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[0003] In the course of completing a subterrancan well, one or more packer
15  assembiies are commonly installed at various locations within the well to isolate the wellbore
annulus from the production tubing. Typically, a packer assembly incorporates a slip
arrangement for securing the packer against the casing or liner wall and an expandable
clastomeric clement for creating a reliable hydraulic scal to isolatc the annulus. In this
manner, the packer assemblies are capable of supporting the production tubing and other
20  completion equipment in the well and providing a seal between the outside of the production
tubing and the inside of the well casing to block movement of fluids in the annulus to, for
example, isolate a production interval.
[0004] Such production packers as well as other types of downhole tools may be run
downhole on production tubing to a desired depth in the wellbore. Certain production
25  packers may be set hydraulically by creating a pressure differential across a setting piston.
For example, this pressure differential may be generated by creating a pressure differential
between the fluid within the production tubing and the fluid within the wellbore annulus.
This pressure differential shifts the setting piston to actuate the production packer into sealing
and gripping engagement with the wellbore casing or liner. To prevent premature actuation
30  of the setting piston, an actuator assembly including a rupture disc may be positioned in the
flow path between the pressure differential. When it is desired to set the production packer,
sufficient pressure may be applied to burst the rupture disc, thereby allowing the actuator
assembly to operate and providing a fluid path for the differential pressure to operate on the

setting piston.
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apparatus that has a body defining first and second chambers and a piston slidably disposed
in the body that is selectively moveable between first and second positions. A barrier is
20  disposed in the body to selectively separate the first and second chambers. A fluid is
disposed in the first chamber between the barrier and the piston. A control system that is at
least partially disposed within the body is operable to generate an output signal responsive to
receipt of a predetermined input signal. The output signal is operable to create a failure of the
barrier such that at least a portion of the fluid flows from the first chamber to the second

25  chamber and the piston moves from the first position to the second position.
[0008] In one embodiment, the body defines a fluid path between two pressure
regions and the piston is sealably disposed in the fluid path to maintain a pressure differential
between the two pressure regions when the piston is in the first position. In this embodiment,
the piston may include a piston area that is exposed to pressure from at least on¢ of the
30  pressure regions to bias the piston from the first to the second position. Alternatively or
additionally, the piston may be biased toward the second position from the first position by a
spring. In another embodiment, the fluid in the first chamber prevents the piston from

moving to the second position until failure of the barrier. In this embodiment, fluid may be
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25  to selectively prevent the piston from moving to the second position. A control system is

disposed at least partially within the body. The control system includes a signal detector, a

control circuit and a thermite trigger, such that upon receipt of a predetermined input signal

by the signal detector, the control circuit activates the thermite trigger to create a failure of

the barrier enabling at least a portion of the fluid to flow from the first chamber to the second
30 chamber and the piston to move from the first position to the second position, thereby

allowing fluid communication between the two pressure regions,

[0011] In a further aspect, the present invention is directed to a downhole actuator

apparatus that includes a body defining a fluid path between two pressure regions. A barrier
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of the features an vantages o
20  controlling fluid communication between pressure regions in the well in first and second

operating positions according to an embodiment of the present invention;
[0016] Figures 4A-4B are cross sectional views of a downhole actuator apparatus for
controlling fluid communication between pressure regions in the well in first and second
operating positions according to an embodiment of the present invention; and

25 [0017] Figures 5A-5B are cross sectional views of a downhole actuator apparatus for
controlling fluid communication between pressure regions in the well in first and second

operating configurations according to an embodiment of the present invention,

DETAILED DESCRIPTION OF THE INVENTION

30 [0018] While the making and using of various embodiments of the present invention
are discussed in detail below, it should be appreciated that the present mvention provides

many applicable inventive concepts, which can be embodied in a wide variety of specific
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15  when the pressure regions are blocked from one another, the well tool is in one position and
when there is fluid communication between the pressure regions, the well tool is actuated to
another position. The pressure regions could be, for example, an interior flow passage 44 of
tubular string 12 and an annulus 46 formed radially between tubular string 12 and casing 14.
In another example, the pressure regions could be interior flow passage 44 of tubular string

20 12 and an interior chamber within a sample chamber 36, 38 or the pressure regions could be
two chambers with a sample chamber 36, 38 such as a nitrogen charged chamber and an
atmospheric chamber. As a further example, the pressure regions could be sections of a
control line leading from the surface to a well tool, sections of a control line between well
tools or other similar control line configuration. Accordingly, it is to be understood by those

25  skilled in the art that the actuators of the present invention may be used to operate the
corresponding well tools by controlling fluid communication between any two pressure
regions in the well without departing from the principles of the present invention.

[0021] Even though figure 1 depicts the actuators of the present invention in a
specific well system, it should be understood by those skilled in the art that the actuators of

30  the present invention are equally weli suited for use with a wide variety of well tools in other
types of well systems. Also, even though figure 1 depicts the actuators of the present
invention in a vertical section of a wellbore, it should be understood by those skilled in the art

that the actuators of the present invention are equally well suited for use in wells having other
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incompressible fluids, a combination of compressible fluids or a combination of one or more
compressible fluids with one or more substantially incompressible fluids. Preferably, while
30 fluid 70 prevents piston 66 from moving sufficiently to the left to open communication
between ports 60, 62, piston 66 is able to float as pressure differences between pressure

region 64 and fluid chamber 72 are balanced.
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2A- 2B, a downhol e "act uat or {Zar atus for controlling f
u

comuni cem sacapirwERn BrEbY U einte gichpraberrBt oichansing m@nmpﬁﬁlctlé@rmrn% is
1 Shoul i ReT R o RERACRaF shiragsy Ry AT ReLa s, AaR, BaRERcRbe

enbodi mentds files arplindid, doed)mpa;mtmag/ gkaperaaxemae; aamixtwot of Iﬂ&:samatmiabr er other

conponerntBa PoitIe s SUEhE R aip e duit T inseftnor: SRRy Rppse o an

exanpl e ou&paltplghﬂtasamhbﬁrbmwponent of the actuator asserrbly or
associ at 382 wel | t In the illustrated enbodi ment, actuator 50 has

an axi allP92¥xt endi Ha‘“ gRsleWalin housiRg memiss BF 82 FRRGS) AYpteR Sdntity ingluides
In tihe ijlndsdusabibodatemBodioptite togahle%ltage&ﬁ%eaﬂ‘@ Yocess 4 E{%h&%ﬁnéd’ﬂput

housi ng nmenbers 5 56 t hat ar e securab coup t ogether at a

t hr eadecigneliptd tRyeEBrate-en SumYt mnﬁéha%@catma lﬁajblsc af parier 86 died caarpulet
62 that r C

regi ons CREYSSREF B4 Yk SOMTURICERL R M b hrehit SERBE LORIF By »
rel ati velyyraphgie, pn elstsmrraa)rraeg Dthuar @pgs ofsigtm! detettiewlneh Eshrapablauﬁmbmsmg the

ressurize entra h of ar string . or
Phe 20" Rraesinl dHL setalopfick SisS in e ARieD d Besof tatabiiheSed vary
| oW 13r essghak gre@u@npﬁ&s glictiorasenatic atlemapher itke GRaMbeern&iveBRhE signal
chamber or the |ike. 0023% Sli dablfy and sealjingly disposed wthin,

housi ng dsisiies codd bedard wired dmthgsurtresrand nperable ) regeysitae pisAstemmines Pow
bet ween sp%ﬁtrat $n GRe f6:%n d‘fsarp%ﬁaEtr§§le§'1ghzﬂ fah GbptiRa 12 fend?i it AR B | SADIASRG:

to the | by pressure acting on a differentia i ston area 68.
Initial wtem@ivsqﬂ dbesismal defectes may sommusgatcovitthethpredownhgleglelisemhichinay

prevent w

preferab ;ﬁ'tgffngﬁ XZ&" t?P l§s%ﬂ*”cao%rr%;r% elg b{"éél%l uﬁﬁ& 8%1 Xl%le feﬁlydcfr auere llﬂgé
flui2d buhatcgendratesaihb@radattenﬂmhg/mlpetagrrabnpressi ble fluid such as

ni troge conbi pati on substantia i.nconpressible fluid

Conbi natPFl of corF SE8HSeisEior a1 an e o o6 PR D Recsn St Bettinb Pgeui
conpr esshdtliftefprats @ i mitm@ae fiorr e;ﬁﬁfp& sy Risdiany idadddihg e ARt SgedIbARY that
fluids. Preferably 70 prevents piston 66 from noving

suf fi ci éteringg vvflﬁéler aftpatpp 59 ﬁégtlﬂé dienensraiet | dhe [sentypl efrcpibris Hraferablyzn
pi ston Gfechdni@iRuit Sndh AR vATowR rc%%ﬁJHﬁéltéj hlfcfhed'seep ﬁfr’&oﬂ%&é@&ﬁ’n a Rfi&it$ Yohal

region 64 and fluid chanber 72 are bal anced
201 £/51 3 950G 0T,/ uskod @S Bember, read only member and the like that are programmed or

otherwise operable to recognize the predetermined input signal and to determine whether
actuator 50 shouid be operated. Control system 84 also includes a downhole power supply
operable to provide the required power to the other elements of control system 84.
Preferably, the power supply is in the form of one or more batteries, however, other types of
30  power supplies may alternatively be used without departing from the principles of the present
invention. Control system 84 may also include timing devices to delay or control the time

period between receipt of the predetermined input signal and the generation of the output

signal.



[ 0024] Securably and sealingly positioned between housi ng nenber 54
and housing nmenber 56 is a barrier assenbly 74 that includes a

barrier 76w6'}9h1?13§'liﬁp0” assenbly 78 having a fluid pasg (3191‘.;}%!@%/0%9592

defi ned ther roug Barrier 76 initially prevents fl ui

escapi ng fromchanber 72 into a chanber 82 of housing nenber 54.
Barrier [0627]s 5 dapirot eystas & Gurthher rimciidées @ndutpst pgmeﬂegmbﬂa;orfﬁrr figgder
froma tal d alternati eI e fr l.asti c,

conposi t &P lcéedg‘f‘;@gr o 8%t %ﬂ?fndca %/Ztl%?séen”g]fqy (Bﬁeggélﬁlﬁﬁéﬂ ngzele a%)gremmyh?éﬁr
mat er i al insluildsabbienfii eidhichi o néree6iB inditdHan @8 f dnliichitié agdht ObARB@moZAe DO
failing Ln response to an out put nal as described bel ow

[ 0025] PoShamigH elpmint 1 1t nﬁ%fa@blﬁgfom%érm 8 £OMBOsiiQiH Rrragtal ppsdenangle mefak

i ncl udesgd@: MWRERISs &Péﬁé%ﬁﬁfc%h&r%&l 1%&%6 aamg &fgﬁmﬁ-& Kkh&ws sscaeihzﬁmte

and process a predeterm ned input signal and erate an out put
si gnal tueaqtionr cHrcemetal pewdanrsehin tharcoppsition nﬁmnméu@nqiummuuonmgmbamm

system Silduﬂ'ﬁ ! tﬂgﬁﬁm nﬁ& %ﬂﬂ)n %%}&Cé lthe Hfg' i I%etQ{ cﬁ&?eq{sgd %neﬁll?, (&Bmagsltllon

strai n sensor’, 8" An ant enna. or
detecto rmugh mchndc sbomaﬁﬁb) bmdo,fsﬂloenéw brigc, tdhemmnmﬂlél) @ﬁ(fdlcnmdnganma(w) oxide,

acoust | conED Rk, PEnel dhlt b oSideClepdin el Pio By e, or

the 10 Kesxahiplee b Rainbytioh oft iemfivenald deH(EDXidcCas Be BedRaich Was £ebatiton
the surface and gperable to receive the predeterm ned input signal in

t he for rce" H‘ﬁt‘éF@cfP]rl‘?Vélagc%qaﬁﬂ%l an optical signal or the like. As

anot her @pigrnati \p%ld3+ggp ﬁl;gqang%%tdpr may conmuni cate with ot her
downhol e devi ces which may be internal or external to housing

assenbl y[08P]such aiscaf choiesl clerbonbh maép@ém@ala thogrmithy eealr:ilckrem 20v4ndageous
gener at &fubgrc @‘?ﬂ%ﬁﬁ&ﬂ DR r&?%‘nts lc a[t %Og?l Trt]gm cr&u ) the ]Br%&tlc%ran

may i ncl U conmuni ca cul
i nt erspr eamsremlab intepse exsiitigpmmlc, reﬁuroneﬁoﬂmping 1giny101d| g]h’emiday ekéﬁﬁ@ld%éhgnasr heso

i nput si nd tha S act uat or. 50 ul d

oper at ed etgisse EBieF ahtesoftop ek ES e Biey Shfioa Tealliet afPaie: PE Grample
i ncl udi NERAYN QUM )5 CN@e N(T$1)S FEARS(palyBLGHRRY Ae8Tnafile doslilghéd! HTPB
signal 25 (grrocessor random access nmenber, read only nenber and the

li ke thdhy P@lﬁ?féﬂﬁﬁmywad&nﬁbﬁﬂ?@@%é@biﬁe to recognize the

predet ery dinp e
shoul d bgbjc}gerat egﬁ g gl??tgat&g%g%@r#gﬁt Ei SO |¥QF{JJ§§£S %% f)o @gpcg\l}\g(rﬂ

supPly ojpispiabyieean olegirioli aablet Hesa thquivhed lpwmemmedhbatmchetor élelreniti be
Of (Cont Il R Wit BB SHARYaodiRGI PG (SHRBX ok bO. IO

one or eries ypes
al t er natis \peéfyrablg mamhlvhmn@gltfuséeﬁﬁh tasrugnfagmmm éusﬂl’wllilcll i estivatedt e the

present AQuet) Lony Lol SXetemat, e alop L nolude Do ey Ses
pr edet erdd R@dturi RUExtRbRAhisR Rghdcheuree Ak iR MfestahemeH iRt HRAb the
25  reactive nature of magnesium and the temperature at which magnesium burns which is
sufficiently high to ignite chemical element 88. Alternatively, a nichrome wire such as a
NiCr60 wire, may be used to directly ignite chemical element 88. As another alternative, a
nichrome wire may be used in an ignition train to ignite a metal burning fuse which in turn
ignites chemical element 88. In this case, both the nichrome wire and the metal burning fuse

30  may be considered to be ignition agent 90.
[0031] In the illustrated embodiment, nozzle 92 is designed to focus the heat and
molten materials created in the thermite reaction into a hot jet that is directed towards barrier

76. The hot jet causes a focused hot spot on barrier 76 resulting in the desired failure of

8



WD 2011/ 139520PCT/ US2011/ 032592 [0027] Control system 84 further
i ncl udes an output signal generator or trigger depicted in figure 2A

as a chemﬁ,?)l %Q#QZZI e assenbly 86. Chem cal jet n024& ﬁp&g&éﬁz%
ion

i ncl udes a chem cal el ement or energetic nmaterial 88, an i gni
agent 90 and a nozzle 92. Chemical elenment 88 is preferably forned
from a clenpasid.i dnisodotal that dle modwlef faluce af betiat 76 Snayxinddinhgienctrating,

produces n exot herm c. chem cal r.eacti h erature known as
B Cher m PalPEBTonrisaitey skt er oS s e B A | on may
include mogzyi nUM  mRE fQSEH FontEA lsPdtding4 thad Beth Wikcribed s béihg h&Mbned Wit
and the |ike. The nmetal oxide used in the conposition may include

bor on( | 1 1ousiag;mrambes ¢ thesy skidledoip; the arfcwld’ﬁfqmmerthat sKpigglements of control
rrangaglesg%ﬂc}ﬁ) 8@@09@1 al'tdi%‘;l:l&rl de gifhﬂiﬁrcd'(fu@ﬁ&é bt al:tlulit)ar 3y ﬂ&udﬁi@pc[%@ s{gnk)

oxi de, | éad(l oxi d nd the |ike. For 10 exanple
conposi t tilectm:t@f the Icemrqlr amtah@dr th@nqwqusyprdx,r \uldlomaslepbema@m thia |pc1n01nbs>f ghe

react io

ore + ABSREnELEn Bab el bR o U Do R R o T S MR e
t her m t ewele amd itlom is sao hd\aaunatagéa@mmamrtﬂﬁeorpcmhé lacatedrih iother asol$ et are
reactants bl e ] bore te r at res b roduce a 15

ey o) Popletlaf e T G S Piates BE o S b e iaR i CP Y Blhwrtdogt the
el emant &BpurBiEnal Seferafde idslRitRnbd AdBEchBL Hﬂbklﬂ{atéﬁ A 76 e cduds kiedReired
chenical s, together, including, for exa TEFLON (TM), VITON (TM,

PBAN ( pofif¥st adi ene acrylonitrile copol ymer), HTPB
(hydroxyﬂtoggﬂr m natlﬁd }?é?!lti/otll“tﬁg' SRR dBRQYY SNdodif Lisken é@%&]lvé&‘ ttﬁ'ée

illustrated enbodi nen nition agent 90 is connected to the control
20 ci r cupredep¢raningd leplé@lgnﬁl@ati thﬁaﬂ@meol%cgm prdgasses Mdepxmmecﬂepermwéw

t hat act thc Qﬁﬁenou fdthct? oS’ @‘}c%{? dcgcgl%lq%g rH;lz{toalctucfl §h§>§fﬂp9c osgratcd

el ectrica ghitiron ion a jent
pr ef &r abélgctﬂcaﬂrqx)ader hmsupprmgd fliee tlwcpbwals s@pmagﬂegmxm Bgene 9@hiochhitiase the

activate he el ectrical rre fu es are eferre

o o el ot P ST by R Bieotich] SoocitS phiee SIS Brfaily
hi gh t engedtig Wpesing NBGR&ESthtbeh, U@a@sareen B FouR! 28 e IFIEE! coBuhRatidi€is aﬁ.ls
reactive nature of magnhesium and t he tenperature at which nagnesi um

bur ns whistaRlished dgtyeer F%fﬁltﬂrey TRiagh clr%'nheg H? thsoestereate %6 whishellgss fluid 70
Al ter nat g \els ¥haflbd? 78 ik g%n"\é(f fs u%ééﬁ*}o 5 1@ft§g%é9ur o hlgﬁ?ﬁr{/egﬁlré;?e%gmtéa

directly ignite chem cal element 88. As a er alternat
ni ¢ lomeaciihg enrdafferibetial pasdori aread8i ghdminonicaticai iy now peymiitted etweemapressure

bur ni ngelfg Hw68v1aﬂ?)ntsléb.;bff%§;ﬁetr§€feg pe{}%ucg&Bel enent 88. In this case,

both th hrome wilire an ni ng' fuse 30may be consi dered
to be i g[|0034]on agdrferffl nd+w0 @3fidures 1A18B] 4 Haisihodd ethacrapshratesfor coamilirg
92 is def?i ccijned to. foculs) t he heat and,

uid communication between pressure regions in the well is depicted in first and second

operating positions and is generally designated 150. Actuator 150 has an axially extending

25  generally tubular body or housing assembly 152 including two housing members 154, 156

that are securably coupled together at a threaded coupling 158. Housing member 156

includes ports 160, 162 that are respectively in communication with different pressure

regions 164, 166. Slidably and sealingly disposed within housing member 156 is a piston

166 that initially blocks communication between ports 160, 162, as best seen in figure 3A.

30  Piston 166 is biased to the left by pressure acting on a differential piston area 168. Initially,
displacement of piston 166 to the left is substantially prevented a fluid 170 disposed within a

fluid chamber 172. Preferably, while fluid 170 prevents piston 166 from moving sufficiently



nolten materials created in the thermte reaction into a hot jet that
Is directed towards barrier 76. The hot jet causes a f ocused hot spot

on barrier ing in the desired failure of

0012/ 1300 AR 1 0abh0n bar 11 er 76, It i s noted t REVIRLIRNE o
failure of barrier 76 may including penetrating, nmelting, conbustion,
i gni tionp theder ogenoconohindeatide dreavkah i ports AH00 862, ipéston/ 666 OB fdEvlent as

t hough control ste 4 has been des bei,n ositi.one
nhon RS R i TReET bebre e B Rt Lo P TREcRtbe) T ot BB, o
that cer[pads) el emsgégalst aﬁ(DﬁHahﬁ)élsly pOsifiotietl Dewan GOMiE @éhBrN3Y aN@hyushe
posi ti oned out5|de of .actuator 50 |ncludlwgﬁﬁhe signal detector, the

cont rol TBFRRSEILP0 BbarHe a5ty & {thibptinclyles frledéﬁéﬂld H PP AFserblY 178
pringi pligyak atAgd Eﬁs@%%y'l@@ﬁ@ﬁﬁcﬁ%cr&ﬁf mg?faﬁmln%r 1%&&&1},%&@%@%6

conponents coul d |'ocated within the tool that 15
act uat edrany csgapingtioom Sharaber dgd linto echamber &3P phhaysing meroes §5ﬂ hé’pbxaom:d

coupl ed f lf?% ?&ig? ar?Q r 1':5§1ﬁ)0u tpo"llrgs?e%?sl Plhat R%Iu?é E?gﬁal 'det‘é?t&t 'a‘%ﬁhtr&l

is only re evan put genera
suf fi ci exdchiy, ppoxcmmipplyt opti@rat itieting/ chtlmsmdsm ddnp;td;@nar gchcﬁmrl T tigger

[ 0033] I n, oper.at i e‘§i nal detec .of . contr ecei ves
thepr edEPBR hF e &Rl e nihnEor ot 1S Photeabobtur
predet ergiroiag asstibly 386 Mdluded av@iehidal Eféﬁleﬁﬂ 8n@lerpehit hdigi qes r m ignition
circuit determ nes that actuator 50 should be operated

el ect ri G&PntpARetnd; & PiSTRyRg Pleaert Bk %lwéblpsdwpscéiuww a @’IV’S?F %940 nChgraigel
90 to inidhatesd ﬂ%ra@ﬁmycdadon{b%&%é aemblﬁ bﬁaﬁm Gbp&laf B ha e c: gd%lty for

chemi cal reaction ' causes$ barrier , Creating opening
t her et hrestrghelyaspident comtentled r@ombgﬂume th_vB prcﬂiuacha cmnhmpc avéndindleding the

establ nggxcgt?rfx\ﬁleﬁt%h%mcroftgas %?ngr% 1€ an rcs rgh _openi ng 96,

whi ch alf PoIEX 6 is urged to the
| ef t15by [pe3gsur e fx amekéraplayr c&ﬁlﬁlﬂlﬂrﬁetﬂ e@eﬁﬂcaﬂiéleﬂﬁﬁt 1 enaprromprises a solid

o oo ol B SR i OOt 2L e SyDou per mided, el veen,
][ 893211) Eﬁ@ﬁﬁ}lﬂgalﬁomﬁ@dfed G & §8asBib-o3 ByntetOWBBE hdasdntaking sopRdy alvikked
metal. gemlcal element 188 may comprise inorganic oxidizers such as ammonium and

potassium nitrates and perchlorates such as potassium perchlorate. It should be appreciated,

20 however, that substances other than propellants may be utilized without departing from the
principles of the present invention, including other explosives, pyrotechnics, flammable
solids or the like. In the illustrated embodiment, ignition agent 190 is connected to the
control circuit via an electrical cable 196 so that, when it is determined that actuator 150
should be operated, the control circuit supplies electrical current to ignition agent 190.

25  [0037] In operation, the signal detector of control system 184 receives the
predetermined input signal and the control circuit processes the predetermined input signal to
verify the signal. If the control circuit determines that actuator 150 should be operated,
electrical power is supplied from the power supply to ignition agent 190 to initiate the
chemical reaction in chemical element 188. The chemical reaction causes piercing element

30 192 to move to the right piecing barrier 176, as best seen in figure 3B. Fluid communication
is thus established between chamber 172 and chamber 182 through opening 196, which
allows fluid 170 to exit chamber 172 as piston 166 is urged to the left by pressure from high

10



fluid conmuni cati on between pressure regions in the well is depicted
in first and second operating positions and is generally designated

150. Actu r s an axially extending 25 generally r y
or housi ngﬁgszgéﬁlg?géélw i ncl udi ng two housi ng nenbers 1@&?@#&@@%&?
are securably coupled together at a threaded coupling 158. Housing
menber léssureabgioe 64 acting ohGhfferdfih] pisain acael G8e rmahuniedtipn iismow permitted
communi cation with different. pressur egi.ons 164, 166. | dably and
Seal | ngl JPPHED BORSSRTe SHEi oo CRONBI i SRy 1578 Hest eonindtiir Fbg ¢ hat
initiallpokdjocks crremifd A kPfgRed AR, PAsWsholdRmald AppRSud s totRBihg
in figure 3A. 30 Piston 166 is biased to the | eft by pressure acting
on a di fiud sAmpanicafien Befwaen Areswre regions ig| thy wellj is depicrdn tirgf and; sseed
166 10 tdedhih holiforsUhatiaBbicllYddieRYENDSs Acklshd | :
S SifrhRE boliforimalisghiay Jragtemed o Achbidh %@%%’Sog*p?’ﬂ%‘ Etonding
pi st on 1B6ehlly twbwby ibedy ouheusdigamstypbly \A52 Joduding 952 bAGTIgUSRAbAS CI25T5H
to the legft_to C i i on be par 1 2. Risto

is able tﬁ %t ?rfg osgglﬂg@y pcr ggfség rtggeggle?faetrae&l%gagdggect%&é%ﬁ ?)grhe‘s i[-gorugm e%%’%ﬁer]l'%%
and f | uiidclothanixets 2607 Z2ethaalasn espectivle3in] cobeauriedioy aitld diffatntngreysure

positioned be hqusing menber 154 and housi,ng menber 156 is a.
barri er rﬁ%@%%%%?{l%@&@gi“ﬁglbﬁ"g’@%fk’adlﬂﬁ’r*?q a’etﬁwé)%aﬁa Rilgh Ao £ » Biston
assepl Y265 ABat i_ﬁiti_an;r bREkAchmbisicRBRSROLMAYpokS Q60lefdon adlbdsh Sentin TRUMEUA.
Barrier 176 initia I% prevents fluid 170 from escapi ng_ from chanber
172 i nt Figor RefhrisdriaseB 1o br lefobg p bépsingrranber dapictedas ¢ pRiFbavownd pRrppression
housi N SFRAPYks L Rbwbr An6ANLEALd B UL 18R (obthnidNBhUIBRS: Ar2l YRdbasin
detector, a control circuit, a power supply, optional timng devi ces
and an outmpbar. wiclydme gksdypasorf rechenicey gpringlepflvidewpring, fauifialecrdpively ta
chem cal |y i nitiated.pierci S 186. .Chem.cally..init.iated

pi erci nguséds ‘svén[}r'ré}ft? Cﬁaé’glpg ﬁ"gﬁxutggg%gm@ggﬁﬁg R SIER O%ri%thaély g%]altc’ﬁ ?:Ccmcml(%
mat ersi al pid&B826@tv thgheéft ismubageitly peOeand adlupd 2TE diggpsed it a f1fid chamber
sl i dably, gi sposed within a cylinder 194. Chemical elenent 188 is
prefer atl¥" a conbustibl e el ement such as a propel I ant that has the

capaci t yjod3m] extr Sa®irybly aiM skahbidly podHtisl etvceR Abueid MEmbdiatk4 REPHNGEES
a conbustion event incl udi ng th roduction of a Ia&ge vol une of gas

at hi gh TSRS i abaer Asresthiu ¢ thasnoloGB] e 228 AR BIPOB RESTREITE,
 high _ | _ _ _
chem ca qaﬁingmii é&@aé%%%ggmﬂ% &ﬁﬁh&etﬁﬁ;gﬂ BER@P&*@{Mtlaﬁg(bE%v?ﬁtg Iﬂg{deZS'?O

ni trocel se plasticlz nitrog erirn or varil ou

and A0norfyamicscagiaktfoons uhperead @d2 iimtoa glambei 28200f lsymingendraber e Positidned
contai nipg.a,finelv diviged | . .Chem | epent 188 conpr.i
mor gani o0 e b 580 TEbBien s34 B bpLLEER B BB G eohic
per chl orcicais, & poherasipplyt aptonamiipenc evdeadtand ant oudfe Wighab gerpitsresy @izget,

20 howevegr, that. subst ances ot her than propel ts may he utilized

wi t hout drpistsecr ﬁl@%@r‘@hﬁ hé %?lFf;ldFtp‘}"ége&gseﬂ%g" %ﬁ%gs@h?ffu%/%ﬁw%ﬁﬁssembly
i ncl udi ngeQtdngles @wér@iw\e@esmnwf&ke%éhahﬁ&riaiis%m@hﬁioﬁg &fl29@bnd DEozzle
like. In the illustrated enbodi nent, ignition agent 190 is connected

to tRe ¥Atrol circuit via an electrical cable 196 so that, when it

is deter d tha r : d, t.r.ol:
circuit [gll’f% i es tgf Zﬁeya’?l%% t%et??srl n? L%egecpgn??%)%&(glggﬁgttgﬁgggq %%JITESO%]
| n oper atr¢dsterminkgé ingiugsighal ded éctoontrafcicoin prootssesytbt predd8aninativpmeasznhe
predet erm.ped i npu Lgnal and the ntrol circuit processes, the

P edet oot fBH 3 Srordl siife PR Ghef e P RESRRRT b Perutce,
circuit e@lﬁtrﬁwll*rpowgafii Elqipli?]@fruﬁlttﬂé pd&er sli@pyl td_i@ﬁt_i@p@feﬁtmvi@lfggﬁrrchm@ble
power. is _supplie rom- power, supply to ignitio gent .to

i n?Af?iOat @9?%5%%?&1@&13?%& iR G R CRBH ?m%ugé%%n?ﬁq%m%éeaew%s
reacti on.aa¥998 B BNICLNGek! BOPM figdlk 492 HGid"DHEmiMcdde i RR! cRivRcidad
barrier 176, as best seen in figure 3B. Fluid communication is thus

est abl | $Erenehamplon 2R and elrambep 28h threvghrapening 826, ttiiduglowsfnd AY toosit

11



WO 2011/ 139520PCT1US20111032592 pressure regi on 164 acting on
differential piston area 168. Conmunication is now permtted between

pressure r‘ggfzgﬁfl3§lsg4 166 via ports 160, 162, as best ﬁﬁﬁ{%ﬁﬂl}ﬂ%ﬁe

3B. [0038] now to figures 4A-4B, a downhol e a
apparatus for controlling fluid conmunicati on between pressure
regi ons dhambére2¥ehd plstond2gd it exged no fhe &t Bndpisigc 068l Conap@fiadtionds now

posi tions and eneraII desi 250. or. 250 has_an

axial | y @%P}éﬁa"bﬁf@%&éﬂr&w gPB%%"’a%&B’ﬁyoﬁ? ffﬁbﬁgi A DS SEh Y {2ws 4B,

i ncl udi ngo4MO hOURRGRERRE foSfighRés 5258 iHWn%I@acﬁﬁﬁ#%@ﬁrMu&ﬁW@érﬁ@llmg
together_at a threaded coupling 258. Fbu5|n nber 2 i ncl udes

ports 26bud zemmupigatioqy BetegpatssRIsgians i dhwlldatdmﬁtew ip Hirgfj anfl eseeqnd
pressur , a

Housng CheRane gm0 gl SR ERBRE D IERALAGY 35 SRUREAIMY Shdhaing
conmuni @ncra}lly bhéniee dadypor tisusi@Oyss@aidy 3428 ihawding eem howify memberd 354, 356
Pi st on dtot | ef t by bi asi n icted

Coiral Bt SHEREE colpitd Tosic e AnHET P IROSE. s HRRHER Prfrcase
art wil lincledmgmirase3dtyade2othaeard ywppetiofly hna&nngunmﬁbﬁrwnh Iﬂl@ffdﬂ&ltnlgrcssurc
ot her types o cal ring, could alternatively
be used ﬁﬁl?%%@ﬁégar t%ﬁlgn?Cf ﬁtﬁﬁwrbtﬁé‘ﬁ gmﬁ’F g?@]@“br"é@@ﬁfﬁe i ity
i nvent i %evehnﬂalu%munwaﬁ&{ 9&%&0 epshrelégfoﬁ; 9%y, %@@ P@mﬁéﬂéd lv@fhtm h&ismg
subst anti al | i %evented a fluid di sposed within a fluid chanber

272. [008 Zis lporfral sydem PRy rh)at inckides gl geieciren cOTHIoL Pirgyitn® ROREST
254 and - LS. jer. . t

parr o DI ool oiR g dbick St BPBGhE RF EaRkorof tbid bl 46553
def i ned 4%hes etchemicghjet Bazalé esse@Bily 386 t Chdrhigal getenezaltesasdblyl 386 @nc‘mjes a

from esc f.r om,chanber i a_chapber of , hous er

Dba " pochradL b o AR PR i SRS 300 Rhe F RGBS 00

t hatlsi nqbodys a sulgn@jeradlehech@rmgrﬁl Cdudcton | oilsldoﬁmmt SySQerl 038 I‘Ewttmiﬂsyrhe
gna ge erator ar

opt i onal evi ces n out put si
depi ct ewr?%termgﬁaénpaaASlgg al gnd ﬁ‘@rﬁoe‘é‘F [ irgyit a@ﬁ%ss‘est %g*@ﬁwwé@% npwéa%%
j et nozaleﬁgg%@eﬂgﬂa‘y 386hd Buntidtescdr Shemisa! thel KABRSr B0 eReIIsd bﬁerated

mat eri al an ignition agent 290 and a nozzle 25292. [0040]|
oper at i cﬂ&pctrtqup@vejnwumb%&p@r the powentupply teyanidon zgnt 3% v@strtchlecable

predet erygy Q@&Lhaﬂpﬁﬁz c'ﬁle&{b%| re@tfbn! IH% 1'8 I Rl "3{§$" “?}pr tﬁ:ﬁﬁéﬁ (Fh causes
predetermned I nput si to verl the signa e con
cir it bdsfeerdTbriedai, Imtbeat:tsetstatinrﬁg@&OSBhoﬁhrdmbmcmmarlamw perm1tted between
pressure regions 364, 366 via ports 360, 362, as best seen in figure 5B.
[0043] While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative embodiments as well as other
25 embodiments of the invention will be apparent to persons skilled in the art upon reference to

the description. It is, therefore, intended that the appended claims encompass any such

modifications or embodiments.
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el ectrical power is supplied fromthe power supply to ignition agent
290 via electrical cable 30 294 to initiate the chemcal reaction in
chem cal el enent 288. The chem cal reaction causes barrier 276 to
fail, as best seen in figure 4B. Fluid conmunication is thus

est abl iWhatds gJameddyi chanber 272 and chanber 282 through opening 296,
which allows fluid 270 to exit WO 2011/ 139520PCT/ US2011/ 032592
chanber 272 as piston 266 is urged to the left by spring 268.

Communi catjon i s now permtted between pressure regions 264, 266 via
ports 266 doyghole aduaprappasatestoOmATiRg ur e 4B. [ 0041] Referring now to

figures 5A- .a downhol e actuator apparatus for controlling fluid
commun e S uen R B R g B MRS PR e kst Fpeions:

first and sec 5 operatin ositions and.is generally, desi.gnated .
550, AdR oAy imSuin TPy R et GRS e o A BBy
housi ndhet&siaepifign sepistorclemingdluidaommegicetig: Gebrasa the s and sge@diprgsirar e
secur alstgronsengpthe dirst depertbiyeand fetwaen the Eestiprdssorsugdiomand 36Rnd plossgicmegiore irybe
356 i nckawdeé posonni the Bison bR6RAnE feitl canmuitiesipe bétivea thic fint 4dREtwnd mrassu@n

wi th dirfdi@isQnd the Fiess Shihdef £@1aD6$nS Adid c388uniEA®h biBathWHishhBssPehdgicidd
is a bapdl@hred(f Lat 1s operable to initially 10 prevent fluid
conmmuni cati on between pressure regions 364, 366. Positioned within

housi ng LAZREAR)NKePin 2hd bddPardkiRRlebRlelyS¥ sk 8 341kt had seic&lﬁil dgeser@ si gnal

detector, a control circuit, a power supply, optional timng devices

and an @HiddiépoSdddn &le L ORnMePbet@éentifd IGHRK aklBRE kB 2nd figure 4A as a
chem cal jet nozzle assenbly 386. Chemi cal jet nozzle assenbly 386

i ncl udesoftrd} BRkEnc@lleatt RARNDY digPos@NRHIPR te GodR tiRIcbttol 8E&m cHRrabBNé bdn@RAte an
agent 390 28haPrefRAGE0 3€int orbDréddRfARthed ApRRBHAL thOButpit BEna oBRWle to create
det ect Qe SR b Bher WAL I 1 SEALYEInd Alfs RESHELELDANTELARLE the

si gnal "an The control .clTourt processes The prede %rnLne§ I nput, |

i gnal SEENY SpET A degisienmover fibmylie IS ROSIP (oltheiGrand gRTu{REELY Phosging
act uat dhidIsmmERisation hsevesp the dird gnd wradiygssus regdier i s supplied from

t he power supply to ignition agent 390 via electrical cable 394 to
initiate the chemcal reaction in chem cal elenent 388. The chem cal
reacti gqn_causes 20 barrier 376 to fail, as _best_ seen in figure 5B.
Com*runi%cyﬂ‘? WRAPS ?fofﬁ?lﬁsgmﬁlilweldﬂzfé%@@}’q??)vr%&iﬁaeﬂw@mﬁb {wegg XWo BSEUF; o
ports 3awons 3gbwherein fegrstagdespalablyfdisgosed inthe flpid path reppintain aressyr didisranta
has beénivdesibe iepfessieegies ehemthe pisonild ihdstfirsttposigorerbodi ment's, this
description is not intended to be construed in a limting sense.
Various nodifications and conbinations of the illustrative

enbodi nents as well as other 25 enbodinents of the invention will be
appar et Theppparpypirreaiiefl i @aimi2ivherin e pistppdrrludes episiae arca datinexposed to
descr i ptasoue frérh ai lsgst dreenf dfeprassuré rgensed t hat t he appended cl ai ns
enconpass any such nodifications or enbodi nents. Wat is clainmed is:
1. A downhol e actuator apparatus conpri sing:

4. The apparatus as recited in claim 1 wherein the piston is biased toward the second position from the
first position by a spring.

5. The apparatus as recited in claim 1 wherein the fluid prevents the piston from moving to the second
position until failure of the barrier.

6. The apparatus as recited in claim 1 wherein the barrier further comprises a disc member.
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a body defining first and second chanbers and a fluid path between
first and second pressure regions; a piston slidably disposed in the
body and sel ectively noveabl e between first and second positions, in
the first position, the piston blocking fluid communi cati on between

t he fi rsThegnpagme anhgcipddsdaimel vegeiothy Taibfurthrs compréses ehkpialland

bet weenndompredssibls flupk essur e regi on and second pressure region, in the
second position, the piston blocking fluid comunication between the
first and second pressure regions and the first chanber and all ow ng
fluid conmuni cation between the first pressure region and second

pr essurfe Thegpparatus as igeirediieelaigi sphaseid theﬁ'ﬁlid@ﬁhﬁ;dymmﬁds sedmepeespiblelfipid.
separating the first and second chanbers; a fluid disposed in the
first chanber between the barrier and the piston; and a control
system at | east partially disposed within the body, the control

syst em’ophs WBRatUp 8° Geifd bl amaln v susip the cemtenh éXSteP’e@ﬁgf‘%Pm@lS%a signab fghectass
a pr edeprirgicinad and p triggsi, yherein uporereenintpd the pregeiatminglanmaty bienal by theeigh® a
f ai | ur elewétot, He chatrdl cietuitstiatds atirigier loaasite the fathire odthe birriedhe fl ui d
flows fromthe first chanber to the second chanber and the piston
noves fromthe first position to the second position, thereby
allowing fluid communi cation between the first and second pressure

r egi ond0. Tl apfrgusppenitad wsclaw Ivdwidirede predgéraiimed inprhegral furthéreopidses a
def i nesudack lgerethigblidgnabeloved fromh e dopSSNiRIng 01 hdeRBEna@reiicohd@etic
pi St on sighalS@AdcakikiY sidh3 MOH&Gurt Bighdl@nlelcdirdalRAhA ah@alBtidh1dlpRald Pressure
differential between the two pressure regions when the piston is in
the first position. 3. The apparatus as recited in claim2 wherein
the piston includes a piston area that is exposed to pressure from at
| east aneTiefappdisupisesdted & dl@i90Rein dhe pred@eraied iiffutiSeRAs fuftBGicb@pridea
cl ai m Yowhen&idnede sizha kQctddSrdah fs @H;%ﬁ%gigmtgfa@a 8860RHeReS LibdPhd 4 OM
t he flgéko %ﬁ&%%gg_gx a spring. 5. e apparatus as recited in claim
1 whereln the uig prevents the piston fromnoving to the second
position until failure of the barrier. 6. The apparatus as recited in
claim1 wherein the barrier further conprises a disc nenber. 7. The

appar atusTRSppLaEd BFeditdd fl Bidowhehe! §é eutbrﬁgigg%gié@g% ttgnﬁﬂggésrhggci%?%éééﬁbﬁ

subst ant | i I . 8.
clain1?&kﬂé%%yﬁnﬁﬁgﬁéﬁﬁﬁaBFﬁ$§h@?g%gﬁgiises a conpressible fluid. 9.
The apparatus as recited in claim1l wherein the control system
further conprises a signal detector, control circuit and a trigger

e ) TR HBAR ekt Oy
failur gyg}e tlflg%?%gtrslrilll 5ra.pler?fﬁg. gsﬁngjtl%t\pf)%taf?g%suag REPEEY %%%F RUEHai m 9
wherein the predeterm ned input signal further conprises a surface
generated signal selected fromthe group consisting of a wireless

si gnal 4 ahe8h R OIRHNES InG1aith 9N ereififle FROHSILA ﬁ%’tlﬁpé‘d @es%c‘ﬁ@xﬁl{(!gl?et

si gnal , AN & beC‘hl;lé’l.CGJrﬂ?alt %Iggels ,and an.opt h al “signal. n?{ e
appara@us AL AT FER IR BIFAT AT GPSRHIE R IS ?%%Lpredeternined i nput

signal further conprises a downhol e generated signal selected from
the groups consisting of a timer generated signal and a sensor

gener atjedrsi gnal; . ﬁg}%itﬁdT {‘ﬂ%la?xHB%Jh%te}iﬁ%@&itgg@r%&l?egcdngn%saa T3 G5

t he outﬁug n urther .comprises hea g nerﬁte hg ﬂe Frlg&Fr
that  miteSeEOM 8 gioUR colstT RTT R Bgpaapip . Reimabld solid, explostits and

thermites.
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13. The apparatus as recited in claim9 wherein the output signal
further conprises pressure generated by the trigger that shifts a

pi ercing assenbly that fornms an opening through the barrier. 14. The
apparatus as recited in claim9 wherein the output signal further
conpr i désAdoenleid ashiator eppargersspmprsihgby the tri gger that nmakes an
opening in the barrier. 15. The apparatus as recited in claim9
wher ei na bady detinipgylrst and sedead chapbprs fleid peth betgyeen ferstand sqcped presevre eqgius;
fromthe group consisting of pyrotechnic conpositions, flamuable. )
sol i ds 2 Hdatiedisnases ltl%*@rh?ﬂx g seleqtiyely meysgimbatueea dirys ahdiecad pasiaangsin
conpr i shenfgyst pesibord yheghaston erking fhid comdnuniseidmndbetvegntherfst andisegorid ppdsehrpat h
bet weenedionsahd thadirss eleatber pridsiswgeethe gl pRShreacgiorsind Becdhd plaishiye reliiqp oskel
i n the sy pamtbnS@t pisloh BRCYin FRiE 3bthBuREdOE Batwked tBE fidIvhdS&LANFressure

posi ti Qbionslalld B %irsh Eﬁaﬁbepﬁﬁiah&@iﬂg bl @oRindhiefioR ek de fil’sf’ﬂ.ngssure re

comuni cat | Orrésslﬁ%t yeen the first and second pressure regions and gtmﬁleand
first cﬁan%gr and between the first pressure region and second
pressur Ja T i tion. i i fluid
Cormunt” S et e g BB RA e BBl Qo BB " e
first Cé%ﬁﬁ)cﬁgpogéaqn ?rJelfQWcﬂegngel' bﬂt\geeﬁmme? aid tﬂg%i%h,%@mg& Q}?Ergbﬁé;jtﬁ.t
pressurg Lol ONANS REGONthALeeRES, Lepl on, arbarrier di sposed in the
body afg sel&étfie separatlﬁé’% e’first and second chanbers; a
fluid di in the fir h r..bet n.th rrier. an h

pi ot ond DRG0 Al 05, B EARERER R R SED o eg?wp; R Blfnd (g
first FESFPR 8RONRhGHCL At FigPersYRTEA R rPsIRE oF HRIPASISR IS P UEaI The
wi t hi n signdl dstsetor thegantel girgud) actiyples dieitrigger toarssty afaidyrg pbihe braxie sndythat gt
cont r olleagl apputian it frid Advgdfeom thediet diambergo therseenil phampfr and the piston moves
pr edet dform the frst pysition S0 Bhe &dcotidypdsition, Shegebglallcheing Cluidrcomidugicantbe®leen the two
Circui tyragiré Malofs the trigger to create a failure of the barrier such
that at |east a portion of the fluid flows fromthe first chanber to
t he second chanber and the piston noves fromthe first position to
the second position, thereby allowi ng fluid comruni cati on between the
t WO pr agsTHeappeguaasecitdd in cldif 18pdateat thiSbaSer f@€het @thpridescl didciehfber.
wherein the barrier further conprises a disc nmenber. 18. The
apparatus as recited in claim16 wherein the trigger further
conprises a thermte trigger that nelts at |east a portion of the

bar ri erl8. ThEQppaFiies apgaedinudaimd 6 mheieingble trigges ifather donpnsesraghammithigger that

t ri ggemeits bt1BRE a g dfsiSadrick.henni te trigger that propels a

mechani cal piercing assenbly into the barrier. 20. The apparatus as
recited in claim16 wherein the trigger further conprises a thermte
trigger that discharges a chemcal jet that nakes an opening in the
bar r i erl9. The apparatus as recited in claim 16 wherein the trigger further comprises a thermite trigger that

propels a mechanical piercing assembly into the barrier.

20. The apparatus as recited in claim 16 wherein the trigger further comprises a thermite trigger that
discharges a chemical jet that makes an opening in the barrier.
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