WO 2011/ 139520PCT/ US2011/ 032592 DOWNHOLE ACTUATOR APPARATUS HAVI NG A

CHEM CALLY ACTI VATED TRIGGER 5 FI ELD OF THE | NVENTI ON [ 0001] Thi s invention
rel ates, wo22gameszb, to equi pnment utilized in conjuncti eoTWiSké10pEpALi ONS
performed in subterranean wells and, in particular, to a downhol e actuator
apparatus having a chemcally activated trigger. 10 BACKGROUND OF THE

| NVENTION [0002]Wthout Iimting the scope of the present invention, its
background will be described in relation to setting packer assenblies, as
an exanpl e. DEWANHOLF'&CTUABOROAPPARANEUS MAVING N OHEMEEAIMEY |, one or
nore packer 15 assenblies areacqmwanpd TREIGELERD at various | ocations
witRin the well to isolate the wellbore annulus fromthe production tubing.
Typi cal ly, a packer assenbly incorporates a slip arrangenent for securing

t he packer agai nst the casi dE&D OFAHE WAVENdMANan expandabl e el ast oneric

el enent creatjng.a reliable hydrauljc seal to isplate the apnulus. In
This 8Nt be tiilien et ey oY tehtl dp difomshe i & g uBct fon
t ubi ng PRELtIBH Perfdn &P IR! BbicHan&AUWRTE Mnd] Mn thgiN@dr] tand dekvardldi RguAoseal
bet ween t he outside of the production tubing and the inside of the well

casi ng apoatstusdivinewehemically agtivaitaddriggert he annul us to, for exanple, isolate
a qroduction interval. [0004] Such production packers as well as other types
of gommhole tools may be run downhol e on production tubing to a desired
depth in the wel | bore. CBAGKGRPUNIDCE THEANVENKE®ON My be set
hydraulically by creating a pressure differential across a setting piston.
For exd®¥, "t hi SWphewdlifpiing; the seenst ofathenigsenb iyspdemtitsgbaskigwrad tviHdca
pressur i t al . i it hi production tubing and
Phe t 1 dRfttlisd R0 REHRE IR Ebmbli 5s‘h%o’zr}‘e Mre differential shifts

t he set[D008] pi stdn the acirsate tdreplptiog uc tsublrrp@aakewellntoae se@anorg packer

ripping e ement with.th | | bore casin .ljner To preyent premature
gctlggt Iagwmqoq{aeg are commonly 1nstaﬁle\(li§eat Var?ous locatlonsg w?cfnn tile well to ?so ate the Well%ore

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 element for creating a reliable hydraulic seal to isolate 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.



30 of the setting piston, an actuator assenbly including a rupture disc may
be positioned in the flow path between the pressure differential. Wen it

i s desireadonoligwps2ohe producti on packer, sufficient pre®Shfus2map3ize2 applied
to burst the rupture disc, thereby allow ng the actuator assenbly to

operate[@‘?sﬂ prowdl&?g?aflwd path for the d|ffer t|aI ressuretooerate
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wel I's, highly devia I's and extended reach wells, the use of rupture
di scs tacate @aioevrdnottommllr@ bpires has detrang imore ldiéicle doendo log acli dff pressuite due

to the | ack of h t the d h d t at
and. (ndBUPSE BRI o8 BB BOPE i BOEHE ABOAOE ot B Praeulr & gl .

a nged thagdo@hhsie rtulmérsa Arding19, aGlkb@hes ansnefblaydsntibabh@uiter sRk@sly vel y
prevent and allow the application of a pressure differential to a

hydr auldpeeabley tas selegfpigbhorecrioand afovetdy mhczenogo%m ryeysufco iffuetiah telwnhol e
act uat t r ahl Of, 5 US| 0 t e in
doep. waPSPRBFHR, S Rthatcle ORFER, SegdOhont B8 L T8 B, F AoRBleCheeher s
10 SUMMBRYn KD tHatiEs bp&f&]bﬁlfﬁi\luse[ ﬁO@ﬁﬂpTi&eteﬁroeﬁ@ﬂﬁnonme dédponatdt sefklageavdiler ei n
is directed to an inproved downhol e actuator assenbly operable to
sel ect N@Wdﬁﬁ‘lgﬂ?éﬁ‘feﬂéﬁﬂd sYteeedirerehapslisi cation of a pressure differential to
a hydraulically set downhole tool. In addition, the downhol e actuator
assenbly 150f the present invention is operable for use in conplicated
conpl etions in deep water STMMARY QEIMHE IN]VENIN/OHeVi ated wells and

1 d . 0711 th 1 ti
AR 11 i S g A R R e e R A L W
and_seconiiATHRES b B SURTISH HRbL SUSARSEM BlinBufody atfiakuis

sel ectively noveabl e between first "and second positions. A barrier is

di spos etiffenentidido bbpigratbcadlyl setdqvwréioye toebdnatdditiohetht dowhhalndctyetovasicmhbnber s.
A fluid sed arrier and the

oi doon O AT RO Sy prabetr G el ) hd S A o e
body |SN&@ehgblyQiebﬁt@iQﬂ@[s&inﬂe@f&n@éﬂlﬁé@&h&blﬁﬁ’lm responsive to receipt of a
predeterm ned input signal. The output signal is operable to create a

failurd0087lt he bdproes asppeh theapresant |ipution Pofireded ¢@ a Wewnheledadtyasls f r om
the fi ra%bargnﬁqﬁa%rhag q bola$ d%ﬁﬁl?l@chrst 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 one 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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25chanber and the piston noves fromthe first position to the second
position. [0008]In one enbodi nent, the body defines a fluid path between
two presswpeorgghizns and the piston is seal ably di spose@Cirfuseéia/osisat d pat h
to maintain a pressure differential between the two pressure regions mhen

the piston is in _the first 05|t @ggﬂén t hi s enbodi nment h pi sto
i ncl ude™s e ALl Hico reé%b T 81 PRI Ot bl P’é*é?fn@% e&r the
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position. Alternatively or additionally, the piston may be biased toward
the sedbnds.position fromthe first position by a spring. In another

enbodi the fluid in.the fir hanber vents the sto novi ng
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si gnal as a wireless signal, an e net i an-acoustic
S|gnalsﬁawbm&$$umeggmgﬁmmai&nmehdoﬁmh@abmsogmahahhm Apm;mahmkﬂﬂﬁwgmaﬁ or
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o or B obinyf arnel bRy Y et pBREited B Tha Bierb bt SR HeME hasrash ORI b
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| i ke. [l#G10]1n another aspect, the present invention is directed to a

downhol [ﬁﬂg(ﬁt uat Oy %Bﬁ{e ta %ec% ht‘ﬁ% rpqgs%nﬁggrggt:fond%f leljéc%ﬂ ' Escfovﬁﬂgles c%?aqgr

chamber's d a flui ressure reg

sl i dablappsiiatijgabgichas Edd@ dedidingafindt sied mbndlehatnlﬁﬂw@ﬂ(bh&hﬁ@pm%t\fwdhsﬁx/oand
secaond positions. The piston. is sealably disposed in the fluid path to
mei’ft ai HCHUISITESIS DT e iy Pbisendatly disaeweddh thorody wad seleaiist YemPié‘ijl%k?rketh‘é‘n t he
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sel ectively separate e first and secon I sposed in
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syst em i 3§ iufl§sos@d i t0 &ikst @ﬁéﬁ@ér%tw@nqmgrﬁ& SdrthdplstorN A1 ﬂu'f@fsmpreleable
trigger, such that upon receipt of a predetermned input signal by the

si ghal tostlscticly ptdventcthntpmjon ot gioy INgcto; bhatse@nﬂh@SttWQr nitcentreli gygeim iso
tion of the fluid to

ﬂ g\?‘vt ?rd’; ﬁo?%_lcieéjt:;llearlsg&)a}t% etﬁogda gle"l(": geﬁ%)nt[rol sys I Sadies o mgnaﬁ detector, a
control circuit and a therrmte trlgger, 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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30 chanber and the piston to nove fromthe first position to the second
position, thereby allowng fluid comrunication between the two pressure
regi ons. woQawmjmigs2a further aspect, the present inventi @eTitS2@iLi0ezsvz2d to a
downhol e act uat or appar atus that includes a body defining a fluid path

bet ween two ress A.barrier 11/ 139520PCT/ US2011/ 032592 is
di sposd 43RoRKET I §§>@ e MR ot Aressgs? Bt ST HIa O P hF AR OB e ¢ he
two pr %%Hﬁ@ A%h%ﬁsyst%n?ﬂrhtt st ﬁlﬁlmﬂsﬁos@& leﬁ?@’Ehe%ﬁﬁr' @h%%oﬂﬂr@l%?z%ﬁl
within the body. The control systemi'ncludes a signal detector, a“control

ci r cui tinglndesa $ipeal ictogtorrr 4 gtgérol cihgt eicha tpomite écgdept Whﬁfrem tploadetteeptmf red

i nput si t he si tecto e ntrol CII’C a ates t.he
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fl uisd aeppab GaddtORn FRAIVWRE Bhd PaTiEMBhRERS SIWVEnE TRIi® wmnﬁRiCEonDEe%?BbﬂﬂeO\l OF
THE DRAWNGS [0012] For a nore conpl ete understanding of the features and

advant dyePrePutcHegions. pr esent i nvention, reference i s now made to the
detail ed description of the invention al ong with the acconpanyi ng figures
in which corresponding nunerals in the different figures refer to
correspondi ng parts anBRiIEF\MESﬂRIP[F@@NIﬂFTFgIlHIBRAWB\I@S schemati c
illustration of a well systemincluding a plurality of actuators used
to operl8PBlvel | tF(%IasHWe CORPISS |upﬁzfstfan<é}pa q,fotﬁmfﬁ@te%?wélﬁ yoenesss pt dissure
eqgi r r tion;
oS Rgteluace N S o e Tara. b e REa Ry
appar atwish fheraccompangidg ﬁ'@réd inivehiclororuspeatingnuibetlvae thqdifssnt Sguregirdas i n
the well in fi r(i?t and s Vg@ erating positions according to an enbodi nent
of the PrELERED 1H%8ﬁ‘?§ ‘%] Fi gures 3A-3B are cross sectional views of
a downhgpes)act uatfqgm@rapﬁr@wénfaae iR0%ans4 oF il E;l's‘tlén‘i' QTR 2 GALla AR, Hret ween

pressure regions in the well in first and second
actuators used to operate well tools by controlling fluid communication between pressure

15  regions in the well according to an embodiment of the present invention;
[0014] Figures 2A-2B 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;
[0015] Figures 3A-3B are cross sectional views of a downhole actuator apparatus for

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 SA-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 invention provides

many applicable inventive concepts, which can be embodied in a wide variety of specific



operating positions according to an enbodi nent of the present invention;

[ 0016] Fi gures 4A-4B are cross sectional views of a downhol e actuat or

appar at uswpapiigeizool | i ng fluid conmuni cati on bet ween pPETASL@E1/08IFODNS i N
the well in first and second operating positions according to an enbodi nent

of the present . i nventi on; nd 25[.00 ures 5A- are ro s sectional
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bet ween, pf&e 344 Bsd BY Her@ﬁtlé)r{‘ ah#9o wsi &eunﬁt fre rs§5pead1dh§ﬁ9&ﬁﬂmoper ating

confi gur ations accordi ng tO an enbodi nent of e pr esent i nvention.

DETAI LHOOTHSCRI PTRaONTIOE m&&lly N»/EmteoN a S@EIO@MQIWW & schemmmllngllammisi ng
of varioys enb dlnent%%ki res dIS ussed | t ai

bel ow, T ESRGANY IERe et L B Ml e R B e e By

applsi cabfuBulan yein ll\zetthQEh@Qiéteﬁ ,mswmeahn ¢cadind sriaptiach@ds icBmantéll Ge a wadlibetsy Of
specific WO 2011/ 139520PCT/ US2011/ 032592 contexts. The specific

enEodl nént Eaeh ﬁ)é (Be eldpustrated wclhteolpandpdesi a1 aefpatar |fve0mrat§rge&1af iveelntppds t o
maxe a%%}#ée% its @pe‘reﬂ‘ﬁ%g[hs@fap% %P?og Ty ?%onﬁ‘emgﬁlhc&@f @ﬁi’r{a%d LR téélk’t‘ii&“ on.

[ 0019] errin i's schenatical
i |l ust rkprtdennch ganetiak vwilvddsi grateedall,20i mhﬂt@leanpleptdat 2P, d pyackér Ivedidd tool S
that are interconnected to form5 a tubular string.12 that has been

i nst al 1%eNokp 20asihgeristed g tupiortdais ysed &bﬁ%@técfﬂicwaan%ﬁhvsdﬁea%atmé% I of
theoi 1 1,454 rt@to%%ra‘f@ ltéstéro{?eil% '26C|a9tqgt%rsa@2 agh uﬁ% Chrseci Q5 QRELA b@/glrgt@asta

tool's between 'its operating positions or configurations. Specifica

i 11 ust rchbmtierasiol 38 of)h snudti-sardplpr cioé 82 astwmtari 40cis luadd toget/pdoker Zésanchacttmmrer
valve 2Q,. a nulti-sanpl er %ool 22, a packer 24 and a choke 26. As depi cted,
act uat i 158500 PREIFS Eﬁ% ate circul ating valve 18, actuator 30 is 10 used

to oper@gpst est erIn‘éﬁ&H’@f thse cﬁ%suﬁlfec%ﬁla% ar@‘ﬂls&f ® dpeeik e 6aBJoRlink AW | nto
sanpl e chanbers 36, 38 a nulti-sanpler tool 22, actuator 40 is used to

set padk@lrbﬂmnantlmcﬂmétcomnn@qagom betvern ptfpsrratr@@rtsahéhez ecll] fopojdmpleach of
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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 well 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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tool by controlling fluid comunication between pressure regions in the
wel | . For exanple, 15 when the pressure regions are bl ocked from one
anot her, wheowetsps2zbool is in one position and when ther @Cirastéios2so2
comuni cati on between the pressure regions, the well tool is actuated to

anot her siti.on sSur e eqgl Qns . co Xa an nterior
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ut e n- a0 pp B B B ks e PR Sl T Bl Rl
associ afiethayivélp Be raeb@rhpl\é@SlIMehﬂglh PIcBS 84 metréRE] QN cOfbinstish oRSsubbiantidlyl bor e
annul us, a pressurized gas chanber, the central flow path of a tubul ar

stri ng iBompesspte flujdgea comiiagiianeot gommresblerdyidser a$eBOINAtiaR ofpRhHORMoOre

chamber B ERE NS il R oy S § 3 A B ERIP IRIAC FORPRRE wEISTTG
nersder fhodi79 prepéms istdd 66 fadmimotinglsuffididmiyk® thenietiniocaidnoconmatinesionpor t s

60, 62, as best seen in figure 2A. Piston 66 is
"between ports 60, 62, pistonn 66 is able to float as pressure differences between pressure

region 64 and fluid chamber 72 are balanced.



biased to the left by pressure acting on a differential piston area 68.
Initially, displacenent of 25 piston 66 to the left is substantially
prevent edwe 21305260 di sposed within a fluid chanmber 72PCEUs2el1/08250%
preferably a substantially inconpressible fluid such as a hydraulic fluid

but coul lternative be a conpressible fluid such as nit e a.
cord nabfl of s aetEhD: S b ep Besr bR P e ealE: FoRRbho Bine
conpr esbib& Id Wi dBaier AsLRABR PALhANNALIQNE bHricFTb AR PR Rb&nbll Uigds

with one or nore substantially inconpressible fluids. Preferably, while 30
fluid Hovpgey nidsppisagenny 68 defored thercthgought f Bairien/byinitially peevepfst fluid pen
conmmuni cati on between ports 60, 62, . pist 66,1 s.able to o] as essure
T 1 or drn S BT BBGE 27 g bR BISGE o bdiRmimbe 75 Bt P Rced.
WO 301]de&f%9@'§l?@%i/s!d§?e%bb{r QB2 2OprefRiid fSatdriadth b madl sralouruAner@istlyi ned
bet ween housi ng nenber 54 and housi ng nmenber 56 is a barrier assenbly 74

t hat i rfeddedisemap plastic, @rcor@ositd aaglatsppserante semttyrerd thess matcralp) i efher
passag .80 | ned e 1gh i e | Adt p lyid 70
Prom oatidl guflat PEFinhARY SRR et 7t bt TUREhS: Ll

Bar ri erouffutisignbl ddejescibed balswa di sk menber and is preferably forned froma

nmetal but could alternatively be nade froma plastic, a conposite, a glass,
a ceranP825la ni xthasEioged prithil heuting imanaber ort Bt hepntiritwster 84 dhataprladesor

i nitlyi al t aj. nj | j : fai i ' an
out Sut TSR SR  h Softrk® GRBIBE0 sEE b PR A GRS e P
i s a coigmbhndystgemr8d dnhaitputnggned ebatlGeatenerfoilhsc adrponanits Fhatxaodper at e

together to recei and process redeterm ned i nput signal and to
gener at @R BHBLEISTGHAR £ Mok ASRIES SIcTt &) fTESHR 18P 6roirpg) SqRspr. 2
exanpl &ydfRbhQlan WUEHRILBy REEUIES 0 PsighABlecdEWAGhAS cHHBR FSeeiPhEHRUN €
sensor, "a strain sensor, a hydrophone, an antenna or any other typé of

si gnal medetarmoredihpuivignel, cdpetbinay bf i e domn nfja winsless sigatleneh weah doopsiic

signal, .which may be in the form of wi rel es i.gnal, such as an acoustic
15.18; griigheh sdly &Vt sletong o el MEEY & cBF I r BTN} e SEnd

Al t er nafctaétIryeouldi: Bdr@ RalcddttBe t@ifaceQinld bpbriblatotcdiv€ thet fred i@ niintddf aper and
operabl e to receive the predeterm ned input signal in the formof an

el ect ristgiial gn gthal formnolbgni dlagtrisslgrignaloant epdicpl Rignalaer ghotlker s enothe vel v,
t he si chQr. . [ ' r 1 CesS Wi may
be- i nt aRaa ST CHE Sl GO et Bl s REG SR MBI, BEMLERRI 0 1OV o
sensor werintchel bt kae2@l todiougdpesshedsy SDeugr adetigerianttvnholeWensr @ndle like

[ 0026] The si gnal detqftor,na, i nclude or be in communication with a control
ci rCui tthitgspcTates dregtredderieed inpiftsi@iagnal , for exanple, by digitally

decodi ngg3dle | NP UfnesigifiRkercaBr b Bl AR IR ESmARAIAGEY AhUAIAroPOirsifiOU! d
be operated. The contfol circuit’is preferably an electronic circuit

i ncl udithg rprotsshe opposignils faxhmak, ay niigtatiprdecedsgthe mpui genad) amsl thatal

determines whether actuator 50 should be operated. The control circuit is preferably an
electronic circuit including various components such as a microprocessor, a digital signal
25  processor, random access member, read only member and the like that are programmed or
otherwise operable to recognize the predetermined input signal and to determine whether
actuator 50 should 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.



25 processor, random access nenber, read only nmenber and the like that are
programmed or otherw se operable to recognize the predeterm ned input

si gnal amioteolidgest®pm ne whet her actuator 50 shoul d be operatseel/ogxsn? r ol
system 84 al so includes a downhol e power supply operable to provide the

requir wer to.the other ele ontrol system 84. Preferably, the
bower JORBYCT o' eontios e 51 TORBC imiisfs B oren SienihSasreipt oo AREDE ypos
of 30 pp 'Eed%HQ@ukee?A IRy cRLthRLINRE hoe e)’as?e‘r‘nl&l?%@ Wit ARt Je@ﬁ{%’zﬁé hs@gmf)l&% the

principles of the present invention. Control system 84 nay al so include
ti m ng iddvieseschamidd| dgment o gnengelic thaterial RS, aplelrgnm@ntﬁgtn%amb@epmle 8£ t he

pr edet er,m ne npu nd.t he neratlon of the o

D01 1395t pter) Rish £ /B tes BTy a5 &G F BBl ghmelil B Al Rt

out put oxiidBht [F6MRIAhRExAherhdit Blg@hicslepd b dt high ftérBpbr@ur krdSvniasG B Bint & J et
nozzl e assenbly 86. Chem cal jet nozzle assenbly 86 includes a chem cal

el ementregntioanetliyemictal paween wicdgs, theomgasition maygapiudoelummgum, ﬁ@gm@rg,z
Chem ¢ 8.1 I y f

ponder aisir Tiahiueld, ARG R hIRE: TRTMEEBEP I B Clofpdi o o

hi gh t&ﬁ@éfn&tﬂdé%oi@ﬂ@ﬂl} oa;$deas1ﬂ1b@rt(m) ex1daamtorﬁ1mm(mn)eoxmet ahangenvadeVyseide] n t he
corrp03|t|on my i nclude_alumn ]g esjum calci ung titanium .zingc,
|

sili corironl%%ﬁ“%élfoflﬂé 1) r@élde“rﬁ@m oxisle; ifadd5dH. 1Y) exide apdsstiks: ooty
d I
manganc2elt 0 "o b B s Aoy forL R ERRP M HhlerlsSErepgtjon
oxi de, dceardiniglto thd fo]lowlMg coubtiten:and the |i ke. For 10 exanple, a conposition

of al um and i (Ll used which has a reaction according
to theTpWowi ng %ﬁﬁéﬂz&n&?g 8‘}%@%64 2A1 -> 2Fe + Al 203 + Heat

[ 0029] Lﬂﬁ@zﬂf chenijgalr @koE@NEIeBRnt Mhapﬁ&qu@&% tBern & FhdtRn'i @&&dn@d’gebl%
advant ageous in the present invention as the reactants are stable at

vel | borie thepmpeentinvasohas thy mddeetsanc Bblet rveeﬂrlbblse iermperngecekat fredwdecan
t f d bi nd
rmtigr | Aropgeoe s Il e B 5 Ly Ber BERPRor RN TR TP ethol o

TEFLON ihdiMIe a\BiddN rhakdfial tBBANI éﬁwinmub@@haﬁﬁa@% R indliding dpPky eﬂﬁ%& HTPB
(hydro -term nat ed T\]ybut adi ene) , ty and the |1 ke. [0030]1ln
i |1 ust rﬁilﬂeplﬁnﬁ@m rrwﬂQO ghMDi &8 e(ﬂ?? vbotafigne cienderigget eopohengbnHIEB 20

circui t( y@@ 21 %gg% era?gh% g%ox§°anh*i!ﬁé when it is determ ned that

act uat or cont ro Circuit supplies electrical
current[0030]i gni t |Iﬁrthag1amtra&a enhigydithéra ighgriont agiiit 96 ipreefussceddl tp the rovhaodl

burni ng.fuse such as. a nesi um fuse which is actjvated by the el ectrical
Curentcircpad ap lsstricah G Of oy Wit Aehcrat %etﬁmlﬂewhahawa%ﬁ@asépws Reol i ng
gases adébgra@é%ﬁ tl%“cro'ﬂﬁéf Cl?t?l(.ltltrs%.@?],lléé dl@ital @159? nfifon RSS! ]%Hltfo‘ﬂsd Sntdfoe nost
preferr dué tot reactive nature o hesi um and erature at
whi ch rtagnme“slahm bunetsl htnunu’rg ﬁsesmnf:lﬁlacsnemalgyesimrgrfuwwhgah fseaativetwdcla thed enent
88. Alt rna vel ‘:Prorre V\nrtg &l a N C Ewire, .mag QE used to

di 1 ect 1950 FEmdie gl MsPapreriroisd AS st Ruin Wit raEhyeE Copliechiome

W re maydken Bﬁﬁ%t'ei@tr&ﬁel?zgﬁ%ﬁ feBipctaidbd) MaghQNint Rusds AR Adst PREGHJAHUUS ehenhi ch
inturn ignites chemca ement 88. In %hls case, both the nichrome wre

an@St haeagival napue rafngagnesang Endrethe hemperawirad et achieho nisgnésgumn t husns adeait 1990.

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



[0031]In the illustrated enbodi nent, nozzle 92 is designed to focus the
heat and nolten materials created in the thermte reaction into a hot jet
that is dwoeotedozowar ds barrier 76. The hot jet causesPaTiuscusdsRshvt spot
on barrier 76 resulting in the desired failure of WO

2011/ 139520PCT/ US2011/ 03259 arrie |s.n ted t ha he node .of

fail ur @3ty 9 Bp %@@é@a i ﬁ%%{ @fr %&Het? bprrigr ﬁemeyhfgcu%%@agﬁtfaeﬁg,
lgn't'QHdnH?Q%ﬁmhﬁﬁmQE Qhﬁﬁ%eﬁﬁﬂ&ﬁgﬁ%m%ﬂd@&aﬁﬁkﬁhﬁﬂmﬁ@x7k0032]Even t hough
control stem 84 has een described as berng positioned w thin housing

menber [B%Z]t hose Isknlthaghi qo)ntrhlesyatem b4 hhs b@@d@mrﬁedtahéwmgmowmecbwehmnt s of
ed outside of. ac

control stem t 05|t on tor

50" nolt5aF Rl TORERE oot Pl oF e HE Wintrdintls bRt oo b SRRt y.
wi t Boutsygtlemard i dagldf aRémithelypibe qydsnioee@fou&m BF eseRtor TV ethidiny tikokigaxianpl e,
one or nore of these conponents could be |ocated within the well tool that

is to bistestaruthe sentyl cireriyapdhegovesr samly.ovidwut dengrta fremdhhpringiplglof thehat
are 003;‘%%5%& &9erﬁf6§n”%9 )ha%QQB,gQ]t oEtﬁ%‘ r@Hf ?ee onﬁ%n{:ﬁ&? ccﬁ@ﬁ%@ ﬁ‘éctaie’&‘éﬁ@lh% It

is onl evan hat

suf fi civedt kool pliaxik n@tbe dotuabal by ectuZtﬁr tso dracwiled bbdochesi rnedth‘élatdow that pR033] | n
operation, the signal detector of control system 84 receives
pr edet SOHPIFE aﬁmfer 30-ghar thg pyrroses eloihe paqse%ﬁ IpggRtionpit deedy é%le‘f?wé that the

Pr gdet & gﬂd@% nhlngé'ﬁtera%rqgﬁé%{l&h dﬁcﬁeﬁt rﬁklg{hgé lgm% ﬁ)o&lh Othe Hebifdd t

determn tuat or er at ectrlca power 1s
suppI|GEHMBon1the power supply to ignition agent 90 to |n|t|ate t he

chem c actlo in chem c el.e n 88. T chem cal ction.causes
el 1 PN e Mt g P PR s G s R
figure p%&leté:rhﬁ&h&l 1ﬁﬁmgﬂa9§ﬂd @8 cbﬁtrdlr&lﬁ%ui%lé&%s'é ﬁﬁ%r&%&ﬁﬁﬂbd‘iﬁﬁtﬂ% nal % and
chanber 82 t hrough openi ng 96, which lows fluid 70 to exit chanber 72 as

pi st on W6y shausiged. t &f theecdngfol cluyulprde@smnes fthdmd’qmagw po ebsudeba epiraad64 20

actlng n.different.ial pi pn_arnea 68. Co nlcat is n t ed

Dot taital R Mypli, POgh 5 a0ty SRR ™ GBI ot B Th el ., o
2B. [ch%ﬂnﬁet efalctitng uﬂ@menh@alfdl@ﬁérﬁsz%g%ﬂ?&ehe@nd@we&wbﬁ iy dafricrapporfaflus for
controlling fluid comuni cati on between pressure regions in the well is

depi ct edcdtingfapesing Hodthsregypeh, as best seen in figure 2B. Fluid communication is thus
established between chamber 72 and chamber 82 through opening 96, which allows fluid 70

to exit chamber 72 as piston 66 is urged to the left by pressure from high pressure region 64
20 acting on differential piston area 68. Communication is now permitted between pressure
regions 64, 66 via ports 60, 62, as best seen in figure 2B.
[0034] Referring now to figures 3A-3B, a downhole actuator apparatus for controlling
fluid 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



operating positions and is generally designated 150. Actuator 150 has an
axially extending 25 generally tubul ar body or housing assenbly 152

i ncl udi ngvoweltiseRong nenbers 154, 156 that are secur ablPgTasa@li®sesynget her
at a threaded coupling 158. Housing nenber 156 includes ports 160, 162 that

are respectivel in communication with differ essure. r |on 164, 166.
Sl i dablt t?u]ﬁf% Ppﬁbpg}mmugﬁat;@a%m@ﬁmPOﬁ%d&% 38%9156 %r@als ?‘eﬁ o 166
t hat 'rﬂr@ésﬁilelMff@ef?&!ﬁ%e%%?és%%'r%?orp%mﬁﬁf‘fhﬁ@rcﬁé:mﬂe@qnJa@ezbalﬂl%e@es'[ seen in

figure 3A. 30 Piston 166 is biased to the left by pressure acting on a
di ffer dA03dl pi stSswurabbantesalinghy pesatiéned bdt\sq@hdmesmgtmembepﬂ §4 and 1@6ineo t he

left i tant.ially. fluid, 17 ed Wit hi fl hanb
172, PrBTBPag - ahrs PRERRYITY OSSR e ot b BrpgBh I AT
suf i citRRtnlgya ﬂ@d%@%@&ﬁ%w&éﬁn@&m&hﬂﬁgﬁ%&wtm ihighily pRvOREAuid 170
comuni cation between ports 160, 162, piston 166 is able to float as

pr essurfeoricsgapinentien demheeh’bite @Lﬁl@m%élgﬂ&%of_ieausenﬁjmemﬁﬁl%aﬂ?b@tlorleﬂz are
bal nmb
154" and Rt QDA RS oL T R YR OB ARG P BRe P 3 BB O

bar ri ercitbds, arpdwar sumprcbpt@asleﬁinmg dABecs ahﬂvamgu@un‘ bighal gassagematyigt&0
defi ned therethrough Barrier 176 initially prevents fluid 170 from

escapi rifPRESindiBDEA asochentieally iRKEIRsPIeTERE BspeRblysi8iy Ghemeallyrigiiated
Posjt i gzi?éigm 0 1) oug BgluH?s”'Q%eﬁ&%l 'ef%n%npgmeﬁé%% thy ﬁIaF‘e'i“aiL%S teﬂ@i ity udes
a sign efector, " a contr circulrt, a power supply, Op t1 onal |gm

deV|ceagmmdﬂﬂhammagmﬂmaggﬂahmgd@éandMyahqmmuggmmndem@ﬁn@ﬂ HM—ngmneaBA as
a chem cal | i.tiate ierc enbly 186. Che 'caII initiated

o or or g e B PHEPe FRbeT RS A B E P Pl bt o Ao

188, anxh@mkk/ ﬁﬁldaglﬁr@ongrgﬁecﬁe&n%s@lbﬁ rtHétrlQo@dc%mrttonﬂb%gtlél belablncrglisp aRe

within a cylinder 194. Chem cal elenent 188 is preferably a conbus |bIe
eIenenuﬂeﬁnmoagfahwg®p@hm@@fg@$&ﬂnﬁe®ﬂmh@mnapmtpmwmi@r extrenely rapld but

contr ol conbustion t ha t|on vent i ncl udi

it etk el WS o SRR Ui o el B B ol e
15[ 003&rbpeliant s @rwbcenmgb mﬁﬁclzéahmcmmglyemnbr X3 o ypheanRsi SRS a
solid propellant such as nitrocellulose plasticized with nitro cherln or
var i ousngysemalsatte §usm>ﬁmdqdn@1r yahistic 94| sy8thsiis perbge and woatapling & fgncdy disjdadnet i ¢
rubber angh coatatdl 18Rl | €Y, thvthgr%% fﬁ'él;ﬁ%hrc &%%&%cﬁ'aﬁ% 1[%
conpri se I norgani c oxi 'zers s um an potassnun1n| rates and
per chl groadssiansnichtcaand ptidtorates arhablpotaddiem gekchidratel dt bieouddpe eppratiedd, 20
however, that substances gﬁher than ropellgnts may be utjlized w thout

depAr t i10y eV Flothat weDSHCRT PR thagrproprllapisguan be PHl}%ﬁﬁit VHhoutidsprigag fpnyihter
expl osi y i o] e at ed
enbodi ¥ﬁélhﬁgﬁ??%g?ﬂgggn?®&ggﬁ?§£§%%ﬁ%6§gs éﬂﬂ§ﬁg%b§2??%$n%$rgh#%ﬂ@ﬁé an
el ect risoblls onlhelik@6 Isaht hbustratedeembddimsntd egretion ngchtt 198t isamhoedtad tdl B@
shoul d be operated, cantrol  cj ui u Iles el ectri curr nt to

Cont 1 GRTEEBRTCE0® Bap G0 cbls” L bR & ds FsRan b B Kot r o
syst emgh8aidIReBEMES, IR oRESIASIH Fipiaks ua%fcalsd&ﬂaﬁi toa%»qusmg&l@ 9. ol circuit
processes the predeternlned i nput signal to verif e signal t he
cordrol[083Hcui t det epereies theatsignel udetestor1 96 @:hxia@ﬂ dsyb@nop%tre@lveél dotrical
power d fromt Quer syp to | ent. 90 ta. injtiate
Phe. cndir R ep " SER Ehr P REiti PPrsd™ ee B Ming PaliGidril b aices
pi er ci ngrigy emepignad0 maetd@nﬁawarcm Hé’t@mﬁlh@"fhapla@tﬁhtﬂg 1l@arsrhb@16 He/ Bperagdbest
seen in figure 3B. Fluid communication is thus established betmeen chanmber
172 andFleagmb@owes2s swpRisghiTepefe mpweyesuPilyi higalticgwagont UPR te7oittas e t

2011/ 19957060 BAah A5 63 0e 3 AR b2 TETnb R PR RRNE ol A

pi sSon 1@2eaa niha.to Genmighn ipiain gdarti& W@y\aqolmsmeteheﬁi figeteviie nFlmdeeaa:nmnembagmons
164, 166 via part 0, 162, as best seen in figure 3B. [0038]Referr|ng now
to figu é%usmt%lsﬁ%dl gsW?ﬁw@a @rué?% an rfaama%ég% Shropghepelipg 4§6, which

allows fluid 170 to exit chamber 172 as piston 166 is urged to the left by pressure from high
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fluid conmunication between pressure regions in the well is depicted in
first and second 5 operating positions and is generally designated 250.
Act uat or ¥BQotiasIBRN axi al ly extendi ng general |y tubul ar Poodis2@n/08230%1 ng
assenbly 252 including two housi ng nenbers 254, 256 that are securably

coupl ed together at a threa cou I|n 258 _Houysi ng nenber 256 incl udes
ports JBES r%ﬁg’f’ﬂg? aﬁtén%%%ﬂﬁfﬁﬁ% pisfo aé%jrﬁ?n APMHRCHIY IS IO RYEY eté

pressur&t\s@&w&%m%%gmg@m $hé 9aovs apg, Keakd m{ ééeﬂhﬁﬂgl%%@BW' thin hOUSI ng
menber 256 1s a piston 10 266 that initially blocks coRmuni cation between

ports 26038]262, Hcfowiop nswdn fignrdsidgusB, aaéowmmi@ mtuez%appgrablsafsegbttt@llmge | ef t

by a biasing nmenber as a spiral und.co
nowever iy nEegReR PR Ao i Rt TR By MY CRT ARG LAYl Segen
bi asi NGpFRIMAE MHositiBhd bl RGALRAAY d%M@ﬁz&e&QS(ﬂrEN&ﬁﬁtcﬁ@QSOSlﬁtﬁ|aﬂ91x€Hllyféx‘tétﬁlr§§3r| ng,
could alternatively be used w t hout departlng fromthe principle of the
1

pr esentgeneigBntilatar haslytqrahduging gissguntdy g rincly ngsrypsho@wnga@embﬁr@ ReLI B is
bst Q, 72.
0030 Shiuraiep N BN s L B SRRt Ra e Tt SAATBE 2 S

housi n gnﬂ&@@epor% 860,262 baartr arer regsesendlly yin2deibaicaticic Imrﬂle differdmar pre@ure2 76

and a support assenbl 278 having a fluid passaggma 280 defi ned
t her et HESOEH 268250 e$h@’¢@ Pl tqadngly rRasechpathim BeWE7OCDECK £ hised EEfing

IMr ?m ﬁf%%b[ﬁét ikl rﬁl&ckggﬁﬁm%angﬁ %eg{reeg S %g@é@e&r b%?t ech 312 {u%n@g

ousi ng ne IS a contr Stem 284 that i ncl U a signal
det ect dlistom 2661 biescdad rtioulett, byaa b'ramiﬁg nmmphmlr yiepioptiiasaapirtl mmgi dmvpressmnan d an

out put gener at or ti gger .de din figure 4 nlcal j et
nozol e RBEmSHS ToRserunr IO oSt v Swshuts B ot Sads Sb T cal
el ementyghb&n ﬁfcﬁﬁi‘iﬂg%ﬂlﬁéﬁ Bkl 288harBéul IsgRhS oP MuRPEFYing? %Qulamdteﬁlaﬁ%%l 18
25292. [0040]In operation, the signal detector of control system 2

recei vesed hethputettprgimgifroed thenputcipdé ghthle paerdnt ingergiont oitialdy rdsilacepeotesses

detiar miige® RadS the SRS TP oSk §bog o2 Mdhiedt Vi b ot

suppl i ed2f rom t he power supply to ignition agent 290 via electrical cable
30 294 to initiate the chemcal reaction in chemcal element 288. The

cheni cd003Yact i orPesuigbbrsangaelingly postiensdibsiweendwuyiag mosehsn 25hand bensenB.
L ST, Oy LA 52 A B AR, SRR Al 252
2011/ 1325RQRATIiWSAhEH0B258Pdefined therethrough. Barrier 276 initially prevents fluid 270
20  from escaping from chamber 272 into a chamber 282 of housing member 254. Positioned
within housing member 254 is a control system 284 that includes a signal detector, a control
circuit, a power supply, optional timing devices and an output signal generator or trigger
depicted in figure 4A as a chemical jet nozzle assembly 286. Chemical jet nozzle assembly
286 includes a chemical element or energetic material 288, an ignition agent 290 and a nozzle
25 292.
[0040] In operation, the signal detector of control system 284 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 250 should be operated,
electrical power is supplied from the power supply to ignition agent 290 via electrical cable
30 294 to initiate the chemical reaction in chemical element 288. The chemical reaction causes

barrier 276 to fail, as best seen in figure 4B. Fluid communication is thus established

between chamber 272 and chamber 282 through opening 296, which allows fluid 270 to exit
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chanber 272 as piston 266 is urged to the left by spring 268. Conmuni cation
is now permtted between pressure regions 264, 266 via ports 260, 262, as
best seerwOnofiiges2e 4B. [0041] Referring now to figuresPEARABB)11432502NNO0l e
actuat or apparatus for controlling fluid comruni cati on between pressure

i in the ywell .i icted jn fi d i.ng .posi ti
ond | YRRBPARTY S aurahatbds 356ed R thslst PSSO RASON GRTERIALRT dbaPHg
gener aldo¥mfidabkarcch plis Rt raosi 75 866 6hbits 36 2JsnCdsusdiinged worihRuaiRNg

menbers 354, 356 that are secur ably coupl ed together at a threaded coupling
358. Hd084Hg nentRaferding nondb dgwecsPoy-6B, Bé@wnigdadtrior apperatusspecaritiodling i n

conmuni aﬁ%i on vm'tht.diff rent _pressure re itRns ?.154, 36?. Po§iti oned wit hin
port 360§ SOMMYIGatian bethctn pressiife Beﬁéornﬁblﬁe b &V it JRISTS b 16?@@@#“%‘1% d
COMUNI (pRfdtiap positivee indIseShbiably rd@gg@anéd 36¢, AffitorPEHi Hak @iyt dxitdhdiusi ng
assenbly 352 is a control system 384 that includes a signal detector, a

cont r olgeaptelnitebulay boshiear kupmieyassapily 3aadlinglpding gwadwiusias ragrabain 3ot Pt

si gnal n i i d.in fi .4 a i j et zzl e
s gembl GaEE VeRraflh S AR08 B SC ol Rkl RIS 35 CHBUSHE, b S e
or enerigduds pateBbal 3888hatasrei Gpdetiogly aigecdmBORicaih &ithodidTeeend Ytessukd
[0042] In operation, the signal. detector of control system 384 receives the

pr edet eFHPRedOtnHt:  BpyHencdawdhin Rore 3o iop barties 70 hrioeysedly tppinitially

pr adet ! in i r i 2ddf : @k clret
DL AR S0 5%, R A0 3 SORRERigly R
suppl i edsdntdp3the paneol syusppd §84 that igoiutesonsigopd nibte8©0 avdoatrel @ctuiti £ pdbweabl e
394 to initiate tBe chenical reaction in chem cal el ement 388. Th%1 chem cal

react i OHPRFUSRHOTSH UG flofCos A8y qUipY sigflel BERGraBaR Tgect AgRiFied g Neure
Communi gl @Nchemi HPYetPRIZlet £:88mDIGT WRBENCREBR SIUJE nb2AE QRS mBBA 3836 1YdeR APOr t'S
360, 362, as best séen in figure 5B. [0043]Wile this invention has been
descri bbdmyal plemeftearencrgetio materiab3§8aan vaniorbagdn @it and a trizgled®3cri ption is

not, (i nt d to he construed in.a J]imting sense. Varjous difications and
Cor ndBPEAls of e SPRRNGHT e DisfalBiehith ol et B o relbER
enbodi eedctertfinddigputiy@at hnthwicbhtrdl@idPiP prRBEsct theRREEAMMINdd ihp@didnal fohe art
upon reference to the description. It is, therefore, intended that the

appendedriey sharsigedcolfptis soatig! st defeininesathiabastuator SaB iPwE ks operyied.,

2011/ 13 / 325 [ | aj S | u r

appar at S Ra e R B, (8 hol S Pl I ghon ded PR p BRAMALR

pi st on 3¥Mitdaditiytedhs plasedalirbadtioe i obbmianicclsate @8RV dhy dhioméablteactiat vwess fir st
and 5second :%osi tions; a barrier disposed in the body and selectively
sepdr atheRdet HE 1o fad anRastssen Ay M BB sComMungREoR is BO¥ RFTMHt ety fens t

chamber, DELNGER G686 LRMHARE 6D M2PASERNsccR M 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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a control systemat |least partially disposed within the body, the contro
system 10 operable to generate an output signal responsive to receipt of a
predet er woed1y13pizd si gnal , the output signal operabl e POTASe@®3289% ai |l ure
of the barrier such that at least a portion of the fluid flows fromthe
first q&%nber to§%ge second chanber and the piston noves fromthe first
posi ti oN1#igs fRENEEiSond position. 152. The apparatus as recited in claim1

wherein the podylggggﬁgﬁegmh&g}%ngﬁﬁﬁsaﬁ&%ﬁﬁ&:two pressure regions and
wherein the piston is sealably disposed in the fluid path to naintain a

pressure di f&mdgrdeliningbastendnctond chewbpsessure regi ons when the piston is
inthe first position,, 203. The.apparatus as recited in.claim?2 erein the
bt st on 1 noi dubey REpsrsaat o BRhahi g SRl Pey s Briste 05 &L, ' ore
of the pe@RIpPHsRiIongdi ons. 4. The apparatus as recited in claim1 wherein the
piston is biased toward the second position fromthe first position by a
spring. 25 a barriersdispped dppideabasy asd rsekeictiedy i sspeetingnthe Wirstr end sependr | ui d
preveng%a&ggspiston frommnoving to the second position until failure of the
barrier. ’ 6. The apparatus as recited in claim1l wherein the

barrier furtdfiiddsppsddie sheafiSOchdnter bEWber the barrier add thEhgstappadat us as
recited in claiml wherein the fluid further conprises a substantially

i nconpr essi B 04l ystempgl Jepsh parigBy gberpseis2o i gBoDedy. the contipl sypign

appar at el J I [¥ ki i@ . i

SO SRR G Lockbal R VABCROL DRI d e er ool ntyd

t he corhe olitpsysigeahoparableeo create a failure of the barrier such that at least a portion of the
fluid flows from the first chamber to the second chamber and the piston moves from the first

position to the second position.

15 2. The apparatus as recited in claim 1 wherein the body defines a fluid path
between two pressure regions and wherein 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.

20 3. The apparatus as recited in claim 2 wherein the piston includes a piston area

that is exposed to pressure from at least one of the pressure regions.

4. The apparatus as recited in claim 1 wherein the piston is biased toward the
second position from the first position by a spring.
25
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

30  disc member.

7. The apparatus as recited in claim 1 wherein the fluid further comprises a

substantially incompressible fluid.
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5conprises a signal detector, control circuit and a trigger, wherein upon
recei pt of the predeterm ned i nput signal by the signal detector, the
control cwpui13gewi vates the trigger to create the failparaseditiobzsobarri er.
10. The apparatus as recited in claim9 wherein the predeterm ned input

signal 10furfher conprises a surface generated si ngfll]‘. el ected fromthe

group consi sting RRFATe §%§e%ﬁﬁgdﬁlcgalﬁhle‘fvgﬁte%ﬂ’ﬁ léaitjé‘“g?rgml?mgﬁ a

acoust i onHrGdle fi@dPr essure signal, an electrical signal and an opti cal
1

si gnal . The apparatus as recited in claim9 wherein the
predeterm ned i nput signal 15further conprises a downhol e generated signal

selected fr th roups .consi sting.of .a tiner generated signal a
sensor gene:‘zbgt edeg%g aratus - as rec}fég lﬁ'hcéalgbda??v%%gl gl%e rc881ir‘§legy%%ﬁn gl]%gtp?ﬁ 9
whenrei nohfpeis@ bPyEna i @icdor! Wohfielr ceQiPhh& es theat, @ﬁa@r@hg&l Rycdigteot kicgger

that nelts at |least a portion of the barrier. 20 13. The apparatus
as r ecinredptermingdainmytosigind i the sigaalodptenter, diegivatrof gir¢ietctiveiep theseept Wssur e

gener at I r at shifts a piercing assenbly that forns an
openi ngC? t?%lﬁg%ﬁrhgfggi)raﬁee?l 2514. The apparatus as recited in claim?9

wherein the output signal further conprises a chem cal jet generated by the
trigger that makes an opening in the pbarrier. 15.The apparatus as recjited
in claim9 wiereithe: Hwatatysggierecttes ithleing shiyhpisas thenpredeternyped guuf ¢igaak er i al

seligct LSt t i Ll , mvabl e
ool 1? ds ?ﬁg&%ﬁéggﬁgg@% %H‘Patch %r'é?nér?{gtsi Qggngf scPCERL £EAMKE o RAPRBR Lt bha RRLLE
signal, an electromagnetic signal, an acoustic signal, a pressure signal, an electrical signal and

an optical signal.

11.  The apparatus as recited in claim 9 wherein the predetermined input signal
15  further comprises a downhole generated signal selected from the groups consisting of a timer

generated signal and a sensor generated signal.

12. The apparatus as recited in claim 9 wherein the output signal further comprises
heat generated by the trigger that melts at least a portion of the barrier.
20
13. The apparatus as recited in claim 9 wherein the output signal further comprises
pressure generated by the trigger that shifts a piercing assembly that forms an opening

through the barrier.

25 14. The apparatus as recited in claim 9 wherein the output signal further comprises

a chemical jet generated by the trigger that makes an opening in the barrier.
15. The apparatus as recited in claim 9 wherein the trigger further comprises an

energetic material selected from the group consisting of pyrotechnic compositions,

30  flammable solids, explosives and thermites.
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WO 2011/ 139520PCT/ US2011/ 032592 16. A downhol e actuator apparatus
conpri si ng: a body defining first and second chanbers and a fluid
pat h bet WweorotmMmB9jzoessure regi ons; a piston slidably di peasdonie3zshe body
and sel ectively noveabl e between first and 5second positions, the piston

seal ably di sposed in t fluid path to maintain a pressure differential
bet ween t he o ﬁ?gggﬁaﬁeP@6WBE%mﬁﬁﬂ¥QW%P%%%%on isin the first position;

a barrier disponedofiing MRsAsRO SRARGH URA % AERIAL bBOLRGWD! frefsupnd

second chanbers; uid disposed in the first chanber between
t he barregiens;and the piston, the fluid 10operable to selectively retain the

i st i the fj L. it : t | t t | t
Dartially dircpolas iRt divme Bode vedveandaipaiel sl ER R g @idgnal
det gCt Qlcordl BOYMISR thd st sasblR disjod@Plin tMOETLEd Hatho@N mhBs@inPh Hhssare

predeterm ned input signal by the signal detector, the control circuit
act i vatderchigalbetwpgathe tovocpressties rgeibas e thsfpistereisha th fast pastiont hat at | east

a portion of A fr t fi . C tp. t 0 chanber
and the pi staol;rrl)gﬁtloe\iledsﬁlkig)rs(B)&rnqﬁvﬁ%1 ef?grag t Q%%sﬁe[e?%%&oﬁﬁ %ﬁlg%ctgen gtoélg(?i%go,nd
t her ebychalbemsi ng fl ui d communi cati on between the two pressure regions.

17. The apparatus as recited in claim 16 wherein the barrier further,

conpri ses a Afleid digppsed 1n s Sirstrrdambpna pettvgen sl pagier and ithe pIstanmthss ider ei n
thgotri 'Ble{]tHr Refiv FOMRLih #eSpioh REMTIHG phlitig#ehgt hat melts at |east a
portioﬁggglt eS%arfvﬁf. ih #Epi fg. The aﬁbéﬁafug’as recited in claim16
wher ei n t he a coggersyktent hedeasopprtialg sdispdste ititie the ibgpder tehadntil oyetem a
nechanchl.Biercing %ssenblg into the barrier.. : :
including a signal detector, a control circuit and a trigger, wherein upon receipt of a
predetermined input signal by the signal detector, the control circuit activates the trigger to
create a failure of the barrier such that at least a portion of the fluid flows from the first
15  chamber to the second chamber and the piston moves from the first position to the second
position, thereby allowing fluid communication between the two pressure regions.
17.  The apparatus as recited in claim 16 wherein the barrier further comprises a

disc member.

20 18.  The apparatus as recited in claim 16 wherein the trigger further comprises a

thermite trigger that melts at least a portion of the barrier.

19. The apparatus as recited in claim 16 wherein the trigger further comprises a
thermite trigger that propels a mechanical piercing assembly into the barrier.
25
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.

15



25 20. The apparatus as recited in claim 16 wherein the trigger
further conprises a thermte trigger that discharges a chemcal jet that
makes an wpenivig9iza the barrier. WO 2011/ 139520PCT/ US2@CT33RFD22592

21. A downhol e act uat or appar atus conprising: a body defining a fluid path

bet ween two resz/gre I‘ﬁ,‘(gl ons a barrier disposed in the fluid path
to maintain dRWBIQJF pPEHER RRNSF A EREARERE e t wo pressure regions; and

5a control Sa}’B“cIdﬁérHeﬁhmkg%%ﬁdB%tﬂeﬁizéeﬁt@b%%%rﬁl&ﬁ' n the body, the cont r ol
system including a signal detector, a control circuit and a thermte

tri gger wher wirmenpsposekethp flugf path prmdmttaem pripnesduric mipiiitrentiad hatweoy thenavosi gnal
det ect the control circuit activates the thermte trigger to create a
fail uréjr%sl’sulieﬁggIBQSf”ranr thereby allowing fluid communi cati on between the
twospressure b@jﬁtcﬂn@steﬂxf) at least paﬁﬁllyTcﬁﬁpo@@@&u?lﬁ{lﬁl&h@%oﬂ?ctHeerﬂtﬂ)l gl 21
wherein the barrier further conprises a disc nenber. 23. The

appar atibgudisg petgnab detpeios RORroleighE ra@iti @ theraniteHeiggirs wheteingepon rﬁ@qlmtsofaﬂt

| east n. e t re in
claim %gdvemge(e%ntél%le(rzli nﬁfét % Eﬁ“al bo%f,[tre tsE%nal detector Ztﬁ? cglgt?or%eclﬁﬁ{taac{f?at&s the tﬁ&rn? %
assenbltyiggdrtto ciduee basitireof t}i’d)&ﬁrﬁﬂwh@maalaimag dkiid e@mtxﬁdlcaﬂombalwmz the
wherein the thermte trigger discharges a chemcal jet that nakes an

openi ng PP ERECHEEP%r |
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22.  The apparatus as recited in claim 21 wherein the barrier further comprises a

disc member.

23.  The apparatus as recited in claim 22 wherein the thermite trigger melts at least

15  aportion of the barrier.

24. The apparatus as recited in claim 21 wherein the thermite trigger propels a

mechanical piercing assembly into the barrier.

20 25.  The apparatus as recited in claim 21 wherein the thermite trigger discharges a

chemical jet that makes an opening in the barrier.

16



