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WAVE ENERGY CAPTURE AND
CONVERSION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s filed under 35 U.S.C. § 120 as a
continuation-in-part of U.S. patent application Publication
Ser. No. 18/058,782, filed on Nov. 25, 2022, which appli-
cation 1s a conftinuation-in-part of U.S. patent application
Ser. No. 18/0351,115, filed on Oct. 31, 2022, which applica-

tions are hereby incorporated by reference in their entireties.

FIELD

The present disclosure relates to wave energy capture
devices, and more particularly, to shore-based devices
including a chamber arranged to create a water column and
a motion conversion device to convert wave energy 1nto
clectricity.

BACKGROUND

Energy 1s the life blood of any advanced society and the
quest to achueve an endless supply of energy has become an
obsession 1n the extreme. While fossil fuels were once
considered the holy grail for fueling a modern mechanized
society, the o1l crises of the 1970°s and 1980°s and the more
recent concerns of carbon emissions and their impact on
global climate change have brought significant and sobering
realities regarding the procurement of energy through the
combustion of fossil fuels.

The ocean 1s undoubtedly the largest solar panel on the
planet covering 70% of the earth’s surface. Additionally,
wave energy contains one of the densest forms of natural
energy available on earth. From a pure energy perspective,
the ocean 1s unquestionably the greatest storchouse of
energy on earth, with the theoretical annual energy produc-
tion of waves ofl the costal United States estimated to be as
much as 2.64 trillion kilowatt hours.

Current shore-based conversion devices rely on the sinu-
soidal action of waves to compress air, which in turn drives
a power takeoll mechamsm relying on pneumatics to power
a generator or, 1ironically, a wind turbine. However, because
air 1s compressible and much less dense than water, and
because the blades of self-rectifying turbines are not opti-
mized to capture maximal air flow, significant energy losses
occur through the conversion of powertul linear oscillatory
wave energy to the rotatory energy needed to turn an axel
and generate electricity. While electromechanical means of
optimizing blade angles of “self-rectitying” turbines have
been proposed, these modulations add a layer of complexity
that does not fare well 1n a marine environment.

Thus, there 1s a long-felt need for a shore-based wave
energy capture and conversion device that can directly
transier the kinetic energy inherent in wave motion to the
constant rotatory motion of an axel to generate electrical
energy.

SUMMARY

According to aspects illustrated herein, there 1s provided
a wave energy capture and conversion assembly, comprising
a tube forming a chamber, and a point absorber arranged 1n
the chamber, wherein the tube 1s operatively arranged to
engage water to form an oscillating water column within the
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chamber, and the oscillating water column engages the point
absorber to displace a first shait 1n a first circumierential
direction.

In an exemplary embodiment, the chamber comprises a
first section comprising an opening, and a second section
connected and arranged substantially perpendicular to the
first section, the point absorber being arranged in the second
section. In an exemplary embodiment, the first section 1s
arranged substantially horizontal and the second section 1s
arranged substantially vertical. In an exemplary embodi-
ment, the first section decreases 1n width 1n a first direction
from the opening. In an exemplary embodiment, the first
section decreases in height in the first direction. In an
exemplary embodiment, the opening comprises an ovular
geometry.

In an exemplary embodiment, the point absorber com-
prises a float operatively arranged to engage the oscillating
water column and displace axially in the chamber. In an
exemplary embodiment, the assembly further comprises a
linecar generator including a magnet arranged in or on the
float, and a coil concentrically arranged around the magnet.
In an exemplary embodiment, the point absorber further
comprises a reciprocating element pivotably connected to
the float, a wheel, and a line engaged with the reciprocating
clement and the wheel. In an exemplary embodiment, the
reciprocating element comprises at least one pawl opera-
tively arranged to engage the line as the reciprocating
clement 1s displaced 1n a first direction, and disengage the
line as the reciprocating element 1s displaced 1n a second
direction, opposite the first direction. In an exemplary
embodiment, the reciprocating element comprises a {first
pawl operatively arranged to engage the line as the recip-
rocating eclement 1s displaced in the first direction, and
disengage the line as the reciprocating element 1s displaced
in the second direction, and a second pawl operatively
arranged to disengage the line as the reciprocating element
1s displaced 1n the first direction, and engage the line as the
reciprocating element 1s displaced 1n the second direction.

In an exemplary embodiment, the at least one pawl
engages a radially outward facing surface of the line. In an
exemplary embodiment, the point absorber further com-
prises a spacer engaged with a radially inward facing surtace
of the line. In an exemplary embodiment, the at least one
pawl engages a radially inward facing surface of the line. In
an exemplary embodiment, the first shaft 1s connected to a
rotary generator. In an exemplary embodiment, the assembly
further comprises a motion conversion device including a
plurality of propellers arranged in the chamber, wherein the
plurality of propellers are operatively arranged to displace a
second shaft circumferentially.

According to aspects illustrated herein, there i1s provided
a wave energy capture and conversion assembly, comprising
a tube forming a chamber, the chamber including a first
section comprising an opening and a second section, and a
point absorber arranged in the second section, the point
absorber 1ncluding a float axially displaceable within the
second section, wherein the tube 1s operatively arranged to
engage water to form an oscillating water column within the
chamber, and the oscillating water column 1s operatively
arranged to displace the point absorber axially to displace a
shalt 1n a first circumierential direction.

In an exemplary embodiment, the first section decreases
in geometry 1 a first direction from the opening. In an
exemplary embodiment, the point absorber further com-
prises a wheel connected to first shaft, a reciprocating
clement pivotably connected to the float, and a line engaged
with the wheel and the reciprocating element. In an exem-
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plary embodiment, the second section 1s arranged substan-
tially perpendicular to the first section.

According to aspects illustrated herein, there 1s provided
an energy capture and conversion mechanism including an
oscillating water column design utilizing a linear generator
and/or a piston pawl chain mechanism to convert the linear
oscillatory motion of collected wave energy into electrical
power, for example, using an electrical generator. In an
exemplary embodiment, the energy capture and conversion
mechanism comprises caissons used 1n corralling incident
waves and swells. The caissons may comprise sloping side
walls and floors that compress flowing water to increase and
accelerate linear vector forces.

According to aspects 1llustrated herein, there 1s provided
an oscillating column wave energy capture device including
a caisson optimized to the bathymetry of the shoreline on
which 1t 1s placed. In an exemplary embodiment, the device
comprises a littoral portal being large and substantially
parallel to incident waves, and the combined confines of the
floor and walls gradually narrow in a funnel like shape to
optimize the compression of waves and minimize turbulence
or reflection which diminishes wave energy. In an exemplary
embodiment, the littoral portal comprises an oval and frus-
toconical shape, as of a compressed cone with 1ts widest
dimension parallel to the incident oncoming waves. In an
exemplary embodiment, the chamber gradually narrows 1n a
diminishing frustoconical fashion designed to maximally
concentrate wave energy while simultaneously minimizing
wave refraction or reflection of propagating waves such that
optimal wave energy concentration and conveyance 1s {os-
tered and maximal wave energy transierence to the point
absorber/power take ofl device 1s assured. The distal nar-
rowed portion of the cone shall turn upward and upon
becoming vertical assume a cylindrical column. Because
different shorelines and latitudes have characteristically dii-
ferent wave forms, the exact size and shape of the littoral
aperture as well as the final column aperture size and length
can be optimized with computer modelling to obtain a
customized product. A float 1s arranged 1n the column and 1s
driven up and down by the motion of the water in the
column.

The float may comprise ballast, which may simply be
material of weight to enhance the oscillatory motion of the
float on 1ts downward power stroke. In an exemplary
embodiment, the float comprises one or more large magnets
wherein movement of the one or more magnets will serve as
a linear electrical generator rotor. In an exemplary embodi-
ment, the float contained within the column may ride on rails
which guide 1t, but which are made of electrical grade steel
and serve as stators as well as guide rails whereby the up and
down movement of the float directly generates electrical
energy.

In an exemplary embodiment, a stem 1s connected to the
top of the float and a piston which comprises a plurality of
pawls that engage the links of a chain or toothed belt which
1s strung around two sprockets of substantially similar size.
The pawls may be equal size and are fixedly secured at two
points distal from each other. The chain can be contained
within groves 1n the side wall to prevent bowing outward.
The pawls on one side of the piston engage the chain on the
upstroke but fold 1n or disengage on the downstroke whereas
the pawls on the other side of the piston engage the chain on
the downstroke but fold 1 or disengage on the upstroke
permitting only unidirectional movement of the chain by
both the up and down strokes of the oscillatory motion of the
piston. Because of the engagement of the pawls with the
chain, all magnitudes of oscillation can be captured and
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turned to rotational energy unlike a piston crank shaft
arrangement where a complete excursion of the piston 1s
required. In an exemplary embodiment, the piston pawl
chain component 1s located above the float within the
column such that 1t operates 1n air and 1s largely protected
from the marine environment. While the lower sprocket
serves mainly as a guide for the revolving chain, the upper
sprocket 1s attached to an axel or shaft which i turn
connects to a freewheel or frechub supported flywheel to
smooth out energy transfer from the aforementioned power
take off assembly. Utilizing simple gearing, the speed of
final rotation can be optimized to generate the constant
rotatory motion necessary to turn an electric generator. In
this fashion, both the linear motion of the point absorber and
the converted rotary motion can be captured and converted
to electricity.

These and other objects, features, and advantages of the
present disclosure will become readily apparent upon a
review ol the following detailed description of the disclo-
sure, 1 view of the drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are incorporated herein as
part of the specification. The drawings described herein
illustrate embodiments of the presently disclosed subject
matter and are 1llustrative of selected principles and teach-
ings of the present disclosure, in which corresponding
reference symbols indicate corresponding parts. However,
the drawings do not 1llustrate all possible implementations
of the presently disclosed subject matter and are not
intended to limait the scope of the present disclosure 1n any
way.

FIG. 1 1s a perspective view of a wave energy capture and
conversion assembly.

FIG. 2 1s an elevational view of a wave energy capture and
conversion assembly.

FIG. 3 1s an elevational view of a motion conversion
device.

FIG. 4 1s an elevational view of a motion conversion
device.

DETAILED DESCRIPTION

At the outset, i1t should be appreciated that like drawing
numbers on different drawing views identify identical, or
functionally similar, structural elements. It 1s to be under-
stood that the claims are not limited to the disclosed aspects.

Furthermore, 1t 1s understood that this disclosure 1s not
limited to the particular methodology, materials and modi-
fications described and as such may, of course, vary. It 1s also
understood that the terminology used herein 1s for the
purpose of describing particular aspects only, and 1s not
intended to limit the scope of the claims.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure pertains. It should be understood that any meth-
ods, devices or materials similar or equivalent to those
described herein can be used 1n the practice or testing of the
example embodiments.

It should be appreciated that the term “substantially” 1s
synonymous with terms such as “nearly,” “very nearly,”
“about,” “approximately,” “around,” “bordering on,” “close
to,” “essentially,” “in the neighborhood of,” “in the vicinity
ol,” etc., and such terms may be used interchangeably as
appearing in the specification and claims. It should be
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appreciated that the term “proximate™ 1s synonymous with
terms such as “nearby,” “close,” “adjacent,” “neighboring,”
“immediate,” “adjoiming,” etc., and such terms may be used
interchangeably as appearing in the specification and claims.
The term “approximately” 1s intended to mean values within
ten percent of the specified value.

It should be understood that use of “or” in the present
application 1s with respect to a “non-exclusive” arrange-
ment, unless stated otherwise. For example, when saying
that “item x 15 A or B.” 1t 1s understood that this can mean
one of the following: (1) 1tem x 1s only one or the other of
A and B; (2) item x 1s both A and B. Alternately stated, the
word “or” 1s not used to define an “exclusive or” arrange-
ment. For example, an “exclusive or” arrangement for the
statement “1tem X 15 A or B” would require that x can be only
one of A and B. Furthermore, as used herein, “and/or” 1s
intended to mean a grammatical conjunction used to indicate
that one or more of the elements or conditions recited may
be 1ncluded or occur. For example, a device comprising a
first element, a second element and/or a third element, 1s
intended to be construed as any one of the following
structural arrangements: a device comprising a {irst element;
a device comprising a second element; a device comprising
a third element; a device comprising a first element and a
second element; a device comprising a first element and a
third element; a device comprising a first element, a second
clement and a third element; or a device comprising a second
clement and a third element.

Moreover, as used herein, the phrases “comprises at least
one of” and “comprising at least one of”” in combination with
a system or element 1s intended to mean that the system or
clement includes one or more of the elements listed after the
phrase. For example, a device comprising at least one of: a
first element; a second element; and a third element, 1s
intended to be construed as any one of the following
structural arrangements: a device comprising a {irst element;
a device comprising a second element; a device comprising
a third element; a device comprising a first element and a
second element; a device comprising a first element and a
third element; a device comprising a first element, a second
clement and a third element; or a device comprising a second
clement and a third element. A similar interpretation 1is
intended when the phrase “used 1n at least one of:” 1s used
herein.

By “non-rotatably connected” elements, 1t 1s meant that:
the elements are connected so that whenever one of the
elements rotate, all the elements rotate; and relative rotation
between the elements 1s not possible. Radial and/or axial
movement of non-rotatably connected elements with respect
to each other 1s possible, but not required. By “rotatably
connected” elements, we mean that: the elements are rotat-
able with respect to each other.

Point absorber as used herein 1s intended to mean a
mechanism that converts the motion or movement of water
(1.e., oscillatory movement of water or the flow of water)
into rotary motion (i.e., rotational displacement).

Adverting now to the figures, FIG. 1 1s a perspective view
of wave energy capture and conversion assembly 10, gen-
crally designated assembly 10. Assembly 10 generally com-
prises tube 20 and at least one motion conversion device, for
example motion conversion device or point absorber 60,
160. In an exemplary embodiment, assembly 10 further
comprises at least one generator, for example, linear gen-
erator or alternator 40 and/or rotary generator 90.

Tube 20 15 operatively arranged to engage water or fluid
2 50 as to form an oscillating water column. Tube 20 forms
collection chamber 22, which comprises section 24 and
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section 26. Section 24 1s substantially horizontal and extends
from opening 28 1n direction D3. Section 26 1s substantially
vertical and extends from section 24 in direction D1. In an
exemplary embodiment, section 26 1s cylindrical. In an
exemplary embodiment, chamber 22 1s frusto-conical and
decreases 1n diameter from opeming 28 1n direction D3 (1.e.,
chamber 22 comprises 1ts largest diameter at opening 28). In
an exemplary embodiment, and as best shown i FIG. 1,
opening 28 comprises width W1 and section 26 comprises
width W2, wherein width W1 1s greater than width W2. In
an exemplary embodiment, and as best shown in FIG. 2,
chamber 22 decreases in height from opening 28, which
comprises height H1, to height H2. The decrease 1n cross-
sectional area of chamber 22 from opening 228 causes a
more sensitive fluctuation of water level 1n section 26. Put
another way, a small amount of water movement 1n direction
D3 and direction D4, mto opening 28, will cause a large
amount of water movement in direction D1 and direction D2
in section 26, respectively. This ultimately results 1n more
oscillatory movement of water in section 26 and thus float
30, as will be described 1n greater detail below.

In an exemplary embodiment, opening 28 comprises an
ovular geometry 1n the direction D5 and direction D1 plane.
In an exemplary embodiment, section 24 comprises an
ovular geometry 1n the direction D5 and direction D1 plane.
In an exemplary embodiment, while section 24 1s substan-
tially horizontal, a distal narrowed portion of section 24,
opposite opening 28, 1s curvilinear and turns upward 1n
direction D1.

Float 30 1s arranged 1n chamber 22, specifically section
26, and 1s driven 1n direction D1 and direction D2 by the
motion of water 2 thereimn. Float 30 1s connected to motion
conversion device 60, 160 via shaft 36. In an exemplary
embodiment, tloat 30 1s pivotably connected to shait 36. It
should be appreciated that the motion of water 2 within
section 26 1s referred to as an oscillating water column.
Thus, chamber 22 and moving water 2 form an oscillating
water column. Water 2 rising in section 26 1s known as a
rising water column. Water 2 falling in section 26 1s known
as a falling water column. Therefore, it 1s the action of the
oscillating water column that displaces float 30 in directions
D1 and D2 1n section 26.

In an exemplary embodiment, float 30 comprises ballast
or weight 32. Ballast 32 comprises a heavy material such as
but not limited to gravel, sand, iron, lead, or the like to add
mass to tloat 30. The added mass of ballast 32 causes float
30 to rapidly displace 1n direction D2 during the falling
water column, thereby imparting a greater downstroke force
on motion conversion device 60, 160.

In an exemplary embodiment, assembly 10 further com-
prises linear generator or alternator 40. Linear alternator 40
1s a linear electrical generator comprising coil 42 and at least
one magnet 34. Coil 42 1s arranged on or in tube 20, for
example, concentrically around section 26 of chamber 22.
Magnet 34 1s arranged on or in float 30 and thus displaces
in direction D1 and direction D2 as a result of the oscillating
water column. Specifically, magnet 34 displaces 1n direc-
tions D1 and D2 within coil 42, which changes the magnetic
flux passing through coil 42 and induces the flow of an
clectric current, which can be used to do work (i.e., elec-
tricity). Linear alternator 40 converts back-and-forth linear
motion of float 30, via magnet 34, into electrical energy,
which may be transported via power lines 94.

In an exemplary embodiment, assembly 10 further com-
prises generator 90. Generator 90 1s a rotary electrical
generator connected to motion conversion device 60, 160
via shaft 80. Shait 80 comprises end 82 connected to motion
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conversion device 60, 160 and end 84 connected to genera-
tor 90. Shait 80 1s operatively arranged to deliver rotational
motion to generator 90, such that generator 90 produces
clectricity. Such electricity may be transported via power
lines or electrical connectors 94. End 82 may be connected
to motion conversion device 60, 160 via a freewheel device
or connection. By freewheel connection, it 1s meant that as
motion conversion device 60, 160, for example gear 74, 174,
displaces 1n a first circumierential direction, shait 80 dis-
places 1n the first circumierential, but when gear 74, 176
stops moving, shaft 80 may continue to displace 1n the first
circumierential direction.

An example of a freewheel device or connection com-
prises two saw-toothed, spring-loaded discs pressing against
cach other with the toothed sides together, somewhat like a
ratchet. Rotating in one direction, the saw teeth of the drive
disc lock with the teeth of the driven disc, making 1t rotate
at the same speed. If the drive disc slows down or stops
rotating, the teeth of the driven disc slip over the drive disc
teeth and continue rotating, producing a characteristic click-
ing sound proportionate to the speed diflerence of the driven
gear relative to that of the (slower) driving gear.

Another example of a freewheel device or connection
comprises spring-loaded steel rollers or detents inside a
driven cylinder. Rotating in one direction, the rollers lock
with the cylinder making it rotate in unison. Rotating slower,
or in the other direction, the steel rollers just slip 1nside the
cylinder.

Another example of a freewheel device or connection, and
that used 1n most bicycle freewheels, comprises an internally
step-toothed drum with two or more spring-loaded, hard-
ened steel pawls to transmit the load. More pawls help
spread the wear and give greater reliability although, unless
the device 1s made to tolerances not normally found in
bicycle components, simultaneous engagement of more than
two pawls 1s rarely achieved.

In an exemplary embodiment, shaft 80 may further com-
prise flywheel 86. Flywheel 86 serves to smooth out the
pulses of energy provided by motion conversion device 60,
160, and store energy for when motion conversion device
60, 160 1s no longer supplying energy. For example, when
gear 74, 176 stops moving, the energy stored 1n flywheel 86,
as well as the freewheel connection between end 82 and
motion conversion device 60, 160, will continue to rotate
shaft 80 due to the energy stored in flywheel 86, thereby
continuing to produce electricity via generator 90. Motion
conversion device 60, 160 will be described 1n greater detail
below.

FIG. 2 1s an elevational view of wave energy capture and
conversion assembly 12, generally designated assembly 12.
Assembly 12 may comprise many of the same components
as assembly 10. Assembly 12 generally comprises tube 20
and at least one motion conversion device, for example
motion conversion device or point absorber 60, 160 and/or
motion conversion device 100. In an exemplary embodi-
ment, assembly 12 further comprises at least one generator,
for example, rotary generator 90 and/or rotary generator 92.
In an exemplary embodiment, assembly 12 may further
comprise a linear generator, for example, linear generator
40. In addition to the energy conversion provided by float
30, motion conversion device 60, 160, and generators 40 and
90, assembly 12 comprises motion conversion device 100.
In an exemplary embodiment, assembly 12 only comprises
motion conversion device 100, as described below.

Motion conversion device 100 comprises a plurality of
propellers, for example propeller 102 and propeller 104,
shaft 106, and shaft 108. Shait 106 1s arranged substantially
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horizontal in section 24 of chamber 22, extending 1n direc-
tion D4 from connection 110. Shaft 108 i1s non-rotatably
connected to shait 106 via connection 110. Connection 110
may comprise any connection means suitable for non-
rotatably connecting shaft 108 with shait 110, for example,
a bevel gear or geared connection. In an exemplary embodi-
ment, shait 108 1s substantially vertical extending in direc-
tion D1 from connection 110.

Propellers 102 and 104 are operatively arranged to engage
water 2 tlowing in and out of chamber 22. Specifically, one
of propellers 102 and 104 is arranged to engage water 2
flowing 1n direction D3 to rotate shait 106 1n a first circum-
ferential direction, and disengage water 2 tflowing in direc-
tion D4. The other of propellers 102 and 104 1s arranged to
engage water 2 flowing 1n direction D4 to rotate shaft 106 1n
a first circumierential direction, and disengage water 2
flowing 1n direction D3. Thus, propellers 102 and 104 are
operatively arranged to engage the oscillating flow of water
2 1n directions D3 and D4 within chamber 22 and displace
shaft 106 only in a first circumierential direction. To achieve
this end, 1 an exemplary embodiment, propellers 102 and
104 are hingedly connected to shaft 106, for example as 1n
U.S. Patent Application Publication No. 2022/0325689
(Suddaby), which publication 1s incorporated herein by
reference 1n its entirety. Since shait 106 1s only displaced in
a single circumierential direction via the arrangement of
propellers 102 and 104, shaft 108 also only displaces 1n a
single circumierential direction. Shatt 108 1s connected to
generator 92 which converts the rotary motion of shait 108
into electricity, which may be transported via power lines 94.
In an exemplary embodiment, shaft 108 may be connected
to generator 90 such that both motion conversion device 60,
160 and motion conversion assembly 100 feed rotary motion
to generator 90.

By using two motion conversion devices 60, 160 and 100,
greater energy can be produced. Additionally, since motion
conversion devices 60, 160 and 100 are arranged 1n different
portions of the oscillating water column, a greater efliciency
1s achieved. For example, motion conversion device 60, 160
1s arranged 1n section 26 which 1s substantially vertical, and
motion conversion device 100 1s arranged in section 24
which 1s substantially horizontal. In instances of low tide,
for instance, where water 2 may not displace float 30 a great
distance and thus motion conversion device 60, 160 operates
at a limited capacity, motion conversion device 100 can still
operate at full capacity.

FIG. 3 1s an elevational view of motion conversion device
or point absorber 60. Point absorber 60 1s operatively
arranged to displace shait 80 i1n a single circumierential
direction, for example, circumierential direction CD1. Point
absorber 60 generally comprises tloat 30, reciprocating
clement 62, chain or belt or line 68, and sprocket or gear or
wheel 74. It should be appreciated that a line as used herein
may include a chain, belt, string, wire, strap, cable, or the
like. Float 30 1s arranged to engage the oscillating water
column as previously described and displaces generally 1n
direction D1 and direction D2. Reciprocating element 62 1s
connected to float 30 via shaft 36. In an exemplary embodi-
ment, shatt 36 1s pivotably connected to float 30. In an
exemplary embodiment, shaft 36 1s pivotably connected to
reciprocating element 62.

Reciprocating element 62 1s operatively arranged to be
displaced generally 1n direction D1 and direction D2 (via
float 30) and displace sprocket 74 1n circumierential direc-
tion CD1. Reciprocating element 62 comprises pawl 64 and
pawl 66. Pawls 64 and 66 are arranged to engage chain links
70 of chain 68. Specifically, pawl 64 1s arranged to displace
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chain 68 when reciprocating element 62 1s displaced in
direction D1, but not displace chain 68 when reciprocating
clement 62 1s displaced 1n direction D2. Pawl 66 1s arranged
to displace chain 68 when reciprocating element 62 1s
displaced 1n direction D2, but not displace chain 68 when
reciprocating element 62 1s displaced in direction D1. The
arrangement of pawls 64 and 66 provide for constant dis-
placement of chain 68, and thus sprocket 74, in a single
direction regardless of the displacement direction of recip-
rocating element 62. In an exemplary embodiment, chain 68
1s a polymer chain. In an exemplary embodiment, element
68 1s a notched belt, wherein pawls 64 and 66 engage
notches 1n notched belt 68 as described above.

Sprocket 74 comprises teeth 76 engaged with chain links
70 of chain 68. In an exemplary embodiment, point absorber
60 further comprises surface 72 engaged with chain 68. In
an exemplary embodiment, surface 72 1s a curvilinear plane
slidably engaged with chain 68 to maintain tension within
chain 68. In an exemplary embodiment, alternative or 1n
addition to surface 72, point absorber 60 comprises another
sprocket to maintain tension within chain 68. Sprocket 74 1s
non-rotatably connected to generator 90 through shait 80.
Specifically, sprocket 74 1s connected to shaft 80 via free-
wheel connection 78. As reciprocating element 62 1s dis-
placed 1n direction D1 and direction D2, sprocket 74 and
thus shaft 80 1s displaced 1n circumfterential direction CD1,
thereby providing the motive power to generator 90 for
conversion 1nto electric power.

FI1G. 4 1s an elevational view of motion conversion device
or point absorber 160. Point absorber 160 1s operatively
arranged to displace shait 80 1n a single circumierential
direction, for example, circumierential direction CD1. Point
absorber 160 generally comprises tloat 30, reciprocating
clement 162, chain or belt or line 168, sprocket or gear or
wheel 172, and sprocket or gear or wheel 176. Float 30 1s
arranged to engage the oscillating water column as previ-
ously described and displaces generally in direction D1 and
direction D2. Reciprocating element 162 1s connected to
float 30 via shaft 36. In an exemplary embodiment, shaft 36
1s pivotably connected to float 30. In an exemplary embodi-
ment, shait 36 1s pivotably connected to reciprocating ele-
ment 162.

Reciprocating element 162 1s operatively arranged to be
displaced generally in direction D1 and direction D2 (via
float 30) and displace sprocket 176 in circumierential direc-
tion CD1. Reciprocating element 162 comprises one or more
pawls 164 and one or more pawls 166. Pawls 164 and 166
are arranged to engage chain links 170 of chain 168.
Specifically, pawls 164 are arranged to displace chain 168
when reciprocating element 162 1s displaced 1n direction D1,
but not displace chain 168 when reciprocating element 162
1s displaced in direction D2. Pawls 166 are arranged to
displace chain 168 when reciprocating element 162 1s dis-
placed 1n direction D2, but not displace chain 168 when
reciprocating element 162 1s displaced in direction D1. The
arrangement ol pawls 164 and 166 provide for constant
displacement of chain 168, and thus sprocket 176, 1n a single
direction regardless of the displacement direction of recip-
rocating element 162. In an exemplary embodiment, chain
168 1s a polymer chain. In an exemplary embodiment,
clement 168 1s a notched belt, wherein pawls 164 and 166
engage notches 1n notched belt 168 as described above.

Sprocket 176 comprises teeth 178 engaged with chain
links 170 of chain 168. In an exemplary embodiment, point
absorber 160 further comprises sprocket 174 engaged with
chain 168. Sprocket 174 1s operatively arranged to engage
chain 168 to maintain tension within chain 168. In an
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exemplary embodiment, alternative or in addition to
sprocket 174, point absorber 160 comprises a surface slid-

ably engaged with chain 168 to maintain tension within
chain 168. Sprocket 176 1s non-rotatably connected to
generator 90 through shaft 80. Specifically, sprocket 176 1s
connected to shaft 80 via freewheel connection 180. As
reciprocating element 162 1s displaced 1n direction D1 and
direction D2, sprocket 176 and thus shaft 80 1s displaced 1n
circumierential direction CD1, thereby providing the motive
power to generator 90 for conversion 1nto electric power.

As shown 1n FIG. 4, pawls 164 and 166 engage a radially
outward facing side of chain 170. However, pawls 164 and
166 may be arranged to engage a radially inward facing side
of chain 170, as shown 1n FIG. 3. In an exemplary embodi-
ment, point absorber 160 may further comprise spacer 182
operatively arranged to engage a radially inward facing side
of chain 170. Spacer 182 facilitates linear motion of recip-
rocating element 162 and thus increases the efliciency of
point absorber 160. For example, since line 168 1s likely to
be non-rigid (1.e., tlexible), reciprocating element 162 may
displace 1n directions D3 and D4 thereby imparting forces
on line 168. This can lead to failure of line 168 and/or loss
of energy, as well as failure of pawls to adequately engage
or disengage line 168. The arrangement of spacer 182
prevents the lateral movement of reciprocating element 162.

It should be appreciated that various materials may be
used for elements of the assemblies disclosed here, for
example, polymers, synthetic fibers, duplex steel, etc. Such
materials are resistant to corrosion from water and salt water.
Certain materials are also lighter and less prone to rust.

It will be appreciated that various aspects of the disclosure
above and other features and functions, or alternatives
thereof, may be desirably combined into many other differ-
ent systems or applications. Various presently unforeseen or
unanticipated alternatives, modifications, variations, or
improvements therein may be subsequently made by those
skilled 1n the art which are also intended to be encompassed
by the following claims.

REFERENCE NUMERALS

2 Water or fluid

4 Wall

10 Wave energy capture and conversion assembly
12 Wave energy capture and conversion assembly
20 Tube

22 Chamber

24 Section

26 Section

28 Opening

30 Float

32 Ballast or weight

34 Magnet(s)

36 Shaft

40 Linear generator or alternator

42 Coil

60 Motion conversion device or point absorber
62 Reciprocating element

64 Pawl

66 Pawl

68 Chain or belt or line

70 Chain links

72 Surface

74 Sprocket or gear or wheel

76 Teeth

78 Connection

80 Shaft
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82 End
84 End
86 Flywheel
90 Generator
92 (Generator
94 Power lines
100 Motion conversion device

102 Propeller

104 Propeller

106 Shaft

108 Shaft

110 Connection

160 Motion conversion device or point absorber

162 Reciprocating element

164 Pawl(s)

166 Pawl(s)

168 Chain or belt or line

170 Chain links

172 Sprocket or gear or wheel

174 Teeth

176 Sprocket or gear or wheel

178 Teeth

180 Connection

182 Spacer

CD1 Circumierential direction

CD2 Circumierential direction

D1 Direction

D2 Direction

D3 Direction

D4 Direction

H1 Height

H2 Height

W1 Width

W2 Width

What 1s claimed 1s:

1. A wave energy capture and conversion assembly,
comprising;

a tube forming a chamber; and

a point absorber arranged in the chamber, the point

absorber 1ncluding:

a float;

a wheel;

a reciprocating element pivotably connected to the
float, the reciprocating element being displaceable
generally 1n a first linear direction toward the wheel
and a second linear direction away from the wheel;
and

a line at least partially wrapped around the wheel and
engaged with the reciprocating element;

wherein:

the tube 1s operatively arranged to engage water to form
an oscillating water column within the chamber; and

the oscillating water column engages the point absorber
to displace a first shaft in a first circumierential
direction.

2. The assembly as recited in claim 1, wherein the
chamber comprises:

a first section comprising an opening; and

a second section connected and arranged substantially

perpendicular to the first section, the point absorber

being arranged in the second section.

3. The assembly as recited in claim 2, wherein the first
section 1s arranged substantially horizontal and the second
section 1s arranged substantially vertical.

4. The assembly as recited in claim 2, wherein the first
section decreases in width 1n a first direction from the
opening.
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5. The assembly as recited 1n claim 4, wherein the first
section decreases in height 1n the first direction.

6. The assembly as recited 1n claim 2, wherein the opening
comprises an ovular geometry.

7. The assembly as recited 1n claim 1, wherein the float 1s
operatively arranged to engage the oscillating water column
and displace axially in the chamber.

8. The assembly as recited 1n claim 1, further comprising,
a linear generator including:

a magnet arranged 1n or on the float; and

a coil concentrically arranged around the magnet.

9. The assembly as recited in claim 1, wherein the
reciprocating element comprises at least one pawl opera-
tively arranged to:

engage the line as the reciprocating element 1s displaced

in a first direction; and

disengage the line as the reciprocating element 1s dis-

placed 1n a second direction, opposite the first direction.

10. The assembly as recited in claim 9, wherein the
reciprocating element comprises:

a first pawl operatively arranged to:

engage the line as the reciprocating element 1s dis-
placed in the first direction; and

disengage the line as the reciprocating element 1is
displaced 1n the second direction; and

a second pawl operatively arranged to:

disengage the line as the reciprocating element 1s
displaced 1n the first direction; and

engage the line as the reciprocating element 1s dis-
placed in the second direction.

11. The assembly as recited 1n claim 9, wherein the at least
one pawl engages a radially outward facing surface of the
line.

12. The assembly as recited 1n claim 11, wherein the point
absorber further comprises a spacer engaged with a radially
inward facing surface of the line.

13. The assembly as recited 1n claim 9, wherein the at least

one pawl engages a radially inward facing surface of the
line.

14. The assembly as recited 1n claim 1, wherein the first

shaft 1s connected to a rotary generator.

15. The assembly as recited in claim 1, further comprising

a motion conversion device mncluding;:

a plurality of propellers arranged 1n the chamber, wherein
the plurality of propellers are operatively arranged to
displace a second shaft circumierentially.

16. A wave energy capture and conversion assembly,

comprising;

a tube forming a chamber, the chamber including a first
section comprising an opening and a second section;
and

a point absorber arranged 1n the second section, the point
absorber including:

a float axially displaceable within the second section,
the float connected to a first end of a first shaft;

a reciprocating element pivotably connected to a sec-
ond end of the first shaft;

a wheel connected to a second shatt; and

a line engaged with the wheel and the reciprocating
element;

wherein:
the tube 1s operatively arranged to engage water to form

an oscillating water column within the chamber; and
the oscillating water column 1s operatively arranged to

displace the point absorber axially to displace the

second shaft in a first circumierential direction.
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17. The assembly as recited 1n claim 16, wherein the first
section decreases 1n geometry 1n a first direction from the
opening.

18. The assembly as recited 1n claim 16, wherein the
second section 1s arranged substantially perpendicular to the 5
first section.

19. A wave energy capture and conversion assembly,
comprising;

a tube forming a chamber; and

a point absorber arranged in the chamber, the point 10

absorber including:

a float;

a reciprocating element pivotably connected to the
float;

a wheel; and 15

a line engaged with the reciprocating element and the
wheel;

wherein:

the tube 1s operatively arranged to engage water to form
an oscillating water column within the chamber; 20
the oscillating water column engages the point absorber
to displace a first shaft in a first circumierential
direction; and
the reciprocating element comprises at least one pawl
operatively arranged to: 25
engage the line as the reciprocating element 1s dis-
placed 1n a first direction; and
disengage the line as the reciprocating element 1s
displaced 1n a second direction, opposite the first
direction. 30
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