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DESCRIPTION

FIELD

[0001] The present invention relates to wave energy converters, and to methods of harvesting,
converting, storing, using, and/or transferring energy from water waves.

BACKGROUND

[0002] Wave energy conversion involves the use of a wave energy converter (WEC) in the
harvesting, transfer, conversion, storage, use, or combinations thereof of water wave energy
(e.g., ocean waves), such as to produce electricity.

[0003] One concern in WECs is the ability to operate under conditions in which wave energy
levels may exceed the WECs capacity, also referred to as survivability. For example, the
mechanical interface and power take off (PTO) of a particular WEC may be designed for a
particular operating range of conditions (e.g., wave frequency, force, and height).
Conventionally, when a WEC approaches, reaches, and/or exceeds such maximum operating
conditions (MOC), the WEC is shutdown and placed into a "survival mode," thus ceasing to
capture wave energy. The ability of a WEC to operate regardless of wave conditions may allow
wave energy to be harvested in a continuous, uninterrupted manner, even during high-energy
events, thus allowing continued capture of wave energy. Adjustability of a paravane would
allow the paravane to be positioned closer to the surface, allowing for greater wave energy
collection during small, low-energy wave events.

[0004] Conventional WECs do not account for the fact that ocean near-shore currents may be
approximately 90° relative to prevailing wave trains. Near-shore ocean currents may vary in
direction and strength due to tidal influences, local weather, and seasonal climatic conditions.
The ability of a WEC to vary operational direction with local current directions may allow wave
energy to be harvested regardless of current direction.

[0005] Also, conventionally, buoy or positive buoyant WECs react only to heave up forces. A
neutral buoyant paravane would allow reaction to both heave up and down forces, providing
the potential for a doubling of the efficiency of the paravane in collection of wave energy
relative to a WEC that only reacts to heave up forces.

[0006] US 2004/201223A discloses a prime mover for extracting power from moving water
comprising a body which is caused to oscillate in water by reversing the direction of thrust
generated by at least one submerged control member e.g. a hydroplane or rotating cylinder
protruding from a side of the body.
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[0007] WO 2014/202082A discloses an energy installation comprising one or more aerofoil
profiles having a longitudinal axis oriented vertically, said profile being configured on a
rotatable lever arm, a support structure comprising a transmission system where said vertical
profile may rotate around its longitudinal axis and in that said lever arm and said vertical profile
may oscillate between a first and a second horizontal positions by means of a flow of particles
acting on said vertical profile such that a horizontal movement of said vertical profile is
achieved and transmitted to said transmission system via said lever arm.

[0008] US 2008/23 8102A discloses a wave energy harvester which includes an element that
converts forward and/or backward of water in a wave passing the harvester into upward and/or
downward movement to thereby increase the vertical amplitude of the harvester relative to the
sea floor.

BRIEF SUMMARY

[0009] An embodiment of the present invention provides for a wave energy converter as set
out in claim 1. The wave energy converter includes a support structure. A paravane is
rotationally and pivotably coupled to the support structure. An energy collection device is
operatively coupled to the paravane.

[0010] Another embodiment of the present invention provides for method of harvesting water
wave energy as set out in claim 13. The method includes positioning a paravane, coupled to a
support structure, within water to be impacted by water waves, and transferring water wave
energy from the paravane to an energy collection device.

[0011] In some embodiments, the paravane functions as an absorption plate or mechanical
interface to the wave energy. In some such embodiments, greater plan shape areas for the
paravane will allow the paravane to absorb greater amounts of energy.

[0012] The foregoing has outlined rather broadly the features and technical advantages of the
present invention in order that the detailed description that follows may be better understood.
Additional features and advantages will be described hereinafter, which form the subject of the
claims. 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 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
scope of the disclosure. The novel features which are believed to be characteristic of the
products, systems, and methods, 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 disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the features and advantages of the system, products,
and/or method so of the present disclosure may be understood in more detail, a more
particular description briefly summarized above may be had by reference to the embodiments
thereof which are illustrated in the appended drawings that form a part of this specification. It is
to be noted, however, that the drawings illustrate only various exemplary embodiments and are
therefore not to be considered limiting of the disclosed concepts as it may include other
effective embodiments as well.

FIG. 1 is a partial cut-away, side view of a wave energy converter including a depth adjustable
paravane installed on a structural column with the stroke and operating range telescopes
retracted.

FIG. 2 is another partial cut-away, side view of the wave energy converter of FIG. 1, with the
stroke and operating range telescopes extended.

FIG. 3 is a plan view of the depth adjustable paravane of FIG. 1.

FIG. 4 is a side view of the wave energy converter of FIG. 1, with the stroke telescope
extended and the operating range telescope retracted.

FIG. 5 depicts fairings suitable for use with at least some embodiments of the wave energy
converter disclosed herein.

FIG. 6 is a side view of a wave energy converter including a depth adjustable paravane
installed on a surge-sway tower.

FIG. 7 is a detail view showing bolster keyways along line 7-7 of FIG. 6.
FIG. 8A is a detail, side view of a double-keyway axle bolster.

FIG. 8B is a detail, front view of the double-keyway axle bolster of FIG. 8A.
FIG. 8C is a view along line 8C-8C of FIG. 8A.

FIG. 9 is a detail view of bolster keyways along line 9-9 of FIG. 6.

FIG. 10 is a plan view of the depth adjustable paravane of FIG. 6.

FIG. 11 is a detail view of a pitch wheel of the wave energy converter showing the roll ring and
azimuth bearing chase assembly and roll ring frame in accordance with FIG. 18.

FIG. 12 is a detail view of an upper traveling spar frame of the wave energy converter of FIG.
18.

FIG. 13 is a detail view of a lower traveling spar frame of the wave energy converter of FIG.
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18.

FIG. 14 is a detail, bottom view showing a sphere fairing and pitch wheel of the wave energy
converter of FIG. 18.

FIG. 15 is a detail view showing a rolling ring axle, pitch wheel, and pitch wheel bearing chase
and carriage frame of the wave energy converter of FIG. 18.

FIG. 16 is a detail view of energy collection device cylinders and an actuator rod locking collet
of the wave energy converter of FIG. 18.

FIG. 17 is a detail view of showing a pitch wheel yoke of the wave energy converter of FIG. 18.

FIG. 18 is a partial cut-away, bow elevation view of a wave energy converter including a depth
adjustable paravane installed on a spar in accordance with certain embodiments.

FIG. 19 is a plan view of the depth adjustable paravane of FIG. 18.

FIG. 20 is a port elevation view of a portion of the wave energy converter of FIG. 18, showing
that 40° of pitch and 40° of roll is achieved by the pitch wheel and roll ring assembly.

[0014] Products and methods according to present invention will now be described more fully
with reference to the accompanying drawings, which Iillustrate various exemplary
embodiments. Concepts according to the present disclosure may, however, be embodied in
many different forms and should not be construed as being limited by the illustrated
embodiments set forth herein. Rather, these embodiments are provided so that this disclosure
will be thorough as well as complete and will fully convey the scope of the various concepts to
those skilled in the art and the best and preferred modes of practice.

DETAILED DESCRIPTION

[0015] Certain embodiments of the present invention include a wave energy converter. The
wave energy converter is configured to harvest water wave energy (e.g., ocean waves). For
example and without limitation, the wave energy converter may store energy from water waves
as hydraulic energy (e.g., pressurized hydraulic fluid), pneumatic energy (e.g., pressurized
gas), or electrical energy (e.g., battery stored electricity). The stored energy may then be
transferred and/or used to perform work. The wave energy converter disclosed herein is not
limited to storage in these mediums, and may be configured to store energy in any manner
and form known to those skilled in the art. The stored energy may be transferred from a local
environment proximate the wave energy converter to a remote environment at a distance from
the wave energy converter, such as transfer of energy from an offshore wave energy converter
to onshore for use thereof. In some embodiments, energy harvested by the wave energy
converter is not stored, and is transferred and/or used to perform work without intermediate
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storage. The energy harvested by the wave energy converter may be used to provide power in
the local environment, such as providing power to an offshore floating vessel; providing power
to a remove environment, such as inputting electrical energy into an onshore electric grid for
residential, commercial, and/or industrial use; or combinations thereof. Certain embodiments
relate to an array of multiple wave energy converters disclosed herein for harvesting water
wave energy.

[0016] The wave energy converter includes a paravane (also referred to as a "fish" or
"biomimicry fish") that is rotationally and pivotably coupled to a support structure such that the
paravane is capable of moving relative to the support structure in response to water waves
impacting the paravane. While exemplary embodiments of rotational and pivotable coupling of
the paravane to the support structure are shown and described herein, such rotational and
pivotable coupling is not limited to the embodiments shown in the Figures, and may be
achieved in any manner known to those skilled in the art.

[0017] The paravane may be a depth adjustable paravane. As used herein, "depth adjustable
paravane" refers to a paravane in which a depth of the paravane, relative to the seabed and to
the mean sea level is adjustable, allowing the paravane to be selectively maintained at a
desired depth. In some embodiments, the depth of the paravane may be adjusted "on the fly"
in response to, for example and without limitation, changes in the mean sea level, changes in
the force of impact imparted from the waves to the paravane, and/or changes in the desired
level of energy to be harvested from the water waves. While exemplary embodiments of depth
adjustment of the paravane are shown and described herein, such depth adjustment is not
limited to the embodiments shown in the Figures, and may be achieved in any manner known
to those skilled in the art.

[0018] The wave energy converter includes an energy collection device operatively coupled to
the paravane. In operation, movement of the paravane in response to water waves impacting
the paravane is transferred (e.g., mechanically) from the paravane into the energy collection
device for storage therein. While exemplary embodiments of energy collection devices are
shown and described herein, such energy collection devices are not limited to the
embodiments shown in the Figures, and may be any energy collection device known to those
skilled in the art.

[0019] With reference to the Figures, embodiments of the wave energy converter will now be
described. However, it is understood by those skilled in the art that the wave energy converter
disclosed herein is not limited to the particular embodiments shown and described with
reference to the Figures.

Structural Column with Telescoping Sections

[0020] FIGs. 1-4 depict wave energy converter 1000a, and portions thereof, in accordance
with certain embodiments of the present invention.
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[0021] Wave energy converter 1000a includes paravane 100a rotationally and pivotably
coupled to support structure 200a, and operatively coupled to energy collection device 210.

Support Structure

[0022] In the embodiment of FIGs. 1-4, support structure 200a has three sections. The first
section is a static, structural column 202 or tower. The structural column 202 may be made of
steel, a high-modulus composite material (e.g., resin), or any other suitable material as
understood by those skilled in the art. Structural column 202 is fixed and static relative to the
water wave. In a preferred embodiment, structural column 202 is fixed to the seabed (not
shown). In alternative embodiments, structural column 202 may be fixed to a structure that is
relatively stable relative to water wave. For example, it may be fixed to a movable or floating
platform. Support structure 200a includes a second section, here shown as operating range
telescope 204, which is telescopically engaged to structural column 202 and is extendable and
retractable relative to structural column 202. Operating range telescope 204 is coupled to
structural column 202, at least in part, via upper alignment girth rollers 207 and at a lower end
by draft adjustment assemblies 221. Support structure 200a includes a third section, herein
shown as stroke telescope 206, which is telescopically engaged to operating range telescope
204, and is movable relative to operating range telescope 204. Stroke telescope 206 is
coupled to operating range telescope 204, at least in part, via upper alignment girth rollers 209
and lower alignment girth rollers 203.

[0023] Operating range telescope 204 moves (extends and retracts) relative to structural
column 202, to define an operating range of paravane 100a. As used herein, "operating range"
refers to the distance from the mean sea level to the greatest depth required for continual
operation of paravane 100a, i.e., the Rated Operating Condition (ROC), which is descried in
more detail below.

[0024] Also, as described in more detail below with respect to paravane 100a, stroke telescope
206 moves relative to the structural column 202 and the operating range telescope 204 in
response to water wave. As shown, stroke telescope 206 and operating range telescope 204
are 1:1 ratio cantilevered pipes; however, those skilled in the art understand that other
configurations of stroke telescope 206 and operating range telescope 204 are possible. Each
of stroke telescope 206 and operating range telescope 204 may be made of steel, a high-
modulus composite material (e.g., resin), or any other suitable material as understood by those
skilled in the art.

[0025] Upper alignment girth rollers 207 and 209 may be installed on upper flanges of
operating range telescope 204 and stroke telescope 206, respectively. Upper alignment girth
rollers 207 and 209 may be supported by the upper flanges of the telescopes, and be bolted
thereon. Upper alignment girth rollers 207 and 209 may be closely spaced and include sealed
bearing and wear surfaces of a material that is softer than the mating surface of the upper
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flanges of the telescopes, which may include a cathodic protection paint thereon.

[0026] Lower alignment girth rollers 203 may be of a similar construction as upper alignment
girth rollers 207 and 209, but installed on an interior of operating range telescope 204.

[0027] Support structure 200a includes seawater vents 229. In operation, reciprocating motion
of energy collection device 210, as described in more detail below, flushes ocean water
throughout the interior of portions of support structure 200a. In some embodiments, gravity
swung check/flapper valves are disposed at the base of structural column 202, such that
during flushing through seawater vents 229, check/flapper valves open and when not flushing,
check valves close. Those skilled in the art would understand that the placement and
arrangement of seawater vents 229 is not limited to the particular placement and arrangement
shown.

[0028] Paravane 100a is rotationally and pivotably coupled to a top of support structure 200a.
With reference to FIG. 1, paravane 100a is attached to stroke telescope 206 via gimbal joint
218. Gimbal joint 218 may be a double gimbal including spindle 220, and may be configured to
provide paravane 100a with a pitch and roll and rotation relative to structural column 202. In
one embodiment, the gimbal joint 218 allows for up to 40° of pitch and roll and unlimited 360°
rotation about structural column 202. The ability of paravane 100a to pitch, roll, and rotate,
reduces or eliminates side loading on wave energy converter 1000a, such as side loading on
support structure 100. Also, the ability of paravane 100a to pitch, roll, and rotate allows
paravane 100a to adjust to changes in the direction of impacting water waves, such as in
dynamic water wave conditions, allowing paravane 100a to maximize reaction to heave up and
heave down forces.

[0029] Gimbal joint 218 may include a cast gimbal ring with two axles, 219a and 219b. The two
gimbal ring axles 219a and 219b may be captured by sealed, tapered roller bearings held by
journals, port and starboard, in paravane 100a. Spindle 220, with captured dry bearings, may
include two axles, with a 90° offset relative to the axels 219a and 219b. In some embodiments,
installation and removal of the gimbal ring from the spindle 220 casting is possible with no
spindle axle bearings in place. Spindle 220 bearing casting may be a two-part "female" bolted
assembly having two axles and an "hour-glass” or "double-conical” form. In certain
embodiments, the taper of the hourglass or double-conical shape of spindle 220 bearing
casting is not a locking taper. Spindle 220 bearing casting may be the journal for two pairs of
split-dry bearings, each of conical shape. Some embodiments of spindle 220 may include
vertical thrust ring bearings. Dry bearings of spindle 220 may be sealed from the marine
environment. A grease or graphite cap diaphragm may be disposed at a crown of spindle 220,
allowing ocean depth pressure to purge grease or graphite in the case of any seal failures. In
some embodiments, with certain mortise and tenon mating of the two casting halves of spindle
220 bearing casting, as the dry bearings wear and decrease in thickness a servicing step may
include tightening the two casting halves together, thus decreasing any play in the
bearing/spindle assembly.
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[0030] Although not shown, gimbal joint 218 may also include dampeners, such as springs or
hydraulics, to prevent the gimbal joint 218 from hitting its mechanical limits when operating in
high energy, turbulent conditions. In some embodiments, correct controls, reducing depth of
paravane 100a, will preclude paravane 100a from operating in conditions that would require
the use of 'soft' limit stops, such as dampeners. Alternatively, the paravane 100a may include
closed loop pairs of hydraulic cylinders or pumps, which, through pressure regulation and
acting as brakes, operate to limit the pitch and roll. The closed loop hydraulic cylinders may
also be configured to return gimbal joint 218 to a preferred orientation, such as one in which
the paravane 100a is in a horizontal attitude.

[0031] With spindle 220 attached to stroke telescope 206, both spindle 220 and stroke
telescope 206 are prevented from rotating in response to paravane 100a azimuth change, by
guide bars 215 coupled (e.g., machine screwed) to the inside operating range telescope 204
and aligned with the centerline of operating range telescope 204. Rotation limit rollers 231
(guide bar rollers) may be coupled (e.g., machine screwed, such as if of steel construction) to
the exterior of the stroke telescope 206, which engage guide bars 215 and limit rotation
thereof.

[0032] Structural column 202 provides alignment, rotation, and depth control for the operating
range telescope 204. In a preferred method of providing alignment, rotation, and depth control,
structural column 202 of the embodiment shown in FIG. 1 includes four adjustment assemblies
221. The cutaway portion of structural column 202 in FIG. 2 shows one of the adjustment
assemblies 221. The adjustment assemblies 221 are used to retract or extend operating range
telescope 204, which, in turn, raises and lowers paravane 100a. Operating range telescope
204 includes guide bar/racks 217 (one of four of which is shown). The operating range
telescope 204 is limited in rotation by guide bars/racks 217 for depth control. The embodiment
shown includes two hydraulic controls - draft locking assemblies 291 and draft adjustment
assemblies 221. Draft locking assemblies 291 and draft adjustment assemblies 221 are
configured as cartridges, allowing assemblies 291 and 221 to be readily changeable, as
maintenance requires.

[0033] Each draft locking assembly 291 includes paired wedge chocks 251, which are
selectively engaged and disengaged via a hydraulic motor 292, such as via an acme screw
powered by the hydraulic motor. The paired wedge chocks 251 may be aligned with the top
surface of a dovetail track 249. The paired wedge chocks 251 use the dovetail track 249 to
maintain alignment to each other.

[0034] Each draft adjustment assembly 221 includes lower alignment rollers 223, rotation limit
rollers 225, and a power train 227. The power train 227 includes a hydraulic motor (not
shown), a reduction gear 255, and a pinion gear 253. Rollers 223 and 225 engage the sides of
guide bar/racks 217. The pinion gear 253 of power train 227 engages teeth of the guide
bar/racks 217. Coordinated control between locking and adjustment assemblies 291 and 221
increases or decreases and locks the position of operating range telescope 204 depth,
thereby, controlling the operating range of paravane 100a.
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[0035] Wave energy converter 1000a includes slip ring 222 for mechanical, electrical, and/or
data communication links to and from paravane 100a. Spindle 220 may include a pipe chase
on a centerline thereof for slip ring 222 pipe, tubing and cable components.

[0036] With reference to FIG. 1, stroke telescope 206 may include a pressurized buoyancy
chamber 205. As shown in FIG. 1, paravane 100a is "parked" on bolsters 224 of support
structure 200a, with the PTO of energy collection device 210 retracted.

Energy Collection Device

[0037] Energy collection device 210 is operatively coupled to paravane 100a via support
structure 200a. As shown in FIG. 2, energy collection device 210 is operatively coupled to
stroke telescope 206, which is, in-turn, operatively coupled to paravane 100a. In operation,
paravane 100a is forced upwards and downwards (relative to the energy collection device 210)
in response to force applied to paravane 100a from the waves. Such upward and downward
movement of paravane 100a causes stroke telescope 206 to stroke upwards and downwards
along an effective stroke length, respectively, thereby, causing rod 211 of energy collection
device 210 to stroke upwards and downwards within cylinder 213 of energy collection device
210, transferring water wave energy into energy collection device 210.

[0038] In a preferred embodiment, energy collection device 210 is a linear, reciprocating
power take off (PTO) assembly, which may operate in a vertical alignment. As shown, energy
collection device 210 includes a hydraulic cylinder (rod 211 and cylinder 213) as the PTO;
however, energy collection device 210 may include other linear PTOs. The hydraulic cylinder
PTO of the energy collection device 210 may be arranged such that the rod 211 of the
hydraulic cylinder is arranged above the cylinder 213, as shown in FIG. 2. Such a "rod-up"
configuration allows for connecting hydraulic hoses in a central position of wave energy
converter 1000a, spaced-apart from moving portions of wave energy converter 1000a. This,
in-turn, minimizes the required diameters of operating range telescope 204 and stroke
telescope 206. Rod 211 may be mechanically coupled to a lower end of stroke telescope 206,
such as via a blade mating clevis.

[0039] In a preferred embodiment, energy collection device 210 may be installed within
support structure 200a. For example, energy collection device 210 may be installed solely
within operating range telescope 204, with the base of cylinder 213 pinned by spherical
bearing to the lower end of operating range telescope 204, and the rod 211 blade end
spherical bearing pinned to the lower end of stroke telescope 206, with the lower end of stroke
telescope 206 positioned within operating range telescope 204. In FIG. 1, the rod 211 blade
end and pin hole center-line are not shown for purpose of clarity. Instaling the energy
collection device 210 within the support structure 200a protects it from the surrounding marine
flora and fauna, protects it from side-loading, and allows only linear motion of the rod 211
relative to the cylinder 213, without rotary motion. However, other embodiments are envisioned
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in which the energy collection device 210 performs the functions of one or more of the
operating range telescope 204, stroke telescope 206, and structural column 202. For example,
paravane 100a may be attached to the energy collection device 210. In this arrangement, the
cylinder 213 and rod 211 perform the functions of at least the stroke telescope. In another
example, energy collection device 210 can also be configured to control the maximum
extension or retraction of the rod 211. In this manner, the energy collection device 210 can
also perform the range adjustments function.

[0040] In some embodiments, the hydraulic fluid used in one or more of the hydraulic cylinders
of wave energy converter 1000a is a saturated synthetic ester-based hydraulic fluid, which
provides compatibility to the marine biosphere, such as a vegetable oil-based fluid. An example

of a suitable hydraulic fluid for use herein is PANOLIN® HLP SYNTH E, which meets 1SO-
15380 HEES, WGK-1, and OECD 301B standards. In some embodiments, wave energy
converter 1000a may include sealed chambers (ecology cofferdams) external to the hydraulic
cylinder pressure seals of the energy collection device 210, which may be used to monitor and
control pressure seal conditions.

[0041] As harvested, ocean wave power is cyclical, based on wave period, and is delivered to
an electrical power grid after conditioning (i.e., smoothing the sinusoidal surges). With linear,
electrical PTO assemblies, such smoothing of sinusoidal waves may be achieved through the
use of batteries, which may be environmentally hazardous, as well as financially costly.
Although not shown, a preferred embodiment includes power conditioning to smooth sinusoidal
waves. In one embodiment, stored pressure is used for power conditioning. The pressure may
be stored hydraulically or pneumatically (e.g., stored air pressure). Technology for conditioned
hydraulic power in a piston-type pressure accumulator is readily available and understood by
those skilled in the art. Stored hydraulic power may then be applied to one or more electrical
generators (not shown), by methods known to those skilled in the art, in a continuous and
controlled manner to produce electricity. Due to continually changing ocean wave seasonal
energy levels, energy collection device 210 may, at times, operate at lower than desired
pressures; however, stored power allows the pressure to be increased during such times to
achieve the desired pressure for hydraulic motor/generator operation.

Paravane

[0042] In a preferred embodiment, paravane 100a has a triangular or substantially triangular
plan shape, such as an equilateral triangle plan shape. As used herein, the "plan shape" of the
paravane refers to the two-dimensional shape of the paravane, and "plan shape area" or
"planar area" refer to the two-dimensional area of the "plan shape." In some embodiments, the
paravane has the plan shape of a truncated triangle, such as a truncated equilateral triangle.
For example, paravane 100a in FIG. 3 has a plan shape of a truncated equilateral triangle.
That is, if sides 107 of paravane 100a were extended to meet at points, paravane 100a would
have the plan shape of an equilateral triangle. However, paravane 100a has truncated ends
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105, such that paravane 100a has the plan shape of a truncated equilateral triangle. VWhile
truncated ends 105 are shown as straight sides connecting with sides 107, which are also
shown as straight sides, one skilled in the art would understand that truncated ends 105 and/or
sides 107 may be arcs. The truncations, forming truncated ends 105, may be equal in size,
such as is with paravane 100a, or may vary, such as is with paravanes 100b and 100c (FIGs.
10 and 19, respectively). The plan shape of paravane 100a may have a symmetrical cross-
section. With reference to FIG. 3, the surface area of the plan shape of paravane 100a ranges

from 84m? to 1,100m?2 (900 ft2 to 12,000 ft?), including any values there-between. As is
understood by those skilled in the art, the surface area of the plan shape of paravane 100a

may have any value, including those less than 84m?2 (900 ft2) and greater than 1,100m?

(12,000 ft?). The center of planar area 214 is shown in FIG. 3. While shown and described as a
"paravane”, one of skill in the art would understand that the "paravane” disclosed herein is not
limited to any particular shape, including those shapes conventional to paravanes. Rather,
"paravane"” may have any shape, size, and/or configuration suitable for the functions described
herein. For example, the plan shape of the paravane may be triangular, disc, truncated
triangular, or any other shape. In some embodiments, paravane 100a has a shape similar or
substantially similar to a delta wing.

[0043] Paravane 100a may include at least one tail foil 216. Certain embodiments of paravane
100a include a plurality of tail foils 216. Tail foils 216 may provide at least some directional
control to paravane 100a. One skilled in the art would understand that there are a number of
varying ways in which to achieve rotation, pitch, and/or roll of paravane 100a in response to
impact with water waves, and that the present disclosure is not limited to coupling paravane
100a to support structure 200 via a gimbal joint. In some such embodiments, both stroke
telescope 206 and operating range telescope 204 are configured to retract within support
structure 200a, and each of the operating range telescope 204, stroke telescope 206, and
structural support 200a have no tails and/or rudders attached thereto. In some such
embodiments, the connection of cables to paravane 100a and hoses to hydraulic cylinder 213
are maintained in a fixed azimuth position and do not twist within the support structure 200a.
The addition of tail foils 216 to paravane 100a increases the three-dimensional surface area of
paravane 100a. As such, selective placement of tail foils 216 allowed the three-dimensional
surface area of paravane 100a to be increased aft of the center of planar area 214 relative to
fore of the center of planar area 214.

[0044] According to the present invention, a majority of the surface area of paravane 100a is
aft of center of planar area 214. Such a geometrical configuration provides greater planar area
friction aft than forward of paravane 100a, such that, even in non-linear and turbulent fluid
vortices, paravane 100a is hydrodynamically stable. The nose or bow of paravane 100a will
align to the prevailing flow, or to the resultant vector of multiple flows, via rotation of paravane
100a about support structure 200a.

[0045] In a preferred embodiment, the center of planar area 214 coincides with the center of
buoyancy of paravane 100a. The center of planar area 214 and/or the center of buoyancy is,
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in at least some embodiments, also the point at which paravane 100a is connected to stroke
telescope 206 (e.g., by way of spindle 220). The stability of paravane 100a may be adjusted
based on the location of this connection point, center of planar area 214, and center of
buoyancy. In the preferred embodiment, the paravane 100a is configured to be both
dynamically and statically stable. However, in alternative embodiments, especially those in
which the paravane 100a can be controlled, the stability can be neutral or even slightly
unstable requiring control input.

[0046] Paravane 100a may have neutral buoyancy, and react to both heave-up and heave-
down wave energy. The stable, efficient, and neutral buoyant hydrodynamic form of paravane
100a allows paravane 100a to operate in vigorous and high-energy conditions. The
displacement of paravane 100a may be adjusted, as required, to meet neutral buoyancy in
view of attached weights of active components including, but not limited to: gimbal joint 218,
spindle 220, stroke telescope 206, and PTO rod 211 and cylinder 213 (or armature if the PTO
is electric). In a preferred embodiment, Paravane 100a has a symmetrical cross-section. Thus,
paravane 100a is not an asymmetrical lifting foil. In a preferred embodiment, paravane 100a
may be shaped according to the NACA-00415 series of foils.

[0047] In some embodiments, paravane 100a has a composite construction. For example, in
one embodiment, paravane 100a may have internal longitudinals, wing spars and plan shape
perimeters made of metal (e.g., steel); a polymer foam (e.g., polyurethane foam) core; skin
panels of multidirectional wood veneers of metal (e.g., steel) configured to withstand expected
shear loads, longitudinal and transverse loads, and to provide a puncture resistance envelope
to paravane 100a; layers of fiberglass or other high-tensile cloth for seamlessness, abrasion
resistance and a waterproof barrier; and lamination (e.g., vacuum bag lamination of the entire
paravane 100a with an epoxy). Those skilled in the art understand that paravane 100a is not
limited to such a composite construction, and may be made of any suitable material(s).

[0048] Onboard components that paravane 100a may have include, but are not limited to: one
or more compressed air/sea water ballast tanks; one or more (e.g., two) ailerons adapted to
provide dynamic trim compensation and potential active-controls; azimuth and attitude sensing
and communication; pneumatic and/or hydraulic piping, as required; male/female mechanical
coupling for connection to stroke telescope 206; or combinations thereof. In some
embodiments, paravane 100a may include onboard at least one (e.g., two) closed loop pairs of
hydraulic cylinders or pumps (not shown) that, through pressure regulation, act as brakes to
limit pitch and roll of paravane 100a by centralizing the gimbal joint 218.

[0049] Maximum wind wave (short period) or swell (long period) energy is at the still water
level (SWL), i.e., the mean sea level between waves. For maximum wave energy harvesting,
depth adjustable paravane 100a is operated as close as practicable to the SWL. The ability of
the depth adjustable paravane 100a to be selectively raised up into prime heave energy and
lowered to depths away from overabundant heave energy (when wave energy increases)
allows paravane 100a to operate in varying wave energy conditions, such that wave energy
harvest may be continuous, and uninterrupted by low and high-energy events. As such, some
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embodiments of wave energy converter 1000a exhibit no maximum operating conditions
(MOC).

[0050] The threshold operation condition for the depth adjustable paravane 100a or the
hydraulic PTO of the energy collection device 210 may be at low-wave energy levels. As such,
the rated operating condition (ROC) of the depth adjustable paravane 100a or the hydraulic
PTO of the energy collection device 210 may have a broad spectrum, with the ability to operate
at low and high pressures.

[0051] The range of motion of paravane 100a is, at least in part, determined by the rod 211
stroke length. The rod 211 stroke length may be optimized from wave height historical data for
particular coastlines.

[0052] As stated, the operating range telescope 204 length defines the operating range of
paravane 100a. In some embodiments, the depth of the operating range telescope is adjusted
to the height of tide cycles. Operating range telescope 204 may be adjusted to increase or
decrease its depth as wave heights and energy decrease or increase, such that the PTO of the
energy collection device 210 may continuously or continually operate at the optimal ROC. In
operation, the depth of operating range telescope 204 may be controlled by power train 227,
and the depth may be locked by the wedge chocks 251 engaged with guide bar/racks 217.

[0053] In some embodiments, paravane 100a may be autonomously stable and self-tending,
requiring no external control. Hydraulic power logic, aided by process logic control, may be
used to automate the adjustment and locking of operating range telescope 204. Hydraulic
power logic may also provide for primary automated control for the energy collection device
210 PTO's: operating pressures; routing control of operating pressures distribution to
storage/conditioning; and end of stroke limits.

[0054] In operation, paravane 100a functions as a wave energy mechanical interface. When
paravane 100a is horizontally positioned and vertically supported at its center of planar area
214, paravane 100a will transmit applied vertical forces aligned to the vertical support
centerline that contains the energy collection device 210 PTO assembly. Paravane 100a
transmits harvested wave energy to energy collection device 210.

[0055] In the embodiment shown in FIGs. 1-4, the depth adjustable paravane 100a is installed
on single, structural column 202. The depth adjustable paravane 100a of FIGs. 1-4 is omni-
directional, including rotation about support structure 200a, as well as pitch and roll. As such,
depth adjustable paravane 100a is configured to harvest singular or multiple wave swell
energy, as well as sea heave energy. In operation, the depth adjustable paravane 100a aligns
with a resultant vector of all impacting wave velocities and ocean currents, providing the least
hydrodynamic drag to the structural column 202. Paravane 100a extends or retracts to operate
in the optimum wave energy range. The embodiment of wave energy converter 1000a shown
in FIGs. 1-4 may shed over-abundant wave energy by operating at lower hydraulic cylinder
pressures. While operating at lower hydraulic cylinder pressures, average stroke and hydraulic



DK/EP 3491235 T3

volume increase, such that energy production is continuous.

Surge-Sway Tower

[0056] FIGs. 5-10 depict wave energy converter 1000b, and portions thereof, in accordance
with certain embodiments of the present invention. In FIGs. 5-10, like reference numerals
relative to those in FIGs. 1-4 are used to indicate like elements.

[0057] Wave energy converter 1000b operates in substantially the same manner as wave
energy converter 1000a, with the exception that the first section, structural column 202, of
FIGs. 1-4 is replaced with a first section that is a surge-sway tower 202b. In some
embodiments, surge-sway tower 202b is an extension of structural tower 202, and coupled
therewith.

[0058] Surge-sway tower 202b of support structure 200b is an omni-directional cantilever that
is operatively coupled to pedestal frame 228. Pedestal frame 228 is fixed relative to the seabed
234, and surge-sway tower 202b is configured to move relative to the seabed 234. As shown,
surge-sway tower 202b is operatively coupled to pedestal frame 228 via pivot double gimbal
218a along a midsection of surge-sway tower 202b. Surge-sway tower 202b is also operatively
coupled to pedestal frame 228 via hydraulic cylinder 232 and universal joint 230 at a bottom
end of surge-sway tower 202b. Hydraulic cylinder 232 may be within a splined cylinder carrier.
Hydraulic cylinder 232 is coupled to double gimbal 218b, and double gimbal 218b is coupled to
pedestal frame 228. Gimbals 218a and 218b may be the same as or substantially similar
gimbal 218, as described with respect to FIGs. 1-4

[0059] Surge-sway tower 202b is configured to absorb wave-surge energy from any direction.
Thus, wave energy converter 1000b is configured to harvest both wave heave and surge
energy. In operation, the upper portion of surge-sway tower 202b, above gimbal 218a, reacts
to prime, omni-directional wave surge energy, and the lower portion of surge-sway tower 202b,
below gimbal 218a, operates in diminished wave energy surge.

[0060] In some embodiments, surge-sway tower 202b has about a 2:1 mechanical advantage
to the hydraulic cylinder 232 PTO. When surge-sway tower 202b is initially, minimally out of
alignment with hydraulic cylinder 232, surge-sway tower 202b may have a mechanical
advantage to the hydraulic cylinder 232 PTO that is, at least theoretically, infinite. The actual
mechanical advantage diminishes as the angular misalignment increases. Surge-sway tower
202b may shed over-abundant surge energy by operating at lower hydraulic cylinder
pressures, allowing greater sway and presenting less surface area to the impacting surge
energy. While operating a lower pressure, hydraulic volume increases such that energy
production may be continuous.

[0061] Self-tending fairings 226, as shown in FIG. 5, may be coupled with surge-sway tower
202b depending upon local conditions, such as if coastwise currents are a detriment to surge
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energy harvest. Such self-tending fairings 226 may reduce added hydraulic mass, thereby,
changing surge energy absorption by reducing inertia. Self-tending fairings 226 may cover
structural column 202 or surge-sway tower 202b, for example. Self-tending fairings 226 may
be adapted to rotate about structural column 202 or surge-sway tower 202b, when coupled
therewith. In some embodiments, self-tending fairings 226 do not cover stroke telescope 206
or operating range telescope 204. Self-tending fairings 226 may also be used, in some
embodiments, to assist in the directional control of paravane 100b. In some such
embodiments, structural column 202 is configured to rotate with paravane 100b.

[0062] Assemblies of axles' bolsters two key ways 238a and 238b are shown for gimbals 218a
and 218b in FIGs. 7 and 9, respectively. The non-locking taper of these double key ways 238a
and 238b allow ease of removal and an integral 'stabbing guide' for re-installation. FIGs. 8A-8C
show one embodiment of the axle bolsters of FIGs. 7 and 9.

[0063] In some embodiments of surge-sway tower 202b, air buoyancy tank displacement may
be used. For example, wave energy converter 1000b, which, as shown, is designed for an
ocean depth of 91m (300 feet), may employ air buoyancy tank displacement at depths from
40m to 76m (132 feet to 250 feet). Such air buoyancy tank displacement may be used to:
reduce the negative impact of 'wet tank' inertia on wave energy harvest; mitigate weight during
installation and retrieval operations; or combinations thereof. While wave energy converter
1000b of FIGs. 5-10 is designed for an ocean depth of 91m (300 feet), those skilled in the art
understand that embodiments of such a wave energy converter may be scaled up or down for
different ocean depths, as local conditions require.

[0064] The paravane 100b of FIG. 10 is similar to the paravane 100a of FIG. 3, but does not
include the center tail foil.

Guide Spar

[0065] FIGs. 11-20 depict wave energy converter 1000c, and portions thereof, in accordance
with certain embodiments of the present invention. In FIGs. 11-20, like reference numerals
relative to those in FIGs. 1-4 and FIGs. 5-10 are used to indicate like elements.

[0066] While paravane 100c of wave energy converter 1000c is similar to paravane 100a and
100b, it is supported on support structure that is or includes guide spar 200c. In one
embodiment, guide spar 200c is a portion of a "moored floating structure” or a "fixed offshore
platform” 300. Paravane 100c is configured to have the same or similar range of motion as
paravane 100a, including a full 360 degree of rotation about support structure 200c and an up
to 40 degree pitch and roll. However, in wave energy converter 1000c, hydraulic PTO
components of energy collection device 210a are disposed onboard the moored floating
structure or fixed offshore platform, and not located subsea, thereby, easing maintenance
activities for energy collection device 210a. Paravane 100c may be hauled up, out of the
ocean, to an elevation where maintenance may be performed.
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[0067] The plan area of paravane 100c is a slightly different shape relative to paravanes 100a
and 100c. The slight difference is the result of a smaller piece off being truncated off the front
than either of the sides.

[0068] Wave energy converter 1000c is configured to harvest wave heavy up and wave heave
down energy, due, at least in part, to the neutral buoyancy of paravane 100c and all active
components of wave energy converter 1000c. Wave energy converter 1000c exhibits at least
three operational distinctions relative to wave energy converters 1000a and 1000b, including:
(1) all hydraulic PTO components of energy collection device 210a and their control system(s)
are disposed in a controlled atmosphere environment above sea level; (2) paravane 100¢c may
be lowered to greater depths than paravanes 100a and 100b, at least in part, because
paravane 100c depth controls are not disposed beneath paravane 100c; and (3) minimal or no
maintenance vessels or subsea operations are required due to the positioning of equipment.

[0069] The up to 40° pitch and roll of paravane 100c is accomplished via pitch wheel 302 and
roll ring and azimuth bearing chase assembly 304. Pitch wheel 302 is aligned with the fore and
aft centerline of paravane 100c, and includes two roll ring axles 306 and roll ring axel sluice
307. Pitch wheel 302 is centralized by pitch wheel bearing chase and carriage frame 308 within
guide spar 200c. In operation, pitch wheel yoke 310 supports roll ring axles 306, and transmits
heave forces to the hydraulic PTO of energy collection device 210a via actuator rod 312, which
couples with cylinders of energy collection device 210a via actuator rod locking collet 314.
While not shown in FIGs. 11-20, wave energy converter 1000c may include elevation controls
to control actuator rod 312, thereby, determining the operating range of paravane 100c. In
some embodiments, elevation control of actuator rod 312 is the same as or similar to
continuous loop chains 323, with pitch wheel bearing chase and carriage frame 308, sphere
fairing 325, and paravane 100c selectively decouplable from the loop chains to allow wave
energy harvesting. Similar to the operation of wave energy converters 1000a and 1000b, the
operating range is determined by the stroke length of actuator rod 312 and associated
hydraulic cylinders. Increasing the draft of the operating range reduces exposure of paravane
100c to wave energy.

[0070] Roll ring and azimuth bearing chase assembly 304 includes roll ring frame 316, which
couples to the two roll ring axles 306. Azimuth bearing chase of roll ring and azimuth bearing
chase assembly 304 is coupled (e.g., fastened) to the structural frame of paravane 100c. In
operation, horizontal loads are transmitted from the roll ring and azimuth bearing chase
assembly 304 to roll ring frame 316 via roller bearings. Vertical heave loads up and down via
double thrust bearings within roll ring and azimuth bearing chase assembly 304.

[0071] Mechanical power transmission to the PTO of energy collection device 210a is achieved
via actuator rod 312, which may be constructed of steel pipe, for example. Guide spar 200c,
and upper traveling spar frames 320 of guide spar 200c, support the reciprocating action of the
actuator rod 312.
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[0072] Two halves of guide spar 200c are defined by the centerline guide spar sluice 322.
Sluice 322 is a gateway that provides structural tracks for pitch wheel 302 pitch wheel bearing
chase and carriage frame 308. The structural tracks of sluice 322 are also operatively engaged
by upper traveling spar frames 320, lower traveling spar frame 321, and sluice 322 gates. Pitch
wheel bearing chase and carriage frame 308, upper traveling spar frames 320, lower traveling
spar frame 321, and sluice 322 gates tie the two halves of the guide spar 200c together to
form a singular column structure. Section 301 is open to the sea, and the vertical height
thereof matches the stroke length of hydraulic cylinders 303. As shown, each of the twelve
hydraulic cylinders 303 of energy collection device 210b are extended, and paravane 100c is
at apogee.

[0073] In operation, the optimum orientation of sluice 322 in guide spar 200c to the local
spectrum of wave energies may be determined. The alignment of the bow of paravane 100c
and sluice 322 is not necessarily indicative of the optimum orientation of sluice 322 in guide
spar 200c. The orientation of the bow of paravane 100c to sluice 322 determines the naming
convention such that, if the orientation is rotated by 90°, pitch wheel 302 becomes a roll wheel,
and the roll ring of roll ring and azimuth bearing chase assembly 304 becomes a pitch ring.
Regardless of name, pitch wheel 302 and roll ring of roll ring and azimuth bearing chase
assembly 304 jointly and alternately provide pitch and roll capabilities to paravane 100c.

[0074] The deployment and elevation of the upper traveling spar frames 320, lower traveling
spar frames 321, and sluice 322 gates is controlled by continuous loop chains 323 coupled
therewith, which provide simultaneous down-haul and up-haul.

[0075] Pitch wheel bearing chase and carriage frame 308 supports sphere fairing 325. In
operation, pitch wheel bearing chase and carriage frame 308, sphere fairing 325, and
paravane 100c reciprocate together in response to wave energy heave. In FIG. 20, the solid
line paravane 100c is shown disposed at a O degree pitch, and the dashed line paravane 100c
is shown disposed at a 40-degree pitch.

Attributes of Depth Adjustable Paravane and Power Take Off Arrangements

[0076] In certain embodiments, the depth adjustable paravanes 100a-100c and PTO
arrangements of the energy collection devices 210, 210a are characterized by one or more of
the following attributes: (1) minimization of weight and horizontal load on supporting structures
200a-200c due, at least in part, to neutral buoyancy and the hydrodynamic form plan shape of
paravanes 100a-100c; (2) optimum vertical alignment to the PTO assembly(s) of energy
collection devices 210, 210a; (3) the neutral buoyant mechanical interfaces of paravanes
100a-100c reacting equally to wave heave down and wave heave-up, allowing greater
utilization of double-acting PTO assembly(s); (4) the ability to operate efficiently in vigorous,
high-energy wave conditions due, at least in part, to the stable hydrodynamic form of
paravanes 100a-100c; and (5) the ability to retract from increasing wave energy near the
surface by increasing depth, thereby, allowing for continued energy harvesting at ideal, design



DK/EP 3491235 T3

optimized energy levels without shutting-down and entering into a "survival mode”.

Neutral Buoyancy

[0077] The mechanical interface active components (i.e., components that react to heave
motion) of wave energy converters 1000a-1000c may include, but are not necessarily limited
to: paravanes 100a-100c; double gimbal 218; spindle 220; rod 211; cylinder 213; and the
stroke telescope 206. In a preferred embodiment, the displacement (volume) of paravanes
100a-100c is configured to net neutral buoyancy of the total weight of all active components,
including the structural weight of the paravane. Neutral buoyancy allows for greater utilization
of a double-acting PTO of the energy collection device to both wave heave up and wave heave
down, equally. In contrast, buoy type WECs are only configured to drive cylinder in one
direction, consuming harvested power to return the cylinder in the opposite direction. Neutral
buoyancy of the paravanes disclosed herein reduces or eliminate side loading on the wave
energy converters, such as side loading on the support structures thereof. As such, the
neutrally buoyant paravanes may only or substantially only react to heave up and heave down
forces.

Method of Harvesting Water Wave Energy

[0078] Certain embodiments of the present invention provide for a method of harvesting water
wave energy. The method may be implemented using a wave energy converter as described
herein, such as any of wave energy converters 1000a-1000c.

[0079] The method includes positioning a paravane within water to be impacted by water
waves. For example, the paravane may be positioned close to SWL, such that at least some
wave mass and/or water particles in motion are positioned above the paravane to provide
'heave down' forces on the paravane. Impact of the paravane by water waves transfers water
wave energy to the paravane.

[0080] The method includes transferring water wave energy from the paravane to the energy
collection device. For example, in response to impact with water waves, the paravane moves.
Movement of the paravane may, in-turn, transfer energy to the energy collection device, such
as via extension and retraction of the stroke telescope or actuator rod coupled to the energy
collection device.

[0081] The method may include storing the transferred wave energy in the energy collection
device. For example and without limitation, the energy may be stored as hydraulic energy,

pneumatic energy, electrical energy, or combinations thereof.

[0082] The method may include raising or lowering the paravane relative to a mean sea level.
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For example and without limitation, the depth of the paravane relative to the mean sea level
may adjusted in response to changes in the mean sea level, changes in the force of impact
imparted from the water waves to the paravane, changes in a desired level of energy to be
harvested from the water waves, or combinations thereof. In embodiments in which wave
energy converter 1000a or 1000b is used in the method, raising the paravane includes
extending the operating range telescope, and lowering the paravane includes retracting the
operating range telescope.

[0083] In the method, the paravane self-aligns with the prevailing flow, or to the resultant
vector of multiple flows, of water. Alignment of the paravane with the water flow is achieved via
rotation of the paravane about the support structure, e.g., a gimbal joint 218.

[0084] Although the present embodiments and advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the scope of the invention.
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PATENTKRAV

1. Bolgeenergikonverter (1000), der omfatter:
en baerestruktur (200);

en paravane (100) med justerbar dybde, der er roterbart og drejbart koblet

til beerestrukturen (200); og

en energiopsamlingsanordning (210) koblet til paravanen (100),
kendetegnet ved, at paravanen udeaver en nedadgaende kraft pa
energiopsamlingsanordningen som reaktion pa nedadgaende kraft udevet pa

paravanen af op- og nedadgaende bealger;
og ved, at

paravanen (100) har en plan form med et overfladeareal og et centrum af
det plane areal (214), hvor sterstedelen af overfladearealet er agterud for centrum
af det plane areal, hvor paravanen er udformet til at oprettes efter den
fremherskende vandstrem, eller den resulterende vektor af talrige vandstremme,

ved rotation af paravanen omkring beerestrukturen.

2. Bolgeenergikonverter (1000) ifglge krav 1, hvor baerestrukturen (200)

omfatter:
en farste sektion (202);

en anden sektion (204) i teleskopisk indgreb med den farste sektion (202);
og

en tredje sektion (206) i teleskopisk indgreb med den anden sektion (204);
og

eventuelt hvor den farste sektion (202) er fast i forhold til havbunden (234),

den anden sektion (204) kan treekkes ud i forhold til den farste sektion, og den

tredje sektion (206) treekkes ud i forhold til den anden sektion.

3. Balgeenergikonverter (1000) ifalge krav 2, hvor
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den farste sektion (202) er en statisk strukturel sgjle, der er fastgjort i
forhold til havbunden (234), den anden sektion (204) er et driftsintervalteleskop,
der kan treekkes ud og tilbage i forhold til den ferste sektion for at justere
paravanens (100) dybde og definere et driftsinterval for paravanen, og den tredje
sektion (206) er et slagteleskop, der kan treekkes ud og tilbage i forhold til den
anden sektion som reaktion pa indvirkning af vandbgalger, der indvirker pa

paravanen,

hvor paravanen er roterbart og drejbart koblet til en top af slagteleskopet via
en balancebgjlesamling (218), hvor balancebgjlesamlingen omfatter en dobbelt
balancebgjle og en spindel (220), hvor spindlen er koblet til slagteleskopet, og
hvor bade spindlen og slagteleskopet er konfigureret til ikke at rotere som reaktion
pa azimutforandring for paravanen; og endvidere hvor
energiopsamlingsanordningen (210) er forbundet med paravanen via

slagteleskopet.

4. Balgeenergikonverter (1000) ifalge krav 1, hvor paravanens (100) plane
form har et symmetrisk tveersnit; eventuelt, hvor paravanens overfladeareal er

sterre end 83,6 m2.

5. Balgeenergikonverter (1000) ifelge krav 1, hvor paravanen (100) har

neutral opdrift.

6. Balgeenergikonverter (1000) ifalge krav 3, der endvidere omfatter en
sleebering (222) til mekaniske, elektriske og/eller datakommunikationsforbindelser

til og fra paravanen (100), hvilken sleebering er koblet til spindlen (220).

7. Bolgeenergikonverter (1000) ifalge krav 1, hvor
energiopsamlingsanordningen (210) indbefatter en lineeer, frem- og tilbagegaende

kraftaftager (PTO)-anordning.

8. Balgeenergikonverter (1000) ifalge krav 2, hvor den farste sektion (202)
er en omnidirektionel udligger koblet til en sokkelramme (228), hvor sokkelrammen
er fastgjort i forhold til en havbund (234),

hvor den anden sektion (204) beveeger sig i forhold til havbunden, og hvor

den tredje sektion (206) er koblet til paravanen (100).
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9. Belgeenergikonverter (1000) ifalge krav 8, hvor den omnidirektionelle
udligger er koblet til sokkelrammen (228) via en farste balancebgjle (218a) langs
en midtersektion af den farste sektion (202) og via en hydraulisk cylinder (232)
ved en bundende af den ferste sektion, hvilken hydraulisk cylinder er koblet til en
anden balancebgjle (218b), hvilkken anden balancebgijle er koblet til sokkelrammen
(228).

10. Bolgeenergikonverter (1000) ifalge krav 1, hvor baerestrukturen (200)
indbefatter en faringsstang, hvor paravanen (100) er koblet til faringsstangen via
et pitch-hjul (302) og en lejering og azimutleje-labeveerksanordning (304);

eventuelt hvor fagringsstangen er en del af en fastgjort offshoreplatform (300).

11. Bolgeenergikonverter (1000) ifalge krav 1, hvor paravanen (100)

omfatter mindst én haek-foil (216).

12. Bolgeenergikonverter (1000) ifalge krav 1, hvor paravanens (100) plane

form er en trekantet plan form.

13. Fremgangsmade til h@stning af vandbalgeenergi, hvilken

fremgangsmade omfatter:

placering af en paravane (100) i vand, der skal pavirkes af vandbealger,
hvilken paravane er roterbart og drejbart koblet til en baerestruktur (200), og
paravanen er koblet til en energiopsamlingsanordning (210), hvor indvirkning pa

paravanen af vandbwlger overferer vandbalgeenergi til paravanen; og

overfersel af vandbglgeenergi fra paravanen (100) til

energiopsamlingsanordningen (210),
kendetegnet ved, at:

paravanen (100) udever en nedadgaende kraft pa
energiopsamlingsanordningen (210) som reaktion pa nedadgaende kraft udavet

pa paravanen af op- og nedadgaende balger,

paravanen (100) har en plan form med et overfladeareal og et centrum af
plant areal (214), hvor en sterstedel af overfladearealet er agterud for centrum af

det plane areal; og
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paravanen (100) er udformet til at oprettes efter den fremherskende
vandstrem, eller den resulterende vektor af flere vandstremme, ved rotation af

paravanen omkring baerestrukturen;
eventuelt hvor paravanen (100) har neutral opdrift;
eventuelt hvor paravanen (100) indbefatter mindst én haek-foil (216).

14. Fremgangsmade ifelge krav 13, der endvidere omfatter haevning eller

saenkning af paravanen (100) i forhold til et middelvandspejl.

15. Fremgangsmade ifglge krav 13, der endvidere omfatter lagring af den
overfarte balgeenergi i energiopsamlingsanordningen (210) som hydraulisk

energi, pneumatisk energi eller elektrisk energi.

16. Fremgangsmade ifelge krav 13, der endvidere omfatter opretning af
paravanen (100) efter den fremherskende vandstrgm, eller den resulterende
vektor af talrige vandstremme, ved rotation af paravanen omkring baerestrukturen
(200).

17. Fremgangsmade ifglge krav 13, der endvidere omfatter hastning af

bade bwelgernes laftnings- og surge-energi.
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