-1- 17 AUG 2005 VALVE AND PGCSI TI ON CONTROL USI NG MAGNETORHEOLOG CAL FLUI DS
Technical Field The present invention relates to the use of
magnet or heol ogi cal fluids in downhol e equi pnent to provide solid-stat
controls. Background of the Inventibn Magnetorheol ogical fl ui ds:\?.ﬁuﬁ lﬁ‘h"e

1950s , it was disc L&H-t | ose resistance to
flow were nodifiabl yg}%@é@t%ﬁﬁ?ﬁﬁ%@ﬁ%ﬁwel ectric field.
This was disclosed in U S _Patent 2,661,596, which is hereby incorporated
by reference, where tAEAGNERQGRHEOLQGIEAIsELUIDS use in a hydraulic

device. Those fluids that are responsive to an electrical field are known
as el ectrorheol ogi cal fluids whilleehnticakFieldsponsi ve to nmagnetic fields are
magnet or heol ogical. O these two, nagnetorheol ogical fluids have been the

easier to Wghk Widsbnt davéedn relLed tbClle uSOWT! flagRbicThasiogiiad Ghbtks bie to
per f or mance- degradi ng contam nation and require strong eleéctric fields,

whi ch HS%ﬁ@i%@@Bg%@£§$ﬁﬁges %gﬁgégfﬁbgsh-vol tage power supplies and

conpl ex con contr pér manent magnets and

el ectromagnets are inexpensi ve and easy,t roquce, while the
magnet or heol ogi cal fluid n‘i?ﬁ@ﬁ?ﬁ’f‘ff\f&’?ﬂ cont am nati on.

Magnet or heol ogi cal (MR) fluids can _be fornmed by conbining a | ow viscosity
fluid, such as a type of oM?W'EQfWﬁ’S@?%I%w@ﬁ:cI es to forma slurry. The
original patent used particles of. iron on the order of 0.1 to 5 mcrons,
wi th the palnitbe ag50s ontpwias dirgor@esl dhahBnidsogould bermreatfedtwibosd raststangsr e
recent work in MR fluids can be found, for instance, in U S Patent 6,280,
658. Whefiow wapnatddifiible!ld pageding them to a magnetic or electric field. This was
disclosed in U.S. Patent 2,661,596, which is herfeby incorporated by reference, where
the inventor also disclosed its use in a hydraulic device. Those fluids that are
responsive to an electrical field are known as electrorheological fluids while those
responsive to magnetic fields are magnetorheological. Of these two,
magnetorheological fluids have been the easier to work with, as their electrical
counterparts are susceptible to performance-degrading contamination and require
strong electric fields, which necessitate complicated, expensive high-voltage power
supplies and complex control systems. In contrast, both permanent magnets and
electromagnets are inexpensive and easy to produce, while the magnetorheological
fluids are not as sensitive to contamination.

Magnetorheological (MR) fluids can be formed by combining a low viscosity
fluid, such as a type of oil, with magnetic particles to form a slurry. The original
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



through the fluid, the magnetic particles align with the field, limting
novenment of the liquid due to the arrangenent of the iron particles. As
the field increases, the MR 17 AUG 2005 fluid becones increasingly solid,
but when the field is renmoved, the fluid resunes its liquid state 139 IGBTIJ
Figure 1 is a graph of the flowrate of an exenplary MR fluid througﬂ" 915
inch inner dianmeter tubing versus thé& Strength of the magnetic field
applied to the fluid. In each case, the flow rate goes to zero as the field
i ncr eadkid benvmpee ineneasingly selid, fhutiwkem thefibldeis repwyeinthaBnidaresamessits
dampers, |ocks, brakes, and abrasive finishing and polishing, with over
100 patlgpiid state pdin.hFiguire 1 4e at fraph of the flow rdie fdf Windexarapldre MR fluitbd
fromthe Lord Corporation of Cary, North Carolina. Downhol e Equi pnent

Devi ceshidigh 84 itgednhér HingRY uDRIE VerstisdtHy adeaEthObf Phe MiaERAR Fiel

wel |'s have a nunber of constraints to which they nust adhere.” They nust be
capabl . i th Vi LR | | , be
contr O%PQE}F%}{?%% éi' grfjlr'}?gl?:te&?gé;nfgebe s:}%te‘%g?%gltof er\t/%hﬁlﬂﬁé ﬁﬁ?@n@%&gr ea
of a bqrehol e t .t fact, that the can_be operati t housands, of, feet
nder o MURRPREEEIOR AT AU pay bets) Sed ifuch B &5 i lRAebEsS! ors
encountered in drjlling and productiqn of hydrocarbgns gre as follows: 1)
It is ianﬁ\eqq:gﬁwe finjshing %Flff Poia‘éh*éllgl» éﬂﬂbowq paﬁﬁntémﬁvv;éh ugidize tBgse put
not before. For instance, the firing of guns used to create openings
t hr ougHluids cNER rdnidsnean e ebtainedntnows ttheeLewd Carporatiore mdfr Gary,oNorthet ur e
t hrough not only the casing, but also through damaged sections of the
f or mat iGamoliki.emature firing of the guns is both a safety issue (i.e.,
personnel can be injured) and an econom c issue (equi pnment can be danmaged,
openi ngs made into undesired strpéailéle BquipAféned or bypassed).
Devices that are used in the development and production of hydrocarbon wells

have a number of constraints to which they must adhere. They must be capable of

handling the harsh environment to which they are subjected, be controllable from the

surface, and be sized to fit within the small area of a borehole, yet the fact that they

can be operating thousands of feet underground makes their reliability a high

priority. Some of the problems encountered in drilling and production of

hydrocarbons are as follows:

1) It is imperative to reliably be able to trigger an event when desired, but not

before. For instance, the firing 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



2) Many pieces of equipnent used downhol e have val ves that nust be opened
and closed. in other equipnent, the relationship between two parts nust be
fixed at 17 AUG 2005 -3- sonme points in time, yet noveable at otherﬁ ﬁgzﬁﬁ
in a travel joint, which makes up for the novenent of a drilling s 16

it floats on - the surface of the ocean. Traditional apparatus has relied
vari ous physical neans to operate valdves or release a part froma fixed
rel ati onship. These can include rotating the drill string to rel ease a

J- f ast eneve, poigty imginoe, yatanoueable ait wthersysuth in altzaet jolnd, whichh mdies up
annulus, to rupture a valve or to apply the pressure necessary to nove a
part, dofl theemoveimentoof 3 rriling sleipi aesit flbatssonetier shtface wthake soeaa.
reliabl e neans of operating this equi pment nore precisely. Additionally,

the userrQfirignal QPPQ@Jﬁﬁ hh§6ised %ﬁé@gﬁyﬁcﬂ%ﬁégfm&@ﬁa{w&@@ FQ8RseCPSt S

and require rig me to trigger the valves. It woul d be desirable to
utiliz i.d- 1 ' | abi i

decrea gf‘ﬁrgﬂl ?tfn%te? or\réiaim(:f%%hE (t :I‘gl‘ﬁ-@é' %ﬁﬁcﬁ%%?@fa@é% ég idrr gg#ﬂgiri%topiﬁégg?s & a
si npl e ans for,performng |logical .control steps, wthout the use of
vt ng Joetener el BB QTLBres e, Suhisn it the staime ohin ths ariiveta e
parts to seal between the downhol e tubing and the casipng or_ borehole. The
r ubber VRbigRY t@ apPhhthe Psessise nepessgey 1o dneve AParhfand shear pinscer similax
have been used will not hold the large differential pressures of those
usi ng rdebives. fuisklesirablatodiavermate rediable tesins abbpetating thisedquipnogntraqee r e
| arge anmobunt of force to set, but that would handle large differential
pr essumpescisdlg c Additiohallpetheansebf nidvidg paewsledds td epedoud designs thathave
application, specific exanples of prior art devices are nore fully

di scus3egrda6TRE® hRE reQueR! tyide! & BdgetCthe valves. It would be desirable to

utilize solid-state valves to lower costs, improve reliability, and decrease rig time for
activation.

3) It 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



I's disclosed. SUMWARY OF THE | NVENTI ON Nuner ous devices that utilize
magnet or heol ogi cal fluids are disclosed for use 17 AUG 2005 -4- in oil and
gas drilling and/or production. Wth their ability to. act as solid- sty 2005
val ves, MR fluids can serve in areas such as i) fluid valving systens for

| ocking and safety devices, 2) hydraulic |logic systens, 3) position

control and shock absorption and 4f acting as a valve for other fluids.

In | ocking and safety devices, it is disclosed to use MR fluids as a

hydr aulih @il andi ghst drilling andgos proguetiom dsthyblelr tabilityi ta. acteas solidestate The
presence of a magnetic field can prevent the piston fromnoving, acting as

a saf etvilvescM R fluidy cdn satvecinearieas sutlx asn) €uidralving eysteors fovlociingamdeyed
perforation (TCP) guns, but are practical for many other |ocking

appl i cghfedpdevices, W)dh?&ildtﬁld lggiccsy%Yéﬁ§ péshtlbﬁ Bl %%ﬁdsﬂdék%sb\k;gﬁow

fluid val ves that have a og| c val ue o or 'T" depending on et her or

not a stens can be designed to control
%greagt&c%n‘gr?? angl?ogl ca res fuidy

downhol'e ponses to sensor input. Valves can be

contr ol 't he 1BJeFEe eatcf SBR e 1t Bt dorate ot WO Tl 38 B drpelic

syst err%][u%/t)verrent the devices relative to each other is tied to the
novemne th %‘iﬂfgf ﬁathﬁ’E‘}Ub eNgne EFPH“UBEIB %‘PGE‘R‘F%QT@%BI'QSFBW@ a RRGIMRIC
fluid, the relative positions of the pieces are fixed. A magnetic field

t hat i diekdcanpreventriheepistory from ook, acting sam gafetyi ek dor cniticdkeesnter
danpening effect. In packers, it is disclosed to utilize an MR fluid in a
packer Examplédare gieehdor tubinglcoekeydibpérforitiin (TCRY giing) bt ardBprasidalitdryi ng

the MR fluid, the seal can provide a
many other locking applications.
In hydraulic logic systems, it is disclosed to utilize MR fluid valves that have a

“)‘

logic value of “0” 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:



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 danaged
wel | bores. Little force is require to set the packer, yet it can hald

| arge differential pressures. Devices utilizing MR fluids wll havel oAl 5
nore of the foll ow ng advantages: 17 AUG 2005 -5- they are generally sinple
designs, fit well into existing systéns, have fewer noving parts, and can
be desi gned to fail (if electrical connections are lost) in either a valve
open orthenlave generdly siowyile designshét Mell intodxisting systemsehavé fesver moving

I nexpensi ve, easily handled, non-toxic, and its viscosity can be varied by

si npl y pareé@ndanhe degigatd ao fhil€ifcelectrish]l ednndctionsurbjlest) édl either a valve
Magnet or heol ogi cal fluid devices can offer sinple, elegant solutions to a

nunber (HenPs00hReEBolodt Yobiride fThe! EY Adid® ‘ité%ﬁeig-reﬁﬂigy BB Nakdty THE

DRAW NGS The novel features believed characteristic of the i'nvention are
set for i tlﬂﬁq" e Q!-?! Eﬁl | [ ] I r |1
as a prﬂe grlérhé m)te gfaﬁgcg‘gts ur ec}?x?%% {e}%ﬁga Ig&[} Iglé@gﬁbgléggl\gﬁﬁgr%g ) efvf\?l I
best b nder st ood. by reference to the, foll.ow ng. detail ed desgeription of
o 1 | e 5] ol HEEC{EE Menetprhectagicalcitich defier cahcotier: SiBlEy | ng
drawi ngs, wherein: Figure 1 shows an exenplary graph of the flowrate of a
magnet GlegaEt sglutians toja number of pretrlents; as wild be fugthgr discusspdet i ¢ fi el d
applied to the fluid. Figures 2A-E show vari ous nethods of constructing a
magnet or heol ogi cal BRI¥F BESGRIPTIOMOEJHEDRAVWINGSect r omagnet s.
Fi gures 3A and 3B show | ess desirabl e nethods of interrupting the nmagnetic
flow Figur ke acesldeatures believedheharmctesistc f aheriaveattidn aragethforth (wthe
appended claims. . The invention itself, however, as well as a preferred mode of use,
further objects and advantages thereof, will best be understood by reference to the
following detailed description of an illustrative embodiment when read in conjunction
with the accompanying drawings, wherein:
Figure 1 shows an exemplary graph of the flow rate of a magnetorheological
fluid versus the field strength of magnetic field applied to the fluid.
Figures 2A-E show various methods of constructing a magnetorheological
valve assembly from magnets and/or electromagnets.
Figures 3A and 3B show less desirable methods of interrupting the magnetic
flow.
Figure 4 shows a conventional pressure-operated firing head for a
perforation gun.
Figure 5 shows an exemplary firing head designed with an MR fluid control
Figures 6A and B show an alternate embodiment of firing head designed

with an MR fluid control before and during firing

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



perforation gun. Figure 5 shows an exenplary firing head designed with an
MR fluid control Figures 6A and B show an alternate enbodi nent of firing
head designed wth an MR fluid control before and during firing Figu&lﬁzz[mlj
7A- C show anot her exanple of a firing pin with a lock and/or tine 1

2005 -6 delay feature provided by MR fluid. Figures 8A-C show a prior art
circulating valve. Figure 9A shows aﬁt‘hree-way val ve such as can be used in
a circulating valve, while Figures 9B-C denonstrates the valves in the

t ubi ng detegt featuretproviledriat MRIflbid. t he t hree-way val ve. Figures 10A-C show a
prior art travel joint in a drill string, in both a |ocked and an unlocked

posi tion. FiRigures!8ANOwWROW Apribr alt cirdudavinyg edlve. travel joint designed to
utilize MR fluid for position control. Figure 12 shows a schematic of a

nunber  of d%@e@gﬂim PEhREUVBIPAVe suBiRES chh 8 sedh AtiRieHEHE CaRRd
| ow- pressure control |ines and controlilzgléll thrgugh the use of 8 %

woul o ENTEERAHER pHECY Simoh S e Bl n I AN EE AR P BB ol "F

i nputs., Figures 14A-C show a packer, utilizing MR fluid, which can be set
with |ithetlreeawayvalvey ;¢ which can withstand a large pressure differential
across the packer. DETAI LED DESCRI PTI ON OF THE DRA\/,ﬁNGS, Enbadi n{ f the
di scl osed sySgsres 10AowNeY aPEen asktravel ipitiinay Al skiing, in both a locked

and an unlocked position.
Figure 11 shows a partial cutaway of a travel joint designed to utilize MR

fluid for position control.

Figure 12 shows a schematic of a number of downhole pieces of equipment,
each tied to high-pressure and low-pressure control lines and controlled through the

use of magnetorheological valves.

Figure 13 shows a magnetorheological valve that would reflect the logical
function of an exclusive “OR” applied to the two inputs.
Figures 14A-C show a packer, utilizing MR fluid, which can be set with little

effort, but which can withstand a large pressure differential across the packer.
DETAILED DESCRIPTION OF THE DRAWINGS

Embodiment of the disclosed system will now be discussed in further detail.
Overview of Valves Using Magnetorheological Fluid
It is well known that if one side of an O-shaped piece of iron is wrapped with
coils of an insulated conductor, an electromagnet can be formed. When a direct
current is run through the coils, the iron underneath the coils is temporarily

magnetized, with the polarity depending on the direction of current. The O-shaped



Overvi ew of Val ves Using Magnetorheological Fluid It is well known that if
one side of an O-shaped piece of iron is wapped with coils of an

insul ated conductor, an el ectronagnet can be fornmed. Wien a direct current
is run through the coils, the iron underneath the coils is terrporar]rylw[,' 2095
magnetized, with the polarity depending on the direction of current.

O shaped 17 AUG 2005 -7- piece of irdgmacts in a nmanner anal ogous to an

el ectrical circuit to conduct the magnetic field, or flux, around the
magnet ipiecei of irdan ectsairedy msanndraanalbgoesttoran mletdcalf circuisntcoeondest the

el ectromagnet. If, however, a section of the magnetic circuit is renoved,
t he W&mxie@mfﬂeiaﬂopﬂﬁm Oérohhdwhejrﬂagneﬁ&: tifcidnc@hbal, sbahht the entiide pikt@of e 2A
shows a circuit simlar to that described above, except t hat a passageway

212 conbBldifednaneloatanplam ool HoWdte oplsaeton Yo lderRrielcitdift is

O shap I ron 200. rect current I's passed (sho by dar kened

(r:rglg lnzz [ %‘l}‘g 9? Cu |qehﬁ?%ﬁék/§2f%ﬁ F%m%(ﬂte{lb tlﬁ%nh@heé&?#a? &l E]Pé ﬁfé*( ens or

solidifjes (shown.by.the Iin of force t rough th id), endr on
he. st ORI GHNGUIE SHRABHPc CRato AaSCTlg BDRERL Pinedt: At &yRasTBEe e,

to the magnetic field remain liquid. In this enbodrnent current is

requi r eantaningemagnrwrhaplpgical duid replacesone saetionef the Pephapashisan 290.
Figure 2B, nmaintains the valve in an open position, with the MR fluid
liquid Whe)n theeirect chorent)is passeds(shbsm by darkdredt wide shrpugh thd eald a1ehi ch
a lack of current closes a valve, while a current opens the valve. Figure

2C shoge afoneibd@ MEfluid tdmpldtes the fRighetiacirenitoTie MR flaid thatnie paet ofind
an el ectromagnet. Rather than using an 0- shaped piece of iron, as in the

110 SRR mchep LGB0 Gy Sy ot s gk e
depending on the strength of the magnetic field, while portions that are not subjected
to the magnetic field remain liquid. In this embodiment, current is required to keep
the valve closed, while a lack of current, shown in Figure 2B, maintains the valve in
an open position, with the MR fluid liquid (no lines of force).

It is also possible to design a valve in which a lack of current closes a valve,
while a current opens the valve. Figure 2C shows an embodiment utilizing a
combination of a permanent magnet and an electromagnet. Rather than using an O-
shaped piece of iron, as in the previous example, an annular magnet 205 is used,
with coils 210 wrapped around one section of the magnet 205. Because of the
constant magnetic field created by the permanent magnet (note the lines of force),
MR fluid in the passageway 212 will remain solidified until the flow of magnetic force
is disrupted. In Figure 2D, a current is supplied to the electromagnet, giving it a
polarity which is opposite the polarity of the permanent magnet (note the opposing

lines of force). The field strength of the electromagnet can be adjusted so that the

field of the electromagnet cancels the field of the permanent magnet and the



constant magnetic field created by the permanent magnet (note the |ines of
force), MR fluid in the passageway 212 will renmain solidified until the

fl ow of nmagnetic force is disrupted. In Figure 2D, a current is supplied
to the electromagnet, giving it a polarity which is opposite the poFaugstas
of the permanent magnet (note the opposing lines of force). The field
strength of the el ectromagnet can be®adjusted so that the field of the

el ectromagnet cancels the field of the permanent nagnet and the 17 AUG 2005
- 8- magmagrieticfluxno dongerdtows.| This.allbiwssthel MBVBuidre livRefy,openiog thevalie,
opening the valve. Figure 2E shows an alternate version of the valve of

Fi gur efﬂ?.lréﬂzﬂﬁ‘ishomn’aﬁdhﬁ@fﬁatei tersiorwtetlef habieeof FieaneeD. t hin mhgnetic
field only in the working gap (the container 212 of MR fluid) by

redi r ehimifdfe | 4 r{dReibiRnP & FROGN th Hl 1A BB ADERY Weorki
bl ) P , p

rel uctance gap the coll 2lo1s o st of the flux fromt

per manent  nmagnet f hr: h. _t:h ' L.di fi t he
VR 11 uiihe ERtfaterzers of MR a7 e tehtgetibe Rt HuRHom delbitei ot pger ¢ e
el ectromagnet' s flux gcancels the flux fro he rmanent ..magnet .aj the

pri mar §° @ai?coﬁaéw:éﬂgﬁ%ﬁ pstancR Lah 4R 0at [?tﬁl@ %‘gﬁﬂﬂaﬁsW@a %QE@.f tfi‘ﬁifg‘"
effectively redirects the flux to the secondary gap and opens the M

val ve. fromithe @amanent raagnat: 205 flevsthneusbs thecprimany sap iy padtsobidifiere
magnet 205 on the MR fluid in container 212. In this enbodi nent, the
magnet ithe f M® dluid, séffectiedly iclosimgithe palvee dff Hteeebil32@ot ismtachivateédjethen
short circuit, allowing the flux to flow wthout going through the section

cont ai Rldderoniezdr s flus BandelgthiecflaR fediaWhe periineat nitfgned b thie primarytgup f | ow
of flux by sinply renmoving a piece 312 of the nagnetic circuit, creating

o, PSR b B Bt kgl IS ok TRV O
to the secondary gap and opens the MR valve.

Figure 3A shows an alternate means of negating the effect of the magnet 205
on the MR fluid in container 212. In this embodiment, the magnetic field is shunted
through a piece of steel 310 that provides a short circuit, allowing the flux to flow
without going through the section containing the MR fluid. Figure 3B shows a
method of interrupting the flow of flux by simply removing a piece 312 of the
magnetic circuit, creating an open circuit. Both of these two embodiments require
the movement of part of the circuit, to either add or remove a conductive piece. This
could be done by applying fluid pressure, hydraulic pressure or mechanical force, but
as the aim is to simplify the valve, these are much less preferred.

Building further on the use of MR fluids, the inventors of this application have
identified a number of specific areas in downhole drilling and production in which
magnetorheological fluid valves can be useful. These areas generally fall into*four

categories: fluid valves for locking and safety devices, hydraulic control circuits,

position control, and blocking the flow of other fluids and will be discussed in these



coul d be done by applying fluid pressure, hydraulic pressure or mechani cal
force, but as the aimis to sinplify the valve, these are nuch | ess
preferred. Building further on the use of MR fluids, the inventors of this
application have identified a number of specific areas in downhol & AUG 2005
drilling and production in which na net or heol ogi cal fluid val ves can be
useful. These areas generally fall © four <categories: fluid valves for
| ocki ng and safety devices, hydraullc control circuits, position control,
and bl g@uur generab gtowps. oSontehapplications dmaotfall epsilyiintouthesel groupingsebur AUG
2005 -9- four general groups. Sone applications do not fall easily into

t hese gvilllhjel digussbdwherk thodtapgirsptiateed where nost appropriate. Fluid

Val ves for Locking and Safety Devices Locking and safety devices are

devices that have a FlggdVaReSTRALoERInG A Shfetly DEeiGESt em cannot be
reestablished to its origrnal condition. Wien dealing wih the heavy

Sgt‘%p?engér?gﬂ'&"ﬂ%aﬂ&esﬁ? i %@”ﬁn%“é%gﬁ'%ﬂéﬁéﬁé’?e%n%%&a@ ety °
nmechnan

a perf&ﬁ%tt'ihﬁgygtﬁlﬁ%gﬁit@g E%Eéﬁ ﬁﬁﬁ%‘ﬁ'@d‘%l red :"@rh ﬁ@"as g tonat| pn of

magnet or heol ogi cal val ves_as described, above, VIC an be Iocked
in an itheseary equipipent ad high paepsarecinhesent 1%03{3@1%% omes a

el ectromagnet. In a first application, we will look at a control system for
a firi wgnhiaportantissuetdndfai gmzfeynehh;ﬂfmms ar¢ orandagmy. durckingmechanjsersat ed
using. MR fluids. First, let us |ook closer at the problens in this area.
Conventar@ 0sdd o edsyre rthat adesigedaotios, achuatdedonatiowofh perforatiog ghaadoéhat

i's responsive either to nechanical forces, such as the inpact provided by

dr oppi Rt RaldeprRta pré@abdrely. NUSKG S JlidestatdAgne®rhkSlokidal Yalves as described

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



pressure, e.g., through hydraulic lines. Additionally, some hybrid systens
exist. Such firing heads, where the piston is noved in response to
hydraulic pressure, are believed to enhance the safety of the deto h'
systemin that they are unlikely to detonate wi thout a specific soﬂf @$3M5
substantial fluid pressure, which would not be expected outside the
wel | bore. To provide added safety, e&pecially for a nechanically actuated
firing head, detonation interruption devices are also used. These devices
ar e typsiugedticyaliay thatomelth at iemperaaires expectad adthissa visllpozedbutheot at the
perforating gun, and typically contain a 17 AUG 2005 -10- eutectic alloy

t hat netfacet fareaymmnpleungs°Rx dacitedolidt form,athee bliteatie; mbtdrial opresentshthe
surface; for exanple 135F. In its solid form the eutectic-materi al

pr eventgetdmtiorflesignal | fonf! seithilg Ofhd eprfbradingheruier fpRevdrtiity Jaébidental
preventing accidental detonation at the surface. When the device is

downhol i | . ial  on.
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typically rely on a pressure-operated firing head. One exanple of a
conventexamgple, pasesurface teroperaturds eamgeanhathd material’s meling point. Ip areas
perforation gun is fired when the firing piston 410, powered by pressure
appl i edikenslaskyd) theeagmposite probleti & ccony) badosviilulé itemperatiies Mg qule seacte
systemis typically hydraulic, which neans that as the well depth

is Ing :1 Ie ??gﬁi pf@ghgi?gre@i?gaﬂgeﬁ \r)garﬁﬂ Bedlf QB SThésd SpdraioRs Hsilld eypicARy REFUTES.
a pressure-operated firing head.

One example of a conventional pressure-operated firing head is seen in
Figure 4. A perforation gun is fired when the firing piston 410, powered by pressure
applied through pressure port 418, contacts initiator 412. The pressure system is
typically hydraulic, which 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-



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 pikkali§ 2005
410 to nove and strike initiator 412. As well depths increase, the nunber
of shear pins necessary to hold the giston in place increases, with a
conconmitant rise in the pressure netéssary to shear the pins. This

i ncrease can create additional problens depending on formation pressure and
ot her balgicedistateeqhpseeitherr eac:tfmtormgrqom:’smgesr anothesonaens of Mirig t hat
either other equipnent in the well cannot withstand it, or additional

pr essumguskdigl fdundsult in the well being conpleted in an over-bal anced
state as opposed to an under 17 AUG 2005 -11 bal anced state. Thus, either

safety fact @“\;gui'ées red MfindMadieAediBRaS vAth fan” M fluldSéoritgoll O¥AGhis
Figure 5 shows a firing head designed with an MR fluid control. In this

desi gn,3.pi.es ES: L | | LU | t hat
o pr eSsBiel” BiBufigbln BB ISttty Blocked IYIGE ol sad, 8 Matho blbestft

| owered into the rehol e,. pressur uld. bui | d.up at pressure,paornts 518,
tendt ngab derpiad i BPieceist 538" Badht cling b it el GRS RS BT 21
to the firing pi slton_ 0. However, the rmverrergf_ of fluid piston 520 is

pr eventPEessHE (rruld, luileh A 8t Pressurenerip 318 ingling topmaaefﬁy sBistan ARG | ui d
526 between portions of magnetic assenbly 522. Note that the nmagnetic
assenblupward |anseopersingribe miessuire patssa8nio thedimng pigontgno.t ftowekerptwer ed
state of the valve is closed. The firing piston is not pressurized in this
enbodi meseneriti of fldiel pisensgre pBreserted WpdrepresemcecofSMB tlaid fegy, hpldirb14
Is enough to hold firing piston 510 in place. To fire the gun, an

el ect r JIRGNRY solfd MR YRIi&@ 46 bebRett PoRTEnS HEmARASEE hSsemblyts 05, MRABTHALC -

assenbl'y 522. Solid MR fluid 526 is
the magnetic assembly will be designed with a permanent magnet, so that the un-
powered state of the valve is closed. The firing piston is not pressurized in this
embodiment until the pressure ports are opened, so a single shear pin 514 is enough
to hold firing piston 510 in place. To fire the gun, an electromagnet is actuated to
counteract the magnetic field of magnetic assembly 522. Solid MR fluid 526 is
liquefied, allowing MR fluid 524 to move into the fluid reservoir 528. This, in turn
allows fluid piston 520 to 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



liquefied, allowwing MR fluid 524 to nove into the fluid reservoir 528.
This, in turn allows fluid piston 520 to nove, opening pressure port 518,
the pressure then breaks the shear pin and allows firing piston 5107 Ad6 2005
strike initiator 512. Using an MR fluid controlled safety | ock on the TCP
gun gives a nuch safer application. The safety is provided by a permanent
magnet that can prevent novenment, ahk¥l—only the intentional act of
canceling the nagnetic field will allowthe gun to fire. An alternate
enbodi rpesitionf by he portiongothtted flagd pestoni @260 gln ¢hidropem position, ethieodiltside |
firing piston 61o is held away frominitiator 612, not by shear pins, but

by a colidfbterasfidotiettreSttfint \§ i REgel tieth tHd @izttt bf ths firkigpistd® 610 hel d
in an open 17 AUG 2005 -12- position by a portion of the fluid piston 620.
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| arger than t iring prston 610 and cannot ‘traverse the
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Figure 6B shows this sanme enbodinent after the magnetic flux_between,
magnet iIMR{b1d formed betweemsectiansaf magnetiq assembly 622 JFiganmed6 Brehows this 26
to liquefy. This, in turn, allows the fluid piston 620 to be pushed away
f rom t semeotmbbdirasnt after thé Gnagmetic Auxtetweeh | magnetds asseimblids] 62@ahave
col l apse inward, allowing the firing piston 61o to strike initiator 612.
I n eit hRene@hntdliedyRlloming soBdMRINGIH26 to Higuesy. BEhipdnsiuphpallowadde Auid me-
delay feature to the firirng of the guns by a sinple neans. Rather than

entirelyston 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



canceling the magnetic field in magnetic 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
time necessary for the pressure ports 618 to open and fire the guidd.AUSEDNS
ot her enbodi nents can al so be designed to enable tine delay. Figures 7A-C
provi de another exanple of a firingBn with a lock and/or tine delay
feature provided by MR fluid. In the prior art, delayed firing could be
achi evgd6. [Flui that és disphaceddest the pistometrayelamipchtube 26 trati goes throwglhf the d
del ay, which requires a conplex spring nechani smand expensive orifices

t hat agenteyssfefbiel Piseoxtr,ﬁto: beoggillkgtednintl thairkging. bdlntll thedpiston.r A magwstic- an
i nexpensive, sinple alternative. In this exanple, a cylindrical piston 712
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It acts as a_lock; when the magnetic field is |ower, sem -saqlid plug of
MR f | usemraalidi plugaofi YIBy fluid 74 ovdhe delay ihepmavement of the qistonam &
manner. This can be used, for instance, to provide a fuse in which the
firingpdedistabpd¢ noanner. | Thisdéaat be ysadls for instaneectn prevideiagfisecis, which the
del ayed for a given period of tinme. The sequence of draw ngs, Figures
7A-C, fﬂnﬁmngbélee npt siconr ammediatids ated The Bvent iisreriggaed sbuy i delggedtfon a7 12
to descend until firing pin 730 contacts explosive initiator 732 can be

\;grzf ed gRenVEdridd of Hffe. STheRegtetle 6 EraNRASS Figures &/ AL @) shdusathe Pistrsadl y
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



The use of MR fluid in inplenenting a TCP gun is only one exanple in which
a safety lock or tinme-delay feature can be inplenented using an MR valve. A
valve wusing MR fluid can be used in any tool that relied on a failure
mechanismto allow novenent, such as vent devices that rely on smﬁaMmpﬁmf,
setting packers that rely on brass lugs, valves that rely on rupture

di scs, secondary rel ease mechani sms”t4hat rely on shear pins or the shear
of threads, live wel|l intervention tools that rely on_ collﬁpsing springs
or shearcypinder fdled-withfMRBeflgigdk dfsinga nagnetie fighbtpsalidify the MR inther s
wi Il occur to one of ordinary skill in the art. Position Control Position
cont r oleylindete preveshts mobemend of ebdthatheaptieon amdt tiet paety whebe abaddlinghtve

mul tiple positions that include restoring the device to its original

posi ti Qﬂe\%@ic faa IRwd htoveasditl OIhé)%%éadD@f moveRfRnRah dlso Beaatigtiddi by a

pi st on, i ch nmoves through 17 AUG 2005 -14- a cylinder filled with
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magnet itC fllel.dt al l ows nmovenent. The speed of npbvenent can al so be
cont r ol FEF ™t he strength of the magnetic field. Two specific exanples

are a circulating, valve and a , travel joint. A circuylating valye can be

used to dirdecirchlatngyalye qanbejaised t 1Fe(ttLFﬂ3‘Prf$°"t’cP fljids dpawell tubing to

destinations, for instance, the valve can originally be closed, so that

f1 ui ds diffexeat dlestinations ufsirrigstangectheopalve ¢anriginally blewdlesed, sotthet flwdsg to

exit to the annulus, and finally closed again to halt downward

ci r cul ahown dowhethe aubimgnipterdopérednd atbew Sldtls i inpthembubtinggtea exitriwutlze i ng

val ve, including valves that are operated by a wireline tool, by annulus

pr essura@nudis, tihd HriIpatlobetbiaBaind t6 35l dowdeard circulation. There are many
different means of implementing a circulating valve, including valves that are
operated by a wireline tool, by annulus pressure, or by internal tubing pressure. One
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



exanple 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 8lo, and quﬁhhﬁh
forma continuous passageway 814 for fluid flow (see also arrows). 5
Passageway 814 has nunerous openi ngs 842, which are isolated fromthe
annul us by sliding nenbers 816 and 88~ These sliding menbers 816 and 818
are held in place by shear pins 820 and 822. In addition to openings 842,
whi ch @gen &é,wbsmjthae pressuss foraep ahiding ng3sben 818410 opave neaplyyiward, to
pressure areas 848 and 860. As will be seen, these pressure areas are used
t o operlirsetidncifteasheatring thd shedpins @22 Wmningthovilhe, arspehtis Figutes$Bed, a
ball 880 is dropped into valve 810, which seats at a | ower val ve seat

menber 1§/ dopftReuRsiod shblid RO Mgire! 8€, LURIrRE: dififeRe? 'BHIl B8 i9paRFHEE O

rise. This rise in pressure is transmtted, through openings 842 (but not

t hr oug | 0, ' | ;: 15-
ar ca 505 S Bbeit el Bt VoGO aft abinbel 8o, BUBRAHE Snd frateline Have
downwar,d Lrection,af.ter shearing the. s [ phns 822 ing the val ve,
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di aneter ball 884 is punped _down f{he pipe (o seat on upper, val ve seat
menber &8, vwharewiheg Pressuse doserse siginge meaber #b tg mave. dW%‘ﬁe%&ﬁlf eis
transmtted, through opening 838, to pressure area 848, where the pressure
f or ces sbeadnggsheanbpinsg8ea, comey agadimwelosing dhe eralvesheak i onpg-vhgaratgheting 20,
once again closing the valves. A one-way ratcheting nenber 850 prevents a
r et ur n mémbbe 85w presdris \eraranh of théGippeo sldeat mbmberl 886, scettuitrthectabeed.

As a replacenent for the prior art circulating valves, it is disclosed to
uUseé an remains closed.
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 tb 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.



MR-fluid controlled valve. To allow for a three-way choice, a three-way

val ve can be used; one exenplary three-way valve is shown in Figure 9A. In
this figure, the valve is split into three chanbers, 910, 922, and 2&% ?mm
floating pistons 918 and 920. Chanber 910 is filled with MR fluid A F
connected to high-pressure hydraulic line 914 through magnetic val ve 919,
whi | e chamber 912, also filled with-MRfluid, is connected to | ow pressure
hydraulic line 916 through magnetic val ve 915. Chanber 922 contains an
inert gas arftigusei 9Bk skl diagrampsof azsedtioo of pukinguinewhichthe valve chovbe
pressure line. Piston 918 is noved in a downward direction by opening
magnet iegnbeddedd(tRdse dradviagphyéd agt ps aagseele), showiggani initial pesitoh. iln thiened
while piston 918 is in its |ower position, piston 920 will also be forced

to a |l %ﬁlg??ﬁﬁ&é _Qﬁ‘oﬂﬁg déwh e tubel@RSBE piresed bRt iof thesBRSatks: sharber

bet ween t two piston If valve 915 is "thenh closed and the pressure

rel eas : ' ]| r.nat i L n@l_y:a:

pos 1 SienB 88 he Sttt Hedhe Mbink' drodtithileRd do o InEbuti, '8 sldine
openi n f valve 915 w | .1 ow pisto o.to retyrh to its original .

oot t 1 nnular secBonomed afsbing i Bugeily Hoekife Bl ok SulheBings Sbimg i n
whi ch the val ve can be enbedded (these drawi ngs are nqQt to any scale),

showi nghesidewall af the subingn. Belowt Apenings 94@, 3@ imside dinmetsr ghvinetthbingibe
can be punped out of the tube either at the openings 940 in the sidewalls
of t he navtiws) providling arseating 2960960 forer balbes2Awhichicam be saatedato seat then
942 of tubing is currently blocking fluid fl ow out openings 940 in the

si dewalphaigfbdrb®f thé tiltingBBalg e ean hesadd aridlewensd Be rod auef, ¢o pekniitier
tubing narrows, providing a seating area 950 for a ball 952, which can be

seat ed HYi&cls ?@éé)egggely”ﬁié" 8 8f FuiddAdHP tRE tubRlg. ﬁguﬁén?@esﬂ@w ed]286

| onered by ro to permt or block respectively the Tlow of fluids

down tha fritl B8-thE' HNE RehSPNEinds'G46 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



position of the valve, with openings 940 exposed so that fluid can flow
through them At the sane tine, ball 952 has been |lowered to seat in
seating area 950, closing the dowmward flow of fluids. Wile these actions
have both happened, it is not necessary that they happened at the ﬁag@i
time. If the position of piston 918 is tied to the sliding annular'’s {0
942 of tubing and the position of pi¥on 920 is tied to rod 954, the
three-way val ve of Figure 9A can_control the flow of fluids in _Figures

9B- C. [cpniysllingwheimpus pressmrenand the magnepie asserpbliesat Theneiarh nor wan péng s
applied to piston 918, slideable section 942 will be noved, opening tubing
t 0 t he oraimilthndevted thait nposthie redredsed beforedfiher asdsovehe dimnthtiigredset he

fl ow downhole. Both pistons 918 and 920 can be frozen in this position by

turning on nBHREF Gse 8SERTERhRThISogaad fRAQ doAmHods B & itFavePfARE Isheon
valves. If the magnetic field at assenbly 919 is |ater rel eased while the
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sinply by 17 AUG 2005, -17- controlling the input pressures and the nmagnetic
assenblVeRtca m%na%bwwﬁx?ﬁ ReIntgn ngﬂﬁeﬂare o300 84ck fnA RAFKET H912,
redressed before other uses of the-circul ating valve. Another use for
magnet @ndedieodiilizlg ship toea@wnhotestion ofntubing 2038 ertlases 8 vovalleradiamater of
the drill string in Figure 10A, and enlarged in Figures 10B and 10C. A
travel sgction of OdBings1ae@ in arteldstspingemdnnét, iwith seads dietween tloe tvbeections ven
anount of vertical novenent between a fixed point in a borehole 1020, such

as a pagheep Hiids froaN@ntéienglithé ktrdenseivwhdiPfiYplade s Tel tWb Sdctiondi dfduberdd

encl oses a smaller dianeter  section of tubing 1016 in a tel escoping

manner ., giig BAndepb 6 MRLEHE (NG 10¥kedC14@8Sship 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



to keep fluids fromentering the structure when in place. The two sections
of tubing 1018 and 1016 nust be in a locked relationship to each other
when making a connection to the fixed structure, shown in Figure 1q§ N@PﬁNS
tubi ng 1016 nust be able to nove in a sliding relationship with 101

other tines, see Figure 10C, in res&gnse to novenent of the drillship.
Prior art travel joints are discusset’in co-pending application Seri al
Nunber 09/452,047, filed Novenber 30, 1999 and titled "Hydraulically

Net er e@ulerseetion Janetof travel goint sleerwmyammﬂpmbaraimyﬁll@t withrMR flvighy of
these prior art applications have used shear pins to maintain the | ocked
rel ati gnaér Bection hA1gwof thectrhogisjoiht tisitierd torpistort a1ibeiwhiclhsdolthiaisi an. | f
the shear pins are prematurely broken, the tubing will not properly nate
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shear pins can be replaced. In other cases e release of the shear pins
my re S I | t
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Fi gur e PPEItIONQE InTEF SB‘FU%‘%’“%_BHBE q gUteg eelion 4P Gan At anK RPINL o nt
1100 contains a chanber 1112 filled with MR fluyid., Inner section 1114 of
the tralQng jlsi wravels pathy gsimply ax slosing dheiralye, 1B pistamd1s6. mAgddiionalla ve.
Piston 1116 noves freely through chanmber 1112 whenever its nmagnetic val ve
i s opemartially ¢lesingthedMiRnvaive,isoithat teeMR faid fires 4 serol-seiid, cathpmyvidée
position of inner section 1114 relative to outer section 1110 can be fi xed
at any da@ip¥ningeffoct on shd nvwemepdbolithsjoint.y by closing the valve in piston
1116. Additionally, partially closing the MR valve, so that the MR fluid

forms a senmnsRid shple@tion, Q¥ 88 MR fluids allows the two joints to be locked to each

other in a variety of positions. Shear pins are unnecessary, so the possibility of
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-plzessure 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 1212LP. 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



danpeni ng effect on the novenent of the joint. In this application, use of
MR fluids allows the two Joints to be | ocked to each other in a variety of
positions. Shear pins are unnecessary, so the possibility of premature
breakage or the use of excessive force to shear the pins is avoi dqz. 6 2005
Hydraulic Loaic Control Circuits As seen in the general exanple ab \ﬁg .Q
MR fluid is used as a hydraulic flur# —a nagnet can serve to open or close
the valve. An array of nagnets and/or el ectromagnets can al so be used to
cont r olseparat@lR biel determineck todhavedi fail-an onpdaiwiff conditionr ol circuits. The
magnets woul d allow different hydraulic control systens to comrunicate

W th common (ff @lurbe,asithraesystéraofadtiod walves sauh astis sleewnythdre iehotrégsorsane
time allowing themto be isolated fromthe pressure |ines at other tines.

Fi gure Jigy Shows c@gﬁﬂf&ﬁf@i !15%1@!‘ cﬁzﬂl%g'tﬁﬁrﬁ%egﬁw "eferdll ﬂfee%qﬁgqrﬁﬂﬂi.p”%ﬁ

1216, each of whi are tied into -pressure contr 't ne 1210HP
and a | e [ OnRtsr | i,pe: 121 i ece i e t
ond |t SARERECSRINE G0 MiERre 1B%s 8 7l Bt BEIE e, 86 TRl R0k KSR
| ow pressute li.ne .. LP is an val ve 1214. Each pair of valve il
com P orcoRditfon, 8 Wiigk BReforBspmia val e St 1P N ABLOL AL B of baui et

and its requirenents, each valve can 17 AUG 2005 -19- separately be
determned to have a fail-on| baputf dilnpaf 2coButpwon. O course, with a
system of control valves such as is{-shown, fhere i§ no reason why nore
conplicated |ogic cannot be pppliedijto contrjot the equi pnent. For exanple,
shown in Figure 13 is a valve that wul d ref] ect an|exclusive "OR'
condition, in which the corrpgpondi rig valuesf @f 1npdyt and output are: |nput

0 1 1
1 O 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



| nput 2Qut pu 1t 000 011 101 110 In this exenplary valve, a chanber is
divided into separate chanbers 1308 and 131o by floating piston 1316,

whi ch i s noveabl e between stops 1318 and 1319. Both of chanbers 1308 and
1310 contain MR fluid and are connected to respective high-pressur &7 AR @85
1308HP and 13l oHP and to respective |low pressure lines 1308LP and 1310LP
t hrough respective MR val ves 1314. 2A2P6ygical "1" is shown in either
chanber by opening the valve on the high pressure side and closing the

val ve a8 ‘Ohethepigoaswill gegiade ceabteredr dddgking a bighepressure outphibon lime

ei ther chanmber by closing the valve on the high-pressure side and opening
t he valng=amn the | ow pressure side. An output value is taken at |ine 1320.
It can be seen that if either of chanbers 1308 or 1310 have a "1" val ue

whil e the othgd ofastdinar9 skiR!dad. dédigh QRhdB 165i¥all ArrRRge BRIt Pefdt® cthee.
openi ng output 1320 to feflect the high pressure from whichever chanber
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"OR', "AND', and "NQI". Using these I qgical relations, downhol e equi pnent
can be tOgnos R Ipomresﬁyg gap ﬁn%arg?a%éw FRsRABSe 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



to known input. In turn, this can nean faster response tinme to changi ng
conditions, as the equipnent can receive input from downhol e sensors and
performa programed response, rather than waiting for control signals
fromthe surface. Packers and Plugs Conventional packers general |y LikAUG 2005
rubber as the sealing elenent. A toroidal rubber elenent surrounds the
drill string as it is being fed i nto2ife borehole. Once the packer
assenbly is at the desired position, the rubber packer elenent is

conpr esobidiftes amelfoemista stoong seal indghe asnuluse Thasesiyt id packardhntirequitesseal .
The typical rubber packer elenment requires a high force in order to be

abl e t dowaettirg fokké eetnadn helel a highrdiffeesntisd pressueenent s, such as infl atabl e
packers, typically will not hold against a large differential pressure in

the borehol en aREmplAty @fBodRém of hipAtRet dsing MEE fidd i€ shbaml inHigurasker
el ement that did not heed a high force to set 'it, yet could withstand a

| arge qiicéa{-%f.e'?{xitﬂle ﬁ%ﬁgﬁ%&{/ |§‘%ko{1, 8’8§)| g é)\?»‘ilﬂbﬁimlelﬁ'mlgﬁo CR! AR Mthséi‘fdé‘of

packer enment cou e a’se en when the borehole 1s 'danmage
defornmed, In.the innovative enbaodi nent .di scl osed. herei t he rubber, packer
ol enenete oftherasiri L, anmits druf; Ang PREREST ARG SN obhe PRAFE vihiotE &
magnetorhegtl ogical fluid. The purpose of the balloon .is to contain the M
fluid Gt el a pEing, % 1 ran ¢ a bogekole dp gicpllapsed BSSIEIRE, ARFTBLIN Kilgaw e ot
contribute to the holding force of the packer elenent. Once in the hole, a
magnet i1gA.i bl this emdsrdimengdacker 1426NRa ribberitadstubetfilled withUdRHoil. - The
solidifies and fornms a strong seal in the annulus. The result is a packer

t hat r epecifiesnateriabwsedtd fognfthe cacly & noteriticd] doahbiigvemtidini, dnanhiust have
pressure. An exenplary enbodi nent of a packer using MR fluid is shown in

glhg \t;;] e%vxaotﬂagﬁgﬁtggmy thevithahd Beish A int8thy baréldle] ahcai bkhRsbiblehohsvd s
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 bettef 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



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 enbodi mnent, packer 1416i5quuﬁzm5
rubberized tube filled with MR fluid. The specific material used to form
the sack is not critical to the invention, but nust have enough integrity
to withstand being run into the boref®le. It can be possible to have a
tenporary container that holds the MR fluid prior to the magnetic field

bei ng bgppseddor Tihe magneticanssemhbly) svth elesiremageetgeused dor ngictivate the t he
magnetic field has been applied, so that the fluid is solidified as it

ent er s miiigneting field ohinieg dhentrip edmivnhole. n Phacequireé magnetit cfielels eabl e 1420
is located in the wall of the tool string containing the packer.

Pref of gehirattd bylaeiiieal amMletd d3frimaRy baiintiputive sections  in order to

better utilize the magnetic Tiel During run in of the assenbly, the
magnetic fi En(ﬁtff ted Fqgﬁg I | L £
packers ar eqll%e%%?rca fpt%%ﬂn%rﬂelég%h o) P hgt? C%Igguyﬁ%%lrtgseé :P'Fll{?%ﬁérlilg?v{\\h/a? %&gf
t he casi as sho i_n iqure B, ,;Homevekn,  unkike, pagke usj r.ubber
el ‘erron et T B aba et e gk LA AR s 400 i RRA R B Pt Bagh™ T
| ast step i.s.Sinply to apply ma {i, field to the set_packers, as is
shown iﬁiﬁl@fﬁ@r@wmwr@ﬁh@k&%ﬁ%@m }m&w%er ing tRIEganeeing Note,
relatively short tine, electromagnets can be used to power the magnetic
assenblbprdMptarieisthigisianvifre-1ine current or battery power to create the
magnetic field. For packers that will remain in place for a |onger tine,
per manent rfaghets can 17 AUG 2005 -22- be used for the magnetic assenbly,
with el®er gnets used to inactivate the magnetic field during the trip
downhol e. The required nmagnetic field can be generated by pernmanent
magnets approximately 1/2 inch thick.

where 7 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



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

| ength of the MR packer. The differential pressure that the MR fluid can
hol d, according to Engineering Note, Lord Materials Division, is 3n7LAUG!Z005
O pY where ?y is the shear strength of the activated NRfde which is
8.7 psi, Lis the length of the pac%%r elenment, and g is the gap between
each side of the packer. and the casin | f we assunme that g is 0.25 inch
and t hetrusherehisodeforaedatk gpntact 4Bewidl eof the ebingcaed theundgaeiipdield as
5,000 psi pressure differential. Note that the MR fluid- based packer can
supporttumqﬂms,aamllidifgiﬁgﬂieﬂuichﬂntbapéugbkrckﬁhgﬁmmﬂm. Sonme of the advantages

of using MR fluid in packer elenments include: - requires a |ow setting
force - holdaudnbirosf ékéﬁlﬂ[di'gtdéﬁcd@ri%&Sﬁéein(ﬁleO@Hllﬁngﬂﬂé/p'iﬁﬁﬁ&ﬁoh Htpif or a
4 foot length) - is retrievable - can seal in highly danmaged or deforned

b
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transit in the tube, magn ch eldls roduce andthe Iugre |ns

f1uid AR A PR ]&:at‘f‘ R vREvesafan oerst pihe

structure is deformed to contact the vvalls of the tub| ng and t he magnetlc
fi el d iignovative 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:



turned on, solidifying the fluid into a plug bl ockingthe tube. A nunber of
exenpl ary devices for use in the drilling and production of oil and gas
have been denonstrated. However, their use should not be construed as
limted to the exanpl es given. I\/any variations of and nodifications g ZUES
these exanples are possible. Additionally, M valves can be conbined wt
other innovative designs to enhance?#ownhol e operations. For exanple, if
the valves are nmade of magnets, with el ectromagnets to allow changes in
posi ti an, Afarid eentrol devicoaised e d boselaepeompeising: ves, relieving the need
for electrlcal connections. Instructions to the valves can be sent by
means such ashosinstoutaiingrefirsy pistbhgh is discussed in co-pending
application (Attorney Docket AHALL.0137), filed This can give maxinmm

control to Bhfa hédlo Walﬂﬁl&dﬁﬁééécﬂv%’ﬁgsélh%tﬁiﬁgty CLAIMs: 17 AUG
2005 -24- 1. ATluid con rol deV| ce used Iin a borehole conpri si ng: a

housi ng Contamgagu@ LERBIP AP B ERARELOY "SOkAR SPlnddidis AUIRPOS

Wi t hin said hou asse y capab y crea |ng a
magnet i c flﬁh V\&}b asses through sai d housi ng, wherel n bl ockage of the
f1 ow o3RG EIYL d{)@éingl ui d through said housi ng by a magnetic field

| npedes novenent , of éston 2.. The device of Ca , Wherein total
bl ockage of Vhrgity bmﬁasfba th?oﬂ/@mﬁﬁnqxﬁnes‘awolqg@ql&wdshrm spdd ihousig

Claimi, wherein partial blockage of said flow sl ows novenent of said
pi st onby 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 devige 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, whsrein 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. Asystem for drilling or producing oil and gas, comprising:

a string of tools deployed in a borehole;

a housing containing a first piston;



4. The device of Claiml1l, wherein said nagnetic assenbly conprises a

per manent magnet and an el ectromagnet and the un-powered state of said
magneti c assenbly generates a magnetic field. 5. The device of Caiml,
wherein said nagnetic assenbly conprises an el ectronmagnet and the {Joxus Bgs
state of said magnetic assenbly generates a magnetic field. 6. The device
of Claiml1, wherein said piston is RéPd i mobi | e by an unpowered magnetic
assenbly, providing a safety lock. 7. The device of Caim1l, wherein
movenent of Biagnptarhesl qgﬁcai&huddlsm@edmﬁu@\sauieh@uSIngne del ay device. 8. A
systemfor drilling or producing oil and gas, conprising: a string of

t ool s depl oyedagnesichassehnble; capabbusf-syitchablyi cieating 4 imagngtics field whichAUG
2005 -25- a magnet orheol ogi cal fluid disposed within said housing; a

nmagnet i gasasssirbliyh saiddhhging; sw tchably creating a magnetic field which
passes t hrough said housing; wherein bl ockage of the flow of

e R Ey s s
PRIt e e EICE LN
The sys‘;’erlf,h%f sycszltéirlnngﬁ8 Cla\Ll\'pner elw esrgilndtor{alggﬁ)c'kage salc{ ¥low 5 oiols Srggvgmggtr n?nent
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 immaobile 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



magnet and an el ectromagnet and the un-powered state of said magnetic
assenbly generates a magnetic field. 12. The systemof Claim8, wherein
sai d magnetic assenbly conprises an el ectromagnet and the powered ﬁ#ﬁ@f %%]
said magnetic assenbly generates a magnetic field. 13. The system 4
8, wherein said piston is held inmobile by an unpowered nmagnetic assenbly,
providing a safety lock. 14. A met hodd of bl ocki ng or del aying a downhol e
event, conprising the steps of: connecting a housing containing a piston

i n sucKludmanner that conpletion of said downhole event is dependent on
said piston arriving at a given location within said housing; disposing a
magnet asheDhe ghetiodf ofUCRim 14)i wherinl shidleteating step efeaResr@NNggnetid field af d

pi ston i s blocked fromsaid given |location; creating a magnetic field

t hr oug@u?ﬁcié@@s}naglﬁgfdd%%b Gogj_ré@érﬁ nRgoetehefoghep! Pisloﬁ\uqh%QQ h - %8id

fluid. 15. The ne f I'm14, wherein said creating step creates -a

- magnet | | . I ci ent magnitude to prevent novenent of said piston
throughhgéééégiﬁn%’gé%lfgﬁé@?ogi cal fluid. i6. The nethod of C aim 14, wherein

S, e B0 BB, B AR Sld P i b mBABS i b
magnet or heal ogi cal fluid. 17. A position control device, conprising: an
outer sutlicient sagnitide toslay.cbef nebstept mevemgnt of ispid pidentthspygh 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;



borehol e; an inner section of pipe, slideably connected to said outer pipe;
wherei n novenent of said inner pipe within said outer pipe is partially
controlled by the flow of a magnetorheol ogical fluid through a magnetic
assenbly. i8. The position control device of Caim17, wherein said dualé§ 2005
section of pipe and said inner section of pipe are part of a travel joint.
19. The position control device of CPRAim 17, wherein said outer section of
pi pe and said inner section of pipe are part of a circulating valve. 20.
The posindi on control device of aim17, wherein said magnetic assenbly
conprises an el ectromagnet. 21. The position control device of Claiml7,

wherein sai d magnai irmepseetidn ¥ pEBlidessly aonesdtad e baidegitet pig an

el ectromagnet. 22. A systemfor (il l'i ng or produci ng 0|I or gas,

conpri si ng: {1 MoPémbaP ot &6A! H%Fe? A viigNYig ng
of tools incl %ie a(r}{ olalter section Bili)pe caltpa . 0 Ctlgﬁrtt?l%m%ald

SUring gt 498, L FHGoP08 L AMIBACANGN BESHIER pile n%ltﬁeassglln bipably

connect® plpe erein venent o) &iver pi pe w't hin
control.lLled b the fl.ow o
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Claim 22, wherein sal d outer section of pipe and said inner section

pi pe arcémm&ﬁarédame ;lQiFlht 24. The systemof Claim 22, wherein sal d
outer section of pipe and said inner section of pipe are part of a

ci r cul a4. ithessystern 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



25. The systemof Caim 22, wherein said nmagnetic assenbly conprises an

el ectromagnet. 26. The system of C aim 22, wherein said nagnetic assenbly
conprises a permanent nagnet and an el ectromagnet. 27. A nethod of
controlling the relative position, in a borehole, of an outer sectlf).F ﬁ[;
pipe relative to an inner section of pipe, conprising the steps of 9 @05
the novenent of said inner section oRSpipe relative to said outer section
of pipe to a piston that noves within a chanber filled with

magnet dhlidol ogi cal fluid; applying a magnetic field to a portion of said
magnet or heol ogical fluid that affects novenent of said piston within said

chanbergy 284l @Q‘iﬂ%ﬁ& of ChithM3,/ whebdhekakls antbcdiflent "ef 8U1IBRiAPR/AIGS a

magnet i c field t prevents novenent of said piston within said chanber.

29. Tht%ﬁﬁfﬁr'i%g aotfir ggﬁHrQ ds’e?:onﬁ’%ﬁhﬁ%&té%ﬂze%? fhighet ﬂged?&?@héleﬁu magnet i c

field S not stop, ton wthin said
hanber . : wh I L I d

ctate v vEee f%sﬂlrceﬁrpf@emgaoirfw&ﬁe' e P e Gredihedd T R RERS i age
of a magnet oy heol ogi cal 17 AUG 2005 -28 fluid. 31-.- The logic circuit of

d ai m Jne apsktoa ‘é‘él?ﬁs%’l?ﬁé'dierrent of a logical value conprises a first and
a second solid state val ve for magnet or heol ogi cal fluid. 32. The logic

ci r cui t330f T@ealqgmmrmurmﬂw@lamo sp; ivetieTgine saide oragnetic tassermbilyy kompgisesran
line and to a lowpressure line. 33. The logic circuit of C aim 30, wherein
sai d nedsgtdmagisstenbl y conprises an el ectromagnet.
34. The logic circuit of Claim 30, wherein said magnetic assembly comprises a
permanent magnet and an electromagnet.
35. Asystem 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




34. The logic circuit of Caim30, wherein said magnetic assenbly conpri ses
a permanent nmagnet and an el ectromagnet. 35. A systemfor drilling or
producing oil or gas, conprising a string of tools deployed in a borehole;
and a plurality of solid state val ves, each solid state valve conprlkiliy?05
magneti c assenbly controlling the passage of a magnetorheol ogi cal fluid,
said plurality of solid state valved9being part of said string of tools;
wherein said plurality of solid state val ves are connected to provide

cont r olmagmgsargl delegtromagfetsai d string of tools. 36. The systemof Caim
35, wherein pairs of said solid-state val ves enbody | ogical values. 37.

The sysjemiofetbodioficdntrdlling helovatigle devies, @mpssingthe stepyafones of sai d
solid state valves to a high-pressure |line and connections from ones of

id solid- = I J)8¢i t |
sal d sol | d- Hs3{g@ingy & K%icélovaﬂubct\l&£’rtﬁﬁ%{?’ét%rl‘léd]@glc%va%eoeﬁifigect?[?@rgé-n T%(ia m

35, wherein said magnetic assenbly co I ses an el ectromag

system Ro%gm@%o%(ghgd@&@% P%Q%?P&eﬁiﬁg?%{eﬁpnprises a permanent 17

AUG 20 magne bd of controlling a

downhol e device, conpri,si t steps pf: assjgning a logical value to a
magnet or heol QHPESHDE & Q}gr%lgqy n‘gte ‘Bﬁ%ﬂgtgﬁge%lﬁglcﬁt)%é(?g E"%ﬁ‘%‘etq 3Lcept gt least

magnet or heol ogi cal val ve being cl osed; connecting a plurality of

magnet WHPBE?B@IW@@P@%@lﬁéﬁe‘?%@uﬁ%‘taccept at least one input 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 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 electromagnet.
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. Asystem 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



wherein said output provides a control for said downhol e device. 41. A
device for preventing the flow of fluids through a downhol e region,
conprising: a magnetic assenbly capable of switchably producing a q?gmﬁtiﬂﬁ‘s
field through said downhole region; and a vol une of magnet or heol ogi

fluid; wherein the passage of non-nmagnetorheol ogical fluids can be bl ocked
by the presence of nmgnetorheol ogitdP f1luid under the influence of said
magneti c assenbly. 42. The device of Caim4l, wherein said device is a
packer .thi@ughideed dievwrdwlefregibnj that is a pherafisaid sirthglefioods;iamda pl ug. 44. The
device of Claim4l, wherein said nmagnetic assenbly conprises an

el ect r omagnetvoldme JMagﬁMﬂoﬁheﬂbgﬁaBﬂmd%l, wherein said magnetic assenbly
conprises a permanent nagnet and an el ectromagnet. 46. The device of Caim

41, further GRoRih $hhads ANAGRImk ggﬁ&gdl@%e%ﬂaﬁisdcargggy%%age@e@%ca'

fluid when not under uence o magneti c asse A system
for drillina or producing,oi.l Qas. 1.C LiSIng: string of tools

dep! oy repdtis U ARG Gcally AR R in bt 3l blikeBligaBRymbly

pr oduci magnetic, field 17 AUG 2005 -30- .throu sai d downhol.e region,
Phat | 4% ﬁéﬁ%ﬁ%?m%é}ag{wnyh&rem@a@magﬁa%a§~°cﬂ 13 PaRERfPAFRZ0l 0gi cal
fluid; wherein the passage of non-magnetorheol ogical fluids can be bl ocked
by t he 4% rEusistemfofifigite das whereigiseid magoetic apsanblytie parfofipepltig. of sai d

magneti c assenbly. 48. The systemof Caim47, wherein said magnetic
assenblgp.i sThar systéma gfaCleém 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.



49. The system of O aim47, wherein said nagnetic assenbly is part of a
plug. 50. The systemof C aim47, wherein said magnetic assenbly conprises
an electromagnet. 51. The system of C aim 47, wherein said nagnetic
assenbly conprises a permanent nagnet and an el ectromagnet. 52. The system
of Claim47, further conprising a container that surrounds said 17 AUG 2005
magnet or heol ogi cal fluid when not under the influence of said magnetic
assenbly. 53. A nethod of drilling or producing oil or gas, conprising the
steps of: deploying a volune of magnetaqrheol ogical fluid under the
influence of a magnetic field in a régi'on in which it is desired to block
the flow of non- nmagnetorheol ogical fluid. 54. The nmethod of O aim 53,
wherein said depl oying step conprises conpressing a flexible sack

cont ai ni ng?6sai df g@rdﬂleﬂ@lg)glpwducmgmlbhqdrgaarcotnpnamgi ying a magnetic
field. 55 The éng J §1a1n13ﬁ ere n said magnetorheol ogical fluidis
depl oyed in t e Arn O%S 8?3% g of tools and a casing in a

borehole. 17 Admhoisid co;&amﬁfgaﬁss?isﬁ,ﬁ;n for drilling or producing oil and
gas, conprising: a string of too %@d i n a borehol e; a housing

containing a flar‘?’t‘g”ﬁF%}P?ﬂngl%l Auigrrhsnes ‘t‘ﬂt isaid|bopsingid di sposed within said

el d otrongth aegree Aol RAVALENRRE Ehp Haiibe MM kBl HER solRER®! ' ©

strengt h @agabrduaincsvgapchmting a sebamigimagneizi Gield i strebgthagpatle off svatcalsly r engt h

and said Sé%&l(l)gqgg sa n }slt Cmggngéxéj tsé trg'xgrt]h and said second magnetic field strength
passing through said housing; wherein blockage of the flow of magnetorheological fluid
through said housing by said first magnetic field strength impedes movement of said

piston.

57. The system of claim 56, wherein total blockage of said flow stops movement of

said piston.

58.  The system of claim 56, wherein partial blockage of said flow slows movement of

said piston.

59.  The system of claim 56, wherein said magnetic assembly comprises a permanent
magnet and an electromagnet and the un-powered state of said magnetic assembly

generates said first magnetic field strength and said second magnetic field strength.

60. The system of claim 56, wherein said magnetic assembly comprises an
clectromagnet and the powered state of said magnetic assembly generates said first

magnetic field strength and said second magnetic field strength.

61. The system of claim 56, wherein said piston is held immobile by an unpowered

magnetic assembly, providing a safety lock.



passi ng through said housing; wherein blockage of the flow of
magnet or heol ogi cal fluid through said housing by said first magnetic field
strength i npedes novenent of said piston. 57. The system of claim 56,
wherein total bl ockage of said flow stops novenent of said piston. 58. The
system of claim56, wherein partial blockage of said flow sl ows novéidit 2685
said piston. 59. The system of claim56, wherein said magnetic assenbly
conprises a permanent nagnet and an el ectromagnet and the un-powered state
of said magnetic assenbly generates sg&d first magnetic field strength and
said second nagnetic field strength. 60 The system of claimb56, wherein
said magnetic assenbly conprises an el ectromgnet and the powered state of
sai d magnetic assenbly generates said first nmagnetic field strength and
sai d secorfd- nagh8vidcontral deviseuserhinih bogaholersemprigegim of cl ai m 56, wherei n

said piston is ' -'ﬁfgy powered nmagnetic assenbly, providing
a safety Iock.a?ghﬁﬁéggﬁgkt- %g&m%HTluid control device used in a

bor ehol e, conpramagigtorhevldgicss flogl disposed withig saidfhonsihg;pi ston; a

Capabl o of s FOREEIFYE BRERb DGR HEPED oA PR pR S0 WS RGER el o
housi ng; wheugh Eid Abskinmgnetic field is switchably created by a short

circuit or an open  circuit; and wherein bl ockage of the flow of
magnet or heol ogivd¥rein|saidgmagnesic di¢ld i svikebakly rgeatgd by a short circuit or an open

circuit; and
wherein blockage of the flow of magnetorheological fluid through said housing by a

magnetic field impedes movement of said piston.

63.  The device of claim 62, wherein said open circuit is created by a hydraulic

pressure.

64. The device of claim 62, wherein said open circuit is created by a mechanical

force.

65. The device of claim 62, wherein said short circuit is created by a hydraulic

pPressure.

66.  The device of claim 62, wherein said short circuit is created by a mechanical

force.

67.  The device of claim 62, wherein total blockage of said flow stops movement of

said piston.

68.  The device of claim 62, wherein partial blockage of said flow slows movement of

said piston.



magnetic field inpedes novenent of said piston. 63. The device of claim®62,
wherein said open circuit is created by a hydraulic pressure. 64. The
device of claim®62, wherein said open circuit is created by a mechanica
force. 65. The device of claim62, wherein said short circuit is crgagdsy
a hydraulic pressure. 66. The device of claim62, wherein said short
circuit is created by a nechanical force. 67. The device of claim®62,
wherein total bl ockage of said flow stops novenent of said piston. 68. The
device of claim 62, wherein parti al blggkage of said flow sl ows novenent of
said piston. 17 AUG 2005 -33 69. The device of claim62, wherein said
magneti c assenbly conprises a permanent magnet and the un-powered state of
said magnetic assenbly generates a magnetic field. 70. The device of claim
62, wher eif?- saildesiexice of claim 29 whersbiard magnadis asseilie cRMPTIFgFRAManent
assenbly, I i < A . L J i n
r?z{gggfl %ldnlﬂe %n}%i\%}éﬂ e ISF F%lé qaglﬂ@mgfs\é%fgﬁlygen&]a?és ?erflé%;]e Fiefd.

novenent o prston 1s contro provi t1me- evi ce.

70.  The device of claim 62, wherein said piston is held immobile by an unpowered

magnetic assembly, providing a safety lock.

71.  The device of claim 62, wherein movement of said piston is controlled to provide

a time-delay device.



