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vaiAuuc ACTUATOR

- FIELD OF THE INVENTION |
‘The present invention relates to well completion equipment, and more

.specn” cally to mechanlsms for actuatlng ‘downhole well tools that require
_ pressurlzed hydraulic ﬂurd to operate

BACKGROUND OF THE INVENTION

ltis well known that many downhole devices require power to operate or

_ 'shift from posmon to posrt|on in accordance with the device's intended purpose A

' surface controlled subsurface safety valve (SCSSV) requires hydraullc and/or
10 electrlcal energy from a source located at the surface. Settlng a packer that is
- sealably attached to a strlng of productlon tublng reqmres either a tubing plug
- together W|th appllcatlon of pressure on the tubing, or a separate and retrievable -

- "setting tool'f to actuate and set the packer in the tubmg. Sllc_lmg sleeves or sliding

“side door" devices may also require hydraulic activation. it will become apparent
to anyone of normal skill in the art that many downhole devices requiring power -

for actuation can be adapted to utilize this invention. Such devices may

compnse packers, such as those disclosed in U.S. Pat. Nos. 5,273, 109,

- 5,311 938 5,433,269, and 5,449,040; perforatlng equipment, such as dlsclosed

s |r_i u.s. Pat. Nos. 5,449,039, 5,513,703, and 5,505,261; locking or unlocking
20
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devices, such as those disclosed in U.S.'.F"at. Nos. 5,353,877 and 5,492,173;

valves, such as those disclosed'in U'S Pat. Nos 5,394,951 and 5, 503 229;

' gravel packs such ‘as those disclosed in U. S Pat. Nos. 5,531,273 and
- 5,597, 040 ﬂow control devices or well remediation tools, such as those dlsclosed

in U.S. Pat. Nos. 4 429,747, and 4 434 854 and plugs or expansion joints, of the
type well known to those i in'the art.

Each of these well known devices has a method of actuation, or actuation
mech_anlsm that is integral and specific to the tool. Consequently, in the past,
most of these_ well _kn,own devices have required an independent source of

power. There is a need for a device that can provide one or more sources of

pressurized hydraulic fluid into the downhole environment, enabling actuation of
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_bIed off.

.any ‘number of downhole tools. The device should be adaptable for varlous o
. downhole tasks in various downhole tools, and be simple to allow for redress in
. thefield. It should also be adaptab_le for permanent installation in the completion,
thereby allowing multiple fun_c'tions‘to be perfermed_ on multiple tools located

therein, all controlled by an operator at a control panel on the earth's surface. ”

BRIEF DESCRIPTION OF THE INVENTION

A full understandmg of the present invention will be obtained from the - |
_detalled description of the preferred embodlment presented herein below, and

. the accompanymg drawmgs which are gwen by way of ilustration only and are -
‘not intended to be llmltattve of the present invention, and wherein:

‘Fig. 1 is a cross—sectlonal view of an embodlment of the hydraullc

- drstnbutor of the present lnventlon

Flg 2 is a cross-sectional view of the seatlng element and seal nut of an

'embodlment of the hydrauhc distributor.
15

Flg 3isa perspectlve vrew of an embodlment of the mdexer sleeve of the

. present invention in its lowermost posmon

. Fig. 3A is a dlagrammatlc sketch of the receptacles of the mdexer sleeve '
of the present mventlon '

Fig. 4 |s a cross-sectronal V|ew of an embodlment of the hydraulic

distributor of the present mventlon in |ts first position under no pressure.

.Fig. 5 is a cross-sectional view of an embodlment of the hydraulic
distributor of the present invention in rts first posmon under an initial pressure.
Fig. 6 is a cross-sectional view of an embodiment of the hydrauhc
dlstnbutor of the present invention in its first posrtlon under an elevated pressure.
Fig. 7 is a cross-sectional view of an embodiment of the hydraulic
distributor of the present mventlon in its first position with the elevated pressure

Fig. 8 is a cross-sectlonal view of an embodiment of the hydraullc
distributor of the present invention in its first position with the initial pressure bled

- off. K
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Fig. 9 is a cross-sectional view of an embodiment of the hydraulic -

: dlstrlbutor of the present mventron transrtlonmg to |ts second posrtron under no
" pressure. ' '

Fig. 10 is a cross-sectlonal view of an embodrment of the hydraulic
dlstnbutor of the present invention i inits second posrtlon under an initial pressure. |
Flg 11 is a cross-sectional view of an embodiment of the hydraulic

_dlstnbutor of the present mventton |n |ts second position under an elevated

pressur e

F|g 12 is a cross-sectlonal view of an embodiment of the hydrauhc

drstrlbutor of the present invention in its second posrtron with the elevated
pressure bled off. '

Fig. 13'is a cross-sectlonal view of an embodiment of the hydrauhc- |

. 'dtstnbutor of the present mventlon transntlomng fo its first position with the initial |

pressure bled off.
Fig. 14isa sectronal view of an embodiment of the present mventron in
whi_ch hydraulic fluid pressure is distributed to upper and lower pistons.
- F|g 15 is a diagrammatic sketch of an embodiment of the -present
invention wherein the hydraulic distributor further comprises 2 ratchet assembly.
- Fig. 15A is a perspective view an embodiment of the present invention
wherern the ratchet assembly further compnses a mechanical override.

 Fig. 15B is a perspective - view of the prommal components of an
embodrment of the mechamcal overnde

Flg 15Cisa perspectlve view of the distal components of an embodlment
of the mechanlcal override. C

~ Figs. 15D and 15E show an embodlment of the present mventlon used to
control a subsurface safety valve. Fig. 150 provrdes a perspective view wherein

the ratchet assembly is shown in a cut—away cross sectional view, and Fig. 15E

prowdes a cross-section taken along line 15E in Fig. 15D.

) F|g 15F is a perspectrve view of an embodiment of an mternal brake
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Fig. 16 is a dia_grammatic. sketch of an embodiment of the present

invention wherein the hydraulic distributor is used to control a sliding sleeve

valve. _ _ | _ _

. Figs. 17A - 17D are fragmentary elevational views, in quarter section, of
an embodiment of the present ihve_ntion wherein the hydraulic ts used to control a
safety valve. . | |

Figs. 18A and. 18B are Iongltudmal secttonal views, with portions in side.

elevatlon of an embodlment of the present mventlon wherein the hydrauhc -

dlstnbutor is used to control a subsea control valve apparatus

Flgs 19A — 19D are ‘elevational views, of an embodiment of the present

- -’mventron wherein the hydrauhc is used to control a variable orifice gas lift valve.

Fig. 20 is a dlagrammatlc sketch of an embodlment of the present .'
mventlon wherein the hydrauhc dlstrlbutor is used to control a hydraullcally
actuated lock pin assembly

. Fig. 21 |s a cross-sectronal view of an embodtment of the present

- invention whereln the hydraullc dlstrlbutor is used to control a resettable packer '

S 20

25
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- Figs. 22A~ 22D are contlnuatlons of each other and are elevational views,
in quarter sectron of an embodlment of the present invention wherem the
hydrauhc dlstnbutor is used to control a safety valve.

Figs. 23A — 23B are sectlonal views of an embodiment of the present
mventlon whereln the hydraullc dlstnbutor is used to control a formatron isolation
valve. ' _ ' .

Fxgs 24A 24C are contlnuatlons of each other and form an elevational
vrew in cross sectlon of an embodlment of the present mventxon wherein the

_hydraullc distributor is used to adva_ntage_to,control an emergency disconnect

tool. .
| Fig. 25 isa dlagrammatlc sketch of a series of hydraullc distributors used
to control a plurahty of tools from a smgle control line. .

Fig. 25Ais a dlagrammatlc sketch of a series of hyd raullc dlstrlbutors used
to control a plurahty of tools froma smgte control line.
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Flg 25Bisa dlagrammat|c sketch of a series of hydraulic dlstnbutors used
to control a ‘single tool from a smgle control line. '

Flg 25Ci is a dlagrammatlc sketch of a series of hydraulic distributors used

~ to control a plurality of tools from a smgle control line.

DETAI_L_ED DESCRIPTION OF THE INVENTION
_ In the following detailed description of the subject matter of the present
invention, the lnventlon is pnncnpally described as. being used in oil well

- applications. Such appllcatlons are mtended for illustration purposes only and are,
~ not intended to limit the scope of the present invention. The present invention

can also be used to advantage in operatlons within gas wells, water wells,
|n1ect|on wells control wells, and other appllcatlons requiring remote hydraulic

. control. All such appllcatlons are mtended to fall within the purvrew of the present

- invention. However, for purposes of illustration, the present lnvent|on WI|| be
_ descnbed as being used for oil well applications.

Addltronally, in the following detailed descnptron of the subject matter of
the present mventlon the invention is principally described as being used to
supply hydraulic devices with hydrautic fluid pressure from a main control line.
Such hydraulio'devices include, but are not limited to, hydraulic tools, hydraulic

| '.'.actuators and hydraulic dlstnbutors for example All such applications are

20

25 directional terms relatmg to the onen_tatlon on the drawing page will be used.Fig.

30

. mtended to fall within the purview of the present invention.

1In descnbmg the p_resent invention and its operation, it is important to note
that directional terms such as ‘up”, “down" “upper”, “Iower" are used to facrlrtate

'dlscussron of the example. However, the present invention can be used to

advantage in any axially orientation. However for purposes of mustratlon certain

1 is a cross-sectional view of an embodiment of the hydraulic distributor 1 of the
present mventlon The main body 10 of the hydraulic distributor 1 serves as its

| chasss and comprises a flow control housing 12 and an actuator housrng 52 that

are in coupled communication to channel the_ hydraulic fluid pressure from the
main _controt line 18. It should be noted that although in this embodiment of the
present invention the main bod'y 10 is a unitary component having two housings
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12, 52, in alternate embodiments within the scope of the present invention, the
main body 10 can be comprise'd of"other configurations such as, for example,

. separate but affixed housings 12 52.

Hydraulic ﬂurd pressure from the maln control line 18 is received by an
mlet port 14 in the flow control housmg 12. In this embodiment of the hydraullc

_ distributor 1, the inlet port 14 has a series of inlet threads 16 for sealingly

engaging the nozzle of the main control line. Howe\rer, there are a multiplicity of
ways in which the main control line can engage the inlet port 14 of the flow

. control housing 12 such as ﬂange_d 'c'onn_e.ctions, quick-connect fittings, welded '
_connections, and the like. All such ways are intended to fall within the purview of
_the present invention. The flow entering the inlet port 14 is distributed to a

. plurallty of outlet ports 20a, 20b. The outlet ports 20a 20b provrde the conduit for

15

20
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30

_supplymg hydraulic fluid pressure to hydraulic devrces .

In an embodiment of the present invention, each outlet port 20a 20b

‘houses a seatmg element 22 that controls the flow therethrough the outlet ports
IZOa. 20b Each seatlng element 22, in this embodiment, is malntamed within the
- outlet ports 20a, 20b by a seal nut 32.

It should be noted that in alternate embodlments the seatmg element 22

s mamtalned within the outlet ports 20a, 20b by means such as welds, solders,

threaded connectlons or the like. In still further alternate embodrments the

_ seatlng element 22 is integral with the outlet ports 20a, 20b.

- As best described with reference to Fig. 2, each seating element 22

: '_prowdes a seating surface 24 that is a matmg surface for a sprmg-controlled

actuatlon ball 38 (discussed beloW) to redi_ret:t fluid communicatien. When the
actuation ball 38 is in mating contact with the seating_surface 24, fluid is

‘prevented from entering and trav_eling through the internal conduit 26 that

extends therethrough the seating element 22. C_o'nversely. 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
~ energized by a spring, for example to further secure the matlng engagement

with the actuation balls 38
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- At the d.istal end of the internal conduit 26 is a tool interface port 28 that

. .-provrdes the interface to supply fluid flow from the internal conduit 26 to the
| '_hydraullc devices. The tool interface port 28 is provided with internal threads 30

. for engagement ‘with the attached hydrauhc devices. However, alternate

" 10

15

20

. con_nectlons for engagement may be utilized depending upon the type of
~ hydraulic device. Such connections include, but' are not limited to, flanged

-connections quick-connect fittings welded. connections, and the like. All such
. ways are intended to remain within the purview of the present invention.

) Referrlng back to Fig. 1, the flow control housing 12 is further defined by a -

- control chamber 34, The control chamber 34 is an internal channel within the flow

control housing 12 that extends from the inlet port 14 to the outlet ports 20a 20b

and extends from the inlet port 14 to the actuator housmg 52. Housed wrthm the
_' control chamber 34 is a supply alternator 36. The supply alternator 36 controls

the dlstrlbutlon of the hydraulrc ﬂurd pressure from the inlet - port 14 to the
approprrate outlet port 26a, 26b.

_In the embodiment of Fig. 1, the supply alternator 36 is compnsed ofa ball

..housmg 40 that hou_ses- a plurality of actuation balls 38, ball springs 44 and

spring spacer 46. The ball housing 40 is oriented within the control chamber 34
such thatitis axially aligned with the longitudinal axis of the seatlng elements22.
The ball housmg 40 has a retalmng shoulder 42 at each distal end of the ball

. housing 40 intermediate wrthm the ball housing 40 i is the spring spacer 46 that

acts as-a base for the opposing baII springs - 44 that bias the actuation balls 38

_ towards each retarmng shoulder 42 The retammg shoulders 42 prevent further

.25

.30

outward movement of the actuatlon balls 38.

A plurality of control screws 48 are affixed to and extend therefrom the ball

" housing 40 in.a direction perpendlcular to the axial orientation of the ball housing
* 40. To maintain the spacing and onentat|on of the control screws 48, a control

screw spacer 50 is provided from which the control screws 48 extend therefrom.
The control screws 48 extend from the ball housrng 40 and are affixed to a _
shuttle sleeve 60 (discussed below) housed within the actuator housing 52.

Although shown as screws, the “control screws 48" may be any membe_r capable
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- of connecting the ball housing 40 to the shuttle sleeve 60. For example, the
“control screws 48” can be an arm, an integrally formed connector, or any other

: connectlon

- The actuator housing §2 has a locking end 76, an mdexmg end 112, and

. def ines an mtemal bore 54. The mternal bore 54 is defined by the interior walls
- . 56o0f the actuator housing 52 and extends therethrough the actuator housing 52.
- The internal bore 54 is furt'her'deﬁned by a bore shoulder 58.

A shuttle sleeve 60 havmg a lock end 62 and an index end 70 resides

~ within the internal bore 54 such that the shuttle sleeve 60 can travel aX|aIIy

- 10 _'therethrough. The lock end 62 of the shuttle sleeve 60 provides a shuttle sleeve

. '.'._spring 64 within a shuttle spring h'ousing 66. The lock end 62 further provides a

20

25

30

" locking profile 68 that s deﬁned by a series of recesses 69a, 69b. The index end
70 provides a base surface 72 that abuts the bore shoulder 58 to limit the travel

of the shuttle sleeve 60 towards the indexing end 112 of the actuator housing 52.
15

The shuttle sleeve 60 further p'rovides a control screw reCeptacIe 74 for
fixed engagement with the control screws 48 ongmatmg in the supply alternator.

" Because of the substantlally rigid fixation, movement of the shuttie sleeve 60

controls the movement of the supply alternator 36.
A lock piston housmg 78 is affixed to the locking end 76 of the actuator
housmg 52. The lock plston housmg 78 has a lock plston chamber 80 defined by

| opposmg interior walls 82 and a chamber base 84. In an alternate embodlment 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 plston

'chamber 80. The lock plston 88is comprlsed ofa plston rod 90 a flange 92, and

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

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

Alock 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 _arrangement_s

could be utilized to advantage in the present invention. To fall within the purview
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| ~of the present tnventien it is only'necessary that the seal arrangement act to
~ prevent loss of fluid within the actuator housmg 52.

The control rod 94 of the lock piston 88 extends from the flange 92

| opposite the piston rod 90. The control rod 94 has a tapered detent 96 utilized to

15

manipulate a pIurallty of Iockmg balls 108 as will be discussed below The distal

: end of the contro! rod 94 extends within the lock end 62 of the shuttle sleeve 60.

A lock spring 98 Iocated within the lock piston chamber 80 is utilized to -

- bias the lock pl_ston rod 90 away from the c_hambe_r base 84. The lock spring 98
| | applies biasing force against the flange 92 of the lock piston rod 90. The strokeof -
100

the lock piston rod 90 away from the chamber base 84 is limited, and defined by,

" the location of a fixed cage 100. The fixed cage 100 having a Ilmltmg shoulder
1021 is affixed to the interior walls 82 of the lock piston chamber 80. The limiting
-shoulder 102 resists movement of the plston rod 90 resultlng from th.e_blas of the

lock spring 98 when the flange 92 a_bUts the limiting shoulder 102. Thus, the

_'_-_stroke of the lock piston rod 90 is controlled by the location of the fi xed cage 100.

The fixed cage 100 further has a lock ball housing 104. The lock baII

o housmg 104 extends within the lock end 62 of the shuttle sleeve 60 and receives

o _of the control rod 94 of the lock piston 88 therethrough. The Iock ball housing 104

det' ines a plurahty of receptacles 106 for the receipt of the lock balls 108. The

20

25

30

lock baII housmg 104 provrdes the base for the shuttle sleeve spring 64 located

. lWIthln the shuttle sleeve sprlng housmg 66.

- As will be discussed further below, the relatlonal posmons of the control
rod 94 the lock ball housmg 104, and the Iock baIIs 108 control whether the
shuttle sleeve 60 is engaged by the fixed cage 100 thereby- preventing axial
movement by the shuttie sleeve 60. As shown in Fig. 1, the shuttle sleeve 60 is in
an hnlocked' 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
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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'60 thereby preventing the shuttle sleeve 60 from further axial movement. Upon
. an upward movement by the control rod 94 the lock balls 108 release from ,
_ engagement with the shuttle sleeve 60 and again resrde in the tapered detent 96
of the control rod 94.

- An indexer piston housmg 114 is aft‘ xed to the mdexmg end 112 of the

actuator housing 52. The index piston housmg 114 has an indexer piston
B chamber 116 defrned by opposing interior walls 118 and a chamber base 120. In

~~an alternate embodlment a spacer (such asa stack of washers) is located on the
. chamber base 120.
0 -

An indexer piston 122 is located and maneuverable within the indexer

- piston chamber 116. The lndexer piston 122 is comprised ofa plston rod 124, a
. flange 126, and a control rod 128. An indexer piston seal maintains the fluid
.pressure within the indexer piston chamber 116. As discussed above with

reference to the lock piston seal 110, it should be noted that the indexer piston |
seal 152 shown in Fig. 1 is ex'e_mpla'ry of one embodiment of the present

_ inve_ntion. Any number of seal arrangements could be utilized to advantage in the -

pre'sent inventicn To fall within the purview of the present invention it is only -

' necessary that the seal arrangement act to prevent loss of fluid within the
| actuator housing.

The control rod 128 of the mdexer plston 122 extends from the ﬂange 126
opposrte the piston rod 124. The control rod 128 is utllized to manipulate the
shuttle sleeve 60, as will be discussed below. The control rod 128 extends W|th|n
the indexing end 112 of the actuator housing 52. | o

An indexer spring 130 Iocated within the indexer pistcn chamber 116 is
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 biston rod 124 resulting from the spring

_ bias is limited, and defined by, the Iocation of an indexer sleeve 134 with relation
~ to an indexer pin 132.

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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| -res_u_lt_s in axial movement of the indexer sleeve 134 and vice versa. The axial
~ displacement of the indexer sleeve 134 is limited by the indexer pin 132 that is
; rigidly affixed to the interior wall 118 of the indexer piston chamber 116.

The axial dlsplacement of the indexer sleeve 134 is best described with

_ reference to Flgs 3, whlch isa perspectlve view of an embodrment of the indexer

. sleeve 134 of the present invention in its uppermost posrtlon and Fig. 3A which

o isa dlagrammatlc sketch dlsplaymg the relational posrtlons of the receptacles of

. theindexer sleeve As shown in Fig. 3, the indexer sleeve 134 is comprised of an

10

. -_I'.upper thrust surface 1 36 a Iower thrust surface 138, one or more upper stops '
. 140, one or more lower receptacles 144, and one or more intermediate

- receptacles 146.

15

In Fig. 3, the mdexer prn 132 is Iocated ina lower receptacle 144 In this -

- posmon the indexer pln 132 prevents the mdexer sleeve 134 from upward
-._-movement resulting from a force applled to the lower thrust surface 138 '
..However upon appllcatlon of force to the upper thrust surface 136 the mdexer
- sleeve 134 is able to move downward toward its Iowermost position. As the
mdexer sleeve 134 moves downward ‘the mdexer pin 132 is forced into |

N engagement with the tapered surface 142_ of an upper stop 140 which forces the -

20
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indexer sleeve 134 to rotate. The downward travel and rotation of the indexer

’ sleeve 134 continues until the upper stop 140 i is engaged by the indexer pm 132.
At thls pornt the indexer sleeve 134 has rotated such that the mdexer pin 132is

i axial alrgnment with the tapered surface 148 of an intermediate receptacle
. 146. | | |

W|th the indexer sleeve in its lowermost position in whlch the indexer pin

__ 132 ls engaged by an upper stop 140 a force applied to the lower thrust surface
.~ 138 results in the indexer. sleeve 134 moving upward toward lts. uppermost
'.position. As the indexer sleeve 134 rnoves upward, the tapered surface 148 of an
_. intermediate re_ceptacle_ 146 engages the indexer pin 132. With continued upward

movement, the indexer pin 132 forces the indexer sleeve 134 to rotate as it
moves upward. The upward travel and rotation of the indexer sleeve 134

continues until the intermedia_te receptacle 146 is engaged by the indexer pin
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. 132. At this point, the indexe_r sleeve 134 is prevented from returning to its
o uppermost pcsition and is maintained in .its intermediate position by the

10

20

interactien between the indexer pin 132 and the intermediate receptacle 146.

' Further,_the _indexer sleeve 134 has rotated such that the indexer pin 132 is in
- axial alignment with the tapered surface 142 of an upper stop 140."

- Alternate applications of force to the upper thrust surface ‘lSGand the

lower thrust surface 138 will continue to cause the indexer sleeve 134 to rotate

and oscillate betvveen a loWerm'ost uppermost and intermediate position.
It should be noted that the posrtlons of travel of the indexer sleeve 134 of

. thls embodlment of the present mventlon are only demonstratlve for a particular
'_ | .apphcatron. By altermg the receptacle and, slot arrange_ments of the indexer

sleeve 134__, the indexer sleeve 134 can be oscillated be'tw,ee'n'any number of
intermediate 'positions or no intermediate positions at all (a simple 2 position

- indexer sleeve 12) All such embodlments fall within the purview of the present_ |
15 -

invention.

- It should further be noted that in an alternate embodiment, the indexer pin'

132 could be'lccat_e_d on the control rod 128 with the positional receptacles of the

indexer sleeve 134 held stationary within the indexer piston houslng 114, Again,

- such embodlments are intended to fall within the purwew ‘of the present

mventlon

“ Figs. 4 — 9 illustrate the various st_ages of operation of the hydraulic

- . distributor 1 as it is switched from its_ﬁ_r'st'_positicn to its second. Fig. 4 illustrates a
-+ cross-sectional view of an embodiment 'of the hydraulic distributor 1 in its upper

25

position under no pressure. The indexer sleeve 134 in Fig. 4 is in an uppermost
position with the mdexer pin 132 engaged bya lower receptacle 144 The bias of

~ the indexer spnng 130 resrsts downward movement of the indexer sleeve 134

30

with the upper movement limited by the interaction between the indexer pin 132

- and the lower receptacle 144. Under these condltlons the control rod 128 of the

indexer piston 122 contacts the base surface 72 of the shuttle sleeve 60 and

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

sleeve 60 from downward movement
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- Under no pressure the coeft” cient of the lock spring 98 is not overcome

o and so the lock spring 98 continues to maintain the lock plston 88 in its

3lowermost posmon in which the flange 92 abuts the fixed cage 100. With the lock

prston 88 in its lowermost position, the lock balls 108 remain within the tapered
detent 96 of the control rod 94 and the shuttle sleeve 60 is not fi xed to the fixed
cage 100. However, the downward movement of the shuttle sleeve 60 is

" lrestrlcted by the control rod 128 of the indexer plston 122 as drscussed above.
. Thus the shuttie sleeve 60 is Iocked in its upper position.

" With the shuttle sleeve 60 in its upper posrtron the control screws 48

~ which are afﬁxed to the shuttle sleeve 60 are forced into an upper posrtron wnthln

the control chamber 34. Consequently_,_ the supply_alternator 36 is forced into its -
upper position in which the upper actuation ball 38 matingly engages the seating )

~ surface 24 of the upper seating element 22. Such engagement is secured by the -
- force supplred by the compressron of the upper ball spnng 44. The lower.

15
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actuatlon ball 38 is maintained wrthln the ball housing 40 by the lower retaining

shoulder 42

" The appllcatlon of an initial pressure to the hydraullc drstrlbutor 1is

' |llustrated in Fig. 5. Under initial pressure, the hydraullc distributor 1 remains in
its fi_rst position. It should be understood that for purposes of illustration, the term

“initial pressure" refers to a pressure sufficient to overcome the Spring coefficient
of the lock 'spring 98, but insufficient to overcome the spring coefficient of the

" indexer spring 130. The coefficients are solely dependent upon the type of
_ apphcat|on for which the hydraullc dlstrlbutor 1 is utilized.

 As shown in Fig. 5, the hydraulic drstrlbutor 1 remains in its first posmon in

whlch the shuttle sleeve 60 remarns inits uppermost position with the indexer pin

132 engaged by a Iower receptacle 144 The control rod 128 of the indexer
piston 122 maintains the shuttle sleeve 60 in its upper pOSltIOI’l and resists .
downward movement of the. shuttle sleeve 60. _ _ _

Under initial pressure conditions, the coefficient of the lock spring 98 is
overcome such that the ﬂange 92 appl_res a force to the lock spnng 98 sufficient
to 'compress the lock spring 98 and enable the piston rod 90 to move upward
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(indicated by the arrow) toward the chamber base 84 of the lock piston chamber

- '80 The piston rod 90 continues to compress the lock spring 98 until movement
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-of the piston rod 90 is resisted by the chamber base 84. In the embodrment
- shown in Fig. 5, to protect the surface of the chamber base 84, and to adjust the
. load of the lock spring 98, a spacer 86 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 wnth the
- first recess 69a of the locklng profile 68 of the shuttle sleeve 60. The shuttle
- sIeeve 60 is consequently fixedly engaged to the fixed cage 100 and prevented |

- from downward movement regardless of the posrtron of the control rod 128 of the .
' mdexer piston 122.

. With the shuttle sleeve 60 remarnrng in its upper position, the supply
alternator 36 is malntalned in its upper posrtlon in which the upper actuatron ball

38 matingly e_ngages the seating surface 24 of the upper seating element 22. The

initial pressure is restricted from flow into the upper internal conduit 26 of_ the .

- upper seating element 22 but is free to flow through the lower internal conduit 26
- of the lower seating element 22. Thus, the initial pressure can be used to suppty

hydrauhc fluid pressure to a hydraulrc devrce attached to the Iower seatlng :
element 22 L | |
it should be understood that the term restricted":'as used herein to
describe the ‘control. of flow through the upper and lower intemnal conduits_' 26
refers to a condition wherein the'-ﬂow is totally or substa_ntially prevented from
ente'ring 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. |
: ~ Fig. 6 displays a Cro;c.s-sectiona_l view of hydraulic distributor 1 as the initial
pressure is increased to an elevated preés_ure. 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
suffi crent to overcome the sprlng coefficient of the lock spring 98, and sufficientto

_ overcome the spring ooeffrcrent of the mdexer sprmg 130. Again, these
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‘coefF cients are solely dependent upon. the type of appllcatlon for which the
| hydraullc drstnbutor1 is utilized.

- As indicated by the arrows in Fig. 6, ‘the coefficient of the lndexer spring

'.130 is overcome. such that the ﬂange 126 of the indexer piston 1__22 applles a

force _to the indexer spring 130 sufficient to compress the indexer spring 130 and

-'_enable the piston rod 12410 move downward toward the chamber base 120. The
- action of the piston rod 124 forces the indexer sleeve 134 downward toward its

lowermost position. As the indexer sleeve 134 moves downward, the indexer pin

~ 132 engages the tapered surface 142 of an upper stop 140 which forces the |

10

‘indexer sleeve 134 to rotate. The downward travel and rotation of the mdexer |
“sleeve 134 continues until the 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 tap'ered surface 14_8 of an intermediate rec_eptacle

146. :
' ‘With the upper stop 140 engaged by the mdexer pin 132, the indexer

sleeve 134 is in its lowest posrtron Consequently, the control rod 128 is also in

- its Iowest position in which the control rod 128 does not extend above the bore
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~ shoulder 58. Thus, the control rod 128 of the indexer piston 122 no longer resists

downward movement of the shuttle sleeve 60. However, because the lock piston
88 remains in its upper position with the lock balls 108 of the fixed cage 100

: 'engaged with the recess 69a of the shuttle sleeve 60 the shuttle sleeve 60 |s :
mamtamed in its upper position.

~ Once again, with the shuttle sleeve 60 remalmng in its upper posrtron the -
supply- alternator 36 is maintained in its upper position in which the elevated _
pressure is'.restricte.d from flow into the i’ntern'al conduit 26 of the upper seating
element 22 but is free to flow thr_ough th_e 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 hydraullc dlstrlbutor 1 with the elevated pressure bled
off back to the initial pressure. Wlth the elevated pressure bled off, the hydraulic
dlstnbutor 1, still remains in its first position.
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As indioated by the arrows in Fig. 7, the coefficient of the indexer spring
130 now overcomes the applied pressure such that th'e. indexer spring 130

. applies force to the flange 126 of the inde_xer piston 122 sufficient to force the
'_indexer piston 122 upwards. As the indexer piston 122 moves upwards the

~ indexer sleeve 134 moves upward toward its uppermost posmon As the indexer -

_' sleeve 1 34 moves upward the tapered surface 148 ofan mtermednate receptacle

- engages the indexer pin 132. With continued upward movement the indexer pin

- 132 forces the indexer sleeve 134 to rotate as it moves upward The upward
_ travel and rotatron of the indexer sleeve 134 continues until the intermediate
- 10 - receptacle 146 is e_ngaged_by the mdexer pin 132. At this point, the indexer
' sleeve 134 is prevented from returning to its uppermost position and is

- maintained in‘its i.ntermediate position by the interaction between the indexer pin

15

132 and the intermediate receptacle 146. Further, the indexer sleeve 134 has

o rotate.d_"such' th_at the indexer pi_n' 132 is in axial alignment with the tapered

surface 142 of an ‘upper stop 140. With the indexer sleeve 1 34 in an'intermediate

L posrtlon the control rod 128 extends up to the bore shoulder 58
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: Once again, the lock prston 88 remains in its upper posntlon wnth 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 in its upper position. Thus, the supply |
- alternator 36 is _maintained in its upper position in which the bled off pressure is

restricted from flow into the internal conduit 26 of the upper seating element 22

but is free to flow through t_he internal conduit 26 of the lower seating element 22.

~ Fig. 8 .illust'rates the hydraulic distributor 1 with the pressure further bled

off to a pressure lower than the initial pressure. The hydraulic distributor 1
continues to remain in its first position. - o

As indicated by the arrows in Fig. 8, the coefficient of the lock spring 98 is

no longer overcome and lock _spring 98 applies a downward force to the flange

- 92 such that the piston rod 90 moves downward until the flange 92 abuts and is

resisted by the fixed cage 100. As the piston rod 90, and thus the control rod 94,
moves downward, the lock balls 108 are once again received in the tapered

detent 96 of the control rod 94 and are removed from engagement with the first
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, rec':ess' 69a of the locking profile 68 of the shuttle s_leeve 60. The shuttle sleeve
- 60 is no longer fixedly engaged to the fixed cage 100. However, the applied |
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pressUre maintains the shuttle sleeve 60 in its upward posit'ion.

- Fig. 9 illustrates the SUbsequent bleeding off of the pressure applied to the

' hydraulic distributor 1 to a predetermined release pressure. Under the release

- pressure the hydraullc d|stnbutor 1, as indicated by the arrows, moves to its
' second position.

As stated above with reference to F|g 8 the shuttle sleeve 60 is no longer

) held in an upper position by e_ngagement of the lock balls 108 of the fixed cage

100. Thus;_once_ all of the pressure is bled to a predetermined release pressure,

- the shuttle sleeve 60 is forced to its lower positio'n by action of the shuttle sleeve
'~ spring 64, that has a coefficient sufficiently low to be Qvercorne by minimal

pressures but able to overcome a no.-pressure. state. As _indicated above, the

'_ dow_nward movement of the shuttle sleeve 60 is no longer impeded by the control
_rOd 128 ef the indexer pi'ston 122, asitis held in an intermediate 'position by the |
'engagement of the mdexer sleeve 134 by the rndexer p|n 132.

" As the shuttle sleeve 60 moves mto its Iower posmon the control screws

‘48, which are affixed to the shuttle sleeve 60, are forced into a lower position '.
- within the control chamber 34. COnsequen_tly,' the supply alternator 36 is forced -
intoits lower position in which the lower actuation ball 38 matingly engages the.

seating surface 24 of the lower seating element 22. Such engagement is secured

by the force supplied by the compression of the lower ball spring 44. The upper

ball 38 is maintained within the ball housing' 40 by the upper retaining shoulder
2 . o o . .
As has been dlscussed the shuttle sleeve spring 64 has a sufflcrently low
coefficient that the swuchmg of the shuttle sleeve 60 from its upper position to its
lower posrtlon does not occur until nearly all of the pressure has been bled off. In

. esse_n_ce. 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

position. This time delay avoids problems associated with p_rematurely bleeding

off the pressure as the 'supply alternator 36 is toggled from its upper position to
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- its lower position. In addition to affecti'ng the operatlon of the hydraulic distributor

1, premature bleedrng off of the pressure affects the mstantaneous dellvery of

~ power to the hydraullc devrces

Figs. 10 - 13 illustrate the various stages of the hydraulic drstrlbutor 1 of
the present mventlon as it moves from its second position to its first posrtlon To

- begin, Fig. 10 provrdes a cross-sec_t_rona_l view of the hydraulic distributor 1 in its E _
" second position under an initial preSsure_.-As discussed above, an intermediate

“receptacle 146 of the' indexer sleeve 'l34 is engaged by the indexer pln 132. The
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. indexer sleeve 134 is maintained in this posrtlon by the bias of the indexer spring
- 130. As discussed above force applled tothe lower thrust surface 138 is resisted

by the interaction between the indexer pin 132 and the intermediate receptacle '
146. In this position, the control rod 128 of the mdexer prston 122 does not force

‘the shuttle sleeve 60 away from the bore shoulder 58 and away from its lower

position.

Under initial pressure, the hydrauhc drstrlbutor 1 remains in- its second

: 'posrtlon Agarn it should be understood that for purposes of |llustratron the term

“initial pressure” refers to a pressure sufﬂment to overcome the spring coefficient
of the lock spring 98, but rnsuﬁ' cient to overcome the sprmg coefﬁclent of the

'mdexer spring 130.

Under these initial pressure condrtrons the coefficient of the lock sprmg 98

s overc_ome such that the ﬂange 92 applles a force to the lock spring 98

suffi cient to compress the lock sprlng 98 and enable the piston rod 90 to move |

upward (lndlcated by the arrow) toward the chamber base 84 of the lock piston
" chamber 80. The plston rod 90 contlnues to compress ‘the spring until its
'shoulder 87b abuts the chamber base 84 preventing further movement. In the

ernbodime_nt shown in Fig. 10, to _protect the surface of the chamber base 84,
and to adjust the load of the Ioc_k_ 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

69b of the locking profile 68 of the shuttle sleeve 60. The shuttle sleeve 60 is
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cbnsequentl'y fixedly engaged to the fixed cage 100 and prevented from upward

_ movement

- With the shuttle sleeve 60 fixed in its lower posmon the supply alternator '

' 36 is malntalned in its lower posmon in whlch the lower actuation ball 38 matingly

'engages the seatmg surface 24 of the lower seating element 22. The initial
pressure is restricted from flow mto the lower internal conduit 26 of the lower

~ seating element 22 but is free to flow through the internal conduit 26 of the upper
- seating element 22. Thus, the initial pressure can be used to supply hydraulic

ﬂuid pre_ssui’e to a hydraulic device attached to the upper seating element22.
~ Fig. 11 displays a cross-sectional view of hydraulic distributor 1 as the

_initial pressure is increased to an elevated pressure. Under this elevated
. pressijre, the hydraulic distributor 1 still remains in its second position. As above,

it should be understood that for purposes of 'iIIu's_,tratiOn, the term “eleVated

'- pressufe" refersto a pressure suffi cient to overcome the spring coefficient of the
- lock sprmg 98, and sufficient to overcome the sprmg coefﬁment of the indexer

sprlng 130 .
As indicated by the arrows in Fig. 11, the coefficient of the indexer spring
130 ls overcome such that the ﬂange 126 of the indexer piston 122 applles a

. force to the mdexer spring 130 sufficient to compress the indexer sprlng 130 and
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enable the piston rod 124 to move downward toward the chamber base 120. The -
action of the piston rod 124 forces the indexer s_Iee_ve 134 downward toward its

) Iowerm'ost position. As the indexer sleeve 134 moves downward the indexer pin
- 132 engages the tapered surface 142 of an upper stop 140 which forces the

mdexer sleeve 134 to rotate. The downward travel and rotation of the mdexer |
sleeve 134 continues until an upper stop 140 is engaged by the indexer pin 132.
At this pomt. 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,
the supply alternator 36 is maintained in its lower position in which the elevated _
pres_sure is restricted from flow into the internal conduit 26 of the lower seating
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element 22 but is free to flow through the lnternal conduit 26 of the upper seatlng

'element 22, Thus, the elevated pressure can be used to supply hydraulic fluid
pressure toa hydraullc devrce attached to the upper seating element 22.

Flg 12 |llustrates the hydraullc distributor 1 with the elevated pressure'
bled . off back to the initial pressure. With the elevated pressure bled off, the
hydraulic distributor 1, still remains in its second position. As indicated by the

arrows in Fig. 12, the coefficient of the indexer spring 130 now overcomes the

applied pressure such that the mdexer spring 130 applies force to the flange 126
of the indexer p|ston 122 sufficient to force the indexer plston 122, and thus the |
indexer sleeve 134, to move upwards. As the indexer sleeve 134 moves

'upwa'r'ds, the tapered surfao_e_ 145 of a lower receptacle 144 'engages the indexer
~ pin 132. With continued upvvard movement, the indexer pin 132 forces the

indexer sleeve 134 to rotate as it moves upward. The upward travel and rotation

- of the indexer sleeve 134 continues until the control rod 128 of the indexer piston

122 comes into contact with the base surface 72 of the shuttle sleeve 60.

: BecaUSe the shuttle sleeve 60 is locked in its lower position by the lock balls 108

of the fixed cage 100 additional upw'ard movemeht o_f the indexer piston 122,
and thus indexer sleeve 134 is prevented

With the shuttle sleeve 60 remaining in |ts lower posrtlon the supply

alternator 36 i is also maintained in its lower position in which the bled off pressure

is restncted from flow into the mternal condult 26 of the lower seatlng element 22

~ butis free to flow through the mternal conduit 26 of the upper seating element 22.

~ Fig. 13 illustrates the hydraullc dlstnbutor 1 with all of the pressure bled off
such that the hydraulic drstrlbutor 1 returns to its first position. As indicated by the
arrows in Fig. 13, the coeffi ment of the lock spring 98 is no Ionger overcome and'_
the lock sprmg 98 applies a downward force to the flange 92 such that the plston :
rod 90 moves downward until the flange 92 abuts and is resisted by the fixed "
cage 100. As the piston rod 90, and thus the control rod 94, moves downward,
the lock balls 108 are once again received in the tapered detent 96 of the control
rod 94 and are removed from engagement with the second reCess 69b of the
locking profile 68 of the shuttle sleeve 60. The shuttle sleeve 60 is no longer
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| fixedly engaged to the fixed cage 100. Now the upW_ard rnovemen_t of the indexer .

piston 122 is no Ionger resisted and the indexer sleeve 134 continues its upward

- movement until the indexer pm 132 is engaged by the most receptacle 144. At
'~ the same time, the control rod 128 forces the shuttle sleeve 60 into and

maintains the shuttle sleeve 60 in lts upper position.

As the shuttle sleeve 60 moves into its upper position, the control screws

. 48, which are afﬁxed to the shuttle sleeve 60, are forced into an upper position
- within the control chamber 34. Consequently, the supply alternator 36 is forced

into its upper position in which the ‘upper actuation ball 38 matingly engages the
seatrng surface 24 of the upper seatmg element 22. Such engagement is |

_ _secured by the force supplied by the compressron of the upper ball spring 44.
- The lower actuation ball 38 is now_ maintained within the ball housing 40 by the

upper retaining shoulder 42.

Fig. 14 provides a sectlonal vrew of an embodiment of the present

mventlon in which the outlet ports 20a, 20b of the hydraulic dlstnbutor 1 distribute

hydraulic fluid pressure to upper and Iower pistons 160a, 160b. (Again, it should
be emphasized that the dlrectlonal terms such as “up”; “down”, “upper”, “lower”,
are used to facilitate discussion of the example and are not intended to limit the
scope of the present invention.) The upper and lower pistons 160a, 160b can be

‘used to advantage to control the actuatron of various downhole well equipment

and tools In an alternate embodiment, the upper and lower plstons 160a 160b
are replaced by hydrauhc control lines. It should be noted that in this
embodiment, the mlet port 14 of the hydraulrc distributor 1 is located in the
actuator housing 52. - ,

- th.' 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 prstons 226a 226b is used
to rncrementally advance or retneve the driving rod 240 to activate or maneuver
downhole tools, devices and equipment. It should be understood that the ratchet

A ttomey Docket 68.0207 . 21
Express Mail: EL 765 786 165 US



assembly 210 of the present invention can be used to manlputate and maneuver__ '

o a plurallty of pistons 226a, 226b and a plurallty of driving rods 240.
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The pistons 226a, 226b of the present invention are actuated by hydraullc

~ fluid pressure supplied by the hydraulic drstnbutor 1. Upper and lower piston

springs 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

228a, 228b and a pawl 230a 230b _having engagement teeth 232a, 232b

'-_attached thereto. In an embodiment of the present invention, the pawls 230a, -
. 230b are at_tached to the control arms _228a, 228b by pins 236a, 236b, for

example, such that the pawls 230a, 230b have some rotational flexibility, but are

~ substantially rigid in the axial direction of the control arms 228a, 228b.
"Engagement springs 234a, 234b bias the pawls 230a, 230b such that the

engagement teeth 232a 232b are forced to rotate away from the control arms
228a, 228b ' | '

it should be noted that the pawls 230a, 230b described wnth reference to

 the embodiment of the present invention illustrated in Fig. 15 are illustrative and

not mtended as Ilmltmg on the scope of the present invention. Any number of
pawls, collet fingers, latching mechanisms, or the like, can be used to IadVantage

to cooperate with the pistons 226a, 226b and driving rod 240 of the present

:nvenhon
A blasmg surface 238a 238b is Iocated approxnmate each of the pistons -

226a 226b. Upon retraction of the plstons 226a 226b, the pawls 230a, 230b
contact the biasing surface 238a, 238b whlch,_lmparts 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 plurallty of upper ratchet detents 242a and

lower ratchet detents 242b wrth each_ratchet detent 242a, 242h havmg a tapered

release 243a, 243b. The ratchet detents 242a, 242b are oriented stuch that the
upper detents 242a can be 'cc:)operatively engaged by the upper engagement
teeth 232a on the upper pawl 230a, and likewise, such that the lower detents
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242b can be cooperatlvely engaged by the Iower engagement teeth 232b onthe
lower pawl 230b. The cooperatlve engagement enables the driving rod 240 to be

: mcrementally advanced or retrieved. The spacmg and number of ratchet detents
242a, 242b is dependent upon the appllcatron for which the present mventron is

being used.

" In an embodiment of the present invention, the hydraulic distributor 1, and -

- the 'r_atchet_ assembly 210 are ‘housed within an assembly frame 212 that is
~affi xed to pipe tubing 244, for exarnple The assembly frame 212 has a hydraulic -
" module 220 that houses the hydraulic distributor 1 and the upper and lower .
plstons 226a, 226b. The assembly frame 212 also has opposmg spring modules

221 that, in combmatlon with the hydraulic module 220, form a compression

B chamber 214 filled with a fluid such as oil. The control arms 228a, 228b of the
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pistons 226a, 226b extend therein the compression chamber 21 4, and the piston

| ~ springs 239a, 239b are housed within the compression chamber 214. The driving
~ rod 240 is maneuverable within the compression chamber 214 and the lower end

of the driving rod 240 extends therethrough the compression chamber 214 such

~ that the device coupling 246 located at the distal end of the driving rod 240 can

be u_s,ed to advantage to control downhole tools, devices, and equipment.
A compensating piston 218 is located within the assembly frame 212 that

‘acts to maintain the fluid pressure within the compression chamber 214 equal to

the external bore pressure Mamtalnmg equal internal and external pressure

provndes several advantages. One such advantage is to maintain the fluid seals

216 that act to keep the compression chamber 214 free from contaminants, such
as sand, that tend to degrade the.'components of the ratchet asSembly 210. An
additional advantage of u'stn'g 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.21 4, absent a high enough countering 'fqrce supplied by
the lower piston 226b, the driving rod 240 will be forced upwards which could act |
to prematurely activate or dea_ctivate a downhole device or tool. Likewise, an

internal pressure of the compression chamber 214 greater than the external bore
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- pressure acts to force the driving rod 240 downwards Thus, to maintain control

over the maneuvermg of the dnwng rod 240 it is necessary to marntam equal

“internal and external pressures.

In operation, hydraullc fluid pressure is supplied by the main control line
18 to the hydraulic distributor 1. In the sketch shown in Fig. 15, the hydraulic
distributor 1 is in its second position in which hydraulic fluid flow travels through
the 'second flow line 18b to actuate the lower piston 226b 'and force the pawl

'238b downward. As discus_sed above, the engagement teeth 232b are biased

away from the control arm 228b and engage a lower ratchet detent 242b of the
drlvmg rod 240 Thus, downward movement of the control arm 228b acts to force

' the driving rod 240 downward

‘Under continued hydraulic pressure the control arm 228b of the lower

_piston 226b continues to move downward until it reaches its maximum stroke. At
- this point, if it is desired to advance the driving rod '240 further, the pressure

through the supply line 18b is bled off until the lower piston spring 233b forces

“the piston 226b back to its retracted posrtlon As the prston 226b and control arm

228b are forced back toward its retracted position, the engagement teeth 232b '

- are gurded out of engagement with the Iower ratchet detent 242b of the driving

. rod 240 by its tapered release 243b. Subsequent supply of hydraullc pressure
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through the supply line 18b acts to again force the lower piston 226b and pawl
238b downward. Because the engagement,sprmg 234b keeps the engagement |
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
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.

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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such, the upper piston spring 239a forces the upper piston 226a into its 'fuIIy
retracted position. As the control arm 238a is retracted by the piston 226a, the

- . pawl 230a contacts the biasing surface 238a. 'Because the force supplied by the
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upper piston spring 239a is grea_ter than_' the force supplied by th_e ‘engagement |

- spring 234b, the engagement teeth__232a are forced out of contact with the
driving rod 240. Thus, the driving rod 240 can be maneuvered downward without
' ‘any frictional resistance provided by the upper pawl 230a.

To reverse the process and move the driving rod 240 upwards, the

- hydraulic fluid pressure supplied by the main control line 18 is varied to exceed
10

predetermlned switching parameters of the hydraullc dlstnbutor 1 to switch the

~ hydraulic distributor 1 to its second posmon In its second position, the hydraullc _
- distributor supplies hydraulic fluid pressure to the first supply line 18a. The upper

piston 226a is now actuated and as itis forced upward, the engagement spring
234a forces the engagemeht teeth 232a of the pawl 230a into engagement with
the rafchet detents 242a of the driving rod 240. As above_, repeated supply and
bleeding off .of the hydraulic fluid pressure to the upper piston 226a acts to
incrementally advance the drivingrod 240 in an upward direction.

Because the driving rod 240 is advanced and retrieved by the actions of
t_he pistons 226a, 226b, directional movement in both directions is controlied by -
positive pressure supplied from the hydraulic distributor 1. Thus, neither direction
of movement_ of the driVihg rod 240 is controlled by a spring. As a consequence,

_the ratchet assembly 210.enab_les' more powerful movement of the driving rod

240 in both directions. This enables the ratchet assembly 210 to be used to

“advantage on tools devices, and equment requiring equal actlvatlon and

deactivation forces Further such actlvatlon and deactivation is achieved from a
smgle control line 18. The use of the small stro_kes to advance or retrieve the
driving rod 240 offers many .ad\rantages. One such advaniage is to enable
incremental movement of the drivih_g rod 240. Such incremental movement offers
advantages to various downhole tools, 'devices, and equipment. For example, if

the ratchet assembly 210 is used to control a valve, the incremental movement

enables the_ valve to be opened or closed at vary_ing rates of speed. Additionally,
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| _ the valve can be malntamed in many intermediate posmons in which the valve is
' partlally opened or closed.

Another advantage of the small strokes that may be, but not required to

be, utilized by the ratchet as_sembly 210 of the present invention is that a Iong'
- stroke of the pistons 2264, 226b is achieved by the use of many smaller strokes.

Using smaller strokes enables the use of relatively compact but powerful
mechanical piston springs 239a, 239b This avoids the problems associated with
using longer mechanlcal sprmgs (ie., loss of resnstlwty) for pistons havmg a

~ longer stroke.
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Ancther advantage of the ratchet assembly 210 is that it can be used to

~ force the driving rod 240 forward and backward without having to cycle through _
the complete stroke of the pistons 226a, 226b like that requ:red w1th the use of

conventional j-SlOt deSIQns

In an embodiment shown in Figs. 15A - 15C a mechamcal overnde is
prowded The mechanical override acts to mechanlcally swntch the hydrauhc.

distributor 1 from its first posmon to its second position, or from its second

position to its first position. The mechanical override is activated when the
engagement teeth 232a, 232b of the pawls 230a 230b have been displaced
beyond the Iast ratchet detents 242aa 242bb of the drlvmg rods 240 m either
dlrectlon '

In the embodlment shown in Flgs 15A - 150 the ratchet assembly 210 is
used to control two dnvmg rods 240. The mechanical override is provided with a

- proximal override 248 that is activated when the engagement teeth 232a of the
. pawls 230a have been dlsplaced beyond the last ratchet detents 242aa of the

proximal end of the dnvmg rods 240. The mechan ical override is further provided
with a dlstal override 254 that is activated when the engagement teeth 232b of
the pawls 230b have been displaced beyond the last ratchet detents 242bb of
the distal end of th_e driving rods 240. It is important to note that although the

. mechanical override is described with reference to the_ embodiment shown in
30

Figs. 16A — 15C in which two driving rods 240 are controlled, the mechanical
override is not so limited. The mechanical override of the present invention has
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equal applicability to ratchet assemblies 210 used to control any number of
driving rods 240. . '

The proximal override 248 is best described with reference to Flgs 15A

and 15B. The proximal override 248 has a proximal lifter 249 havmg a proximal

lifter notc_h.249a. L_Inder normal operating conditions, with the engagement teeth

~ 232a of the pawls 230a engaged in the ratchet detents 242a of the driving rods

240, the pawls 230a are maneuverable by the piston 228a without interference
from the proxmal lifter notch 249a. However, because the last ratchet detents
242aa of the drlvmg rods 240 are not cut as deep as the other ratchet detents
242a, once the pawls 230a engage the last ratchet detents 242aa, the proximal

_i'ifter notch 249a ehgages the pawls 230a. Thus, as indicated by the arrows in

Fig 15B, further outward mev_eme_nt by the piston 228a, resuits i'n'displacement
of the proximal lifter 249. .

Affixed to the proxmal lifter 249 is a lifter arm 250 havmg a lifting fork
250a for engagement and dlsplacement of a distribution trlgger 252. Outward

'displacement by the prommal lifter 249 results in displacement of the lifter arm

- 250, and consequently, outward displacement of the distribution trigger 252 (as

20 .

25

30

~ indicated by the arrows in Flg 158) Because the distribution trigger 252 is

affixed to the piston shaft 90a {(shown in Fig 1), outward dlspiacement of the
distribution trigger 252 activates the Iock piston 90 to mechanically switch the
hydrauilc distributor 1. Once the "hydraulic dlstrlbutor 1 is switched, the pawls
230b can be used to displace the driving rods 240 in the opposite direction, or

~ canbe used to bring the pawls _230a back into engagement with the dnvmg re_ds

240. | |
The distal override 254 is best described with reference to Flgs 15Aand
15C. The distal override 254 has a distal lifter 255 having a distal Ilfter notch

255a and a distal lifter base 255b. Under normal operating conditions, with the

engagement teeth 232b of the pawls 230b engaged in the ratchet detents 242b,
the pawls 230b are maneuverable by the piston 228b without interference from
the distal lifter notch 255a. However, because the last ratchet detents 242bb of
the driving rod 240b are not cut as deep as the other ratchet detents 242b, once
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R the pawls 230b engage the last ratchet d.e_tents 2'42bb. the distal lifter notch 255a
~ engages the pawls 230b. Thus, as'indica_ted by the_ arrows in Fig. 15B, furt_her

- outward mo.ve_ment by the piston 228b, results in displacement of the distal lifter

10

255, | o |
Affixed to the base 255b of the distal lifter 249 is a rocker 256 that rotates
about a hinge pin 257. The rocker 256 is in engagement with the distribution

- trigger 252. Outward displacement'b'y_ the distal lifter 255 re,s_tilts in inward

displacement of the distal lifter base- 2_55b. and ccnsequently, outward

'displacement of the distribution trigger 252 (as indicated by the arrows in Fig.

158) Because the distribution trigger 252 is afﬁxed to the plston shaft 90a

- (shown in Fig. 1), outward dlsplacement of the dlstrlbutlon trigger 252 activates

15

- the lock piston 90 to mechanlcally switch the hydraulic distributor 1. Once the

hydraulic distributor 1 is swi_tched; the pawls 230a can be used to displace the
driving rods 240 in the 'op_po_site dire_ctlion, or can be used to bring the pawlis 230b
back into engagement with the driving r'o_ds 240.

In this manner, the mechanical override acts to mechanically switch the

. 'hydraulic' distributor 1 when the last ratchet detents 242aa, 242bb have.been

20

25

30

reached. This enables the controller to know the limit to which the driving rod 240
can be displaced, and ellmlnates the need to use excessive pressure to switch
the hydraulic distributor 1. Dependmg upon the appllcatlon excesswe pressures
‘may not be possible.

An embodiment of the present invention shown in Figs. 156D and 15E

'shows the ratchet assembly 210 used to advantage to control a subsurface

safety valve 260 The safety valve 260 has a choke 262 in communication with a |

flow regulator 264. The flow regulator 264 has multlple intermediate condmts 265
- through which flow is enabled._ Thus, incremental movement of the choke 262

over the conduits 265 en_ab_les precise ﬂcw regulation and control. It should be
noted that in the embodiment shown in Figs. 15D and 15E, the ratchet assembly
210 and the hydraulic distributor 1 are mounted in the wall of a well tool such that
the wall of the well tool houses both components and acts as the assembly frame
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212 It should be further noted that in an alternate embodiment, the components
are mounted eccentrically in the well tool wall.

In the embodiment shown in Figs. 15D and 15E, the ratchet assembly 210
is comprised of two _sets'_ of pistons 226a, 226b used to manipulate two ”driving
rods 240. Again, the number of pistons 226a, 226b and driving rods 240 can be

altered and still remain within the.purvie'w of the invent_ion. The driving rods 240
- are affixed to the choke 262 of the safety valve 260 by the. device coupling 246.

_ As discussed above, by alternatmg the hydrauhc fluid pressure from the main
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' control Ime 18, the hydrauhc dlstnbutor 1 is used to manipulate the plstons 226a,

226b of the ratchet assembly 210, wh_lch, in turn, _mampulat_e the driving rods

240. DownWard movement of the'driving rods 240 acts to force the choke 262

downward to incrementally closé the valve 260, and upward movement of the
driving rods 240 acts to force the choke 262 upward to mcrementally open the

valve 260. Thus, the pressure cycles can shift the safety valve 260 to the fully

open posmon multiple intermediate posmons and the fully closed position. In
this manner incremental opemng and. closing of the safety valve 260 can be
accompllshed by varymg the flow supplled to a single control line 18.

ot should be noted that the llustrated embodiment of the choke 262 of the .
safety valve 260 has an internal brake 263 (shown in Fig. 15F) which acts to
prevent undesired upward or downward movement of the choke 262. Such
brakes, known in the art, are used to ad\rantage in the present' invention to
ensure that the driving rods 240, which are affixed to the choke 262 are not able |
to displace when the hydrauhc pressure |s released. AIthough not requrred such
brakes are particularly advantageous in the present invention wherein it is
necessary to bleed off hydraulic pressure to incrementally advance the ratchet
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
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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_applied directly' to the driving rod 240. It should be Understoo'd-'that although in
- the above discussed embodlments of the present invention the ratchet assembly

- 2101 is mampulated by the hydraulic distributor 1, in an alternate embodiment the
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ratchet assembly is manipulated mdepende_ntly of the hydraulic dlstnbutor 1. For

'.-_exam'ple the ratchet assembly 210 can be manipulated by hydraulic fluid

pressure supplled by a pIuraIrty of control lines in direct communication with the
plstons 226a, 226b, or by other known methods. '

Figs. 16 is a diagrammatic sketch of an embodlment of the present |

- invention wherein t_he hydrauhc distributor 1 is used to advantag.e to control a ,
_sliding sleeve valve 300 such as that disclosed in U.S. Pat. No. 4,524,831 to -

Pringle. The ind_ing slee_\re'vellve 300 is moved to an ppen' pbsitio_n by applying

~ pressure to a hydraulic inlet 302 and __ret'u_rned to its closed position by bleeding
- off the pressure. A spring may also be provided to facilitate the closing of the
valve. - | |

in Fig. 16, a .hydraulic distributor 1 receives flow from a main control line

18 Assuming the hydraulic distributor 1is 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 hydraulic inlet

302 through the first suppiy line 18a. The hydraUlie fluid pressure entering the

hydraulic inlet 302 actuates the sliding sleeve valve 300 and it is moved to an -
open position. Bleeding off the _pressUre from the main control line 18 acts fo
return the sliding sleeve valve 300 to its closed position. In this manner, repeated

' opemng and closing of the slldmg sleeve valve 300 can be accomphshed

_ ‘An additional hydraullc dewce 201 can also be actuated by the hydraullc
distributor 1. As discussed earlier in describing the operatlon of the hydraulic
d_istribufor 1, by varying the pressure supplied by the main. control line 18 to
exeeed predetermined switching parameters; the hyd_raulic_ 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
hydraulic fluid pressure to the second supply line 18b. In its second position, the "
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hydraulic distributor 1 facrlltates hydraullc fluid pressure toan addltlonal hydraullc
device 201. . _
Thus, by varying the hydraulic'ﬂuid pressure supplied by the main control -
line 18, the hydraulic di'stributor 1 cah be used to advantage to supply hydraulic
ﬂUId pressure to one or more hydraulic devices. The hydrautic distributor 1 only
switches position upon exceeding predetermmed pressure values therefore, the

flow to one or the other device can be varied without premature switching of the
- position of the dlstnbutor 1. In thls way, mdwrdual devices can be oscillated

between pressure states and one or more dewces can be remotely controlled by

a slngle control line 18.

. It should be noted that for dlscussmn purposes the hydraullc distributor 1
is shown in Fig. 16 as a diagrammatic sketch. The sketch is not intended to limit

- the locatlon of the hydraullc distributor 1 as being external to the slldlng sleeve,

valve 300. The hydraullc distributor 1 can also be prowded on or in.a wall of the

' slldlng sleeve valve 300 or be provrded on or in a wall of a ool string to which the |

slldl_ng sleeve valve 300 is a part of, for example.

Flgs 17A - 17D are fragmentary elevatlonal views, in quarter section, of

‘an embodlment of the present invention wherein the hydrauhc distributor 1

(shown as a dlagrammatlc s_l<etch) is used to advantage to control a safety valve
310 such as that disclosed in U.S. Pat. No. 4,621,695 to Pringle. The safety

- valve 310 is moved to an open position by applylng hydraulic pressure to a first
- hydraulic inlet 311 that is in communication with the upper surface of the piston

312. The safety valve 310 is returned to its closed position by applymg a greater'
hydrauhc pressure to a second hydraulic inlet 312 that is in communlcatlon with-
the lower surface of the piston 312. '

" A hydraulic distributor 1 (shown in Fig. 17A) receives flow from a main

- control line 18. Assuming the hydraullc distributor 1 is in its first position in which

the hydraulic fl_uld 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
inlet 311 through the first supply line 18a. The hydraulic fluid pressure entering

A ttomey Docket 68.0207 3
Express Mail: EL 765 786 165 US :



the hydraulic mIet 311 forces the plston 312 downward which acts to open the
safety valve 310..

The second supply line 18b of the hydraullc distributor 1 is in
communication with the second hydraulic inlet 313. Thus, varying the flow from"
the main control line 18 to swilc':h the hydraulic distributor 1 from its first position

- _' to its second position, acts to supply_hydraulic fluid pressure to the second
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" hydraulic inlet. 313 which forces the piston 312 upward and moves the safety

vaive 310 tc a closed position. In this manner repeated opening and closing of
the sliding safety valve 310 can be accompllshed by varying the flow supphed to

‘a single control line 18.

It should be noted that for dlscusswn purposes, the hydraullc distributor 1
is shown in Figs. 17A as a diagrammatic sketch. The sketch is not intended to
limit the location of the hydraulic distributor 1 aé being external to the safety valve
310. The hydraulic distributor 1 can also be provided on or in a wall of the safety
valve 310 or be provided on or in a wall of a tool string to which the safety valve
310isa part of, for example Flgs 18A and 18B are Iongltudlnal sectional views,
with portlons in side elevatlon of an embodiment of the present invention |
wherein th_e hydraullc_dlstnbutor 1 (shown as a diagrammatic sketch) is used to
advantage to control a subsea control valve apparatus 320 such as that
disclosed in U.S. Pat. No.. 3,967,647 to Young. The subsea control valve
apparatns 320 receives hydraulic fluid pressure from three hydraulic inlets 320A,

320B, and 320C. Hydraulic fluid pressure.received by the first hydraulic inlet

320A acts to force the outer piston assembly 321 and the inner piston assembly

322 downward causmg correspondlng downward movement of the valve cage
323 which rotates the ball valve element 324 to an open position. To rotate the

ball valve element 324 to a closed posmon 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 3208 is
used for an emergency shut in. In the event that a wireline tool is suspended in
the well for perfo'rating or the like, and an emergency condition dictates that the
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well be shut in before there is time to ret_rieve_ the wireline tool, hydraulie fluid
| pressure is directed to the second hydraulic inlet 320B. The flow forces the inner
' piston assem'bly 322 upwards which acts to force the valve 'cage 323 upwards.

- The combination of the hydraulie force .'a_r_\d the force of the return spring 325 is

a_dequate to cause the ball valve element 324 to cljt wireline or cable ' _
Hydraulic fluid pressure recelved by the third hydraulic inlet 320C i is used

~ to release the control unit 326 from the valve assembly 327. The control umt 326
- can be retneved to the surface leaving the valve section 327 within the blowout
: preventer stack.

'The embodiment of the present mventlon shown in Fig. 18A, utilizes two |

*hydraulic distributors 1, 2 to supply hydraulic fluid pressure to the three hydraullc
inlets 320A, 320B, 320_0 from a single contl'ol_ line 18. The first hydraulic

distributor 1 receives flow from the main control line 18. Assuming the hydraulic

distributor 1 is in its first peSition in which the hydraulic' fluid pressure is able to

flow to a first supply Iine 18a and prevented from flowing to a second ‘supply line
t8b the flow is carried to the first hydraulic inlet 320A through the first supply

~ line18a. The hydraullc fluid pressure entering the ﬁrst hydraullc inlet 320A forces

the outer piston assembly 321 and the inner piston assembly 322 downward
causing corresponding downward movement of the valve cage 323 which rotates -
ttle ball valve element 324 to a.n o_pen position. To rotate the ball valve element .
324 toa cldse__d position, the pres'su're supplied to the first hydraulic inlet 320A is
reduced and the ball valve closure spring 325 shifts the valve cage 323 upwards _
In this manner, repeated openlng and closing of the ball valve element 324can

- be accomphshed

If an emergency condltlon dictates that the well be shut in, the pressure
supphed by the main control line 18 ca_n 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 tlow to

the first supply line 18a while enabling hydr_eulic fluid pressure to the second

supply line 18b. In its second position, the hydraulic distributor 1 facilitates
hydrautic fluid pressure to the second hydraufic distributor 2. Assuming the
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_ '_Second hydraulic distributor 2 is in its first position, hydraulic fluid pressure is
- '_supplled to the second hydraulic rnlet 3203 which acts to force the valve cage

323 upwards with adequate force to cause the ball valve element 324 to cut the
o wrrelme or cable

Addrtlonally, by varying the hydraullc ﬂurd pressure supplled by the main
control line 18 to a pressure value that does not exceed the predetermmed

_.swn,chlng parameters of the first hydraulic dlstrlbutor 1, but does exceed the

. -:predetermined switching parameters' of the second hydraulic distributor 2, the
. hydraulic ﬂuid_ pressure can be prov'ided by the second hydraulic distributor 2 to
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. the third hydraulic_inlet 320C. As discussed above, supplying hydraulic fluid

pressure to the third hydraulic inlet 3200 acts to release the control unit 326 frorn

~ the valve assembly 327.

Thus, by varylng the hydraulic fluid pressure supplled by the main control

~ line 18, the first hydraulrc distributor 1 can be used to open and close the ball

valve element 324, and also used to control a second hydraulic dlstnbutor 2 that

_ -provrdes hydraulic fluid pressure to additional hydraulic inlets 3208, 320C. In this

way; the subsea control valve apparatus 320 can be oscillated between pressure
states by a single control line 18. _ _

it should be noted that i in an alternate embodlment tags and sensors are
used to advantage on each hydraullc distributor. The sensors transmit

. information to the control surface bf{ electrical lines, fiber optic lines, or the like.

The t'ransrnitte_d information details the present position of each distributor and
the pressure it is being subjected to. The information provided by the sensors )
ensures efﬁCient manipulation of the hydraulic distributors from the single control
line. S | -
' It should be noted that for discussion purposes, the hydraulic dist_rlbu'tors
1, 2 are shown in Fig. 18A as a diagrammatic sketch. The sketch is not intended
to li_mlt the location of the hydraulic distributors 1, 2 as being external to the
subsea control valve 320. The hydraulic distributors 1, 2 can also be provided on

‘or in a wall of the subsea control valve 320 or be provided on or in a wall of a tool
string to which the subsea control _valve' 310 is a part of, for example.
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Flgs 19A and 19B are elevatlonal views, of an embodtment of the present _'

- mventlon whereln the hydraulic distributor 1 (shownasa dlagrammatlc sketch) is
- used to advantage to control a variable ont" ce gas lift valve 330 such as that
~disclosed in U.S. Pat. No. 5,971,004 to. Prlngle The hydraulrcally operated gas
.IIft valve 330 is comprised of a Iower hydraullc actuating plston 331 operatlvely
) - _conne_cted toa movea_ble piston 332, which is operatively connected to a variable
- orifice valve 333 and an upper hydraulic' actuating piston 334. A spring 335
- biases the moveable plston 332 thereby blasmg the variable orifice valve 333 to
a closed posmon Hydraullc inlets 336a and 336b supply hydrauhc pressure to
_'-the lower and upper hydraullc actuatlng pistons 331, 334 to move the pistons

- 331, 334 upward thereby opemng the variable orifice valve 333.

A hydraulic distributor 1 (shown in F|g 19A) receives flow from a main

- control line 18. Assumlng the hydraullc distributor 1 is in its first position in which

. the hydraullc 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 hydraullc

. inlet 336a through the first supply Ilne 18a The hydraulic fluid pressure entenng
: _'the hydraullc inlet 336a forces the Iower hydraulic actuating piston 331 upward

T 20
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' WhICh acts to open the variable onﬁce valve 333.

The . second supply Ilne 18b of the hydraullc distributor 1 is in

'co'mmumcatlon with the second hydrauhc inlet 336b. Thus, varying the flow from
“the mam control Ilne 18 to switch the hydraullc distributor. 1 from its t" rst position
“to its second posrtlon acts to supply hydraulic fluid pressure to the second

hydraullc mlet 336b whlch forces the upper hydraulic actuatlng piston 334 .'

' upward to open the varlable orlf' ce valve 333.

By use of two mdependent pistons 331 334 with varymg strokes, the

_vanable orifice valve 333 can be fuIIy opened or opened to an intermediate
| ~ position to control the fluid flow therethrough. By using the hydraullc distributor 1

fo control the flow to one or the other hydraullc inlets 336a, 336b, the full
opemng, partial opemng, and closmg of the vanable orifice valve 333 can be -
accompllshed by varying the flow supplled toa smgle control lire 18.
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It should be noted that for dlscussmn purposes the hydraulic distnbutor 1.

is shown in Flgs 19A and 198 as a diagrammatlc sketch. The sketch is not
| mtended to fimit the Iocation:of the hydraulic distributor 1as being external to the

gas lift valve 330. The hydraulic distributor 1 can also be provided on or in a wall -
of the gas lift valve 330 or be provided on or in a wall of a tool string to wh|ch the

- gas lift valve 330 is a part of, for example

: F|g 20 is a d|agrammat|c sketch of an embodiment of the present

: .' ) mvention whereln the hydraullc distributor 1 is used to advantage to control a
- hydrauhcally actuated |ock pin assembly 340 such as that disclosed in U S. Pat.

No. 4,770,250 to Brldges etal. The lock pin assembly 340 is for. locklng a pipe

-~ hanger 341 to a wellhead 342 Applicatlon of hydraulic fluid pressure to a'
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. hydraullc inlet 343 forces a prston 344 mward which, in turn, forces alock pin 345

to wedge tlghtly agamst the pipe hanger 341 to provide a Iock down force. The

- lock down force i |s relleved by bleedlng off the pressure supplied to the hydraulic
inlet 343 and lock prn 345 is returned to'its initial position by the blas of a spnng '
346, ' ' o

i Fig. 20 a hydraulic distributor 1 receives flow from a main control line

~ 18. Assuming the hydra'ulic distributor 1 is in its first position in wh'ich the

hydraullc fluid pressure is able to flow to. a first supply line 18a and prevented

from ﬂowmg to a second supply line. 18b, the flow is carned to the hydraulic inlet
. 343 through the first supply line 18a The hydraulic fluid pressure entenng the

hydrauhc inlet 343 actuates the piston 344 whlch in turn forces the lock pin 345

- fo wedge tightly agalnst the pipe hanger 341. Bleeding off the pressure from the
** main control line 18, in combmatlon with the bias of the sprlng 346, acts to return

the lock pin 345 to its initial posrtion In this manner, repeated locking and

releasmg of the pipe hanger 341 can be accomplished.

An additlonal hydraullc device 201 can also be actuated by the hydraulrc
distributor 1. As discussed earller by varylng the pressure supplied by the main
control line 18 to exceed predetermined switching pa_rameters, the hydraulic
distributor 1 can be switched from its first position to its second position. In its

: second p_osi_tion,_the hydraulic distributor 1 prevents flow to the first supply line
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" 18a while enabling hydraulic fluid pressure to the second supply line 18b. In its

second position, the hydraullc dlstnbutor 1 facmtates hydraulrc ﬂwd pressure to
an additional hydraullc device 201.

.- Thus, by varying the hydraullc ﬂurd pressure supplied by the main control _
line 18 the hydraullc dlstnbutor 1 can be used to advantage to supply hydraullc

~ fluid pressure to one or more hydrauhc devrces The hydrauhc drstnbutor 1 only
switches position upon exceedlng predetermlned switching pressure values o :
- therefore, the flow to one or the other device can be varied without premature
o swnchlng of the posntton of the dlstrrbutor 1.In th|s way, individual devnces can be

oscillated between pressure states and one or more devices can be remotely

| controlled by a single control line 18

It should be noted that for dlscussmn purposes the hydraullc dlstnbutor 1
is shown in Fig. 20 as a dlagrammatlc sketch. The sketch is not intended to limit
the location of the hydra'ulic'diStributor 1 as being extemal to the lock pin

-assembly 340 The hydrauhc dlstnbutor 1 can also be prowded on or in a wall of
~ the lock pin assembly 340 or be prowded on or ina waII of a tool strmg to WhICh N

the lock pin assembly 340isa part of, for example _ _

-~ Fig. 21 is a ‘cross-sectional view of an of an embodrment of the present
invention wherein the hydrauhc dlstr_lbutor 1 (shown asa dlagrammatlc ske_tch) is
used toad\iantage to eontrol a resettable packer 350 such as that disclosed in

- U.S. Pat. No 6,012,518 to Pnngle The resettable packer 350 receives hydraulic

fluid pressure from three hydraulic inlets 350A, 3508 and 350C. Hydraullc ﬂurd'

pressure received by the first hydraulic lnlet 350A enables movement of adouble

acting prs_ton_ 35_1,.wh|ch drlves a wedge.352 under a set of, slips 353 thereby
setting the packer 350. Hydraulic fluid pressure received'by the second hydraulic
inlet 3503 enabtes the reverse movement of the double acting piston 351, which

" removes the wedge 352 from under the slrps 353 thereby unsetting the packer
350. Finally, hydraulic ﬂurd pressure received by the third hydraullc inlet 350C

enables movement of a ratcheted plston 354 axially downward, coacting with the

double acting piston 351, which drives the wedge 352 under the slips 353
~ thereby permanently setting the packer 350.

~ AttomeyDocket68.0207 © 37
" Expréss Mail: EL 765 786 165 US



The embodiment of the present invention shoWn in Fig. 21, utilizes two

R hydraulic dlstrlbutors 1,2to supply hydraullc fluid pressure to the three hydraulic

inlets 350A, 350B, 350C from a smgle control line 18. The first hydraulic
distributor 1 receives flow from the main control line 18. Assuming the hydraulic

dlstnbutor 1isin its fi rst posrtlon in which the hydraulic fluid pressure is able to -

flow to a first supply line 18a and prevented from flowing to a second supply llne

- 18b, the ﬂow is carried to the first hydraulic lnlet 350A through the first supply

line 18a. “The hydraulrc ﬂurd pressure entermg the first hydraulrc inlet 350A

- enables movement of a double actrng piston 351 which drives the wedge 352 '
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under the set of sllps 353 thereby settmg the packer 350 .

' To unset the packer 350 the hydraulic fluid pressure supphed by the main
oontrol line 18 can be varied to_ exceed predetermm_ed switching parameters
which act to switch the first hydraulic distributor 1 to its second position. In its
second position,_th_e hydraulic distributor 1 prevents flow to the first supply line
18a while enabling hydraulic fluid pressure'to the second supply line 18b.'ln its

second position, the hydraulic'distributor 1 facilitates hydraulic fluid pressure to

the second hydraulic dist_ributor 2. Assuming the second _hydraunc distributor2 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,

which removes the wedge 352 from under the slips 353 thereby unsetting the

- packer 350.

~ Additionally, by varymg the hydraullc ﬂmd pressure supplred by the main
control line 18 to. a pressure value that does not exceed the predetermlned

- switching parameters of the first hydraullc dlstrlbutor 1 but does exceed the

predetermined swrtchlng parameters of the second hydraullc drstrlbutor 2, the
hydraulic fluid pressure can be provnded by the second hydraulic distributor 2 to

" the third hydraulic inlet 350(._‘-; As 'discu_'ssed above, supplying hydraulic fluid

pressure to the third hydraulicinlet_ 35_0C acts to permanently set the packer 350.
‘Thus, by varying the hydraulic fluid pressure supplied by the main control_
line 18, the first and second hydraulic distributors 1, 2 can be used to set and
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: unset the packer 350 aswell as permanently set the packer 350 In this way, the
' resettable packer 350 can be set and reset by a smgle control line 18.

It should be noted that for dlscussmn purposes the hydraulic distributor 1
is shown in Fig.21asa dlagrammatlc sketch The sketch is not intended to limit -
the location of the hydraulic distributor 1 as being external to the resettable |
packer 350. The hydraulic distributor 1 can also be provrded onorin a wall of the

resettable packer 350 or be provided on or in a wall of a tool stnng to whlch the
- resettable packer 350 is a part of, for example

- Figs. 22A ~-22D are contmuatrons of each other and are elevational views,

in quarter section, of an embo_dlment of the present invention where_ln 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 hydraullc ﬂurd pressure supplied to hydraullc inlet ports 362A,
3628B. Appllcatlon of hydraulic fluid pressure to the first hydraulrc inlet port 362A '

-forces the piston 361 downward, whrch acts to ‘open the ﬂapper valve 363.

Application: of hydraullc flurd pressure to the second hydraulic inlet port 362B
forces the piston 361 upward which acts to close the flapper valve 363
A hydrauhc drstnbutor 1 (shown in Fig. 22A) receives flow from a main
control line 18. Assumlng the hydraulic drstnbutor 1is in its first position in which
the hydraulrc fluid pressure is able to flowto a ﬁrst supply line 18a and prevented -

- from ﬂowmg toa second supply lme 18b the flow is carried to the first hydraulic |

inlet 362A through the first supply Ime 18a. The hydraulic fluid pressure entering

the first hydraulic inlet 362A forces the _actUating piston 361 downvvard,_ which

acts to open the flapper valve 363. Varying the flow from the main control line 18
to switch the hydraulic distri'but_or'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 hydraulrc ﬂurd_
pressure supplred by a single control line 18
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. invention wherein the hydraulic d_iStributor 1 (shown_as adiagrammatic sketch)is .
- used to advantage to control a formation isolation vaive (FIV) 370 such as that
10

it sh_euld be note_d that for discussion purposes, the hydraulic distributor 1

- isshown in Fig. 22A as a diagrarnmatic sketch. The s_ketch is not intended fo limit

the location of the hydr_aulic_' distributor 1 as being external to the safety valve

. 360. The hydraulic distributor1 can also be provided on or in a wall of the safety
.' 'valve 360 or be provided on or ina waII ofa tool strlng to which the safety valve

360isa partof, forexample.” .
Figs. 23A — 23B are sectional views of an embodiment of the present

disclosed in U.S. Pat. No. 6,085,845 to Patel et al. Fig. 23A 'iII,ustrates the FIV

- valve in its open position and Fig. 23B illustrates the FIV valve in its closed

20

position. The FIV valve 370 is comprised of an a_ctuating- piston 371

maneuverable by fluid pressure 'supplied to a fluid inlet port 372. Although the |
ﬂurd utilized by the ‘845 patent i is gas, hydrauhc ﬂwd pressure can also be used

to advantage Appllcatlon of hydrauhc fluid pressure to the fluid inlet port 372

forces the plston 371 downward, which acts to open the valve element 373.
Bleeding off the pressure supplled to the fluid inlet port 372 enables the piston

- 371 to return to its upper position in which the valve element 373 is closed.

~ InFig. 23A, a hydraulic distributor 1 receives flow from a main control line
18. Assuming the hydraulic distri'butor_ 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

25

30

372 through the first supply line 183 The hydraulic fluid pressure entering the

, hydraullc inlet 372 forces the actuatmg plston 371 downward and the valve
element 373 is opened '

In Fig. 23B, the pressure supplied by the main control line 18 is varied to
exceed a predetermmed smtchmg parameter and the hydraulic dlstnbutor 1is
swrtched from its first position to. its second position. In its second position, the
hydraullc distributor 1 prevents flow to the first supply line 18a wh||e enabling
hydraullc fiuid pressure to the second supply line 18b. The ﬂurd pressure

| supplled to the fluid inlet port 372 is thus bl_ed off and the actuating piston 371
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| ._ returns to rts upper posrtlon in whrch the valve element 373 is closed. At the

10

- same. tlme the hydraulic distributor 1 can now ‘supply hydraulic ﬂurd pressure to
- an addltlonal hydraullc devrce 201.

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

line 18, the hydraulic distributor 1 can be used open and close the FIV valve 370,
~ and can be used to control an additional hydraulic device 201. All such controls
_ | are performed by varying hydrautic fluid pressure supplied by a single control line
- 18. ' S '

_ 'l.t should be noted that for'discussion' purposes, the hydraulic distributor 1 .
is shown in Figs. 23A and 23B as a dragrammatrc sketch. The sketch is not

"lntended to limit the locat|on of the hydraullc distributor 1 as being external to the

- formatron |solat|on valve 370. The hydrauhc dlstnbutor 1 can also be provided on h

-orina wall of the formatlon lsolatlon valve 370 or be provided on or m awallofa -

o tool stnng to which the formatlon isolation valve 370 is a part of, for example.

15."

20

25

30

- Figs. 24A - 24C are contmuatlons of each other and form an elevational

~ view in Cross 'section of an embodlment of the present invention wherein the.

hydraullc dlstrrbutor 1 (shown asa dlagrammatrc sketch) is used to advantage to

o _ control an emergency drsconnect tool 380 such as that dlsclosed in U.S. Pat. No.

5,323,853 to Leismer et al. The emergency disconnect tool 380 can be used to -

' -dlsconnect a tool from a drilling assembly by hydraullc or electrical actuation. The

hydraullc actuatlon is performed by supplying hydraulic fluid pressure to the inlet

~ port 381 sufficient to overcome a rupture disk 382. Rupture of the disk 382 all_ows '

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
~the dogs 387, and the allgmng recess 388 with the dogs 387, thereby releasing |

the tool parts 388A 388B.

A hydraulic dlstnbutor 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 stlpply line 18a and prevented
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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) inlet port 381 ruptures the rupture disk 382 allowrng the hydraulic fluid to move

the piston 383 thereby moving the sleeve 384 upwardly, shearmg the C-ring 385

.movmg the locking shoulder 386 from behind the dogs 387, and aligning the
recess 388 wrth the dogs 387, thereby releasmg the tool parts 388A and 388B.

As dlscussed earher by varymg the hydraullc fluid pressure supplied by
the main control line 18, the hydraulic distributor 1 can be switched to a second

: posrtlon in which an additional hydraulic device 201 is controlled Thus, the
o -hydraullc dlstrlbutor 1 can be used to actuate the emergency disconnect tool 380

o

~and control an addntlonal hydraullc devnce 201 by varying hydraulic fluid pressure

supplled by a smgle control line 18.

- It should be noted that for dlscussmn purposes the hydraulic dlstnbutor 1

s shown in Fig. 24A as a diagrammatic sketch The sketch i is not intended to limit

- the Iocatlon of the hydraullc distributor 1 as being external to the emergency

E dlsconnect tool 380 The hydrauhc drstnbutor 1 can also be prowded onorina

wall of the emergency dlsconnect tool 380 or be provided on orin a wall of a tool

. '_stnng to which the emergency disconnect tool 380 is a part of, for example.

20

The above embodlments of the present mventlon are exemplary of the
applrcatlons of the present invention and are not I|m|t|ng on the scope of the

: present mventlon The present invention can be used to advantage to provide
any number of hydraullc devrces tools and actuators with hydrautic fluid pressure

supplred by a single control line. For example F|g 25 provides a dlagrammatlc
sketch further demonstrating the hydraullc distributor 1 of the present invention |
used to advantage to control multlple tools and multiple other hydraullc

o dlstnbutors from a smgle control line.

As shown in Fig. 25, flow from a pump is carried through a main control
line18toa 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 dlstrlbutor 3. If the ﬂow from the main control line
30 -

18 is dlrected from the first drstrlbutor 1 to the second dlstrlbutor 2, then

- depending upon the pressure of the hydraulic fluid pressure and the position of
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. the shuttle sleeve 60 W|thrn the second hydraulrc drstrrbutor 2, the ﬂow is
' drstrrbuted to a first hydraulrc devrce 201 or a second hydraulic device 202.

ereW|se if the flow from the main control line 18 is directed from the first .
distributor 1 to the third drstnbutor 3, then dependmg upon the hydraulrc fluid

_ pressure ‘and the posrtron of the shuttle sleeve 60 within the third hydraulic

o distributor 3, the flow is dlstrrbuted toa third hydraulic devrce 203 or a fourth -

10

hydraullc dewce 204. In this way, several tools and distributors can be operated

- by altering the hydraulrc fluid pressure through a single control line 18.

leewrse Flgs 25A 258 and 25C drsplay addrtronal exemplary -

: cont'guratlons whereby the present mventron is utilized to control additional - -
* . distributors and tools In Fig. 25A, the fi rst distributor 1 is used control a first

- hydraulrc device 201 and a. second distributor 2 that controls a second device

15

* 202 and a third devrce 203. In F|g 25B, a first drstrrbutor 1is used to controla
" second distributor 2 and a thlrd distributor 3 that are used in ‘combination to _
'co_nt_rol a srngle hydraull_c device 201 . Flg. 25C |l|ustrates afirst 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 hydraullc device 203. It should be noted that the above configurations are

. i illustrative and exemplary and not mtended to limit the scope of the present -

-.20'_

25

mventron The hydraulrc dlstrrbutor 1 of the present invention can be used in any
number of confi guratlons to control any number of other distributors and other

' tools

~ The invention belng thus descnbed it will be obvrous that the same may

be varled in many ways As one example in an illustrated embodlment ofthe .

hydrauhc dlstnbutor 1 of the present mventlon 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

30

hydraulic'actuators can be used to adyantage to accomplish the same. Such

- varlatlons are not to be regarded asa departure from the spirit and scope of the
-mventron and all such modifi catlons as would be obvious to one skilled in the art
- are intended to be rncluded within the scope of the followrng non-limiting clarms
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We clalm

. .A hydraullc dlstrlbutor comprlsmg

(@ an intet connected to a hydrauhc control line supplymg hydrauhc
' fluid pressure, | | o
- _(b) ~ atleast one primary outlet and at least one secondary outlet, and
(c) " avalve having a first position i in wh|ch the hydraulic fluid pressure is
restricted from the at least one prlmary outlet, and having a second
| - position in which the hydrauhc ﬂwd pressure is restrlcted from the at least
| one seoondary outlet the valve maneuverable between |ts first posrtron '
- ~andits second position by the hydraullc fluid pressure

2. The hydraulic distributor of claim 1, wherem the hydraulrc ﬂurd pressure

controls one or more hydraullc dewces

'3. | The hydrauhc dlstrlbutor of claim 2 wherein the one ‘or more hydraullc
devices are selected from sleeve valves ball valves, packers, formation isolation
: -valves gas lift valves, locks shdrng sleeves, and hydrauhc distributors.

4 The hydraullc distributor of clalm 2, whereln the hydraullc dlstnbutor is |
' prowded in a wall of the one or more hydraullc devices.

5. . The hydraulrc distributor of clalm 2, wherein the hydraulic devrces are part

.ofa tool stnng

6. The hydraullc dlstrlbutor of clarm 5, wherem the hydraullc drstrlbutor is
provrded ina wall of the tool strmg

7. The hydraullc dnstnbutor of clalm 1, wherein the valve is moved between
its ﬁrst and second posltlons bya mandrel

- 8. - The hydraullc dlstnbutor of clalm 7, wherein the mandrel is manlpulated by

hydraulic pressure.

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

: mechan.ically. : ///_
| B | AR R llll
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10. The hydraulic distributor of 'clairn 7, further comprising an indexer :
| 'asSemny moveable through a plurality'of positions to.manlpUIate the mandrel. - -

11.  The hydraulic drstrrbutor of clalm 7 further comprlsmg a Iock assembly to |
| ﬁxedly engage the mandrel

12. A hydraullc dlstrrbutor compnsmg

(a) * an inlet port adapted for recelpt of hydrauhc pressure .

- (b) | “one or more first outlet ports and one or more second outlet ports -
(c)  avalve, and _ . . _ .
- (d) a mandrel havrng a first posrtlon and a second posrtlon the mandrel '
.afﬁxed to the valve such that with the mandrel in its first position, the

- valve restricts the hydraullc pressure to the one or more fi rst outlet ports
~and with the mandrel in its second posrtlon the valve resticts the
hydraulrc pressure to the one or more second outlet ports, the mandrel .

| moveable between lts fi rst posrtron and its second posrtron by the
' .hydraullc pressure .

13. . The hydraullc dlstrlbutor of clalm 12 wherem the hydraullc pressure

_ controls one or more hydraullc devrces

14. The hydraullc drstnbutor of claim 13, wherem the one or more hydraulic -
_ devices are select_ed fron'_\ sleeve valves, ball valves, packers, forma_tron isolation -
| valves' gas lift valves, locks, sliding sleeves, and hydraulic distributors.

" 15. The hydraulrc drstrrbutor of clarm 13 wherem the hydraullc drstnbutor is
' provrded in a wall of the one or more hydraullc devrces

16.__ The hydraulrc drstnbutor of clalm 13 wherein the hydraullc devrces are R
part of a tool strlng ' ' '

17. The hydraulrc drstnbutor of claim 16, wherein the hydraullc dlstnbutor is
provrded ina wall of the tool stnng |

18. The hydraulic- distributor of clarm 12, wherein the mandrel is mampulated

H!Illlj il Illjl Ul
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19. The hydraulrc drstrrbutor of clarm 12 further havrng a Iock assembly N
hydraulrcally activated to fi xedly engage the mandrel. )

- 20. The hydraulic drstrrbutor of clarm 12, further havmg an rndexmg assembly '_.
for manipulating the mandrel.

1. 'Ahydraulrc dlstrrbutor comprrsrng

_{(a) a housing defining an inlet and a pIuralrty of outlets,

" (b) - avalve moveably posrtloned in the houslng adapted to selectrvely
close the plurality of outlets, and o

(c) = a pressure responsive mdexer connected to the valve adapted to

control the position of the valve.

. 22. - The hydraulrc dlstrlbutor of claim 21, whereln the pressure responsrve
" mdexer has a mandrel affi xed to the valve

23._ - The hydraulrc distributor of clarm 22, wherern the pressure responsrve
indexer has a lock assembly to ﬁxedly engage the mandrel

- 24, The hydraulrc drstrlbutor of clalm 22, wherern the pressure responsrve
- mdexer has an indexer assembly to manrpulate the mandrel

25.  The hydraulrc dlstnbutor of claim 22, wherein the pressure responsrve
- indexer is activated mechamcally

) '26, N Ahydraulrc drstrrbutor comprrsmg

(a) R housmg defining an mlet connected foa hydraulrc control line and

' _at least one outlet, the mlet adapted for recerpt of pressunzed ﬂurd from
the hydraulrc control line;

(b) a valve moveably posrtroned in the housrng adapted to selectrvely o
close the at least one outlet to selectrvely control the fiow of pressurrzed ,

fluid from the inlet to the at least one outlet and

() -an mdexer connected to the valve adapted to control the posrtron
. ofthe valve | in response to the pressurrzed fluid.

- 27. The hydraulrc drstrrbutor of clarm 26, wherein the at Ieast one outlet is in

communrcatron with the one or more hydraullc devices.

| g o RN O RO 0
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28. The hydraullc d|stnbutor of clarm 27, wherein the one or more hydraullc' :

devrces are selected from sleeve valves, ball valves, packers, formatron lsolatlon |

valves, gas lift valves, locks, sliding sleeves and hydraullc dlstrrbutors

29. - The hydraulic distributor of clalm 27, whereln the hydraulrc dlstnbutor |s'

~ provided i in a wall of the one or more hydraulrc devrces |

- 30. ‘The hydraulrc distributor of clalm 27, whereln the hydraulrc devrces are o :
. partofa tool stnng ' B '

- 31 The hydrauhc dlstrrbutor of clalm 30 whereln the hydraullc dlstrlbutor is |
' prowded in a wall of the tool strrng o

32. The hydraulic dlstrlbutor of clalm 26, whereln the valve |s ‘moveably -

' posmoned bya mandrel

'33. The hydraullc dlstnbutor of clalm 32 wherein the mandrel is mampulated

by hydraullc pressure

34; ' The hydraulrc drstrlbutor of clalm 32 wherern the mandrel is mampulated

, mechanlcally

35. The. ‘hydraulic drstrrbutor of clalm 32 further comprlsmg an mdexer |

_ as'sembly moveable through a plurallty of posrtlons to mampulate the mandrel.

36.  The hydraulrc distributor of claim 32, further comprrsmg a lock assembly to

- ﬁxedly engage the mandrel. .
37.. A method of dlstrlbutmg a hydraullc ﬂmd comprlsrng

-(a) provrdlng a pressure responswe toggle valve havmg an inlet and a
. plurality of outlets; o , :
| - (b) changmg the pressure supplled to the inlet to shlft the toggle valve
| to selectlvely close at Ieast one of the pluralrty of outlets '

38. A method of provrdlng hydraullc fluid pressure from a smgle source to a

plurality of hydraullc devrces the method comprlsmg

_ (a) provrdrng a hydraullc dlstrlbutor havrng an lnlet port and one or
~more first o_utlet ports and one or more second outlet ports,

qomnaon o (I
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"(b) - supplying hy-d'raulic'ﬂuid pressure to the inlet port sufficient to

activate the hydraulic distributor to prevent' the flow of hydraulic fluid -

- pressure to the one or more first outlet ports,

' '_(c) varymg the hydraulic ﬂuud pressure supplled to the mlet port to

activate the hydraullc d|str|butor to prevent the flow of hydraullc fluid
pressure to the one or more second outlet ports.

A system for dlstnbutmg a hydrauhc fluid, comprising:
-~ (a) ahydraulic control line;

_(b) ‘a distributor having an lnlet in fluid commumcation wnth the | |
-~ hydraulic control line; '

{c) the dlstnbutor comprlsmg at least two outlets and a valve moveable -

in the distributor to_ confrol the ﬂ_ow fro_m the lnl_et to the_ at least two outlets; -
(d) the valve shiftable in response to pressure supplied to the inlet.
'The 'system of claim 39, 'wherein the valve is meChanicalIy shiftable..
" A system for dlstnbutmg a hydraullc ﬂund compnsmg |
_(a). ' ahydraulic control lme

(b) . a first distributor havmg at Ieast one mlet at. Ieast one first outlet |
and at least one second outlet, the atleast one inlet in communlcatlon W|th
the hydraulic control line;

" (c)' a second dlstnbutor havmg at least one mlet at least one first
~outlet, and at least one second ‘outlet, the at least one inlet in
‘communication with the at least one first outlet of the first dlstnbutor the at
~ least one first outlet in communication with a first hydraulic device, and the
~ at least one second outlet in commumcatlon with a second hydraulic

dewce and

(d)  athid dlstrlbutor having at least one inlet, at least one first outlet,
and at least one second outlet, the atleast one inlet in communication with

~ the atleast one second outlet of the first distributor, the at least one first
.outlet in communication with a third hydraulic device, and the at least one
‘second outlet in communication with a fourth hydraulic device.
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A system for dlstnbutmg a hydraullc fluid, compnsmg
g (8)  ahydraulic control line;

' (b) afi rst dlstrlbutor having at Ieast one inlet, at least one first outlet, | .
- -and at least one second outlet the at least one inlet in communlcatlon with =~
_ the hydraulic control line, and the at least one fi rst outlet in commumcatlon

wnthaf rst hydraulic device; and .
(c) a second distributor havmg at least one inlet, at least one flrst .
outlet and at Ieast one ‘second outlet, the at least one inlet in -

- _ commumcatlon wuth the at least one second outlet of the fi rst dlstnbutor B

43.

44.

the at least one first outlet in communication with a second hydraullc- .
| device, and the at least one second outlet in communlcat|on with a third B -
) hydraulic device. | | |
| A system for distributing a hydraul|c ﬂu1d comprlsmg
_ (a) ahydraullc control llne ' .
.(b) afirst dlstrlbutor having at least one mlet at least ( one fi rst outlet '

~and at least one second outlet, the at Ieast one inletin communlcatlon wnth_'
" the hydraullc control line; '

(c) a second dlstnbutor havmg at least one mlet at least one first -
outlet, and at Ieast one second outlet, the at Ieast ‘one inlet in

~ communication with the at Ieast one first outlet of thefi rst dlstrlbutor the at

least one ﬁrst outlet in communication W|th a hydrauhc device, and the at
least one second outlet in communication with the hydraullc device; and -
(d) = athird distributor having at least one inlet, at least one first outlet,
and at least one second outlet, the at least one inlet in communicatio_n with

. the at Ieast one second outlet of the first distributor, the'at least one first

outlet in communication with the hydraulic device, and the at least one

- second outlet in communlcatlon with the hydraulic device.
A system for distributing a hydraullc fluid, comprising:
(a) - a hydraulic control Ilne

-

A
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(b) a first distributor haVing at Ieast one lnlet at least one ﬁrst outlet, |

“and at least one second outlet, the at Ieast one mlet in oommunlcatlon w1th -
" the hydraullc control Ime

() a second d|str|butor havmg at least one mlet at least one first

: outlet and at Ieast one second outlet, the at- Ieast one infet in
; communication with the at least one ﬂrst outlet of the first dlstnbutor the at -
- least one first outlet in communlcatlon with a first hydraullc device, and. the

at least one second outlet in commumcatlon wnth the first hydraulic devxce _

- and | . -
(d) - a thlrd dlstnbutor havmg at least one lnlet at least one first outlet
~ and at least one second outlet, the at least one inlet in commumcatlon with .
 the at |east one second outlet of the first distributor, the at least one fi rst_ S

outlet in communlcatlon w:th a second hydraulic dewce and the at least
one second outlet in communlcatlon W|th a thll"d hydraullc dev:ce

W
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