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e3eTl1l&&' $*, HO61TT1]K :. . |, 29 May 2003 HYDRAULI C ACTUATOR FI ELD OF THE
4 NVENTI ON The present invention relates to well conpletion equipnment, and
nore specifically to mechani sns for actuating downhole well tools that

require 5 prlmmmwmmwmmm aulic fluid to operate. BACKGROUNRIMayt2003

| NVENTI ON 1t wn that many downhol e devices require power to
operate, or shi fsgeobot*om position to position in accordance with the device's

i nt ended purpose. A surface c I b fety val ve (SCSSV)
requires hydraulic and/or io g'ﬁgé)#ﬁiiﬁdrééyﬂgﬁ—m source | ocated at the
surface. Setting a packer that is sealably attached to a string of
production tubing requires e| t n et her vm th application
of pressure on the tubing, %E&bg%gﬁ@bg& able "setting tool" to
actuate and set iy pASIeRt .mrbﬁti'aﬁ feliteSdo b @bﬁﬁaléﬂu&?\éﬁ§|p‘?ﬁﬁer§!§i§§irdrgﬁlo?éi de

door" devices may al So require hydraulic activation
appar ent i s speciicaliyetooimeahaniEms Kot | adtuatinge downhdiat wetinipotkovthablrequiesi ces

reqU|r|n power fo atio n be gdapted to utilize this invention.
Such devi ces°rﬁﬁ§)Jtz§ﬁ3? ‘E@“I @5&299”5%% as those disclosed in U S. Pat.
Nos. 5,273,109, 5,311, 938) 5 433, 269, and 5, 449, 040; perforating equi pnent,
such as disclosed in U S PgaACKBGROUNBAOFAHE INVEATIONS, and 5, 505, 261;

| ocki ng or unl ocking 20 devices, such as those disclosed in U S. Pat. Nos.
5,353, 877 and 5, 45 welbknqwn jaat many HowahpleodeviersEamiiedpoweriosperate, oRos.

5,394, 951 Pat .
Nos. 5, 231 FHTaRTadsion Bl AkHad R HiEordHE yifh hBIRRICC SRERE AtaPsg A ™
t ool s) such aﬁfadeoecmtcbltedl sstwtirface WsafetyPadlve m@s%%uﬁéi)hmdu% 4nd/o854;
and plugs or expansion nts, of tge 2S t%{pﬁs% to tho?(e in the
art. EacH ofél Fﬁ@@é' RRE Y A geyicedocated ’l?a?uRﬁ? epthat is
actuation %ﬁbl?@tfa‘&ﬁbd'té a Qﬁﬁgr@f* pr‘%@@cﬁ&?ﬁit{(hﬁ reQuirde eltR& a tublng(ful 9.4

Consequently, 1n the past, nost these wel | known devi ces have r
an i ndependetogetanvdth @pplq@a«em of preasyre en shatudhing,@r aasenarataeammeetrnevsable

provi de one p sSsur dinto
downhol e envi® Pngﬁﬁ%aﬁ%%a@%ﬁ iR kS?%ih?)tﬁgé ﬁé eeggseééwpg
Express Mai | "sidd-ddéS dédees %a)Uﬂso requlre_hydraaﬂ: AﬂWaﬂaﬁi’»ltwybm@bppérent
downhol e tools. The device shoul d be adaptable for varl ous downhol e t asks

in variolfs dievamene efqarmal skil *Béh%iaﬁtpiha p@nydawphale dewiges seavifngpewerel d.
I't should al go Q&uéﬁ@? féﬂfung{da ?éd*ﬁaegﬁnienitpé' ir@zghﬁan Eﬁutche EO1RS Sflag"

t hereby all ow ng nmu ns to or e etools
| ocat ed s t hesmaprise: apbcbemt rspicheds bthoaa dqseloaedrmatu 8. doatt rMcbs p&12N3, 109, t he

Che present Brtldriit ® 474 2oReath o A4THRA G- AHOY Al ep PRt uiidy 5 SR he
preferred empogj, servfat pN6§eat4e|@ 489, 5, amerlocsWanans sobezwcn@amagyémgmébmgngs

whi ch are given 155\3 lustration onl% are to not intended t
limtatiQ® odewﬁes pFucteas thmﬁtaclmsedalndu el?%li iNOSF%353,87 ¢ and 5,492, 173

Cross- Sec“o{)@beg' §5‘£_}$.r9fasafﬂo§5bd1£'é|8“§éﬁ lr?f e yﬂ!’o%?'do@fgﬂ réﬁ‘fﬁ%oﬁzé he

present invention 2 1S a cross se ronal vi éw e sea enent
and seal nut g:éve&rpazmsocbummasothddee digotbsed i Jist PabuNms. 5,53F273 ands a

ti nb t of th d I nt
rventi on' i Sy AnidBuCen s 8pricen or wel reradiaton tepia rushan Hos RBCed:

the receptac fptih 74 is a
cross. seet | onp Siray §°52ﬂa§%a‘$'. AR B PRE 0 o eBERLERjoiplspot thel

t he present typeewell bnown to thoge indhe@lsi ti on under no pressure.
Each of these well known devices has a method of actuation, or actuation

mechanism that is integral and specific to the tool. Consequently, in the past,
most of these well known devices have required an independent source of
power. There is a need for a device that can provide one or more sources of
30 pressurized hydraulic fluid into the downhole environment, enabling actuation of
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<10. 5 is a cross-sectional view of an enbodi ment of the hydraulic

di stritbutor of the present invention in its first position under an initial
pressure. Fig. 6 is a cross-sectional view of an enbodi nent of the

hydraul ic distributor of the present invention in its first ZpRayi2go3under

an el evated pressure. 2s Fig. 7 is a cross-sectional view of an enbodi nent

of the hydraulic distributor of the present invention in its first position
with the el evated pressure bled off. Fig. 8 is a cross-sectional view of an
enmbodi ment oAny ineimbalr efudpwnbipkst tadisit Bhe ofevica: spogkkbe adaptablefor varaus

5. 0207 2 EqudhORbRs [ Vadls RTRe fadls"ond bedipigug SBORTELIE n; .

cross-sect i ofalfield dvsteduld alsyibe ddaptablefor peembiidntinktatiadon i tHaugsthpletion he
pr esent |nvent|on tranS|t|on|ng to jts second position under no pressure.

Fig. 10 is athereik alewindoRultiRie dunetiont e REoreTRiRIed N AL tRiartaals located
di stributor glrdiRe Pﬁgﬁﬁ&ied BY 8A g‘é@at’o? at E%Oﬁﬁﬁp?gngl fHé)QaHtWS%hrfg

e.
initial pressure. Is a cr sectl ona ew o an enbo men? of the

hydraul i c dlstrlbutor of the present invention in its second position under
an el evated pressure. Fi gBRIEFIRESCRIBIION Qff ThiEaINVENTIQGN an embodi nent of

the hydraulic to f th r vention. seco

position with t heﬂﬁ@@%h&ﬁpgggu?ﬁrﬁq §ge %Itrﬁt ' ‘fﬁfg'°"1‘§”" Ee Egﬂﬁhgnal

view of an egéiledridscaptiornof el prafeired BrabodiRigmIpresentad rPér@ﬁﬁBéloW\éﬁGt i on

transitioni n toits first position with the initial Tpressure bled off. t5
Pr

Fig. 14 is athecaeqapmpanyingdrayings whisbAraivenby way @gétmthmoelmarwraren
whi ch_ Y athofinfdrided Bt eSoh8 Ire bt difidiBRE el finer P st ons.
S ch of an enbo

Fig. 15 I's a diagranmati he present invention
wher ei n the hydr aFigi ct ds sa rérbss-secfiandl heewc ofiran srsbadimEntheft tees seipdulic

Fig. 15A is rspectjve vi e nbodi nent of the present invention 20
wherein the &ﬁm&%\ébﬁﬂﬁﬁq LIIIPYq{anCOWpI’I ses a nechanical override. Fig.
15B is a perspectf; 2vls%r@§s1s@et.@m>v.évalofmea %1&%&%@@9%‘ Ui aflf

t he mechani cal override. Fig. s a g;:rspectlve vi ew of
component s oenmdm@aionfrtbemydrauhn@mbu i cal override. 25 Figs. 15D and

15E show £ enbOdﬁﬁegtlsaperQSecﬁw%sveéW of A% %t’;c())cpm%?\?of Ehe indexer sleeve of the
present invention in its lowermost position.
Fig. 3A is a diagrammatic sketch of the receptacles of the indexer sleeve
of the present invention.
Fig. 4 is a cross-sectional view of an embodiment of the hydraulic
20 distributor of the present invention in its first position under no pressure.
Fig. 5 is a cross-sectional view of an embodiment of the hydraulic
distributor of the present invention in its first position under an initial pressure.
Fig. 6 is a cross-sectional view of an embodiment of the hydraulic
distributor of the present invention in its first position under an elevated pressure.
25 Fig. 7 is a cross-sectional view of an embodiment of the hydraulic
distributor of the present invention in its first position with the elevated pressure
bled off.
Fig. 8 is a cross-sectional view of an embodiment of the hydraulic
distributor of the present invention in its first position with the initial pressure bled
30 off.
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control a subsurface safety valve. Fig. 15D provides a perspective view
Wher'ein the ratchet assenbly is shown in a cut-away cross sectional view,
and Fig. 15E provides a cross-section taken along line 15E in Fig. 15D

Fig. 15F is a perspective view of an enbodi nent of an inter g Mayake3 A
ttorney Docket 68.0207 3 Express Mail: EL 765 7?86 165 US '' t 29 May 2003
Fig. 16 is a diagrammatic sketch of an enbodi nent of the present invention
wherein the hydraulic distributor is used to control a sliding sleeve

val ve. Fi gs 17A Figlmiaraa drossysectiong) bdewv af iamaimbodimentiof thearhtydraulic

section, Lment of, the present..invention wher t.he hydraulic
e used to cOnfRuoRoBaesany hlentir BENsaRRTo  BRsERaT bRgliPR i RS
sectional vigwgsumd.th portions in si de el evation, of an enbodi ment of the
present invention_wherein the hydraulic distri but or is used to control a
subsea control vafige HbpnraaciRss- SEUJUPF‘Q'S vieyp ofan sgmnbedimendvet it diydiaudias |

control 2 vai el orgitie BLestinveRtG ) BSs B Stdfurde I innfar bFostBR ., ch
of an embodi ment B‘b tﬂe:s)raessmsss semenbl tvmwvmfram rembednhyehtauﬁ tite d1yatrarm|but or
is used to control draul ically actuated |lock pin assenbly. is Fi

is a cross- s@'éf"l%ﬁ% Of/ 'é@vaPs%f '@%Bﬁmﬂrérht'tsoﬁe‘f BPég'@ﬁtUPWeﬁﬂl @JﬁV%ﬁérel n
the hydraulig.dlisgtd i butor is used to control a resettable packer. Figs. 22A
- 22D are co t| nuatl ons of each other and are el evational views, in quarter
section, of an erTBingTBEITS afcrassesgntionahviewiafnan cembbadinegnt oh thenyhydeadlicc

distri but or ont r ol saf valve. 2q,Fi 23A 3B ,ar

secti onal? vi Q\ﬁg 6 HPéﬁﬁﬂeﬁ%ﬁf'rﬁan?ﬂé i, B3 S&Condly ﬂ?'f' B¢ neleyied
hydraul i ¢ di ptdsshitd Blediaif.used to control a formation isol atl on val ve. Figs.
24A - 24C are continuations of each other and forman el evational viewin
cross section of Big. edhddlianshessotedtinpabviavenf amambodimenicoiethe tydrauic

& sconnect 1 AEPIBUEr B afESeht RuaEA ARt n BB REL B Mo ina

di stributorSpmdrebledcnftrol a plurality of tools froma Si ngle control

[ 25A t ket f d
d: gt?rl bugﬁ)r s usIeZF%oq:.‘tggcﬁ)ﬁ?? td"%é%ﬁ%‘bggfapte;m pd! E‘Tl?g‘l?é)?fﬂ?%ytﬂrésaeléj']tldé‘f@t@ﬁdﬁr ol

:\/L”ezoé\?’ttOr%}bh%%hc@@ln@@ésﬁu@@di%&ﬂ)d%@d to ubper®d icHerdilioks. 1 ~ 1 29
y

Fig. 15 is a diagrammatic sketch of an embodiment of the present
invention wherein the hydraulic distributor further comprises a ratchet assembly.
Fig. 15A is a perspective view an embodiment of the present invention

20 wherein the ratchet assembly further comprises a mechanical override.

Fig. 16B is a perspective view of the proximal components of an
embodiment of the mechanical override.

Fig. 15C is a perspective view of the distal components of an embodiment
of the mechanical override.

25 Figs. 15D and 15E show an embodiment of the present invention used to
control a subsurface safety valve. Fig. 15D provides a perspective view wherein
the ratchet assembly is shown in a cut-away cross sectional view, and Fig. 15E
provides a cross-section taken along line 15E in Fig. 15D.

Fig. 15F is a perspective view of an embodiment of an internal brake.
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JFig. 25B is a diagrammatic sketch of a series of hydraulic distributors
Bised”to control a single tool froma single control line. Fig. 25Cis a

di agrammatic sketch of a series of hydraulic distributors used to control a
plurality of tools froma single control line. s DETAILED DESGAa{’PoOY OF
THE INVENTION In the followi ng detail ed description of the subject matter
of the present invention, the invention is principally described as being
used in oil well applications. Such applications are intended for
illustration purprRigesicond ya aferaranatis sketohndedart @rbadimerhieofs tap grederithe
present invention. The present inventjon to can also be used to advantage

i n oper at i on8VERLGN WhesRinyihe Bydraglie distebyter i ysed: i RODKP! 3, sliging sleeve

wel I's, and ofdjgs applications requiring renote hydraulic cont rol. Al such
applications are intended to fall within the purview of the present

i nventi on. Howevefrigsf oA put fidses fragnidritant elavational viewgrie cprartar reeetion, @f

w Il be describe S _bej used for oi]. well appligations. is ditionally,
' the tor 1 ot R Coimer tueBtasent yRntiet FherdRilhe Bromiizis ugsd o eorsplaen:
invention, tdpfetynfd.ion is principally described as being used to supply

hydraulic devices with hydraulic fluid pressure froma nmain control Iine.
Such hydraul i c defigge$8A dutfiB apedongiwidinal sertionalviews, withrpartions inosite,

hyd i , i i i . I

aopl | cat | oncoiaraftsy of B GXBedifier of §ie pPescft dnve Mot ilrefh, ofd, nudtiie

i nventi on. Idisti'mmﬁhibiusggjweomrelgfsmmewmm'manamobpparaagaer ation, it is
important to note_tha ir ional terns, such as "up", "down", "upper",
" Irrgwer " 1Gre used g8 %%tgi‘l f@ét%e@'%ﬁ@@ﬁbmlew, Paéneéj'ﬁhﬁﬂ'@?eﬂﬁcﬁ/fébéfp?%%
Phosont | TocRbAEaRein 17 dRUENANAOR ATH BRI brfed Sk el
relating to the dfiger2tats an diagrahenaticawketghpafeanvenbddimese dofFitge ptesenta
o esent 1 nvenEpRler HHEPrRE 1 BUOFTBR oA, B H5H cocpSb P v aubiaflyes "
as its chassjguated I66KPIN &&@nsbly] ow control housing 12 and an actuator

housing 52 that are in coupled communi cation to channel the@r}ydraul ic fluid
pressurel¥ rom t heFigo il & geswsestional mew| of anoembasiment of theatpresantough

0 thi thodi res - S on i ’ . X
component - nal VAN AhRHIT AR B5Gac I PIS (UeciB Sk bohduB itier LY
765 786 165 US WfCJéﬂ22Ai-22®Mew®ﬂﬁBaﬂé’ns Sfzachrothét snd ateelevhion Aeidws,
vvithi_n t he scope of the, present inye tioq, %gne nmai n body 10 can be.
conprised of ‘_“oEH%FtercéﬁF'i'éhrQf??‘ﬂnsmﬁﬁ’gﬁr_‘%, ot fhe Prgaphte! V%QP@WB?’%tthe
affixed housppagayile ﬁ%utégigr@ualtscbhwbﬂa BhaRYPYAIGe! rom the main control

di
line 18 is recelved 'gy an inlet port 14 in‘the flow control housing 12.
In this 2mbodi nenkigef 28Ae- 1238 ata isectinnal views of an embwdimest opdhe prasends a

cont rol 1 naneepfoll BFERiR e RlaatRt HFTETELAe WRyBPA o Ghdtor SRetRar

control |inevgigs engage the inlet port 14 of the flow control housing 12
such as flanged connections, quick-connect fittings, welded to connections,

and the like. AlIFigcithayd@re cRIbpRIPNSPeach QihenandiiREm sy glesational t he
present invepbl o orb88 Jdchvh W eRbddiRehbEind®Brdsett ihverttion WhBHIFEhL O 2

25  hydraulic distributor is used to advantage to control an emergency disconnect
tool.
Fig. 25 is a diagrammatic sketch of a series of hydraulic distributors used
to control a plurality of tools from a single control line.
Fig. 25A is a diagrammatic sketch of a series of hydraulic distributors used
30 to control a plurality of tools from a single control line.
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_plurality of outlet ports 20a, 20b. The outlet ports 20a, 20b provide the
"conduit for supplying hydraulic fluid pressure to hydraulic devices. In an
enbodi ment of the present invention, each outlet port 20a, 20b i5 houses a
seating elenent 22 that controls the flow therethrough the ogtigy 2008t s
20a, 20b. Each seating elenment 22, in this enbodinent, is maintained within
the outlet ports 20a, 20b by a seal nut 32. It should be noted that in
alternate enbodlnents the seating elenent 22 is intained within the

outlet ports 20a,FigotdBis adigsammEticskeleh of @ sesigsinydrauicdistahutas used
connecti ons I rnate enbodi ments) the

seating el eé%%[on& ??ss‘l té%é‘gmwktshﬁdf‘%tgagﬁ?ﬁgéaports 20a) 20b. As best
described with reﬁnngﬁQEadlagrgmrrmtlcﬁetcrsdea$ergpsaifdwdnaulmmmbutaﬂessed

seating surface i.n surf ce for spring-controlled
actuati on batPICOQ pg"é@bé’e‘%tﬂ 5%9“?03'? a,c,ogﬁrpl ﬁl’%l d comuni cation. \Wen
the 2s actuation baII 38 is in mating contact with the seating surface 24)

fluid issprevented frompETAILEMDESCRIPIVON OB THE (NUENTION Nt ernal condui t
26 that extends therethrough the seating el enent 22. Conversely) when the
actuation bal | 3dnitgefotowingriatpiird ceseriptionyet thet sibjsetamiatigr ofithe peesent
flurd my fl. ou e : nygn e nt
t he seating @%#tg{:né g‘% 'ir“fe‘slgahnfgr 9}'9%%@?} %es;cﬁp eﬁg ef %@héxgrgr%# Em ‘géln?her

secure the ranphngtnmmes;mhmpplmamdnsmnatehdedfarnlllmitdtmn?,ﬂ;rpé\sésmlpendaa@ket
68. 0207 6 Express Muil.: [EL.765 786 2003 At the

distal end diotiRtendgddplinit g g6ope tﬁ’g%‘% Péeﬁ%l'”\{%ﬂtm 3@@ é’ enbimventien

provi desjst h € ol 26 to
Phe. hydr Sul 1 E oL 6 U4k WRRNEntadd th cperloneiwii Les ey WasR Il o

t hreads 30 finjectingavgilsegontipt wetisicand othanapphgations regudring c@notewamahc

Cype of - nyar L AL PUsEIORERRERle R Blal bl B SLEREN e PRRo

flanged conrgeéntivts, HowelerC inmarbobed of Nistratioh dte prEHRE imasttionaRl 5@6
i ke. All such ways are intended to remain within the purview of the

present i nvelRscoRedasikaing Hged fencit welkagplicationge 1 ow control housing 12 is
Further 4511 ned, YadudaibT 1 (IRARRE Hotifed BIRCARS o ESIEE: fber of
inlet port Ithetpresket owenhéonpte sveation ZG)tprmnqbaﬂxtcimmtsbédCHa bbimg nsexd tqnort
14 to the actua ousi ng 52. use vm'.t n,the con chanber 34 is a
supply al ter%’rfﬁpiw F‘xaf “i éﬂeé’ﬂﬁ?ﬁl %%ﬁ'g gb" %8’%5&#&{?3%" Enda) Q‘Prr’tir(ﬁdﬂeon of
the hydraul igydH hg@lra@newrc@sfmanué h@utlé‘rbeﬁotnmltedltﬂa h«ydtmcltéo@f)nymun@t e
outlet port 26a, In th nbodi ment of Fig. he su ternator 36

is conpri sedafiiﬂa@f%aénd HNeEAwlie Q@ﬁtﬂlhléﬁprqiomé@(aénﬁiﬁurﬂ'l ﬁt“}h cﬁppéléﬁt%ﬂﬁ 8fe
bal | s 38 bahlerifiid B8 Hnfihe R 3% GRAG Hredlht ifintRRl | housing 40 1<

oriente contro er 3 I's axially aligned with

the | ongi t udi nal laﬂescnbunghbememmmmonmhsl |t32:pei‘at|d'met ubahbohautstorl@tém
has a retainj %?gsho l"Wi 42 at each distal ,end o,, ] hal | hou

I nt er medi at Shaf BiRecHanal teya)s sUehAS R 4 EOWE " HBPERDy | g\gers p%'@e‘r‘sedzf@r}gﬁ'mat%ct s

as a base fOa.s&lhgeslapnﬂ&hege%bnesmw@@eA%é fmés&utamvbhﬁo@%aﬁabb%é@'tés 38
towards each retaining shoulder 42. The retaining shoulders 42 prevent

further outvwadbniageireany arialherientation.ikeweygr ©r pgrpgaesofiustrationyceastain

o a ai Bt raecilnAlfafeupliols tREBEHEROE oh ik Sriusts Bind TRLER, g
40. To mai nt figachesssgeationgl ved afrdreambbiivmerntfof the hgdraulioldistdyetos 145 the
control screw spacer 5Q is_provided from ?%I ch t he calntrol screws 48 extend

t her ef rom TW@SSBhFWGPt'%@:rEQ% main dedy P & hyskaylig disiiudenl, seovesRe HS e

affixed to |
et uat or  houdrisogid GETRHEEYS RN chERHBaGg 12 A At aaBh HASIR S0t
be any nenbearecimpediipied\ communigatioor ke Ch@8)€ 210G h)ydEmmce‘hsd rme$surELfrom5h686

shut (e ¥ ccPBTEonean, Bl sfouEe Bk et ol wafSehBadtaarife .,

integral ly fgoigsedt BOBAGEH te main Body 90 hen unitary component having two housings
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connection. The actuator housing 52 has a | ocking end 76, an indexing end
112, »and s defines an internal bore 54. The internal bore 54 is defined by
the interior walls 56 of the actuator housing 52 and extends therethrough
the actuator housing 52. The internal bore 54 is further defigwdyl2p03 bore
shoul der 58. A shuttle sleeve 60 having a | ock end 62 and an index end 70
resides wwthin the internal bore 54 such that the shuttle sleeve 60 can
travel axially to therethrough. The | ock end 62 of the shuttle sleeve 60
provi des a 9124152, in sitemate sprbadimentswvithintha sciopetdfdhepresgnhiovention,@e The

| ock end 62 furthe ovides a |l ockin ofile.68 t.hat is defined b
series of rdRchadydh carohS comprista.or ahar samfgranaRs suth.as Bl Araelér,
that abuts tdapabsteehghamkeghobsingg 12, 82t the travel of the shuttle sleeve
60 towards the indexing end 112 of the actuator housing 52. is The shuttle

sl eeve 60 furthetysiraviici8gidapresauieofrorcihenmalt epatel ine 48fisrreceived by an

engagenent wi,th the NI ok ScCr I, Glanat i i e suppl | ter nat or.
Bocause o thier ehBLERTHE o FGHE Fudhh 32" MbDE oo dfretR sl bl ey e
60 control s digtabaenetie @flet portstPHas al $elarabPlinidb thrdaldecke Foptsealifgysi ng
78 is affixed to the locking end 76 of the actuator 20 housing 52. The" | ock

pi st on housiangaginagile Bozzie Rf hesiain eoniraldinesowerendhers athp srultgligitioér i or
Ils 82 . | i h
valls a“%&ﬂfgﬁ?ﬁhsﬂfeggnﬁﬁ@ dcdn'?ro?’nn@ atl ngggs%éfmagg{é?ﬁ}qn F4SHRHS! 1dw uct

as stack of on the cha ase ock piston 88 is
| ocat ed and comtrelheusingel2vsuth astflangedotonmiestioms, aquiaieonBéct fittiegs,ovdided st on

88 i i sed of, i st rod, 90, fl .92 .,C. | rod 94.
O oy sobetlos Anct BaykBoal Suc R e 300 3h > FLEAThR Shrivir oo
mani pul at i Orthegpﬁeaén! ﬁﬁ)énﬂbh.t qpﬁ%waé\tmihd, tﬁé_iﬁ!ﬁ‘f%ﬁﬁgldll %eh%butéd'@ﬁé

pi ston seal 110 maintains the uid pressure within t ock piston chamber

80. It shoulplutaétyeitadiet parts 2Aa, 20k hs euliat poss|20a1 80bhwariderheicgnduit fos

exenpl ary of . i aﬁ;aﬁ invent:LonAny nunber of seal

arr angement Ssu%@?ydﬁﬁgg}@g}ﬁgiﬂy |%'teeggg%rt§ an?lejalgbe&%&é)ﬂe present invention. To
fall within the gnran embbodinentyf Dhe krbsédt. DREMAtIG, Eracte sutivtiplort 20a,726b 786
165 US 1 ~~ L 29 May,K 2003 of the present invgnti on it is only necessar

that thelSsedlougesahsRAMin elggtent @2ghal evntrels die Bewrthareihiquani theiatele ppia or
pousi ng >2. 20 208" Eaeh Sfeggnﬁ‘é}%}ge 192,10 s BrriddimBRt % Ffifkid dPWithiRhe

flange 92 opposite Isto 0. 'The control rod 9 as a tapere
detent 96 utautiet pdrts@0=, 2bibya seal nut@2ural ity of | ocking balls 108 as will

be di d bel qw., The .di stal, .end. of. th | rqd 94 extends withim th
Pock end 65 of -t fksugulf e ePaFRE nA e FscR bR PmdmE e SRRt BE e R h2Z e
| ock pi st on jghaafR&lin&P withinithiel saRA podtsiBORS 20Beby ARlanBisticAky WEIAR) sangas, f rom

t he chanber base 84. The | ock spri ngl( 98 applies biasing force against the
fl ange @@ ofthreadadosrnpedions. opdhedikerda shll Buthessaltesnale emadingestsethe od

o0 2 e R GRRLZR S BiAgal ol il s g s O, (e ocaL o
affixed to the i mshiest descrisedavitif refeeencecto fiigt @n esichnbeatirgp elerhent 22
the bi aa of RTRUGeSCR SSBHTASUBECRHEh TTH1dsra HHyERosuBERA B ASR RaraargTed
shoul der 102¢cxf8Mth bhlt B8 (discussed below) to redirect fluid communication. When the
25 actuation ball 38 is in mating contact with the seating surface 24, fluid is
prevented from entering and traveling through the internal conduit 26 that
extends therethrough the seating element 22. Conversely, when the actuation
ball 38 is not in mating contact with the seating surface 24, fluid may flow through
the internal conduit 26. In an alternate embodiment, the seating surface 24 is
30 energized by a spring, for example, to further secure the mating engagement
with the actuation balls 38.
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.~ S stroke of the lock piston rod 90 is controlled by the |ocation of the
i xed ‘cage 100. The fixed cage 100 further has a | ock ball housing 104. The
| ock ball housing 104 extends within the | ock end 62 of the shuttle sleeve
60 and receives of the control rod 94 of the lock piston 88 3dff5tdu0o3Igh.
The | ock ball housing 104 defines a plurality of receptacles 106 °for the
receipt of the |ock balls 108. The 20 | ock ball housing 104 provides the
base for the shuttle sleeve spring 64 |located within the shuttle sl eeve
spring housi ng 6@t the dithl ehe ofiittse irtemd| tondbie26kislaotop! ifterface port@sathat

iti f th tr, d 94, t ball h I, 104, | ock
bai | 5 208 cANPHEESWHE: Esradee s hubRl L& Saveien 1o agmid Casiutnes fo 4o
cage 100 t hejRpxulpy SMAE4. thAbRInt@FadBy 6T 2BLis Yo 6d%mé4ihlté‘m§| RS AsS

shown in Fig.” 1, the shuttle sleeve 60 is in an un?ocke position In ich
t he | ock balfbs angagenemowitnghgi atiachad rhydsadlies BBdGessobHowevehe althmate e
sl eeve 6Q) but are rather residi i.thin tk apered detent 96 of the
control roa SrmaeiahEupr eioReble BlavihEUBsheBERE UG FiRbe e o
respect to tHigirgulfrdegicead®lchaxbahedtiongnBitiude, Buteas miot dimited t92 flahged

result 30 in the | ock balls 108 being forced out of the tapered detent 96
of the cont r@@nnestions; Gek-cApped fihpdsaveldad qenasetions.tand thea bkecAll gugh 69b

f th hut t t Do 765 786
ot e St Wiy bRt fersk 6 RRRIPRKR rEDAYRR & FRiBSenRdoud 705 TE0
from further axi dRefemiregeack tolfign1 ahe dlowecahtrad heosing 18/istfeth erodéfineld byoal 94,
the lock balls 108 t Wi.th t tl | 6 d
e o e ad e gr 38 RSP SHSBY B e h b i e
pi ston housi dhtrb} holiSing 2 e ekt@nBE FrongRXinRA pBRd 4.iAhefodtiae pars ¥ahoz0b
housi ng 52. The i1 ndex piston housi n%1114 has an mdexe;@gl ston chanber 116

defined by capbextegds inoss the inlgtinost 14 & thedactuateshousingssd Haged withisthe

he chanber Gt pgmoRy H, shahl5 R Aa” 185 € BN Slehalet A VR
wi thin the itheedigtributiont on tid awydesulitlfiuid Thessode from phetialet 156t i1 eoims | sed

of a piston rod 124, a Jilange 126, and a control rod 128. An indexer

pi ston skal FRATAPHAISOUtIRL PO Q?'@ﬁbessure within the indexer piston chanber
116. As di scusse g en ' : '

shoul d be not ed S Hgﬁg}é@eaqotr'\@gﬁgéﬁggéf'gﬁé\%ggp&‘lldé%?s tgﬁéﬁc‘?—’ﬁg.hs%&?fsa ball
exenpl ary ofhausingffothatdrduses a pdurplitysehactuatiemtbialis. 3#nlyalhsptiegs ¢4 amd|

t ld b i L zed t d .Ln the t | tion.. T
L e e e T b 8B et RS AL SO ER 4
the seal ar rwﬁn‘aﬂﬁti@@)&ianwau%;r@wwth {resien ﬂtudihéliéi(i%ithb%etahﬁ?eﬁé?ﬁéﬂ%@z
housing. 20 The control rod 128 of the in exerﬁltston 122 extends fromthe

flange 126 . Dppdailthousing AP iasna rel@ining shoyldles 42 abeash distaleend ofithe bakd t o
i pul ate t I L s i i . |
Tod B9 ext Y b usirfadEibuniand o o 43S Be Bnfl'spddf A0

i ndwxer spriagts B30a basatfedtha oppasindneall sgergs 4di thabbiashthetamtudtit ballsz38
utilized to bias the indwxer piston rqd_124 away fro he ghanber e 120.
The | ndwker Bty oaeh Teigmna ShppBr 43" 7 retilio RS AL RBRChLBRBEr | he
i ndexer pi st Qwapd rdemdntofihé ak®iatibn bags3gdexer piston rod 124 resulting

fromthe spring (bias is limted, and defined by, the |ocation of an
i ndexer 3 eeve 134 pluralityoficanirelsarewsa A8iane effixedgp andsxtergbtierefrorndes ball

| . IS ! ! e L
Tndexer pi stiPUBE A0 R diepo péHertfilib g AR BehRu8h of HhaEnd g,
ttorney Docks0. B8 nt@ifftairl théespaeing afvibordient&liory 66 tH86odtbésl ddfews W8, a cont@® My

2003 results in axial venment, of the j ndexer s|eeve 134 and vice versa.
The axial di SEPWSRARCRT g&qs PF%V'Q"?%BQB}W !Cgé6% ceBIO| SCreyFi48:RKieRd thereiramexer

pin 132 thatyd (AT | %€ t i f i
pi st on chanb-tlé'lr‘é 1@8%‘?’???%% glé %f%ﬁ? afitgnrretﬂtéeéﬁlp??]l\ggmdggpas?rg;ggixgggéieés
best desar i bsuttietdleeve 60 (discussed below) housed within the actuator housing 52.

Although shown as screws, the “control screws 48" may be any member capable
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s reference to Figs. 3, which is a perspective view of an enbodi ment of the
“Fndexér sleeve 134 of the present invention in its uppernost position) and
Fig. 3A which is a diagrammtic sketch displaying the relational positions
of the receptacles of the indexer sleeve. As shown in Fig. angg@z'g@@exer
sl eeve 134 is conprised of an upper thrust surface 136, a | ower f{hrust
surface 138, one or nore upper stops to 140, one or nore | ower receptacles
144, and one or nore internedi ate receptacles 146. In Fig. 3, the indexer
pin 132 is |eteomaedctimgatheobelt hossingt 4Qite thasshutite sleeyep6li Fioorexanipde i thdexer

2 Tor oo appl 1ttph Scia B arthg Bbrety st B4l Rt aTRR o, BE an) olfer "

application ednradtion.to the upper thrust surface 136 the |ndexer sl eeve 134
is able to nove dgwnward toward its | owernopst goleon t he i ndexer
sl eeve 134 noves HBR@RrtHaior bowsing dehas aiockingend 76 apdadexing esslybids @dst

wth the § angefifesth iRt bore 542 ThBRReIna e B Hurd 6 ARintdfor WHIEXer

sleeve 134 to ro vvnvvar travel and rotation of
sl eeve 134 cb6wf theeactuatarihoubinguiand ektepdi 4ferethrengh geel abtu atdrehdusttexs2. pi n

132. At this_point the| ex r.sleeye 4 h S raotat d ch that the
i ndexer pin IEQ 'E‘@Wﬂb&i‘? %\éﬁy’“ﬁﬁ%%{ %@M&W rface 148 of an

intermediate recept veV%G halitg & Ne&8hd Sdzesaf& émmcfe& éﬁa%%%fdl %o

position in which t e exer pin 2s°132 i s engaged by an upper stop
force appli ewithin heelnteml tIdIiELM suoh fthakthesghuileusleeve 6Q henlhmfetmlédlyeeve

134 novin dexer pye 134
moves. upir drRero e ik PRBRARER e ARevaRa by e ShulipSRre
engages t he spﬁte%eu witHin B3shut¥ &pris@ hbusingB6. Tk ldcReven e furtiidigrovidex ar
pin 132 force e indexer sleeve 134 to rotate as it _30 npves upward. The

upwar d t r avelocking profile §% hadss definadliea series ebircessas B8a WMeEhQdeiGP( eNHe
t di at ket
8. 0207 11 - Eoo0uerathaktihrtace BBk o8 NG BotEHlydr hefhd il Wi e S
poi nt, the i ofitvecshuitiecsieeva B0 towaptsetherindakifg end rlelﬂmfmlnmgcnmtmmmusmmmt
t d t ai d |t di.at t th ti
et ween the | ndexthe R sleRye PG Eroniar s Aeolicl Seiek doasiacke i far
the i ndexer ﬁk&?éﬁ?ééémbﬁﬁwm@‘tﬁ’é e@lnmcd@ré\bgustdn@mm@wtheIsnpé§/2alte$naterS
axial alignment with the tapered surface 142 of an upper sto

Al ternate apBBF@‘é@Q ehdhe substaptially rigik fixdiesy revemmenkat f"bﬁ:éhlltﬂg slaeve B8
| ower t hrust céh&ﬁlg(fﬁe é’?t?/erér{t o(f?rﬂé g@% bRefrEHSE3S. he i ndexer sl|leeve 134 to
rotate and oscilTate ~ 'owe ¥

uppernost, and intefnediate
posi tion. It shouAdoble pistbedoubing T8és pﬁs(edltorthedtbcklm@\eakj 78 of e aoilakarr
Zleﬁgxgt rlgél i %opgpggngﬁgtfe%} BIFPOH ht;ustlr%a 78 rh(_%lsseanltoc: pls?gr% IcRam% 88ncje¥|ned by
opposing interior walls 82 and a chamber base 84. In an alternate embodiment, a
spacer (such as stack of washers) is located on the chamber base 84.

A lock piston 88 is located and maneuverable within the lock piston

chamber 80. The lock piston 88 is comprised of a piston rod 90, a flange 92, and

25 a control rod 94. The lock piston further comprises a piston shaft 90a that

enables external manipulation of the lock piston 88 (as will be discussed below).

A lock piston seal 110 maintains the fluid pressure within the lock piston chamber

80. It should be noted that the lock piston seal 110 shown in Fig. 1 is exemplary

of one embodiment of the present inventionAny number of seal arrangements

30 could be utilized to advantage in the present invention. To fall within the purview
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appligation. By altering the receptacle and slot arrangenents of the
i'ndexer sl eeve 134, the indexer sleeve 134 can be oscillated between any
nunber of internedi ate positions, or no internediate positions at aII (a
sinple 2 position indexer sleeve 12). Al such enbodiments fa4 y doa the
purvi ew of the present is invention. It should further be note that |n an
al ternate enbodi nent, the indexer pin 132 could be | ocated on the control
rod 128 with the positional receptacles of the indexer sleeve 134 held
stationary \Mftthérprtebsm ﬁ%ﬁﬁbnm it eRlyatiEsagrylfat tREaeR) Pty dRat S
are intended to fall within the purview of the resent 2o invention. Figs.
4 - 9 illustpreventlpss Ofaﬂlulduwth;fﬂ ét@gctwtcuﬁmwngogz of the hydraulic

LT Lot o er 22 cooRt] PRSP BF 3B Hhath B Radértl el SRR 0
di stributor oi)pd‘sltéttﬁe PG re 90! Tiod contigirod @4tiass tisared it témtbatiizet egve
134 in Fig. IS in an uppernpst 2s position with the indexer pin 132

engaged By anametatﬁ@crélyt%léy gf mhlngtb?AISbt%a%w"t he d.l?rwéﬁ@ra bejaw .nher distal
resists do Ve &%9&%% %’ﬂ{m nltéff‘o‘é‘ﬁ e’n’ﬂ“qggfth tHE RfdevER6E TENT
n prn e lower

limted by t e|n eractio tween I'n exer
receptacl e 144. lmdtmk smgsdochtedomﬂ)mtthe lcminplstnn cbamb28 80f istutiizeddexer

PLEOT 122 Sk i ok oS5 5989 e MEmPRYbRLERD SRETaPoS0RSE
hut t | I
shuci mswe%@%%ﬂ%m%wwwﬂ"@"@%%'gwumeﬁﬁgts%&otésg,

t he coefidi cithatdoek piston nogcR0 ayay Ifr@n@thei @amtnerdmecﬁﬁr@ liniteds @ndefinegiby,

98
osi 1'on- i n R GFRaREOt Fagl et SR Lol d8g M aumEhgRBoLger
pi ston 88 i MOZ i affied i@ tHe m@@tdrlv@ails 82 ef teclock plidton THGmbMBON Thetlimiting he
tapered s detent 96 of the control d 94 and the shuttle sleeve 60 is not

fixed to theshouldayr t,%@smmqs@mmp theistniedadressitingdremdine birs afte | e
sl eeve 60 i t | [ 2 as
di scussed a§8§§§bﬁ‘h§ ﬁjtvﬁ%nts% ?ﬁﬁésPgeé@ﬂgéﬁ?g%'tlﬁgggopﬁ@fioﬂ 'Pﬁlj%ﬂ tﬂ@
posi ti ons Wsthokehaf tbélndk gistonaed @046 controljied by)tnalopabcbn obttn)e fixed ctagnetm
screws 48, to whi re. af fix t.0 .t he shut I eforc into
an upper position ﬁ‘vﬁ ?H?ﬂ Ga9E igﬂ fPBf‘efCHQﬁt?eﬁOC%ﬁa'Eg‘ﬁ '&‘Qe?tﬁ he ac BEE

al ternator Jpusin ¢o¢@stténﬁs%tmﬁ thiP Rk dMas82 bPRel shutdy gbetéteower@cewes
actuation ball 38 mating %@H @?ﬁ?f?hthe seating surface 24 of the up

seating el erafithe gontrgiyol pistonfithe htgpghhé‘hﬁcb@%bawmusw1% the
I f I

o ht o ned WHTRER 2 PRREIN 8% tecBPlclEy #6 dithe BKBIot of 6 168K bl 1Pa THE

The appliocatiook baﬂ tmustrrg 1Mtbr¢m@estheebasn tdnéhétytiuﬁlel sleevd spmng)ammcaled s

illustrated | a ﬁ initia pres% the hydraulic distributor 1
remains in |\t’§ 'f‘lt es HH P%YP SPHNGABYFRS B®- under st ood that for purposes of

illustration, thead Qﬁlﬂbg%lsédﬁsbhafhrtﬁéﬁﬁéw thé Qél%hénélop@SIMrfhséfJﬂt% control
sufficient to overcone ﬁrl ng coef ficient of the |ock SEI’I n

Ul 1] ol entroduSuihecions halbhewsing Qg hociock raler 08 navleel Whethohdhd 50,
The coefficignhife YavibB' ¥ &e&%régeg)t O Wl Nadey ?Go%ereby preventing axial

25 movement by the shuttle sleeve 60. As shown in Fig. 1, the shuttle sleeve 60 is in
an unlocked position in which the lock balls 108 are not engaging the recesses
69a, 69b of the shuttle sleeve 60, but are rather residing within the tapered
detent 96 of the control rod 94. However, it should be understood that downward
(with respect to the drawing page) axial movement of the control rod 94 will result

30 in the lock balls 108 being forced out of the tapered detent 96 of the control rod
94 and into engagement with one of the recesses 69a, 69b of the shuttle sleeve
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Lapplication for which the hydraulic distributor 1 is utilized. As shown in
Fig. 5 the hydraulic distributor 1 remains inits first position in 2s
whi ch the shuttle sleeve 60 remains in its uppernost position with the

i ndexer pin 132 engaged by a |ower receptacle 144. The contred pRbpdedS of
t he i ndexer piston 122 nmaintains the shuttle sleeve 60 in its upper
position and resists downward novenent of the shuttle sleeve 60. Under
initial pressure conditions, the coefficient of the lock spring 98 is 30

OVer come Sucgp tthéﬁebtyfrﬁet/ém’rggeu%smnﬂé SRev étpfréﬁl mﬂéa%xtép%\fé?ﬁémgugén

sufficient to conpréss the lock sp rlnn% and enable th i ston rod
nove upward 0 WW&E@WM@N @8 theocontep! g r ¥ sthenloick tB_|57638 Teleasesras

29 May 2003 | ock
oi st on chamteySHHSTRR R e 6 ibbv BUCAY 2cfin FERERTH 1hE BihchEn Bbiet 851 g
98 unti | rmwafrthatcoutrotiwuston rod 90 is resisted by the chanber base 84.

In the enmbodi nent, sho in Fi 5 .to.prqte t he surface, of the chanber
base 84, %and to & W@l%tOﬂJMSmgﬂﬁé I R‘eé"pﬁqa’tf Wexé‘gsﬁ'&@érﬂgy the

provi ded. Asétbéto?'ﬁé@é?n qb%h?aﬂﬁei%mﬁo th %6 s TR e eY"g%&ont he

| ock balls 1 8 are forc out e tapere det gement
with the firshambertth definad by hpposiogiimtgripr wails &1 S&ndfa thambhubase120 dave

100 and pr evihaLSEE FrBnlBaibARaaE e es etjafPEYRStre) fubgSerarahect
the control gEmBEBoade 42® | ndexer piston 122. Wth the shuttle sleeve 60

remaining in its upper positi on the supply alternator 36 is maintained in
i ts uppef0 positi ofniRAe¥arPistoRel 2 peocried andomanguvesblaaithin I the dndexpss

the seating SuifAGfmMlei16. hﬂ}&ﬂﬂ%&eﬁﬁi?f]dd‘ﬂzfiseéﬁ%r@@d Ioifagyr.]%;a ragg'za'

pressure is restrlctedfro ow I nto er 1 nterna ot 3t he
upper seati niargect2bt agd eontrel fcrcb4280AhI mi/exérr pistgn tskal haietairisnther fat
conduit 26 of the lom&‘é{h pressure can

2. .Thu t tial
PO et to cersseyren i e At BIER Attt hG Ak ocusS bRl ke
to the | over «58@htBYo the K pidtdn ?ébl'1t105hc§l'1|o@|d38em§6%é’tqﬁetlﬁé‘éxér %thgrm

"restricted" as used herein to descri be the control | ow t hroug
upper anib | oseal 152 ahowin dorfdai flsis2exemplary afooae cembodinaﬂntvmfenm mresantf | ow

is totally or n ' J ndui t

|l ong as a po"lntV ?ﬁﬁgi%}{yh@+¥%§§ G%B%ﬁ\g@é%@gh%r%oﬁﬁ%ﬁg éﬂ&'ﬁ%&f)%%&%ﬁﬁ%‘? F‘stﬁ%G
the flow is gc@sehtitnvedtion. e fammmumttlwel.puaaeﬁ@f the ﬂietsphayrmfmtnon it is only
cross-sectional view, of draulic distri 1 as tgg Im@i Ey pressure is
i ncreased t o"@¢RSSABY Hhalgts sealAFaNgREEN t‘?ﬁ §°eP'@\)’§P 0 flid w

hydraulic di éthbf?ii‘th%hs till remains inits first position. It shoul d be
under st ood t at for purgzses of illustration, the term"el evated pressure”
refers t20a presslih@centrolirodehs Qfdhe\mimisimﬁareixl‘@d&fe@mitbeﬁangeﬂ26he
| ock spring

98 nd, suf fici oV. pring . coeffici f the
i ndexer spri ﬂ% (l@@ thEgBﬁSiP F(higgg %BFoCroﬁ'é@?g%l?gﬁ % UHE%‘? B map t il:
EL 765 786 l&MuthiSslec8 6 s Beadsdussed elcw.artte @cﬂitﬂilyoddrzs@@éﬁdslwmnnt he
type of application for whi ch t he
the indexing end 112 of the actuator housing 52.
An indexer spring 130 located within the indexer piston chamber 116 is
25  utilized to bias the indexer piston rod 124 away from the chamber base 120. The
indexer spring 130 applies biasing force against the flange 126 of the indexer
piston rod 124. The stroke of the indexer piston rod 124 resulting from the spring
bias is limited, and defined by, the location of an indexer sleeve 134 with relation
to an indexer pin 132.
30 The indexer sleeve 134 is housed within thrust bearings 150 and is affixed

to the indexer piston 122 such that axial movement of the indexer piston 122
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hydraulic distributor 1 is utilized. As indicated by the arrows in Fig. 6,
*the coefficient of the indexer spring 130 is overcone such that the flange
126 of the indexer piston 122 applies a s force to the indexer spring 130
sufficient to conpress the indexer spring 130 and enabl e t hepMay@008od 124
to nmove downward toward the chanber base 120. The action of the piston rod
124 forces the indexer sleeve 134 downward toward its | owernost position.
As the indexer sleeve 134 noves downward, the indexer pin 132 engages the

t aper ed sur fraegltd 42 awfal anoveppent oftthp ihdexavhslebvd dBdesnd Rizet versadTreraxidieeve
134 to rotate. The downg?rd travel and rotation of the.indexer sleeve 134

C(ﬁ_nti nues urﬂiﬁlP'a_Pﬁ@eGbB he;indgxen slegye d}aigdiniigd bydhe infsxer Pﬁﬂ A 323bat i?\t
this point, ﬁ@ﬁly;eﬁﬁfé@fo ﬁlleqmé‘?io%ﬁéll?@?&@h@irﬁ%xﬁ‘?@ﬁﬁ@gﬁmr!ﬂ%exer pi n

132 is in axi gnnent wth an i ntérnmedi ate
receptacl e 146. iBha\akial displagameentsafdhelindexergieeve B34tibdeshdesenibaal with32)
t he i ndexer sl eeve

sial cisplagamesn g h |
od 128 1S JpEgenRe 12 Eidsanehichs PPV of Al SRIREIGANE StinededdieRs
not extend allgu@s 458 JIH& pRdrRnk SHenBiBn id 'it%Pngﬁoﬁl%Béiﬁ’é rétiﬁjeﬂc@%safwﬁibﬁ

i ndexer piston 122 no longer resists downward novenent OQ' huttle
sl eeve 60. Hewediagrammatiossetchalisplayingithe salationaigpasitiensef the receptaplesrof

Focess ooa ohedfidexdt e a8 shngh Fio, s iten@PEdlS 43008 REMalishe 4 B 1
i ts upper pogpgdratfrusDsuefagdaizs, avoWer ithitiss Buifate 13Beere GOmbrsTBpPENStops itS
upper position, the supply alternator 36 is maintained in its upper

posi ti onld n 1#8.cRNEnEr dnettlewen Jegerissiesc 144, @nsk onet 4 Mosen infesmediate t he

internal co he upper seating elenent 22 but is free to flow
t hr ough then';ti‘lr(ﬂ:‘a tra%g?soi%ériduit 26 of the | ower seating elenent 22. Thus, the
el evat ed pressur endég. Bethesindexer minpid2yisHochtadlin @ Ibiver degzptasler 4. dn éhis

hydraul i c device atftached to the J.ower seatin | enent 22. Fig. 7

st rat es. RIREOABUINAEXET R | LA BreVETTs the (RECHTooaeLa TLom vryasd o
of f back tO_hbeem@htlrebumhg_Sﬁymea Yrt8 apwied &y ahedidWersitust BLAdco 138 t he
hydraul ic distributor 1, still remains in its first position. A ttorney

Docket 68 02idewesermupoasappligation of fargs toghe 1ppeuthrusbsuniage 1863nhadndexer
i ndi cated by Fal AOMS i ) ef £.i.Gi indexar sprjnNg
130 now over%'%?r\zesaltaﬁe@%%gitgd& Brvésds&d‘?ﬁ”%@c{?wéﬁ%ﬁ %E lr?g;elrn gﬁgr% gg?élﬁl négfgg
appl i es forciaderet lstedvieari@d tritfvesf dowawiandie ey ipdeternpit2 4 3Quid iforceat irto

force the indexer piston 122 upwards. As e_i ndexer pis 2 ves
Upwar ds. -t heoRoqaRIbad Wit BiaiaPREs MRS 16441 o CBRar aP: LR a%es the
posi tion. ASsngBﬁeﬂ grdeyer1 3y @eﬁﬁa&?»ﬁrh@oa@ﬁnwamafrgvelt@ﬁd f@g%wﬁwé fifgeet 48

of an internediate receptacle engages the indexer p . Wth continued
upwar d n2wengeeye 84 contiewes uptl the gppebstopd40te engagee by he indexeapint 132.

Ceave 134 cANPIERRLRIRG Made Ve fad Ay RrRAuIc Bl e Rek b KI2E, 1,
the indexer i axiaBaligMhetiivith (thi thpetduesinfatax 448 dfemv intéAdediate resspticd

fromreturning to its uppernost position and is maintained in its
i nt er medi at e“ﬁ%siti on by the interaction between the indexer pin 132 and

the internedi at e \W&HRAREAREEXt feeVeinifSowdrBst POGHSH irf WRR:CthEIAdBRS pin

25 132 is engaged by an upper stop 140, a force applied to the lower thrust surface
138 results in the indexer sleeve 134 moving upward toward its uppermost
position. As the indexer sleeve 134 moves upward, the tapered surface 148 of an
intermediate receptacle 146 engages the indexer pin 132. With continued upward
movement, the indexer pin 132 forces the indexer sleeve 134 to rotate as it

30 moves upward. The upward travel and rotation of the indexer sleeve 134
continues until the intermediate receptacle 146 is engaged by the indexer pin
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Jotated such that the indexer pin 132 is in axial alignment with the
tapered is surface 142 of an upper stop 140. Wth the indexer sleeve 134 in
an internedi ate position, the control rod 128 extends up to the bore

shoul der 58. Once again, the lock piston 88 remains in its @ekayRESBti on
with the lock balls 108 of the fixed cage 100 engaged with the recess 69a
of the shuttle sleeve 60, and the shuttle sleeve 60 is maintained inits
upper position. Thus, the supply 20 alternator 36 is nmaintained inits
upper posi ti1B82.i At wis qointhehelindexsrf sipees siiddeis prevested dtord returmirfg tovitsnt o

the internal conduit 26 .0f the u er eatrn el enent 2 ut is,.free to flow
thr ough t he YRREEIRS! RRAERN (2N 1of Mairia Bl disarTiALmEHiaereosson oy R

illustrates .hh%?a&rdrr BBlW@erﬂ'tﬁé rnd@*bpr ink 1‘32téhd bfe E}{té)?/rﬁéﬂr%té ywetdsacll £gb.Of T

to a pressure lower than the initial pressure raulic di'stributor 1
2s cont i nuesFurthere tiee indexer steevertd4 bas rotated sweh thatitbetindexsr pinel 3 isdns i n

Fig. 8, the coeffici 0 i J er, gvercone and
| ock spri ng @ggl% té”'&b%%@ﬁbg’%ho%%%%%é ?rr gﬁaép Pg ‘@]n that the
pi ston rod 90 mv,ﬂserdewwnppnbatr@hsloftfome‘ tcarrgeuﬁﬁeabmm aneface 136 ahtiadeby
the fixed cage 100. istaon rod 90, and thus, the control rod 94, 30

moves dommdpwertﬂrresr Ma% 38 withgonlinue fe- eauspaihe indexet elgeva tadtorratateed

et At oriy SAElyeRn I0gRtoR, BpbBRR any MR RREIRRTRASN: ", 17° |

29 May 2003 recesltsbaddfe nmedltbaldhngaqsttm‘nsld te®ed Of tHecindleuet sleese deue)f60

The shuttle leev Ion er flxe engaqged to t efl ed cage

However , othe 588 @s‘gﬂp 'Pﬁea@%h"& ﬂgngnégr Hve 0T, |§1pl”"tq§u war d
posi tion. Fi ébplﬁ:atrbh UBS/réﬂé?ﬁwgt e $ét§éiﬁél¢lé”énd3|sﬂﬂdar'ﬂ§n@éﬁreﬁfs bheh@icdswre
applied to the s dradlic distributor 1 to a predeterm ned rel ease

pressure. Undleeve Hé4r e indexer sieayeel 34 san Higiestillateddpetweenuary numbes of

dicated b d t
wth rof er orpisstiatg BosttRs Srith IrEmafIaREeagRons B ol (& SmiiiE £ BoRha
upper posi tiiatdeker ﬁée@@ﬁﬂ?MIl siict Bmblodirkeiial falk within tiie poeviéwxsfdhe pyesem

100. Thus, once all of the pressure is bled to a predeterm ned rel ease
pressure15 t BVERHAN-| e sl eeve 60 is forced to its | ower posi tion by action

of ‘the shuttl e sl pee RIS SénofehdhaliarPaliifbld STBBHIRYIH it Babkyr iR 1O

be overcone by mni rra pressures to overcone a no-pressure

As i ndi cat ed13dooeld behecatedrvathe comirohrad 128 withdhs positiceakleceptaciss tnfstheo

| onger |rrped.e the c i.s,.rod 128 .of the i ndex

o hel d 1 andeRvsIAgYE 354 el pBrRREnGAE tnd SR AE Rt RoRYRE A 0% ceve
134 by the 'W@mﬁbd?mbﬁ?s e infshddiltd | fallSWRRINE tR® plrvRW idTt thd trredemer
position, the control screws 48, which are affixed to the shuttle sl eeve
60, are 20r cBNentign a | ower position withi n the control chanber 34.
Consequently, th p ly &l O t tion
in which the |ow§'? gcfauat?cﬁr @@%qgg?@a |ng 5g%g(gfge é“aﬁghs(('z:\fatrrﬂ.'\rlrvg\(’/sur%?lgce
24 of the | odistribakart! agited m«:ﬂecﬂfr?omﬁiscfhstqmﬁtgmmts sexondchiged ilhysttadtes hor ce

lied by th of the | ba 44. . The bal | 38
Pl at metTossEREIORA BN 2nTShoien O tie B arante Shsntier 1GR Heatites,
42. 2s As haﬁoQﬁ&E‘uﬁUéF#&%ﬁé’ésrﬁré‘err%'Hdb&ér §lb69é“‘-|3inh'm§ s i*haén QFpermost

sufficiently [ow coefficient that the swtching of the shuttle sl eeve
from i t s2upppe@sities with dhe indaxes pinold epgrgad byiadousr ipseptasiail 44nthe bissaf| v

Il of th
Shut 1o ot cobE BbRar 83E T B0 pERs hbwnbard ARER fant o nB IhiSfbrNeblie 134,
t he hydraulTLWitHitﬂsé u'pgerlc nfovérrfqngl’rmrted gythetrnremattanfb%turreetnttaemmt pin132
1 | S I e el a avol ds ro e assocC e W ur e
bl cedi ng. o { aRhIIMSE seLemECenad, Wiite) Maseceandiianssghd conbygpad 28 ehine

‘dgper 280:/:; i @gsgé’r &siérpl‘lQﬁycdﬂ‘?&é%gtthé%a%ogurﬁa%ea?ro?%ﬁe Malttie See?8%0'8Rd 165

30 forces the shuttle sleeve 60 into its upper position and prevents the shuttle

sleeve 60 from downward movement.
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Jts lower position. In addition to affecting the operation of the hydraulic
di stribut or 1, premature bl eeding off of the pressure affects the

i nst ant aneous delivery of power to the hydraulic devices. Figs. 10 - 13
illustrate the various stages of the hydraulic distributor logay 4003
present invention as it noves fromits second position to its first
position. To begin, Fig. 10 provides a cross-sectional view of the
hydraulic distributor 1 in its second position under an initial pressure.

As di scussed aboWnderd peasstieds]ithe ecoetivigitasfithe 196k QFrnﬁ@QBI iBdfitSvebdny €
134 is engaged by the indexer pin 132. The indexer s|leeve 134 is _maintai ned

in this posididosonipe IRckySREN® 98 ontinuesde FNtAN fhe 186k piston; 88 uiss ks

b f
ot er act | on BaenoS e (h WA the R4ASE 92 dblRERetagd Cagke G Vil e P
146. | n thi pigtonidd ionits toweromst pantmodtthl&cbbatlSndOBmemasn withsn dime 1dhi2reldes

From it <51 oRBtoas of e Senifaios 84 3nd I ke el Wihl nefae he Fed

di stributor clagreemnmvoe\yérs thE CAOWNWARS trh&eméiab thé §m%dsuaev§®t?n§t ood
that for purpdses of Illustration, the term"initial Bressure ers to a

pressure sufrestictas by the centrolied: 128 ebthienipdener pistareAR2afs diseussedkabguei. ng

98, but ins e t of the indexer
spring 130. LFMSU@%@%%&%V%%?I '%%“2@&3“‘5@%&&% , the coefficient of
the | ock spring 98ithhe\shutitarelezvenco hatatstlhmaérl mm@&hapmritﬂﬂ Stréws @8, t o
the lock spring 98 sufficient to conpress the | ock, spring 98 and enabl e the

pi ston rl8d MiER aﬁ%e@xeg\xame huttie ébﬁeé@ §Q, are forged tmp andiRRes PORKIoBHM bR r

b 84 of h
conpr oss 1 hd g g ShFhBe: S8CHREedinyl MeluehaheRetcl SO fPKETirkd
preventi ng fuppenpositionénwitich the upperachuatiomsall 38 omatingly éngpgesthetseafingt ect

th f f b t t I of th Kk
Spring 95, SueiasBad AN pngt sorliseRRientRe” Suef srorgaan orrRELYER r o
rod 94, novesrdedsapplied by trfé:leohairé§slé@8ofatr@ fu@p@ecbauutspﬁﬁ%tm TRESHGEr
detent 96 and into en?agement with the second recess 69b of the | ocking

profil e 168 cﬁctwai@rsh@l ds m%e@@%bwﬂmﬁiethgmﬁl&m@%ngaéoebsﬁmq lowar retainiey
Docket 68.0?59% Eﬁpr ess Mail: EL 765 786 165 US 29 May 2003
consequently Iy engaged to the fixed cage 100 and prevented from
upwar d novenent . Tie lapplieatinuof lan ditalvpred8ufe >tedhenhydrauh©%sstrlbomrt1 as )

the supply alter or 36 intaiped inits |Lo p in which the
| ower act uat! ‘b’ﬁ"igﬁ in &g r#a%#%@"@ EW&&SBE" rt%%lhyae "ﬁdjs bf‘g)é”é FRMNS{he
| ower seating ﬁ‘rls?ﬁ@@élﬁor?at sHA\Ad bR ddc@rstaba&ﬁatrfer pﬁrp'o@,abrdfﬂmqat.w%élt@am Into
the lower internal conduit 26 of the |ower seating el enent 22 is free

to flow20hr ougmaltmessuie erafars t@cﬁwmﬂssuwamafflmehtetolﬂy@éfﬁorgeahe §grieg @ﬁ@ﬁmiem

Thus, the i t r re
to a hydr au{qfchgée?%gaﬁyé gg“? @s#ﬁ@gﬂ%%erﬁb’%gg I'ng egﬁurréitc Bé@cﬂ}n‘? oﬁﬁéj
di spl ays a dndeﬁersemﬁng)rtﬂo mmmcoéffmezlﬂatdrecsolelytdepmndantJupm thee typu bfal
pressure is |ncreasefl to ag fl pg Ll Under this elevated
pressure, t RPAYgateR farevhic t“Pﬁ"B ig digtiibytor s ilizedn i s second positi on.
fz r gqbogleevg ezhowstb@wﬁwprgﬂsomé tyiRhufCdisPIURISERrRAiInk i HS fifstbosflion e
25  which the shuttle sleeve 60 remains in its uppermost position with the indexer pin
132 engaged by a lower receptacle 144. The control rod 128 of the indexer
piston 122 maintains the shuttle sleeve 60 in its upper position and resists
downward movement of the shuttle sleeve 60.
Under initial pressure conditions, the coefficient of the lock spring 98 is
30 overcome such that the flange 92 applies a force to the lock spring 98 sufficient

to compress the lock spring 98 and enable the piston rod 90 to move upward

A ttomey Docket 68.0207 13
Express Mail: EL 765 786 165 US



pressure refers to a pressure sufficient to overcone the spring

“coef f'icient of the is |ock spring 98, and sufficient to overcome the spring
coefficient of the indexer spring 130. As indicated by the arrows in Fig.
11, the coefficient of the indexer spring 130 is overcone squgﬁﬁfg odahe
fIange 126 of the indexer piston 122 applies a force to the I ndeXer spring
130 sufficient to conpress the indexer spring 130 and zo enabl e the piston
rod 124 to ane downward toward the chanber base 120. The action of the

piston r Od id4ted th@%rt‘oﬁh@%i%r&ﬁ%e&ﬁan%@é‘r WW%tHé’l&ﬁ%lét&ﬁ dhﬁmifggmt

posi tion. e I'n xer sl eeve 134 noves downward, the In
engages the &Qaﬂémepﬁstnnr foac@0 tantimfesato cpppressttbe Iaﬁospmng: BSfmntld:emvehmnt

d | 134 . The.d dt d gota
ndexer o5 A dogepsien <580 ria SRS BVARE (A, b3%4 4418 hRceBbatBienthe
i ndexer pin shagyn .ﬁtFlghs Stoqﬂbtec} tehsurratestthe chapserbiteed arrﬁf t%té;cﬂuﬁ%@

that the indexer pin is in axial alignment with the t aper ed rface 145
of a | owsr rleaépfthﬁ l@clmnrmgr%. siapecee8t isproyidsd.cont i nues to be mai nt ai ned

of the shutt1 6 it PO fod 80F b s SRy 350 6 hafes EBRRRAy TRE
i tts | ;)\r/]ver. p;héllte,lﬁm are foncedotihef thEemlpemdi @eteaseseandsmlt@ehgagemlr(\f ?\mggﬁ% g\(l)v7
19 Bxpress NSl reqess Aka o6 fre faeklagpraffe 59°REjre; S SReVR 68> T shulter o
to flow thr qisdd Be id Ebﬁéé@eggg@iggﬂﬂgs&@aﬁfedttﬁ% TREH 22RO ARl PEEEniéd

Thus, the el evated pressur to supp y hydrdulic i'd pressure
to a hydlroaulfrmnaﬂewmmrdtmwﬂmmttreganﬁeaqnfdhemaiiuongpfélhenenﬁol%d 128pf the

illustrates the ry raulf' distributor 1 with the elevated pressure s bled
of f back to IPHEX§RIBPR 2%‘essure Wth the el evated pressure bled off, the

hydraulic distri t\Mtﬁrthé srﬁittlélslé@masowmbmmg ﬁ\eﬁé) pErspddifon, e s@ﬂsly‘at ed
by the arrows in Fi 2, the coefficient of the indexer spring 130 now

over cones t haltespator 3@ ip majeiainedsiidis YpRAr Rasdionipaxdieh dhe prgenaduation bak

f to th h
oheor ot nesd b8 ek e A ST A 2o S LR 920l "
the i nde?ser 1|51fi4tf|eeymaes‘smfle nmveetrlctpwafmm_ﬂdv?mztoapenﬁxpesunfemaldddrﬁduwﬁa df aner
receptacle en 1 N . t cont | nued .U r movenent ,
e Fndoxer heT SeatnG elersent e bk Hee T Cubravei R hea Mo condu 28
upward. The dmwewéweé@qingaaémbﬁt Eﬁ'ﬂ'ihé)fthé iftiaIHesire RS usdd 1684 n;srﬁ ues

until the control rod 128 of the indexer piston’is 122 cones Into

with the basz'CkauHQacﬂBId?preﬁSUméOsﬂhthLdraiJ‘!ﬂ devige cattadBedatas dhe Heweh seatieg
sl eeve 60 is kgg inits lower position by the lock balls 108 of the

fi xed cage fﬂﬁ Ftional upward novenent of the indexer piston 122, and

thus i ndgxer sl eavehbam bieS updenstadc dhat\\theh tédme “sduttitied” sdsc@ged Gere@as ni ng
inits lower position, the supf@“gFZo al ternator 36, |s also majntained in

its |ower pdigscrisg the WﬂtM af trgugh ithe upper and owersintaraakbeonduis 26 ow
into the intgrial,GoRBHYitIoAGINrell thd AR is I6@IY &9 Rib3Elallg Drevented from

entering the conduits 26. As long as a portion of the flow is prevented from
entering the conduits 26, the flow is considered to be restricted.

25 Fig. 6 displays a cross-sectional view of hydraulic distributor 1 as the initial
pressure is increased to an elevated pressure. Under this elevated pressure, the
hydraulic distributor 1 still remains in its first position. It should be understood that
for purposes of illustration, the term “elevated pressure” refers to a pressure
sufficient to overcome the spring coefficient of the lock spring 98, apd sufficient to

30 overcome the spring coefficient of the indexer spring 130. Again, these
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+out iis free to flow through the internal conduit 26 of the upper seating
element 22. Fig. 13 illustrates the hydraulic distributor 1 wth all of the
pressure bled off such that the hydraulic distributor 1 returns to its
first position. As indicated by the 2s arrows in Fig. 13, t@gg@gfz‘dogi ent
of the lock spring 98 is no Longer overcone and the |ock spring 98 applies
a downward force to the flange 92 such that the piston rod 90 noves
downward until the flange 92 abuts and is resisted by the fixed cage 100.
As the pi st apeffisiert8, arandoleludepdtdarmnipen thedySs of raprticatlomrorishick fige | ock
balls 108 are once ajn received in the tapered detent 96 of the control
30 cod 94 arYdERWIG gﬁ\pé'éprf"r $rytg88genent with the second recess 69b of the

| ockin rofile {4 I Ve oQ. [ o]

| onger gAlot tor neyg%og\géémg%%g%% %B&A’Eig'r g'sq(ssgl\/g?_ g@@ﬂ&;@@@@@%@%sbﬁ%&zg
May 2003 fi k80 is everagee such tat fihe ddngagtR6l 00 theNindexie pigtoari@2vepgliesng  of
t he i ndexer piston, 122 is no. 0 r_resisted and the i.ndexer slee 13
cont| nues. | (B EHRAng T EraRrng eBisu iR 1E EolPrase esB OB SLaRNEE T 374 he
most recept agidbld fie pibtort l6d £2I® rhdvEdohWab@tiwatt theéhartber 8ase20Mthe
shuttle sleeve 60 into and s naintains the shuttle sleeve 60 in its upper

posi tion. Asatine aftbetpiston|red i24doreas s indexerisleevgpad dovawardrtowardits
| i Gk f.] " .ced
control scr ell’)‘ﬁleﬁﬁo§t"}55§%rf}rAes Ak |ha<e%rts?ee1¥\)ace1 gd‘h‘ul Fg&lag gﬁh@g)’a% Sfe r{ﬁfj%érﬁﬁie

into an upper posrti'on wthin the contro nseyue
supply al t ert82 engages thé ¢aperddisurfacet 442ippan posert stop 140 wHich fodees Upeer

actuation ball, 38 tingly en es_the to seatjing surface, .24 of the upper
seating ¥ e%ﬂ?xﬁf@%ﬂ:"&@a@zﬁ@ng hP&W@dﬂ%‘?ﬁ'ﬁiﬁ FQjatien ngi"&q}a t he
conpr essi on : i l i 38149S NOW
mai nt ai ned vé? %%?@n?ﬁgeﬁgw@h%ﬂg Pﬁ\égﬂg%éﬁs;ogngotﬁﬁéagﬁ g?trt\ti‘ér@dgﬁétﬁ)@grdzzz.
Fig. 14 provildbis poist the indexeu sleaverl 3drhasesatechsuichdhat the ipdexanpini182 is

i i i i, ch I h | i.c, di i b
i stri bute Mt plstFReitvih B8 ToaeEs st fhn ' ARty isRataon.
(Again, it sfygild be enphasized that the directional ternms such as "up",

“down") "upper", "lower", are used to facilitate di scussion of the exanple
and are Wot intend#d the uppar stPRel 4k 6paaaed trethsr wslexer pitvddRi e jndexer
upper and | oygL, Hh§h90% ?t?%v%s’t‘?)%itﬁa ”c‘?ﬁmségu ,tﬁé’c@ﬂ%ﬁf‘}o%gfzé%&gﬁ% ol
the actuation of various downhole well "equrpnent 'and tool's.  1n an alternate
enbodi nent) itshiewesppositiod ih evkéch fhiescantsol 160 A)281ddds nokextept abedeltiie bore

hyd i t | i _— houl d b t t.hat in.thi nbodi t).th
oiet port - shasfeerag” fiss e ertiotiad 12 BFthe ndererpisigh Y27 i onGBl s
housi ng 52. gswhward rhovement Bf MaIshiltRs sl6eb& 8DCRoRBVARN bRERASE FRMfocRbidtbie
present invention wherein the hydraulic distributor 1 further conprises a

rat chet ssedbrgmans. inTite upaec Resitias with ke fool ballsc b0 of See fixpd LagephRe

pi ston 226a, [ DI 6 VAl r 2 i f. the
pi st ons 226a‘5'?924§%@e‘?’§9d§%38%%€‘. Q%? g’?}g\% gﬂw%aé(]gea%éégobﬁper ggl:}tﬁg\a/sgé%\ﬁégsgr'?vi ng
rod 240 to anbintaihed in itswpeerposiBon.downhol e tool s, devices and equi pnent.

It should b derstood t hat t het A Docket 68.0207. 21
Expfegg Y |e: UELeéégé) ggginlg/tgthlﬁee sha{tl% sleeve &6 (r)érrrllg'ning lcn i?s upper position, the

supply alternator 36 is maintained in its upper position in which the elevated
25  pressure is restricted from flow into the internal conduit 26 of the upper seating
element 22 but is free to flow through the internal conduit 26 of the lower seating
element 22. Thus, the elevated pressure can be used to supply hydraulic fluid
pressure to a hydraulic device attached to the lower seating element 22.
Fig. 7 illustrates the hydraulic distributor 1 with the elevated pressure bled
30 off back to the initial pressure. With the elevated pressure bled off, the hydraulic
distributor 1, still remains in its first position.
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.29 May 2003 assenbly 210 of the present invention can be used to nanipulate
and maneuver a plurality of pistons 226a) 226b and a plurality of driving
rods 240. The pistons 226a, 226b of the present invention are actuated by
hydraulic fluid pressure supplied by the hydraulic distribut@rmay2bpger and
| ower piston s ~cprings 229a, 229b act to return the pistons 226a 226b to
their initial position once the pressure is bled off. Each of the pistons
226a, 226b has a control arm:!28a, 228b and a pawl 230a) 230b havi ng
engagenent teeth &ssmlcaﬂeamyatheearmms iEiget’o the poeffiician adithe ndeaxer sheng

resent inv the aV\As 230a 13 a to.the contral

Doba. 2260 By SYBLEOTEA e et Te8s iR AT REC 1 e 18 ™
230b have S%bn(e@tfafde)fwlhefﬂm@éorlizatc»f)th@uﬁd@(eqe pistohstZnkificlent td $bdeithet he
axial direction of the control arnms 228a, 228b. E—n%gzi;emsnt springs 234a,

234b bias t Hadexet BistDd 2228pwarisc s e IndexeERigige nﬂ@@ﬁwurzwaeds aBeb

et e ik R R B RO el pldosir

errtd)odl ment csﬂ%é\};mu lmmts upwaeulmemapéfedmrf?teﬂ 48of @ndntelmedizte rédspiécl.‘let ive
an not intended as |mt|n on of the present inv ntIOI’l ny
nunber of p&NgAgesdhednd Q’ieﬁ%éﬂ %35%% EEHH%HBW@ 10VEMeHet Q'Reex%ﬁnbe
used to advamw@rcég tﬁ@%@é)@reslé\é\?é“ﬁh%%ﬁét@ ace %Q%Bg@g@%ﬁé'u grod

240 of the present 20 1nvention. A biasing sur IS located
appr oxi mat e teanst afd tdtatipn of dhe ind6, sl&@&b13wpcontmtesamt|ldheahtetrmedmtet ons

226a 226b, th 0 230b t,act, bi 3
whi ch- 1 nifar 6csBRNE 13808 efoRmed By 4RE ) %%%e‘eefzéﬁﬁ*i%?f’ g R0, 1 450RKRe ¢ he
bi as of the gaggder®ntissprdvatted It r%'iurnh{’g‘lhoam@' i drenddt epSEIHGH Camd tis

teeth 232a, 232b to rotate toward the control arns 228a 228b The driving
rod 240 has majtaingdiin ysmteub@@atea@%m by hesinteragtion behweemther indaxernin

detents 242 4, h

230 2430, 1 AR dptehirie Y5hg Mmoo Rt e Mbehel RREEH 44 h885°
queL ggtz entmtéfﬁaasuxamtﬂm theomdeaeni pirl y|3_2ngageaknb&atn%mneppw’tr?eﬂwmed

t eet ao e . and.likewi se, such that the | ower,
Getent o Fo (ustareytebetat daaeision 198 Wil he Mdier Sleae 703 in gf nissmegiate oo
May 2003 2425hgiféh, Qﬁe%@ﬁﬁsrmmyx@ngm?%% bbre SieMteesgagenent teeth
232b on the Tower paw . The cooperative engagenent enabl es the driving
rod 240 to be |nc®emﬁgam.yh%mrm&t@n&8 feénaméwréds upper Ppsttiongviththenlosler
of ratchet ch
the' present Talbor(8 GfABkEd a0k doARRERR wiPRR febEs SRR of e Sl bicklt

invention, té@ éncﬂtlhetdmmeisleéve BOﬁ@malntamred i ite uppec bemtnaasﬂml yhéiﬁ)p ply e
housed vmthln an assenbly frame 212 that is affixe ing 244, for
oAl o 20neAIaTBalRE 3 RrHABLIRS fbls HPRSLPASITeR I BHATBHEoH I PReEEIS ho

hydraulic di .%ts@é?gé %n%ﬂﬁ\gqnfohmeqm&ﬁaumdhﬂw omemzpzcsé}rs%a%ageeue,%aﬁpzz The

assenbly frane al so S opposi ng sprlng dul es
conbi nat i on bitis frerdo fipur thcough tiedatesna zon ﬂ@?&%tmm\t@'%ﬁbng element22214

ben bt onc B EHEPTaE the PBuBR DioBbuRE Tl e grEReg bl st o
springs 239apff3398 pressireurmkrvthiahi thet hﬁlalmmsml Othe: hgdtzriic 2didtriblis 1
driving is rod 240 is maneuverable within the conpressi on chanber 214 and

the | owe?s enePHNUERO dem@iniy Ffirsbresiiol-ends t her et hr ough t he conpression
hanb 214 h f
chanber such ARTiditdigd 45he arhhimg. &4Re caeficktht 3 tid Rclisprig 9BNd ©

the driving rod vantage to control wnhol
devi ces, andnedprigerevercoine anddoskispring Pi8sapplied Bdownvacd ferde o tthe rﬂange

assenbly fra 212 .t 20 .acts mai ntain the,fl eW|th| t he
conpr essi on ﬁé%lgghage{bem% r?%bﬁﬂgo\éﬁ& \HBYV% HF}BEE@U zl\%t?'fﬁéﬁnﬁl'ﬁg
equal i nter nadsisiad btk & FiRad cB?@SSOr As @ Piseasrotey@rd @d¥ans agestol reg@4such
advantage is to maintain the seal s 216 that act to keep t

t he
conpr essidn BWNESstovwand; dke lednpath 198 argnerce again Erceivadyin theatapnesed t o
degrade {he 88@9?58'1{1;}8%%& {oB{ 6418ha 276 FiRbYed Hdm éﬂggge,ﬁegfu bR first

advant age of "USI n ating prsto to marntarn e
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Anternal and external pressure is to prevent the piston effect of the rod
240. I'f, for exanpl e, the external bore pressure is higher than the

i nt er nal pressure of the conpression chanber 214, absent a hlgh enough
countering force supplied by the |ower piston 226b, the driy g@@0§40

wi |l be forced upwards which could act 30 to prematurely actlvat or

deacti vate a downhol e device or tool. Likew se, an internal pressure of the
conpressi on chanber 214 greater than the external bore A ttoney Docket

68. 0207 23 rpesss69a/af the Mckifgbprofite 68 of tite shQEIeMigeQ@GB Phesshuitite slebset o
force the drjvin rod 24a6a§mnmards mai ntgi n control over Eh

Thus, .to
maneuver i ng 8% 15 A@ QR Bcﬁnﬂéﬁepttol en@f?é%QﬁQ? wevern thae applie .
i nternal an ﬁé‘é&éﬁﬁém%ﬁ§§féﬁﬁlttlé%lé§?@rﬁ ot %%?m%ﬁ | uid pressure is

supplied by ‘the nmain contr ne s 18 to istributor 1. In
t he sket ch shown Rig. Fillgstrates thesubgemmnhbdneeﬂus;g off lofi ther pmsissre' applies! tedicend

position _in ich. hyd |ICf|UId Wtra t hr ou second flow |ine
185 Lo adt LbErafle WSl L0 Drdetemingy FeBash T amreo Lkier dif eledse as
di scussed agﬁéesurbhmeehgawrarunsﬂrmatdr £.329 irdiattase tha Watdwe, bV tERSL T Ol
arm 228b an engage a | ower ratchet detent 242b of the io dri vi ng rod 240.

Thus, downwHegORE\ROSHION. of the control arm 228b acts to force the driving

rod 240 downvar d pdkidesy GO0 e oS @lIrig S 908 UhGinel 6P 8h [ Oho RiReF 260

of the | ower piston I nues nove ovvnvvar unt

maxi num st r diedd ifantupper paisition by engagemerisofrtd lock balh08 of ke fixéd cage r od
240 further

h 18b bl ed off |
Cho | owdt: oo TR, PReE Sieh the pressita,s Hpd 08 Pregeimhed tsledes piessis: od
posi ti on. !&é @ﬁualééleévé%éébs Ri?&'e& s Hw@rﬂﬁs&%ﬁbo)aééhcfr%ﬂﬁg ém% |ewgs d

its retracted position, the engagenent teeth 232b ‘are guid out o
engagenent \epringt 64, lrmdnasatc ICl@ét shifficirtly @Ith(heijDNei‘Qﬁ)@eM mOima®y its

Lhe suppl v ITREST8R bt IR G0 LG eoHB hothe¥ileiutals 4 FRLEA he 825

downwar d. Befpwiagaridrhoparaaaesfie shnttiee@ai60 Isaemngbemmmﬁ tHe ARt
232b in contact with the profile of the driving rod 240, the enga genent

teeth 233b 4pd ¥2§ efdheindexarristge d2% agilkin h&.lfbtrh@? intafreediate posifion by e of
t he dr|V|ng t: di spl aced on the
driving 2s r%ﬁ%%@%l@é??%@epgﬁgﬁgy @gt"z x‘%ﬁﬁ)m a di stance
approxi mati ng t héAsstheosteuttdé sideveB0 tranvel 26to. itsUoder positionn trel chiytdo|asdréws
pressure, the cont b her ef or riv rod 2 aref rced
Cownmar d untd. Wwhich gre rfiarb i the BB HEes B! At ided ko ot fosiies
above seque%ﬁuﬁfth@\ﬁenﬁrél aﬁrﬁbépsmsny&suédmg e élthﬁkﬂy%ﬂ@rr?a‘l@r séﬁ@rmeedts
full displacenent. 30 Wiile the drivin bei ng forced downward

there i 20no inteditslewer masifian iprwhishithe é%ﬁ'l a@aaw\ bﬁlé 38ymptingly engeges itheit or

1 to the upp 7 EL
765 786 165 %Et'ﬂg%%ﬁéa%ﬁéﬁ%lﬁé’ ﬁ%ﬁﬂﬁﬁﬁﬁﬁgﬁ%‘? gér%’%ﬁ% gﬁée%é?ﬁ?yg@t he
upper pi st orpy2fhfeaforcy Qup[:!illiadfw the d:@hpms‘sm @fdaetlowar ba¥ spiieg d4dnTheluppem
238a is retracted by the, piston paw 230a contacts, the biasing
surface 238gal b%%aw@ntﬁ@enowelynstnﬁmﬂéwwa #@ bydheunpes reaining |SH@U|§§9a is
greater tha he force supplied by the engagenent s spring 234b, the

engagenent teeth 232a are forced out of contact with the
25 As has been discussed, the shuttle sleeve spring 64 has a sufficiently low

coefficient that the switching of the shuttle sleeve 60 from its upper position to its
lower position does not occur until nearly all of the pressure has been bled off. In
essence, the action of the shuttle sleeve spring 64 acts to impart a time delay on
the switching of the hydraulic distributor 1 from its first position to its second
30 position. This time delay avoids problems associated with prematurely bleeding
off the pressure as the supply alternator 36 is toggled from its upper position to
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driving rod 240. Thus, the driving rod 240 can be maneuvered downward

Wi t hotit any frictional resistance provided by the upper pawl 230a. To
reverse the process and nove the driving rod 240 upwards, the hydraulic
fluid pressure supplied by the main control line 18 is variegbk@?@xﬁgpd to
predeterm ned switching paranmeters of the hydraulic distributor to switch
the hydraulic distributor 1 to its second position. In its second position,
the hydraulic distributor supplies hydraulic fluid pressure to the first
supply line; MARE \ i | tel dibiSi ced
upward, the ‘gsﬁg‘é’gegﬂé%@ Bg'pl?'i én{!goﬁ(i%lﬂ% oréil(ta1 t?ﬁ\gpg%tﬁeéngrqt% ’?ﬂgﬁﬂlcz ‘5‘3"’2@% he
pawl 230a i rt,cprempdgrenkleeding off tf thépressuraaffedts the instarBanebus eliderywifng
rod 240. As above, ée%eate .ﬁg@@%% and bl eeding off of the hydraulic fluid
pressure to RWERSRe NYAEylic acts to increnental |y advance the driving
rod 240 in an upvegs, i Lefd iIRsrafepausRidussstagey bnthe Rdradfic idikstasyiangest and
retrieved by the actions of the pistons 226a, 226b, directional npvenent in
bot h di r éct i thapresertdavesianeas lynovesfsamtits,eseqandspeaiton tmits fiesd posidient fie
hydraul i ¢ di, st ;i bgto hus, LiRer: di ' - drei ving
rod 240 is c%éré'}r"gﬁbégo%];yoggggﬁ CEr]{gké %gété&{c%?g%%ﬁg%ﬁvwﬁgﬂggﬁ% e"ftbggs!gt |y
210 enabl es gapoadpmositicrulinder aminitialgiressered Wisvdisgussed @idve, mnbintdrmediate

directions. This epa s_the ratchet as ly 210 to he used to advant age
on tools, dé\?F@@EaPPeawe&medﬁgﬁ’ferri%er ?W ge&fctpy %'ﬂeﬁ@mnz@l%e
deactivatio ] [ i 24 d i i heved
froma si ngﬁgaggﬁ%?f#?%ggl@? ran‘I‘l @eéi@tﬁé?b? ﬁ@og It 8?’?%%%?31'8? Igd%%vrﬁ@g&or
retrievelat hel3f.iAs digcussedahoves fores applisd tadbetowgethrushsuraged 38ds sesistgd i s

movenent of 16 D RAREIOLBeMPerEIng 18eb i a2 Baitee mghreaite seiirtade

equi prent . Fpge axaniB|pdsitioh, &k tdrerdl 266 N28 cTse Htlexe? pistos 122 fbesthdt fotkeol a
val ve) the increnmental novenment enabl e e valve to be opened or closed at

s th
varyi ng r at elbecshuiiie steevadfl aweyfrary the bore sheyldes S8 and @wmofromsiteEliowess s
Mai | : EL 76505§ ont6° US ., 1 29 May 2003 the val ve can be maintained in
many interrrepla e positions in which the valve is partially opened or
cl osed. ot her ddndert mjtal grestares the hydiaubkedistribatorntiyrebmindin itsagecond

| mvent i on | sPasiien Aqang Should BeuRgenined 1iaGr tusiel ossbEuRlSAcRedemm 1y

the use of nRyaIRBLSRe" PAfERKRS phédisE: SUMLIERT tobVere8metha o gtdoR iltfeht Of
relatively mpglg@but power f ul Precﬁani c%l pi ston springs 2§ga,g ZSQWTN S

avoi ds t he pefothleclock spsingi 38, deutvinsuffigient §0 loyatpeMentiig sarnoalcosfiidienjofthee. |
| oss of resis ivjalj;%%r.fo 36)i stons having a |onger stroke. to Another

advant age of MPRECH 2% assenbly 210 is that it can be used to force the
driving sod 240 fgnderttiese thitalgrassute wonditiohs theicogfficierd\of thee ok spdig 98e

| et t r ok f th i st 226a, 22 like th ired wwth th
of Donvent i oRapveTeaie sHERiBAE 174 {28 9n ARRiEn: 3 dnem, 1 g lobk' shrjaa o2 C
a mechani cal suﬂﬁé'lbhLﬂﬁcérﬁﬁie%soﬂh@}'lbaeQprir_@%wgﬁéﬁ@ the\fi§tohdeds fo fdve

mechanically swtch the hydraulic distributor 1 fromits first position to
its second pugwaidbfindicatedrbyrihe arrew) dwanddbeichamber hase 84 cétheleckipigan The

e o2 SHEbE 0% 58 HARF B0 bAFRrEASees o EE he g TAEF 18
25 shoulder 87b abuts the chamber base 84 preventing further movement. In the
embodiment shown in Fig. 10, to protect the surface of the chamber base 84,

and to adjust the load of the lock spring 98, a spacer 121 is provided. As the

piston rod 90, and thus control rod 94, moves upward, the lock balls 108 are

forced out of the tapered detent 96 and into engagement with the second recess

30 69b of the locking profile 68 of the shuttle sleeve 60. The shuttle sleeve 60 is
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peyond the | ast ratchet detents 242aa, 242bb of the driving rods 240 in
gither’ 20 direction. In the enbodi ment shown in Figs. 15A -15C, the ratchet
assenbly 210 is used to control two driving rods 240. The nechani cal
override is provided with a proxinmal override 248 that is acﬁéﬁ%o@en

t he engagenent teeth 232a of the pawl s 230a have been displ ace eyond the
| ast ratchet detents 242aa of the 2s proxinmal end of the driving rods 240.
The nechani cal override is further provided with a distal override 254 that

i s activat e¢opgeguémiy MY Bngaded Reha fREdcde 10BaRaYrévaRen f*@ﬁ%g?@fﬂe

di spl aced beyond 'the 'l ast TatChet detents 24Zbb of the distal end
driving rodsnev@ment is inportant to note that although the nechani cal

override is descnj ' r - ' ' i.gs.
T5A - 15C ©n whi NG g BhIYERISEIEE gh 1 ' AR RSERRn. SR H0pk0 it
override is 3k maintdingd irits [Dver pesitioniic ahichvibenower attuatien paf 38hatingly
i nvention has A ttorney Docket 68.0207 26 Express Miil: EL 765 786 165 US

29 May 2003 esgagesalhgl Feating sufage 240 Hia lawercpeating elementksed. theciittal ol
o e areh da e Ol o4
SNy or or erfrgtiurbRdesiited fidm 0 Rid M Rt BidhdLcodiat 36ahe dgagt' e
proxi mal i fs?ti?géébemenu@bat isifree Momtr\![rbt{lgre:h:igta;hamfm?#ittzﬂiefrthacogpgﬂ'
t IL..LI ONS e e al n ee a o0 e a .
et o' Shatihg;amenh 28, Thos SBBaNGET Bressire B be yaed 18 curphe Pydaple 2304
are nmaneuverfy grdssurd aihsyaﬁuhna%%@id@éttwhbditattﬁéhﬁpéf\g@atﬁr@a}emwrzrzwi mel

lifter notch 249a. However, because the |ast ratchet detents 242aa of the
drivi ng Wods 240 Rige1hdlisplays @scrgsesestionaleviewrerhydiaylie diddbutor 4 as thei2a)

once the paw.s. age. rakc t 4224, . proxi nal
lifter nolto cHn%ﬁgiﬁgﬁﬂge% t'rh%g%%%séo Z%aagffﬂ@g, S%S%Fﬁ%n g&dghht&;ot e)e(\}aé?'q ows
in Fig. 15B,pregsiiregthedtidiBakt distiboeait1 Stll reheains i itsebihd position. 1 abibve,

di spl acenent _of the proximal lifter 249. Affixed to the proximal l|ifter 249
is alifter ibshppilobRayngRystead that fgr irurrosess op diustiadione taa Jermnieleated

disol . i : . . . : .
ot oxi mal 11 1Rraps g et 8 bRikshfd SHftieRbl ofgteietnglprma Lo e bor il
consequerst | Viockspring @8/iasl sufficient toobvercems ther $iring ooefficiegt ef s hdexsr

i ndi cated by _the ows in Fig. 15B). Because the distribution trigger 252
is affixed t¥" 13:ﬁ'ston shaft 90a (shown in Fig. 1), outward displ acenent

of the 2o distri g ineficdted Bgane adwadhiFig! €F, thBeokffitierlicF e irfféxeP spring
mechani cally switch the hydraulic distributor 1. once the hydraulic

di stri but or 130 is evercemeysugmthatdoe Jlapgent2baf e insexet piier Ji22capnlies a
e d A . e _ .
ool s 3305 HREE s e RRAnG 438 duffie o dBmefass i 3BRerbriid 1h 40if

over ri dexe254en abld ésd pidtscrodot2s toirhbve downwace tavearBiths chasweabdsd 20. Te
distal override 254 has a distal Jifter 255 having a,distal |lifter notch
2585 and a AGOR o thegistop Jod 1%5‘5*]8.’0%‘5&'“ %%'e%ff‘e?g Aoy rwditewarsits wi t h

t he engageneglyehpekipdstiidbn. Hs theandawrsicl Rnereed doWnWid! eGRGExeH e Nt S
242b, the pawl s 230b are maneuverabl e ‘P)n/Z)t he piston 228b w t hout

i nt er f er ence132 engages ithe dapergd surfacer of poapper slopel4d whielh farces the:
last rat Chainﬂ@&&“él@e@é 21% t%f rotate. The downward travel and rotation of the indexer

25 sleeve 134 continues until an upper stop 140 is engaged by the indexer pin 132.
At this point, the indexer sleeve 134 has rotated such that the indexer pin 132 is
in axial alignment with the tapered surface 145 of a lower receptacle 144.
The shuttle sleeve 60 continues to be maintained in its lower position by
the lock balls 108 engaging the second recess 69b of the shuttle sleeve. Thus,
30 the supply alternator 36 is maintained in its lower position in which the elevated

pressure is restricted from flow into the internal conduit 26 of the lower seating

A ttorney Docket 68.0207 19
Express Mail. EL 765 786 165 US



.Lhe driving rod 240b are not cut as deep as the other ratchet detents 242b,
once A ttorney Docket 68.0207 27 Express Mail: EL 765 786 165 US 29 My
2003 the pawl s 230b engage the |l ast ratchet detents 242bb, the distal
lifter notch 255a engages the paw s 230b. Thus, as indicat eobg)rmaé/%ogrroms
in Fig. 15B, further outward novenment by the piston 228b, results i

di spl acenent of the distal lifter 255. s Affixed to the base 255b of the
distal lifter 249 is a rocker 256 that rotates about a hinge pin 257. The
rocker 256 ielemneaaagmmineem ﬂdswttﬂmughﬁlhelrhamad)nondumgﬁrof%éup@ttyﬁtldg

di spl acenent by th taI lif 5 results in inward di splacement of the
T ool oI T 1ephenl 225 TBLS, tiaseleRAtet BissERtp Can bt SPGHS SURBEHBraEHC g

distribut! Oplekkieto 2Agdradfic HBdnbéaatt@éth t8 B a5 &Sedtihdei@merf 22°5)

Because t he stribution trigger 2 is affixed eplstons aft 90a
(shown in Fig. 1 Fig. datMastnataB§beatwmmitc dlrstrtwéordnswﬂh t:theuejavatedggesslzaz

t t t t 0. d
G st butor Het Gt SRR B ol BREEbr YY1l Senel PoReE R e ol o230
can be used hyirdiifedRtebutbe 1dstivirogaimdin R4 8etond PpositiiPO A Mdiddtes bydRe of
can be used to bri, n%lthe pawl s 230b |s back into engagerrent with the

drivi ng rodsaraws in fig-n13 thamesfliciemoftoeHagexel spsing T3@aoxe pyercemes the

ot ent's aaniaPPlsflespGe M Khitial et ker Bt 130 iiestEre D e MaREE 26, o
the limt toofwthedhdéxer pistoni 122 sufﬂméﬂt)tocfaméa&edunslpkacpd;torarlﬂz,eamdrtma;tthe t he
need to use excessi ure to svm'tch@20 éhi hydr I|c di st r1| ut or

Dependi nlf upBAEYRe sé"ﬁﬁ}l 53? R, MOYE URYEHAS, g P DidRXer RigeVR: g?cmeg An

enbodi ment %pWQﬂsﬁf@@%ré@éﬁﬂfﬁdWﬁb%wa rEbwtacmﬁéﬁ? ﬁ@ﬂéeié?e
rat chet assenbl O used to advantage to control a subsurface safety val ve

260. The saf@my13&| Witlpgontiaged upwae meyeiment otieu indexer drinwl 34 farces theow

regul at or 26

e e o b (e dBrsibh T 1383 AL a8 §nBAk (MK e LA SRS,
262 over theomadmmmr&féeverrm eontipues iundil ﬂhbmamtr@ﬂtdc&ﬂi&ofﬁmindenérrmétonlt
shoul d be noted that in the enmbodi nent shown 15D and 15E, the

ratchet bBsseh®d?comes #Me eprtat Mithuthe: base sy 07 1°aFrte SHukiecaleenet 6
wal | of a wep léé&fél th%“é?htﬁé‘@lbe@é’sbhﬂd/&leh iR fts idwerFdditid By tg}bggg);ﬁlggba

conponents and acts as the assenb rame A ttorney Doc
Express Mai |l of tHe fis zage |1@9 'anmozal vpwaaho®venmnt|of tbhdodexdrepitont 122

noted that in al t rnat conponents are nounted

eccentri cal | 9"&&“[%’5‘ %eFrsggY)qs ?%1 g pr?%er{lﬁg embodi ment shown in Figs. 15D
and 15E, the ratchgth gfesenbitle séBvé B0 eamairteg ivfitd vm/v@eﬁasmbnptrsé @0pply26a,
226b used to nmani E)ul ate two drivi ng s.rods 240, Again e nunber of

pi stons 206aaltemetorabds @lsamaintaing '@ﬂ@'%%'t@l"ﬂ@w@d%ﬂw@'ﬁﬁqufnréﬁﬁlrﬁ

ithin th

the ‘choke 268 "Splidl bR R PR erhalodtidt Aol BTonel sabfneieinii 260

di scuslsefl_ abbt\{gs flee talﬂbwma?ug’rgtgeh?telmyaimudmtZﬁlaﬁthb ppm&ﬁe&mglremfme?ﬁzzm n
t I ne , raul 1 c I.SUII ni pul a e

i stons 226a, Lo BeenIdueties wecheraditdRepyls 16val 35 Re wesadis bied Sr

mani pul ate t E@crﬂfnavtmgh;licﬂﬁan@é}etnda%meétdrr@q@smm pﬁs.ttdhe A@rmmw&drtgﬂtﬁemo

acts to force the choke 262 downward to increnentally close the val ve 260,
and upwaesl rmewewshe Fig. tdhdéhelcoeffigignt etithedack sprirg 98 i$ bpdengearcoverenae 26d

Shitt the saliepepapyad SBGHPYEER I KFar et tis fbiGe Mz s FafifE iofi™"
i nt er nedi at ergtp90toVss donmwiang until the ﬂbmgeszpmmtmm isl resistéd byethedixed
i ncrenental openi naﬁ and cl gsi ng val ve 260 can be acconpli shed

by varying t fade 18 Q‘éﬁb?l%ﬂof‘@ag& ﬁ@ﬂéﬁ%&l{% 6Pnirolyod134, mevas,davawaed,
noted that thf‘erokkﬁaté 498%{'@%'9?9% I?\tre%tvbﬁ% m@&%e?@@detenttbs o?%i@&dnﬂ/&' ve

260 has an internal wn in Fig. which acts to revent
undesi r edo upvexd 84candiav vemadved frone engagemest wrtbktbemonsu@ness 69b Of the

locking profile 68 of the shuttle sleeve 60. The shuttle sleeve 60 is no longer
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prakeg, known in the art, are used to advantage in the present invention to
ensure that the driving rods 240, which are affixed to the choke 262 ace
not able to displace when the hydraulic pressure is rel eased. Al though not
required, such brakes are particularly advantageous in the prepegt2003
invention wherein it is 2s necessary to bleed off hydraulic presSure to
increnental |y advance the ratchet assenbly 210. The enbodi nent of an

i nternal brake 263 shown in Fig. 15F is conprised of a series of sem-rigid
fingers 2633|xehbjtemgwetoathd figed pageﬂﬂbeblowﬂheiun\mardhaombat @ftRetindgxesvent

novenent of t h‘&h} 2 until Fil%é |on f the driying rod 240. The

fingers 263P'% F’@x1 S PHOPGELNRSIS xg[3§lepgeé§4 NYES Itgitaward or ce
lied b t f

supplied by rﬁdﬁ—zerﬁ e%gﬂltheqn&@%r &H13@rk%nﬁ%‘§%e&y’tﬂ@%s[ Eé@e}ﬁscne 14490

force. In anot ment, the internal ake 263 can ttorney
Docket 68. 02b& smnExtﬁrmessthNaccbntrcELrom:ﬂBBB)rQ% thus shuttle Nslge B dptol aed

directly to the. drivying rqd shoul d be understood that) although in

t he abové dlr%'l?@@ﬁ\{rqu%%a egle oﬁ'sﬂp%%re% r}fcmlentl on the ratchet
assenbly 210 is rmmdiHeusitee sievelsd Modes ihtodtsdigperigositin, the cBngbl &rbgEnat e
enbodi nent the ratchet assenbly is mani IpuI at ed |ndependently of the

hydraul i ¢ di48,whigh @re affixeg tosthe,ehwtie sleene 60; e éercad detepary upper pasitioe
s i o ai Ay REnirGLEhathBaPSE Gl Sequil, B Rod BKHPAbF 69 fER " ©
known net hodsto its Qpperlﬁomﬁoralrﬂwh@hahembper akiation ®allB8 wakinglyrergages thee
Lo cont rﬂg{‘ve%tply%& Burage 2480 dhY Y RRer3BeRR elaTonh 22. (Push Greademeant &5 -
Pat. No. 4, bgqhé’rfbmél gtl%pli*é@ 5y trgé Egn‘rﬂé‘s‘"ﬁ’cﬂ'n &Pkn/eeugggr ball etgw an

open p05|t|on by applyrng pressure to Ic inlet and rnéd to
its closed pihe tawer a:qtuaﬁcnreUalhgaos howhmaptained véthin tisey bah hrousinga48 dytibe

provi ded to famh{aajﬁ ?‘ @ B?ng of the valve. ~ s In Fig. 16, a

hydraul i c di‘RRATEEIAINNG SPREEN &S f1 ow from a main control Tine 18. Assuning
the hydraulic di stigi byt ?fovldw d ectiondll viel @ﬂsant Ie%bdd?mwhthT fHee phagingul 1 ¢
fluid pressure is able low to a first sup line 18a and prevented

from f | oMi ngnventiprsisadieh Sigewietiponts %?Obwéﬁfq ydrayliedistritador b distribute

hydr aul d
b esour o entEragiEqlia RUEELIL S LbbbF and WRRHISAS 1683 1806 A dfadg
val ve 300 artik emphasizeddtiat theadiregionaptesimisi such & émd; ld@mff"tujperprle%d‘r e

f th t ts t t i di 300
to T ts ol oedtedoed Baciifife disdShin 8 epRieind peand minated i it C ne
sliding sl eeypeadfiRe %G&mrhmtlaﬁqmné u@w@ndﬁawéﬁgim@%o@yWWéambe

devi ce 201 can aI so be actuated Iy the hydraulic 2s distri but'or 1.
di scussexd eaigadeto pdvartage tpicaatre Héeoqfé%ttqrbﬁf ariqusedowah g well aqgrpmemt or

1, by varyin u h ed
or edet or my neind RAHE T BerR4RPBa Rer the o G lorsiiEpe Jeod, TGS
sw t ched frﬁarel treplhcedtbgobydmohctconttcﬂ anﬂ fpli)stultil be. nlotefd tthaseinon}:ls
posi tion, the raulic di st [ revents flow.to t e, [rst supp
line 18a m.%géa&fm thipednlg (H’Pguf‘ﬂ c,ojf tF‘GI EIV‘SPBE“SGI‘%MP%O{' kt‘@ﬁ%dgé'?ﬂbgy
| ine 18b. '”aét&§to$?n%9§ﬁ|g%§' tion) the A ttorney Docket 68.0207 30 Express

Mail: EL 76S 7S6 165
25 Fig. 15 is a diagrammatic sketch of an embodiment of the present

invention wherein the hydraulic distributor 1 further comprises a ratchet assembly
210. The ratchet assembly 210 is comprised of an upper piston 226a, a lower
piston 226b, and a driving rod. 240. The action of the pistons 226a, 226b is used
to incrementally advance or retrieve the driving rod 240 to activate or maneuver
30 downhole tools, devices and equipment. It should be understood that the ratchet
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-29 May 2003 hydraulic distributor 1 facilitates hydraulic fluid pressure to
dn additional hydraulic device 201. Thus, by varying the hydraulic fluid
pressure supplied by the main control line 18, the hydraulic distributor 1
can be used to advantage to supply hydraulic s fluid pressurggipy Pr
nmore hydraulic devices. The hydraulic distributor 1 only smntche position
upon exceedi ng predeterm ned pressure values, therefore, the flow to one or
the other device can be varied w thout premature switching of the position

of the dist ras%ehm)( 340 'o'Ftﬁé‘bn%s\éﬁVrnvaﬁ'éNbé’NBb ARy tSEfﬁ%ﬁ@ﬂlé?é aﬂa%shgwgﬁil o

bet ween pressure states and one or nore devices can enotely con
by to a si ng plucality Df)plsltonBaZZ& 226bsarud b pluralitycefedtivifgtods24@li scussi on

the hydraul h di t
Cicetoh: “The sket ciid Befase 2482 A4BR o Ind Pratenl Rwenibadre ACuRted by Kydrap ¢ -
di stributor fli@preedurs sﬁfﬁpﬂéﬂaﬂy tre hp@rai.lucd1|§t@1batoee-veuwéwanaqawemﬂston

hydraul i c distributor can al so be provided on or in a wal he Is

sliding 9l eeﬁpéln@§Iw%@29bra¢iet°ﬁ'ﬁ§VﬂdBG RistoBs 22625 228D todheat lﬂtil@l pesitibhg t o
whi ch the S'drfﬂe%e?ir@ﬁé’tﬁ'e e‘q gﬁoEbEh Bf ﬂ%rﬁlsfbfr)s 35%a Wﬁ% a Zr%ééﬁrrent

17D are fragnentar evatl uarter section
of the presezR8a,n228t iama ahpawl rzaobe mur aainng dngagernehbitedth( 282an233ba

di agranmmatic sketch) is used to ad ,ant o control a safety valve 20 310
cuch aat hatatcBedbetstoniT R STRReYITRGL B 168 ProBET vaRidIy| e RMISSRIR, v
val ve 310 I shqmy/ e té?ta%ﬂfaplﬁ“tﬂéf’gbﬁﬂr&”am{s fm'ay'mmxsy &k\h'%é&l eS581 & ° a

first hydraulic in in conmuni cation w e upper surtface
of the piost caxadipe, Juah that tttwpw%@%l@%b hage somairatational fkekdasle;d mdgrei on

by applying a ra S on raull 12
Dhar Psi nd St B B he BREE kbR Br B0 BapIS o . 22RRs 2ot
hydraul i c dlESrthagamgrﬁt &prﬁnﬁwmmn 2349. bléAheg @@Wls«a{so‘d 02801 SUch tlﬁ&lt rthe
control |ine Assumn&‘rthe Cﬁ/%raullc di stri butor isinits first

posi tion in Rgagement taoty 4343.0233h, At fareed (R Eotate amaev fremsthe\gandroh afms st
supply line . dygpprevented fromflowing to a second supply line 18b, the
flowis carrfe Phe first hydraulic 30 inlet 311 through the first
supply lisne 18a. [Tkkoulydreandted thatihe paves 230a, 280brdesgribed twithheferlonck b

68. 0207 31 Ex il 765 786, 165 US, 03_t he, hyd I
i ot 415t dhBembogiment b fhesaBsaBLaR I eRaEI b Fig T aie Istalieagd
val ve 310. Th& i %@i S ARlith Udbﬁ%é%feosé df'lﬁe'bf@éé’ﬁ’t' meeﬁltlc% AR hBMmber Iof 'n

conmuni cati on W|t the secon draulic inlet varying the flo
froms the nwamISCmitert@ngenaﬂatqlangcﬁnmhaumms mthgﬂk@martbeiused m)admntagerom

prossur o t 6 EntoTRrafhov PEIRRens Fagd. RpthEhd diTg BBl BF BiE pesest' ©
upward apd navestidrhe safety valve 310 to a closed position. In this manner,
e e e es Sabh 2 bt ota SioiBar S Soherenss
226a, 226b. Upon retraction of the pistons 226a 226b, the pawls 230a, 230b
contact the biasing surface 238a, 238b which imparts a force upon the pawls
230a, 230b sufficient to overcome the bias of the engagement springs 234a,
25 234b and force the engagement teeth 232a, 232b to rotate toward the control
arms 228a, 228b.

The driving rod 240 has a plurality of upper ratchet detents 242a and
lower ratchet detents 242b with each ratchet detent 242a, 242b having a tapered
release 243a, 243b. The ratchet detents 242a, 242b are oriented such that the

30 upper detents 242a can be cooperatively engaged by the upper engagement
teeth 232a on the upper pawl 230a, and likewise, such that the lower detents
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Lt should be noted that for discussion purposes, the hydraulic distributor
1 is showmn in Figs. 17A as a diagrammatic sketch. The sketch is not
intended to limt the location of the hydraulic distributor 1 as being
external to the safety valve 310. The hydraulic distributor égﬁﬁﬁggkﬁp be
provided on or in a wall of the safety is valve 310 or be provi on or in
a wall of a tool string to which the safety valve 310 is a part of, for
exanpl e. Figs. 18A and 18B are | ongitudinal sectional views, with portions

in side el evagasan BE caBperdiNElyBiifagel By enbWELBhgaduIRBh] RBINDSDB R thoe
hydraulic distributor 1 shownyas aggi agy}rlgmratic S e%‘écfﬁ) s used to

dealnt agg t dowenpawl 230k uHeoenaiative engagemepiriables thepdrivog I'|Of2h|340 m?be 20
[ [ 967 '
010850 |1 b B P R AT RS EACRl A, .

320A, 320B, 24nh, 2406 isdepeadbhcugdriing assikatios forogkick abe pyeddrat ihvérition is
hydraulic inlet 320A acts to force the outer piston assenbly 321 and the

i nner pi $t orPeiREEIBAY 322 downward causing correspondi ng downward novenent

of the valve cagq,2s é%ﬁo&ﬁ}a&ﬂgr ﬁ%@br%%ehhfnv@ﬁiién,‘é@%\‘\?d?dﬁ%triggé)ﬂ??ﬁ@

open position. To rotate t val ve el enment 0 a closed position,
t he pressur édheoratthetf assembly @1ubre housed Bi#UA ars dsseohbdyf fraamel 21120 thadlis

I I . | ng. 325 shi th 3 d ,ic.fluid
bressur e r eciveh B loBEARE S e CTFaASe By PIEe D2 ke Py
energency shubdife 220 thAEheussY tHe Aydeauntr @btribatdroplands tHe! sPBBFHd! Idwehe
wel | for perforatliz[]&% or the |Iike, and an emergencgecondltlon di ctates that

the A ttidr neBistonsie@bas@26boThaasserpblydeame 2l 2 also s oppesingspusg modules May

rydraui ¢ fiattat 3BhtifaddiWin el hfialfe niddile d2d Mt 4 Eonlifelsiih)
The fl ow f orghesnbére21 4 fited piitht @ fludisswarbhy od2Zhe roatros anwhs @28ac 228b dffties ce

t he val ve cage 323 s. The combhinati on of the hydraulic force and the
force of t haona 27 bap2PAB eyt tBEET ik Haarass OoRIAMP eI 1Ak and /B piston

el ement 324 dtintidl2394 2598 Br@hofiSe RithiMtAe BBipfession EndinBEPLI 4. TIREGHNES PY

the third hydradlic inlet 320C is used to release the control unit om
the val v asrodridd0,is Iraneumesable mtithin thencampressioarchiasbearst2idearetithedoweeend

surface | eavj the. val v t 7. thi h lLowout preventer ,stack.
o The. enbodimaRarying i 2AEEkicR8s M arbibE nid foraRitiin BESVEE: 214 3LER Yo
hydraul i ¢ dikf tHedéviee bou%liﬁgmtislmda‘!edﬂndtrﬁ#diibfal Eehdidf the eiviigerddo24d6an hr ee
hydraulic inlets 320A, 320B, 320C froma single control line 18. The first

hydr aul i ¢ dibe usedieadyantageity santreldpwnhaie tonls. Aavicaso apd gauipmentis.

Assum ng the hydr | leS ik | S1ArBtd AL Sitihib | ' ' t he
hydraulic fluid p'?gég@reglslagﬁ%m%&i g%? '%Iq‘cﬁgév(\f\tﬁgﬁlg tﬁ%ragtgég{?%ﬁ?/h%#; zti and
prevent ezh f racts td avaimtgirt thefluid poessusepiithin therson@iessiohechiaimtveri 21 Lequal éol t o

the first hydraulic inlet 320A thr t.he firgst. ly Line 18a. The
nydraul ¢ 11 OPooHeaEl haeapEsriie \HEHNRG, St Ra fng efomahmreites «he
outer pi st ompyrRENalera hdvadtdges. Oneesudh sdvaintsgs BB aihidin dREMORS skals
causi ng corrg&pondl ng downward novenent of the valve cage 323 which rotates

20 the bal l that actliedipepsthe compiasepa shpmber R34 frepdremcentaminantsaisucival ve
el ement as sand, that tend to degrade the components of the ratchet assembly 210. An

25 additional advantage of using the compensating piston 218 to maintain equal
internal and external pressure is to prevent the piston effect of the rod 240. If, for
example, the external bore pressure is higher than the internal pressure of the
compression chamber 214, absent a high enough countering force supplied by
the lower piston 226b, the driving rod 240 will be forced upwards which could act

30 to prematurely activate or deactivate a downhole device or tool. Likewise, an
internal pressure of the compression chamber 214 greater than the external bore
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.324 to a closed position, the pressure supplied to the first hydraulic
I'nl et "320A is reduced and the ball valve closure spring 325 shifts the

val ve cage 323 upwards. In this nmanner, repeated opening and cl osing of the
ball valve el enent 324 can be acconplished. 2s If an emer genpyMzgREU03 on
dictates that the well be shut in, the pressure supplied by the main
control line 18 can be varied to exceed predeterm ned switching paraneters
which act to switch the first hydraulic distributor 1 to its second
position. | Préésﬁlré%@% fepse tHeodrivih eod2d0Mdvirvatdst ThRy! @ maimapveit®l f | ow
to the first supply line 18a while enabling hydraulic fluid pressure to the
second 30 s@MBlyhe manewygringofjthg cifé/@aﬁmocbgépt it éhnecessaydedopingain equal

di stri butor L iyt | fluid pressure to the second hydraulic
di stri but or "é&’@?h%%gﬁ‘ﬁgx%ﬁgptﬁey Docket 68.0207 33 Express Mail: EL

765 786 | 65 US [rR9pbkation) byderdieritlid pdessulre ¢s gispliddoby de Znain dontrot Bnd i r st
position, hydraulic fluid pressure is sugplied to the second hydraulic

inl et 3208 Wi onthechydraglic sistabyter 1y 4n e skgtchasowm iR fdg. dwi Hieahrdrautie
force to ca : ls I : : 3 i 1 I S
Addi ti onal | ?ﬁﬁfﬁa’?i‘% in¥s ﬁéeﬁﬁéé‘?’gﬁ{*'?’equﬁﬁ'ﬂ” BY%%%"H?&’%E%W?E’ 'syﬂﬁﬁu hi n
control |in¢hd8etona flomeEseri@bvtal actubtenthel myeermistonx22@hl anldefopce ded pawl ned

swi t ching paf, ers of the first raul i c distribut.or does. exceed
The. pr edot o 2aBReOWAtch AR clsshShed BPET: e Ncidantet {psPuatrb SPcRESa or
2) the hydr g\dycfréhthd congos HFf 228 &ifd BhgagéladoWer ratehsegerent Rydp ¥k &
distributor 2 to to the third hydraulic inlet 320C. As di scussed above,

suppl yi 1§ hydiving rod 240, Thusr éewward movament pf thersamtealarm 228bcactskoforest s
to rel ease th r ' omthe val ve assenbly 327. Thus, by
varying thearﬁ?elaﬁgﬁbirghwéo‘é&&g%re supplied by the main control |ine 18,
the first hydraulinderictintinbet dydtaginpleasuss dhé compon aamd22806f thBaokat | |
s valve elenment 324. and al so used to control_ a second hydraulic

di stri butor PisteR 226 continues ey eox g downwasH 4ingt & Eeaghesiits raaimura sirke. At
hydraulic i Igigtﬁoiﬁ%c?ﬁit iS irekeigtotﬁt!v%n\&@ythetmn?%l?éé’@@ rirdr, H‘I?é Ef%ssggem ol

apparatus 3 can be oscill at bet ween pressu states by a sin
i ne 18.151t tetoughdhbesuppicltine N8b is iblech offlundi thet lowearimstionespringt 238b fordes

ensors are, 20 ed dvant n h_hydr | c distgibutor. The sensor
f ra?\sm'st inft%‘?ngsi?'b#e%% t%3%?‘?‘3?"@@593'&%9@3Lﬁeeeghs%g?wPHQ&P”FPB%P‘S >
optic |ines228b arecforddeebadik owdrdneietiaeted positiomt thererfipigaimentttBethr2zasnt
position of each distributor and the pressure it is bei nrga subj ected to. The

i nf or mat i on 35¢ @HidRouY of eroagamentwith fig lowerrralches detenir42h af therdrding he
hydraul i c distrg 4 0%s tgg&t@& #@g%%ée{;ﬂh@b.cggggﬁue%% _sghp@r OS# wgeg&r grésg‘;surbot ed

that for discussion’ purposes, ydrau stri oWn in
Fi g. 18Aoas thralighghersupipiiclisé dB8bhactd e aghiet folca thenlower mistod @26boand pawl t he

Locat] on Of o Bhnitld Bltis sReShtadineds SR 3 Ba PR IRb e abRest e
teeth 232b in contact with the profile of the driving rod 240, the engagement
teeth 232b are forced into engagement with another ratchet detent 242b of the
driving rod. The newly engaged ratchet detent 242b is displaced on the driving

25 rod 240 above the first ratchet detent 242b at a distance approximating the
stroke of the piston 226b. Under continued hydraulic pressure, the control arm
228b, and therefore driving rod 240, are forced downward until the piston 226b
reaches its maximum stroke. Cycling the above sequence of events acts to
maneuver the driving rod 240 through its full displacement.

30 While the driving rod 240 is being forced downward, there is no hydraulic
fluid pressure supplied by the hydraulic distributor 1 to the upper piston 226a. As
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.30 or, in a wall of the subsea control valve 320 or be provided on or in a
wal | of a tool string to which the subsea control valve 310 is a part of,
for exanple. A honey Docket 68.0207 34 Express Mail: EL 76s 786 16s US 29
May 2003 Figs. 19A and 19B are el evational views, of an enbogh W@thOD‘S t he
present invention wherein the hydraulic distri but or 1 (shown as

di agrammatic sketch) is used to advantage to control a variable orifice gas
lift valve 330 such as that disclosed in U S. Pat. No. 5,971,004 to
Pringle. Theubydtreuupper b}stmpespangcﬂm&sces the uapeepﬂﬁﬁn |2§26taomm||tsefdlly)f a

oot on 530 TelrictBd RSnaY AN Hlarcortil a2t 2384 1 etcAered B uhe Aiston A2ha 94 533
and an UpPe ol 8504l dontAGS WM bRINY SirfitePba. Retalbat S RrcbistpBled BY the

noveabl e pi ston 332 thereby biasing the variable orifice valv
cl osed posi tipper pisjon spring 239ads greaea thani treskisce spppechby the Iemgagemshr e

pi st ons. $1. 50900 et B aluRGTHenC Y Sk O TR oIt btk vl SR W

hydraul i ¢ didpivingredaz4dl TheiOwe drivifg ehd 280\baf a@enam\férembmma&d WRihBUt
control line 18. Assum ng the hydraulic distributor isinits first

posi tion i n apyifastiqnad rﬁ?ﬁﬁaﬁﬁﬁ%o‘f'ﬂﬁ‘ij dyjhesgpeeray! %W% to flowto a first

supply line 18a d f t q&M! 18b,
the flowis carr ?@g %%étgﬁ%gi PFsotc'é%d@?uI#@y% mt&@g%ﬁrgﬁgh é(rd%i rs
suppl y | i ne hy@eaulitHwithpdesaure suppliedibp tles snaie contrek liney 18tie vasidd dolexceed| et

336a f he | h | | ' ' 31, d whi ch.
ooon t ndbysragetfiied Sifdiing aBiheRi oF shd BiaPuiE sstRBRfeE 11 Shick e  ©
hydraul i ¢ dl@ﬁfamwtmétnbutcm@.@smﬁm@ﬁén .OR ut@nsbbohaeo%ﬁi%nﬂw&u rablid C

inlet 336b varying t flow fromthe main control |ine 0 switch
t he hydr aul |d¢stdb@to|r|sunphﬁs hydraglig flyig prreswep@milr@hswnplvil@eéaaombepl@pm i on,

b
whi ch or col YR AFERS TRy Pidl 879 ¥t oot R, e Khadbedeblafing o
vari abl e ori234adorsdsvitiedtihagemeny testh mzaahhempmanhtqomgagm&almth?M
wi th varying strokes, the ia Ie r_i_fi ce vzil v§\§33q3 can be fully o)&ened or
opened tld a he raichabdetants égg B‘”ESHPF’& O € repeated sePetARligh.
By using th%n@é@lﬁg%ﬁ %thétHyd?é'ﬁliH ﬂé.dt Brefs%UFé % tﬁé‘%ﬁde‘?vblgt%noﬁ‘fsé’racw?o

ot her hydraulic 1hlets b, ful I opening, partial opening, and
closing of timeremeritalty ad\(:ﬁrﬁCfeltbe dvulngero:d%(l:@rarbepwarcadmemtmﬂ shed by varyl ng

Bipross nai || EL BRsguBRanP ekt g od 2o i Bivardisgand FBYedBERG sttond AL

for di scussitpg pitbR©226a, 2P6b WifHciBharmaieinehbir 86th difettis e comrdiicdsby 19A
and 19B as a diagrammatic s ketch. The sketch is not intended to limt the

| ocat i ortOof mlmpawrﬁcswoﬂw fromt e hydsaulisdistgbutar dr FAus reithes digstion f ¢
I 330. |
\s/ao:‘/et he gas |.‘W val 6f°c§§6ﬁ Mddgﬂgdgé%o\hsmt%hégrb Q%n%m\l%%ﬁd%? ngé%do%?'cgt \r,\l?ng

t o whi ch t hdhgaatdheet tassafmbty 280 enablseqomlore @bwerfut neovenuare. ofthg.dring pod
di agr ammat i et ch of,. an, enbadi.nent ent | ein, the
yar ol o 24t i BouT oy SPuSTR g ehanlis, e eRPES CtaerthiV 400 B e vsadtq,
actuated | 0%@h[hg%$%ﬂﬂ¥8ds 3&@v1§é§haﬁ§ édlﬁémdhﬁ@écﬁlﬁﬁﬁg'ébdélsactﬁﬁhont&d\'o

4,770,250 to Bridges et al he Tock pin asse 4071 s | ocki ng a pi pe
hanger 3%1 tctea@tmamq»m&uqee@rthqomucztawttyﬁtl@m aIﬂﬂM'V%tlQﬂ maprmmfmmao a

hydraulic i [ i r

| ock pin 34%]' 'Fé)levﬁﬁ]é'ré’? “ﬁgsﬂay agggﬁsﬁﬁﬁﬁﬂﬁ%gt%@ngerag%ﬁ ¢ 8%?%6%%%3 | ock
down force. drivind ol 240voffers aranys adeantaged. @nebkechliatyantdgd e teprerably e
supplied to the hydraulic 15 i Let 343 ag%ogk ﬁln 345 ﬁ ret ur ned to its
TPl posiibPemanatHavemast ofing dEMinggogAg. SRR knegSmeptal Bopm e Iofers

di stri but or aﬂd\/aﬁe.f‘ﬁéé% Jérwsfd&mmmdlsceéwé& ahlngy ul@mﬁﬁftsﬁig?‘ﬁ&gr g‘tf

hydraulic distrib isinits first position in whic
fluid prassuhe ratchabassembiyl 210 isoused ta eantsal govalve.i the mer@rrmmmpmevemeeu 20

hyraul ¢ AA0 8B VHIER 1B obehbll &y tiliogl 41 TahiiR iasks SERESE] Aty i o

pressure entering the hydraulic inlet 343 actuates the piston 344 which, in
turn, forces QQ% bp tﬁb&)345 to wedge th htly agai nst the pipe hanger 341.
Bleedlng offE ?y % %iqﬁﬁn%ﬁ&ﬂkihe main control line 18, in conbination
with the bias o e spring 346, acts to return 2s the lock pin 345 to its
initial position. In this manner, repeated | ocking and rel easing of the

pi pe hanger 341 can be acconplished. An addi tional hydraulic device 201 can
al so be actuated by the hydraulic distributor 1. As discussed earlier, by

varying the pressure supplied by the main contrel I|ne 18 to exceed

~ o 1
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Nay 2003 18a while enabling hydraulic fluid pressure to the second supply
line 18b. In its second position, the hydraulic distributor 1 facilitates
hydraulic fluid pressure to an additional hydraulic device 284 MalRoD3 by
varying the hydraulic fluid pressure supplied by the main control s |ine
18, the hydraulic distributor 1 can be used to advantage to supply
hydraulic fluid pressure to one or nore hydraulic devices. The hydraulic

di stributor theamallye can be Imaxntainaed inomanp inteanediate pgsitions &t &hiohnee anetishi ng
pressure val ue f t her ef flow to one or the other device can be

vari ed mﬁthdﬁ%'BU£ﬂBﬁQﬁ °5ﬁP§% ing of the position of the distributor 1. In
this way, indivi g&eﬁétheﬁgusﬁﬁtggérbfhﬁefsﬁqaﬁgtwﬂe%tmgthﬁ‘é B]bBY RSPHIgRirelab e

and one or nore devices can renmotely contr ol a S|ng e control I|ine
18. It shoulle txmluzedehy thieanatchet asseobs 288 qfdhe psesenttingentjatr aauthat a long

d b K h Th h
ot | nt ertte 3 SHRE Biging o8ee 226 BISHANRS fodpLiti shaliet SHoferi ng
external to @Qﬁgl 8fialleF Stlok8s a8raUTES Mhd4(se Tore rélafivaly! b@mgbétt 'UulP%&'l'/erFulca”

al so be provided on or in a wall of the | ock pin assenbly 3
provi ded on r@echamgalvmsnoncﬂpr@gs8§9a5239mgThl§amrd§rtherpeoblgms qmsncwé@dewﬁhy

an.enbod a0 ehdér, FEEERNEa), Sk bt R TRESATAN dEF P BT 1

(shown as a|dnggf§ﬁ@wﬁlc sketch) is 20 used to advantage to control a
resettabl e pac

Pringl e. 19The regtrs@‘g‘gf ngégﬁ'ﬁéggggghglégg}‘ﬁggg‘?émplé(ﬁQ:'5\‘ mﬁt’d\ltocf?r’gégllilfzs@%goﬁno
three hydra“ﬂo Hﬂ 8&\3?1@58&24659&/ @%ﬁﬁg&wé‘n‘ﬂ%ﬂ%uﬁédlﬁq ) B8 Pofigh

recei ved by t |rst draulic 1n et 350A enabl es novene

acting pi st oiheafs)tnpluta stioke of the pistonsRR 636 226hdike thad eequifedsivithghaaBe of

t her eby 25 settln% t he cker 350. Hydraulic fluid pressure received by the
second hydr aBMYEN HF@ﬁjéﬁﬁﬁ%ﬁgﬁgbles the reverse novenent of the double

acting piston 35lin ¥MiepibddRMBHEShORA iMaTIgs. %&Jnsm lanﬁl@rchhhi%aﬁbveﬁld%%

t her eby unsettlc? t he packer 350. Finally, hydraulic pressure
recei vedlpy prewides rﬂ%m@@nlf‘@l iovesidessots &alﬂcé@nmﬂunwtcrbth@ hydrastiet ed

t 354 a | t t 351,
\%.Scﬁndr. vesm%ﬁk’%oerg?\éw ﬁi%rﬁ@ge{r {)%'{?&15% 'E %ggor?‘cﬁgé)%‘gmneec?rﬁggﬁ ;/sses?gﬁ?l ng
t he packer 3ﬁ(ﬂsltldn ngbatmélystWMn 68h62®étct3§n|6axlpo¢emdmm acﬂatﬁﬁwﬁgﬁ thé5 US
29 May 2003 The enbo sent | 0 0 I 1 9., ,
utili Zes t wo® W%@%%ﬂ%lﬁ%ﬁu?ggg (lef tﬁ? QW§%%{% BKQ]V?ZJ ngp'&pé'lc@gsure
to the thr eew% datHe' st PAteket dBits 3805, 2Mb bf HB anﬁmg%asm nCitHerne

18. The first nhydraulic distributor 1 receives flow fromthe main control
| i ne 18.2Qssdin¢stPnt he hydraulic s distributor 1 is inits first p05|t|on in

uhi ch the hydr aul oL EhIBRT MGwh o BRI 158 1180 6 Akt aloaBR d e

18a and prevented f oW n o AN ALE5ha Supply 11 ne om1|s
carried to tiused to edintl‘mdweldrivmg nddstzmﬁhetrhemq:mca”wefrmdsts propded witha

18a. The hyd lic flui, the first hyd | e 50A
ool e oy oMk oveTtide BB Bal R ArRladingt e ehapgament Jeath darahe 352
to under the ﬁ\?v?s 2302 htrlpé b%'é% d@;%ebd begbhd rnse u&a rae&i@@rde%iﬂs 242 daNsqhet he

packer 350, P e hydrauli pressuré supplied by the nain control |ine

18 can bes vaptm«mabem@fetba %wm@s#ﬁea’hgmemnml oaetids is figrthern pravided t o

second posi t 2 HSEAIRYSIo pat dha bidstvated it D B0pDERED Ret eb
supply line tre éﬁ\ﬁlsvmdtﬁheﬂelﬂeleﬁgilbmdcedllbezmﬁdi méllaBtea&jhEEdémrﬂéleﬂbbmid
supply line 18b. In its second posit e .hydraul i c distributor

faci litates Hedfigtaliend eline driag spds 40 Hels JEPOR@Nh JI natR m,atoﬁltmugbdhgr 2.
Assumi ng thenfegﬁaméahwéﬁw' ol 5 Eéﬁ%hbgé%ﬂ'i réferénddt dd e foinf d.rmeﬁ; ghagg dn

hydraulic flu ressure I's su to the secon ydraul1c 1n
whi ch enatl eElgshé 5Ae4velr5§e|nmmmiretwo drlvmgdodslmwaea:congolﬂﬂdsttba resaharﬁmal

whi ch hy d 352 . d h h b
el 330, RubBe R A8 o Ty e S 3 i B DB e o
by the main
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.control line 18 to a pressure value that does not exceed the predeterm ned
swi tching parameters of the first hydraulic distributor 1, but does exceed
the 2s predeterm ned switching paraneters of the second hydraulic
distributor 2, the hydraulic fluid pressure can be provided $ynvegErond
hydraulic distributor 2 to the third hydraulic inlet 350C. As discussed
above, supplying hydraulic fluid pressure to the third hydraulic inlet 350C
acts to permanently set the packer 350. Thus, by varying the hydraulic
fluid pr eSS%cfua?rthBﬁWcQSinaytd hatchBi BsSOMbied 290 L& tdSoriths dry AlnfRf of
second hydraulic di'stributors 1, 2 can be used to set and A tt'orney Docket
68. 0207 38 Rujvirgsodh240. >rL 765 786 165 US ,, . 29 May 2003 upset the

packer 350, as | as_ permanently. t I Il this )
resettable pack\gﬁ%’%ar Wagg\’%@'tdea%@epeégﬁ {%%EBQFS@BU%%H'}C& tq\l\?i\f\%‘ EQE It
shoul d be noarmdl 16BaThEgrosintl eveiriue 248 pas esproximallftbr 249 favihg b prosintal 1
is shown in Fig. 21 as a diagrammatic sketch. The sketch is not intended to

limt s the liftefnoteh249aYadernnprmal peemtingrcangitions with theiengagemant dgetho
h . A i [ . i ded
onCor i o VT Bt paid agibeiydtt il fhedtafiict Blldhis Basgbriha drbindiogy| U

of a Itool st24mgh9cpamv|‘smoarm'ermaeem\edmablen@c]tc{mpiSEm 228amm§ut afterférance

. Fi . A - 22D ti ti t
O Pon omBe rroRinmal e FO 248, BBviams TRk e B0 heliat dstenten
i nvention whedgidof fife Bmha%ug 24054 rel Bt QUt ab dEEIPYB tRE ot ARt rﬂts

sketch) is used to advantafie to control a safeké val ve 360 such as tha
di scl oset i ne42a& . oreetthepawlg 2800 epwagedhsllastzatchet datendaR42aay thievroziemli s

conprised of ' ' e e i Luid .

pr gg sure suplmqe'g)%rg%ﬁ?g?%@aﬁiegﬂﬂgg#vgg%\ésg‘gﬁ,g' ggﬁn@é%ﬁ%&e{ éﬁ??"’&d” of
hydraul i c flEigd1Befsther dutwaiembivesienbid tizel biston 2R84, results 36 diplaverssntt he
pi ston 361 downward, which %&%s to open the flapper valve 363. Application
of hydraulicoﬁmGﬂHOﬂFE§§ﬁ?% the second hydraulic inlet port 362B forces
t he piston 361 upxg ' fosot I iol it

hydr gul ic distri Bﬂ?’gga fﬁ’t\g\%gbmrgﬁlfnﬁalg?tg? 2%?253 é:g(f:té!. \?Q@eﬁ?’)@la}{/rﬁ‘ﬁggm@ Lorgo
control {3 ne28@a fovsengagamenicany diisplddamenntsofr a idistabution driggeri 252.f Qutward
position in ich the h aulic fluid pressure is able to fl to.a first
Bopply 1 ne daatainegt Bydhgdrofmantrer 34 gesnts L a@Bldbebtiticl the fBn awh  ne
flowis carrpsgl 4my b&%écjfdeﬁ!uy,huw idespladerhe®ttAnt fmgusbtiémgig‘derrsztszs(aapl y

line 18a. The hydraulic fluid pressure entering the first hydraulic inlet

362A forces ingicated bt thegapowsoin Bigr 1RinRecauserhe rdistsibylied triggepem2tine

fl apper valv : Y. t t he-. maj bl t itch
t he hydrauli%ﬁgggg?xﬁéﬂgggf #ﬁ%ﬂ#?%ggﬁgpgfng% Ttyéﬁﬂgékfggbgg%bn tﬁgéﬁ i on
acts to supptigtributicautriggef R6R cagtivetesuthe ook ipiistos @oted mectiaaidally switchtth@62B
whi ch forces, the actuating piston 361 upward fq .open the f| r,val ve 363.
' thi s nannardrapfic diiboidr A ae e BUTALE SirBA0E 41 pLBHET ihvessi 1 o
fluid 30 pregsgh %aﬁWPé@@ t@nssgnasdeﬁmleedmﬁ rGds R0 We oPpbbits BRYCHDL It

68. 0207 39 Express Mail: EL 765 786 165 US  ,, ~. 29 May 2003 It should be
noted that fcanbesseddobningdhppsuds 280 baglintalengageaent wWithdhe drivingsiedén i n
Fig. 22A as ? @iagrannatic sketch. The sketch is not intended to limt the
| ocati on of ﬁ " hydraulic distributor 1 as being external to the safety

V?| Vﬁ 36@—']1 The hywliaulisgglo@uaﬁgé 264as _bgsgaesc&ib@d_\biﬂw pefeﬁrdxectf odﬁg@.r1|5maadwal I
of the safety_s valve or be provided, on or in a wall of a tool string
Lo whi ch t hel8Gr dhp disial overisia 354 Nasra distal Hiter 238 mavng ricistal Bder notohg
are sectiona i ; L of } Qi AMae e he
ydraul i c.di 2350 BRGF U T RSSO Lrides rRiRgF Dholdhe tor ok i
advant age t oengageroentteethr 232b ofthespaviisi230bvengagedrin\ihe satohelddtents 242k, t o

di scl osed in U. S. No. 6,085 845 tp Patel e Fl.a. ,23A i1l ustrates
the FI v val vibd navs g Are Sianerdiania Bp i Byl 2P it iieierentd dih Ve
in its cheseghep@istdl ilifter ndieh F854. Huweved 7Bedaiseahpiastadtadiet deteits 24Rbb ®f

pi ston 3T1 maneuverable by fluid pressure SUP lied to a fluid inlet port
572. Al t hougihe Wiving edi260b are sat B4t axeeras tepBer ralshetastents@4aR, oace | ui d
pressure can also be used is to advantage. Application of hydraulic fluid

pressure to the fluid inlet port 372
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forces the piston 371 downward, which acts to open the valve el ement 373.

Bl eeding off the pressure supplied to the fluid inlet port 372 enables the
piston 371 to return to its upper position in which the valve el enment 373
is closed. In Fig. 23A a hydraulic distributor 1 receives fhowdy g main
control line 20 18. Assum ng the hydraulic distributor 1 is in its first
position in which the hydraulic fluid pressure is able to flowto a first
supply line 18a and prevented fromflowing to a second supply line 18b, the
flow i s carrihephdwls2B0bldndgadeithé eist patchetdcleh far2a2b, tihe distalSiftes HBzh255an€
18a. The hydraulic fluid pressure entering the hydraulic inlLet 372 forces

t he actuati ngNgagasotnesnaw r-H’Lb@m@st'H@'Cﬁﬁd/Eyiﬁe areventn Bigs 198, dwdirrd.

In Fig. 23B, [ (2 [ ' 4.ed t

exceed a pr <IN BrEARHEnCHPe fisiodats SRS (AR AbeineRF ot ihd Qs idTo, | 2

is swtched 28Bmits first position to its second position. I nits second
ition, the hyd | i i i b ) S f to the f]

"he. 183 i | o rbgnerdo B8 hose 458p of e st iec fd s 8 rorerates el clpisdy

line 18b. Thenhhtuh hilje pit'267 S TRE! rbekert 256 I irf bHngEﬂeﬂg yhgy %nf%aﬁﬁmbhus

bled off and the actuating piston 371 A ttorney _ 0 Express
Mai | : EL 765tripger 1282. Butward displagemept 2nothe dlistahdiftes 255s regiptsr inpdgwvardon

in which the, 14373, 4 J e t i h iC
st bt o SSRIREEARTCRD e Rusdl, JHEE Pasd 24818 HHE darSBqubify. ekt
hydraul i c dedispricéfient Dfuhe distrivation tripdeh52y (Hsainidicatéd Wydther srewsen Fig.
supplied by the main control s line 18, the hydraulic distributor can be

1
used opet an#PR)-0decause theydigtiingion7 figask2¥h s BEEsk the Rstonoshath 90a
addi ti onal hﬁi’@%‘# nCFi e‘ﬂfcﬁ:t&??d I%E{/ac%\‘lféht%?r?ﬁé Bls?ribé)\ftﬁr}oﬁgg%g%.ﬁ %’c%ﬁvé%%y' ng

hydraulic fl presstre’'supplie a single contr uld
be not ed t hathef lock pistons30 ton nrohaoioadly switchHhdrhydraglicldistributor dr Ancecthies

h in Figs., 234 23B dj f] h. The sk i
Chtended 1o hyoratfc ABtGAGE T35 totBRA Fpatis 254 San BeSused tS Bisblaciiye
external to ahﬂnb%d@zwmin%c&;ﬂsdsﬂgldrrgfbuﬂ,g%ganwuéwfmmg(u@ Sawis2goer 1

can al'so be Béov_l ded on or in'a wall o ormation isolation valve 370
or be prbvi deackinteengagemeat witbtheydeivwio reds 2R t o which the formation

i sol ation val ve 3,0, rt..0f . 'am i i . - .
conti nuati ons of '}a‘atcﬂrﬁsso @%r'atrl? Tgﬁ:%rgﬁée evrg |eo%éﬁ%?ne%v&%wcaﬁés%%@gpﬁon
of an enbodi hpdviautié distebytoe dewhen rthierastoratottet rdstents24 2na]r2aa8bke hdive tgiehut or

1 (shown as a diagrammatic sketch) . is used to,advanpt age, cont r ol
em(sr gency di wﬁgcf%a%ﬁgﬁeﬁﬂaﬁe&tﬁ%% @Eﬂ@&? ‘EWCEJ?@? dpying "Ra 540
5,323,853 t Océﬁ'b%@&plﬁ&e%' and BAMATERES A Hedl 36 98B Scet S0k pP8SsiiraNto R viltRed

to 20 disconnect a tool froma drilling assenbly bly hydraulic or electrical
actuati o Tthe hydraaki distristonat.iRependingupon thelapplicatiopl grerpsivaiprassures

fluid pressure to.the inl port 381 sufficient to overcone a rupture disk
382. Ruptur e MY Q%I,peoﬁ%%'tgéZ allows the hydraulic fluid to nove the piston

383 thereby novi ngntémbsdietart Fotheuprasedt yventioarshugvi ive Figs.i 18D g 18Bvi ng
t he | ocki ng shoul der 386 from behind 2s the dogs 387, and the aligning
ocess 388 vhhoWS be qairhespesermbly 299 Heacdde iadyaniage tpicoplipl @ SeBAIaSasE,

Control || ne 15 426 260 ThE <Ml VAIVEZ60 453 chERFRES T Lofithricatdh ik 8
posi ti on2s n fibivaagulator 264. The flow regulator 264 has multiple intermediate conduits 265
through which flow is enabled. Thus, incremental movement of the choke 262
over the conduits 265 enables precise flow regulation and control. It should be
noted that in the embodiment shown in Figs. 16D and 15E, the ratchet assembly
210 and the hydraulic distributor 1 are mounted in the wall of a well tool such that

30 the wall of the well tool houses both components and acts as the assembly frame
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.the hydraulic fluid pressure is able to flowto a first supply Iine 18a and
prevented 30 fromflowing to a second supply line 18b, the flowis carried
to the fluid inlet port 381 through the first supply line 18a. The
hydraulic fluid pressure entering the A ttorney Docket 68. 02{y/ndd JdooBr ess
Mail: EL 765 786 165 US 29 May 2003 inlet port 381 ruptures thé rupture
disk 382 allowing the hydraulic fluid to nove the piston 383 thereby noving
the sl eeve 384 upwardly, shearing the Cring 385, noving the | ocking

shoul der 38@1%2r {trshbald be flrtterdrged &t .in andalter atei engbodiensre citescodBforvdritd t he
dogs 387, thereby releasin the_ tﬁol rtf 388A and 388B. s As di scussed
earlier, by adﬁl"}ﬁ/ ed pecayidcally indne W&83ure supplied by the main

control line 18, ﬁﬂf‘e@ﬁhﬁbﬁ%éﬁt éﬂothW@QHﬁ/ﬁﬁé‘@gi% kA& a‘s%'eﬁc@‘?g ug

position in which an additional hydraul Ice I's control ,
t he hydr aul iz cdimprised dfdwolsetsof pistose@26a, 226atsedt toemanipudptedwoddridnginect

hydr aul i & 7o 24D oAaae B hURAT pLARYTE 246 BbENT ARyRGikES Btan bsyoul o

be noted thajteted afil SHHFEMAM RIAROREDUrlBH MeEaWdtioh. Thel divifg rddd 24¢hown
in Fig. 24A as a diagranmatic sketch. The sketch is not intended to limt

the |ocati grarefaff@xeéi teytheshnoke zﬁ%@frthalﬁa&tlyyaa@ 260 hy t@md@wm caupling 246.
rovided” on % ORkESSed 3Bbre. Ry afRbaRAE AR Ivrdu s i ¥ssdrst B UEY i

provi ded on o@htrlohllma 18/ thedfydaammcdustsubutong isuselite hmarﬂpulet@trmq@iswrﬂlm@nnect

tool 380 is a of, for exa The gbove enbodi nents of the present
i nventi of ard @ eaFQICB?t PR %}bla"@at"i’m% B tuihemanipitate th ﬁ/@rr‘lY‘PBﬁo‘éﬁd

Mventi on o 2AGDAMAE FEREMA of bt BRGRGTods M LR GRS Be'itle 262
devi f:es t ;)cdoavrrz:m:]rdatot inetesnantally k:ldsysdhawalvze Q\I?P:j ggdrmaandtramuppileémsmii htye a
Fur ther - dendiind: Ris, 280, 280 R teie eleagivy B2 YoWerg fofndRsilaty SpRO B i on

used to adeau\@zsoom@@tthelpr@yédmr&y%léso@rssﬁmdth%éfefsy @al@éfwo tbymbafuh c
distributors froma single control line. 2s As shown in Fig. 25, flow from

a punp il$ capencpositieugtitivlendntarpedieiopositines,1and ghe, fully @Ipsad Position: &r 1.

Dependi

pogi6tni Iozgogqﬁﬁe'tngﬁn ééf'élrngeerﬁél é@&uhghl n H?%"ﬁ ﬂ'%rsgfré; Ivlg!:\%glgg@ lr)]u? or 1,
élhet fl gwt| s ag:co&qﬂletﬂed by vagjing tiee fidwtsappbed tea sirglé s:oﬂ@al lik0b8t 0 a second
i stributor or

hird distrib 3 [ the, flow f he pai |
e 301 i 4 i AEsied Pectenutatips itistaled BbprPentstihe Goks ph2 sl e ©
di stributor s%)retyw»véﬂgaer}dwgnummnélf&anéw ghoWn e ;mﬁ%h.@hfa{d&%

pressure and thé position of A ttoney Docket 8 0207 Express
765 786 2065 nusventzgndwr@wvwar@a ahgewnwag] geenervet of the choke 2€2.0Rdch

hyd I di
devi oo 201 dpekee i i dhE o At ol AR Eihd o e stelVfldtior o, (e
mai N cont r olersune tH the dduingcroesl 240owhidhearki afﬁmdaltcsm d:iwmrzslz are ndteabldi r d

di stributor 3, then depe ng ,upon the h dra I|c id s ssur.e and the
bosi 11 on of (DiSHIAGR WhBNJNG BYETRBO R e5auIS i Teasads Alpanah ot e ited g 3,

the Tlow is ghrbg Zéggt sgmt:mﬁ\ﬂgt Qamﬁ%&w'm qnée;yﬂeeen?%ém.oﬁ WABFIR it s

hydraul i c device veral tools and distributors can
oper at edksby recessanydtot bleetyaff aydrauhct pressupe & snarementallygddvancertyegatobet r ol

line 18. assembly 210. The embodiment of an internal brake 263 shown in Fig. 15F is
comprised of a series of semi-rigid fingers 263a that engage and grip notches cut

into the choke 262 to prevent movement of the choke 262 until activation of the

driving rod 240. The fingers 263a flex enough to enable the choke 262 to

30 displace under force supplied by the driving rod 240, but grip securely upon

release of such force. In another embodiment, the internal brake 263 can be
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Li kew se, Figs. 25A, 25B, and 25C display additional exenplary to
configurations whereby the present invention is utilized to control
additional distributors and tools. In Fig. 25A, the first distributor 1 is
used control a first hydraulic device 201 and a second di stradpiRr2gh3 hat
controls a second device 202 and a third device 203. In Fig. 25B, a first
distributor 1 is used to control a second distributor 2 and a third
distributor 3 that are used in conbination to 1s control a single hydraulic
devi ce 201. applied2fi@dtlyltathe ariegarod 240.|tdhoutd betwndersionddhat athougblina

d di str,j but 2.t hat t , i hyd i evi 201, d dt
control a t HheatavedaRsed Soimenta by Ses R ibfeatiRpdRs sricaet B N0,
and a third Mfsaerhflbluﬂa%{d syitr?&ﬁydﬂgmiéawimamngtawaﬁémbté eﬁlg%tegﬁ tthe

configurations are 1llustrative and exenplary and not 1 ntende imt the

scope of theratehet @ssembly isveanipulatedrindepgadenty of thedtydirauliadistributorthéor
present invention c be.,ysed in er of configurations to congr.ol
any nunmber o?xa(ﬁ“ﬂ@r %ﬁ?s'iart&lﬁitﬁsse"%ﬂ% %ﬁﬂgqant §8I dany aFer‘f{/Mt ?’éfﬂraéjiif:n@"ghus
described, igresblide Lpphedibyus piuiality idf eoRREEIIMEYYinEret cbBfmuMicABAY Widtie AS
one exanple, in an illustrated enbodi mrent of the 2s hydraulic distributor 1

of the presehistons226a 836b: by altier kBowndBewods. i s bi ased towards its upper
position by a shuiphe gl Re¥eqiaBrdihale STl UifflodithdrtSof B LrERR! 1 ON
by the sane. HowevEr, other neans such as gas charges, or hydraulic

act uat or s cainvemrtiars adterain dtie dnidaaydict distibabonpt iis luset dosaavant&ye o \cantralt aons

t to be r ded f n th iri 3
hventi off o FleayEn R core (e HstPaeBdh b S 16 anataRPt fed i n
the art are piigedTHe!sAdig dleld/dgide\300NsMIMbYE] &5 BRSPHEN bbﬁtiéﬁ'ﬂgodﬂ_}ﬂgn%
non-limting clainms. A ttorney Docket 68.0207 43 Express Mail: EL 765 786
| 65 US 29 pegseol abydrasiginiet 302 angyratusned do it Slosasupesitior birgreeding: 2

i nl et ) [ t sl AV a3
i a pr ose L ¥ Biasthne nSolf8 T s BB Folidelrte ot B8 aghg Ur'ie
secondary owdlgé, and s (c) a valve having a first position in which the

hydraulic fluid pressure i restricted fromthe at | east one primar,
outl ot, End havi n Hosbomavarauleidisthiion 1iscelesHlomyaraaImein cante e
pressure is 1@21«5&%&@ ftﬁé)rﬁrygf%gi%tdisﬁﬁﬁhors 10R€rs RS ONGerpbstidr & while thal ve

maneuver abl e between I'ts fi osition 9 and its second position by the

hydraul i ¢ f | hydraptie8uidrpressure, isTatde Ho diosuta 8 fisstssupmydioe tHa endiprevented

dovi ces, 1 aromBwihG e aidelo SERBY TS, O hF a5 Balind Bl frehidhBitle Biet o o
hydraulic 2 sigxiteeaghthe Festesumly finemsal Faeenydrauies fluidapleskatesenteringaker s,
formation isolation 3 val ves as lift valves, |ocks, sliding sleeves, and

hydr aul | 20 di Rydraglie ivet 302 zct theasliding slegver valyei 390 and & igimeyed fhakei n
t he hydraul i ' Ut ol [ ' : :

hydraul i c de\gl?%ba??)gtt'ggi gjﬁéedﬁﬁgﬁtméi ;(S:jr‘aeglsguiér ﬁgﬁf@re @{anr& :&QP%BQ!'R%E %‘??\ t?he
hydr aul i ¢ derdtommstherstidingrsieéveoialee 800 1to s ciongd posiionThethismiaaokr, cepeated

di stributor of claimy5, wherejin the hydrauli i Stribytor is rovided in
@ vel | of "t nePeBs 2BriioRnd of Inh i bizkit Yofiecidt £t B Hseofplsied. Wner el n
the valve is novefnRRIUMRMAI Rydiatlié device@ T 64¢ ARG O athiadets byXhé hyarsdiie! . t
8. The hydraulic distributor” of claim7) wherein the mandrel i s nmani pul at ed
by 2 hydeaul distripudersts As disgussedecearlien Budescriing the @peratign ef henhydraghier ei n

the mandrel br’%ﬂﬁ‘?%@ﬂ@&%n@éﬁgaﬁveg@“ey supplieli®hy te PREKELorftfo 4R%/ 1610

Express Mail:
exceed predetermined switching parameters, the hydraulic distributor 1 can be

switched from its first position to its second position. In its second position, the
hydraulic distributor 1 prevents flow to the first supply line 18a while enabling
30 hydraulic fluid pressure to the second supply line 18b. In its second position, the
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.y 29.May 2003 10. The hydraulic distributor of claim7, further conprising
an i ndexer z assenbly noveable through a plurality of positions to

mani pul ate the nmandrel. t 11. The hydraulic distributor of claim?7, further
conprising a |ock assembly to 2 fixedly engage the mandrel. %9 ffay 2003
hydraulic distributor, conprising: 2 (a) an inlet port adapted for receipt
of hydraulic pressure, (b) one or nore first outlet ports and one or nore
second outlet ports, 4 (c) a valve, and s (d) a mandrel having a first

posi ti on andydradicaistriputarti faqijitateehydnadliefluid pressucedo ao additionsl hgdrautit
that, with w&%‘:@éj{el inits first position, the 7 valve restricts the
hydraulic p & ‘0 the one or nore first outlet ports s and with the
mandrel in its seuadbpadniingthe hixgravit Ngid mrebsuret supgpiedbyhtheérmeln ontrol
pressure to the one or nore second outlet ports, the mandrel to noveable
bet ween it s linerid. the sivdraticistributor decambe psed it @dveptagestor supply hydnaulie
pressure. t i LS f: i L&At

hydr aul i 3 prﬂéitéafééﬁyp%gé]?ﬁéldg rﬂar)l% I@t&%%dﬁvaégﬁﬁﬁg%@mgﬁtﬂb&%? 1.ﬁ1nely
hydr aul i ¢ diswitchestpositioh wan excegdingeredieterntimed pressurevalaebyitiesefore; tide
devi ces are selected from sl eeve, val ves, ball val ves, packers) forngtion
ool ot on 3 oM frane gatis pier davireccan b k8red wioHEPiarBaLES SWshnR Bl i
di stributor : 3 [ [ '\ﬂ}@,\lxt i ' : eh&hi

hydraul i c d?&s&:oﬁgé?ﬁ?ﬁﬁ%ﬁl@tiﬁég tiwns{a 'ﬁ)rlﬁdI?P“?Lgbg?r?égoﬁéwng?ebﬁyﬁ%I iC
devi ces. t I@twehap pngssuralstatesandanewronorsf deviegscars bewamotely cohtrotgdibyul i ¢
devi ces are 2 .part of toqly string. t 17. The hydraulic distributor of
claim 161,0 Wr?e?'gp[? ?9{&'9?&882'&1 c distributor is 2 provided in a wall of the

tool string. t 18tsHdfdbedicted tisatdoséisthssion pafpaesi thelRydralifs gistribuiér 1
mandrel is manipulated 2 nmechanically. A ttorney Docket 68.0207 45 Express

Mai | : EL 764S $BEWNAR Fig 16 as andiggranygatic sketchnEheypketshiis aokintendes tadimibs

laim 12, f . o ) . .
i xedl y- engaie Weatiofeidaycangitin: £ sBttiayihatiodfbi gl sbve
further haviwa@gaﬂoon'ﬂwhygrmﬁsgdﬂw_ilyutar flarannaiso jpel @ovidgdtdreonimnalingll.ofth@l. A
o urali 19 orilng Speve wag ol o B ardibilh vl Bhatcorstitiiatbhage * °

adapted to sfuffg seele vaive! J008istdabfifet xam@le, outl ets, and s (c) a
pressure responsive indexer connected to the valve adapted to 6 control the

position of the \Fgs.el7A 27D are fragmentanycelevationabviess, it quedersedtionueér ei n

The hydr aul 120 STRgRdingie for PECHEseRD SnerBACH ferdth ECEyd Bulid dubtfy 1,
i ndexer has (shownlasas digphmntatictsketah)ys asedieadventage to ebntrdl Ldafefyrealve
hdexer Has S48 sHit e ot SR i KOS: Bl e ¢ FrbfOc g sarety
hydraul i ¢ di i | @l oV :
dexer | arye, 21018 nieet © d Sgen POSHBH by IS MTAICITEIRTE® st
conpri si ng: hydraglicintel 34 hthat i inncargmanicatipa twidothecdprer susfagerafdhapisten

or essur i zeo Y W unbEYe 316 i e s 1B S n@¥Rgh BY obBluAd BT
posi tioned ihydrhelihpressue: Roapbechd hyseiutic tilees 12 thatlisre comenwaticatiomswitone

outlet to selectively cont{)’Bl t he flgw of pressurized 7 fluid fromthe
inl et t oSt hdhgdoyvensirfaggobihigiriston 2.8 (c) an indexer connected to the

val ve adapted to £PRuERlict HErROEI Rl g, YPAY Redel\ SRR TRANIDridi

pressurized flui “hydraul'ic distributor of claim?26, wherein the
at | east onecomitdl ne i18. Assemingntimeriyssaulwdigiribhtareisdn és dirstramsitiomyidrwhich ¢

devices. A tth@h%?%u%%u% p?e%sﬂ?eo |7s aAb(?e Fd(ﬁé\ﬁ‘?g a'Yit?étl s'uplr:ﬁy I7n6e51 538 gn&%?ev%%ted
from flowing to a second supply line 18b, the flow is carried to the first hydraulic
30 inlet 311 through the first supply line 18a. The hydraulic fluid pressure entering

A ttorney Docket 68.0207 31
Express Mail: EL 765 786 165 US



.y 1 29 May 2003 1 28. The hydraulic distributor of claim27, wherein the
one or nore hydraulic 2 devices are selected from sl eeve val ves, bal

val ves, packers, formation isolation 3 valves, gas |lift valves) |ocks,
sliding sleeves) and hydraulic distributors. t 29. The hydray y&
distributor of claim27) wherein the hydraulic distributor is BGOVIded in
a wall of the one or nore hydraulic devices. t 30. The hydraulic

di stributor of claim?27, wherein the hydraulic devices are 2 part of a tool

string. t 31heTigdrélMl¢rlaldti33| 1dfosteas thet pistonf 312 diownWardwekichi acts he opedrthal i c
di stributor is prow%?d inawall of the tool string. 1 32. The hydraulic
di stribut or sefetyVaivg 3. wherein the valve is noveably z positioned by a

mandrel. t 33. T i ninRUt i il i e el
i s mani pul at ed Zh@‘yéqhy HHI %USB ”n%r eﬁblq%u%%hgy%&#'gﬂﬁk?'@ft Fr?g}t}?gfr& of
claim 32, Wrmnanuntclabomtﬂr thie sez:ovmﬂrﬁmmatalicenilét I Famisc abitying thed ow Traen

moveabl et nrBo Al PrPLIiTe Fade Sitehdhe AT T RhRr 2 rhe st e SRR S, *
The hydraul itg i %b&mwtpzfsntwn Cdcas %%ppkuhyb@rulnﬁommalﬁﬂe@m ke Ghe 2p28AB! ¥
to 2 fixedly engage the mandrel met hod of distributing a hydraulic

f1 uid, corrprhyﬁragjlc mle(ta:)%mmfargea the edsiop S12-Upwasd wad: mgyee thalsatety

naving 3", el 39646 ailosdl Pbabhh pElPhy b refdebltl AR DEeRESTSL"
| east one ofthéfsﬁdmbts’aiétytwal\&f 3v0chribe. adcoftplishedbyhetying the dlowdsusplied to
hydraulic fluid pressure from a single source to a 2 plurality of hydraulic

devi ces 10 t HeSiRgla RN BRI 18 ng: 3 (a) providing a hydraulic distributor
havi ng an inl et r

second out | St I&o??éﬁ?&ﬁ?;itggt A 8gﬁ§a9iﬁ7dffmrﬁstﬁﬁﬂﬁcaﬁﬁ“%°@

|65 t1S  2ds dhpwn0ib3Figs( aspal ngnmy casketeh.f déketchsisurad intendbe to nI et
port sufficient.tag 6 actiyvate the h C rlbut r t event tq flow
b hyar aul 1 At tefosa@iLatBpGveErRARARLSF 1rasidind Bra{toBhS KEi vl o)
varying the 3nglmeg hydrblifit disRIRESUT 8as R be Brovidddeniorlieh ve4Il &f the sifety
activate the hydraulic distributor to prevent the flow of hydraulic fluid

i 0 presslire aive B0 onbedronisied ALebine M'IQ@@ tegl steingttoyehicths sataty vave
| .
distributi ngsﬁout OPQI‘A df ok Iegﬁﬁilp#ﬁ: @gr BN ol Qe ﬁ)dgv)ﬂt‘aﬁgiﬁl %E%ﬁcﬂﬁgfgyi' ne,

3 (b) a distr aving I in flurd conmuni n
hydraul i ¢ cowith qortiomse ;in &slde)elemlah sofr abuembodomenti of rige girekents invention

outlets and val v veabl.e i,n th stributqgr to contrqgl e flow.from
Che fniet 't onnpiein e BYGRtIGeRARYEY T, Chovh Pk dlansprErald feetenldsiysd o
response to QHRnAE tsUBPhtrAdal Bubdtd icoherbl valv@ X'Bbﬁatﬁk‘sﬁ?m Qlichladl thag9,
wherein the valve Ts nechanically shiftable. system for distributing

a hydrauloi ¢ discloged donpr$.sPag: N. (R963, GHYdFChl)TthE‘Qco'HﬂfF dubsepeconing! walver st

feast one_scumb s iad ERge o lindhresiiRt r8iined hoRll Hlew320A 7.
hydraul i c co3e0®| ahd 132000 rﬂ;zdraan@élumdre:bssnre irbcaived v ihegfiat Hyﬂaalhcanﬁet
inlet, at |east one first outlet, and at I)@zt one second outl et tne at

| cast one i r420A PRISIOSBTAAMEHIPLASIAN FSSARDIN B2 A theriBne pionadas
W th & firstoaaoaerd sy e R e e e
conmuni Czst i otiﬂ&wmfcmroetawsrtt:le thatirzalve element@4i tocan @pen position. To rotate the
ball valve element 324 to a closed position, the pressure to the first hydraulic inlet
320A is bled off and the ball valve closure spring 325 shifts the valve cage 323

upwards.

Hydraulic fluid pressure received by the second hydraulic inlet 320B is
30 used for an emergency shut in. In the event that a wireline tool is suspended in

the well for perforating or the like, and an emergency condition dictates that the
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t,2 (d). a third distributor having at |east one inlet) at |east one first
outlet, 13 and at | east one second outlet, the at |least one inlet in
comuni cation with t4 the at | east one second outlet of the first
distributor, the at |least one first t s outlet in conmmuni catégmw’édb@
third hydraulic device, and the at |east one t6 second outlet In

comuni cation with a fourth hydraulic device. A ttorney Docket 68.0207 48
Express Mail: EL 765 786 1G6 US ..4 .~ 29 May 2003 1 42. A systemfor
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inlet ireos dbethatlivaite elementt324ie an opeafosdins. Torrotate dhe dall oalvehelefrians t

di ib : I . fi | et,. i uni ' W f.i

nyarauli o A4 & Biedep RRRYisPaihd bisbutbordiiella BETISAI BB et Salait,
with the firedubydbadithe bdivawe;cidsure 8pfing 326@hifts theivatledisge 32B1LpivakiRyi Ng
at |east one inlet) at |least one first outlet, 13 and at |east one second

outlet, the latthissAaRNe,Eepeated qnenihaleCRSNDA! thetbalt valve element324 came
second out| gi, gk c?}rﬁﬁigﬂe'ﬂﬁ distributor, the at |l east one first is outlet in
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10~ the lower an upger hydratlic actuaﬂng pistons 331, 334 to move the pistons

331, 334 upward thereby opening the variable orifice valve 333.

A hydraulic distributor 1 (shown in Fig. 19A) receives flow from a main
control line 18. Assuming the hydraulic distributor 1 is in its first position in which
the hydraulic fluid pressure is able to flow to a first supply line 18a and prevented

15 from flowing to a second supply line 18b, the flow is carried to the first hydraulic
inlet 336a through the first supply line 18a. The hydraulic fluid pressure entering
the hydraulic inlet 336a forces the lower hydraulic actuating piston 331 upward
which acts to open the variable orifice valve 333.

The second supply line 18b of the hydraulic distributor 1 is in

20 communication with the second hydraulic inlet 336b. Thus, varying the flow from
the main control line 18 to switch the hydraulic distributor 1 from its first position
to its second position, acts to supply hydraulic fluid pressure to the second
hydraulic inlet 336b which forces the upper hydraulic actuating piston 334
upward to open the variable orifice valve 333.

25 By use of two independent pistons 331, 334 with varying strokes, the
variable orifice valve 333 can be fully opened or opened to an intermediate
position to control the fluid flow therethrough. By using the hydraulic distributor 1
to control the flow to one or the other hydraulic inlets 336a, 336b, the full
opening, partial opening, and closing of the variable orifice valve 333 can be

30 accomplished by varying the flow supplied to a single control line 18.
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to wedge tightly against the pipe hanger 341 to provide a lock down force. The
lock down force is relieved by bleeding off the pressure supplied to the hydraulic
15 inlet 343 and lock pin 345 is returned to its initial position by the bias of a spring
346.

In Fig. 20, a hydraulic distributor 1 receives flow from a main control line
18. Assuming the hydraulic distributor 1 is in its first position in which the
hydraulic fluid pressure is able to flow to a first supply line 18a and prevented

20 from flowing to a second supply line 18b, the flow is carried to the hydraulic inlet
343 through the first supply line 18a. The hydraulic fluid pressure entering the
hydraulic inlet 343 actuates the piston 344 which, in turn, forces the lock pin 345
to wedge tightly against the pipe hanger 341. Bleeding off the pressure from the
main control line 18, in combination with the bias of the spring 346, acts to return

25 the lock pin 345 to its initial position. In this manner, repeated locking and
releasing of the pipe hanger 341 can be accomplished.

An additional hydraulic device 201 can also be actuated by the hydraulic
distributor 1. As discussed earlier, by varying the pressure supplied by the main
control line 18 to exceed predetermined switching parameters, the hydraulic

30 distributor 1 can be switched from its first position to its second position. In its
second position, the hydraulic distributor 1 prevents flow to the first supply line
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the lock pin assembly 340 is a part of, for example.
Fig. 21 is a cross-sectional view of an of an embodiment of the present
invention wherein the hydraulic distributor 1 (shown as a diagrammatic sketch) is
20 used to advantage to control a resettable packer 350 such as that disclosed in
U.S. Pat. No. 6,012,518 to Pringle. The resettable packer 350 receives hydraulic
fluid pressure from three hydraulic inlets 350A, 350B, and 350C. Hydraulic fluid
pressure received by the first hydraulic inlet 350A enables movement of a double
acting piston 351, which drives a wedge 352 under a set of slips 353 thereby
25  setting the packer 350. Hydraulic fluid pressure received by the second hydraulic
inlet 350B enables the reverse movement of the double acting piston 351, which
removes the wedge 352 from under the slips 353 thereby unsetting the packer
350. Finally, hydraulic fluid pressure received by the third hydraulic inlet 350C
enables movement of a ratcheted piston 354 axially downward, coacting with the
30 double acting piston 351, which drives the wedge 352 under the slips 353
thereby permanently setting the packer 350.
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control line 18 can be varied to exceed predetermined switching parameters
which act to switch the first hydraulic distributor 1 to its second position. In its
second position, the hydraulic distributor 1 prevents flow to the first supply line

15 18a while enabling hydraulic fluid pressure to the second supply line 18b. In its
second position, the hydraulic distributor 1 facilitates hydraulic fluid pressure to
the second hydraulic distributor 2. Assuming the second hydraulic distributor 2 is
in its first position, hydraulic fluid pressure is supplied to the second hydraulic
inlet 350B which enables the reverse movement of the double acting piston 351,

20 which removes the wedge 352 from under the slips 353 thereby unsetting the
packer 350.

Additionally, by varying the hydraulic fluid pressure supplied by the main
control line 18 to a pressure value that does not exceed the predetermined
switching parameters of the first hydraulic distributor 1, but does exceed the

25 predetermined switching parameters of the second hydraulic distributor 2, the
hydraulic fluid pressure can be provided by the second hydraulic distributor 2 to
the third hydraulic inlet 350C. As discussed above, supplying hydraulic fluid
pressure to the third hydraulic inlet 350C acts to permanently set the packer 350.

Thus, by varying the hydraulic fluid pressure supplied by the main control

30 line 18, the first and second hydraulic distributors 1, 2 can be used to set and
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Figs. 22A — 22D are continuations of each other and are elevational views,
10 in quarter section, of an embodiment of the present invention wherein the
hydraulic distributor 1 (shown as a diagrammatic sketch) is used to advantage to
control a safety valve 360 such as that disclosed in U.S. Pat. No. 4,660,646 to
Blizzard. The safety valve 360 is comprised of an actuating piston 361
maneuverable by hydraulic fluid pressure supplied to hydraulic inlet ports 362A,
15 362B. Application of hydraulic fluid pressure to the first hydraulic inlet port 362A
forces the piston 361 downward, which acts to open the flapper valve 363.
Application of hydraulic fluid pressure to the second hydraulic inlet port 362B
forces the piston 361 upward, which acts to close the flapper valve 363.
A hydraulic distributor 1 (shown in Fig. 22A) receives flow from a main
20 control line 18. Assuming the hydraulic distributor 1 is in its first position in which
the hydraulic fluid pressure is able to flow to a first supply line 18a and prevented
from flowing to a second supply line 18b, the flow is carried to the first hydraulic
infet 362A through the first supply line 18a. The hydraulic fluid pressure entering
the first hydraulic inlet 362A forces the actuating piston 361 downward, which
25  acts to open the flapper valve 363. Varying the flow from the main control line 18
to switch the hydraulic distributor 1 from its first position to its second position,
acts to supply hydraulic fluid pressure to the second hydraulic inlet 362B which
forces the actuating piston 361 upward to open the flapper valve 363. In this
manner, the safety valve 360 can be opened and closed by hydraulic fluid
30 pressure supplied by a single control line 18.
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I @M 10%m&' (UsddioSadvantage 14 @UnTré! 4 formation isolation valve (FIV) 370 such as that
10 disclosed in U.S. Pat. No. 6,085,845 to Patel et al. Fig. 23A illustrates the FIV
valve in its open position and Fig. 23B illustrates the FIV valve in its closed
position. The FIV valve 370 is comprised of an actuating piston 371
maneuverable by fluid pressure supplied to a fluid inlet port 372. Although the
fluid utilized by the ‘845 patent is gas, hydraulic fluid pressure can also be used
15 to advantage. Application of hydraulic fluid pressure to the fluid inlet port 372
forces the piston 371 downward, which acts to open the valve element 373.
Bleeding off the pressure supplied to the fluid inlet port 372 enables the piston

371 to return to its upper position in which the vaive element 373 is closed.
In Fig. 23A, a hydraulic distributor 1 receives flow from a main control line
20 18. Assuming the hydraulic distributor 1 is in its first position in which the
hydraulic fluid pressure is able to flow to a first supply line 18a and prevented
from flowing to a second supply line 18b, the flow is carried to the fluid inlet port
372 through the first supply line 18a. The hydraulic fluid pressure entering the
hydraulic inlet 372 forces the actuating piston 371 downward and the valve

25 element 373 is opened.

In Fig. 23B, the pressure supplied by the main control line 18 is varied to
exceed a predetermined switching parameter, and the hydraulic distributor 1 is
switched from its first position to its second position. In its second position, the
hydraulic distributor 1 prevents flow to the first supply line 18a while enabling

30 hydraulic fluid pressure to the second supply line 18b. The fluid pressure
supplied to the fluid inlet port 372 is thus bled off and the actuating piston 371
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It should be noted that for discussion purposes, the hydraulic distributor 1

10 is shown in Figs. 23A and 23B as a diagrammatic sketch. The sketch is not
intended to limit the location of the hydraulic distributor 1 as being external to the
formation isolation valve 370. The hydraulic distributor 1 can also be provided on
or in a wall of the formation isolation valve 370 or be provided on or in a wall of a
tool string to which the formation isolation valve 370 is a part of, for example.

15 Figs. 24A — 24C are continuations of each other and form an elevational
view in cross section of an embodiment of the present invention wherein the
hydraulic distributor 1 (shown as a diagrammatic sketch) is used to advantage to
control an emergency disconnect tool 380 such as that disclosed in U.S. Pat. No.
5,323,853 to Leismer et al. The emergency disconnect tool 380 can be used to

20 disconnect a tool from a drilling assembly by hydraulic or electrical actuation. The
hydraulic actuation is performed by supplying hydraulic fluid pressure to the inlet
port 381 sufficient to overcome a rupture disk 382. Rupture of the disk 382 allows
the hydraulic fluid to move the piston 383 thereby moving the sleeve 384
upwardly, shearing the C-ring 385, moving the locking shoulder 386 from behind

25 the dogs 387, and the aligning recess 388 with the dogs 387, thereby releasing
the tool parts 388A, 388B.

A hydraulic distributor 1 (shown in Fig. 24A) receives flow from a main
control line 18. Assuming the hydraulic distributor 1 is in its first position in which
the hydraulic fluid pressure is able to flow to a first supply line 18a and prevented

30 from flowing to a second supply line 18b, the flow is carried to the fluid inlet port
381 through the first supply line 18a. The hydraulic fluid pressure entering the
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recess 388 with the dogs 387, thereby releasing the tool parts 388A and 388B.
5 As discussed earlier, by varying the hydraulic fluid pressure supplied by
the main control line 18, the hydraulic distributor 1 can be switched to a second
position in which an additional hydraulic device 201 is controlled. Thus, the
hydraulic distributor 1 can be used to actuate the emergency disconnect tool 380
and control an additional hydraulic device 201 by varying hydraulic fluid pressure

10  supplied by a single control line 18.

it should be noted that for discussion purposes, the hydraulic distributor 1
is shown in Fig. 24A as a diagrammatic sketch. The sketch is not intended to limit
the location of the hydraulic distributor 1 as being external to the emergency
disconnect tool 380. The hydraulic distributor 1 can also be provided on or in a

15 wall of the emergency disconnect tool 380 or be provided on or in a wall of a tool
string to which the emergency disconnect tool 380 is a part of, for example.

The above embodiments of the present invention are exemplary of the
applications of the present invention and are not limiting on the scope of the
present invention. The present invention can be used to advantage to provide

20  any number of hydraulic devices, tools and actuators with hydraulic fluid pressure
supplied by a single control line. For example, Fig. 25 provides a diagrammatic
sketch further demonstrating the hydraulic distributor 1 of the present invention
used to advantage to control multiple tools and multiple other hydraulic
distributors from a single control line.

25 As shown in Fig. 25, flow from a pump is carried through a main control
line 18 to a first distributor 1. Depending upon the pressure of the hydraulic fluid
pressure and the position of the shuttle sleeve 60 within the first hydraulic
distributor 1, the flow is directed through one of the outlet ports 20a, 20b to a
second distributor 2 or a third distributor 3. If the flow from the main control line

30 18 is directed from the first distributor 1 to the second distributor 2, then
depending upon the pressure of the hydraulic fluid pressure and the position of
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f &O&! 10%:&' () - 9. HiKEWNIBR, (Figh- FADACR5B, - lahlOBIW0dBbay additional exemplary

10#10% {)) %nf égg/ad%o@ %ﬁYPerofVﬁ‘e presen? invention is utilized to control additional

distributors and tools. In Fig. 25A, the first distributor 1 is used control a first

hydraulic device 201 and a second distributor 2 that controls a second device

202 and a third device 203. In Fig. 25B, a first distributor 1 is used to control a

second distributor 2 and a third distributor 3 that are used in combination to

15 control a single hydraulic device 201. Fig. 25C illustrates a first distributor 1 used

to control a second distributor 2 that control a first hydraulic device 201, and used

to control a third distributor 3 that controls a second hydraulic device 202 and a

third hydraulic device 203. It should be noted that the above configurations are

illustrative and exemplary and not intended to limit the scope of the present

20 invention. The hydraulic distributor 1 of the present invention can be used in any

number of configurations to control any number of other distributors and other
tools.

The invention being thus described, it will be obvious that the same may

be varied in many ways. As one example, in an illustrated embodiment of the

25 hydraulic distributor 1 of the present invention, the shuttle sleeve 60 is biased

towards its upper position by a shuttle sleeve spring 62 and maneuvered to its

lower position by the same. However, other means such as gas charges, or

hydraulic actuators can be used to advantage to accomplish the same. Such

variations are not to be regarded as a departure from the spirit and scope of the

30 invention, and all such modifications as would be obvious to one skilled in the art

are intended to be included within the scope of the following non-limiting claims.
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10 10 7 position in which the hydraulic fluid pressure is restricted from the at least
8 one secondary outlet, the valve maneuverable between its first position
9 and its second position by the hydraulic fluid pressure.
1 2. The hydraulic distributor of claim 1, wherein the hydraulic fluid pressure

2 controls one or more hydraulic devices.

1 3. The hydraulic distributor of claim 2, wherein the one or more hydraulic
2 devices are selected from sleeve valves, ball valves, packers, formation isolation
3 valves, gas lift valves, locks, sliding sleeves, and hydraulic distributors.

1 4. The hydraulic distributor of claim 2, wherein the hydraulic distributor is
2 provided in a wall of the one or more hydraulic devices.

r 6. The hydraulic distributor of claim 2, wherein the hydraulic devices are part
2 of atool string.

1 6. The hydraulic distributor of claim 5, wherein the hydraulic distributor is
2 provided in a wall of the tool string.

1 7. The hydraulic distributor of claim 1, wherein the valve is moved between
2 its first and second positions by a mandrel.

1 8. The hydraulic distributor of claim 7, wherein the mandrel is manipulated by
2 hydraulic pressure.

19 The hydraulic distributor of claim 7, wherein the mandrel is manipulated

2 mechanically.
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1 12. A hydraulic distributor, comprising:

2 (a) aninlet port adapted for receipt of hydraulic pressure,

3 (b)  one or more first outlet ports and one or more second outlet ports,
4 (c) avalve, and

5 (d) amandrel having a first position and a second position, the mandrel
6 affixed to the valve such that, with the mandrel in its first position, the
7 valve restricts the hydraulic pressure to the one or more first outlet ports
8 and with the mandrel in its second position, the valve restricts the
9 hydraulic pressure to the one or more second outlet ports, the mandrel
10 moveable between its first position and its second position by the
11 hydraulic pressure.

113, The hydraulic distributor of claim 12, wherein the hydraulic pressure
2 controls one or more hydraulic devices.

i 14. The hydraulic distributor of claim 13, wherein the one or more hydraulic
2 devices are selected from sleeve valves, ball valves, packers, formation isolation

3 valves, gas lift valves, locks, sliding sleeves, and hydraulic distributors.

1 156. The hydraulic distributor of claim 13, wherein the hydraulic distributor is
2 provided in a wall of the one or more hydraulic devices.

1 16. The hydraulic distributor of claim 13, wherein the hydraulic devices are
2 part of a tool string.

1 17. The hydraulic distributor of claim 16, wherein the hydraulic distributor is
2 provided in a wall of the tool string.

1 18. The hydraulic distributor of claim 12, wherein the mandrel is manipulated
2 mechanically.

A ttorney Docket 68.0207 45
Express Mail: EL 765 786 165 US



AT 1 f@°110% U8 ()- T f#10% U& ()-fs 110% U& ()-y:!10% U& ()-f9 1 10% U& () -
I'(L#10% U U& () - nn; oo4pppdEPE: 11! 1. f#10% & ()-y-M 10% U& () -yl +M 10%
U& ()- y3(M 10% U& ()- L& #10% U& () - S%10% U& ()-ppa*r}rrrrrz[PE: 1!! 10 U
10 U 10 U@ 10% U&' ()-! 6  5SH#10%UCUCUE' () -3!1° 5S#10% U U&' () - 3124 2003
U& ()-! . f#10%JU& ()-rrrsosssdEPE: 11! 10 UL0% h& ()-SSy10% h& ()-S' ! 10%
h& ()-SM 10% h& () - y#YS10% h& ()- &10% h& ()-s3ttt+uxuvdEPE: 1!!

1 19. The hydraulic distributor of claim 12, further having a lock assembly

2 hydraulically activated to fixedly engage the mandrel.

1 20. The hydraulic distributor of claim 12, further having an indexing assembly
2 for manipulating the mandrel.

1 21. A hydraulic distributor, comprising:
2 (a) ahousing defining an inlet and a plurality of outlets,
3 (b) a valve moveably positioned in the housing adapted to selectively
4 close the plurality of outlets, and
5 (c) a pressure responsive indexer connected to the valve adapted to
6 control the position of the valve.
1 22. The hydraulic distributor of claim 21, wherein the pressure responsive
2 indexer has a mandrel affixed to the valve.
1 23. The hydraulic distributor of claim 22, wherein the pressure responsive
2 indexer has a lock assembly to fixedly engage the mandrel.
1 24. The hydraulic distributor of claim 22, wherein the pressure responsive
2 indexer has an indexer assembly to manipulate the mandrel.
1 25. The hydraulic distributor of claim 22, wherein the pressure responsive
2 indexer is activated mechanically.
1 26. A hydraulic distributor, comprising:
(@)  ahousing defining an inlet connected to a hydraulic control line and
at least one outlet, the inlet adapted for receipt of pressurized fluid from
the hydraulic control line;

2
3
4
5 (b) avalve moveably positioned in the housing adapted to selectively
6 close the at least one outlet to selectively control the flow of pressurized
7 fluid from the inlet to the at least one outlet; and

8 (c) an indexer connected to the valve adapted to control the position
9 of the valve in response to the pressurized fluid.

1 27. The hydraulic distributor of claim 26, wherein the at least one outlet is in

2 communication with the one or more hydraulic devices.
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1 30. The hydraulic distributor of claim 27, wherein the hydraulic devices are
2 part of a tool string.

1 31. The hydraulic distributor of claim 30, wherein the hydraulic distributor is
2 provided in a wall of the tool string.
1 32. The hydraulic distributor of claim 26, wherein the valve is moveably
2 positioned by a mandrel.
1 33. The hydraulic distributor of claim 32, wherein the mandrel is manipulated
2 by hydraulic pressure.
1 34. The hydraulic distributor of claim 32, wherein the mandrel is manipulated
2 mechanically.
1 35. The hydraulic distributor of claim 32, further comprising an indexer
2 assembly moveable through a plurality of positions to manipulate the mandrel.
1 36. The hydraulic distributor of claim 32, further comprising a lock assembly to
2 fixedly engage the mandrel.
1 37. A method of distributing a hydraulic fluid, comprising:

(a) providing a pressure responsive toggle valve having an inlet and a
. plurality of outlets;

(b)  changing the pressure supplied to the inlet to shift the toggle valve

w»r A W N

to selectively close at least one of the plurality of outlets.

—

38. A method of providing hydraulic fluid pressure from a single source to a
plurality of hydraulic devices , the method comprising:
(a) providing a hydraulic distributor having an inlet port and one or

& WN

more first outlet ports and one or more second outlet ports,
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-EsdE:/ 5 (@)  a hydraulic control line;
3 (b) a distributor having an inlet in fluid communication with the
4 - hydraulic control line;
5 (c) thedistributor comprising at least two outlets and a valve moveable
6 in the distributor to control the flow from the inlet to the at least two outlets;
7 | (d) the valve shiftable in response to pressure supplied to the inlet.

1 40. The system of claim 39, wherein the valve is mechanically shiftable.
1 41. A system for distributing a hydraulic fluid, comprising:

2 (a) a hydraulic control line;
3 (b) a first distributor having at least one inlet, at least one first outlet,
4 and at least one second outlet, the at least one inlet in communication with
5 the hydraulic control line;
6 (c) a second distributor having at least one iniet, at least one first
7 outlet, and at least one second outlet, the at least one inlet in
8 communication with the at least one first outlet of the first distributor, the at
9 least one first outlet in communication with a first hydraulic device, and the
10 at least one second outlet in communication with a second hydraulic
11 device; and
12 (d) a third distributor having at least one inlet, at least one first outlet,
13 and at least one second outlet, the at least one inlet in communication with
14 the at least one second outlet of the first distributor, the at least one first
15 outiet in communication with a third hydraulic device, and the at least one
16 second outlet in communication with a fourth hydraulic device.
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11 device, and the at least one second outlet in communication with a third
12 hydraulic device.

1 43. A system for distributing a hydraulic fluid, comprising:

2 (a) a hydraulic control line;

3 (b) a first distributor having at least one inlet, at least one first outlet,
4 and at least one second outlet, the at least one inlet in communication with
5 the hydraulic control line;

6 (c) a second distributor having at least one inlet, at least one first
7 outlet, and at least one second outlet, the at least one inlet in
8 communication with the at least one first outlet of the first distributor, the at
9 least one first outlet in communication with a hydraulic device, and the at
10 least one second outlet in communication with the hydraulic device; and
11 (d) a third distributor having at least one inlet, at least one first outlet,
12 and at least one second outlet, the at least one inlet in communication with
13 the at least one second outlet of the first distributor, the at least one first
14 outlet in communication with the hydraulic device, and the at least one
15 second outlet in communication with the hydraulic device.

1 44. A system for distributing a hydraulic fluid, comprising:
2 (a) a hydraulic control line;
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(b) a first distributor having at least one inlet, at least one first outlet,
and at least one second outlet, the at least one inlet in communication with
the hydraulic control line;

(c) a second distributor having at least one inlet, at least one first
outlet, and at least one second outlet, the at least one inlet in
communication with the at least one first outiet of the first distributor, the at
least one first outlet in communication with a first hydraulic device, and the
at least one second outlet in communication with the first hydraulic device;
and

(d) a third distributor having at least one inlet, at least one first outlet,
and at least one second outlet, the at least one inlet in communication with
the at least one second outlet of the first distributor, the at least one first
outlet in communication with a second hydraulic device, and the at least
one second outlet in communication with a third hydraulic device.
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