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METHOD AND APPARATUS FOR CONVERTING OCEAN WAVE ENERGY
INTO ELECTRICITY

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the generation of electric power.
More specifically, the present invention relates to a method and apparatus for converting

ocean wave energy to electricity and the exploitation thereof.
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METHOD AND APPARATUS FOR CONVERTING OCEAN WAVE ENERGY
INTO ELECTRICITY

BACKGROUND OF THE INVENTION

[0002] The notion of harnessing the power of ocean waves has held
mankind’s attention for quite some time. As such, there have been several inventions
directed towards converting the kinetic energy of waves into electrical energy. However,
to date, such inventions have been largely ineffective. One such invention, disclosed in
U.S. Patent No. 3,231,749, provides a “Wave Power Generator” having a buoy with a
centrally mounted vertical shaft and a pendulum rotatably fixed to the shaft. The ‘749
Patent further includes a weight fixed to the outer end of the pendulum and a generator

fixed to the outer side of the weight.

[0003] The ‘749 Patent calls for a generator mechanism to be placed along
the peripheral of the pendulum arm and employs an outer planetary gear to generate
power. As a practical matter, factors such as manufacturing complexity, mechanical
stress, and thermal expansiori would render the disclosed invention unreasonably
expensive to maintain and inefficient to use. For instance, it is unlikely that the outer
planetary gear would be able to maintain a perfectly circular shape, absent expensive
bracing. As is known in the art, as the diameter of the outer gear increases, the mass of
the structural support required to maintain circularity of the pendulum’s motion under
operational stress increases at a ratio greater than one-to-one. In the likely event that the
outer planetary gear becomes eccentric, the pendulum mechanism would become bound
or jammed, rendering the system less efficient or inoperable. Avoiding the problem of
eccentricity would best be negated by placing some sort of spring-loaded device or other
suspension mechanism along the pendulum to allow the pendulum to move freely. Such
a mechanism also would be unreasonably expensive, complex, and difficult to maintain.
Moreover, the pendulum’s operating efficiency would be reduced as the suspension

mechanism absorbs a portion of the pendulum’s kinetic energy.

[0004] Put another way, placing the generator mechanism far from the

center of rotation also places the torque moment far from the center of rotation. When
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the torque moment is too far off-center, any eccentricity in the rotating pendulum is

amplified.

[0005] The 749 Patent is inadequate for other reasons as well. For
instance, the disclosed invention does not address how torque exerted on the buoy by the
pendulum is handled. Without an effective “anti-torque” mechanism, the mechanical
resistance of the generator will cause the buoy to rotate with the pendulum as it swings
within the buoy. Because the generator is mounted to the buoy itself, the generator will
see no rotation at its own frame of reference. This results in the buoy simply rotating in

the ocean, and thus completely ineffective for producing energy.
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BRIEF SUMMARY OF THE INVENTION

[0006] The present invention is a device for converting wave energy into
useable power. The device comprises a pendulum arranged to rotate with a pivot point
under the influence of wave motion. A support is provided for the pivot point. Also, the
device is characterized by fins for engaging the medium in which the waves are formed
so as to allow the pendulum and the pivot point to rotate with respect to the support. A

generator mechanism is positioned to operate based upon rotation of said pivot point.

[0007] The present invention is also a method for generating electrical
power. The method comprises allowing water waves to rotate a pendulum with a pivot
point, providing a support for said pivot point, and applying a counter-rotational force to
said support so as to allow said pendulum and said pivot point to rotate with respect to

said support.

[0008] Further, the present invention is a system for converting wave
energy into electrical energy. The system comprises a buoyant member comprising a
pendulum configured to rotate under the influence of wave motion and a gene;ating
means for generating electricity by converting energy associated with said rotating
pendulum, a transfer means for transferring said generated eleétricity, and a processing

facility for processing said transferred electricity.

[0009] Finally, the present invention is an apparatus for converting wave
energy into electricity. The apparatus comprises a pendulum configured to rotate with a
central shaft under the influence of wave motion, a generator aligned with said central
shaft to centralize torsional force exerted upon said apparatus, and a plurality of fins
extending from said apparatus, said plurality of fins configured to hold said apparatus

substantially rotationally stationary with respect to said pendulum.

[0010] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention
that follows may be better understood. Additional features and advantages of the
invention will be described hereinafter which form the subject of the claims of the
invention. It should be appreciated by those skilled in the art that the conception and

specific embodiment disclosed may be readily utilized as a basis for modifying or
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designing other structures for carrying out the same purposes of the present invention. It
should also be realized by those skilled in the art that such equivalent constructions do
not depart from the spirit and scope of the invention as set forth in the appended claims.
The novel features which are believed to be characteristic of the invention, both as to its
organization and method of operation, together with further objects and advantages will
be better understood from the following description when considered in connection with
the accompanying figures. It is to be expressly understood, however, that each of the
figures is provided for the purpose of illustration and description only and is not intended

as a definition of the limits of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the present invention,
reference is now made to the following descriptions taken in conjunction with the

accompanying drawing, in which:

[0012] FIGURE 1 shows one embodiment of a buoy in accordance with the

invention;

[0013] FIGURE 2 shows an embodiment of a buoy shell component in

accordance with one aspect of the present invention;

[0014] FIGURE 3 shows an embodiment of a buoy fin array component in

accordance with one aspect of the present invention;

[0015] FIGURE 4 shows a buoy mooring system according to one aspect

of the present invention;

[0016] FIGURE 5 shows a buoy array according to one aspect of the

present invention.

[0017] FIGURE 6 shows an electricity production system according to one

aspect of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0018] Apparatus 10 is a buoy that houses components which facilitate
hamessing the kinetic energy of ocean waves and converting that energy into electrical
energy. As will be further discussed, components within buoy 10 comprise a pendulum
12 rotating about a vertically-oriented shaft 14 within buoy 10, as buoy 10 tilts under the
influence of wave motion. Rotating pendulum 12 drives a centrally located generator
mechanism 16. The generated energy can then be stored at buoy 10 or transferred by
conductors 60 to a remote storage facility 62. Also, embodiments are envisioned where

an array of buoys 10 are employed through a cable grid 50.

[0019] As seen in FIGURE 2, buoy 10 is characterized by a bottom shell
component 20 and a corresponding top shell component (not shown). Bottom shell
component 20 and the top shell component are preferably hemispherical in shape and are
of identical dimension, where each may be combined with the other to form an enclosure
having an oblate spherical shape. Preferably, the shell components are comprised of
buoyant materials having relatively high strength. For instance, embodiments are
envisioned where the shell components comprise composite materials, such as fiberglass
or carbon fiber. However, other suitable materials will be readily apparent to those
skilled in the art. Portions of bottom shell component 20 and the top shell component

may be filled with a material such as foam, to enhance seaworthiness and reduce costs.

[0020] Regions within buoy 10 may be enclosed and filled with ballast, or
be set to neutrally buoyant by compartmentalizing buoy 10 and venting one or more of
those compartments to the ocean. This arrangement is thought to provide uniform
buoyancy for buoy 10, so that buoy 10 does not have a tendency to tilt in a static

position.

[0021] The tilt of buoy 10 in still water, or the static angle, preferably does
not exceed three to five degrees from a horizontal plane. To examine pendulum
behavior, the static angle must first be subtracted from the substantially wedge-shaped
cross section of a wave that initiates pendulum movement, when pendulum 12 is
substantially positioned at top of dead center. By way of example, for a common wave

having a height to length, or peak to trough, ratio of 1 to 5, the average angle of the wave
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is approximately 11.3 degrees. Where the “back tilt” of buoy 10 is approximately three
degrees, pendulum 12 must develop enough torque about shaft 14 to overcome startup
friction with an overall tilt of 8.3 degrees. As pendulum 12 rotates about shaft 14 buoy
10 tilts that 3 degree distance along with it, which will be added to, rather than subtracted
from, the wave’s angle. Thus, for the given wave, at the bottom of the swing, the angle
of buoy 10 (and pendulum 12) would be the sum of 11.3 degrees and three degrees, or

14.3 degrees. As seen, pendulum 12 increases in torque throughout the power stroke.

[0022] Preferably, the shell components combine to form an oblate sphere
having a length to height ratio of three to one, or greater. Such a length to height ratio
allows buoyant forces associated with the apparatus to be sufficiently distributed along
its length, thereby counterbalancing the downward force exerted by the pendulum mass.
The center of gravity of pendulum 12 preferably lies between shaft 14 and no more than
half of the radial distance between shaft 14 and the peripheral of buoy 10. This
configuration allows sufficient buoyancy to counter the pendulum mass, so that buoy 10
does not become locked in a tilted position. Also, such mathematically reproducible

~ dimensions allow for improved efficiency in production and assembly. A length to
height ratio of three to one, or greater, is desirable as it yields a configuration whereby
the curvature of the combined shell components allow buoy 10 to move gracefully with,
as opposed to “slapping” against, the waves. Finally, when buoy 10 is an oblate sphere
having a diameter to height ratio of approximately three to one, buoy 10 has a

sufficiently large surface area-to-displacement ratio.

[0023] In exemplary embodiments the diameter of buoy 10, mass of
pendulum 12, arm length of pendulum 12, and the center of force for the outboard
buoyancy are interrelated. However, it is generally preferred that buoy 10 will exhibit a
ratio of buoyancy to working mass on the order of between seven to one and ten to one.
That is, the mass of fluid displaced by buoy 10 is seven to ten times greater than the mass
of pendulum 12. The present inventor has found that when this condition is a satisfied, a
displacement-to-ballast ratio is achieved that provides ample buoy response to wave

motion.

[0024] Bottom shell component 20 has flange 22 along its outer

circumference. Likewise, the top shell component would have a matching flange
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extending along its outer circumference. Bottom shell component 20 can be secured to
the top shell component by inserting a fastening means, such as a series of bolts or
screws, through aligned apertures in the respective flanges. Also, the flanges preferably
have a gasket between them to enhance the seal formed between the shell components.
Other useful means by which the shell components are joined to one another will be
apparent to those skilled in the art. For instance, embodiments are envisioned where the

shell components are joined by a welding means or clamping means.

[0025] As mentioned before, pendulum 12 is housed within buoy 10.
During operation, pendulum 12 rotates about central shaft 14, which extends between
central points of each shell component. As buoy 10 moves under the influence of wave
motion it tilts with respect to a horizontal plane. As such, pendulum 12 is accelerated by
gravity towards the point within buoy 10 having the lowest potential energy. When
accelerated in such fashion, pendulum 12 is constrained to rotate about central axis 14 in
a plane perpendicular to central shaft 14. As can be easily envisioned, the traveling rise
and fall motion of the waves will cause buoy 10 to tilt from side-to-side, thereby
changing the point of lowest potential energy within buoy 10. As this happens,
pendulum 12 will be accelerated from one point within buoy 10 to another, all the while

rotating between those points.

[0026] Importantly, the present inventor understands that the semi-random
nature of wave motion is not conducive to allowing pendulum 12 to rotate in a constant
direction, i.e., clockwise or counter-clockwise. As such, embodiments are configured to
allow pendulum 12 to rotate freely in the clockwise or counter-clockwise direction. As
will be further discussed, in either case, the kinetic energy of pendulum 12 may be

captured by generator 16.

[0027] Referring again to FIGURE 1, generator mechanism 16 is in
mechanical communication with pendulum 12 and central shaft 14 so that rotation of
pendulum 12 and central shaft 14 causes generator 16 to rotate. Preferably, generator 16
comprises a gear that is engaged with a gear located at shaft 14. As shaft 14 rotates, its
gear drives the gear on generator 16. Other useful embodiments are envisioned where

generator 16 is in communication with shaft 14 by another means known in the art. For
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example, generator 16 and shaft 14 may be in mechanical communication via a belt or

chain mechanism.

[0028] According to preferred embodiments, generator 16 has an axis of
rotation in close proximity to the axis of rotation of shaft 14. This arrangement allows
the torque moment of generator 16 to be close to the torque moment of shaft 14. As
such, the total torque felt at buoy 10 is substantially centralized. Overall, this improves
the mechanical efficiency of buoy 10, that is, such a configuration provides improved
flexibility in dealing with torsional loads exerted upon buoy 10 and other components,

and allows various gearing ratios and power transmission alternatives to be explored.

[0029] Useful embodiments of buoy 10 comprise a plurality of generators
16, each being equally spaced about shaft 14. This provides for a particularly efficient
power transmission mechanism from pendulum 12 to generator 16. According to such
an arrangement generators 16 are redundant. Moreover, the symmetric arrangement of
each the generators about shaft 14 allows the torque moment of a single generator 16 to

be offset by the torque moment of another generator 16.

[0030] During rotation, pendulum 12 is supported by footings placed along
the peripheral of pendulum 12. These footings extend around the hull of each shell
component. Such an arrangement provides for efficient operation as friction is reduced
and moving parts, such as gears, are not used to support pendulum 12 within the shell

components.

[0031] The configuration described above provides for efficient assembly
of buoy 10. That is, during assembly pendulum 12 can be held in place, by a jig for
example, while shell component stringers engage the footings of pendulum 12.
Preferably, pendulum 12 footings comprise channel steel or some similar material. Once
contact is made, the jig can be retracted and the shell components fastened to one another
along their respective flanges. As such, mounting pendulum 12 within buoy 10 does not
require fasteners. Instead, pendulum 12 is held fixed about its axis of rotation by the pre-

load pressure created by the engagement of the shell components.

[0032] The embodiments disclosed herein are particularly efficient at

handling the torque exerted on buoy 10 by pendulum 12. During use, the torque exerted

10
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upon buoy 10 by pendulum 12 will have two components: torque exerted around the
vertical axis and torque exerted around the horizontal axis. Torque exerted around the
vertical axis results from rotation of pendulum 12 about axis 14. As discussed, generator
16 converts the associated mechanical energy into electrical energy. Torque around the
horizontal axis is brought about by the weight of pendulum 12 itself. However, the
mechanical coupling between bottom shell component 20 and the top shell component
allows effective dispersion of that torque throughout entire buoy 10. That is, the shell
components are joined to one another to effectively distribute the torque around the

horizontal axis.

[0033] As mentioned, pendulum 12 rotates within buoy 10 thereby turning
generator 16. However, generator 16, and other mechanical components housed within
buoy 10 for that matter, mechanically resist the rotation. That is, generator 16 “pushes
against” pendulum 12. As such, if buoy 10 is not equipped with a mechanism to

overcome this mechanical resistance, buoy 10 will simply rotate with pendulum 12.

[0034] Referring to FIGURE 3, fins 30 extend from bottom shell
component 20. In the preferred embodiment, fins 30 collectively form a fin array, which
serves as a “counter-torque’” mechanism providing sufficient resistance to overcome the
mechanical resistance of generator 16 and other components. Specifically, fins 30,
acting together, entrain a mass of water sufficient to hold buoy 10 rotationally stationary
as pendulum 12 rotates within buoy 10. Fins 30 should be of sufficient size to
effectively inhibit rotation of buoy 10 so that pendulum 12 can do work against generator
16. As such, fins 30 can be of sufficient dimension to entrain a mass of water several

times larger than the mass of pendulum 12.

[0035] As seen in FIGURE 3, fins 30 are attached to buoy 10 by coupling
to flange 22. Coupling fins 30 to flange 22 may be accomplished by screwing or bolting
fins 30 to flange 22 by means known in the art. There are any number of mechanisms by
which fin array 30 can be attached to buoy 10. However, coupling fins 30 directly to
flange 22 in such manner is preferred because it allows each fin 30 to be easily attached
or detached from buoy 10. As such, each fin 30 of the fin array is preferably a separate,

non-integral component that can be replaced in the event it is damaged or otherwise

11
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needs to be replaced. Because each fin 30 is an external item, different sizes can be used

depending on the size of buoy 10, prevailing ocean conditions, etc.

[0036] Again referring to FIGURE 3, each fin 30 extends radially from a
central portion of bottom shell component 20. However, as seen, fins 30 do not meet one
another at a central point. Instead, fins 30 are coupled to one another by a bracketing
ring 32. The use of bracketing ring 32 is preferred as it imparts relatively high strength
to fin array 30. According to particular embodiments, fins 30 may be bolted on or
screwed to bracketing ring 32. As such, individual fins may be removed by unbolting

that fin from flange 22 and ring 32, and a replacement fin may be inserted in its place.

[0037] Referring to FIGURE 4, mooring line 40 is shown extending
between buoy 10 and counterweight 42, through restraining ring 44. In a preferred
embodiment, mooring line 40 extends from a central point of buoy 10, for instance the
central point of bottom shell component 20, so that buoy 10 remains balanced along the
water surface. According to preferred embodiments, mooring line 40 is configured with
buoy 10 to allow unconstrained rotation of the buoy 10 without creating torsion on
mooring line 40. Specifically, counterweight 42, attached along the bottom end of
mooring line 40, allows buoy 10 to move up and down along the wave surface according
to wave motion. Counterweight 42 also serves as a bottom-centered ballast and a means
to pull buoy 10 back into vertical alignment with restraining ring 44. Importantly,
mooring line 40 freely moves within restraining ring 44, vertically and rotationally, and
is constrained within restraining ring 44 by counterweight 42. Such an arrangement is
thought to be particularly beneficial in that buoy 10, and likewise mooring line 40, can

rotate without twisting or breaking mooring line 40.

[0038] As best seen in FIGURE 5, a plurality of buoys 10 can be arranged
in relative proximity to one another to form a buoy array. As shown, a number of
restraining rings 44 are placed within a grid of cables 50. Cables 50, in combination
with rings 44, form an anchoring base for the buoy array. Each buoy 10 is associated
with its own mooring line 40, counterweight 42, and restraining ring 44. As a result,
each buoy 10 is provided a range of vertical and lateral motion so as to maximize wave-

induced motion while preventing contact with adjacent buoys.

12
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[0039] Referring to FIGURE 6, power communication means 60 is shown
extending between buoy 10 and power storage unit 62. Preferably, power
communication means 60 is a conductor that transfers electrical current between buoy 10
and a remote location, such as power storage unit 62. As shown, power communications
means 60 is attached to buoy 10 at or near the top of mooring line 40. Further, power
communications means 60 is attached to mooring line 40 using a sealed slip ring 64, as
known in the art. A sealed slip ring is preferable because it allows each buoy 10, and
likewise mooring line 40, to freely rotate without causing communication means 60 to
wrap around mooring line 40. As such, binding or strain placed on corhmunication
means 60 from undue rotation is avoided. Power communication means 60 can transfer
electricity from buoy 10 to power unit 62 as electricity is generated, or electricity may be

stored on buoy 10 and transferred at a later time.

[0040] Although the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the scope of the present
application is not intended to be limited to the particular embodiments of the process,
machine, manufacture, composition of matter, means, methods and steps described in the
specification. As one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed that perform
substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of matter, means, methods, or

steps.

13
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CLAIMS

1. A device for converting wave energy into useable power, said device
comprising:

a pendulum arranged to rotate with a pivot point, said rotation caused by wave
action;

a support for said pivot point;

fins for engaging the medium in which said waves are formed so as to allow said
pendulum and said pivot point to rotate with respect to said support; and

a generator mechanism positioned to operate based upon rotation of said pivot

point.
2. The device of claim 1 wherein said medium is water.

3. The device of claim 1 wherein said pivot point is an elongated shaft

extending substantially perpendicular to the plane of rotation of said pendulum.

4. The device of claim 1 wherein said pendulum rotation is caused by tilting

said pendulum with respect to a horizontal plane.

5. The device of claim 1 further comprising:
a plurality of said devices spaced apart over an expanse of said medium; and
means for gathering the energy generated from at least one of said plurality of

said devices.

6. The device of claim 1 further comprising:

means for tethering said device in a vicinity in said medium.

7. The device of claim 6 wherein said méans for tethering allows said device

to move vertically under the influence of wave motion.

8. The device of claim 1 wherein said generator mechanism is further

positioned to reduce torque imbalance exerted upon said device.

9. The device of claim 1 wherein said generator mechanism comprises a
plurality of generators, where each generator offsets a torsional load exerted upon said

device.

14
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10. A method for generating electrical power, said method comprising:
allowing water waves to rotate a pendulum with a pivot point;

providing a support for said pivot point; and

applying a counter-rotational force to said support so as to allow said pendulum

and said pivot point to rotate with respect to said support.

11.  The method of claim 10 wherein said applying comprises:
engaging a mass of water with sufficient resistance to apply said counter-

rotational force.

12.  The method of claim 10 wherein said allowing is accomplished by tilting

said pendulum with respect to a horizontal plane.

13. The method of claim 10 further comprising:

generating electrical energy by converting energy associated with said rotating

pendulum.

14. The method of claim 13 wherein said generating further comprises:

centralizing torsional forces associated with said converting.

15. The method of claim 13 wherein said generating further comprises:

offsetting torsional loads associated with said converting.

16.  The method of claim 10 further comprising:

tethering said support in a vicinity in said water.

17.  The method of claim 16 wherein said tethering comprises:

allowing said support to move vertically under the influence of wave motion.

18. A system for converting wave energy into electrical energy comprising:
a buoyant member comprising
a pendulum configured to rotate under the influence of wave motion;
a generating means for generating electricity by converting energy
associated with said rotating pendulum;
a transfer means for transferring said generated electricity; and

a processing facility for processing said transferred electricity.

15
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19. The system of claim 18 wherein said generating means is centrally

aligned with the axis of rotation of said pendulum.

20. The system of claim 18 further comprising counter-rotation means

configured so as to allow said pendulum to rotate with respect to said buoyant member.

21. The system of claim 18 where said generating means is positioned to

reduce torsional imbalance exerted upon said buoyant member.

22.  An apparatus for converting wave energy into electricity, said apparatus
comprising:

a pendulum configured to rotate with a central shaft under the influence of wave
motion;

a generator aligned with said central shaft to centralize torsional force exerted
upon said apparatus; and

a plurality of fins extending from said apparatus, said plurality of fins configured

to hold said apparatus substantially rotationally stationary with respect to said pendulum.

23.  The apparatus of claim 22 further comprising a mooring mechanism, said
mooring mechanism comprising:

a mooring line extending between said apparatus and a counterweight;

a ring of sufficient size to allow said mooring line to move laterally and rotate

within said ring and to prevent said counterweight from passing there through.

24.  The apparatus of claim 23 wherein said ring is one of a plurality of rings,

where each ring is located within a grid.

25.  The apparatus of claim 22 further comprising a power transfer
mechanism, said power transfer mechanism comprising a conductor configured to

transfer power from said housing to a remote location.

26.  The apparatus of claim 25 wherein said housing member further
comprises a slip-ring seal thereby allowing said housing to rotate freely with respect to

said conductor.

16
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27.  The apparatus of claim 22 wherein said generator mechanism comprises a
plurality of generators, each generator positioned to at least partially offset torsional

loads exerted upon said apparatus.

28.  The apparatus of claim 22 wherein said fins are reversibly attached to said

housing.

29. The apparatus of claim 28 wherein each of said fins extends radially from

a central ring positioned at a central point of said housing.

17
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