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DEVICE FOR CONVERSION OF MECHANICAL ENERGY FROM SEA WAVES TO ELECTRIC
ENERGY

The present invention relates to an improved device for conversion of
mechanical energy from sea waves to electric energy, that includes a float moved by
sea waves, where the resulting displacement of the same float is given by the
superposition of the horizontal (sway), vertical (heave) and rotational (roll)
displacements, and that transmits some wave actions to some rigid rods, or to some
cables, that are anchored through hinges to the sea bed. The rods are connected to
respective ballasts and to a transmission shaft of an electric generator, by using
cables or chains. The rotary oscillating motion of the rods is used to put the
transmission shaft of the electric generator.

The main objective of the present invention is to propose an improvement in
the device for conversion of mechanical energy from sea waves to electric energy
disclosed in the ltalian patent IT 1413116, by introducing an improvement in the
connection structure of float cables, and in the position of generator transmission
gears. The float connection structure and a different position of generator allow to
increase the roll of the float (the rotary motion with reference to its center of mass), in
respect to the heave (vertical) and to the sway (horizontal) oscillations, increasing the
general efficiency of the total extracted energy in the device.

The position of the transmission shaft and the position of the generator is better, from
an economical point of view, due to three reasons. The first is that the number of
mechanical transmission gears and generators is decreased, and therefore a
decrease of costs in construction and maintainance are achieved. The second is that
the mechanical stress in the structure is decreased, and it is not of bending type but it
is of axial type, more exacly of traction type, therefore cheaper rods can be used, or
they can be changed with cables or ropes that are significantly cheaper than rods. The
third is that it is possible to achieve a rotational speed in the generator transmission
shaft that is higher in respect to that having a configuration where the generator is
placed at the hinges; that achieves a simpler, cheaper and more efficient multiplier of
revolutions per minute, that are necessary to make the electrical generator to work
properly.

Another objective is that the same device has a stable equilibrium point, and
that the horizontal or vertical or rotational oscillations in respect to the same point

make it possible to activate an electrical generator.
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Another further objective is that the same device should be installed off-shore
in respect to deep water or to shallow water.

A furter objective is that the same device should be part of a modular system
that permits to produce a quantity of energy that is proportional to the amount of used
sea surface, and proportional to the number of installed modules.

Another further objective is that, when the main direction of sea waves
changes, the same device should adapt its orientation automatically without installing
any additional add-ons.

Therefore, it is specific subject of the present invention an improved device
for conversion of mechanical energy from sea waves to electric energy, comprising:

- at least a float and two rigid rods, or flexible cables, preferably anchored at one end
to the seabed, and at the other end to the float through flexible cables; two respective
masses, called ballasts, as effect of their weight towards the sea bed keep the free
ends of that rods constantly in traction and free to rotate around their hinges, and able
to define a system of balanced forces where the float, even being subject to
oscillations coming from the sea waves tends to move itself on the vertical line of
system symmetry,

characterized in that further comprising:

- at least two cables, or two chains, that connect the free ends of the rods to a
transmission shaft of a generator, or other device able to convert and/or transmit the
energy, that is placed along the vertical line of system symmetry, so that the vertical,
horizontal or rotary oscillatory motion of float, caused by the waves actions, generates
an oscillatory motion of rods, which are pivoted on their respective hinges, and
generates therefore the rotary motion of the transmission shaft of the generator of
electric energy.

The present invention is now being described according to non-limiting
examples, with particular reference to the figures of the enclosed drawings, where:

Figure 1a shows a schematic side view of a device, according to the present
invention, comprising a float and two rigid rods, or cables, anchored to the seabed by
one of their ends;

Figure 1b shows a side view of a part of a device as that represented in
Figure 1a, where the left part of the system of wrapping of cables, or chains, around
the transmission shaft includes a ring, or a pulley, and a so called freewheel,

Figure 1¢ shows a side view of a part of a device as that represented in

Figure 1a, where it is represented schematically the right part of the system of
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wrapping of cables, or chains, around the transmission shaft includes a ring, or a
pulley, and a so called freewheel,

Figure 2a is a side schematic view of a device as that of Figure 1a, where the
external forces working on the device are represented;

Figure 2b is a schematic view of the external forces working on the device in
static conditions;

Figure 2c is a schematic view related to an example of external forces
working on the device in presence of incoming waves;

Figure 2d is a side view of a detail of part of device as that of Figure 1a,
where the forces working on the left part of the same device are represented;

Figure 3a is a side schematic view of a device as that of Figure 1a, where the
rods of the structure are subject to a rotation, in respect to their point of connection to
the seabed, as an effect of a heave (vertical motion) of the float;

Figure 3b is a side view of a device as that of Figure 1a, where it is
represented schematically and in detail the left part of the system of wrapping of
cables, or chains, around the transmission shaft including a ring, or a pulley, and a so
called freewheel, when the float has a heave (vertical) displacement;

Figure 3c is a side view of a device as that of Figure 1a, where it is
represented schematically and in detail the right part of the system of wrapping of
cables, or chains, around the transmission shaft including a ring, or a pulley, and a so
called freewheel, when the float has a heave (vertical) displacement;

Figure 4a is a side schematic view of a device as that of Figure 1a, where the
elements are moved according to a displacement of sway (horizontal) and roll
(rotational) in the float;

Figure 4b is a side view of a part of a device as that of Figure 1a, where it is
represented schematically and in detail the left part of the system of wrapping of
cables, or chains, around the transmission shaft including a ring, or a pulley, and a so
called freewheel, when the float has a sway (horizontal) and roll (rotational)
displacement;

Figure 4c is a side view of a part of a device as that of Figure 1a, where it is
represented schematically and in detail the right part of the system of wrapping of
cables, or chains, around the transmission shaft including a ring, or a pulley, and a so
called freewheel, when the float has a sway (horizontal) and roll (rotational)
displacement;

Figure 5 is a side schematic view of a device, according to the present
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invention, with reference to an embodiment able to be installed in shallow water;

Figure 6 is a top schematic view of a device, according to the present
invention, according to an embodiment able to be installed in shallow water;

Figure 7 is a side schematic view of a device, as that of Figure 1a, according
to an embodiment able to be installed in deep water;

Figure 8 is a top schematic view of a device, according to the present
invention, with reference to an embodiment able to be installed in deep water;

Figure 9a is a top schematic view of a device, according to the present
invention, with reference to an embodiment able to be installed in deep water;

Figure 9b is a top schematic view of a device, according to the present
invention, with reference to an embodiment able to be installed in deep water;

Figure 10 is a view of graphics where it is represented the extracted power of
two generators installed at the hinges, according to device of the Italian patent IT
1413116, and the extracted power of one generators installed at a central position,
according to the present invention;

Figure 11 is a view of graphics where it is represented the revolutions per
minute and angular distance at the hinges, according to device of the Italian patent IT
1413116, and that achieved by a transmission shaft installed at a central position,
according to the present invention;

Figure 12 represents a three-dimensional perspective view and three
orthogonal views of a device like that of Figure 1, in the form of Figures 7-8, that can
be installed in respect to deep water, in a modular configuration that includes two
structures connected as a sequence each other;

Figure 13 represents a three-dimensional perspective view and three
orthogonal views of a device like that of Figure 1, in the form of Figures 6-7, that can
be installed in respect to deep water, in a modular configuration that includes two
structures connected as a sequence each other.

It is underlined that only few of the many conceivable embodiments of the
present invention are here described, which are just some specific non-limiting
examples, having the possibility to describe many other embodiments based on the
disclosed technical solutions of the present invention. In different figures, the same
elements will be indicated with the same reference numbers.

With reference to Figure 1a, the device 100 for conversion of mechanical
energy from sea waves to electric energy, comprises: a float 101, placed on the sea

surface 112; two rigid rods, or flexible cables, 102, 103, installed in a symmetrical



10

15

20

25

30

35

WO 2018/024332 S PCT/EP2016/068591

position in respect to a vertical axis A-A' passing through the float 101, anchored to
the seabed 108 in respective points 110, 111; two ballasts 104, 105, one for each of
the rods 102, 103, placed at the opposite end of the hinge 110, 111, anchored to the
seabed 108; two connecting cables 106, 107, between respective rods 102, 103, and
the float 101, two cables, or chains, 113, 114, that connect the ends of the further rods
from the hinges to a transmission shaft of a generator 109, to which two
counterweights 115, 116 are connected; the connection of said chains 113, 114 to
said shaft 109 is achieved by a mechanical gear containing a freewheel, that permits
the transfer of motion along one rotary direction only, in the example in clockwise
direction; therefore, according to a rotation up of the rods 102, 103, the elements
between chains 113, 114, gear and shaft 109 are activated, and the shaft 109 rotates
in example in a clockwise direction, and the counterweights 115, 116 are moved up;
instead, when the rods 102, 103 rotate down, the freewheel does not permit the
transmission of motion to the shaft 109 clockwise, and therefore no motion is
transmitted to shaft 109 and generator, and the counterweights 115, 116 can move
down with a distance equal to the decrease of length of cables, or chains 113, 114,
keeping the same cables, or chains 113, 114 on traction, ready for the following
transmission action when the rods return to rotate again upwards.

With reference to Figures 1b and 1¢, the left and right part of the system
connecting cables, or chains 113, 114, to the transmission shaft 109 of generator is
represented more in detail. The system is composed by a system of gear / freewheel /
transmission shaft 121, and by counterweights 115, 116: in Figure 1b the cable, or
chain 113, are coiled to element 121 on the upper side; when the device 100 is moved
by waves, and chains, or cables, 113, 114, they tend to put element 121 on a
counterclockwise rotary motion 124, the same chain is affected by the twisting
moment of the generator to convert energy coming from the sea waves, the
counterweight 116 is necessary just to keep the chain 113 constantly on traction. In
Figure 1c the cable, or chain 114, are coiled to element 121 on the lower side; when
the device 100 is moved by waves, and chains, or cables, 113, 114, they tend to put
element 121 on a clockwise rotary motion 124, the same chain is affected by the
twisting moment of the generator to convert energy coming from the sea waves, the
counterweight 115 is necessary just to keep the chain 114 constantly on traction.

EXTRACTION OF ENERGY
With reference to Figure 2a, the system 100 is in a static condition, where the sea

surface 112 does not have any motion, and there is a stable balance, with the float
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101 that supports the weights of masses 104, 105, and rods 102, 103. The cables
106, 107, and the rods 102, 103, are always on traction. The cables, or chains 113,
114 are maintained on traction by counterweights 115, 116, and there is no production
of energy, because the transmission shaft does not rotate and the generator does not
express a resistant twisting moment.

The external forces of the system are the floating force in float 501, the weights of the
ballasts 501, 502, and the reaction forces at the hinges 513, 514. The sea waves
112a along the direction 401 cause some actions on the float, in example 510, some
additional actions at the hinges 513, 514, and the creation of actions 511, 512, on the
transmission system of generator 109.

With reference to Figure 2b the balance of external forces on device 100 in static
conditions is represented more in detail, where the forces 501a, 501b represent a
possible effect of the floating force 501 on the left and right side.

With reference to Figure 2¢ a possible distribution of forces is represented, with
additional actions due to the waves, where the forces are not balanced and therefore
some parts of the device are affected by an upwards acceleration.

With reference to Figure 2d the balance of forces at the left side, in static conditions
and in presence of additional forces due to the waves, is represented more in detail.
With reference to Figure 3a, it is represented the extraction of energy according to a
heave displacement, or vertical motion, of float 101 to position 101a.

The hinges 110, 111 are connected to the seabed 108, and the float 101, the cables
106, 107, the ballasts 104, 105, and the rods 102, 103, can move under the effect of a
variation of sea level 112. The generator of energy, connected to the seabed 108,
expresses some resistant actions in respect to the motion that the transmission
system 109 tends to provide; the instantaneous power extracted by system 100 from
the sea waves is given by the product of the rotational speed 124 with the resistant
moment expressed by the generator.

The system 109 starts to transmit the forces for the production of energy when the
surface 112 starts to move from the average level of the sea to the position 112a,
moving the float 101 and the moving parts of system 100 together. However, the total
displacement of the float 101 does not equal that of the sea surface, and it is shifted in
time comparing them. In fact, this motion is opposed by the system for production of
energy, either involving electric energy or hydraulic energy.

The above part of energy to be extracted by the system depends on the masses, on

the size of the float and on the size of other elements that are comprised in the system
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100; all the above data represent that parameters that define the system dynamics
and the energy production. The optimization of the above elements leads to an
optimization of the system of energy production in respect to the sea conditions and to
the geographic location.

The transmission system 109 used to transmit forces to the energy generator is
achieved with reference to the axis A-A’ 120 of the same device. The cables, or the
chains, 113, are connected to the upper part of the mechanical ring of the shaft 109,
instead the cables, or chain, 114 to the lower part. When the rods 102, 103 move up
to positions 102a, 103a, the cables, or chains, 113, 114, pull to a larger distance 1133,
114a, and therefore the shaft rotates as an effect of this action; the counterweights
115, 116 are in turn pushed to positions 115a, 116a.

With reference to Figures 3b and 3c it is here described more in detail the left
side and the right side of the connection structure with cables, or chains, 113, 114, to
the system of transmission of generator 109, and the effects on the rotation of shaft
121 and on production of energy. Both in the left side and in the right side the rotation
of rods upwards causes a variation of distance in the point of connection of cables, or
chains, 113, 114, that becomes 113a, 114a. This variation of distance causes the
rotation 124 of the shaft 121, because the freewheel permits the transfer of force
according to counterclockwise rotations and, definitely the transmission of force to the
generator for production of energy.

On the contrary, when the rods 102a, 103a rotate downwards in positions 102, 103,
the distances 113a, 114a are decreased to distances 113, 114. However, as an effect
of this decreased distance, the freewheel does not allow the connection of the ring
with the shaft, because the ring rotation is provided in clockwise direction; furthermore
there are no transmitted forces to the transmission shaft, no energy would be
produced, and the counterweights 115a, 116a move to positions 115, 116 maintaining
always the cables, or the chains, 113, 114, on traction.

With reference to Figures 4a, 4b, 4c, the production of energy is described with
reference to a simultaneous sway (horizontal) and roll (rotational) displacement of
float 101 in position 101a, caused by passage of the sea wave 112a that introduces a
variation in the balance conditions 112. The float causes a displacement of cables
106, 107 of ballasts 104, 105, and of rods, or cables, 102, 103, that move in a new
configuration 106a, 107a, 104a, 105a, 102a, 103a. The rod 102 moves to position
102a, rotating upwards, and rod 103 to position 103a, rotating downwards. The cable,

or the chain, 113 moves to a higher distance between rod and shaft, equal to 113a;
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the transmission shaft is connected by the freewheel that permits the rotation,
counterclockwise in the example, with production of energy from the generator that it
is connected to it; the counterweight 116 is moved upwards. The rod 103, moving to
position 103a, rotates downward; in this case the freewheel does not permit the
transfer of force and the motion in a clockwise direction of the transmission shaft,
there would be no production of energy and there would be no forces in the cable, or
chain, 114, due to the production of energy; the counterweight moves from position
115 to position 115a, maintaining the chain 114 on traction.
EMBODIMENT OF THE INVENTION IN SHALLOW WATER

Figures 5-6 show respectively, as a side view and a top view, an example of
installation in shallow water, of 10-20 m depth. The position of hinges 110, 111, and of
transmission 109 to generator, must be blocked on the seabed 108, and the fixing
elements should be able to give resistance to forces that tend to decrease the
distance of hinges 110 and 111, to move them upwards, or to move the transmission
109.
In shallow water, the device composed of generator 109 and hinges 110, 111 can be
placed directly on the seabed 108, in example by using adaptable trestles 131, 132,
133, but the position must be in any case fixed on the seabed, through a system of
anchors and ballasts, with a possible addition of cables and anchors, in order to resist
to actions that would tend to move the device upwards and/or sidely.

In Figure 6, the system described from a top view presents, on a side, the
cables 106, 106a, the rods or cables 102, 102a, rotating in respect to 131, 131a, a
ballast 104 and some cables, or chains, 114, 114a, connected to the transmission
system 109, connected to point 133.
On the opposite side the system presents some cables 107, 107a, some rods, or
cables, 103, 103a, rotating in respect to 132, 132a, a ballast 105 and some cables or
chains 113, 113a, connected to the transmission system 109.
The system described in Figures 5-6 does not change its orientation automatically,
rotating itself along a direction that is perpendicular to the direction of waves source,
because the direction of waves source in shallow water is approximately perpendicular
to the coast line. Therefore, with reference to the installation site, by placing properly
the device 100, so that the most frequent waves having the highest power 112a are in
a direction 401 that is perpendicular to the float, it is possible to maximize the
available energy. However, all the components in the structure should be designed in

order to take in due account the other waves and forces coming from a different
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direction in respect to that perpendicular to the float.

EMBODIMENT OF THE INVENTION IN DEEP WATER

Figures 7, 8, 9a and 9b show respectively, as a side view and a top view, an example

of installation in deep water, more than 30 m depth.

In the example, the system 100 comprises:

- astructure 201 able to avoid that the two hinges can be moved closer each other;
the structure 201 is self-floating and can be equipped with auxiliary floats 202, 203,
able to keep the system at a specific level of depth;

- a system of mooring cables 301, 302, 303 is connected to an anchor, or ballast
311, placed in the seabed and that should avoid the system to lift up, permitting at
the same time the rotary motion in respect to a hinge 310, either in the plane
shown in Figure 7 and in the top view shown in Figures 8, 9a and 9b; the system
of cables 301, 302, 303 is properly designed according to different lengths, so that
the balanced system does not have the hinge 310 aligned to the float 101. As
shown in Figures 9a and 9b, the objective is to achieve some forces that make the
system to orientate itself along a direction that is perpendicular to the direction of
waves 112a arriving from the direction 401. With reference to Figure 9a, in case
that the waves change direction from which they arrive, in example from 401 to
414a, on the float some forces 402 push so that the resulting 403 for the arm 406
defines a moment in respect to hinge 310 that is greater in respect to the resulting
404 for the arm 405. Therefore, this moment defines a rotation 600 and the
system moves, as indicated in Figure 9b, from position indicated in 201 to position
201a.

In the represented example, given the same number of waves, the device for deep

water is characterized by a different energy production in respect to that for shallow

water, because the hinges 110, 111, tend to move together with the floating structure

201 in respect to the hinges that are anchored to the seabed. In fact, the structure 201

can have rotations 610 around the hinge 310 and this aspect does not represent a

necessarily positive or negative fact, because the amount of these displacements, that

can increase or decrease the extracted energy, depends on the inertia of structure

201 and on the system of forces working on the device 100.

IMPROVEMENTS OF THE SOLUTION IN RESPECT TO DEVICE
DISCLOSED IN ITALIAN PATENT IT 1413116
With reference to all the enclosed figures, the position of the generator aligned to the

floating device introduces the following improvements:
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in the present invention, it is possible to achieve a single transmission shaft
109 aligned to the device, and consequently a single generator instead of the two
systems at the hinges and two generators of device disclosed in IT 1413116; and
that introduces an economical advantage because, given the same power, the cost
of a single device is cheaper than that of two devices;

in the present invention the resistant action expressed by the transmission
system 109 and by the generator to produce energy, causes an action of traction
of rods 102, 103, instead of action of traction and bending moments expressed by
system 109 in case of installation on hinges in the device disclosed in IT 1413116;
this gives an economical advantage because the actions of bending type lead to a
design of rods that are more expensive in respect to cables, usable only in case of
actions of traction;

the use of chains 113, 114, and of system 109 with freewheel of the present
invention makes it possible to convert the energy extracted from waves to a rotary
motion along one direction, where the rotational speed of shaft 121 is greater than
that achievable with a transmission shaft on hinges as that of the device disclosed
in IT 1413116; the rotational speed of the transmission shaft depends on the
diameter that is possible to use, and it is at least 10-20 times that achievable with
transmission at the hinges; that leads to a cheaper cost of production and less
waste of mechanical energy because, for use of electrical generators could be not
necessary a multiplier of revolutions or could be a relatively simpler component in
respect to that of device described in IT 1413116; with reference to Figure 11 it is
possible to observe that the number of revolutions per minute of the shaft in the
present invention, indicated by the upper continuous curve, is greater than that
achievable in respect of device of IT 1413116, indicated by the lower dotted curve;

the position of generator aligned to device A-A' together with that of connection
to the float, in the form indicated by the present invention, allows an increase of
the extracted energy, because the roll motion can be increased in respect to that
of heave and sway; in fact the roll allows an higher efficiency in the extraction of
energy in respect to the other two motions; with reference to Figure 10 the
average power generated by the system of the present invention, indicated by the
upper continuous curve, is greater than that achievable with the device of IT
1413116, indicated by the lower dotted curve.

DESCRIPTION OF GRAPHICS AND MODEL

The graphics of Figures 10 and 11 show the results obtained numerically for the
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solution of patent IT 1413116 (dotted lines) and for the improved solution of the
present invention (continuous lines). In particular, the results are related to a
configuration in deep water (50 m depth), with a width at the basis of 30 m, a float 101
having length of 12 m, a height of 8.5 m and a width of 2.0 m. The length of the rods
at the basis 102, 103 is 10.5 m, the length of cables 106, 107 is 7.0 m.
The numerical model includes a first module (finite elements model) that estimates the
hydrodynamic parameters (added mass, damping coefficients, excitation forces) and a
second module (finite differences) that solves the motion equation of the complete
system composed by a float 101, the mooring 102, 106, 107, 103, and by masses
104, 105. The results in Figures 10 and 11 are related to monochromatic waves
having wave heigth of 1 m and a variable period T..
From Figure 10 it is possible to observe that the extracted power P. related to the
improved solution of the present invention (continuous line) is significantly higher in
respect to the device of patent IT 1413116 (dotted line).
From Figure 11 it is seen that the angular speed (w) is significantly increased from
values lower than 1 rpm (dotted line) up to values that go beyond 25 rpm (continuous
line) and reach, in some periods of the incoming wave, the value of 100 rpm.
As observed already, the angular speed reached with the improved solution of the
present invention permit to use simpler multipliers of revolutions, cheaper, feasible
and efficient, because the loss of mechanical energy in gears are decreased.
Said graphics represented in figure, although they do not represent a complete
analysis of the results in respect to a variation of all the design parameters in device,
and although being referred to a monochromatic wave having height equal to 1 m,
show exactly the improvements introduced by the present invention.

MODULAR EMBODIMENT OF THE INVENTION
Figure 12 represents a three-dimensional perspective view and three orthogonal views
of a device like that of Figure 1, in the form of Figures 7-8, that can be installed in
respect to deep water, in a modular configuration that includes two structures
connected as a sequence each other. In this case, the devices are installed in deep
water and the energy production increases in proportion to the size of sea surface that
is used.
Instead, Figure 13 represents an example of a series of devices like that of Figures 1,
in the form of Figures 6-7, that can be installed in respect to deep water. In a modular
configuration that includes two structures connected as a sequence each other. In this

case, the devices are installed in deep water and the energy production increases in
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proportion to the size of sea surface that is used. A three-dimensional perspective
view and three orthogonal views are represented of a device in a configuration having
more modules, where each single module includes two structures like that of Figure
12 connected as a sequence each other.

Therefore, the above examples show that the present invention reaches all

the expected objectives. In particular, it permits to achieve an improvement in the
device for conversion of mechanical energy from sea waves to electric energy
disclosed in the ltalian patent IT 1413116, by introducing an improvement in the
connection structure of float cables, and in the position of generator transmission
gears. The connection structure of float and a different position of generator makes it
possible to increase the roll of the float (the rotary motion with reference to its center
of mass), in respect to the heave (vertical) and to the sway (horizontal) oscillations,
increasing the general efficiency of the total extracted energy in the device.
The position of the transmission shaft and the position of the generator is better, from
an economical point of view, due to three reasons. The first is that the number of
mechanical transmission gears and generators is decreased, and therefore a
decrease of costs in construction and maintainance are achieved. The second is that
the mechanical stress in the structure is decreased, and they are not of bending type
but they are of axial type, more exacly of traction type, therefore cheaper rods can be
used, or they can be changed with cables or ropes that are significantly cheaper than
rods. The third is that it is possible to achieve a rotational speed in the generator
transmission shaft that is higher in respect to that with a configuration where the
generator is placed at the hinges; that achieves a simpler, cheaper and more efficient
multiplier of revolutions per minute, that are necessary to make the electrical
generator to work properly.

Then, according to the invention, the same device has a stable equilibrium
point, and that the horizontal or vertical or rotational oscillations in respect to the same
point make it possible to activate an electrical generator.

The same device can be installed off-shore in respect to deep water or to
shallow water.

Further according to the invention, the same device can be part of a modular
system that permits to produce a quantity of energy that is proportional to the amount
of used sea surface, and proportional to the number of installed modules.

Furthermore, when the main direction of sea waves changes, the same

device can adapt its orientation automatically without installing any additional add-ons.
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The present invention has been described by making reference to some non-
limiting examples and following some preferred embodiments; however it goes without
saying that modifications and/or changes could be introduced by those skilled in the

art without departing from the relevant scope, as defined in the enclosed claims.

* % %
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CLAIMS
1. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, comprising:
- at least a float (101) and two rigid rods, or flexible cables, (102, 103), preferably
anchored at one end to the seabed (108), and at the other end to the float (101)
through flexible cables (106, 107); two respective masses, called ballasts (104, 105),
as effect of their weight towards the sea bed (108) keep the free ends of that rods
(102, 103), constantly in traction and free to rotate around their hinges (110, 111), and
able to define a system of balanced forces where the float (101), even being subject to
oscillations, coming from the sea waves, tends to move itself on the vertical line (120)
of system symmetry,
characterized in that further comprising:
- at least two cables, or two chains (113, 114) that connect the free ends of the rods
(102, 103) to a transmission shaft (109) of a generator, or other device able to convert
and/or transmit the energy, that is placed along the vertical line (120) of system
symmetry, so that the vertical, horizontal or rotary oscillatory motion of float (101),
caused by the waves actions, generates an oscillatory motion of rods (102, 103),
which are pivoted on their respective hinges (110, 111), and generates therefore the
rotary motion of the transmission shaft (109) of the generator of electric energy.
2. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to previous claim, characterized in that:
- the connection of said chains (113, 114) to said shaft (109) is achieved by a
mechanical gear containing a freewheel, that permits the transfer of motion along one
rotary direction only; two counterweights (115, 116) are connected to the chains (113,
114),
so that according to a rotation up of the rods (102, 103), the elements between chains
(113, 114), gear and shaft (109) are activated, and the shaft (109) rotates in example
in a clockwise direction, and the counterweights (115, 116) are moved up; instead,
when the rods (102, 103) rotate down, the freewheel does not permit the transmission
of motion to the shaft (109) clockwise, and therefore no motion is transmitted to shaft
(109) and generator, and the counterweights can move down.
3. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to one or more of previous claims, characterized in that:
- the system connecting cables, or chains (113, 114), to the transmission shaft (109)

of generator, is composed by a system of gear / freewheel / transmission shaft (121),
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and by counterweights (115, 116): the cable, or chain (113), are coiled to element
(121) on the upper side; when the device (100) is moved by waves, and chains, or
cables, (113, 114), they tend to put element (121) on a counterclockwise rotary motion
(124), the same chain is affected by the twisting moment of the generator to convert
energy coming from the sea waves, the counterweight (116) is necessary just to keep
the chain (113) constantly on traction; the cable, or chain (114), are coiled to element
(121) on the lower side; when the device (100) is moved by waves, and chains, or
cables, (113, 114), they tend to put element (121) on a clockwise rotary motion (124),
the same chain is affected by the twisting moment of the generator to convert energy
coming from the sea waves, the counterweight (115) is necessary just to keep the
chain (114) constantly on traction.

4. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to one or more of previous claims, characterized in that:

- the transmission of energy is achieved according to a heave displacement, or vertical
motion, of float (101) to position (101a), when the rods (102, 103) move up to
positions (102a, 103a), the cables, or chains, (113, 114), pull to a larger distance
(113a, 114a), and therefore the shaft rotates as an effect of this action; the
counterweights (115, 116) are in turn pushed to positions (115a, 116a).

5. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to one or more of previous claims, characterized in that:

- the transmission of energy is achieved according to a horizontal displacement and
rotary displacement of float (101) to position (101a), caused by passage of a sea
wave (112a); cables (106, 107) oshallow watersf ballasts (104, 105) and of rods (102,
103) move to a different configuration (106a, 107a, 104a, 105a, 102a, 103a); rod
(102) moves to position (102a), rotating up, and rod (103) moves to position (103a),
rotating down; the cable, or chain, (113) pulls to a larger distance between rod and
shaft, equal to (113a); the transmission shaft (109) is activated from the freewheel that
permits the rotation; the counterweight (116) is pushed up; rod (103) moves to
position (103a), rotating down; in this case the freewheel does not permit the rotation;
the counterweight (115) moves to position (116a) and keeps the chain (114) on
traction.

6. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to one or more of previous claims, characterized in that:

- according to installations in shallow water, of 10-20 m depth, the position of hinges

(110, 111), and of transmission (109) to generator, must be blocked on the seabed, in
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example by using adaptable trestles (131, 132, 133).

7. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to one or more of previous claims, characterized in that:

- according to installations in deep water, of more than 30 m of depth, the device
further comprises: a structure (201) able to avoid that the two hinges (110, 111) can
be moved closer each other; the structure (201) is self-floating and can be equipped
with auxiliary floats (202, 203), able to keep the system at a specific level of depth; a
system of mooring cables (301, 302, 303) is connected to an anchor, or ballast (311),
placed in the seabed and that should avoid the system to lift up, permitting at the
same time the rotary motion in respect to a hinge (310).

8. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to previous claim 7, characterized in that:

- the device (100) is placed along a direction that is perpendicular to direction of sea
waves (112a); in case that sea waves change the direction they come from, in
example from (401) to (414a), some pressure (402) has effect on float (101) with a
component (403) on arm (406) causing a moment in respect to hinge (310) having
higher intensity in respect to that caused by the component (404) of arm (405); said
moment causes therefore a rotation (600) and the device (100) moves from a position
(201) to a position (201a).

9. Improved device (100) for conversion of mechanical energy from sea waves to
electric energy, according to previous claim 7, characterized in that:

- according to installations in deep water, it is possible a modular configuration, that
includes at least two structures, each of them being represented by an improved
device (100), connected in sequence each other,

so that the production of energy increases proportionally to the sea surface involved

by the above said devices.
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