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Actuation assemblies include a valve assembly
comprising a valve sleeve configured to rotate
to selectively enable fluid flow through at least
one aperture in the valve sleeve and into at
least one port of an outer sleeve and a ball
retention feature configured to selectively
retain a ball dropped through a fluid
passageway of the valve assembly in order to
rotate the valve sleeve. Downhole tools include
actuation assemblies. Methods for actuating a
downhole tool include receiving a ball in an
actuation assembly, rotating a valve sleeve of
the actuation assembly to enable fluid to flow
through a portion of the actuation assembly,
and actuating a portion of the downhole tool
with the fluid.
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ACTUATION ASSEMBLIES, HYDRAULICALLY ACTUATED TOOLS FOR USE
IN SUBTERRANEAN BOREHOLES INCLUDING ACTUATION ASSEMBLIES
AND RELATED METHODS

PRIORITY CLAIM
[0001] This application claims the benefit of the filing date of U.S, Patent Application
Serial No. 13/784,307, filed March 4, 2013, for “Actuation Assemblies, Hydraulically Actuated
Tools for Use in Subterranean Boreholes Including Actuation Assemblies and Related
Methods.”

TECHNICAL FIELD
[0002] Embodiments of the present disclosure relate generally to actuation assemblies

for use in a subterranean borehole and, more particularly, to actuation assemblies for

“hydraulically actuated downhole tools and related tools-and methods. - - .- - - .. ..

BACKGROUND

[0003] Downhole drilling operations commonly require a downhole tool to be
actuated after the tool has been deployed in the borehole. For example, expandable reamers
may be employed for enlarging subterranean boreholes. Conventionally, in drilling oil, gas,
and geothermal wells, casing is installed and cemented to prevent the well bore walls from
caving into the subterranean borehole while providing requisite shoring for subsequent
drilling operation to achieve greater depths. Casing is also conventionally installed to isolate
different formations, to prevent cross-flow of formation fluids, and to enable control of
formation fluids and pressure as the borehole is drilled. To increase the depth of a previously
drilled borehole, new casing is laid within and extended below the previous casing. While
adding additional casing allows a borehole to reach greater depths, it has the disadvantage of
narrowing the borehole. Narrowing the borehole restricts the diameter of any subsequent
sections of the well because the drill bit and any further casing must pass through the existing
casing. As reductions in the borehole diameter are undesirable because they limit the
production flow rate of oil and gas through the borehole, it is often desirable to enlarge a
subterranean borehole to provide a larger borehole diameter for installing additional casing
beyond previously installed casing as well as to enable better production flow rates of

hydrocarbons through the borehole.
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[0004] The blades in these expandable reamers are initially retracted to permit the
tool to be run through the borehole on a drill string. At a depth (e.g., once the reamer has
passed beyond the end of the casing), the expandable reamer may be actuated (e.g.,
hydraulically actuated). Actuation of the expandable reamer will enable the blades of the
expandable reamer to be extended so the bore diameter may be increased below the casing.

[0005] One hydraulic actuation methodology involves wire line retrieval of a plug
through the interior of the drill string to enable differential hydraulic pressure to actuate a
reamer. Upon completion of the reaming operation, the reamer may be deactivated by
redeploying the dart. However, wire line actuation and deactivation are both expensive and
time-consuming in that they require concurrent use of wire line assemblies.

[0006] Another hydraulic actuation methodology makes use of shear pins
configured to shear at a specific differential pressure (or in a predetermine range of

pressures). For example, ball drop mechanisms involve the dropping of a ball down through

. the drill string to a ball seat. Engagement of the ball with the seat causes an mcrease in

differential pressure which in turn actuates the downhole tool The tool may be deactlvated
by increasing the pressure beyond a predetermined threshold such that the ball and ball seat
are released (e.g., via the breaking of shear pins). However, such sheer pin and ball drop
mechanisms are generally one-time or one-cycle mechanisms and do not typically allow for
repeated actuation and deactivation of a downhole tool.

[0007] Other actuation mechanisms may utilize measurement while drilling (MWD)
systems and/or other electronically controllable systems including, for example, computer
controllable solenoid valves. Electronic actuation advantageously enables a wide range of
actuation and deactivation instructions to be executed and may further enable two-way
communication with the surface via conventional telemetry techniques. However, these
actuation systems tend to be highly complex and expensive and can be severely limited by
the reliability and accuracy of MWD, telemetry, and other electronically controllable systems
deployed in the borehole.

BRIEF SUMMARY
[0008] In some embodiments, the present disclosure includes actuation assemblies
for use with a downhole tool in a subterranean borehole. The actuation assemblies include a
valve assembly including a fluid passageway extending therethrough along a longitudinal
axis of the valve assembly, an outer sleeve having at least one port formed therein, and a
valve sleeve disposed within the outer sleeve. The valve sleeve has at least one aperture

2



10.

15

20

25

30

WO 2014/138019 PCT/US2014/020211

formed therein and is configured to rotate relative to the outer sleeve to selectively place the
at least one aperture of the valve sleeve in communication with the at least one port of the
outer sleeve to enable fluid flow through the at least one aperture in the valve sleeve and into
the at least one port of the outer sleeve. The valve assembly further includes a ball retention
feature configured to selectively retain a ball dropped through the fluid passageway of the
valve assembly in order to rotate the valve sleeve.

[0009] In additional embodiments, the present disclosure includes expandable
apparatus for use in a subterranean borehole. The expandable apparatus include a tubular
body having a longitudinal bore and at least one opening in a wall of the tubular body and at
The at least one member is configured to move between a retracted position and an extended
position. The expandable apparatus further includes an actuation feature for moving the at

least one member between the retracted position and the extended position and an actuation

.assembly coupled to the tubular body. The actuation assembly includes a valve assembly

including a fluid passageway extending therethrough along a longitudinal axis of the valve

assembly and at least one port formed in the valve assembly in fluid communication with a
feature for actuating the at least one member. The valve assembly further includes a valve
sleeve disposed within the outer sleeve. The valve sleeve has at least one aperture formed
therein and is configured to rotate relative to the outer sleeve to selectively place the at least
one aperture of the valve sleeve in communication with the at least one port of the outer
sleeve to enable fluid flow through the at least one aperture in the valve sleeve and the at least
one port of the outer sleeve to a location proximate the actuation feature. The valve assembly
further includes a ball retention feature configured to selectively retain a ball dropped through
the fluid passageway of the valve assembly in order to rotate the valve sleeve.

[0010] In yet additional embodiments, the present disclosure includes methods for
actuating a downhole tool. The method includes inhibiting fluid flowing through a bore of
the downhole tool from flowing through at least one aperture in an actuation assembly,
receiving a ball in a ball retention feature of the actuation assembly to at least partially restrict
the flow of fluid through the bore, rotating a valve sleeve of the actuation assembly
responsive to a force of fluid in the bore acting on the ball to enable fluid to flow through the
at least one aperture in the actuation assembly and into at least one port of the actuation
assembly, flowing fluid through the at least one port to move an actuation member connected
to a downhole tool, and actuating a portion of the downhole tool responsive to movement of

the actuation member.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] While the specification concludes with claims particularly pointing out and
distinctly claiming what are regarded as embodiments of the disclosure, various features and
advantages of embodiments of the disclosure may be more readily ascertained from the
following description of some embodiments of the disclosure, when read in conjunction with
the accompanying drawings, in which:

[0012] FIG. 1 is a partial cross-sectional view an actuation assembly in accordance
with an embodiment of the present disclosure shown in an open position;

[0013] FIG., 2 is a partial cross-sectional view of the actuation assembly of FIG. 1
shown in a closed position;

[0014] FIG. 3 is a partial cross-sectional view an actuation assembly in accordance

with another embodiment of the present disclosure shown in an open position;

. [0015] _FIG. 4 is a partial cross-scctional view of the actuation assembly of FIG. 1

shown with the valve sleeve in a downhole position;

[0016] FIG. 5 is a front view of a lower portion of a valve sleeve in accordance with
at least one embodiment of the present disclosure;

[0017] FIG. 6 is a cross-sectional view a piston assembly that may be utilized with
an actuation assembly such as the actuation assembly shown in FIG. 1 in accordance with an
embodiment of the present disclosure; and

[0018] FIG. 7 is a partial cross-sectional view an expandable apparatus that may be
utilized with an actuation assembly such as the actuation assembly shown in FIG. 1 in

accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0019] The illustrations presented herein are, in some instances, not actual views of
any particular tool, apparatus, structure, element, or other feature of a downhole or
earth-boring tool, but are merely idealized representations that are employed to describe
embodiments the present disclosure. Additionally, elements common between figures may
retain the same numerical designation.

[0020] Although embodiments of the present disclosure are depicted as being used
and employed in a reamer such as an expandable reamer, persons of ordinary skill in the art
will understand that the embodiments of the present disclosure may be employed in any

downhole tool where use of hydraulic actuation including a ball drop feature is desirable. For
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example, embodiments of the actuation assemblies disclosed herein may be utilized with
various downhole tools including actuation assemblies such as downhole tools for use in
casing operations, downhole tools for use in directional drilling, stabilizer assemblies,
hydraulic disconnects, downhole valves, packers, bridge plugs, hydraulic setting tools,
circulating subs, crossover tools, and pressure firing heads, coring tools, liner setting tools,
whipstock setting tools, anchors, efc.

[0021] In some embodiments, the actuation assemblies disclosed herein may be
utilized with expandable reamers similar to those described in, for example, United States
Patent 7,900,717, entitled “Expandable Reamers for Earth-Boring Applications,” issued
March 8,.2011 and United States Patent Application 13/XXX, XXX, filed on even date
herewith and titled “Expandable Reamer Assemblies, Bottom Hole Assemblies, and Related
Methods” (attorney docket number 1684-P11723US (MOD4-54056-US)), the disclosure of

each of which is incorporated herein in its entirety by this reference.

. [0022] . FIG. 1 is a cross-sectional view an actuation assembly (e.g, hydraulic

actuation assembly 100) shown in an open position. As shown in FIG. 1, the actuation
assembly 100 includes a valve assembly 102 configured to open or to close in response to one
or more mechanical forces. For example, the valve assembly 102 may comprise an outer
sleeve 104 disposed within a body 12 (e.g., a tubular body) of a downhole assembly 10. In
some embodiments, the downhole assembly 10 may comprise an actuation sub in a drill
string. For example, as described in the above-referenced United States Patent Application
13/XXX, XXX (attorney docket number 1684-P11723US (MOD4-54056-US)), the actuation
sub including the actuation assembly 100 may be positioned adjacent (e.g., directly adjacent)
to a downhole tool (e.g., an expandable reamer) and may act to actuate the downhole tool. In
other, embodiments, the downhole assembly 10 may comprise a downhole tool (e.g., an
expandable reamer) where the actuation assembly 100 is formed integral with the downhole
tool and may be utilized to actuate the downhole tool.

[0023] It is noted that while the outer sleeve 104 is shown in FIG.1 as being
separate from the tubular body 12 of the downhole assembly 10, in other embodiments, the
outer sleeve 104 may be part of (e.g., may be integral with) the body of a downhole tool.

[0024] The valve assembly 102 includes a member (e.g., valve sleeve 106) that is
disposed within the outer sleeve 104 and configured to selectively expose one or more valve
ports 108 in the outer sleeve 104 via one or more apertures 110 in the valve sleeve 106,

through which a fluid may flow between the fluid passageway 112 extending through the
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body 12 and the outer sleeve 104 and another portion of the downhole assembly 10 (e.g., an
annular chamber 114 positioned in a downhole direction 116 from the valve assembly 102).

[0025] As used herein, the terms downhole and uphole are used to indicate various
directions and portions of the actuation assembly in the orientation in which it is intended to
be used in a borehole.

[0026] In other embodiments, and as shown in FIG. 3, actuation assembly 200
includes valve assembly 202 having a valve sleeve 206 and an outer sleeve 204. The outer
sleeve 204 and the valve sleeve 206 may be configured to selectively expose one or more
valve ports 208 via one or more apertures 210 in the valve sleeve 204, through which a fluid
may flow between the fluid passageway 112 extending through the body 12 and the outer
sleeve 204 and another portion of the downhole assembly 10 in an uphole direction 116 from
the valve assembly 202.

[0027] In yet other embodiments, the actuation assembly may include one or more
longitudinally offset valve ports 208 to selectively direct fluid in both an uphole and
downhole direction through selective longitudinal and circumfefential alignment“of 6né or N
more apertures 210 in valve sleeve 206 in accordance with the detailed description set forth
below with regard to FIG. 5.

[0028] Referring back to FIG. 1, the valve sleeve 106 is configured to selectively
place the fluid passageway 112 in fluid communication with the ports 108 in the outer sleeve
104 by moving the apertures 110 of the valve sleeve 106 into and out of alignment with the
ports 108 in the outer sleeve 104. For example, as shown in FIG. 1, the valve assembly 102
is shown in the open position where the apertures 110 of the valve sleeve 106 are at least
substantially aligned with the ports 108 in the outer sleeve 104 such that fluid traveling
through the fluid passageway 112 may pass through the apertures 110 into the ports 108 and
through the ports 110 to another portion of the drill string (e.g., another portion of the
downhole assembly 10). In some embodiments, the fluid may travel further through various
portions of the drill string as desired.

[0029] The actuation assembly may include one or more seals 111 positioned about
the valve sleeve 106 on opposing sides of the ports 108. For example, the seals 111 may be
positioned (e.g., in the outer sleeve 104) between the movable valve sleeve 106 and the fixed
outer sleeve 104 to at least substantially prevent fluid from traveling between the movable
valve sleeve 106 and the fixed outer sleeve 104, which may enable fluid to unintentionally
access the ports 108 when the actuation assembly 100 is in a closed position (see FIG. 2). In
some embodiments, the seals 111 may include D-seals, CHEVRON® seal stacks, efc. and
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may comprise materials such as, for example, hydrogenated nitrile butadiene rubber (HNBR),
TEFLON®, composites, KEVLAR®, polyether ether ketone (PEEK), plastics, compositions
of rubber, polymers, graphite, ezc.

[0030] FIG. 2 is a cross-sectional view the actuation assembly 100 where the valve
assembly 102 is shown in a closed position where the apertures 110 of the valve sleeve 106
are not aligned with ports 108 in the outer sleeve 104 such that fluid traveling through the
fluid passageway 112 is at least substantially isolated from the ports 108 of the outer sleeve
104. Stated in another way, the fluid passageway 112 is at least substantially isolated from
the annular chamber 114.

[0031] As mentioned above, the valve sleeve 106 may be configured to move the
one or more apertures 110 of the valve sleeve 106 into and out of communication with the
ports 108 of the outer sleeve 104. For example, the valve sleeve 106 may be configured to
rotationally move about a longitudinal axis Lo, of the valve assembly 102 (e.g., along the
circumference of the valve sleeve 106), to axially move (e.g., translate) along the longitudinal
axis Ljg; of the valve assembly 102 (e.g., along the length of the valve sleeve 106), or
combinations thereof. As depicted, the valve sleeve 106 may be moved both axially and
rotationally (e.g., by a pin and slot configurations as discussed in greater detail below) to
move in and out of communication with the ports 108 of the outer sleeve 104. In other
embodiments, the valve sleeve 106 may be moved by only one of rotational movement and
axial movement of the valve sleeve 106 to move in and out of communication with the ports
108 of the outer sleeve 104,

[0032] It is noted that while the embodiment of FIGS. 1 and 2 illustrates two
apertures 110 in the valve sleeve 106 that move in and out of communication with the ports
108, in other embodiments, the valve sleeve 106 may include any number of
circumferentially spaced apertures 110 therein or apertures connected by circumferential
grooves that may be moved in and out of communication with a similar or dissimilar number
of circumferentially spaced ports 108 in the outer sleeve 104.

[0033] Referring back to FIG. 1, in order to move the apertures 110 of the valve
sleeve 106 in and out of communication with the ports 108 of the outer sleeve 104, the valve
assembly 102 may include an uphole portion (e.g., an uphole portion 120 of the valve sleeve
106) for receiving a ball 101 dropped through the drill string to the valve assembly 102. In
some embodiments, the ball 101 may comprise one or more materials such as, for example,
metals, polymers, ceramics, glass, fiberglass, dissolvable materials, nanomaterials, etc. The

uphole portion 120 of the valve sleeve 106 may form a ball retention feature configured to
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selectively retain the ball 101 (e.g., at least temporarily) such that force from fluid traveling
through the fluid passageway 112 acts on the ball 101 and, in some embodiments, the uphole
portion 120 of the valve sleeve 106 to force the valve sleeve 106 in the downhole direction
116. In some embodiments, the force from the fluid traveling through the fluid passageway
112 may force the valve sleeve 106 in the downhole direction 116 against a biasing force
(e.g., a spring 124 that is retained in the outer sleeve with retaining ring 125).

[0034] In some embodiments, uphole portion 120 of the valve sleeve 106 may
comprise a collet 122 that forms a restriction in the fluid passageway 112 (e.g., a reduced
diameter) in order to form a seat 126 for a ball 101 dropped through the fluid passageway
112. In some embodiments, the restriction formed by the collet 122 may be large enough
and/or the biasing force of the spring 124 is strong enough that force from fluid flowing
therethrough does not move the valve sleeve 106 in the downhole direction 116 without a ball

101 being received in the seat 126. For example, one or more of the collet 122 and the spring

. 124 may be selected to retain the valve sleeve 106 in a first, uphole position as shown in FIG.

1 when fluid is flowing through the fluid passageway 112 and through the restriction formed
by the collet 122 and may further be selected to enable the collet 122 to move against the
biasing force of the spring 124 when the ball 101 is received in the collet 122.

[0035] A portion of the actuation assembly 100 (e.g., outer sleeve 104) may include
a feature enabling the ball 101 to pass through the collet 122 and continue in the downhole
direction 116. For example, the outer sleeve 104 may include one or more recesses 128 that
may enable the collet 122 to expand (e.g, to an enlarged diameter) and allow the ball 101 to
pass therethrough. As shown in FIG. 4, translation of the valve sleeve 106 in the downhole
direction 116 from an initial, uphole position to a downhole position enables a portion of the
collet 122 to expand into the recesses 128. Expansion of the collet 122 into the recesses 128
increases the size (e.g., diameter) of the restriction formed by the collet 122 enabling the ball
101 to pass through the collet 128 and continue in the downhole direction 116.

[0036] After the ball 101 has been released from the collet 122, the collet 122 may
retract to its initial, smaller outer diameter and the biasing force of the spring 124 may return
the valve sleeve 106 to the uphole position. The translation of the valve sleeve 106 between
the uphole position and the downhole position with the forces supplied to the valve sleeve
106 with the collet 122 having a ball 101 received therein and the spring 124 may act
transition the apertures 110 of the valve sleeve 106 into and out of communication with the
ports 108 as shown in FIGS. 1 and 2.
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[0037] In other embodiments, the uphole portion 120 of the valve sleeve 106 may
be formed in any suitable configuration that provides a seat for the ball 101 that is variable in
at least one of size and shape to enable the ball 101 to be released from the seat as desired.
For example, the uphole portion 120 of the valve sleeve 106 may comprise one or more
inwardly resiliently biased sliding dogs formed in apertures in the uphole portion 120 of the
valve sleeve 106. In a first reduced diameter position, the dogs may retain the ball 101 and
may enable the ball 101 to pass therethrough in a second, enlarged diameter position (e.g.,
where the dogs are able to enlarge the diameter of the seat by sliding into recesses 128
formed in the outer sleeve 104) against the initial bias. Following release of the ball 101 the
bias returns the dogs t0 an initial position, releasing the valve sleeve 106 to enable spring 124
to return valve sleeve to an uphole position.

[0038] In yet other embodiments, the uphole portion 120 of the valve sleeve 106

may comprise a deformable ball seat (e.g., comprising a rubber and/or polymer) on the

. uphole portion 120 of the valve sleeve 106. The deformable ball seat may provide a first

reduced diameter position that may retain the ball 101. The deformable ball seat may retain |
the ball 101 as fluid flow forces the valve sleeve 106 in the downhole direction 116. Under a
selected amount of fluid force (e.g., after the spring has been 124 compressed), the
deformable ball seat may deform to enable the ball 101 to pass therethrough enabling the
valve sleeve 106 to return to its initial position in the uphole direction 118.

[0039] In some embodiments, a portion of the drill sting (e.g., the actuation
assembly 100 or another portion of the drill string) may include one or more ball retention
features 130 that retain the ball 101 after the ball 101 has been released from the collet 122
and has passed through the valve sleeve 106. For example, the actuation assembly 100 may
include or be utilized with the ball catcher disclosed in United States Patent 8,118,101,
entitled “Ball Catcher with Retention Capability,” issued February 21, 2012, the disclosure of
which is incorporated herein in its entirety by this reference.

[0040] As mentioned above, and in some embodiments, the valve sleeve 106 may
be coupled with and move relative to the outer sleeve 104 with one or more pins 132 and pin
track 134 configuration. For example, the valve sleeve 106 may include a pin track 134
formed in an outer surface thereof and configured to receive one or more pins 132 on an inner
surface of the outer sleeve 104. In other embodiments, the valve sleeve 106 may comprise
one or more pins on the outer surface thereof and the outer sleeve 104 may comprise a pin

track formed in an inner surface for receiving the one or more pins of the valve sleeve 106.
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[0041] FIG. 5 illustrates a lower portion of a valve sleeve (e.g., valve sleeve 106) in
accordance with at least one embodiment of the present disclosure that includes the pin track
134 formed in the outer surface 136 of the valve sleeve 106 in which the pin track 134
comprises a J-slot configuration. As shown in FIG. 5, the valve sleeve 106 may be biased
(e.g., by the spring 124 (FIG. 1)) in the uphole direction 118. Several exemplary positions of
the pin 132 carried by the outer sleeve 100 are shown in dotted lines received by the pin track
134. Referring also to FIGS. 1 and 4, the valve sleeve 106 is longitudinally and rotationally
guided by the engagement of the pin 132 with the pin track 134 when the valve sleeve 106 is
moved in the downhole and uphole directions 116, 118 (e.g., in the uphole direction 118 by
the force of the spring 124 and in the downhole direction by the force of fluid on the ball 101
received in the collet 122).

[0042] For example, when there is no ball received in the collet 122, which enables
fluid to pass through the valve sleeve 106, the force exerted by the spring 124 biases the
valve sleeve 106 in the uphole direction 118 and the pin 132 rests in a first lower hooked
portion 138 of the pin track 134. When a ball 101 is received in the collet 122, drilling fluid
flowing through the fluid passageway 112 at a sufficient flow rate may overcome the force
exerted by spring 124 and force the valve sleeve 106 in the downhole direction 116. As the
valve sleeve 106 is forced in the downhole direction 116, the pin track 134 moves along pin
132 until pin 132 comes into contact with the upper angled sidewall 140 of the pin track 134.
Movement of the valve sleeve 106 continues as pin 132 is engaged by the upper angled
sidewall 140 until the pin 132 sits in a first upper hooked portion 142. As the upper angled
sidewall 140 of the pin track 134 is engaged by pin 132, the valve sleeve 106 is forced to
rotate, assuming the outer sleeve 104 to which the pin 132 is attached is fixed within the
tubular body 105.

[0043] As discussed above, as the valve sleeve 106 moves in the downhole
direction 116, the collet 122 may release the ball 101 enabling the fluid to flow through the
valve sleeve 106 again and enabling the biasing force of the spring 124 to return the valve
sleeve 106 to an initial position in the uphole direction 118. As the valve sleeve 106 is forced
in the uphole direction 118 by the spring 124, the pin track 134 moves along pin 132 until pin
132 comes into contact with the lower angled sidewall 144 of the pin track 134. Movement
of the valve sleeve 106 continues as pin 132 is engaged by the lower angled sidewall 144
until the pin 132 sits in a second lower hooked portion 146 of the pin track 134. As the lower
angled sidewall 144 of the pin track 134 is engaged by pin 132, the valve sleeve 106 is forced

to rotate and to move in the uphole direction 118 as the pin 132 is received in the second
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lower hooked portion 146 that enables the valve sleeve 106 to be forced a furthest position in
the uphole direction 118 that the valve sleeve 106 is capable of moving with the pin 132 and
pin track 134. The rotation and translation of the valve sleeve 106 may cause the apertures
110 in the valve sleeve 106 to move into alignment with the valve ports 108 in
communication with the annular chamber 114, enabling drilling fluid from inside the valve
assembly 102 to flow to the annular chamber 114.

[0044] When another ball 101 is received in the collet 122, drilling fluid flowing
through the fluid passageway 112 at a sufficient flow rate may again overcome the force
exerted by spring 124 and force the valve sleeve 106 in the downhole direction 116. As the
valve sleeve 106 is forced in the downhole direction 116, the pin track 134 moves along pin
132 until pin 132 comes into contact with another upper angled sidewall 148 (e.g., that may
be similar to the upper angled sidewall 140) of the pin track 134. Movement of the valve
sleeve 106 continues as pin 132 is engaged by the upper angled sidewall 148 until the pin 132

sits in a second upper hooked portion 150 (e.g., that may be similar to the first upper hooked

portion 142). As the upper angled sidewall 148 of the pin track 134 and is engaged by pin
132, the valve sleeve 106 is forced to rotate.

[0045] As above, as the valve sleeve 106 moves in the downhole direction 116, the
collet 122 may release the ball 101 enabling the fluid to flow through the valve sleeve 106
again and enabling the biasing force of the spring 124 to return the valve sleeve 106 to an
initial position in the uphole direction 118. As the valve sleeve 106 is forced in the uphole
direction 118 by the spring 124, the pin track 134 moves along pin 132 until pin 132 comes
into contact with the lower angled sidewall 152 (e.g., that may be similar to the lower angled
sidewall 144) of the pin track 134. Movement of the valve sleeve 106 continues as pin 132 is
engaged by the lower angled sidewall 152 until the pin 132 sits in a third lower hooked
portion 154 (e.g., that may be similar to the first lower hooked portion 138) of the pin track
134. As the lower angled sidewall 152 of the pin track 134 are engaged by pin 132, the valve
sleeve 106 is forced to rotate and to move in the uphole direction 118 as the pin 132 is
received in the third lower hooked portion 154. The rotation and translation of the valve
sleeve 106 may cause the apertures 110 in the valve sleeve 106 to move out of alignment
with the valve ports 108 in communication with the annular chamber 114, inhibiting flow of
the drilling fluid from inside the valve assembly 102 to the annular chamber 114.

[0046] Rotation and translation of the valve sleeve 106 by the pin 132 and pin track
134 may repeatedly continue in the above manner about the circumference of the valve sleeve

106 to move the apertures 110 of the valve sleeve 106 into and out of alignment with one or
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more valve ports 108 as shown in FIGS. 1 and 2. In other words, balls 101 may be repeated
dropped through the actuation assembly 100 to repeatedly activate and deactivate a downhole
tool that is utilized with the actuation assembly 100.

[0047] FIG. 6 is a partial cross-sectional view a piston assembly 160 that may be
utilized with an actuation assembly such as the actuation assembly 100 shown in FIG. 1. As
shown in FIG. 6, fluid supplied to the piston assembly 160 through the ports 108 of the
actuation assembly 100 (FIG. 1) may act to force a piston 162 of the piston assembly in the
uphole direction 118. In other embodiments, the actuation assembly (e.g., actuation
assemblies 100, 200 as shown in FIGS. 1 and 2) may act to force a piston in the downhole
direction 116. In order to force the piston in the uphole direction 118, the piston assembly
may include one or more ports 164 for directing fluid to a downhole side of the piston 162
such that pressure from the buildup of fluid in chamber 166 may force the piston 162 in the

uphole direction 118. As noted above, an actuation assembly may be configured to

. selectively provide pressure to each of an uphole and a downhole side of the piston 162 to

provide positive actuation in both longitudinal directions.

[0048] A connection portion 168 of the piston 162 may be directly or indirectly
coupled to a portion of a downhole tool that is capable of being actuated by longitudinal
movement of an actuation member connected thereto. For example, one embodiment of a
downhole tool such as an expandable apparatus 300 is shown in FIG. 7. The expandable
apparatus 300 may include one or more blades 302 configured as one or more of reamer
blades having cutting elements thereon for enlarging a borehole and stabilizing blades for
stabilizing at least a portion of a drill string during a downhole operation. As discussed
above, in some embodiments, the expandable apparatus 300 may be substantially similar to
that disclosed in United States Patent Application 13/XXX, XXX (attorney docket number
1684-P11723US (MOD4-54056-US)). Referring to FIGS. 6 and 7, connection portion 168 of
the piston 162 may be coupled to actuation sleeve 304 of the expandable apparatus 300 that is
coupled to the blades 302. In such an embodiment, when the actuation assembly 100 (FIG.
1) provides fluid to the piston assembly 160 to actuate the piston 162 in the uphole direction
118, translation of the piston 162 in the uphole direction 118 will act to expand the blades
302 of the expandable apparatus 300 (e.g., to ream a borehole).

[0049] In some embodiments, a piston assembly similar to the piston assembly 160
shown in FIG. 6 may be utilized with an actuation assembly such as the actuation assembly
200 shown in FIG. 3 positioned in the downhole direction 116 from the piston assembly 160.

In such an embodiment, the piston 162 may be forced in the uphole direction 118 by fluid
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passing from the valve assembly 202 through the ports 208 in the uphole direction 118
through one or more ports (not shown) formed in a downhole portion of the piston assembly
160 and into chamber 116. As above, a connection portion of the piston 162 may be directly
or indirectly coupled to a portion of a downhole tool that is capable of being actuated by
longitudinal movement of an actuation member (e.g., one or more reamer blades of an
expandable reamer).

[0050] In some embodiments, the piston assembly 160 may include a bleed valve
170 that enables fluid in the chamber 166 to pass therethrough, for example, to another
portion of the drill string (e.g., to another portion of the piston assembly 160), to the exterior
of the drill string (e.g., to the exterior of the piston assembly 160), or combinations thereof.
In some embodiments, the bleed valve 170 may be constantly open. For example, the bleed
valve 170 may be sized and configured to enable actuation of the piston 162 when the
actuation assembly 100 (FIG. 1) provides fluid to the piston assembly 160. When the
actuation assembly 100 (FIG. 1) does not provide fluid to the piston assembly 160, the bleed
valve 170 may release the fluid in the chamber 166 such that the piston 162 may returnto a
deactivated position.

[0051] In some embodiments, fluid supplied through an actuation assembly such as
the actuation assembly 200 shown in FIG. 2 may act to directly force an actuation structure of
a downhole tool without the use of a piston assembly. For example, fluid supplied through
the actuation assembly 200 may act on the push sleeve of an expandable apparatus such as
that described in the above-referenced United States Patent 7,900,717.

[0052] While particular embodiments of the disclosure have been shown and
described, numerous variations and other embodiments will occur to those skilled in the art.
Accordingly, it is intended that the disclosure only be limited in terms of the appended claims

and their legal equivalents.
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CLAIMS
What is claimed is:

1. An actuation assembly for use with a downhole tool in a subterranean
borehole, comprising:
a valve assembly comprising:

a fluid passageway extending therethrough along a longitudinal axis of the valve
assembly;

an.outer sleeve having at least ane port formed therein; .

a valve sleeve disposed within the outer sleeve, the valve sleeve having at least one
aperture formed therein, the valve sleeve configured to rotate relative to the
outer sleeve to selectively place the at least one aperture of the valve sleeve in
communication with the at least one port of the outer sleeve to enable ﬂ_uid
flow through the at least one aperture in the valve sleeve and into the at least
one port of the outer sleeve; and

a ball retention feature configured to selectively retain a ball dropped through the

fluid passageway of the valve assembly in order to rotate the valve sleeve.

2. The actuation assembly of claim 1, wherein the ball retention feature

comprises a collet formed on an uphole portion of the valve sleeve.

3. The actuation assembly of claim 2, wherein the valve assembly includes at
least one recess formed therein, wherein the at least one recess is sized and configured to
enable a portion of the collet to be received in the at least one recess in order to release a ball

received in the collet.

4, The actuation assembly of claim 1, wherein, in a first position, the at least one
aperture of the valve sleeve is in communication with the at least one port of the outer sleeve
to enable fluid to flow through the at least one aperture in the valve sleeve and into the at
least one port of the outer sleeve, and wherein, in a second position, the at least one aperture
of the valve sleeve is positioned away from the at least one port of the outer sleeve to inhibit
fluid from flowing through the at least one aperture in the valve sleeve into the at least one
port of the outer sleeve.
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5. The actuation assembly of claim 4, wherein the valve sleeve is biased into the

first position by a spring.

6. The actuation assembly of claim 1, wherein the valve sleeve is configured to
rotate and translate along the longitudinal axis of the valve assembly relative to the outer
sleeve to selectively place the at least one aperture of the valve sleeve in communication with

the at least one port of the outer sleeve.

7. . The actuation assembly of claim 1, wherein an outer surface of the valve
sleeve comprises a pin track and the outer sleeve comprises a pin coupled thereto, and
wherein the pin is received within the pin track to guide movement of the valve sleeve

relative to the outer sleeve.

8. The actuation assembly of claim 7, wherein the pin track comprises a J-slot
configuration.
9. The actuation assembly of claim 1, wherein the at least one port of the outer

sleeve extends in a downhole direction.

10.  The actuation assembly of claim 1, further comprising a piston assembly
coupled to the valve assembly and in fluid communication with the at least on port of the

outer sleeve.
11.  The actuation assembly of claim 10, wherein the piston assembly comprises a
chamber positioned adjacent to a piston within the piston assembly, the piston configured to

move in an uphole direction responsive to fluid pressure in the chamber.

12.  The actuation assembly of claim 11, wherein the piston comprises a

connection portion for coupling to an actuatable portion of a downhole tool.

13.  The actuation assembly of claim 12, wherein the connection portion of the

piston is coupled to at least one expandable blade of an expandable apparatus.
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14.  The actuation assembly of claim 13, wherein the expandable apparatus
comprises an expandable reamer having at least one blade with cutting elements coupled

thereto for reaming a subterranean borehole.

15.  An expandable apparatus for use in a subterranean borehole, comprising:
a tubular body having a longitudinal bore and at least one opening in a wall of the tubular
body;
at least one member positioned within the at least one opening in the wall of the tubular body,
the at least one member configured to move between a retracted position and an
extended position; . , .
an actuation feature for moving the at least one member between the retracted position and
the extended position; and
an actuation assembly coupled to the tubular body, the actuation assembly comprising:
a valve assembly comprising: o _ o _
a fluid passageway extending therethrough along a longitudinal axis of the
valve assembly;
at least one port formed in the valve assembly in fluid communication with the
actuation feature;
an upwardly biased valve sleeve disposed within the outer sleeve, the valve
sleeve having at least one aperture formed therein, the valve sleeve
configured to rotate relative to the outer sleeve to selectively place the
at least one aperture of the valve sleeve in communication with the at
least one port of the outer sleeve to enable fluid flow through the at
least one aperture in the valve sleeve and the at least one port of the
outer sleeve to a location proximate the actuation feature; and
a ball retention feature configured to selectively retain a ball dropped through

the fluid passageway of the valve assembly.

16.  The expandable apparatus of claim 15, wherein the actuation feature
comprises a piston coupled to an actuation sleeve, wherein translation of the piston and the
actuation sleeve moves the at least one member between the retracted position and the

extended position.
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17.  The expandable apparatus of claim 15, wherein the actuation assembly
comprises a first sub and the tubular body comprises a second sub removably coupled to the

first sub.

18. A method for actuating a downhole tool, the method comprising:

inhibiting fluid flowing through a bore of the downhole tool from flowing through at least
one aperture in an actuation assembly;

receiving a ball in a ball retention feature of the actuation assembly to at least partially restrict
the flow of fluid through the bore;.

rotating a valve sleeve of the actuation assembly to an open position responsive to a force of
fluid in the bore acting on the ball to enable fluid to flow through the at least one
aperture in the actuation assembly and into at least one port of the actuation assembly;

flowing fluid through the at least one port to move an actuation member connected to a
downhole tool; and

actuating a portion of the downhole tool responsive to movement of the actuation member.

19.  The method of claim 18, further comprising:

receiving another ball in the ball retention feature of the actuation assembly to at least
partially restrict the flow of fluid through the bore; and

rotating the valve sleeve of the actuation assembly to a closed position responsive to a force
of fluid in the bore acting on the another ball to inhibit fluid from flowing through the
at least one aperture in the actuation assembly into at least one port of the actuation

assembly.

20.  The method of claim 19, further comprising repeatedly rotating the valve

sleeve between the open position and the closed position.
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