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resisted increases in volume of the cavity.
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ENERGY STORAGE DEVICE, ACTUATOR AND METHOD

CROSS REFERENCE

This application claims the benefit of the filing date of United States Patent
Application Serial Number 12/754648 filed April 6, 2010, entitled “ENERGY STORAGE
DEVICE, ACTUATOR AND METHOD.”

BACKGROUND

[0001] Energy storage devices that rely on a pressurized gas in a chamber are well
known and work well for their intended purpose. Over an extended period of time, however,
leakage of the gas filled chamber can cause the energy stored to dissipate even to the point of
having inadequate energy to actuate an actuator in operable communication with the energy
storage device. Devices and methods, therefore, to overcome the aforementioned drawback

would be well received in industry.

BRIEF DESCRIPTION

[0002] Disclosed herein is an energy storage device. The storage device includes a
first member and a second member that is slidably engaged with the first member. There are
at least two seals that slidably seal the first member to the second member and define a cavity
therebetween that varies in volume with relative movement between the first member and the
second member. The first member is biased toward the second member in a direction that
resisted increases in volume of the cavity.

[0003] Further disclosed is an actuator including a first member and a second member
slidably sealingly engaged therewith. The first member is biased toward the second member.
A cavity, defined between the first member and the second member, varies in volume with
relative movement therebetween, and a port is in fluidic communication with the cavity.

[0004] Further disclosed is a method of storing and releasing energy which includes
pumping fluid into a cavity defined between a first member slidably sealingly engaged with a
second member, increasing a volume of the cavity, moving the first member relative to the
second member, biasing the first member toward the second member, and releasing fluid

from the cavity and allowing the first member to move relative to the second member.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The following descriptions should not be considered limiting in any way.

With reference to the accompanying drawings, like elements are numbered alike:
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[0006] FIG. 1 depicts a partial cross sectional view of an energy storage device
disclosed herein; and

[0007] FIG. 2 depicts the partial cross sectional view of the energy device of FIG. 1 at
a higher level of energy storage than in FIG. 1.

DETAILED DESCRIPTION

[0008] 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.

[0009] Referring to Figures 1 and 2, an embodiment of an energy storage device
disclosed herein is illustrated at 10. The energy storage device 10 includes, a first member
14, shown herein is a first tubular, a second member 18, shown herein as a second tubular
that is slidably engaged with the first tubular 14, two seals 22 and a cavity 26. The cavity 26
is defined by an annular space between the two seals 22 and inner surface 30 of the first
tubular 14 and outer surface 34 of the second tubular 18. The seals 22 slidably sealingly
engage with the inner surfaces 30 thereby allowing the first tubular 14 to move longitudinally
relative to the second tubular 18 altering a volume of the cavity 26 in the process. In this
embodiment the first tubular 14 is positioned above the second tubular 18 such that when it
moves longitudinally away from the second tubular 18 it is moving in a direction
substantially opposite gravity thereby increasing potential energy in the device 10 since the
weight of the first tubular 14 has been raised. This potential energy can be released at a later
time to do work such as actuating a tool connected thereto as will be described in detail
below.

[0010] In the embodiment illustrated herein the energy storage device 10 is employed
as an actuator in a wellbore 42 of a downhole application. The actuator 10 is connected to a
safety valve 46 that includes a port 50 through the second tubular 18 that fluidically connects
an inside 54 of the second tubular 18 to an outside 58. A sleeve 62 connected to the first
tubular 14 is slidingly sealably engaged with the outer surface 34 by seals 66 illustrated
herein as o-rings. Since one of the seals 66 is farther from a gravitational source relative to
the port 50 and the other seal 66 is closer to a gravitational source than the port 50, the port
50 is fully closed when the sleeve 62 is sealingly engaged with both seals 66, as illustrated in
FIG. 1, and is open when the sleeve 62 is moved in a direction substantially opposing gravity

so that an end 70 of the sleeve 62 is above the port 50, as illustrated in FIG. 2.
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[0011] A line 74, such as a hydraulic line, connected to a remote source of fluid is
employed in this embodiment to actuate the valve 46. The valve 46, being a downhole safety
valve, as shown, is configured to open in response to fluid being pumped into the cavity 26
thereby increasing a volume of the cavity 26. With the second tubular 18 being fixedly
attached to the wellbore 42 by a packer 78 the increase in volume of the cavity 26 causes a
movement of the first tubular 14 substantially against a direction of gravity and thereby an
increase in potential energy stored in the first tubular. Consequently, a rupture of the line 74
permits fluid to escape from the cavity 26 and a gravity based automatic closing of the safety
valve 46.

[0012] Alternate embodiments are contemplated wherein the bias of the first tubular
14 toward the second tubular 18 is due to factors other than gravity. For example, in a highly
deviated or horizontal wellbore weight of the first tubular 14 may not be sufficient, or at least
not sufficient alone, to cause the first tubular 14 to move toward the second tubular 18.
Instead, the first tubular 14 may be biased toward the second tubular 18 by other means, such
as by compressive forces distributed throughout the first tubular 14, for example. Such
compressive forces may increase due to increases in volume of the cavity 26 that cause the
first tubular 14 to move away from the second tubular 18. As such, biasing forces from such
compression act differently than those generated by gravity alone. Gravity alone forces
remain the same but are able to act over a longer stroke length in response to lifting of the
first tubular 14. With the compressive forces, however, not only is the stroke length
increased due to movement of the first tubular 14 but the biasing forces themselves also
increase. As such even more energy can be stored in the compressively biased energy storage
device 10 than in the gravity biased storage device 10. In this alternate embodiment, the
increase in energy stored in relation to movement between the first tubular 14 and the second
tubular 18 is nonlinear.

[0013] 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 thercof without
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
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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.



WO 2011/127153 PCT/US2011/031398

What is claimed:

1. An energy storage device comprising:

a first member;

a second member slidably engaged with the first member, the first member being
biased toward the second member; and

at least two seals slidably sealing the first member to the second member and defining
a cavity therebetween that varies in volume with relative movement between the first member
and the second member and the bias on the first member toward the second member resisted
increases in volume of the cavity.

2. The energy storage device of claim 1, further comprising a port in fluidic
communication with the cavity to permit flow of fluid into and out of the cavity.

3. The energy storage device of claim 1, wherein at least one of the first member
and the second member is a tubular.

4. The energy storage device of claim 1, wherein movement of the first member
relative to the second member changes energy stored nonlinearly.

5. The energy storage device of claim 1, wherein increases in volume of the
cavity cause the first member to move in a direction opposing gravity.

6. The energy storage device of claim 1, wherein gravitational forces generate
the bias.

7. The energy storage device of claim 1, wherein the second member is
positioned closer to a gravitational source than the first member.

8. An actuator comprising:

a first member;

a second member slidably sealingly engaged with the first member defining a cavity
therebetween that varies in volume with relative movement between the first member and the
second member, the first member being biased toward the second member; and

a port in fluidic communication with the cavity.

9. The actuator of claim 8 wherein the actuator actuates in response to movement
between the first member and the second member.

10. The actuator of claim 8, wherein the actuatable movement is reversible.

11. The actuator of claim 8, wherein the actuator is configured to increase a
volume of the cavity in response to fluid being pumped into the cavity via the port.

12. The actuator of claim &, wherein the bias increases in response to movement

of the first member away from the second member.
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13. The actuator of claim 8, wherein the bias of the first member toward the
second member is at least in part due to gravitational forces acting on the first member
toward the second member.

14.  The actuator of claim 8, wherein the actuator is configured to automatically
actuate through leakage of fluid from the cavity or the port.

15.  The actuator of claim &, wherein at least two seals slidably seal the first
member to the second member.

16. The actuator of claim 8, wherein the first member and the second member are
connectable to a target tool.

17. A method of storing and releasing energy comprising:

pumping fluid into a cavity defined between a first member slidably sealingly
engaged with a second member;

increasing a volume of the cavity;

moving the first member relative to the second member;

biasing the first member toward the second member; and

releasing fluid from the cavity and allowing the first member to move relative to the
second member.

18.  The method of storing and releasing energy of claim 17, further comprising
increasing energy stored by the moving of the first member relative to the second member.

19.  The method of storing and releasing energy of claim 17, further comprising
releasing energy stored by releasing fluid from the cavity.

20.  The method of storing and releasing energy of claim 17, wherein the moving

the first member relative to the second member includes lifting the first member.
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