
A METHOD AND DOWNHOLE TOOL ACTUATOR BACKGROUND [0001] A variety of
actuators are used in the hydrocarbon recovery industry to actuate downhole
tools, such as bridge plugs, for example. Bridge plugs include, among other
things, seals and anchors. In addition to actuating the seals and the
anchors the actuator typically also controls the timing of actuation of the
seal with respect to the anchors. Many actuators have complex and expensive
mechanisms that are large and heavy and have multiple modes of failure. As
such, the industry is always receptive to new and simple actuators. BRIEF
DESCRIPTION OF THE INVENTION [0002] Disclosed herein is a downhole tool
actuator. The actuator includes, an inflatable member, a first portion on
an uphole end of the inflatable member that is attachable to a first
structure of a downhole tool, and a second portion on a downhole end of the
inflatable member that is attachable to a second structure of the downhole
tool. The actuator configured so that the second structure is movable
relative to the first structure in response to movement of the second
portion relative to the first portion in response to inflation of the
inflatable member. [0003] Further disclosed herein is a method of actuating
a downhole tool. The method includes, attaching a first structure of the
downhole tool to a first portion of an inflatable member, movably engaging
a second structure of the downhole tool to a second portion of the
inflatable member, and inflating the inflatable member thereby moving the
second portion relative to the first portion and the second structure
relative to the first structure to actuate the downhole tool. BRIEF
DESCRIPTION OF THE DRAWINGS [0004] The following descriptions should not be
considered limiting in any 



way. With reference to the accompanying drawings, like elements are
numbered alike:[0005] Figures IA- ID depict a partial cross sectional side
view of a downhole tool actuator disclosed herein in operable communication
with a downhole tool in a nonactuated condition; and [0006] Figures 2A-2D
depict a partial cross sectional side view of the downhole tool actuator
and downhole tool of Figures IA- ID illustrated in an actuated condition.
DETAILED DESCRIPTION OF THE INVENTION [0007] A detailed description of one
or more embodiments of the disclosed apparatus and method are presented
herein by way of exemplification and not limitation with reference to the
Figures. [0008] Referring to Figures 1A-2D, an embodiment of a downhole
tool actuator disclosed herein is shown generally at 10. The actuator 10
among other things includes, a mandrel 14 and an inflatable member 18,
illustrated herein as an inflatable seal. The inflatable member 18 is
constructed such that during inflation thereof the inflatable member 18
expands radially outwardly while simultaneously axially contracting. In
order to facilitate the relationship between axial contraction and radial
expansion, of the inflatable member 18, it may be advantageous to construct
the inflatable member 18 such that the elasticity is nonhomogeneous. More
specifically, by allowing a circumference of the inflatable member 18 to
increase at lower levels of stress in comparison to an axial dimension
thereof, as the inflatable member 18 expands radially it will contract
axially. Such a structure of the inflatable member 18 might include axially
oriented fibers that have a high tensile strength, such as, carbon
composite materials or metal, for example, within an elastomeric body. The
actuator 10 is in operable communication with a downhole tool 22, shown in
this 



embodiment as an anchor having a valve 24. The downhole tool 22 is engaged
with both the mandrel 14 and the inflatable member 18 as follows. A first
sub assembly 26, adjacent and uphole of the inflatable member 18 in this
embodiment, is attached to the mandrel 14 and a first portion 30 of the
inflatable member 18. Similarly, a second sub assembly 34, adjacent and
downhole of the inflatable member 18, is slidablyengaged about the mandrel
14 and is attached to a second portion 38 of the inflatable member 18. The
inflatable member 18, in one embodiment, being made of mostly an
elastomeric material, deforms elastically as pressurized fluid flows into
an internal chamber 42 defined by an annular space between the inflatable
member 18 and the mandrel 14. The inflation deformation, as described
above, causes the inflatable member 18 to radially expand while
simultaneously axially contracting, thereby drawing the first portion 30
closer to the second portion 38. This axial drawing action of the
inflatable member 18, in relation to the stiff and unyielding length of the
mandrel 14, is the action that drives the actuator 10 disclosed herein.
[0009] In the embodiment detailed herein the actuator 10 is illustrated
actuating the valve 24 as follows. Since the first sub assembly 26, in this
embodiment, fixedly attaches the first portion 30 of the inflatable member
18 to the mandrel 14, relative motion therebetween is prevented. As such,
in response to axial contraction of the inflatable member 18, during
inflation thereof, the second portion 38 moves relative to the mandrel 14.
The second sub assembly 34, therefore, being attached to the second portion
38, moves in relation to the mandrel 14 as well. A housing 46 of the valve
24 being attached to the second sub assembly 34, and a valve body 50 of the
valve 24 being attached to the mandrel 14, results in movement of the valve
body 50 relative to the housing 46 in response to inflation of the
inflatable member 18. This relative motion between the valve body 50 and
the housing 46 actuates the valve 24. Additionally, the valve 24 includes
two o-rings 54 sealingly 



engaged between the valve body 50 and an internal surface 58 of the housing
46. The two o-rings 54 straddle a port 62 that is fluidically connected to
a piston 66 of the anchor 22. The port 62 is, therefore, sealed from
wellbore fluid until actuation of the valve 24. Upon actuation of the valve
24, the port 62 is opened to wellbore fluid and the hydrostatic pressure
associated therewith. The hydrostatic pressure, being supplied to the
piston 66 in response to the opening of the valve 24, actuates the anchor
22 as will be described with reference to Figure ID and 2D below. [0010] A
force-releasing member 70, illustrated herein as shear screws, positionally
locks the mandrel 14 to the second sub assembly 34 until a selected force
threshold is reached. This force-releasing member 70 thereby prevents
inadvertentactuation of the valve 24, and consequently inadvertent
actuation of the anchor 22. Additionally, the force-releasing member 70
holds the inflatable member 18 in an elongated position, where the
elastomeric portion is less likely to be swabbed off, during running of the
actuator 10. The selected force threshold of the force-releasing member 70
is set to be greater than forces expected to be encountered during running
of the actuator 10 into the well but less than forces achievable by
contraction of the inflatable member 18 during inflation thereof. [001 1]
Referring specifically to Figures ID and 2D, the anchor 22 includes, the
piston 66, a piston housing 74, a mandrel 78 and support links 82,
connected to slips 86. In response to opening of the valve 24, fluid under
hydrostatic pressure applies force to the piston 66 and to the piston
housing 74, within which the piston 66 is housed. The force of the pressure
causes the piston housing 74 to move relative to the piston 66 Such
relative motion causes the support links 82, pivotally connecting the slips
86 between the piston housing 74 and a connector 90 attached to the end of
the mandrel 78, to pivotally extend the slips 86 radially outwardly. The
radial outward movement of the slips 86 allows the slips 86 to engage with
a wall of a 



casing, liner, or other downhole structure (not shown) within which the
anchor 22 is positioned to positionally fix the anchor 22 thereto. [0012]
Although in the embodiment disclosed herein the actuator 10 is shown
actuating the valve 24, it should be noted that, in alternate embodiments,
the actuator 10 could be coupled directly to the anchor 22 thereby negating
the need for the valve 24 completely. In such an embodiment the piston
housing 74 would be attached to the second sub assembly 34 and the mandrel
78 would be attached to the mandrel 14. Then, upon axial contraction of the
inflatable member 18, the piston housing 74 would move leftward (as viewed
in the figures) while the mandrels 14, 78 would remain stationary, thereby
causing the support links 82 to pivot radially outwardly as described
above. [0013] In some applications, it may be desirable to set the anchor
22 just prior to sealing the wellbore with the inflatable member 18. Such a
sequence will allow the set anchor 22 to prevent movement of the tool 10
relative to the downhole structureduring the setting and sealing of the
inflatable member 18. Embodiments disclosed herein facilitate such
sequential timing. Controlling a rate at which fluid flows into the
inflatable member 18 allows an operator to control the rate of filling of
the inflatable member 18 and the resulting rate of inflation. The source of
fluid to fill the inflatable member 18 can vary, for example, the fluid can
be supplied from surface or from downhole locations as best suits each
particular application. Additionally, the valve 24 can be configured to
open after inflation begins but prior to sealing of the inflatable member
18 with the wellbore. As such, the anchor 22 can be completely set prior to
completing the setting of the inflatable member 18. [0014] In addition to
controlling the setting sequence of the inflatable member 18 relative to
the anchor 22, embodiments disclosed herein allow the anchor 22 to be
located below the seal as is commonly preferred. And, unlike typical
arrangements, 



that require the existence of an axial channel or port through the
inflatable member 18, to the tool positioned therebelow to provide a means
of actuation of the tool, the embodiments disclosed herein require no such
channel or port. The absence of a need for such a channel or port allows
the mandrel 14 to be solid and stronger, thereby having fewer propensities
to failure, as well as being simpler, smaller and less expensive to
produce. Optionally, applications may include a channel or port through the
inflatable member 18 to accommodate means for actuating, communicating or
flowing therethrough. [0015] Although embodiments described herein have
used the actuator 10 to actuate the valve 24 and the anchor 22, it should
be noted that any downhole tool could be actuated by the relative motion
that the disclosed actuator 10 provides between the second portion 38 and
the first portion 30. It should also be noted that actuation forces and
relative motion displacements can be altered, as desired per application,
through changes in the geometric design of the inflatable member 18, the
portions 30, 38 and the mandrel 14, for example. [0016] While the invention
has been described with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements
thereofwithout departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or material to
the teachings of the invention without departing from the essential scope
thereof. Therefore, it is intended that the invention not be limited to the
particular embodiment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all embodiments
falling within the scope of the claims. Also, in the drawings and the
description, there have been disclosed exemplary embodiments of the
invention and, although specific terms may have been employed, they are
unless otherwise stated 



used in a generic and descriptive sense only and not for purposes of
limitation, the scope of the invention therefore not being so limited.
Moreover, the use of the terms first, second, etc. do not denote any order
or importance, but rather the terms first, second, etc. are used to
distinguish one element from another. Furthermore, the use of the terms a,
an, etc. do not denote a limitation of quantity, but rather denote the
presence of at least one of the referenced item.What is claimed is: 1. A
downhole tool actuator, comprising: an inflatable member; a first portion
on an uphole end of the inflatable member being attachable to a first
structure of a downhole tool; and a second portion on a downhole end of the
inflatable member being attachable to a second structure of the downhole
tool such that the second structure is movable relative to the first
structure in response to movement of the second portion relative to the
first portion in response to inflation of the inflatable member. 2. The
downhole tool actuator of claim 1, wherein the inflatable member is
sealable to a downhole structure positioned therearound in response to
being in an inflated condition. 3. The downhole tool actuator of claim 1,
further comprising a mandrel fixedly attached to the first portion and
slidably engaged with the second portion, the first portion being
attachable with the downhole tool through the mandrel. 4. The downhole tool
actuator of claim 3, wherein at least a portion of the mandrel is solid and
void of ports or channels formed axially therethrough. 5. The downhole tool
actuator of claim 1, further comprising at least one force releasing member
in operable communication with the first portion and the second portion,
the at least one force releasing member being releasable in response to 



forces generated in the downhole tool actuator during inflation of the
inflatable member. 6. The downhole tool actuator of claim 1, wherein the
movement of the second portion towards the first portion is along a
longitudinal axis of the downhole tool actuator.7. The downhole tool
actuator of claim 1, wherein the downhole tool, in operable communication
with the downhole tool actuator, is positionable downhole of the downhole
tool actuator. 8. The downhole tool actuator of claim 1, wherein the
inflatable member is inflatable with fluid supplied from surface. 9. The
downhole tool actuator of claim 1, wherein the inflatable member is
inflatable with fluid supplied from downhole. 10. The downhole tool
actuator of claim 1, wherein an inflatable portion of the inflatable member
is elastomeric. 11. A method of actuating a downhole tool, comprising;
attaching a first structure of the downhole tool to a first portion of an
inflatable member; movably engaging a second structure of the downhole tool
to a second portion of the inflatable member; and inflating the inflatable
member thereby moving the second portion relative to the first portion and
the second structure relative to the first structure to actuate the
downhole tool. 12. The method of actuating a downhole tool of claim 11,
further comprising inflating the inflatable member with fluid supplied from
surface. 13. The method of actuating a downhole tool of claim 11, further
comprising inflating the inflatable member with fluid from downhole. 



14. The method of actuating a downhole tool of claim 11, wherein the
movement of the second portion relative to the first portion is toward the
first portion.15. The method of actuating a downhole tool of claim 11,
further comprising opening a valve with the movement of the second
structure relative to the first structure. 16. The method of actuating a
downhole tool of claim 11, further comprising setting slips of an anchor
with the movement of the second structure relative to the first structure.
17. The method of actuating a downhole tool of claim 11, further comprising
radially expanding the inflatable member. 18. The method of actuating a
downhole tool of claim 11, further comprising releasing a force-releasing
member with the movement of the second portion relative to the first
portion. 19. The method of actuating a downhole tool of claim 11, further
comprising sealing the inflatable member to a downhole structure. 20. The
method of actuating a downhole tool of claim 19, further comprising sizing
the inflatable member to release a force-releasing member prior to sealing
the inflatable member with the downhole structure. 


