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FIG. 1a

(57) Abstract: A system is provided for converting fluid motion into electrical power, with the system being deployable in a body of
fluid. The system includes a support structure (106) and a movable structure (108, 300, 400) connected to the support structure
(106). The support structure (106) includes a generator assembly (120, 200) configured to convert mechanical energy to electrical
energy and provide electric power from the electrical energy. The movable structure (108, 300, 400) has three or more degrees of
freedom, and is configured to generate mechanical energy for conversion by the generator assembly (120, 200) during a power gen-
eration phase of a power cycle in which the fluid motion acts on the movable structure (108, 300, 400). The movable structure (108,
300, 400) has a first configuration during the power generation phase and a second, different configuration during a recovery phase
of the power cycle, with the movable structure (108, 300, 400) in the first configuration having a greater surface area normal to the
flow of fluid.
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SYSTEM AND METHOD FOR CONVERTING FLUID MOTION INTO
ELECTRICAL POWER

BACKGROUND

The present disclosure relates generally to converting fluid motion into electrical power
and, in particular, to a system including reconfigurable movable structure that converts
underwater current into electrical power.

There is a pressing need to develop clean energy sources. Since most of the surface of
the earth is covered by water, water-based systems provide the most potential for energy
generation due to sheer volume. The gravitational effect that causes tides provides an enormous
amount of energy since the mass and force of the water is many times greater than that of any
air-based system. Moving even just a few thousand cubic feet of water requires energy that
would take up incredible amounts of airspace or physical land to be equaled with either wind or
solar power. Therefore the tides may provide a significant amount of renewable energy to be
harnessed by orders of magnitude over other renewable energy forms.

As an example, the Bay of Fundy has tidal variation of 40 feet. The energy in moving
that mass of water every day is absolutely enormous. This is a naturally occurring geographic
phenomenon that may be duplicated in man-made tidal zones.

Present emphasis for water-based energy production focuses on water turbines, which are
analogous to wind turbines including propellers, affixed to electrical generators. Similar to wind
turbines, however, water turbines require very selective placement to yield sufficient power.
That is, water turbines typically require placement in areas of significant current flow. Water
turbines are also often large, complex, bulky devices that are not easily deployed. Water turbines
also often require an undesirable amount of time to deploy. For forward operating base (FOB)
and similar applications that may benefit from water-based energy production, speed of
deployment as well as the flexibility of deployment in a wide variety of situations may be
significant issues.

Therefore, it would be desirable to have an system and method that takes into account at

least some of the issues discussed above, as well as possibly other issues.
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BRIEF SUMMARY

Examples the present disclosure are generally directed to a system and method for
converting fluid motion into electrical power. Compared water turbines that typically require
significant current flow, the system and method may be used in a number of current or velocity
environments. In this regard, compared water turbines that typically require significant current
flow, the system and method may be used in low current or other low velocity environments.
Examples may further provide multiple configurations for different phases of a power cycle,
and/or an increased number of degrees of freedom to account for fluid motion in different
directions.

According to one example, a system is provided for converting fluid motion into
electrical power, with the system being deployable in a body of fluid. The system includes a
support structure and a movable structure connected to the support structure. In one example,
the system is deployable underneath a surface of the body of fluid; and in this example, the
support structure may be tethered to a buoy configured to hold the support structure upright
when deployed. In other examples, the system may be deployable on or only partially beneath
the surface of the body of fluid.

The support structure includes a generator assembly configured to convert mechanical
energy to electrical energy and provide electric power from the electrical energy. The movable
structure has three or more degrees of freedom, and is configured to generate mechanical energy
for conversion by the generator assembly during a power generation phase of a power cycle in
which the fluid motion acts on the movable structure.

The movable structure has a first configuration during the power generation phase and a
second, different configuration during a recovery phase of the power cycle. In this regard, the
movable structure in the first configuration has a greater surface area normal to the flow of fluid
than the movable structure in the second configuration.

In one example, the movable structure is connected to the generator assembly by a cable
that allows movement of the movable structure away from the support structure during the power
generation phase, and that allows movement of the movable structure back to the support
structure during the recovery phase.

In one example, the body of fluid has a surface generally perpendicular to a first axis and
parallel with second and third axes of a Cartesian coordinate system, and in which the fluid
motion has one or more of a first-axis component, second-axis component or third-axis

component. In this example, the support structure may include a swivel structure configured to
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permit movement of the movable structure with the second-axis component and third-axis
component of the fluid motion. Additionally or alternatively, the support structure may include a
pivotable guide structure configured to permit movement of the movable structure with the first-
axis component of the fluid motion.

In one example, the movable structure includes a base and a canopy or a number of fins
coupled to and extending from the base. The canopy/fins may each include a major surface and
a minor surface, with the major surface having a greater surface area than the minor surface. In
this example, the canopy/fins may each be arranged with its major surface facing a direction of
fluid motion in the first configuration, and arranged with its minor surface facing the direction of
fluid motion in the second configuration.

In a more particular example, the movable structure may include a canopy extending
circumferentially around the base that is collapsible about the base reconfigure the movable
structure from the first configuration to the second configuration. In another example, the
movable structure may include a plurality of fins extending circumferentially around the base,
and each fin may be rotatable about the base to reconfigure the movable structure between the
first and second configurations.

In other aspects of examples, a method is provided for converting fluid motion into
clectrical power. The features, functions and advantages discussed herein may be achieved
independently in various example embodiments or may be combined in yet other example
embodiments further details of which may be seen with reference to the following description
and drawings.

According to an aspect of the present disclosure there is provided a system for converting
fluid motion into electrical power, the system being deployable in a body of fluid and
comprising:

a support structure 106 including a generator assembly 120, 200 configured to convert
mechanical energy to electrical energy and provide electric power from the electrical energy; and

a movable structure 108, 300, 400 connected to the support structure 106 and configured
to generate mechanical energy for conversion by the generator assembly 120, 200 during a
power generation phase of a power cycle in which the fluid motion acts on the movable structure
108, 300, 400, the movable structure 100.100.00, 400 having three or more degrees of freedom,

the movable structure 108, 300, 400 having a first configuration during the power

generation phase and a second, different configuration during a recovery phase of the power
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cycle, the movable structure 108, 300, 400 in the first configuration having a greater surface area
normal to the flow of fluid than the movable structure 108, 300, 400 in the second configuration.

Advantageously the movable structure 108, 300, 400 is connected to the generator
assembly by a cable that allows movement of the movable structure 108, 300, 400 away from the
support structure 106 during the power generation phase, and that allows movement of the
movable structure 108, 300, 400 back to the support structure during the recovery phase.

Advantageously the body of fluid has a surface generally perpendicular to a first axis and
parallel with second and third axes of a Cartesian coordinate system, and in which the fluid
motion has one or more of a first-axis component, second-axis component or third-axis
component,

wherein the support structure 106 includes a swivel structure configured to permit
movement of the movable structure 108, 300, 400 with the second-axis component and third-axis
component of the fluid motion.

Preferably the support structure 106 further includes a pivotable guide structure
configured to permit movement of the movable structure 108, 300, 400 with the first-axis
component of the fluid motion.

Advantageously the body of fluid has a surface generally perpendicular to a first axis and
parallel with second and third axes of a Cartesian coordinate system, and in which the fluid
motion has one or more of a first-axis component, second-axis component or third-axis
component,

wherein the support structure 106 includes a pivotable guide structure configured to
permit movement of the movable structure 108, 300, 400 with the first-axis component of the
fluid motion.

Advantageously the movable structure 108, 300, 400 comprises:

a base 130, 302, 402; and

a canopy 132, 304 coupled to and extending from the base 130, 302, 402, the canopy 132,
304 including a major surface 134, 306 and a minor surface 136, 308, the major surface 134, 306
having a greater surface area than the minor surface 136, 308,

wherein the canopy 132, 304 is arranged with its major surface 134, 306 facing a
direction of fluid motion in the first configuration, and arranged with its minor surface 136, 308

facing the direction of fluid motion in the second configuration.
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Preferably the canopy 132, 304 extends circumferentially around the base 130, 302, 402,
the canopy 132, 304 being collapsible about the base 130, 302, 402 reconfigure the movable
structure 108, 300, 400 from the first configuration to the second configuration.

Advantageously the movable structure 108, 300, 400 comprises:

a base 130, 302, 402; and

a number of fins 404 coupled to and extending from the base 130, 302, 402, cach fin
including a major surface 406 and a minor surface 408, the major surface 406 having a greater
surface area than the minor surface 408,

wherein the each fin is arranged with its major surface 406 facing a direction of fluid
motion in the first configuration, and arranged with its minor surface 408 facing the direction of
fluid motion in the second configuration.

Preferably the number of fins 404 extends circumferentially around the base 130, 302,
402, each fin being rotatable about the base 130, 302, 402 to reconfigure the movable structure
108, 300, 400 between the first and second configurations.

Advantageously deployable underneath a surface of the body of fluid, the system further
comprising:

a buoy to which the support structure 106 is tethered, the buoy being configured to hold
the support structure 106 upright when deployed.

According to a further aspect of the present disclosure there is provides a method for
converting fluid motion into electrical power comprising:

providing a system including movable structure 108, 300, 400 connected to a support
structure 106, the system being deployed in a body of fluid;

generating mechanical energy by the movable structure 108, 300, 400 in reaction to fluid
motion acting on the movable structure 108, 300, 400 during a power generation phase of a
power cycle, the movable structure 108, 300, 400 having three or more degrees of freedom,;

converting the mechanical energy to electrical energy and providing electric power from
the electrical energy; and

reconfiguring the movable structure 108, 300, 400 from a first configuration and to a
second, different configuration for a recovery phase of the power cycle, the movable structure
108, 300, 400 in the first configuration having a greater surface area normal to the flow of fluid
than the movable structure in the second configuration.

Advantageously wherein generating the mechanical energy includes movement of the

movable structure 108, 300, 400 away from the support structure, the movable structure 108,
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300, 400 being connected to the support structure by a cable that allows the respective
movement.

Preferably the method further comprising pulling the movable structure 108, 300, 400
back to the support structure 106 by the cable during the recovery phase.

Advantageously the body of fluid has a surface generally perpendicular to a first axis and
parallel with second and third axes of a Cartesian coordinate system, and in which the fluid
motion has one or more of a first-axis component, second-axis component or third-axis
component,

wherein generating the mechanical energy includes movement of the movable structure
108, 300, 400 with the second-axis component and third-axis component of the fluid motion, and
away from the support structure 106.

Preferably generating the mechanical energy further includes movement of the movable
structure 108, 300, 400 with the first-axis component of the fluid motion.

Advantageously the body of fluid has a surface generally perpendicular to a first axis and
parallel with second and third axes of a Cartesian coordinate system, and in which the fluid
motion has one or more of a first-axis component, second-axis component or third-axis
component,

wherein generating the mechanical energy includes movement of the movable structure
108, 300, 400 with the first-axis component of the fluid motion, and away from the support
structure 106.

Advantageously the movable structure comprises:

a base 130, 302, 402; and

a canopy 132, 304 coupled to and extending from the base 130, 302, 402, the canopy 132,
304 including a major surface 134, 306 and a minor surface 136, 308, the major surface 134, 306
having a greater surface areca than the minor surface 136, 308, the canopy 132, 304 being
arranged with its major surface 134, 306 facing a direction of fluid motion in the first
configuration,

wherein reconfiguring the movable structure 108, 300, 400 comprises reconfiguring the
canopy 132, 304 such that its minor surface 136, 308 faces the direction of fluid motion in the
second configuration.

Preferably the canopy extends circumferentially around the base 130, 302, 402, and
reconfiguring the canopy 132, 304 comprises collapsing the canopy 132, 304 about the base 130,
302, 402.
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Advantageously wherein the movable structure 108, 300, 400 comprises:

a base 130, 302, 400; and

a number of fins 404 coupled to and extending from the base 130, 302, 402, cach fin
including a major surface 406 and a minor surface 408, the major surface 406 having a greater
surface area than the minor surface 408, and each fin being arranged with its major surface 406
facing a direction of fluid motion in the first configuration,

wherein reconfiguring the movable structure 108, 300, 400 comprises reconfiguring the
each fin such that its minor surface 408 faces the direction of fluid motion in the second
configuration.

Preferably the number of fins extends circumferentially around the base 130, 302, 400,
and wherein reconfiguring each fin comprises rotating each fin about the base 130, 302, 400.

Advantageously the method further comprising:

deploying the system underneath a surface of the body of fluid, the system further
including a buoy to which the support structure 106 is tethered, the buoy being configured to
hold the support structure 106 upright when deployed.

BRIEF DESCRIPTION OF THE DRAWING(S)

Having thus described example embodiments of the disclosure in general terms, reference
will now be made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 (including FIGS. 1a and 1b) illustrates a cross-section of a system according to
one example of the present disclosure;

FIG. 2 illustrates a generator assembly according to one example;

FIG. 3 (including FIGS. 3a and 3b) illustrates a movable structure according to one
example;

FIG. 4 (including FIGS. 4a and 4b) illustrates a movable structure according to another
example;

FIG. 5 (including FIGS. 5a, 5b, 5¢ and 5d) illustrates a top view of the system of FIG. 1
through various stages of a power cycle, according to one example;

FIG. 6 (including FIGS. 6a, 6b, 6¢, 6d, 6¢ and 6f) illustrates a top view of a movable
structure through various stages of a power cycle, according to one example;

FIGS. 7 and 8 illustrate degrees of freedom of the movable structure of one example; and

FIG. 9 is a flowchart illustrating various steps in a method according to one example.

7-
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DETAILED DESCRIPTION

Some embodiments of the present disclosure will now be described more fully hereinafter
with reference to the accompanying drawings, in which some, but not all variations of the
disclosure are shown. Indeed, variations of the disclosure may be embodied in many different
forms and should not be construed as limited to the examples set forth herein; rather, these are
provided so that this disclosure will be thorough and complete, and will fully convey the scope
of the disclosure to those skilled in the art. Examples may be described with reference to
converting underwater current into electrical power, such as in the context of ocean, river or
stream current. It should be understood, however, that examples may be equally applicable to
the conversion of other fluid movement into electrical power. Like reference numerals refer to
like elements throughout.

FIG. 1 illustrates a system 100 according to one example of the present disclosure. As
shown, in one example, the system may be deployed underneath the surface 102 of a body of
water 104 such as an ocean, river or stream. In this example, the system and its components may
be sealed or otherwise constructed for underwater use. In other examples, the system may be
deployed on or only partially beneath the surface of the body of water.

The system 100 may include a support structure 106 that may be fixed in position, and a
movable structure 108 that may be movable relative to the support structure. In one example, the
system may include an anchor 110 (e.g., suction anchor), mooring or the like for connecting the
support structure to the bed 112 of the body of water. In another example, the system may be
affixed to an underwater mooring structure such as a dam, ridge, canyon or the like. In yet
another example, the system may be affixed to a watercraft such as a ship, boat, submarine or the
like. And in one example in which the system is deployed underwater, the support structure may
be tethered to a buoy 114 for holding the support structure upright underwater.

In one example, movable structure 108 may be neutrally or only slightly, positively
buoyant, particularly for underwater deployments. For other deployments, for example, the
movable structure may be positively buoyant. The movable structure may be secured to the
support structure 106 by a cable 118 of a length sufficient to allow movement of the movable
structure a certain distance from the support structure. The cable may in turn be attached to a
generator assembly 120, which in one example, may be housed within the support structure.

In one example, the support structure 106 may include a guide structure 122 that extends

outward from a swivel structure 124. The guide structure may maintain the movable structure a
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certain distance from the support structure and may guide the cable into and out of the support
structure. Additionally, the guide structure and swivel structure may provide the movable
structure with additional degrees of freedom. In one example, as explained in greater detail
below, the movable structure may have three, four or more degrees of freedom. The additional
degrees of freedom provided by the guide structure and swivel structure may permit the movable
structure to move with current flow, which may not be always in the same direction.

The system 100 may be configured to operate over a plurality of power cycles each of
which includes a power-generation phase and a recovery phase. During the power-generation
phase, underwater current may act to push the movable structure 108 away from the support
structure 106. This movement of the movable structure away from the support structure may
generate mechanical energy, which may be transferred to the cable 118, and then from the cable
to the generator assembly 120. The generator assembly may include a generator configured to
convert this mechanical energy to electrical energy, and provide electric power from the
clectrical energy such as via a power cable 126 that may be attached to the support structure by
an appropriate cable penetration 128. Then, when the movable structure has moved a certain
distance from the support structure, the system may enter the recovery phase during which the
movable structure may be drawn or pulled back to the support structure.

The generator assembly 120 including its generator may be configured to convert
mechanical energy to electrical energy in any of a number of different manners. FIG. 2
illustrates a generator assembly 200 that according to one example may correspond to generator
assembly 120. As shown in FIG. 2, the generator assembly may include a spool 202 attached to
the cable 118 to which the movable structure 108 is attached. The spool may be attached to a
gear drive 204. A first shaft 208 may interconnect the spool and gear drive, and a second shaft
210 may interconnect the gear drive and a generator 212.

The cable 118 may be at least partially if not fully wound around the spool 202 at the
beginning of the power generation phase of the power cycle. During the power generation
phase, movement of the movable structure 108 causes the cable to unwind from the spool, which
in turn causes the spool to rotate. A gear reduction system in the gear drive 204 causes the
motion of the movable structure to spin the generator 212 at many times the rotation rate of the
spool, enabling an efficient power generation speed for the generator. The effective gear ratio
provided may be predetermined to optimize efficiency of the generator system and may range

from 1:10 to as much as 1:1000 or more.
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The spool 202 may be additionally attached to a recovery mechanism 214 configured to
rewind the cable 118 around the spool during the recovery phase of the power cycle. In one
example, the recovery mechanism may include an electric motor, which may receive power from
that generated by the generator assembly 200, or from another source. In this instance, the
power required to drive the motor may be less than the power generated by the generator
assembly, with the difference being a net power generated by the system 100.

In another example, the recovery mechanism 214 may include a mechanical mechanism
that may be configured to store and release mechanical energy, such as a spring or other
oscillating device. In this regard, the mechanical mechanism may store mechanical energy as the
cable is unwound during the power generation phase, and release the mechanical energy to
rewind the cable during the recovery phase. In this instance, the mechanical energy
stored/released by the mechanical mechanism may be less than that generated by the movement
of the movable structure 108. The difference between the mechanical energy generated by the
movable structure and stored/released by the mechanical mechanism may be a net mechanical
energy for conversion to mechanical energy by the generator 212.

Returning to FIG. 1, the movable structure 108 may have any of a number of different
configurations to facilitate its movement away from the support structure 106 during the power
generation phase of the power cycle, and its movement back to the support structure during the
recovery phase. In one example, the movable structure may have a first configuration during the
power generation phase, and a second, different configuration during the recovery phase.
Generally, the movable structure in the first configuration may have a greater surface area
normal to the flow of underwater current than the movable structure in the second configuration.

In one example, the movable structure 108 may be an umbrella-like structure including a
base 130 and a canopy 132 or a number of fins coupled to and extending from the base. Each of
the canopy/fins includes one or more major surfaces 134 and one or more minor surfaces 136,
with the major surface having a greater surface area than the minor surface. In one example, the
canopy/fins may each include opposing major surfaces joined by opposing minor surfaces.
During the power generation phase in which the movable structure moves away from the support
structure 106, the movable structure may have a first configuration in which its canopy/fins are
arranged with their major surface facing the direction of current flow. Then, during the recovery
phase in which the movable structure moves back toward the support structure, the movable
structure may have a second configuration in which its canopy/fins are arranged with their minor

surface facing the direction of current flow.

-10-
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FIG. 3 illustrates a movable structure 300 that according to one example embodiment
may correspond to movable structure 108. As shown, the movable structure may include a base
302 and a canopy 304 extending continuously, circumferentially around the base. In one
example, the canopy may include a flexible material such as a fabric supported by a frame or
other support structures, which in one example may be interwoven into the flexible material.
The canopy includes a major surface 306 and a minor surface 308, with the major surface having
a greater surface area than the minor surface. As shown in FIG. 3a, during the power generation
phase, the movable structure may have a first configuration in which the canopy is arranged with
its major surface facing the direction of current flow. At the end of the power generation phase,
the movable structure may reconfigure to a second configuration in which its canopy is arranged
with its minor surface facing the direction of current flow. In one example, the canopy may be
collapsible about the base in a manner similar to an umbrella, as shown in FIG. 3b. The movable
structure may then have this second configuration during the recovery phase.

FIG. 4 illustrates a movable structure 400 that according to another example embodiment
may correspond to movable structure 108. In one example, the movable structure may include a
base 402 and a number of (one or more) fins 404 extending circumferentially around the base.
Each of the fins includes a major surface 406 and a minor surface 408, with the major surface
having a greater surface area than the minor surface. As shown in FIG. 4a, during the power
generation phase in which the movable structure moves away from the support structure 106, the
movable structure may have a first configuration in which its fins are arranged with their major
surfaces facing the direction of current flow. At the end of the power generation phase, the
movable structure may reconfigure to a second configuration in which its fins are arranged with
their minor surfaces facing the direction of current flow. In one example, the fins may each
rotate 90° relative to the base, as shown in FIG. 4b. In one example, the moveable structure may
include an even number of fins that alternately rotate +90° and —90° relative to the base, which in
various instances, may mitigate spin that may otherwise be caused by rotation of the fins. The
fins may therefore be rotatable relative to the base to reconfigure the movable structure between
the first and second configurations. The movable structure may then have this second
configuration during the recovery phase in which the movable structure moves back toward the
support structure.

FIG. 5 illustrates a top view of the system 100 through various stages of a power cycle.
During the power generation phase, the movable structure 108 is in a first configuration with a

greater surface area normal to the flow of underwater current as the movable structure moves

-11-



10

15

20

25

30

WO 2013/169341 PCT/US2013/030262

away from the support structure 106, as shown in FIGS. 5a and 5b. The movable structure
reconfigures to a second configuration with a lesser surface area normal to the flow of
underwater current. The movable structure may then be pulled back to the support structure
during the recovery phase, as shown in FIGS. 5¢ and 5d.

FIG. 6 illustrates a top view of the movable structure 108 through various stages of a
power cycle. Again, the movable structure includes a canopy 132 or one or more fins extending
from a base 130. As shown, in one example, the canopy may include first and second opposing
major surfaces 134a, 134b joined by first and second opposing minor surfaces 136a, 136b. FIG.
6a illustrates the movable structure during the power generation phase in which the movable
structure has a first configuration. In the first configuration, the canopy may be arranged with its
first major surface 134a facing the direction of current flow (shown by the arrow). In this
configuration, the first minor surface 136a may be extended out from the base by the first and
second major surfaces, and the second minor surface 136b may be held against or proximate the
base of the movable structure. The movable structure may include a latch to at least partially
hold the movable structure in the first configuration. In one example, the movable structure may
include a collar about its base that may slidably engage a latch on the base holding the canopy or
rather its second minor surface in place.

At or toward the end of the power generation phase, the movable structure 108 may be
engaged to reconfigure itself from the first configuration to a second configuration for the
recovery phase of the power cycle. In one example, current flow may move the collar to engage
the latch at the base 130 of the movable structure to free the second minor surface 136b of the
canopy 132. As shown in FIGS. 6b and 6c, continued current flow may push the first minor
surface 136a in the direction of current flow and then downward toward the base, which may
appear similar to turning an umbrella inside out. As also shown in FIG. 6¢ and further in FIG.
6d, the second minor surface may slidably engage the base, and may move along the base
opposite the direction of current flow as the first minor surface moves downward toward the
base. This movement may continue until the canopy lies approximately against the base, at
which point the movable structure is in the second configuration, and the second minor surface
of its canopy faces the direction of current flow, as shown in FIG. 6e. In one example, at this
point, the first minor surface may be latched against or proximate the base of the movable
structure, similar to the second minor surface before.

Reconfiguration of the movable structure 108 may occur at the end of the power

generation phase, beginning of the recovery phase, or between or across the power generation
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and recovery phases. At the end of the recovery phase, the movable structure may again
reconfigure itself from the second configuration to the first configuration. In one example, the
guide structure 122 of the support structure 106 may include an angled surface. As the movable
structure is pulled in toward the support structure, the movable structure may engage the guide
structure and its angled surface may at least partially wedge between the canopy 132 and base
130. This may cause the second minor surface 136 of the canopy to begin to pivot out and away
from the base, as shown in FIG. 6f. The direction of current flow, then, may push the canopy
outward and back to the first configuration (see FIG. 6a). This reconfiguration may occur at the
end of the recovery phase, beginning of the power generation phase, or between or across the
recovery and power generation phases. The power cycle may then begin again.

As explained above, in one example, the movable structure 106 may have three, four or
more degrees of freedom. Reference is again made to FIG. 1, and now more particularly to
FIGS. 7 and 8. Consider for example the Cartesian coordinate system shown in FIGS. 1, 7 and
8. As shown, the system includes a z-axis generally perpendicular to the surface 102 of the body
of water 104, and x- and y-axes generally parallel to the surface. Current flow in the body of
water may generally have either or both of an x-axis component or y-axis component. But in
various instances, current may flow upward or downward toward or away from the surface, with
current flow thereby adding a z-axis component.

The movable structure 108 may be rotatable about its base 130 and linearly movable
away from or toward the support structure 106. In one example, the swivel structure 124 of the
support structure may additionally permit movement of the movable structure about the z-axis, as
shown in FIG. 7. These three-degrees of freedom may permit the movable structure to move
with an x-axis component and y-axis component of current flow. Additionally or alternatively,
as shown in FIG. 8, the guide structure 122 of the support structure may be a pivotable guide
structure, which may permit movement of the movable structure about the y-axis. This
additional degree of freedom may permit the movable structure to move with a z-axis component
of current flow. The movable structure may therefore have additional degrees of freedom that
may permit the movable structure to move with current flow, which may not always be in the
same direction.

In one example, the system 100 may be deployable as a pre-fabricated module for easy
set up and use, such as for remote operations or supplemental power to extend missions. In
another example, the system may be employed in groups as a “farm” with associated power

cables 126 collectively feeding power to a storage or transmission system. And in yet another
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example, the system may be employed in a forward operating base (FOB) or other installation or
facility that may require power. In any instance, the system may provide a smaller footprint than
current water-based energy production systems, and may do so with more environmental
advantages, less moving/rotating parts, complexity, noise reduction and the like.

Reference is now made to FIG. 9, which illustrates a flowchart illustrating various steps
in a method for converting fluid motion into electrical power, according to one example
embodiment. As shown in block 900, the method includes deploying in a body of fluid (e.g.,
body of water 104), a system 100 including a support structure 106 connected to a movable
structure 108, or otherwise providing such a system deployed in a body of fluid. In one example
in which the method includes deploying the system, the system may be deployed underneath a
surface (e.g., surface 102) of the body of fluid. In this example, the system may further include a
buoy 114 to which the support structure is tethered, with the buoy being configured to hold the
support structure upright when deployed.

The method includes generating mechanical energy by the movable structure 108 in
reaction to fluid motion acting on the movable structure during a power generation phase of a
power cycle, with the movable structure having three or more degrees of freedom. In one
example, generating the mechanical energy includes movement of the movable structure away
from the support structure 106, as shown in block 902, with the movable structure being
connected to the support structure by a cable 118 that allows the respective movement.

The method also includes converting the mechanical energy to electrical energy and
providing electric power from the electrical energy, as shown in block 904.

The method may further include reconfiguring the movable structure 108 from a first
configuration and to a second, different configuration for a recovery phase of the power cycle, as
shown in block 906. In this regard, the movable structure in the first configuration having a
greater surface area normal to the flow of fluid than the movable structure in the second
configuration. In one example, then, the method may include pulling the movable structure back
to the support structure 106 by the cable during the recovery phase, as shown in block 908. The
movable structure may be again reconfigured from the second configuration back to the first
configuration, as shown in block 910. And another power cycle may begin anew with movement
of the movable structure away from the support structure.

In one example, the body of fluid has a surface generally perpendicular to a first axis and
parallel with second and third axes of a Cartesian coordinate system, and in which the fluid

motion has one or more of a first-axis component, second-axis component or third-axis
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component. In this example, generating the mechanical energy may include movement of the
movable structure 108 with the second-axis component and third-axis component of the fluid
motion, and away from the support structure 106. Additionally or alternatively, for example,
generating the mechanical energy may include movement of the movable structure with the first-
axis component of the fluid motion.

In one example, the movable structure 108 includes a base 130 and a canopy 132 or one
or more fins coupled to and extending from the base. In this example, the canopy includes a
major surface 134 and a minor surface 136, with the major surface having a greater surface arca
than the minor surface. The canopy may be arranged with its major surface facing a direction of
fluid motion in the first configuration. Reconfiguring the movable structure, then, may include
reconfiguring the canopy such that its minor surface faces the direction of fluid motion in the
second configuration.

In a more particular example, the movable structure 300 includes a canopy 304 that
extends circumferentially around the base 302, and reconfiguring the canopy includes collapsing
the canopy about the base (see FIG. 3). In another example, the movable structure 400 includes
a plurality of fins 404 extending circumferentially around the base 402, and reconfiguring the fin
includes rotating each fin about the base (see FIG. 4).

Many modifications and other embodiments of the disclosure set forth herein will come
to mind to one skilled in the art to which these disclosure pertain having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is to
be understood that the disclosure are not to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be included within the scope of the
appended claims. Moreover, although the foregoing descriptions and the associated drawings
describe example embodiments in the context of certain example combinations of elements
and/or functions, it should be appreciated that different combinations of elements and/or
functions may be provided by alternative embodiments without departing from the scope of the
appended claims. In this regard, for example, different combinations of elements and/or
functions than those explicitly described above are also contemplated as may be set forth in some
of the appended claims. Although specific terms are employed herein, they are used in a generic

and descriptive sense only and not for purposes of limitation.
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WHAT IS CLAIMED IS:

1. A system for converting fluid motion into electrical power, the system being
deployable in a body of fluid and comprising:

a support structure (106) including a generator assembly (120, 200) configured to convert
mechanical energy to electrical energy and provide electric power from the electrical energy; and

a movable structure (108, 300, 400) connected to the support structure (106) and
configured to generate mechanical energy for conversion by the generator assembly (120, 200)
during a power generation phase of a power cycle in which the fluid motion acts on the movable
structure (108, 300, 400), the movable structure (108, 300, 400) having three or more degrees of
freedom,

the movable structure (108, 300, 400) having a first configuration during the power
generation phase and a second, different configuration during a recovery phase of the power
cycle, the movable structure (108, 300, 400) in the first configuration having a greater surface
area normal to a flow of fluid than the movable structure (108, 300, 400) in the second

configuration.

2. The system according to Claim 1, wherein the body of fluid has a surface
generally perpendicular to a first axis and parallel with second and third axes of a Cartesian
coordinate system, and in which the fluid motion has one or more of a first-axis component,
second-axis component or third-axis component,

wherein the support structure (106) includes a swivel structure configured to permit
movement of the movable structure (108, 300, 400) with the second-axis component and third-

axis component of the fluid motion.

3. The system according to any of Claims 1 or 2, wherein the support structure
(106) further includes a pivotable guide structure configured to permit movement of the movable

structure (108) with the first-axis component of the fluid motion.

4. The system according to any of Claims 1-3 wherein the body of fluid has a
surface generally perpendicular to a first axis and parallel with second and third axes of a
Cartesian coordinate system, and in which the fluid motion has one or more of a first-axis

component, second-axis component or third-axis component,
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wherein the support structure (106) includes a pivotable guide structure configured to
permit movement of the movable structure (108, 300, 400) with the first-axis component of the

fluid motion.

5. The system according to any of Claims 1-4 wherein the movable structure (108,
300, 400) comprises:

a base (130, 302, 402); and

a canopy (132, 304) coupled to and extending from the base (130, 302, 402), the canopy
(132, 304) including a major surface (134, 306) and a minor surface (136, 308), the major
surface (134, 306) having a greater surface area than the minor surface (136, 308),

wherein the canopy (132, 304) is arranged with its major surface (134, 306) facing a
direction of fluid motion in the first configuration, and arranged with its minor surface (136, 308)

facing the direction of fluid motion in the second configuration.

6. The system according to any of Claims 1-4 wherein the movable structure (108,
300, 400) comprises:

a base (130, 302, 402); and

a number of fins (404) coupled to and extending from the base (130, 302, 402), each fin
including a major surface (406) and a minor surface (408), the major surface (406) having a
greater surface area than the minor surface (408),

wherein the each fin is arranged with its major surface (406) facing a direction of fluid
motion in the first configuration, and arranged with its minor surface (408) facing the direction

of fluid motion in the second configuration.

7. The system according to any of Claims 1-6 deployable undemeath a surface of the
body of fluid, the system further comprising:

a buoy to which the support structure (106) is tethered, the buoy being configured to hold
the support structure (106) upright when deployed.

3. A method for converting fluid motion into electrical power comprising;:

providing a system including movable structure (108, 300, 400) connected to a support

structure (106), the system being deployed in a body of fluid;
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generating mechanical energy by the movable structure (108, 300, 400) in reaction to
fluid motion acting on the movable structure (108, 300, 400) during a power generation phase of
a power cycle, the movable structure (108, 300, 400) having three or more degrees of freedom;

converting the mechanical energy to electrical energy and providing electric power from
the electrical energy; and

reconfiguring the movable structure (108, 300, 400) from a first configuration and to a
second, different configuration for a recovery phase of the power cycle, the movable structure in
the first configuration having a greater surface area normal to a flow of fluid than the movable

structure (108, 300, 400) in the second configuration.

9. The method of Claim 8 further comprising pulling the movable structure (108,
300, 400) back to the support structure (106) by a cable during the recovery phase.

10.  The method of any of Claims 8 or 9, wherein the body of fluid has a surface
generally perpendicular to a first axis and parallel with second and third axes of a Cartesian
coordinate system, and in which the fluid motion has one or more of a first-axis component,
second-axis component or third-axis component,

wherein generating the mechanical energy includes movement of the movable structure
(108) with the second-axis component and third-axis component of the fluid motion, and away

from the support structure (106).

11. The method of Claim 10, wherein generating the mechanical energy further
includes movement of the movable structure (108, 300, 400) with the first-axis component of the

fluid motion.

12.  The method of any of Claims 8-11, wherein the body of fluid has a surface
generally perpendicular to a first axis and parallel with second and third axes of a Cartesian
coordinate system, and in which the fluid motion has one or more of a first-axis component,
second-axis component or third-axis component,

wherein generating the mechanical energy includes movement of the movable structure
(108) with the first-axis component of the fluid motion, and away from the support structure
(106).
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13. The method of any of Claims 8-12 wherein the movable structure (108, 300, 400)
comprises:

a base (130, 302, 402); and

a canopy (132, 304) coupled to and extending from the base (130, 302, 402), the , (132,
304) including a major surface (134, 306) and a minor surface (136, 308), the major surface
(134, 306) having a greater surface area than the minor surface (136, 308), the canopy (132, 304)
being arranged with its major surface (134, 306) facing a direction of fluid motion in the first
configuration,

wherein reconfiguring the movable structure (108) comprises reconfiguring the canopy
(132, 304) such that its minor surface (136, 308) faces the direction of fluid motion in the second

configuration.

14. The method of any of Claims 8-12 wherein the movable structure (108, 300, 400)
comprises:

a base (130, 302, 402); and

a number of fins (404) coupled to and extending from the base (130, 302, 402), each fin
including a major surface (406) and a minor surface (408), the major surface (406) having a
greater surface area than the minor surface (408), and each fin being arranged with its major
surface (406) facing a direction of fluid motion in the first configuration,

wherein reconfiguring the movable structure (108, 300, 400) comprises reconfiguring the
each fin such that its minor surface (408) faces the direction of fluid motion in the second

configuration.
15. The method of Claim14, wherein the number of fins (404) extends

circumferentially around the base (130, 302, 402), and wherein reconfiguring each fin comprises

rotating each fin about the base (130, 302, 402).
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