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WAVE ENERGY CONVERTER

BACKGROUND OF THE INVENTION

Sea wave energy is concentrated at the sea surface, from which it decays

exponentially with depth. For deepwater waves, the decay ion energy is such that at
a depth equal to half the wavelength (the bottom of the wave energy zone) the
remaining wave energy is no more than 5% of energy at the surface. Systems are
being developed for extracting energy from sea waves, especially in the form of
electricity.

There have been recent developments of SSM (synthetic stretchable material)
such as EAP (electro active polymers, e.g. PVDF or polyvinyl chloride, electrets, etc.)
which generates electricity when stretched or when the amount of stretching changes.
Such SSM material is described in US patents 6,768,246 by Pelrine and 6,812,624 by
Pel, and in US patent publication 200110029401 by Ishido. The generation of
electrical energy from sea waves using a simple and efficient system would be of
value.

A reference herein to a patent document or other matter which is given as prior
art is not to be taken as an admission that that document or matter was known or that
the information it contains was part of the common general knowledge as at the
priority date of any of the claims.

SUMMARY OF THE INVENTION
In accordance with one embodiment of the invention, systems are provided for

producing electrical energy form sea waves, using SSM (synthetic stretchable
material) in an efficient manner.

According to one aspect of the present invention, there is provided a wave
energy converter for generating electricity from sea waves that move along a wave
propagation direction in a sea, where the sea has a sea surface, a sea floor and a
wave energy zone that lies within a half wavelength of said sea waves below the sea
surface, comprising: an elongated tube that extends along a tube centreline and that
is bendable to enable different sections of said tube that are spaced along said tube
centreline to deviate in different vertical directions and in different amounts from a
straight line, said tube having primarily horizontally spaced opposite ends and said

tube floats in said sea; a device that includes a sheet of SSM (synthetic stretchable
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material) material wrapped into a continuous tubular shape and forming walls of said
tube and that also includes a pair of electrodes lying at opposite faces of said sheet,
said device generating electricity on said electrodes when said sheet is stretched in
different amounts, with bending of the tube producing stretching and relaxation of
stretching of said device, and including electric conductors coupled to said electrodes
to carry away electricity.

According to another aspect of the present invention, there is provided a wave
energy converter for generating electricity from sea waves that move along a wave
propagation direction (D) in a sea, where the sea has a sea surface and a sea floor,
comprising: an elongated tube device that includes a tube extends along a tube
centreline and that is bendable to deviate in different vertical directions and in
different amounts from a straight line, said tube having primarily horizontally spaced
opposite ends, said tube device includes a sheet of SSM (synthetic stretchable
material) material forming a tube and a pair of electrodes at opposite faces of said
sheet, said tube device generating electricity in said electrodes, when the tube is
stretched in different amounts, and including at least one electric conductor coupled
to said electrodes; said tube is positively buoyant, and including a pair of mooring
lines extending from underwater locations in largely upward directions to said tube
opposite ends and holding said tube below a quiescent sea surface level.

In one embodiment, a bendable tube, especially one that is of elastomeric
material, lies at the sea surface, wherein the tube floats at the sea surface. The tube
is elongated and extends at least partially parallel to the direction of wave
propagation. The waves produce a bulge in the elastic tube, with the bulge
propaganda along the length of the tube. Bands of SSM material extend around the
centreline of the tube and are stretched and relaxed as the bulge passes by the
bands, to generate electricity.

The waves also bend the tube. Several SSM power take off systems (PTOs)
for converting waves into mechanical and/or electrical energy are spaced along the
length of the tube. Sheets of SSM material extend parallel to the centreline of the
tube between PTOs, with the SSM sheets lying at the top and bottom of the tube.

<«filename>
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[00026]

[00027]

[00028]

adjustment mechanism 99 connected through a gear mechanism (not shown) to

a heater actuator plate 101.

Attached to each heater actuator plate 101 and extending outward from
the output surface 93 of the heater array support 87 and parallel to the axis 89 of
the winding machine 71 is an infrared heater 63. Each infrared heater 63 is
attached to a corresponding heater actuator plate 101 in such a fashion as to
direct the heat perpendicular to and in the direction of the hollow mandrel 47.
Each infrared heater 63 extends outward from the output surface 93 of the

heater array support 87 a selected distance.

A pair of capstans consisting of a driving capstan 105 and a driven
capstan 106 stand vertically with their axes (not shown) perpendicular to and on
either side of the axis 89 of the winding machine 71. The driving capstan 105 is
mounted onto a driving capstan gearbox 107 and the driven capstan 106 is
mounted onto a driven capstan gearbox 109. The driving capstan gearbox 107 is
connected at its base to a gearbox platform 113. The gearbox platform 113 is a
rectangular plate that sits atop the machine support structure 91 in a horizontal
plane. A capstan driving motor (not shown) is mounted underneath the gearbox
platform 113 and has a shaft (not shown) which extends through an aperture
(not shown) in the gearbox platform 113 and connects to the gears of the driving
capstan gearbox 107. The driving capstan gearbox 107 is connected to the
driven capstan gearbox 109 by a splined shaft (not shown in the first-stage, but
identical to the splined shaft 111 of the fourth stage) thereby providing a means
for driving the capstans 105 and 106 at the same angular speed but in opposing

directions.

The driven capstan gearbox 109 is connected at its base to a gearbox
sliding plate 115. The underside of the gearbox sliding plate 115 has a plurality
of grooves that extend along its length and parallel to the length of the gearbox
platform 113. The grooves of the gearbox sliding plate 115 receive the rails of a
digital linear encoder 117 thereby allowing the digital linear encoders 117 to
incrementally measure the location of the driven capstan 109 along the rails of

the digital linear encoder 117 relative to a reference point on the digital linear
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resonance modes and hence achieve very high energy transfer from waves to the

tube (spring mass system). In this embodiment waves are bouncing back on the
WEC extremities, going back and forth the length of the tube hence creating standing
waves.

Thus, applicant provides simple and reliable systems for generating electricity
from sea waves by the use of a buoyant tube with elastomeric tube walls, that is
moored to lie at the sea surface, so the tube undergoes changes as sea waves pass
through or over it. One tube floats with the top of the tube lying above the quiescent
sea level so the tube bends to follow the shape of a wave passing along the length of
the tube. The tube also experiences a bulge that moves along the length of the tube.
Another tube lies below the sea surface a majority of the time, and undergoes a
change in diameter as a wave pésses along the length of the tube. For these tubes,
SSM material, which generates electricity when it undergoes a change in stretching,
is coupled to the tube walls and is used to generate electricity.

Although particular embodiments of the invention have been described and
illustrated herein, it is recognized that modifications and variations may readily occur
to those skilled in the art, and consequently, it is intended that the claims be
interpreted to cover such modifications and equivalents.

Where the terms “comprise”, “comprises”, “comprised” or “comprising” are
used in this specification (including the claims) they are to be interpreted as specifying
the presence of the stated features, integers, steps or components, but not precluding
the presence of one or more other features, integers, steps or components, or group

thereof.

«filenamo>
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The claims defining the present invention are as follows:

1. A wave energy converter for generating electricity from sea waves that move
along a wave propagation direction in a sea, where the sea has a sea surface, a sea
floor and a wave energy zone that lies within a half wavelength of said sea waves
below the sea surface, comprising:

an elongated tube that extends along a tube centreline and that is bendable to
enable different sections of said tube that are spaced along said tube centreline to
deviate in different vertical directions and in different amounts from a straight line,
said tube having primarily horizontally spaced opposite ends and said tube floats in
said sea;

a device that includes a sheet of SSM (synthetic stretchable material) material
wrapped into a continuous tubular shape and forming walls of said tube and that also
includes a pair of electrodes lying at opposite faces of said sheet, said device
generating electricity on said electrodes when said sheet is stretched in different
amounts, with bending of the tube producing stretching and relaxation of stretching of
said device, and including electric conductors coupled to said electrodes to carry

away electricity.

2. The converter described in claim 1 wherein:
said tube has primarily circular cross-sections, and said sheet of SSM material
extends in a plurality of circles lying within one another, within said tube.

3. The converter described in claim 1 or 2 including:

a plurality of power takeoff systems spaced along the length of said tube, each
power takeoff system including one of said electric conductors;

quantity of said SSM material includes a plurality of quantities of SSM material
that generates electricity when stretched in different amounts, spaced along the
length of said tube with each quantity of SSM material connected to at least one of
said power takeoff systems; and including

means connected to said power takeoff systems for adding the outputs of said
takeoffs.

C:\pofword\SPEC-900833.docx
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4. The converter described in any one of claims 1 to 3 including:

a plurality of sequential placed EAP (electro active polymer) power takeoff
systems that are so connected that the output voltage of the wave energy converter is
continuously close to the maximum voltage raise of each individual power takeoff
system.

5. The connector described in any one of claims 1 to 4 including:

at least one mooring line that has a lower end connected to the sea floor and
an upper end that is connected to said tube;

said mooring line and said tube are constructed to hold said tube so it lies only
partially submerged in the sea, so that in a quiescent sea an upper end of said tube
which lies above said centreline lies above the sea surface.

6. The converter described in any one of claims 1 to 5 wherein:

said tube device is of a mattress shape, with a width in a horizontal direction
that is perpendicular to said length, and a height in a vertical direction,

said width being a plurality of times greater than said height.

7. A wave energy converter for generating electricity from sea waves that move
along a wave propagation direction (D) in a sea, where the sea has a sea surface and
a sea floor, comprising:

an elongated tube device that includes a tube extends along a tube centreline
and that is bendable to deviate in different vertical directions and in different amounts
from a straight line, said tube having primarily horizontally spaced opposite ends,

said tube device includes a sheet of SSM (synthetic stretchable material)
material forming a tube and a pair of electrodes at opposite faces of said sheet, said
tube device generating electricity in said electrodes, when the tube is stretched in
different amounts, and including at least one electric conductor coupled to said
electrodes;

said tube is positively buoyant, and including a pair of mooring lines extending
from underwater locations in largely upward directions to said tube opposite ends and

holding said tube below a quiescent sea surface level.

C:\pofword\SPEC-900933.docx
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8. A wave energy converter substantially as herein before described with
reference to any one of the embodiments shown in the drawings.

C:\poNword\SPEC-800933.docx
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