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ABSTRACT

A hydrokinetic device having a water surface float tethered to
a Submerged buoyant housing is provided with mechanisms
for optimizing the amount of wave energy extracted from the
waves by the device. Based on wave conditions, the optimi
zation functionalities include controlling the depth of the
housing to produce wave shoaling or storm avoidance, as well
as to perform continuous phase control and load control for
the purpose of matching the response frequency of the device
to the frequency of the incident waves.
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buoyant platform is maintained in a Submerged position by

WAVE ENERGY HARNESSING DEVICE

anchors in the sea floor that are attached to winches on the
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FIELD OF THE INVENTION

The present invention relates to a system for optimizing
energy extraction output for hydrokinetic devices, and more
particularly, to a system for optimizing energy extraction
output for wave energy harnessing devices.

accordance with the wave characteristics, so as to maximize

BACKGROUND OF THE INVENTION

The finite Supply and environmental issues associated with
fossil fuels have resulted in the need for alternate energy
sources. The decline in fossil fuel sources, difficulty in
obtaining those fossil fuels, and environmental impacts of
their use have lead to instability in the energy markets. Over
the years, numerous hydrokinetic devices have been pro
posed for extracting energy from waves (e.g., sea or lake
surface waves) to produce electrical energy. The use of sea
walls, track and rail systems, pump systems, capture basins,
piston driven systems, oscillating water columns, flapper sys
tems, linear magnet systems, wave Swings, or floatation ele
ments have been proposed, in combination with other ele
ments, to facilitate the extraction of energy from waves. None
of these devices, however, incorporate real time adjustments
to the device depth and response frequency in response to real
time changes in wave characteristics to optimize the energy
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extracted from the waves. Therefore, such devices fail to use

the full energy provided by the waves resulting, in lost oppor
tunities for electricity production.
SUMMARY OF THE INVENTION

The present invention overcomes the short-comings
described above by providing a wave energy harnessing
devices having optimized functionality that applies real time
adjustments in response to real time changes in wave charac
teristics, so as to optimize the energy extracted from the
waves. The wave energy harnessing device has a Surface
flotation device with a line attached to a reel positioned on a
submerged buoyant-platform, which itself is anchored to the
sea floor. The flotation device line is wrapped around the reel.
Lift from the floatation device and load from a power take-off
system induce reciprocating rotary motion on the reel as
waves pass by the flotation device. The lift from the floatation
device inputs energy to the power take-off system, causing the
reel to rotate in one direction, and the power take-off system
acts as a spring to rewind the reel after the wave passes under
the floatation device, causing the reel to rotate in the opposite
direction. Since more energy is required to lift the floatation
device than to rewind the reel, there is a net gain in energy
stored in the power take-off system from each wave cycle.
The energy gained can be used to operate the electrical gen
erating equipment mounted on the platform. The Submerged

platform. The winches provide means for controlling the
depth of the platform below the surface. This variable depth
capability of the platform enables a wave shoaling feature and
an active Storm avoidance feature. For example, in calm and
moderate seas, for a coordinated grouping of hydrokinetic
devices, the platforms may be raised near the Surface to use
the buoyant platform to shoal incident waves, thereby
increasing the combined wave energy extraction efficiency of
the coordinated grouping of hydrokinetic devices. In storms
or periods of extremely large waves, the platforms may be
lowered near the sea floor where water particle motion is
reduced, thereby reducing the kinematic and dynamic loads
on the platforms and anchor lines. The variable depth feature
is controlled by winches with continuous response to chang
ing anchor line and/or flotation device line tension. This pro
vides a continuous phase control feature which focuses waves
and tunes the response of the hydrokinetic device. As a result,
the wave energy extraction efficiency of the device is
increased. The optimizing functionality also controls loads
applied to the reel of the wave energy harnessing device, in
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energy extracted from the waves.
The wave energy harnessing device converts the energy
that fluxes through very large Volumes of water Such as, but
not limited to, oceans, lakes, and rivers into electricity or
stored energy. The energy flux may come in the form of
Swells, wind waves, or currents. The wave energy harnessing
device uses the torque applied to the reel by the line under
tension as the mechanical energy source. The mechanical
energy source is the lift force applied by the floatation device.
The reel rotates a pump-motor to force hydraulic fluid
through a hydraulic line into an accumulator housing. A frac
tion of the energy stored in the accumulator will be used to
rewind the reel after a wave crest has passed under the floata
tion device, while the remainder is used to drive a generator to
produce electrical energy.
Further features and advantages of the invention will
appear more clearly on a reading of the detailed description of
an exemplary embodiment of the invention, which is given
below by way of example only with reference to the accom
panying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven
tion, reference is made to the following detailed description
of an exemplary embodiment considered in conjunction with
the accompanying drawings, in which:
FIG. 1 is a schematic diagram of a wave energy harnessing
device constructed in accordance with an exemplary embodi
ment of the present invention;
FIG. 2 is a top plan view of the wave energy harnessing
device shown in FIG. 1, but with a floatation section being
detached from a housing employed by the device;
FIG. 3 is a side elevational view of the wave energy har
nessing device shown in FIG. 2;
FIG. 4 is a schematic view of the wave energy harnessing
device shown in FIG. 1, with the device being shown in its
deployed position within a body of water;
FIG. 5 is a schematic circuit diagram of hydraulic, pneu
matic, and control circuit elements of the wave the energy
harnessing device shown in FIGS. 1-4;
FIG. 6 is a schematic flow chart of the steps involved in
connection with power generation functionality of the wave
energy harnessing device shown in FIGS. 1-4;
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4
3
are
attached
to
the
ends
of
the
axel 26. Flow control valves 38
FIG. 7 is a schematic flow chart of the steps involved in
connection with load control functionality of the wave energy are attached to the pump-motors 36 and pressure transducers
harnessing device shown in FIGS. 1-4;
40 are attached to the flow control valves 38, which regulate
FIGS. 8-10 are schematic flow charts of the steps involved fluid direction and flow rate through the pump-motors 36. The
in connection with continuous phase control functionality of 5 pump-motors 36 have impellers (not shown) that permit the
the wave energy harnessing device shown in FIGS. 1-4;
pump-motors 36 to function as either fluid pumps or motors.
FIG. 11 is a schematic diagram of an array of wave energy More particularly, the pump-motors 36 can function as pumps
harnessing devices shown in their deployed positions for (i.e., the impellers simultaneously draw low pressure fluid
performing wave shoaling;
from the oil reservoirs into the pump-motors 36 and pump
FIG. 12 is a schematic flow chart of the steps involved in 10 high pressure fluid out of the pump-motor 36) when torque is
connection with the wave shoaling functionality of the wave applied to the impellers by the axel 26. Likewise, the pump
energy harnessing devices shown in FIG. 11; and
motors 36 can function as motors (i.e., fluid is forced through
FIG. 13 is a schematic flow chart of the steps involved with the
motors), whereby the impellers 36 exert torque on
the storm avoidance functionality of the wave energy harness the pump
axel 26.
15
ing devices shown in FIG. 11.
Still referring to FIG. 1, the compartments 20, 22 are pro
vided with high-pressure accumulator banks 42 which store
DETAILED DESCRIPTION OF THE INVENTION
energy in the form of compressed gas. Nitrogen gas is utilized
FIG. 1 illustrates a wave energy harnessing device (re although any other Suitable gas may be used. The high-pres
ferred to herein as “the device') 10 constructed in accordance Sure accumulator banks 42 can be replaced with capacitors,
with an exemplary embodiment of the present invention. The batteries, or any other Suitable energy storage medium. The
device 10 is adapted for deployment in a body of water, such high-pressure accumulator banks 42 are attached to the
as a sea or lake, for the purpose of extracting energy stored in pump-motors 36 by hydraulic fluid lines 44. The pump-mo
the waves on the surface of the water and converting the tors 36, operating in the pump mode, draw low-pressure fluid
extracted energy into electrical energy. The device 10 features 25 from pre-charged hydraulic reservoirs 46 and pumps high
novel functionality for optimizing the output of the energy pressure fluid to the high-pressure accumulator banks 42
extracted from the waves.
through the hydraulic fluid lines 44. The high-pressure accu
More particularly, the device 10 has a water surface flota mulator banks 42 have diaphragms or pistons (not shown)
tion element (i.e., a “float) 12 that is tethered to a housing 14 that separate the fluid from the gas. High pressure fluid deliv
by a line 16. The float 12 has a foam-filled core with foam or 30 ered to the high-pressure accumulator banks 42 compresses
other suitable material, and is cylindrically shaped with a flat the gas in the high-pressure accumulator banks 42. The high
top for ease of maintenance, although any other suitable pressure gas is also stored in high-pressure rails or manifolds
shape may be used. The housing 14 includes a foam filled 48 (not shown in FIG. 1, but see FIG. 5), as well as in
section 18 which has two fluid-tight compartments 20, 22 that high-pressure nitrogen banks 50. The pressure in the high
are positioned within at opposite ends of the housing 14 and 35 pressure accumulator banks 42 is measured by the pressure
are secured to a base plate 24. A rigid rod or axel 26 is transducers 52. Low pressure gas is also stored in low pres
rotatively positioned transversely between the compartments sure rails or manifolds 54 (see FIG. 5) and low pressure
20, 22. The opposite ends of the axel 26 extends into com accumulators 56 (see FIG. 5) and is controlled by accumula
partments 20, 22 through liquid tight bearings (not shown). A torregulator control valves 58,59 (see FIG. 5) for purposes to
drum or reel 28 is fixedly attached to the axel 26 such that the 40 be discussed hereinbelow.
longitudinal axis of the reel 28 is coincident with the longi
With continued reference to FIG. 1, the compartments 20,
tudinal axis of the axel 26. One end of the line 16 (opposite the 22 also include nitrogen gas filled vessels 60. More particu
float 12) is attached to the reel 28 and is spooled or wrapped larly, the vessels 60 contain generator drive motors 62 that are
around the reel 28 such that when a pulling-force is applied to connected to electric generators 64 through hydraulic trans
the line 16, a torque is created on the axel 26 in a first 45 missions 66. The vessels 60 also contain control logic mod
direction, and the line 16 is unspooled or paid-out. Likewise, ules (i.e., “the control logics) 68, which include processors
when a torque is applied from within the compartments 20, 22 and memory, logic, and databases for controlling the func
to the axel 26 in a direction opposite the first direction, the line tioning of the device 10. High-pressure fluid in the high
16 is spooled-in or wrapped around the reel 28. The line 16 pressure accumulators banks 42 is piped to the generator
passes through a reel spooling compartment 30 in the housing 50 drive motors 62 via sequence valves 70 (not shown in FIG. 1,
14, and includes a communications wire (not shown) that is but see FIG.5) and flow control valves 72 (see FIG.5), which
integrated in the line 16 for purposes to be discussed herein draw fluid from reservoirs through drive orifices 74 (see FIG.
after. One end of the communications wire is attached to a
5), and is returned to the compartments 20, 22 via a hydraulic
communications package 32 and a motion sensor 34. The motor case drain 76 (see FIG. 5). The nitrogen gas in the
communications package 32 is positioned on the top exterior 55 vessels 60 is regulated from a high pressure to a low pressure
of the float 12, and the motion sensor 34 is positioned on or via high-pressure nitrogen inlet valves 78 (see FIG. 5) and
within the exterior of the float 12. The end of the communi
low-pressure nitrogen outlet valves 80 (see FIG. 5). The low
cations wire opposite the communications package 32 is pressure nitrogen outlet valves 80 are connected to the low
attached to slip-ring connectors (not shown) that are posi pressure manifolds 54.
tioned adjacent to the liquid tight-bearings (also not shown). 60 Still referring to FIG. 1, the compartments 20, 22 are pro
The communications package 32 Supports the exchange (e.g., vided with supply pre-charge accumulators 82 that utilize the
via satellite, radio, cellular, etc.) of environmental and opera low pressure gas from the low pressure manifolds 54 to drive
low pressure fluid through the pump-motors 36, thereby driv
tional data between the device 10, other devices, and shore
based computers and entities, for purposes that are described ing the pump-motors 36 in the motor mode for purposes that
hereinbelow.
65 are described hereinbelow. The compartments 20, 22 also
Continuing to refer to FIG. 1, the compartments 20, 22 are have anchor winch control valves 84 mounted on the base
filled with oil to levels denoted by marks L. Pump-motors 36 plate 24, for purposes to be discussed below.
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Referring now to FIGS. 2 and 3, the compartments 20, 22
have cover plates 86 that are removable via the use of cover
plate lift bars 88. Hydraulic lines 90 extending from the
compartments 20, 22 are connected to anchor reels 92 and
anchor winch motors/drag assemblies 94. The anchor reels 92
and anchor winch motors/drag assemblies 94 are positioned
on the base plate 24, but they may be placed outside the base
plate 24, depending on deployment particulars (e.g., an exem
plarily deployment described hereinbelow and shown in FIG.
11). The anchor reels 92 and anchor winch motors/drag
assemblies 94 are controlled by the anchor winch control
valves 84 for adjusting the depth of the housing 14 below the
water surface. Power cables 96 extending from the compart
ments 20, 22 are attached to a power conditioner 98 posi
tioned on the base plate 24 for conditioning electrical energy
into an electrical distribution grid (not shown). Hydraulic
lines 100 extending from the compartments 20, 22 are
attached to a power cable reel 102 positioned on the base plate
24 for spooling a power feeder cable 104 thereon. The power
cable reel 102 may be replaced with a power cable connector
that is replaceably connected to a power cable with a compli
ant mooring 106 (as shown in FIG. 11). A counterweight 108
is positioned on the base plate 24 to position the center of
gravity of the device 10 in the center of the base plate 24.
Tie-down bars 110 are positioned on the base plate 24 for
securing the base plate 24 during transportation or mainte
nance, for example.
FIG. 4 depicts the device 10 deployed in a body of water
such as a sea. The float 12 is positioned on the water surface
112, and is tethered to the reel 28 by the line 16. The housing
14 is positioned in a buoyant housing 114. The buoyant hous
ing 114 may be filled with foam, or other suitable material,
and is sized and shaped to provide positive buoyancy to the
buoyant housing 114 when submerged in the water. Depth
sensors 116 mounted on the buoyant housing 114 are con
nected to the control logics 68 (not shown in FIG. 4), and
provide measurements of the buoyant housing 114 depth
below the water surface 112. The buoyant housing 114 is
securely positioned in the body of water, relative to a sea floor
118, by a plurality of anchors 120. Conventional free-fall
penetration anchors may be used at deployment locations
where the sea floor is comprised of mud or silt. Any anchor
type with Sufficient load capacity to hold the buoyant housing
114 in place may be used. The anchors 120 are attached to the
anchor reels 92 (not shown in FIG. 4) by anchor lines 122. The
anchor reels 92 are controlled by the anchor winch motors/
drag assemblies 94, which controls the spooling of the anchor
lines 122 on the anchor reels 92, as well as the depth of the
buoyant housing 114 below the water surface 112.
FIG. 5 depicts hydraulic, pneumatic, and control circuit
layouts for the compartment 22. The compartment 22 is
essentially identical in construction and operation to the com
partment 20. In such circumstances, the construction and
operation of the compartment 22 only will be discussed in

6
(i.e., located on the pump-motor pre-charge chambers 46)
138, and pressure transducers 139, 140.
Power Generation

With reference to FIG. 4, the device 10 extracts wave
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detail hereinbelow. With reference to FIG. 5, it is noted that
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and the thin black lines denote control leads or wires between

60

the solid black lines denote tubing or piping that conveys high
pressure or low pressure fluid (i.e., oil) between elements.
The dashed lines denote tubes, pipes or manifolds that convey
high or low pressure gas (e.g., nitrogen) between elements,
the control logic 68 and elements. The following elements
shown in FIG. 5, which have not been identified above are
identified as follows: a check valve accumulator in 124, a

check valve accumulator out 126, a hydraulic motor outlet
check valve 128, an ambient pressure accumulator 130, a
relief valve 132, a pre-charge chamber intake orifice 134, an
anchor winch fluid return valve 136, pressure transducers

energy and produces electricity. The control logics 68 receive
and process signals from the depth sensors 116 mounted on
the buoyant housing 114 and motion sensors 34 mounted on
the float 12. The control logics 68 send data to the communi
cations package 32 which transmits the data to computers via
satellites, cell phones, radios, or other signal processing
devices. The current wave conditions are reported to the con
trol logics 68 in the buoyant housing 114 by the motion sensor
34 on the float 12, elements in the buoyant housing 114,
and/or signals from a remote source. The control logics 68 use
that information to determine the flow rate and direction

through all the hydraulic valves on the device 10. More par
ticularly, as a wave passes under the float 12, wave energy
extraction is accomplished by the float 12 rising with the
passing wave. The rising float 12 pulls the line 16 upwards,
which unspools the line 16 off of the reel 28. The unspooling
of the line 16 off of the reel 28 exerts torque on the axel 26
which exerts torque on the impellers of the pump-motors 36.
The pump-motors 36 then operate in the pump mode, with the
impellers pumping fluid to the high-pressure accumulator
banks 42. Since there is a net gain in pressure in the high
pressure accumulator banks 42 after each wave cycle, wave
energy is therefore being stored as compressed gas. As the
pressure continues to increase, the energy available to operate
the generator drive motors 62 increases. The electric genera
tors 64 are, in turn, driven by the hydraulic transmissions 66
to produce electricity. The amount of energy that can be
stored in the device 10 is directly proportional to the volume
and pressure capacity of the high pressure accumulator banks
42. Given Sufficient Volume and pressure capacity, the device
10 can produce electricity for long periods of time even if
there are no waves acting on the system. Ideally, the high
pressure accumulator banks 42 are maintained at nearly full
capacity in normal operations where input from the pump
motors 36 is matched by the energy used in the electric
generators 64. This allows the device 10 to provide electricity
during periods of flat or calm seas. This is accomplished by
using the energy stored in the high-pressure accumulator
banks 42 to operate the generator drive motor 62. The control
logics 68 are used to regulate this function. The control logics
68 monitor sensors in the high-pressure accumulator banks
42 (e.g., pressure transducers 52) to determine if sufficient
energy is stored as compressed gas to operate the generators
64. If sufficient energy is available, the control logics 68 allow
pressure to flow from the high-pressure accumulator banks 42
through the sequence valves 70 and flow control valves 72
which draw fluid from the oil reservoirs through the drive
orifice 74. The fluid flow turns the generator drive motors 62,
hydraulic transmissions 66 and generators 64. The generators
64 then transmit electricity through the power cables 96 to the
power conditioner 98.
As the float 12 falls with the passing wave, the pressure
transducers 40 attached to the pump-motor control valves 38
transmit decreasing fluid pressure measurements to the con
trol logics 68, which direct the pump-motor control valves 38
to terminate fluid flow to the high-pressure accumulator
banks 42 and directs low pressure fluid, stored in the supply
pre-charge accumulators 82, to the pump-motors 36, thereby
converting the pump-motors 36 to the motor mode. In this
mode, the line 16 is rewound onto the reel 28 as the float 12
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moves from the crest of the wave to the trough of a wave.
FIG. 6 illustrates the steps involved with the generation of
electricity by the device 10. More particularly, the steps
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involved in the generation of electricity for use on a power
grid (not shown) are defined by blocks 142 through 162.
Load Control for Pump-Motor
FIG. 7 depicts the steps for controlling the load (i.e., the
tension on the line 16) for the pump-motors 36. More particu
larly, the blocks 164 through 198 describe the load control
processes that contributes to the optimization of the energy
extracted from the waves. The load control of the pump
motors 36 are orchestrated by the control logics 68 based
numerous parameters, including the functioning of the high
pressure accumulator bank components 42, 48, 50, and 52
and the low-pressure accumulator bank components 54, 56.
58, 59,82,134, 139, and 140. The load control processes are
focused on achieving the maximum charging rate for the
high-pressure accumulator banks 42 under the current wave
conditions. This is achieved by continuously adjusting the
tension (i.e., the load) on the line 16 that is applied to the
pump-motor 36.

8
logics 68 uses a pre-deployment look-up table to estimate the
line tensions required for maximum energy extraction, record
actual tensions into a reference table, compare the actual
tension to the table, and dynamically update the tensions used
based on pressure reading from the high-pressure accumula
tor bank 42.

As the wave crest passes under the float 12, the control
logics 68 sensea reduced load in the pump-motor flow control
valve 38 and Switch the fluid flow direction, which causes the
10

15

Continuous Phase Control

With reference to FIG. 4, the device 10 achieves maximum

energy extraction efficiency when the natural response fre
quency of the float 12 matches the frequency of the incident
waves. This is achieved by a process known as continuous
phase control, and is enabled by using a hydraulic system
with load sensing capabilities. Continuous phase control
enables a wave energy conversion system to optimize wave
energy harnessing efficiency. To maximize wave energy har
nessing efficiency, the float 12 motion must be in resonance
with the sea waves. The device 10 accomplishes continuous
phase control by sensing the loads (i.e., the tensions) on the
reel 28 and the anchor reels 92, and adjusting the tensions on
these reels to tune the device 10 for maximum energy extrac
tion from the sea waves. For instance, load sensing is used for
the load control of the pump-motor 36 (i.e., as discussed in the
aforementioned section entitled Load Control For Pump-Mo
tor) by sensing the fluid pressure downstream of the pre
charge chamber intake orifice 134 and adjusting the pump
motor 36 flow to maintain a constant pressure drop (and
therefore flow) across the drive orifice 74 and the pre-charge
chamber intake orifice 134. The pre-charge chamber intake
orifice 134 may comprise directional control valves with pro
portional flow characteristics, needle valves or fixed orifices.
Continuous phase control for the device 10 is a repetitive,
iterative process which can be described in one wave cycle.
The following description illustrates the device 10 utilizing
continuous phase control where the float 12, attached to the
reel 28, starts in the trough of a wave, is lifted by the
approaching wave crest, and returns to the trough as the wave
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tered in the Southern Ocean. Wave climates with annualized

crest passes.

As the wave crest approaches, the float 12 is lifted which

50

increases the tension in the line 16 to the anchor reel 92. Lift

is also applied to the buoyant housing 114 by water particle
motion. The control logics 68 use outputs from motion the
sensors 34 mounted on the float 12 and the depth sensors 116
mounted on the buoyant housing 114 to determine the loads
(i.e., tensions) required to be applied on the reel 28 and the

55

anchor lines 122 in order for the float 12 to achieve resonance

with the waves. As the float 12 rises, the line 16 is paid out
(i.e., unspooled) from the reel 28 which applies torque to the
axel 26 and, in turn, to the impellers in the pump-motors 36.
As the impellers rotate, the pump-motor 36 acts as a pump,
drawing fluid from the oil reservoir and forcing the fluid into
the pump-motor flow control valve 38. The control logics 68
use the pump-motor control valve 38 to direct fluid into the
high-pressure accumulator bank 42 at a specific rate, while
simultaneously controlling the tensions on the anchor lines
122 using the anchor winch control valves 84. The control

pump-motor 36 to act as a motor rewinding the line 16
attached to the float 12. The control logics 68 continue to
manage the tensions on the anchor lines 122 and fluid flow
throughout the device 10. When the float 12 returns to the
trough of the wave, the cycle repeats. Since the tension in the
line 16 is greater as the float 12 moves from the trough to the
crest than is required to rewind the reel 28, there is be a net
gain in the pressure in the high-pressure accumulator banks
42 during each wave cycle.
Referring to FIG. 8-10, the steps involved with the con
tinuous phase control are depicted in detail in blocks 200
through 290. The blocks define the steps taken, and the appa
ratus involved in achieving maximum energy extraction effi
ciency when the natural response frequency of the float 12
matches the frequency of the incident waves.
Wave Shoaling
FIG. 11 illustrates the wave shoaling and storm avoidance
features is enabled by the variable depth buoyant housing 114
capabilities of the device 10. More particularly, a multiplicity
of the device 10 are deployed in a body of water, and are
arranged for the purpose of shoaling waves for optimizing the
output of energy extracted from the waves. The direction of
wave propagation is indicated by arrow A. Energy density in
waves increases exponentially with wave height. If incoming
waves have long periods (i.e. more than five seconds) and
Small wave heights (i.e., less than one meter), the buoyant
housings 114 can be raised near the surface 112 of the water
to cause shoaling to increase the wave height passing over the
buoyant housings 114 in the direction of wave propagation.
The operation of the devices 10 depends on the environment
where they are to be used. For example, when the devices 10
are situated in an ocean having large annualized average wave
heights of two meters or more, and frequent occurrences of
extreme waves often meters or more, the depth of the anchor
systems should exceed approximately fifty meters. It is con
sidered prudent to set anchors in approximately one hundred
meters of water depth and to build the water-tight buoyant
housings 114 to operate in excess of one hundred meters of
water depth in extreme wave climates Such as those encoun
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wave height averages of less than two meters will reduce
anchor depth requirements and increase the benefits of the
shoaling feature. The following parameters are used in
describing the wave shoaling energy extraction optimization
functionality:
Hincident wave height
h-depth of the buoyant housing
f(h)-function of buoyant housing depth on incident wave
height
g(h2) function of buoyant housing depth on wave height
after one row of shoaling devices
L-wave length
As the train of waves approach from the direction indicated
by the arrow A, the buoyant housing 114 is raised near the
Surface (h) to cause a shoaling effect which increases the
wave height(H+f(h)) and the energy density in the wave field.
More particularly, as the crest of a wave passes under the float
12, the wave frequency and height are transmitted by motion
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versa, with fluid or stored energy being transferred between
the compartments 20, 22. Wave energy harnessing device
farms or arrays may be employed comprising any number of
devices having various spacing and array configurations (i.e.,
parallel, offset, etc.). Hydraulic controls are preferred for use

sensors 34 on the float 12 to the control logics 68 from the
communications package 32 over the communications wire
(not shown). The control logics 68 refer to a database to
determine the optimal shoaling depth for the buoyant housing
114 for the wave conditions contained in the wave train. The

control logics 68 then send commands to the anchor winch
control valves 84 so as to direct the anchor winch motor/drag
assembly 126 to spool the anchor lines 122 on the anchor reels
124 to raise or lower the buoyant housing 114 and set the
anchor reel motor/drag assembly 126 drag tensions on the
anchor lines 122. As one wave passes and another wave
approaches, the wave data is updated and the depth of the
buoyanthousing is adjusted, if necessary, based on the control
logics 68 database.
As the waves continue to propagate in the direction of the
arrow A, a second buoyant housing 292 is lowered slightly
deeper (i.e., to a depth h2 below the buoyant housing 114).
This continues to increase the wave height and energy density
in the wave field (H+f(h)+g(h2)). The buoyant housing 292
allows shoaling to continue without causing the waves to
break. After optimal shoaling is achieved, buoyant housings
294 and 296 are lowered near the sea floor to reduce loading
on the anchor lines. Optimal shoaling for wave energy con
version is achieved when wave steepness is increased to a
maximum without causing the waves to break. Breaking
waves lose a large percentage of their energy to turbulent
mixing, which reduces the energy available to the devices in
the direction of wave propagation. In this manner, should the
devices 10 be used for shoreline protection, they could be
used to shoal waves to a breaking point to reduce the energy
reaching shore. Referring to FIG. 12, the steps and apparatus
involved with wave shoaling energy extraction optimization
processes are described in greater detail in blocks 298
through 338.

on the device, but tension on the reel and anchor winches can
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I claim:
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Storm Avoidance

Referring again to FIG. 11, during storm events and peri
ods of large waves, shoaling may not be required to meet the
demand for electricity and all the housing can be lowered near
the sea floor to minimize loading on the anchor lines 122.
Data indicating impending danger from approaching Storm
fronts or tsunamis may be received by the communications
packages and conveyed by the communications wire to the
control logics 68. The control logics 68, acting on the data, in
turn activates the anchor winch control valves 84 to operate
the anchor winch motor/drag assemblies 94 so as to rotate the
anchor reels 92 to reel-in the anchor lines 122 and, thus,
position the buoyant housing 114 near the sea floor 118.
Referring to FIG. 13, the steps and apparatus involved with
storm avoidance processes are described in greater detail in
blocks 340 through 348.
It should be noted that the present invention can have
numerous modifications and variations. For instance, the
present invention provides optimizing functionality for maxi
mizing the amount of energy that is extracted from the waves
using a flotation device. It is understood that the optimizing
functionality may be applied to any hydrokinetic device that
harnesses and converts wave energy (e.g., systems using sea
walls, track and rail systems, pump systems, capture basins,
piston driven systems, oscillating water columns, flapper sys
tems, linear magnet systems, wave Swings, etc.), and is not
limited wave energy harnessing devices that employ flotation
devices. Also, more than one float/reel/pump-motor/accumu
lator arrangements (i.e., as described in the aforesaid discus
sions) may be incorporated in any one of the wave energy
harnessing device 10. Further, the pump-motor 36 located in
compartment 20 can be adapted to function only in the pump
mode, while the pump-motor 36 located in compartment 22
can be adapted to function only in the motor mode, or Vice

be controlled by other means such as mechanical drag or
electromotive force to regulate the tension on the line and
anchorlines. In the case of mechanical drag, the control logics
68 may send signals to a clutch assembly capable of varying
the tension required for the lines to spool on or off the reels 28.
It will be understood that the embodiment described herein
is merely exemplary and that a person skilled in the art may
make many variations and modifications without departing
from the spirit and scope of the invention. All such variations
and modifications, including those discussed above, are
intended to be included within the scope of the invention as
defined in the appended claims.
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1. An apparatus for converting oceanic wave energy into
electric energy, comprising:
a housing having an energy receiving element, an energy
storing element and an energy dispersing element, said
housing being submersible in a body of water, the body
of water having a Surface and a floor;
at least one depth adjustment element for adjusting the
depth of said housing in the body of water, said at least
one depth adjustment element having a first end con
nected to said housing and a second end opposite said
first end that is anchored to the floor of the body of water;
a controller in communication with said energy receiving,
storing and dispersing elements and said at least one
depth adjustment element, wherein said controller con
trols the operation of said energy receiving, storing and
dispersing elements and said at least one depth adjust
ment element;
at least one motion sensor in communication with said

controller, said at least one motion sensor being able to
measure waves in the surface of the body of water and
transmit wave measurement signals to said controller,
at least one depth sensor in communication with said con
troller, said at least one depth sensor being able to mea
Sure the location of said housing in relation to the Surface
of the body of water and transmit depth measurement
signals to said controller;
wherein said controller is capable of receiving said wave
measurement and depth measurement signals from said
at least one motion sensor and said at least one depth
sensor and automatically directing said energy receiv
ing, storing and dispersing elements and said at least one
depth adjustment element to position said housing to a
particular location within the body of water for the pur
pose of shoaling the waves in the surface of the body of
water and providing continuous phase control and load
control of said energy receiving, storing and dispersing
elements.
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2. The apparatus according to claim 1, wherein said con
troller is attached to said housing.
3. The apparatus according to claim 2, wherein said con
troller includes at least one control logic module.
4. The apparatus according to claim 1, wherein said energy
receiving element includes a reel, a line attached to said reel,
and a floatation element attached to said line.

5. The apparatus according to claim 1, wherein said at least
one depth adjustment element includes a plurality of depth
adjustment elements.

