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(57) Abstract: An energy converting system is disclosed comprising a semi-submersible platform, floats arranged to translate kinetic
energy from wave propagation to arms being movably linked to said platform, and hydraulic cylinders adapted to receive said kinetic
energy via said arms. The hydraulic cylinders are in communication with a hydraulic motor and a generator for power extraction. A
first hydraulic cylinder is connected to a first float to transfer kinetic energy to said generator for said power extraction, and a control
unit is adapted to control distribution of wave energy, whereby said control unit is operable to distribute an absorbed portion of said
kinetic energy to at least one second hydraulic cylinder to therefrom actuate movement of at least one second float being connected
to said second hydraulic cylinder.
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Energy converting system

Field of the Invention

This invention pertains in general to the field of
energy converting systems. More particularly the invention
relates to a power conversion system and a related method

for converting wave energy to electric energy.

Background of the Invention

Wave power plants for converting wave motion into
electric energy utilize movable floats arranged on
platforms to interact with the cyclic motion of the waves,
and therefrom translate the motion to a generator. Besides
from the apparent benefits the cyclic motion of the waves
provides in this respect, such intermittent motion also
poses problems in terms of uneven power extraction, which
lowers efficiency, and further requires compensating means
such as frequency converters for providing power delivery
according to certain specifications. Previous wave power
plants fails to provide efficient utilization of all the
available wave energy and providing for an even power
delivery. Lifetime of components such as hydraulic motors
is also lowered due to the intermittent operation.

US2011042954 discloses a floating platform having
arms pivotally connected to floats and to the platform. The
arms are connected to hydraulic cylinder and piston
assemblies which in turn drives a generator. As mentioned
above, such system is challenging in terms of obtaining
even power extraction, due to lack of concern for
compensating for the erratic nature of the motion induced
by the waves.

W02006/079812 discloses a buoy having arms pivotally

attached to floats. The buoy contains a primary chamber in
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communication with a secondary chamber. The second chamber
is pressure controlled and a turbine feed allows
pressurized air out of the secondary chamber to drive
turbines and generators. It is also disclosed a chamber
with a rubber bladder being surrounded with inert gas to
maintain a constant pressure within the bladder. Further,
it is disclosed that in the even of a storm, the floats can
be filled with water so that they sink to their lower
limits, and fluid compressors are locked, i.e. there is no
power extraction. The resume operation, the water is
displaced from the floats using air from the primary
chamber and the fluid compressors are released.

Further, typical wave power plants are subsea plants,
and plants utilizing buoys that are moving along wires
extending from a platform to the seabed. Subsea plants are
exposed to severe environmental conditions that cause
significant wear of the equipment which shortens the
lifetime.

A further problem with most of previous wave power
plants is limited flexibility in geographic deployment to
benefit from optimal wave conditions.

Another problem with prior art is limited efficiency
due to lack of sufficient flexibility in adapting to
varying wave conditions.

Another problem with previous wave power plants is
lack of optimal stability when encountering severe weather
conditions.

The above problems lead to challenges in using wave
energy as an efficient source of energy, as the advantages
are offset by the associated high initial costs that an
inefficient wave power converting system is unable to
compensate for.

Hence an improved power conversion system and related

method would be advantageous, in particular for providing
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increased efficiency, deployment flexibility, weather

stability, and lean power supply.

Summary of the Invention

Accordingly, embodiments of the present invention
preferably seek to mitigate, alleviate or eliminate one or
more deficiencies, disadvantages or issues in the art, such
as the above-identified, singly or in any combination by
providing a system and method that prolongs the lifetime of
an energy converting system, according to the appended
patent claims.

According to a first aspect of the invention an energy
converting system is provided comprising a semi-submersible
platform, floats arranged to translate kinetic energy from
wave propagation to arms being movably linked to said
platform, and hydraulic cylinders adapted to receive said
kinetic energy via said arms. The hydraulic cylinders are
in communication with a hydraulic motor and a generator for
power extraction. A first hydraulic cylinder is connected
to a first float to transfer kinetic energy to said
generator for said power extraction, and a control unit is
adapted to control distribution of wave energy, whereby
said control unit is operable to distribute an absorbed
portion of said kinetic energy to at least one second
hydraulic cylinder to therefrom actuate movement of at
least one second float being connected to said second
hydraulic cylinder.

According to a second aspect of the invention a method
of extracting power from waves in an energy converting
system having floats that translate kinetic energy from
wave propagation to a hydraulic motor is provided, said
method comprises receiving an amount of kinetic energy from
a first float that is transferred to an associated first
hydraulic cylinder, and distributing a portion of said
amount of kinetic energy via a hydraulic pressure from said
first hydraulic cylinder to at least one second hydraulic
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cylinder that actuates movement of a second float for
momentaneous accumulation of potential energy.

EFEmbodiments of the invention provides for power
conversion in a wave power plant with high efficiency.

Embodiments of the invention provides for even power
extraction over time in a wave power plant.

Embodiments of the invention provides for increased
lifetime of a wave power plant.

Embodiments of the invention provides for increased
flexibility in deploying wave power plants in different
geographical locations.

Embodiments of the invention provides for increased
flexibility in adapting to varying wave conditions for
maintaining optimal power delivery targets.

Embodiments of the invention provides for increased
stability of wave power plants in severe weather
conditions.

Further embodiments of the invention are defined in the
dependent claims, wherein features for the second and
subsequent aspects of the invention are as for the first
aspect mutatis mutandis.

It should be emphasized that the term
“comprises/comprising” when used in this specification is
taken to specify the presence of stated features, integers,
steps or components but does not preclude the presence or
addition of one or more other features, integers, steps,

components or groups thereof.

Brief Description of the Drawings

These and other aspects, features and advantages of
which embodiments of the invention are capable of will be
apparent and elucidated from the following description of
embodiments of the present invention, reference being made

to the accompanying drawings, in which
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Fig. 1 is a
converting system
invention;

Fig. 2 is a
converting system
invention;

Fig. 3 is a
converting system
invention;

Fig. 4 is a
converting system
invention;

Fig. 5 is a
embodiment of the

Fig. 6 is a

PCT/EP2014/055668

schematic illustration of an energy

according to an embodiment of the present

schematic illustration of an energy

according to an embodiment of the present

schematic illustration of an energy

according to an embodiment of the present

schematic illustration of an energy

according to an embodiment of the present

flow chart of a method according to an
present invention;

schematic illustration of wave pattern in

a scenario described in relation to an embodiment of the

present invention;

Fig. 7 is a
diagram described
present invention;

Fig. 8 is a

schematic illustration of an energy
in relation to an embodiment of the
and

schematic illustration of an float

according to an embodiment of the present invention.

Description

of embodiments

Specific embodiments of the invention will now be

described with reference to the accompanying drawings.

This invention may, however, be embodied in many different

forms and should not be construed as limited to the

embodiments set forth herein; rather, these embodiments are

provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the invention

to those skilled in the art. The terminology used in the

detailed description of the embodiments illustrated in the

accompanying drawings is not intended to be limiting of the
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invention. In the drawings, like numbers refer to like
elements

Fig. 1 shows a schematic of an energy converting system
100 comprising a semi-submersible platform 101, and floats
102, 103, 104, that are arranged at the platform 101 to
translate kinetic energy from wave propagation to arms 105,
106, 107. The arms are movably linked to the platform 101,
such as they may pivot in relation to the platform 101.
Hydraulic cylinders 108, 109, 110, are adapted to receive
the kinetic energy via the arms 105, 106, 107. A distal end
of the arms may accordingly be movably attached to a distal
end of the hydraulic cylinders so that the aforementioned
distal ends may pivot in relation to each other, and
transfer the motion, and correspondingly the kinetic
energy, of the flocats 102, 103, 104, and arms 105, 106,
107, to the respective hydraulic cylinders 108, 109, 110.
The hydraulic cylinders are in communication with a
hydraulic motor 111 and a generator 112 for power
extraction from the energy converting system 101.

A first hydraulic cylinder 108 is connected to a first
float 102 to transfer kinetic energy to the generator 112
for providing the power extraction, and the subsequent
power delivery. Further, the energy converting system 101
comprises a control unit 113 that is adapted to control
distribution of wave energy. The control unit 113 is
thereby operable to distribute an absorbed portion of
kinetic energy, i.e. a portion of the kinetic energy
delivered by the first float 102, to at least one second
hydraulic cylinder 109, 110. From this portion of absorbed
kinetic energy, movement of at least one second float 103,
104, that is connected to the second hydraulic cylinder,
can be actuated. I.e. the second hydraulic cylinder 109,
110, receives a portion or fraction of the kinetic energy
and drives movement of at least one second float 103, 104.

Thus, a portion of the kinetic energy 1is transferred to
the other (second) hydraulic cylinders 109, 110, and
associated floats 103, 104, which is stored as potential
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energy. Hence, elastic potential energy may be momentarily
stored by viewing the interaction between the floats and
the water as a spring force provided by the increase of
buoyancy when the second floats 103, 104, are lowered in
the water. When the second flocats 103, 104, subsequently
“bounce back” by raising out of the water, the force is
released as kinetic energy, that again can be absorbed by
the hydraulic system. When a plurality of the
aforementioned events take place, a corresponding plurality
of portions of absorbed kinetic energy is released back to
the hydraulic system to thereby contribute to even out
momentary drops in hydraulic pressure in the system.
Alternatively, or in addition, movement of at least one
second float 103, 104, may be actuated to affect
displacement of the semi-submersible platform, to thereby
momentarily store potential energy, as described further
below.

Hence, pressure and flow to the hydraulic motor 111 can
be held constant without loosing peak energy as pressure
gradients are evened out and absorbed as potential energy.
Efficiency is increased as power extraction and delivery
can be kept even. Momentary peak power gradients are
accumulated as potential energy without being lost.
Lifetime is preserved as intermittent or irregular
operation of the motor 111 and associated components can be
avoided. Frequency converters may also be dispensed with
due to the more even power extraction. Also, this allows
for providing an energy conversion system where it is not
critical to have pressure reservoirs, which have associated
disadvantages such as complex and expensive constructions,
limited buffer ability and inherent limitations in
momentarily utilizing all of the available energy, since
pressure gradients are cut-off for delivering even pressure
to the power extraction unit. There are accordingly also
limitations with respect to adapting to fast varying
conditions due to slow compliance and the mentioned cut-off
effect. Further, the semi-submersible platform 101 can be



10

15

20

25

30

35

WO 2014/147210 PCT/EP2014/055668

stabilized, as the motion transferred to the second floats
103, 104, cause these floats to move deeper into the water,
and the increased buoyance force acting on the floats 103,
104, creates a increased support for the platform 101 via
arms 106, 107, due to an increased resistance for vertical
movement of the platform 101 by the counteracting buoyancy
force. A more sleek, lightweight, simple and more cost-
efficient construction of the semi-submersible platform 101
can thus be employed, without compromising platform
stability. Semi-submersible platforms 101 are advantageous
over platforms fixed to the seabed in that they can be
positioned where the most benedictional wave conditions
are, at which locations it may be impossible to fixate the
platform onto the seabed. Re-positioning is another
advantage, and efficiency can be maintained in case wave
and weather conditions vary.

This further provides for that movement of a plurality
of first floats 102 in a first direction, e.g. upwards
towards the semi-submersible platform 101, may be
transferable to a plurality of second floats 103, 104, as a
simultaneous movement in a second direction, opposite the
first direction, e.g. downwards from the semi-submersible
platform 101. This further increases the beneficial effects
as discussed above. Since a portion of the kinetic energy
received from the first floats can be distributed to a
plurality of second floats so that the second floats can
move in an opposite direction to the first floats, and
substantially simultaneously with the movement of the first
floats, a momentaneous utilization of all the available
energy is provided for with the benefits as discussed
above, where the plurality of (first and second) floats are
instantaneous responsive in temporarily accumulating
potential energy and stabilizes the semi-submersible
platform, which as several advantages over a fixed platform
as mentioned above. Thus an energy converting system is
provided that optimizes energy conversion in varying wave

conditions.
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The control unit 113 may accordingly be operable to
distribute an absorbed portion of the kinetic energy to at
least one second hydraulic cylinder 109, 110, to therefrom
actuate movement of at least one second float 103, 104, to
affect the displacement of the semi-submersible platform
101. By affecting the displacement of the semi-submersible
platform 101, the above mentioned stabilization may be
provided, e.g. a vertical downward displacement of the
platform 101, can be compensated and prevented by second
floats 103, 104, that move in a downward direction to
support the platform 101 by the increased buoyance force as
mentioned above. A synergetic effect from having a control
unit 113 to distribute kinetic wave energy from first 102
to second floats 103, 104, is thereby provided in that the
stabilization of the platform 101 uphold a more controlled
manner by which the floats 103, 104, interact with the
waves to absorb and release kinetic energy as described
above. The semisubmersible platform provides the necessary
counterweight in order for the floats 102, 103, 104, to
displace the corresponding cylinders 108, 109, 110, with a
sufficient amplitude to increase the hydraulic pressure of
the hydraulic system.

By affecting the displacement of the semi-submersible
platform 101 by the transferred motion from a first 102 to
second floats 103, 104, wvia control unit 113, potential
energy may also be stored as the semi-submersible platform
101 may be displaced such that it is raised in the vertical
direction when the second floats 103, 104, push deeper into
the water. Subsequently, the potential energy is released
when the semi-submersible platform 101 is lowered again,
and kinetic energy is gained as the downward motion of the
platform 101 will contribute to push the floats 102, 103,
104, in the upward vertical direction. This further
prevents momentary dips in power delivery, as the raising
of the platform 101 functions as creating a buffer of
potential energy that is delivered, e.g. in a delayed

manner, by again increasing the pressure in the hydraulic
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system, for example when the floats 102, 103, 104,
experience a reduction in displacement by the waves. For
example, it is conceivable that there is a period of a few
minutes with incoming waves of a relatively large height
followed by a period by incoming waves of a small height in
comparison, see example of such scenario as illustrated in
Fig. 6 showing the displacement of the floats (meter (m),
y—axis) for incoming waves with a varying height of 3-8
meters, average 5 meters, passing under the platform 101,
where each displacement or 1lift of the floats is
illustrated on the x—-axis. Hence, in this example, during a
period approximately 2 minutes there will be approximately
12 waves passing under the platform 101 and each wave lifts
a plurality of floats 102, 103, 104, such as eleven floats
(further illustrated in Fig. 7), and there will accordingly
be 132 1lifts or displacements in total of the floats. The
platform 101 may accumulate potential energy from the
larger waves during a first period (such as during the 44
lifts where the average wave height is over 5 meters), by
being pushed upwards by second floats 103, 104, as
described above. When a period with lower waves follows the
2 min period, the potential energy gained by the platform
101 may contribute to the increase the pressure in the
hydraulic system as the platform is lowered and move the
floats 102, 103, 104. Hence, a further synergetic effect is
provided by the inventive solution of the present
disclosure, in that the semi-submersible platform 101
contributes to the accumulation of potential energy, and
even power extraction, in addition to being stabilized by
the floats 102, 103, 104.

It is further provided for a momentary gain in the work
performed by each float 102, 103, 104, by “pre-positioning”
e.g. the second floats 103, 104, at a maximum distance from
their upper end positions by actuating the second floats
with a portion of the kinetic energy received by the first
float 102.
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Further, simultaneous transfer of movement from a first
to a second float may allow to dispense with the need for a
dedicated absorber solution of hydraulic pressure, which
provides for a less complex and less expensive
construction, in addition to a more responsive energy
converting system 100. I.e. by having a momentaneous and
simultaneous redistribution of a portion of the kinetic
wave energy among a plurality of spatially separated floats
102, 103, 104, less delays will be present in the system
100, thus providing for greater compliance with variations
and higher tolerances for compensating any irregularities.
I.e more efficient compensation for momentary energy dips
will be provided, as there is always a corresponding
secondary float 103, 104, that for the moment does not
absorb the full wave power, which momentarily absorb and
release potential energy, e.g. via the principle of
momentary increase in the buoyant force acting on the float
and/or by raising and subsequently lowering the platform
101.

In more detail, as soon as first float is returning
down from the upper position, when passing the wave crest,
the second float - which has moved a distance into the
water due to the transferred motion (resulting from the
transferred- or re-distributed portion of kinetic energy),
and thereby absorbed a portion of the kinetic energy as
potential energy - may recoil to its former position under
the influence of an increased buoyancy force acting on the
float corresponding to the momentary increase in potential
enerqgy, and thereby release the potential energy as kinetic
energy once recoiling occurs. Thus, the lowered momentary
power delivery resulting from the first float returning
from its maximum displacement by the passing wave, may be
immediately compensated for by the release of absorbed
kinetic energy from the second float 103, 104, and the
pressure in the hydraulic system can be kept at a more
constant level between the passing of the wave crests, and
so can the power outtake. The aforementioned situation is
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achievable regardless if the second float is approached by
a wave crest or not, and regardless of its momentary
position in the wave cycle, as the aforementioned recoil
and release of potential energy is independent of such
position. The aforementioned scenario is illustrated in
Fig. 7 showing the total wave energy absorption (B+Q) for a
number of floats (i.e. eleven floats in this example),
together with an indication of wave height (H), and power
output (P). When he wave passes under the platform 101, the
aforementioned eleven floats 1-11, such as a multiple of
floats 102, 103, 104, will raise in sequence. The power
outtake (P) for each float is taken at a threshold value as
indicated in Fig. 7. Taking float no 1 as an example,
corresponding to first float 102 discussed above, a portion
(Q) (accumulated power) of the total kinetic energy
conveyed by the first float 1 is distributed to a second
float 103, 104, or a plurality of second floats 103, 104,
which thereby are moved to absorb potential energy and
subsequently exhibit a recoil to release the potential
energy, i.e. accumulated power output (A) in Fig. 7, when
the momentary power delivery from the first float has
passed its peak value, as previously described above. The
accumulated power output (A) thereby fills the gap in the
power output when the first float has passed its peak
value, and the total power output (P) is kept even.
Optionally, each float is connected to a sensor 125
that continuously detects the force by which each float is
affected by the passing waves, to estimate the respective
momentary positions in the current wave cycle. The
transferred movement between first and second floats, by
the distribution of the kinetic wave energy, or hydraulic
pressure, by the control unit 113, may be dictated by such
sensor information, and a larger portion of the absorbed
kinetic energy may be relayed to second floats that are
momentarily positioned in wave valleys (i.e. between the
wave crests in the wave cycle), where there are less
momentary force acting on the floats from the wave and
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hence are contributing less to the momentary power
delivery. An additional effect by such sensor control is
that the second float may be pre-positioned deeper into the
water in the wave valleys, due to the transferred motion -
or wave energy - before the second float is approached by a
second wave crest, which can increase the subsequent recoil
effect once the second float is forced in the upward
vertical direction by the second wave, thereby increasing
the speed of the second float in the upward direction once
moving out of the water at the wave crest of the second
wave. An increased amount of kinetic energy and movement
may then be distributed to a third float, or back to the
aforementioned first float, which immediately may absorb
the energy and release it, once the second float passes the
second wave crest, and cycle is repeated.

The control unit 113 may be connected to the hydraulic
cylinders 108, 109, 110, via wvalves 114, 115, 116. The
control unit 113 may be adapted to regulate a hydraulic
cylinder pressure provided to or from the hydraulic
cylinders 108-110, by being operable to control the valves
114-116. In such manner, the timing of the movement of the
floats 102-104 in relation to the propagation of a wave can
be controlled. It is thereby possible to optimize the
timing of the float movement, e.g. such that the position
can be set for absorbing the maximum amount of energy.

The control unit 113 may be adapted to delay an upward
movement of the floats 102-104, caused by a propagating
wave, by restricting hydraulic pressure through the wvalves
114-116 associated with each of the hydraulic cylinders
108-110. By delaying the movement upwards, the speed and
force of the upward movement may be increased. Also the
floats can be held in the lower position until specific
conditions are met, such as a certain force threshold that
must be overcome in order for the floats to start the
upward motion. This may allow for harvesting of the force
from waves of a certain height, while excluding

intermittent motion caused by small waves or ripples, hence
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allowing for the floats to be in phase with the dominant
wavelength for optimizing the energy extraction.

Damping of the upward motion close to the upper end
position is also possible for a more controlled and smooth
operation.

The control unit 113 may also be adapted to disengage
the fluid communication between the floats 102-104 and the
hydraulic system so that the floats may pivot with arms
105-107 at a minimum amount of resistance from the
hydraulic system, i.e. the hydraulic cylinders 108-110.
This may be advantageous in situations where it is desired
to maximize the potential energy attained by a respective
float as it approaches the upper turning point in the
movement cycle. Thus, by disengaging the float from the
hydraulic system at a predefined distance before reaching
the upper turning point, the resistance from the hydraulic
system acting against the upward movement of the float will
decrease and the float can ultimately reach a higher
turning point and thereby gain higher potential energy.
Once the higher turning point is reached, the control unit
again establishes the connection of the float to the
hydraulic system, for harvesting the full potential energy
gained as the float starts the motion downwards from the
turning point. This may be particularly advantageous in
several wave conditions since the potential energy gained
constitute is a significant part of the total energy that
can be absorbed in the full cycle of upward and downward
movement of a particular float. In one example, the
hydraulic cylinders 108-110 may be provided with bypass or
egcape valves that allows such disengagement.

Further with respect to the to the range of movement of
the floats, the angle by which the floats rotates via arms
may be increased by having rotating hydraulic pumps at the
pivoting points of the arms 105, 106, 107. The floats may
thereby rotate with an increased angular range, and better
adapt to waves of all heights. Further it removes any risk
that the movement of the floats being abruptly stopped
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since the endpoints of the range of movement is extended or
completely removed. Thus the lifetime of the motion
absorbing components can also be increased. The hydraulic
cylinders 108, 109, 110, in the present disclosure should
thus be construed as an hydraulic component capable of
transferring motion from arms 105-107 to an increase in
fluid pressure within the hydraulic system, whether such
motion is translator or rotational, and irrespectively
where such hydraulic component is arranged relative the
arms. In this context it should be understood that Fig. 1
is only schematically illustrating one example of an
arrangement of such hydraulic component capable of
transferring such motion.

The control unit 113 may be adapted to restrict the
hydraulic pressure provided to the hydraulic motor 111 via
an associated motor wvalve 117. Further, the control unit
113 may be adapted to distribute hydraulic pressure from a
first hydraulic cylinder 114 to a second hydraulic cylinder
115, 116, for distributing a portion of the wave energy
received by a first float 102 connected to the first
cylinder 108, to a second hydraulic cylinder 115, 116, as
potential energy. The potential energy can be subsegquently
delivered to fill out dips in power outtake as soon the
hydraulic pressure from the first cylinder 114 is decreased
described as described above in relation to Figs. 1, 6 and
7.

The control unit 113 may be programmable to set the
ratio of the absorbed portion of kinetic energy as
potential energy. A possible ratio may be a ratio between
1/4 - 1/3 of the kinetic energy extracted from the waves.
I.e. the portion of energy relayed to second floats may be
1/4 - 1/3 of the total kinetic energy received by a first
float. The remaining portion is transferred directly to the
generator. The ration may also be lower, such as 1/5 - 1/6,
and it may be control unit may be programmed to
continuously set the optimal ratio depending on the current

wave conditions. For example, in optimal wave conditions
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where even power extraction i1s facilitated, the ratio may
be lower, and during more intermittent wave motion
conditions, the ratio can be increased. It is thereby
possible to optimize the ratio to achieve a more even power
delivery depending on varying conditions such as wave
height and frequency of the incoming waves.

The control unit 113 may be adapted to substantially
close the motor valve 117 to restrict fluid communication
of the hydraulic pressure to substantially occur between
each of the hydraulic cylinders 108-110, such that
substantially all of the kinetic energy from wave
propagation is distributed between the hydraulic cylinders
108-110 to actuate movement of the respectively connected
floats 102, 103, 104. This allows for great stabilization
during severe conditions such as storm conditions, as all
of the floats 102-104 contribute to stabilize the platform
101. E.g. as a first float 102 is pressed upwards an
immediate counter reaction is provided by second floats
103, 104, to compensate for the displacement in the
platform 101.

The energy converting system may comprise a ballast 118
and a second control unit 119 that is adapted to control
the amount of water in the ballast to thereby raise or
lower the platform 101 for adjusting an angle vl1, v2, of
the floats 102-104 relative to the platform 101. This
allows for optimization of the float movement depending on
the current wave height, e.g. the platform 101 may be
lowered during a small wave height such that the floats can
move closer to their upper position for increased force and
momentum transferred to the hydraulic cylinders 108-110.
Optionally, or in addition, the platform 101 may be lowered
or raised by varying the hydraulic pressure in the
hydraulic system. Further, the stroke length of the
hydraulic motor 111 may be varied depending on the current
wave conditions. The control unit 113 may be adapted to
determine the optimal combination of hydraulic pressure in
the hydraulic system and the height of the platform
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relative the wave height to provide for an optimal stroke
length of the hydraulic motor 111 for an efficient power
extraction.

At least one of the floats 102, 103, 104, may comprise
a float ballast 140 and a third control unit 141 adapted to
control the amount of water in the float ballast to thereby
varying the weight of the at least one float, see Fig. 8.
The weight of the float can thereby be adjusted to be
optimal in the current wave conditions. The weight of the
floats 102, 103, 104, may be set to be as high as possible
in certain conditions, so that a maximum of kinetic and
potential energy can be harvested from the movement of the
floats. Numeric simulations of the solution according to
the present disclosure have shown that increased float
weight provides a higher power outtake. Likewise, when
certain wave conditions dictate limitations with respect to
the possible float displacement, the float weight can be
decreased be reducing the amount of water in the float
ballast 140. It should be realized that such float
comprising a float ballast 140 and the associated
advantages may be utilized at any wave energy converting
system irrespectively of the configuration of such general
wave energy converting system.

The floats may be pivotably arranged at a platform
ceiling 120 that is raised above the water surface, i.e.
beneath the platform 101 for vertical and horizontal
movement of the floats 102-104. This allows for optimized
absorption of energy from both vertical and horizontal
components of the wave motion vector. Further, optimization
of platform space is provided.

The floats 102-104 may comprise of a buoyant body being
adapted to be displaced by a buoyancy force when lowered in
water. The floats 102-104 may further comprise a wave
surface 142 facing the direction of wave propagation for
receiving a force in the direction of wave propagation.
There is accordingly a two-fold contribution to the energy
conveyed by the floats 102-104, both from the buoyant force
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and from the motion vector of the incoming wave. This
provides for an improved absorption of energy. The wave
surface may be displaceable with an angle (al), see Fig. 1,
relative to a longitudinal extension of the arm 105, 106,
107, and relative the direction of wave propagation. This
provides for that the angle can be optimized to absorb
maximum amount energy from the propagation of the wave. The
angle (al) may be automatically adjusted to varying wave
conditions via an actuator (not shown) and control unit
coupled to the respective float.

Fach float may have a plurality of hydraulic cylinders
108-110 connected to it, such as one or two hydraulic
cylinders per arm 105, 106, 107, to prove for an optimal
delivery of hydraulic pressure in the hydraulic system of
the energy converting system 100.

The energy converting system 100 may comprise a
plurality of floats 102-104, and the control unit 113 may
be adapted to distribute hydraulic pressure from a first
plurality of hydraulic cylinders 114, 115, caused by
receiving kinetic energy from a respectively connected
float among a first plurality of floats 102, 103, in
response to wave propagation, to a second plurality of
hydraulic cylinders 115, 116, that each actuate movement of
a respectively connected float among a second plurality of
floats 103, 104, for accumulation of potential energy
resulting from a collective movement of the platform 101
provided by the movement of the second plurality of floats
103, 104. There may accordingly be a distribution of a
portion of kinetic energy amongst a plurality of
communicating floats to, e.g. from a first plurality that
are on the peak of power delivery to a second plurality
that displace the platform 101 to thereby store potential
energy.

The platform 101 may comprise an enclosure 121 with a
controlled environment for the energy converting system
100. It is thereby possible to protect any sensitive
equipment against weather conditions. The semi-submersible
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platform 101 may comprise at least one bow-shaped portion
122, as illustrated in Fig. 2. The bow-shaped portion will
allow for the platform 101 to align against the direction
of wave propagation. The floats 102-104 may thereby be
positioned optimally to absorb the energy from the waves.
As a further conseqgquence, the shape of the floats can be
optimized for receiving waves in a substantially right
angle and efficiently absorb all translational movement of
the waves. This is in contrast to fixed platforms where the
float has the shapes of a buoy such as partly spherically
shaped in order to be able to receive waves from all
directions. The platform 101 may have the general form of a
triangular shape as illustrated in Fig. 2. This provides
for a compact platform while being able to align against
the waves. Fig. 3 illustrates a side view of the power
conversion system 100. A further advantage is that the V-
formation may allow the wake waves that are created by the
motion of a first float 102, illustrated by arrow 143 in
Fig. 2, can be absorbed by a second float 103, as the wake
wave 143 moves around the sides of the first float 102 and
backwards towards the second float 143. This optimizes the
amount of energy that can be extracted from each incoming
wave. It should be realized that such float comprising a
float ballast 140 and the associated advantages may be
utilized at any wave energy converting system
irrespectively of the configuration of such general wave
energy converting system.

As illustrated in Fig. 4, the platform may comprise
windmills 123, 124, being connected to the hydraulic motor
111. This contributes to the hydraulic power generation,
and increased continuity of the hydraulic pressure in the
system 100 and power takeoff. Valves 127, 128, 129, 130,
connects the windmills 123, 124, to the hydraulic system of
the energy conversion system 100. The valves 127, 128, 129,
130, are also connected to the control unit 113, that is
adapted to control the power delivery, or hydraulic
pressure contribution, from the windmills to the hydraulic
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motor 111 to provide a continuous and even power takeoff
from the generator 112.

Fig. 5 illustrates a method 500 of extracting
power from waves in an energy converting system 100 having
floats 102-104 that translate kinetic energy from wave
propagation to a hydraulic motor 111. The method 500
comprises receiving 501 an amount of kinetic energy from a
first float 102 that is transferred to an associated first
hydraulic cylinder 114. The method 500 further comprises
the step of distributing 502 a portion of the amount of
kinetic energy via a hydraulic pressure from the first
hydraulic cylinder 114 to at least one second hydraulic
cylinder 115 that actuates movement of a second float 103.
This provides for the above mentioned advantages. Actuating
movement of the second float may comprise moving the second
float opposite to the movement of the first float, such as
in the opposite direction, and simultaneously with the
movement of the first float, for momentaneous accumulation
of potential energy.

As will be appreciated by one of skill in the
art, the present invention may be embodied as device,
system, or method.

The present invention has been described above with
reference to specific embodiments. However, other
embodiments than the above described are equally possible
within the scope of the invention. Different method steps
than those described above, may be provided within the
scope of the invention. The different features and steps of
the invention may be combined in other combinations than
those described. The scope of the invention is only limited

by the appended patent claims.
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CLAIMS

1. An energy converting system (100) comprising;

a semi-submersible platform (101),

floats (102, 103, 104) arranged to translate kinetic
energy from wave propagation to arms (105, 106, 107) being
movably linked to said platform,

hydraulic cylinders (108, 109, 110) adapted to receive
said kinetic energy via said arms, said hydraulic cylinders
being in communication with a hydraulic motor (111) and a
generator (112) for power extraction,

wherein a first hydraulic cylinder (108) is connected to
a first float (102) to transfer kinetic energy to said
generator for said power extraction, and

a control unit (113) adapted to control distribution of
wave energy, whereby said control unit is operable to
distribute an absorbed portion of said kinetic energy to at
least one second hydraulic cylinder (109, 110) to therefrom
actuate movement of at least one second float (103, 104)

being connected to said second hydraulic cylinder.

2. Energy converting system according to claim 1,
wherein movement of a plurality of first floats in a first
direction is transferable to a plurality of second floats
as a simultaneous movement in a second direction, opposite

the first direction.

3. Energy converting system according to claim 1 or 2,
wherein said control unit is operable to distribute an
absorbed portion of said kinetic energy to at least one
second hydraulic cylinder (109, 110) to therefrom actuate
movement of at least one second float (103, 104) to affect

displacement of said semi-submersible platform.

4. Energy converting system according to any of claims
1 - 3, wherein said control unit is connected to said
hydraulic cylinders via valves (114, 115, 116) and being
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adapted to regulate a hydraulic cylinder pressure provided
to or from said hydraulic cylinders by being operable to
control said valves, whereby timing of the movement of said
floats in relation to said wave propagation is
controllable.

5. Energy converting system according to claim 4,
wherein said control unit is adapted to delay an upward
movement of said floats caused by said wave propagation by
restricting hydraulic pressure through said valves
associated with each of the hydraulic cylinders.

6. Energy converting system according to any of claims
1 - 5, wherein said control unit is adapted to restrict the
hydraulic pressure provided to said hydraulic motor wvia an
associated motor valve (117).

7. Energy converting system according to any of claims
1 - 6, wherein said control unit is adapted to distribute
hydraulic pressure from said first hydraulic cylinder to
said second hydraulic cylinder for said distribution of
wave energy into potential energy.

8. Energy converting system according to any of claims
1 - 7, wherein said control unit is programmable to set the
ratio of said absorbed portion of kinetic energy as
potential energy.

9. Energy converting system according to claim 6,
wherein said control unit is adapted to substantially close
said motor valve to restrict fluid communication of said
hydraulic pressure to substantially occur between each of
said hydraulic cylinders such that substantially all of
said kinetic energy from wave propagation is distributed
between said hydraulic cylinders to actuate movement of
said respectively connected floats.
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10. Energy converting system according to any of claims
1 - 9, comprising a ballast (118) and a second control unit
(119) adapted to control the amount of water in said
ballast to thereby raise or lower said platform for
adjusting an angle (vl, v2) of said floats relative to said

platform.

11. Energy converting system according to any of claims
1 - 10, wherein at least one of said floats comprises a
float ballast (140) and a third control unit (141) adapted
to control the amount of water in said float ballast to
thereby varying the weight of said at least one float.

12. Energy converting system according to any of claims
1 - 11, wherein said floats are pivotably arranged at a
platform ceiling (120) being raised above the water surface
beneath said platform for vertical and horizontal movement

of said floats.

13. Energy converting system according to any of claims
1 - 12, wherein said floats comprise of a buoyant body
being adapted to be displaced by a buoyancy force when
lowered in water, said float further comprising a wave
surface (142) facing the direction of wave propagation for

receiving a force in said direction of wave propagation.

14. Energy converting system according to claim 13,
wherein said wave surface is displaceable with an angle
(al) relative to a longitudinal extension of said arm and

relative the direction of wave propagation.

15. Energy converting system according to any of claims
1-14, comprising a plurality of floats, wherein said
control unit is adapted to distribute hydraulic pressure
from a first plurality of hydraulic cylinders, caused by
receiving kinetic energy from a respectively connected

float among a first plurality of floats in response to wave
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propagation, to a second plurality of hydraulic cylinders
that each actuate movement of a respectively connected
float among a second plurality of floats, for accumulation
of potential energy resulting from a collective movement of
said platform provided by said movement of said second
plurality of floats.

16. Energy converting system according to any of claims
1-15, wherein said platform comprises an enclosure (121)
with a controlled environment for said energy converting

system.

17. Energy converting system according to any of claims
1-16, wherein said platform comprises at least one bow-
shaped portion (122).

18. Energy converting system according to any of claims
1-17, wherein said platform comprises windmills (123, 124)
being connected to said hydraulic motor.

19. Method (500) of extracting power from waves in an
energy converting system having floats that translate
kinetic energy from wave propagation to a hydraulic motor,
said method comprising;

receiving (501) an amount of kinetic energy from a
first float that is transferred to an associated first
hydraulic cylinder,

distributing (502) a portion of said amount of kinetic
energy via a hydraulic pressure from said first hydraulic
cylinder to at least one second hydraulic cylinder that
actuates movement of a second float.

20. Method according to claim 19, wherein actuating
movement of said second float comprises moving said second
float opposite to the movement of said first float and
simultaneous with said first float, for momentaneous

accumulation of potential energy.
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