not a magnetic field is present.
Systems can be designed to control downhole equipment by logical responses to
sensor input. Valves can be tied together to create more complex logic

It is further disclosed to control the position of one device relative to another
device by MR systems. Movement of the devices relative to each other is tied to the
movement of a piston through MR fluid; by blocking the flow of the MR fluid, the
relative positions of the pieces are fixed. A magnetic field that is below that necessary
to block flow can provide a time-delay or dampening effect.

In packers, it is disclosed to utilize an MR fluid in a packer, or other device to
block the flow of other fluids. By solidifying the MR fluid, the seal can provide a
strong barrier to the passage of other fluids, while its ability to have a fluid phase
allows the MR fluid to conform to the walls of damaged wellbores. Little force is
require to set the packer, yet it can hold large differential pressures.

Devices utilizing MR fluids will have one or more of the following advantages:



piece of iron acts in a manner anal ogous to an electrical circuit to
conduct the magnetic field, or flux, around the magnetic circuit created,
so that the entire piece of iron becones an el ectromagnet. |f, however, a
section of the magnetic circuit is renoved, the magnetic field cannot flow,
just as in an electrical circuit. Figure 2A shows a circuit simlar to that
descri bed above, except that a passaf§eway 2~2 contai ni ng nmagnet or heol ogi cal
fluid replaces one section of the O shaped iron 200. Wen the direct

cur r entthies apaseadrdlBhsiwiplbydedignkefiedrelldints pxisting ugbteti®s haok fswed thovifye i ron
in the MR fluid conpletes the magnetic circuit. The MR fluid that is part

of the k& Wnd ¢ BEARSighbd 10!fhil l(ffle@&tﬁéﬂmn@&léﬁ@aﬂeﬁ 16@9 lafelﬂferrc‘aevatmé ough
the fludid), dependlng on the strength of the nagnetic field, | e portions

t hat a;@,]e{h?[)r %Rjeeflb Bsttidfh. g‘f?@%&[kcﬂ{d {idelf ?mlg 1{/élgghg)6\%érf§1\;€h sﬂ

enbodi curren equire eep t e valve
t Fi ZB th t t h
Che VR IR Rt nd reod Gety Zo e Vet rath HeBRife °§r‘na's§$f¢%““a
I whi ch a | ack of t cl t th
Val ve. gucowhesh ok SahjegimodMABRe R ploBGH) Thi E‘degtq%%%é fer sipelenanent

magnet and an el ectromagnet. Rather than using an Gshaped piece of iron, as
in the eleganiteobitionsiol @numbesof problemspsevilbbsfurtharaiscusagd.h coils 210

wr apped around one section of the magnet 205. Because of the constant
magnetic field creat BRIBF DESQRIBPTION OBRTEHHE IRAWINIGS | | nes of force),
MR fluid in the passageway 212 will remain solidified until the flow of

nmagneti ¢ f ortike ngvell fehtlives belibvedréltiti@edflic af eht ithtibe a3uREt f@i¢h i théie
el ectromagnet, giving it a polarity which is opposite the polarity of the

per mﬁﬂg@ peaalaif{iot @Bé BV ARRRSHAE, 'Ho%%epfasfwafsg O}fiﬂa?erié@hfbc&t&mt h of

t he e: ron?gnet can be adjusted s6 that the field t he el ect romaghet
onger Prifar ity A St BRI ol 4RF bRl e é{ﬁ%er%%%%.b&%?%‘sh@%mﬁe "

Fi gure sho ernate versi,non t he ,val.ve of F| this
erbod: rofoving dr@ned deSaRptch EERS PERuate FrbkElivegfbeb TR EitcomiPtion { he
morklngwgap (the contalng 212 of MR fluid) by redlrectlng the flux from
the per hédhe agrogpRanyipg draywpgnddisfelngi gher rel uct ance gap 220. |f the coi
2~0 is off, nost of the flux fromthe permanent magnet 205 flows through
the primary Bigue 2 showssul extimplazy graphvel theuflel rater efca magngtarheelogiral he
valve. If the coil 21o is activated, the electromagnet's flux cancels the
f 1 ux fribmidtveesyerhedied strengtieof m’agnétdac fieldrepplieddp tRd finidbut doubl es the fl ux
at the secondary gap 220. This effectively redirects the flux to the
secondary gaPigii¥esRARE Sliew Marioak \tRethiodg usfecomdtiaiRting a@magnetdrhadgiins of
negating the effect of the magnet 205 on the MR fluid in container 212. In

this er@é}%Q@é}nblg%ﬂ@ﬂ%é&aﬁ&ﬁdr@lé&mﬁﬂygﬁég through a piece of steel 3lo
that provides a short circuit, allomng the flux to fl ow wi thout going

t hrough the i of
interrupti ngﬁ{ﬁ“%]%&v%}#ﬁ#ipu%g{/ﬁgsl %%lédb?%%&ﬁ%%gﬁgfggﬁg@fg tﬂ? H{EEHQHC
nagnetlﬁ circuit, creating an open circuit. Both of these two enbodi nents
reqU|re e anenent of part of the CIrCUIt to ei ther add or renove a
conductive pjgece. This_ could be done b ap fl ui ressyre, draullc
pressure or HEMEG daShoysc@ oopventionale px Sr%?gpPFW thead g

these are nuch |l ess preferred. Building further on the use of MR f|UIdS

t he i nveerferasiopfgurhi s application have identified a nunber of specific
areas in downhole drilling and production in which magnetorheol ogi cal fluid
val ves can bEigiwmed glshoWseseexengdsryfireg hehaq désighed with froMR flaidgortids:
fluid valves for |ocking and safety devices, hydraulic control circuits,
posi tion conkFigiresaBA BhdcBi stpw A dltarwatd epbod@iméhtibflgirapdhedd designed

di scussed in these -9 four general groups. Sone applications do not fal

easily Auf hmq%ﬂﬂgéﬁdaﬁﬁﬁgﬂﬁn%lSCUSSGd where nost appropriate.
Fluid Va ves or Locking and Safety Devices Locking and safety devices are

roest abl | snclref A58 AT ARRER LRI R 2 B P T IO ERNRE ohe

equi pnent and hi gh pressures |nherent inoilfield mork safety becones a
very inportant issue, and fail-safe nechanisns are nandatory. Locki ng
mechani snms are used to ensure that a desired action, such as detonation of
a perforation gun, does not take place prematurely. Using solid-state
magnet or heol ogi cal val ves as descri bed above, safety devices can be | ocked
in an i nmovabl e state until a magnetic field is renoved using an

el ectromagnet. In a first application, we will |ook at a control systemfor



t ubi ng- conveyed perforation (TCP) gun that is operated using MR fluids.
First, let us ook closer at the problens in this area. Conventionally, a
perforating gun is actuated through a firing head that is responsive either
to nechani cal forces, such as the inpact provided by dropping a detonating
bar through the tubing, or to fluid pressure, e.g., through hydraulic
lines. Additionally, some hybrid systéems exist. Such fir ing heads, where
the piston is noved in response to hydraulic pressure, are believed to
enhancedtlag featied profidédbydeRahadi ng systemin that they are unlikely to
detonate w thout a specific source of substantial fluid pressure, which

woul d not berspes Sh-RUIRE e a¥elitagifng Taver ovi de added safety,

especially for a mechanically actuated firing head, detonation interruption

devices ot Ma R Sr SRR et Y ARSI
cut oo Bk o s STRE R RIBESH el e Bh BB

materi al. prevents the detonation signal fromreaching the perforating gun,
prevent F}P?gthi@%'i"@é’n‘faéYe-det onation at the surface. Wien the device is
downhol e, the increased heat v~~ill nelt the material and all ow detonation.
However, " noFigates npA-Cnghayoadiriarart traseljointdal a/dribbetingtindoth atleckedt i on
devices are very difficult to store in Saudi Arabia, for exanple, as

sur f aceanéanamibekegbpasitioneach the material's nmelting point. In areas |ike
Al aska, the opposite problem occurs, as downhol e tenperatures may only
reach ~oF, preyeRéiNsKRle aahdreinl beﬁ%é?rl%f éec(i’aveTgéﬁﬁ Aesd @atilee MR
typically rely on a pressure-operated firing head. One exanple of a

convent j 5 ated firing head is seen in Figure 4. A
perforap?gﬁﬁgﬁﬁﬁﬁgﬂig?ﬁﬁsahen the firing piston 410, powered by pressure
applied through pressure port .18, contacts initiator g.12. The pressure
system i s typigare y2hshivesuh ischemaiic bf asanmsbehal desnhole pMetds afegoiipment,

i ncreases, the inherent hydraulic pressure in the pressure |line becones

si gni f i eadM tied Bo higleprészups ané ddwanessroicahtrbl ihegand ebaablled terotikh. thehel d
by shear sleeve 416, hold firing piston 4~0 in place. To fire the gun, the
pressurgsé5{Qggﬂe@ﬁﬁ@g@ggmpﬁﬂb§i418 is increased until shear pins 414 shear
off, allowng Tiring piston 410 to nove and strike initiator 412. As well
dept hs increase, the nunber of shear pins necessary to hold the piston in
pl ace i ncr eaFégureiidhshows csragnginrheplogicah velve thassueild redleet skg Jogierlshear
the pins. This increase can create additional problens dependi ng on

f or mat i Himabioassfiarcexotasive HOR” apphedto the auinpument . The actuating pressures
can becone so high that either other equipnent in the well cannot w thstand
it, or addit Figalrepngasashoma pdckas utilizing MRefluwil, Wwhieh ogn bespt withdittle an
over - bal anced state as opposed to an under -i 1 bal anced state. Thus,

ei t her gbfl Yuf ARIA SarPwRhERSAGERrSS prRStieadiffeRaitl abrdsk thé'padRés! be found.
Figure 5 shows a firing head designed with an MR fluid control. In this
design, pressure port 518 is initially blocked by fluid piston 520, so that
no pressure can be apBEIAILBDID TIQN QfOTi{WsQ%WINGSJ gun is

| ownered into the borehole, pressure would build up at pressure ports 518,
tending to vl i ‘ I 16 Qr ts 518
o the i rinoim iR TheRiecicRe A BYRL BIER AR BU Rt b R RIS Qb S
prevented by the pr ilpi o524, hel d i Qly d MR fluid
52b between portion AlVeS e SIS DRaBNEnq & :

assenbly wl| be igned wth a pernanent gnet, so that the unpowered
state of thelt\ﬂéw%ﬁ@omno@@a} quFeSl%Prrg}r?@ Qr%ﬁ ipdege ! IppbissWFanRed WHDL hi s
enbodi nent until the pressure ports are opened, so a single shear pin 514

i s enougdils of kol hstilated copidsctor, Bnoeleetrpmagaet Ten fher formed. givhema direct

el ectromagnet is actuated to counteract the magnetic field of nmagnetic
assenbl yu2dt iSohird thFodghuitle 5@§ls] sthei iroaf iiaderrehtlowhagediR 14 dembpbearilyo
nove into the fluid reservoir 528. This, in turn allows fluid piston 520 to
nove, ORARNBEzE],OFHBeBVlariBZdepdridin® bashE dErdchion ¢ @atént! NEh&s Degiapedn and
allows firing pi'ston 510 to strike initiator 512. Using an MR fluid
controlled safety I ock on the TCP gun gives a nuch safer application. The
safety is provided by a permanent nagnet that can prevent novenent, and
only the intentional act of canceling the magnetic field will allow the gun
to fire. An alternate enbodi nent of the firing head is seen in Figure 6A
In this enbodinment, firing piston 6~0 is held away frominitiator 612, not

by shear pins, but by a collet restraint 616. Wen installed, the collet
restraint 616 is held in an open -12 position by a portion of the fluid

-, ~~ o

e ce.of.

. e o



delay feature to the firing of the guns by a sinple neans. Rather than
entirely canceling the magnetic field in nmagnetic assenbly 622, the field
can be partially cancelled, so that the MRfluid in the gap is in a

sem -solid state with a given flow rate. The chosen flow rate woul d
determ ne the tinme necessary for the pressure ports 618 to open and fire
the guns. Many ot her enbodi nents car7also be designed to enable tine del ay.
Fi gures ~A-C provide another exanple of a firing pin with a locle and/or
time depye fofalrheaddt Ai dadafierMBnhlodbds thNar Reechritdlr cidddit t6edotdedt fthéi ng
coul d be achieved by a pyrotechnic déelay elenent, which is expensive, or a
fluid I AR ' i ni |

or 1 con phei e Rl IR, bR (R e L e e St o

of fers an_inexpensive imple alt ative. In_this npl e .cylindrica
bi st on 103 HEORIER o SlectraiRagnct T HOvieVB 2 dentiony HRADF| targnétic prelipgy
Fluid that is djsplaced b he piston travels up a tube ~~8 that goes

t hr oughramhRvede she m%ﬁnthﬁffiﬁscasﬁpt %18%@1%(%lecatne%ieml%ﬁelr?%i SHBHERZN t he
pi ston. A magnetic _assenbly 2 can produce a magnetic field through the

t ube ~i Showsp aecirheit similarofo dhap deseribecd giboye, excephethpt & Passagevayh2ide
fluid. When the magnetic field is strong enough to solidify the MR fl uid,
it act scagamihgakagdterhdobegicd ghedireplaces dne sedtinmeof the Seshapedlitah 2bog of
MR fluid ~29g. will a delay the novenent of the piston in a predictable

nmanner . WHenstheadirér difiesht ik Passeds (shioweg by dapkeneddwils) thieRighrthefeoil 210
firing does not occur inmmediately after the event is triggered, but is

del ayed%ﬂe%oﬁiﬂ itME mqrd-e%oﬁ{%&geg%e M rREdUaRER. athedRMIRSthafid ﬁrA— C,

shows the piston as Is desce e ti'me necessary for piston ~i

descen Nt fik i Gont LRSI I 1§ = vari ed
by var Stlhlrég&#{%%lft sl{hlrlég%glg]? h&o%&? %1@8%3§ﬁé\§pwitg€ A%%rs 0 uf:dé'gé g%/lr%%eﬁ%{])f/l l& 2. The
use of fluid in inplengntj a TCP. is,qnly one ex le jn,which a
aafety fenacind pnibedbieagth b Bader b, SrdRetr it SRR RolREEE. A
valve using MR fluid can be used.in any topl that relied on a failyre
mechani ¥nthegmagpetie fslderamein ligug. da t wmgadﬂim%g, SWAENT i8] ryqaﬁ‘eg Ae&eePi ns,
setting packers that rely on brass |lugs, valves that rely on rupture discs,
secondathe vadveaoeedmchidepdack ofrarrrentl shown sh&Figupe R3B,gnaimieins ibevalye in
threads, live well intervention tools that rely on coll apsing springs or
shear pamspe:s position, adth gef MRyflwid ligsd (hoilidgeopfargs), etc. Many others will
occur to one of ordinary skill in the art. Position Control Position

control is dafisndso ipdséiblestasdigitta wdvé islediicle atlhelt of atrieapeRisadhwahaye
mul tiple positions that include restoring the device to its original

POSi ti ORhild Oy b o%é}?s PRsS ivhivel FigarBas€: sidis BAT émbddRREME GRFNnECa @
pi ston, which noves through 14 a“cylinder filled wwth MR fluid. Using a

[
magnet i ield 1o Ldi MR b in r vanent
of both ‘ﬁ%ﬁ%gg%h%Pghgﬂ?ﬁémggﬁ?gﬁﬂﬁ#ﬁtg%?ﬁ%@?ﬁﬁé%%ﬁeﬁﬁﬂgﬁéﬁ¥§Q%?@ﬁg‘§||oms
novenent,. The .speed .of novengnt can al so be, control led by t st rength of
he magHARCE PREF &Y iy BpBe R pr el FRunRiec 38 SpUE mimst So% bR
travel joint.. A circulati val ye can be us to direct the flow of fluids
el 1 Wilogails e o rabeh Brodhd Dmec eston Sorhe MARRRE 0% nBeraNS O dhe
originally be closed, so that fluids nove down the tubing, ]l ater opened to
al | ow f¢arisient magnetie Jisld greajed hyt thegpermeangsi imagnet {pate fiealings ef tyee), agai n
to halt downward circulation. There are many different neans of

i mpl emeMiR flgidaircthrecpdsaagevpyval 2/ will iremlai)moii})fi/ﬁed untl thedlowaoémagoetic éatcby a
wireline tool, by annulus pressure, or by internal tubing pressure. One
exanpl eisadistufted Or'naFigeke eb,ad cigrevaligisupsliedi wcthessdctrombgiret, Batingtt a
5,048,611, which is briefly dispussed here. Figures 8A-C show this earlier
ci rcul abagiry Hhih i%ggbsﬁ’é % Sﬁdal%r%t% ro? gllaélgehﬁlgnéxﬁ MabMe @Re tﬁ@ep?@gﬁg her

form a continuous pasSageway uid flow (see also arrows

Passag i i reai ; f

ol ot B foREl AU RREE SO3LE terih el cin (LA BEted (PRt e o
are held .i,n place shear pins 0,angd. 822.. |,n addition to openin 842,
which o Pg Tg}eegt%Fr@r%qg)g?g@gce M ﬂbeigégs{%@egggng%ﬁnqggege%qf?jgpy to
pressure areas 848 and 860. As will be seen, these pressure areas are used
to open and cl ose valve 8lo. Wien circulation to the annulus is desired, a
ball 880 is dropped into val ve 8~0, which seats at a | ower val ve seat
menber 8~4, closing off the bore of the tubing and permtting pressure to

rise. This rise in pressure is transmtted, through openings 842 (but not
t hrough openi ngs 840, which are sealed off) into pressure



-1~ area 862, where the pressure forces sliding nenber 818 to nove in a
downward direction after shearing the shear pins 822, opening the valve, as
seen in Figure 8B. To stop circulation, shown in Figure 8C, a |larger
di aneter ball 884 is punped down the pipe to seat on upper val ve seat
menber 8~0, allowi ng the pressure above ball 884 to rise. This pressure is
transmtted, through opening 838, te8+ressure area 848, where the pressure
forces sliding nenber 816 to nove downward after shearing shear pins 820,
once aggiagneti@fluRhd lbagvAfl¥Rs. ThiPiltoWethe MRCEld todiqiRAR&ped b tHet4drt s a
return of the upper sleeve nenber 816, so that the valve remains closed. As
a repla r i Cl hul.at s d 58| ogedat:;o use
P ngi(i}‘lécoir%%}fcflg%pa[ﬂ Ateth 3 'gfnl%%ﬁ" Moo VaheS of | Fighfrd 535! 0580

an MR-f val ve. ow for a three-way ol ce, a three-way
val ve can . d;. ane exempl ary three- val ve d s.shown iin Figure 9A. In
Uhi ot SRPAHRE i BB R SRRt cbET R il E fede BREh b3 WoiE edh 1y
floatin istons 9~8 a 20..Chanber 910 is filled with MR fluid and is
connect HECOMERE BARd ME Hyiabdii sedirechiBe gha b B0t hedptBrne R W 4EI<D o,
whi |l e chanber 912, also filled with MR fluid, is connected to | ow pressure
hydr aul {calsegendars, higheugelueiams: gap @20y e [Dt® cathgages dhameshehthestlun
inert gas and is initially pressurized to a pressure equal to the

| owpr esfonethé perm@Phattomaghst 2e5niees throvshddne~pimady dap eat and bylidifiesi ng
magneti c val ve 91~ and applying pressure. If magnetic valve 915 is opened
whi | e piled (IR9M8id,s effectivedy | dvEihg PR vabe, Pifsthen cBR02¥b! {s aktpated, ftheced
to a | ower position due to the increased pressure in the gaseous chanber

bet weenelbBi@o@net's R antéls YA YRixS36m ﬁheltﬂaﬁﬂlaﬁleﬁ@ ffhgRlfat fife gﬁﬁ’hﬁl%%% &8

rel eased from chanber 9~0, piston 918 wll return to its origlnal sition
but pis i (M I j b1 en. . j f

val vo ore i ucities BRIl (islcafoh B e 200, Pllis SHUHELY FERIOASTERRT, o
Fi gure g) is a diagram of, a seg%iﬁgRof tubing i n which the valve can be
embeddel? (FHESP W R AR LIRER I MR AAY Escal e), showi ng an i ni ti al

position. In_this tubing, flujds noving down the tube can_he punped out of
the tube eit FiguEe 3AhQean %grnﬁ%mqanﬁﬁ nggaisgihesetaet pﬁ&q%gw& 205 out
the end 960 of the tube. A slidin? annul ar section 9q9.2 of tubing is

cur r ent 0% the Kk flwdd in gputainev@ it Inthisemhodiment, the meagietieiield inshurtied

t ubi ng. Bel ow openi ngs 940, the inside dianeter of the tubing narrows,
provi di igongh eapieng odirstee] P that provadds HSRortwionit, alowig tleafles thdleeal
the main bore of the tubing. Ball 952 can be raised and | owered by rod 954,
to per nwithout ook thiesghctliev sdcyionheoritaining fthé | MRAAuithwFigheet 3Bi sh@wsFa gur e
9C shows a | ater position of the valve, wth openings 940 exposed so that
fluid Cﬁiétﬁcb&\%ftim&i%ﬁgtihgeme Abwt BE fRABy tdif®ly Pambvitiz? ahpiscden® Lpwreed to
seat in seating area 950, closing the downward flow of fluids.” Wiile these

act | onSyiaKerbeLBLNABRARS o gk RLEBERAH thdsbThvo! AR AARERRSae e

sanme tine: € pbsitio I'ston 918 is fied to the s ng an r

¢ ﬁ?teie?agl%%gﬁérg%ﬁ? 5??5{1}?03 tbé‘\%krgﬁﬁic@n% Ay W%Ew?vg??a ‘iF‘PS’EﬁL‘i%F ﬁeiﬁf%%eéﬁ#fﬁg ‘e
9B-C. | 915 9~9 , ' [
apl | eac e gde BrSPume i nesht BrBGs rifshroer fsbancBLERm G E ubi ng

to the annulus at that_point, while ball 952 is | gwered and cl oses the fl ow
downhol @ thegim lﬁitgtsaﬁﬁhg'l@eawévegﬂ@ese@ﬁe paudly lesepreferredi s position by
turning on nmagnetic assenblies 915 and 919 to close their respective

val ves. |f t Buildgfartherfonethe wse ofd4Bhiids, gbe inwentarseof this appdmdtiahiblage t he
magnetic field at 9~5 remains, sliding section 942 cl oses openi ngs 940

whi | e t filenbified & alivsberesfedpesificatead in slovpatiodg dailling had. pradpatitn dul lvatich
advant age of the innovative valve is that, unlike the prior-art circul ating

val ve, H&%n&ﬁrhé&ﬂb@ic‘éﬁ'ﬂ‘(ﬁd Galvel&afPsd Bdefald THelS @fedsSRAR N Yall Sit8Plovr bY
contr olli'ng the input pressures and the magnetic assenblies. There are no

shear pj . S i r S r el of
heci ¢ Eradties BuCkang (6FJotiiak Pl RS SRR BB OTUINE i s
in a travel. join sho as.papt @f t rill.strinpng. in H.qure 1o and

enl ar geB‘)?lho icgﬁi@%’ i%&%"ﬁ%&‘e ﬁowroge\;gﬂef h}l}f% &rgfgnl;l Ee@%&xsg(ﬁi Hﬁ}é‘aﬁSr e
drilling operations to allow a given anount of vertical novenent between a
fixed point in a borehole io20, such as a packer io0i2, and the drilling
ship i002. A section of tubing iol8 encloses a snaller diameter section of
tubing 1016 in a tel escoping nmanner, wth seals between the two sections to
keep fluids fromentering the structure when in place. The two sections of
tubi ng Q18 and 1017 nust be in a | ocked relationship to each other when
mal ting a connection to the fixed structure, shown in Figure |oB, but

A N AP~ a o v o . o, . N A N A N o



Hydraulic Logic Control Circuits As seen in the general exanple above, if
MR fluid is used as a hydraulic fluid, a nmagnet can serve to open or close
the valve. An array of magnets and/or el ectromagnets can al so be used to
control the MR fluid to create digital hydraulic control circuits. The
magnets woul d allow different hydraulic control systens to communicate with
common hi gh-pressure lines and | owprgessure lines, while at the sane tine
allowing themto be isolated fromthe pressure |ines at other times. Figure

12 showgua geal rioGl of Seniwiapplicationtods not éalbeadBRSIMb tB&él?ﬂ'@a ings?2b@t each
of which arg?@ltl [ o both a EI gh- pressure contrlgls l'ine ~2 E agr?d a

| ow pr I ﬁ%ﬁﬁf Jveen each piece of equipnent and its
aSSOCIgﬁgnggﬁﬁg%%@aﬁ%éggno roR pﬁessure | ine ~2|l oHP and | ow pressure
line 1212LP is an control a single
pi ece of equi pnent; Tef Hrg=o > i
requirenments ach val v arately be deternlned t 0, have a
fail-on or alpdkinespd %’gﬁ‘m eines o @%\E?t’ée aw%@weaﬁ SYSLERE GPeradios P al ves
such as is shown, there is no reason why nore conplicated | ogic_cannot be
appl i edthad thesystem eanmas bei ieastablishest tcest&ﬁﬁgbnal §ﬁadﬁlqrh Whenrdealiggivathy

val ve that would reflect an exclusive "OR' condition, in which the

cor r es poredieayy\emjuipment andhigh grdssomepirtheaent: inl miﬂﬁi&ld]WmﬂtuSaﬁ@meomes a

t 0000i i 101110 In this exenplary valve, a chanber is divided into separate

chanber %@3@?@%1; iSueDind fsidshfedmpelfdrisms grémantdiatdryl 3.o0eRin@ahbchddedmeen
stops 138 and i319. Both of chanbers ~go8 and | g~o0 contain MR fluid and are

connect gd (Rdt6TASGEd tHat B RIrRH $RHYA SsdchnRtetdedidh a1yl RbﬂoPJi’B , Bes
respective | owpressure |ines ~308LP and | 3xoLP through respectivé MR

val ves ﬁg%ke'%léc%%r%ﬁ{atufely.' 4] sﬁ{koé’lﬂld-g‘cate magnetorheological valves as described

W|||

above, safety devices can be locked in an immovable state until a magnetic field is
removed using an electromagnet.

In a first application, we will look at a control system for a firing head in a
tubing-conveyed perforation (TCP) gun that is operated using MR fluids. First, let us
look closer at the problems in this area. Conventionally, a perforating gun is actuated
through a firing head that is responsive either to mechanical forces, such as the
impact provided by dropping a detonating bar through the tubing, or to fluid
pressure, e.g., through hydraulic lines. Additionally, some hybrid systems exist.
Such firing heads, where the piston is moved in response to hydraulic pressure, are
believed to enhance the safety of the detonating system in that they are unlikely to
detonate without a specific source of substantial fluid pressure, which would not be
expected outside the wellbore.

To provide added safety, especially for a mechanically actuated firing head,
detonation interruption devices are also used. These devices are typically attached

between the firing head assembly and the perforating gun, and typically contain a



ei ther chanber by opening the valve on the high pressure side and cl osing
the valve on the | ow pressure side. Conversely, a logical "0" is shown in
ei ther chanber by closing the valve on the high-pressure side and openi ng
the valve on the | ow pressure side. An output value is taken at |ine @@320.
It can be seen that if either of chanbers 1308 or 1310 have a "1" val ue
whil e the other has a "o" value, pistonr ig~6 will be noved to one side,
openi ng output 1320 to reflect the high pressure from whi chever chanber has
a val ueewtectic allby ththnmhiandtetesnpe3fthrandxpabted arithih k' wellbbm, but httaerthe - 20
are "0", the piston will remain centered, blocking a high-pressure out put
on linegdidg@, fORexampE dsgary BKitk! soi@nfoiasi @R Slteefic sl B@é\FéﬂQQHEm S
to reflect ofther |ogical values, such as inclusive "OR', "AND', and "NOT".
Using t Qi e o] J n an . ar, rato
responda:e‘:%ﬁg{lggvgénr?gnk\%?ﬁt ?)éicr}\lgl?v%n ﬂ%pﬁ?&wﬁaggr:%u fhpg&ggﬁh gn%g&aér
response ti to angi cgpdi ti,ong, .as. the i nt can r.eceive input

£ om dofFRBRECL &0 STHACe-o Ao theTeyi G5 dtmiore 256 Maatared Gl wiflanel

wai ting for control signalg fromthe_surface, Packers and Pl ugs
Convent’F}}:ﬁnzB?i‘atsléiéLé‘lné1 3&%‘& §¢Wa’ﬂ§€- r THEEVeRs ?Wéga‘iﬁlﬁﬁlgefﬁ@h‘%ﬁpps Aary
toroi dal rubber elenment surrounds the drill string as it is being fed into
t he bor widdle. Detwwtidreingenrkption sewives grd verxdifficsltdestoredn Sowidi Aoagqia,tfhe
rubber packer elenent is conpressed to force it to bul ge agai nst the casing
wal |, pexamplengs austaet teiiperatypes edn redubethepmakaialsl wielting peinti rlesamabi gh
force in order to be able to set it. Alternatives to rubber packer

el ement Fke 3lkdkadthd HhpEHiRbpROIGAKREETs, Y RowdHole Yérhperd®irelahsly 888 feakh a

| arge differential pressure in the borehole, and are | ess useful. It would

be desi %‘@,&J@%étﬁ?%ﬁ%ﬂ%ﬁ%ﬁ%ﬁéﬁ Iﬁﬁl}e&. h’?ﬁe%i é?%oﬂéa%u;f’d %@a&fy@’eﬁﬁoﬁo set

it, yet’ cou arge d erentl a ressure. |

addi ti ogﬁk_‘%%up%oggﬁd'tf@%ﬁgg{e al:lch a packer el enent could provide a seal
e boféeho a

even whe e’is r?aged or defornmed. In the innovative enbodi nent
di scl osed hepein, the rubber packer elenents are replaced.w th, a conpli ant
Lor of dal  bal PBSnEFIPPIE O 4 1FORYERRYRHINBEIOMCIPCTRRRH AL BeAlr [SoSETbAN  he
balloon_|s to contain the NR'””%&@%” the magnetic field ii’ant
act i vat EiBure 4¢ APSHIRHER sydds fig Rithe Biging RSOOSR RIESHE t he
packer elenment. Once in the hole, a magnetic field is activated and the MR
fluid i agpligd throughopressiredpdrit et & regntantsrinisiatar 412 SBad pressureesysiernliss.
The result is a packer that requires a |ow setting force yet can hold a

hi gh di fyfpécadlyt hadrgpies suliieh means that as the well depth increases, the inherent

hydraulic pressure in the pressure line becomes significant. In order to prevent
accidental firings, shear pins 414, held by shear sleeve 416, hold firing piston 410 in
place. To fire the gun, the pressure through pressure ports 418 is increased until
shear pins 414 shear off, allowing firing piston 410 to move and strike initiator 412.
As well depths increase, the number of shear pins necessary to hold the piston in
place increases, with a concomitant rise in the pressure necessary to shear the pins.
This increase can create additional problems depending on formation pressure and
other completion equipment. The actuating pressures can become so high that either
other equipment in the well cannot withstand it, or additional pressure would result

in the well being completed in an over-balanced state as opposed to an under-



An exenpl ary enbodi nent of a packer using MR fluid is shown in Figures
ig.A-C. In the drawi ngs shown, only a portion of the borehole is shown,
~~ith one side of the casing ~,io, annulus 1g.2, and packer 1lq,6 seen. The
packer, which is a part of a string of tools, is run in a borehole in a
col | apsed position, as seen in Figure iq.A In this enbodi nent, packer 1416
is a rubberized tube filled with MR-filwid. The specific material used to
formthe sack is not critical to the invention, but nust have enough

i nt egri bxlahGedVstdte! arghd) @ither rsdfety Tagtobh ard ssdiitelicor dfiothen ni@arRosisfidhg to
have a tenporary container that holds the MR fluid prior to the magnetic
field bgj ied. The fluid can be released into the desired region
after tﬁ%ﬁgEgQQF?S field has been applied, so that the fluid is solidified

as it entersgthe netic fi.eld and, r ins i pla ti enbly
l .20 is | ch}%tarf?%g?ﬁgw fl%@lg ﬁ%%d fi%%fgng rm%%@omiﬂﬁﬁﬁgc%qpac gt?ig
Preferahly, the packer el rrent,,lﬁG Ls,sphit inta two sectiqgns in order to
bet tor dediEn-RrepHierhaghseRas prighly DIgGkeRd s id Riston 32 S \Pressiie
magnetic field would not be active. Once the tools are in positjon, the
packer scait be ppphigditodining Pivton e d As dhe Kiing ey islowereddntp theeboegholer t he
casing, as shown in Figure 14B. However, unlike packers using rubber

el ement preskaregwoahd builsl vp dtgpressiaeeparts 5n8¢ tientling teemov@éluli&mﬁoheszo The

| ast step is sinply to apply a magnetic field to the set packers, as is
shown i ﬁ{)ﬁhﬁﬂ afd bfenim® thd pedssare pditats18 1d thenfising @iston piac eHowevar, the
relatively short tine, electronagnets can be used to power the nmagnetic

assenbl yovdiiend o%ifﬁﬁ&rgiﬁoﬁﬁgﬁs lid ProvEHFJdH tIR plRBEAGY of MRVBAId §24) 18488nt he
magnetic field. For pacleers that will rémain in place for a longer tine,

per mane : : d net:J ]

Cl ot oPnsaey Sal X fuid 826138 poPliohs B FRURBHE GoB0RA0 ok, Nold'that
downhol g. The_ regquired netic,field c be generated by permanent magnets
appr oxi fis BienEd AskERb AR beidredied R ReFRARR FiaeRts, 20 RE R Or G
can support is a function.of th p tween the packer and the casing that
the fluPawerad stalePlithe Yalkgdh cﬁ%sgahe{’ﬁ@‘?ﬁg&@ﬁtogﬂé Rt PSS SHAS) Thi BYs ur o
that the MR fluid can hold, according to Engineering Note, Lord Materjals
Di vi si ofinbodiragnt untipthe pregpatecdronys ke appnedhsap single sbgar Bn Gidcsgapnght ed
MR fluid, which is 8.~ psi, Lis the length of the packer elenent, and g is
t he gaptdboldefiringauiktesi geodh laee. pAokie thegum encdedtngmaghetvis aatsated tohat g
is 0.25 inch and the length of the packer is .8 inches, the packer could
suppor t cauritefd9 thei magasse fRldidifaagndtiahssehgble sdat SRl MR fluidds26€d
packer can support a pressure differential in either direction. Sone of the
advant aiggefid, udloMandMIR | Urie 52& P ekRle iat@HRN{lEId FeebrdRr 5280 e i@stuan| ow
setting force - holds a high differential pressure (5,000 pounds/square

i nch fogéwdfluiPpistd£580 % move, opening pressure port 518, the pressure then breaks

the shear pin and allows firing piston 510 to strike initiator 512.

Using an MR fluid controlled safety lock on the TCP gun gives a much safer
application. The safety is provided by a permanent magnet that can prevent
movement, and only the intentional act of canceling the magnetic field will allow the
gun to fire.

An alternate embodiment of the firing head is seen in Figure 6A. In this
embodiment, firing piston 610 is held away from initiator 612, not by shear pins, but

by a collet restraint 616. When installed, the collet restraint 616 is held in an open



Is - can seal in highly damaged or deforned casing retrievable Al though
this exanple has been given in terns of a packer, the sane idea could be
adapted for use as a plug, to block the flow of fluids within a tube. A
plug can be fornmed of a balloon-like structure containing MR fluid, capable
of being deformed in order to seal the tube. During transit in the tube, no
magnetic field is produced and the piazuig remains fluid. At the desired

| ocati on, however, the balloon -23 structure is deforned to contact the

val |'s ohodifien tbjbbf“%@m bhehdBa®iistohi 626, | b fth'ifsf}ﬁfbrpposi‘éi@hl ¢hé Yubgdé he

fluid into a plug ocking the tube. A nunber of exenplary devices for use

'n the gpiddiings @&qjetpxregﬁgﬁ{r;ci) {I%?J 1adbdr 8139 9RS4i @V&ﬁg@@ﬁﬂgg@é@w@m

However, err use shou e construed as m anpl es
given. Many variations of and,nodifigations tq these exanples are possible.
Add 11 offl Fprtourioe Lhe sRTBANRE) wirflh QL i dedinnn e S e bl BID° o
enhance_downhol e operatjons. For _exanple,.if the valves ar nadgaﬁgf
magnet sPTERFRIE RBMITMGAIATPAts §18)ara i ivigh Geaminisaden wWath theguréaced3®an be
used to power the valves, relieving the need for elects _ical connections.
| nst r ucef thedluid pisten62@suteare unableta moye fuich pistor 9245 beeausstafdhe epkidret ry,
which is discussed in co-pending application (Attorney Docket AHALL. ol 3~),
filed TMiRfluEhfayined Inetwiean sectiortsr aflmagndtiveaseo@ablt 622. Highoa 6B slcows thds ng
flexibility. CLAI Ms _24_ 1. Afluid control device used in a borehole,
conpri s¢Afe etnbbsdifiied oFeit theNhagnéid flugtbdpiveé® fhagnetic assemblies 622 have

been cancelled, allowing solid MR fluid 626 to liquefy. This, in turn, allows the fluid

piston 620 to be pushed away from the collet restraint 616, so that the collet

restraint 616 can collapse inward, allowing the firing piston 610 to strike initiator

612,

In either of the MR embodiments above, it would be possible to add a time-

delay feature to the firing of the guns by a simple means. Rather than entirely

canceling the magnetic field in magnetic assembly 622, the field can be partially

cancelled, so that the MR fluid in the gap is in a semi-solid state with a given flow

rate. The chosen flow rate would determine the time necessary for the pressure ports

618 to open and fire the guns. Many other embodiments can also be designed to

enable time delay.

Figures 7A-C provide another example of a firing pin with a lock and/or time

delay feature provided by MR fluid. In the prior art, delayed firing could be achieved

by a pyrotechnic delay element, which is expensive, or a fluid delay, which requires a

complex spring mechanism and expensive orifices that are susceptible to clogging

and failing. MR fluid control offers an inexpensive, simple alternative. In this

example, a cylindrical piston 712 moves through a cylinder 714 containing MR fluid



a magnet or heol ogi cal fluid disposed within said housing; a magnetic
assenbly capable of switchably creating a magnetic field which passes

t hrough sai d housi ng; wherein bl ockage of the flow of nagnetorheol ogi cal
fluid through said housing by a nagnetic field inpedes novenent of said

pi ston. z. The device of Cdaim1l1, wherein total blockage of said flow stops
movenment of said piston. 3. The devigg-of Claim1l, wherein partial blockage
of said flow slows novenent of said piston. 4. The device of Caim 1,

wher ei n-£gi B1UTBYRSE is%@;ﬂﬁé‘éﬂ)i)y t@ﬁi@fdﬁﬁﬁvﬁs R IR SR %be@ﬂ%o%@h the
el ectromagnet and the un-powered state of said magnetic assenbly generates

a magnetd el belfle plstohl%o qfe"bcgi-’etcﬁéd %%hé“réglo é}ﬁh t‘ﬁ@!;gsf&gnﬁt hfaghggeo! y
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| ock. The device of Caim1]l, wherein novenent i d pi ston | cont roI | ed
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and gas, conprising: a string of tools deployed in a borehole; a housing
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wi thin said housing; a magnetic assenbly capable of switchably creating a
magnet i serhi-edlitl whiug hofpMES dhiit hy2aq ghils ai delap ubiengioveineneiof theopisagre infat he
fl ow of nagnetorheol ogical fluid through said housing by a magnetic field
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bl ockage of said flow stops novenent of said piston.

firing does not occur immediately after the event is triggered, but is delayed for a
given period of time. The sequence of drawings, Figures 7A-C, shows the piston as
is descends. The time necessary for piston 712 to descend until firing pin 730
contacts explosive initiator 732 can be varied by varying the strength of the magnetic
field produced by assembly 722,

The use of MR fluid in implementing a TCP gun is only one example in which
a safety lock or time-delay feature can be implemented using an MR valve. A valve
using MR fluid can be used in any tool that relied on a failure mechanism to allow
movement, such as vent devices that rely on shear pins, setting packers that rely on
brass lugs, valves that rely on rupture discs, secondary release mechanisms that rely
on shear pins or the shear of threads, live well intervention tools that rely on
collapsing springs or shear pins, sub-surface safety valves, bridge plugs, etc. Many
others will occur to one of ordinary skill in the art.

Position Control
Position control is defined in this context as a device that can repeatably have

multiple positions that include restoring the device to its original position. To

control the position of a part, the part is connected to a piston, which moves through



io. The systemof Claim38, wherein partial blockage of said flow sl ows
novenent of said piston. il. The systemof Caim8, wherein said magnetic
assenbly conprises a permanent magnet and an el ectromagnet and the
un-powered state of said magnetic assenbly generates a nagnetic field. i2.
The system of Caim8, wherein said nmagnetic assenbly conprises an

el ectromagnet and the powered state-of-said nmagnetic assenbly generates a
magnetic field. 13. The systemof Claim8, wherein said piston is held
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creating step creates a magnetic field of sufficient magnitude to prevent
novenentragél jeitd pi ston through sai d magnetorheol ogical fluid. i6. The
nmet hod of Claim 14, wherein said creating step creates a nagnetic field of
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example of a prior art circulating value is disclosed in U.S. Patent 5,048,611, which is
briefly discussed here. Figures 8A-C show this earlier circulating valve. Drill pipe
812 is connected to valve 810, and together form a continuous passageway 814 for
fluid flow (see also arrows). Passageway 814 has numerous openings 842, which are
isolated from the annulus by sliding members 816 and 818. These sliding members
816 and 818 are held in place by shear pins 820 and 822. In addition to openings
842, which open to pressure area 862, openings 838 and 840 open respectively to
pressure areas 848 and 860. As will be seen, these pressure areas are used to open
and close valve 810.

When circulation to the annulus is desired, a ball 880 is dropped into valve

810, which seats at a lower valve seat member 874, closing off the bore of the tubing

and permitting pressure to rise. This rise in pressure is transmitted, through

openings 842 (but not through openings 840, which are sealed off) into pressure



conprises an el ectromagnet. 21. The position control device of Caiml~,
wherein said magnetic assenbly conprises a permanent magnet and an

el ectromagnet. 22. A systemfor drilling or producing oil or gas,
conprising: a string of tools deployed in a borehole, wherein said string
of tools includes an outer section of pipe, capable of connection to said
string of tools; - 2'J and an inngg-section of pipe, slideably connected
to said outer pipe; wherein novenent of said inner pipe within said outer

pi pe isaar86al whetonhé Pretir®Yoitdes sliling afentberegi8ttorihect egiLabwhivdid
t hrough a magnetic assenbly. 23. The systemof C aim 22, wherein said outer
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applying a magnetic field to a portion of said nagnetorheol ogical fluid
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of Claim2~, wherein said applying step applies a magnetic field that
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Claim2~, wherein said applying step applies a magnetic field that slows,

but doe?erﬂ&hsﬁo%@d. novenent of said piston within said chanber.

As a replacement for the prior art circulating valves, it is disclosed to use an
MR-fluid controlled valve. To allow for a three-way choice, a three-way valve can be
used; one exemplary three-way valve is shown in Figure 9A. In this figure, the valve
is split into three chambers, 910, 922, and 912 by floating pistons 918 and 920.
Chamber 910 is filled with MR fluid and is connected to high-pressure hydraulic line
914 through magnetic valve 919, while chamber 912, also filled with MR fluid, is
connected to low-pressure hydraulic line 916 through magnetic valve 915. Chamber
922 contains an inert gas and is initially pressurized to a pressure equal to the low-
pressure line. Piston 918 is moved in a downward direction by opening magnetic
valve 917 and applying pressure. If magnetic valve 915 is opened while piston 918 is
in its lower position, piston 920 will also be forced to a lower position due to the
increased pressure in the gaseous chamber between the two pistons. If valve 915 is
then closed and the pressure released from chamber 910, piston 918 will return to
its original position, but piston 920 will remain in the lower position. Subsequent

opening of valve 915 will allow piston 920 to return to its original position.



30. Alogic circuit wherein | ogical values are enbodied as solid state

val ves, each conprising a nagnetic assenbly controlling the passage of a
magnet or heol ogi cal -28 fluid. 3 i. The logic circuit of Caim 30, wherein
each enbodi nent of a |ogical value conprises a first and a second solid
state valve for a magnetorheol ogical fluid. 32. The logic circuit of Claim
30, further conprising connections toba high-pressure line and to a

| ow- pressure line. 33. The logic circuit of Caim30, wherein said magnetic
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further conprising connections fromones of said solid state valves to a
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a lowpressure line. 38. The systemof Caim 35, wherein said magnetic
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block respectively the flow of fluids down the tubing. Figure 9C shows a later
position of the valve, with openings 940 exposed so that fluid can flow through
them. At the same time, ball 952 has been lowered to seat in seating area 950,
closing the downward flow of fluids. While these actions have both happened, it is
not necessary that they happened at the same time. If the position of piston 918 is
tied to the sliding annular section 942 of tubing and the position of piston 920 is
tied to rod 954, the three-way valve of Figure 9A can control the flow of fluids in
Figures 9B-C. If both MR valves 915 and 919 are open, so that a high pressure is
applied to piston 918, slideable section 942 will be moved, opening tubing to the
annulus at that point, while ball 952 is lowered and closes the flow downhole. Both
pistons 918 and 920 can be frozen in this position by turning on magnetic
assemblies 915 and 919 to close their respective valves. If the magnetic field at
assembly 919 is later released while the magnetic field at 915 remains, sliding
section 942 closes openings 940 while the ball valve remains seated, stopping all

flow. A particular advantage of the innovative valve is that, unlike the prior-art

circulating valve, the MR fluid valve can be opened and closed repeatedly, simply by



assigning a |logical value to a magnetorheol ogi cal val ve being open and an
opposite value to sai d nagnet or heol ogi cal val ve bei ng cl osed; connecting a
plurality of magnetorheol ogi cal valves together to accept at |east one

i nput and produce at |east one output; wherein said output provides a
control for said downhole device. 41. A device for preventing the flow of
fluids through a downhol e region, cemp+ising: a magnetic assenbly capabl e
of switchably producing a magnetic field through said downhol e regi on; and
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non- magnet or heol ogi cal fluids can be blfocked by the presence of
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of Claim4l, wherein sajd magnetic assenbly conprises a perpmanent nagnet
and an 28 patodvhe Fall stgg innkigamne 1@Acandrenlarged In Figures 10Band 19kg 4
container that surrounds said nagnetorheol ogical fluid when not under the
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oil or gas, conprising: a string of tools deployed in a borehole; a
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t hrough said downhol e region, that is a part of said string of tools; and a

vol ume gid meedeliRhdeRPaoed. W scionVwrehding 4 DE8PAsEeRS Dfmaller diameter
non- magnet or heol ogi cal” fl uids can be bl ocked by the presence of
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The system of _ erelrn se nggneflc assembly 1I's part of a packer.
00 oS ARG P e B8 PP, TR el Bl <o
an el ec{(;i)ga a%rhe'[l'()16 must be in a locked relationship to each other when making a
connection to the fixed structure, shown in Figure 10B, but tubing 1016 must be
able to move in a sliding relationship with 1018 at other times, see Figure 10C, in
response to movement of the drillship.
Prior art travel joints are discussed in co-pending application Serial Number
09/452,047, filed November 30, 1999 and titled “Hydraulically Metered Travel
Joint”, which is hereby incorporated by reference. Many of these prior art
applications have used shear pins to maintain the locked relationship of the two
sections of tubing prior to their installation. If the shear pins are prematurely
broken, the tubing will not properly mate with the packer; and the entire assembly
must be pulled up so that the shear pins can be replaced. In other cases, the release
of the shear pins may require an excess of pressure, increasing the possibility that
adjacent structures can be damaged when they release, especially in a deviated
borehole.

In an embodiment of the present invention, shown in Figure 11, the wall of



51. The systemof Caimgqg.~, wherein said magnetic assenbly conprises a
per manent nmagnet and an el ectronmagnet. 52. The systemof Caim4~, further
conprising a container that surrounds said magnetorheol ogi cal fluid when
not under the influence of said nmagnetic assenbly. 53 ~ A nethod of
drilling or producing oil or gas, conprising the steps of: deploying a

vol ume of magnetorheol ogical fluid umler the influence of a magnetic field
inaregionin which it is desired to block the flow of
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depl oying step conprises conpressing a flexible sack containing said
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premature breakage or the use of excessive force to shear the pins is avoided.

Hydraulic Logic Control Circuits

As seen in the general example above, if MR fluid is used as a hydraulic fluid, a
magnet can serve to open or close the valve. An array of magnets and/or
electromagnets can also be used to control the MR fluid to create digital hydraulic
control circuits. The magnets would allow different hydraulic control systems to
communicate with common high—pr\essure lines and low-pressure lines, while at the
same time allowing them to be isolated from the pressure lines at other times.

Figure 12 shows a schematic of a number of downhole pieces of equipment
1216, each of which are tied into both a high-pressure control line 1210HP and a
low-pressure control line 1212L.P. Between each piece of equipment and its
associated connections to the high-pressure line 1210HP and low-pressure line
1212LP is an MR valve 1214. Each pair of valves will control a single piece of

equipment; depending on the type of equipment and its requirements, each valve can
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Of course, with a system of control valves such as is shown, there is no reason
why more complicated logic cannot be applied to control the equipment. For
example, shown in Figure 13 is a valve that would reflect an exclusive “OR”

condition, in which the corresponding values of input and output are:

Input | Input2 | Outpu
1 t
0 o] 0
o 1 1
1 0 1
1 1 0

In this exemplary valve, a chamber is divided into separate chambers 1308
and 1310 by floating piston 1316, which is moveable between stops 1318 and 1319.
Both of chambers 1308 and 1310 contain MR fluid and are connected to respective
high-pressure lines 1308HP and 1310HP and to respective low-pressure lines
1308LP and 1310LP through respective MR valves 1314. A logical “1” is shown in
either chamber by opening the valve on the high pressure side and closing the valve
on the low pressure side. Conversely, a logical “0” is shown in either chamber by
closing the valve on the high-pressure side and opening the valve on the low-pressure
side. An output value is taken at line 1320. It can be seen that if either of chambers
1308 or 1310 have a “1” value while the other has a “0” value, piston 1316 will be
moved to one side, opening output 1320 to reflect the high pressure from whichever

chamber has a value of 1. If both chambers 1308 and 1310 are “1” or both chambers
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are “0”, the piston will remain centered, blocking a high-pressure output on line
1320.

One of ordinary skill can design other logical arrangements to reflect other
logical values, such as inclusive “OR”, “AND”, and “NOT”. Using these logical
relations, downhole equipment can be “programmed” to respond in a given manner
to known input. In turn, this can mean faster response time to changing conditions,
as the equipment can receive input from downhole sensors and perform a
programmed response, rather than waiting for control signals from the surface.

Packers and Plugs

Conventional packers generally use rubber as the sealing element. A toroidal
rubber element surrounds the drill string as it is being fed into the borehole. Once
the packer assembly is at the desired position, the rubber packer element is
compressed to force it to bulge against the casing wall, providing a seal. The typical
rubber packer element requires a high force in order to be able to set it. Alternatives
to rubber packer elements, such as inflatable packers, typically will not hold against a
large differential pressure in the borehole, and are less useful. It would be desirable
to find a packer element that did not need a high force to set it, yet could withstand a
large differential pressure. It would additionally be desirable if such a packer
element could provide a seal even when the borehole is damaged or deformed.

In the innovative embodiment disclosed herein, the rubber packer elements
are replaced with a compliant toroidal balloon filled with magnetorheological fluid.
The purpose of the balloon is to contain the MR fluid while the magnetic field is not

activated, as the balloon does not contribute to the holding force of the packer

element. Once in the hole, a magnetic field is activated and the MR fluid instantly
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An exemplary embodiment of a packer using MR fluid is shown in Figures
14A-~C. In the drawings shown, only a portion of the borehole is shown, with one
side of the casing 1410, annulus 1412, and packer 1416 seen. The packer, which is a
part of a string of tools, is run in a borehole in a collapsed position, as seen in Figure
14A. In this embodiment, packer 1416 is a rubberized tube filled with MR fluid. The
specific material used to form the sack is not critical to the invention, but must have
enough integrity to withstand being run into the borehole. It can be possible to have
a temporary container that holds the MR fluid prior to the magnetic field being
applied. The fluid can be released into the desired region after the magnetic field has
been applied, so that the fluid is solidified as it enters the magnetic field and remains
in place.

The magnetic assembly 1420 is located in the wall of the tool string
containing the packer. Preferably, the packer element 1416 is split into two sections
in order to better utilize the magnetic field. During run in of the assembly, the
magnetic field would not be active. Once the tools are in position, the packers are
mechanically compressed so that they bulge into the wall of the casing, as shown in
Figure 14B. However, unlike packers using rubber elements, large amounts of force
are not needed to set the MR packers. The last step is simply to apply a magnetic
field to the set packers, as is shown in Figure 14C. For packers that will only be in
place for a relatively short time, electromagnets can be used to power the magnetic
assembly, using either a wire-line current or battery power to create the magnetic

field. For packers that will remain in place for a longer time, permanent magnets can
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magnetic field during the trip downhole. The required magnetic field can be
generated by permanent magnets approximately Y2 inch thick.

The pressure differential that the MR fluid can support is a function of the gap
between the packer and the casing that the fluid fills and the length of the MR packer.
The differential pressure that the MR fluid can hold, according to Engineering Note,
Lord Materials Division, is

37 L

3

g

where ?y is the shear strength of the activated MR fluid, which is 8.7 psi, L is the
length of the packer element, and g is the gap between each side of the packer and
the casing. If we assume that g is 0.25 inch and the length of the packer is 48 inches,
the packer could support a 5,000 psi pressure differential. Note that the MR fluid-

based packer can support a pressure differential in either direction.

Some of the advantages of using MR fluid in packer elements include:
- requires a low setting force
— holds a high differential pressure (5,000 pounds/square inch for a 4 foot length)
- is retrievable

— can seal in highly damaged or deformed casing

Although this example has been given in terms of a packer, the same idea
could be adapted for use as a plug, to block the flow of fluids within a tube. A plug
can be formed of a balloon-like structure containing MR fluid, capable of being
deformed in order to seal the tube. During transit in the tube, no magnetic field is

produced and the plug remains fluid. At the desired location, however, the balloon
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structure is deformed to contact the walls of the tubing and the magnetic field is
turned on, solidifying the fluid into a plug blocking the tube.

A number of exemplary devices for use in the drilling and production of oil
and gas have been demonstrated. However, their use should not be construed as
limited to the examples given. Many variations of and modifications to these
examples are possible. Additionally, MR valves can be combined with other
innovative designs to enhance downhole operations. For example, if the valves are
made of magnets, with electromagnets to allow changes in position, batteries can be
used to power the valves, relieving the need for electrical connections. Instructions
to the valves can be sent by means such as acoustic telemetry, which is discussed in
co-pending application (Attorney Docket AHALL.0137), filed ___. This can give
maximum control to the operator, without sacrificing flexibility.

CLAIMS:
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1. A fluid control device used in a borehole, comprising:

a housing containing a first piston;

a magnetorheological fluid disposed within said housing;

a magnetic assembly capable of switchably creating a magnetic field which
passes through said housing;

wherein blockage of the flow of magnetorheological fluid through said housing
by a magnetic field impedes movement of said piston.
2. The device of Claim 1, wherein total blockage of said flow stops movement of said
piston.
3. The device of Claim 1, wherein partial blockage of said flow slows movement of
said piston.
4. The device of Claim 1, wherein said magnetic assembly comprises a permanent
magnet and an electromagnet and the un-powered state of said magnetic assembly
generates a magnetic field.
5. The device of Claim 1, wherein said magnetic assembly comprises an
electromagnet and the powered state of said magnetic assembly generates a magnetic
field.
6. The device of Claim 1, wherein said piston is held immobile by an unpowered
magnetic assembly, providing a safety lock.
7. The device of Claim 1, wherein movement of said piston is controlled to provide a
time-delay device.
8. A system for drilling or producing oil and gas, comprising:

a string of tools deployed in a borehole;

a housing containing a first piston;
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a magnetorheological fluid disposed within said housing;
a magnetic assembly capable of switchably creating a magnetic field which
passes through said housing;
wherein blockage of the flow of magnetorheological fluid through said housing
by a magnetic field impedes movement of said piston.
9. The system of Claim 8, wherein total blockage of said flow stops movement of
said piston.
10. The system of Claim 8, wherein partial blockage of said flow slows movement of
said piston.
11. The system of Claim 8, wherein said magnetic assembly comprises a permanent
magnet and an electromagnet and the un-powered state of said magnetic assembly
generates a magnetic field.
12. The system of Claim 8, wherein said magnetic assembly comprises an
electromagnet and the powered state of said magnetic assembly generates a magnetic
field.
13. The system of Claim 8, wherein said piston is held immobile by an unpowered
magnetic assembly, providing a safety lock.
14. A method of blocking or delaying a downhole event, comprising the steps of:
connecting a housing containing a piston in such a manner that completion of
said downhole event is dependent on said piston arriving at a given location within
said housing;
disposing a magnetorheological fluid within said housing in such a manner
that said piston is blocked from said given location;

creating a magnetic field through at least a portion of said magnetorheological
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fluid.
15. The method of Claim 14, wherein said creating step creates a magnetic field of
sufficient magnitude to prevent movement of said piston through said
magnetorheological fluid.
16. The method of Claim 14, wherein said creating step creates a magnetic field of
sufficient magnitude to slow, but not stop, movement of said piston through said
magnetorheological fluid.
17. A position control device, comprising:

an outer section of pipe, capable of connection to a string of tools in a
borehole;

an inner section of pipe, slideably connected to said outer pipe;

wherein movement of said inner pipe within said outer pipe is partially
controlled by the flow of a magnetorheological fluid through a magnetic assembly.
18. The position control device of Claim 17, wherein said outer section of pipe and
said inner section of pipe are part of a travel joint.
19. The position control device of Claim 17, wherein said outer section of pipe and
said inner section of pipe are part of a circulating valve.
20. The position control device of Claim 17, wherein said magnetic assembly
comprises an electromagnet.
21. The position control device of Claim 17, wherein said magnetic assembly
comprises a permanent magnet and an electromagnet.
22. A system for drilling or producing oil or gas, comprising;:

a string of tools deployed in a borehole, wherein said string of tools includes

an outer section of pipe, capable of connection to said string of tools;
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controlled by the flow of a magnetorheological fluid through a magnetic assembly.
23. The system of Claim 22, wherein said outer section of pipe and said inner section
of pipe are part of a travel joint.
24. The system of Claim 22, wherein said outer section of pipe and said inner section
of pipe are part of a circulating valve.
25. The system of Claim 22, wherein said magnetic assembly comprises an
electromagnet.
26. The system of Claim 22, wherein said magnetic assembly comprises a permanent
magnet and an electromagnet.
27. A method of controlling the relative position, in a borehole, of an outer section of
pipe relative to an inner section of pipe, comprising the steps of:
tying the movement of said inner section of pipe relative to said outer section
of pipe to a piston that moves within a chamber filled with magnetorheological fluid;
applying a magnetic field to a portion of said magnetorheological fluid that
affects movement of said piston within said chamber.
28. The method of Claim 27, wherein said applying step applies a magnetic field that
prevents movement of said piston within said chamber.
29. The method of Claim 27, wherein said applying step applies a magnetic field that
slows, but does not stop, movement of said piston within said chamber.
30. A logic circuit wherein logical values are embodied as solid state valves, each

comprising a magnetic assembly controlling the passage of a magnetorheological



10% k# & ()- y@#10% k# & ()- LLg10% k# & ()--wT\]~_dvU410 ~O, f #10% & () -
sLy109D#& ()- 10" k#' 10' k# 10" k#' y!10% k#' & ()- yz#10% k#' & () -

g#10% k# & ()-cCl[:vU410 ~ #109DHE ()-% #10YDHE () - % #10%&' () -

t,f#1090#& ()- ,f#109DH& ()- y ,T#10% & ()-\WEj k| [:-410~ #10%&' ()-%"
#1098 () - % { #109DH&' ()-% H10YDH&' () - % #10YDH&' () - % #10YDH&' () - Y| N bA410~
f#109& ()-T) y @HI0H#& ()-1 CSHIOBHE ()-1 y@H10% & () - |

SLf1094#& ()-1010R *)|[: A410~ f#109%A#& ()-T) f#109%A#& ()-T) f#109%A#& ()-T)
f#109A#80(d.- T) f#1004#& ()-T) f#10%4#& ()-T))yhGlO~  fz#1006#& ()-°
fZ#1000¢#& ()-° LT 109%& ()-101010 f#10%& ()-T) f#10%#& ()-T)y: | [:hGLO~

]'cfzzig (;g;g(i& (T‘he 'l{)/éi@ocﬁé?éuf Jof éﬁﬁﬁog/? Xﬁr}f%rél}l ead(hzgﬁﬂ)@nﬁknt offaz"‘féé&?f#%lﬁé

fﬁé%%ﬁpﬂs%ﬁﬁféw sw%@%%ﬁ%%t@vs%%m%ﬁ Fobibld Bl | vuano

F f #1094 #& X F.f#10% f #1094 #&. #1094 #

f #1004 #32 ( e 10&%%)&9*1 5%51) JBUJPfB comwﬁ %9%%9%5@% ﬂfﬁﬁéﬁ-messure

, ,y#l;j/% <)i #10%1#& ()- ,,y#10%#& ()- ,,y#10%& ()- | M8 [: bU410
RE AR $oalo‘fv

,f #1009 PATSSRUIEIINE. | f#100DH& ()-$ |, fH#109DHE ()-$
f#100DH& ()-$ , f #109DH&! 1@) $&f ghi | [ NA41010D#10D#10D# Y. g#lO%)#&
Y. y#109BR& The logig#inyar:e Claim 3o ovkwrein paif magneddassem |¢qmpr1ws4am10
~gH#10% & ()- gH109H#& ()-  gH109XH& ()-° g#lO0%& ()-  g#10%&' () -
L&z 1098t trprrtdghbt NA1010 | z#109K#& () -5 | Z#109X& ()-s | z#10% & () -s
~gH#100XH#&' () - gHL0UX& ()-" gH#L0UX#& ()- k()*+0| obU410 L9Z109XH#&' ()-10 X#
10 X# 184. The logic circuit of Claim 30, wherein said magnetic assembly comprises a
permanent magnet and an electromagnet.
35. A system for drilling or producing oil or gas, comprising
a string of tools deployed in a borehole; and
a plurality of solid state valves, each solid state valve comprising a magnetic
assembly controlling the passage of a magnetorheological fluid, said plurality of solid
state valves being part of said string of tools;
wherein said plurality of solid state valves are connected to provide control
inputs for ones of said string of tools.
36. The system of Claim 35, wherein pairs of said solid-state valves embody logical
values.
37. The system of Claim 35, further comprising connections from ones of said solid
state valves to a high-pressure line and connections from ones of said solid-state
valves to a low-pressure line.
38. The system of Claim 35, wherein said magnetic assembly comprises an

electromagnet.

39. The system of Claim 35, wherein said magnetic assembly comprises a permanent
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assigning a logical value to a magnetorheological valve being open and an
opposite value to said magnetorheological valve being closed,;
connecting a plurality of magnetorheological valves together to accept at least
one input and produce at least one output;
wherein said output provides a control for said downhole device.
41. A device for preventing the flow of fluids through a downhole region, comprising;:
a magnetic assembly capable of switchably producing a magnetic field through
said downhole region; and
a volume of magnetorheological fluid;
wherein the passage of non-magnetorheological fluids can be blocked by the
presence of magnetorheological fluid under the influence of said magnetic assembly.
42. The device of Claim 41, wherein said device is a packer.
43. The device of Claim 41, wherein said device is a plug.
44. The device of Claim 41, wherein said magnetic assembly comprises an
electromagnet.
45. The device of Claim 41, wherein said magnetic assembly comprises a permanent
magnet and an electror_nagnet.
46. The device of Claim 41, further comprising a container that surrounds said
magnetorheological fluid when not under the influence of said magnetic assembly.
47. A system for drilling or producing oil or gas, comprising;:
a string of tools deployed in a borehole;

a magnetic assembly, capable of switchably producing a magnetic field
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through said downhole region, that is a part of said string of tools; and

a volume of magnetorheological fluid;

wherein the passage of non-magnetorheological fluids can be blocked by the
presence of magnetorheological fluid under the influence of said magnetic assembly.
48. The system of Claim 47, wherein said magnetic assembly is part of a packer.
49. The system of Claim 47, wherein said magnetic assembly is part of a plug.
50. The system of Claim 47, wherein said magnetic assembly comprises an
electromagnet.
51. The system of Claim 47, wherein said magnetic assembly comprises a permanent
magnet and an electromagnet.
52. The system of Claim 47, further comprising a container that surrounds said
magnetorheological fluid when not under the influence of said magnetic assembly.
53. A method of drilling or producing oil or gas, comprising the steps of:

deploying a volume of magnetorheological fluid under the influence of a
magnetic field in a region in which it is desired to block the flow of non-
magnetorheological fluid.
54. The method of Claim 53, wherein said deploying step comprises compressing a
flexible sack containing said magnetorheological fluid prior to applying a magnetic
field.
55. The method of Claim 53, wherein said magnetorheological fluid is deployed in

the annulus between a string of tools and a casing in a borehole.



