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method for producing and supplying electric energy.
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A WAVE POWER UNIT, A USE OF A SUCH AND A METHOD OF PRODUCING
ELECTRIC ENERGY

Field of invention

The present invention in a first aspect relates to a wave power unit having
at least one floating body, a submerged station and at least one flexible
connection means connecting the at least one floating body with the submerged
station, the submerged station including a generator with a stator and a moving
part.

In a second aspect of the invention it relates to the use of a wave power
unit, and in a third aspect it relates to a method of producing electric power by a
submerged station, which station includes a generator, anchoring the station to a
sea bottom, providing at least one floating body to float on the sea surface and
connecting the at least one floating body to the submerged station by at least one
flexible connection means.

In the present application the terms “radial”, "axial”, “lateral” and the like
refer to the direction of the axis defined by the reciprocating movement of centre of
the translator, i.e. the centre axis if not explicitly otherwise is stated. The terms
“upper” and “lower” refer to the vertical direction and relates to the locations of the
components in question when the wave power unit Is in operation.

By flexible connection means is meant that the means is bendable such as
a chain, rope, wire, cable or the like. It does not necessarily mean that it is flexible
In the longitudinal direction. In the following description the term “wire” frequently
will be used for simplicity reason, but it is to be understood that this term represent

any flexible connection means that is suitable in this context.

Background of invention

Wave movements in the sea and in large inland lakes constitute a
potential source of energy that has scarcely been exploited so far. However
various suggestions have been made to use the vertical movements of the sea for
producing electrical power in a generator. Since a point on the sea surface makes
a reciprocating vertical movement it is suitable to use a linear generator to produce

the electric power.
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WO 03/058055 discloses such a wave power unit where the moving part
of the generator, I.e. the part that corresponds to the rotor in a rotating generator
and In the present application called translator, reciprocates In relation to the stator
of the generator. In that disclosure the stator is anchored in the sea bed. The
translator is by flexible connection means, such as a wire, cable or a chain
connected to a body floating on the sea. The present invention, however, is not
limited to a wave power unit, in which the generator is a linear generator, but
applies also to a conventional rotating generator. A wave power unit with a rotating
generator is disclosed in WO/058054.

The floating body is by a wire connected to the moving part of the
generator, 1.e. the translator of a linear generator or the rotor of a rotating
generator. When the floating body moves up and down, the wire does the same
and transmits a force to the moving part of the generator such that it reciprocates
or rotates. At such operation the wire will alternating be exposed to tensile forces
and zero forces. The zero forces mainly occur at the ends of the reciprocating
movements, but might also occur during the movement as such. When the wire is
unloaded it might slack. When thereafter the force at either end of the wire begins
to stretch the wire, initially a quick acceleration occurs until the wire Is stretched
and starts to take up the force. The result is that the wire at the end of this
acceleration almost instantly alters from being unloaded to be exposed to a very
high load, amplified by the dynamic effect at the sudden retardation. This is
harmful to the wire and entails the risk of breakage of it.

A similar problem may be present in wires connecting the floating body to

a stationary part of the submerged station as will be explained later.

Summary of invention

The object of the present invention is to overcome this problem, and thus
eliminate or at least reduce the risk for breakage of a wire connecting the floating
body to the submerged station.

According to the first aspect of the invention this problem is solved in that
a wave power unit of the kind introductionally specified includes the specific
feature that the flexible connection means, e.g. a wire Is provided with at least one

damper arranged to absorb tensile forces in the wire.
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When the wire alters from an unloaded state to a loaded state, the high
dynamic forces thereby occurring will be taken up by the damper such that these
excess forces will not directly act on the wire. The damper establishes a certain
retardation distance, during which the excess force Is absorbed. At the end of this
process, the force has decreased to the normal level, i.e, the force occurring when
the floating body pulls up the translator or when the translator pulls down the
floating body. The damper thereby gradually is released. The spring
characteristics of the damper thus Is at values that it is very little affected by those
normal forces but activates at those excess dynamic forces.

The invented wave power unit with such a damper thus reduces the risk
for wire breakage and increases the lifetime of the wire.

According to a preferred embodiment, the damper is provided at flexible
connection means connecting the floating body to the moving part of the
generator.

Among those wires that connects the floating body to the submerged
station, this one Is the most important one, and is most exposed to the excess
forces described above. The invention is therefore of particular importance when
the damper Is provided at this very wire.

According to a further preferred embodiment, the generator Is a linear
generator and the moving part is a linearly reciprocating translator.

A linear generator does not require a transformation of the movements of
the floating body to a rotating movement, and is therefore normally the best
alternative for a wave power unit of the kind in question. For this reason the
present invention Is of particular interest for this kind of generator. The problem
with slack and excess forces at the end positions of the translator is also more
accentuated for a linear generator than a rotating generator. The need for
dampening is therefore more accentuated for a linear generator.

According to a further preferred embodiment, the damper Is provided at
flexible connection means forming a security device connecting the floating body
to a stationary part of the submerged station.

There exists a risk that the wire connecting the floating body to the moving
part of the generator may break, in spite of measures taken to avoid this. If that
occurs, the floating body might drift away and get lost. In order to avoid that, the

floating body can be connected by a wire or the like to a stationary part of the
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submerged station such as the stator frame or a base foundation thereof. This wire
IS only a security device and has no function during normal operation. The wire is
normally not under tension but is hanging loose with a loop to allow limited lateral
movements of the floating body. Should breakage of the wire connecting the
floating body to the moving part of the generator occur, the wire of the security
device captures the floating body. At this moment a sudden high tensile force
develops in the security wire. By providing a damper at this wire it is achieved that
the risk for breakage thereof is reduced. A damper at the security wire can be a
complement to a damper at the wire connecting the floating body to the moving
part of the generator or be an alternative to that.

According to a further preferred embodiment, the damper Is located
between the at least one floating body and the flexible connection means.

The damper thereby will be closed to the sea surface, and this makes it
easy to install, and regarding maintenance.

According to a further preferred embodiment, the flexible connection
means includes an upper section and a lower section, whereby the damper Is
located between the upper section and the lower section.

Thereby it is possible choose an optimal localisation of the damper taking
various aspects under consideration.

According to a further preferred embodiment, the damper Is located
between the translator and the flexible connection means.

The damper thereby can be built as an integral part of the submerged
station, which from some aspects results in a rational manufacturing of the wave
power unit. The attachment to the translator can be directly to the translator boqdy
carrying the magnets or to a rigid rod at the top of the translator body, which thus
being considered as a part of the translator

According to a further preferred embodiment, the damper Is located
between the stationary part of the submerged station and the flexible connection
means.

This embodiments thus refers to the damper at the security wire and has
advantages of the same kind as those of the embodiment next above.

According to a further preferred embodiment, the damper includes an
elastically compressible component, which component is located between a first

support face and a second support face, which support faces face towards each
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other, the first support surface being attached to the flexible connection means
and the second support surface being attached either to the at least one floating
body, the moving part of the generator, the stationary part of the submerged
station or to a second part of the flexible connection means, respectively.

There are In principle two alternatives for the operation of the damper. It
can either absorb the load by tension, such as a simple tension spring, or by
compression as suggested in this embodiment. By basing the damper on the
compression principle, the characteristics of the dampening process can be made
more precise and the risk that the damper breaks is lower than with a tensile
damper.

According to a further preferred embodiment, the elastically compressible
component includes a plurality of elastic disc-shaped bodies arranged in a stack
and further includes a rigid disc-shaped member between each adjacent elastic
disc-shaped bodies.

By constructing the elastically compressible component in a plurality of
separated bodies the compression force will be more even distributed than if only
one elastic body was used. The lifetime of the damper thereby will be increased
and the characteristic of the damping force becomes more predictable. To build up
the damper of a plurality of units also allows a modulized adaption to different
needs regarding the dampening force by using different numbers of such standard
units.

According to a further preferred embodiment, the number of flexible
components is in the range of 5 — 10.

This range corresponds to the optimized number for most applications.

According to a further preferred embodiment, the damper includes a
housing including an end wall, the inner surface of which defines one of the
support surfaces, and in which housing Is located a movable wall having a surface
forming the other of the support surfaces, the surfaces being parallel to each
other, the movable wall being perpendicular to the surfaces, and which end wall
has a through hole, through which an attachment device is movable, which
attachment device Is attached to the movable wall.

This Is a simple and practical construction of the damper, which provides a
safe transfer of the forces at each side of the elastic component by the parallel

support surfaces.
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The invention also relates to a wave power plant that includes a plurality of
wave power units according to the present invention, in particular to any of the
preferred embodiments thereof.

The invention also relates to an electrical network including a a connection
to a wave power unit according to the present invention, in particular to any of the
preferred embodiments thereof.

In the second aspect of the invention a wave power unit according to the
present invention, in particular to any of the preferred embodiments thereof, is
used for producing electric energy and supplying the energy to an electrical
network.

In the third aspect of the invention the object is achieved in that a method
of the introductionally specified kind includes the specific measures of providing at
least one damper to the flexible connection means and arranging the damper to
absorb tensile forces In the flexible connection means.

The invented wave power plant, the invented electrical network, the
iInvented use and the invented method have the advantages of the invented wave
power unit and the preferred embodiments thereof and which have been described
above.

The above described preferred embodiments of the invention are specified
In the dependent claims. It is to be understood that further preferred embodiments
of course can be constituted by any possible combination of the preferred
embodiments mentioned above and by any possible combination of these and
features mentioned Iin the description of examples below.

The invention will be further explained through the following detailed

description of examples thereof and with reference to the accompanying drawings.

Short description of the drawings

Fig 1. Is a schematic side view of a wave power unit according to the
iInvention.

Fig. 2 in a similar view schematically illustrates various location of the
damper.

Fig. 3 Is a longitudinal section through a damper In its released state.

Fig. 4 is a section similar to that of fig.3 illustrating the damper In

compressed state.
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Fig. 5 Is an enlarged detall section of fig. 3.

Fig. 6 Is an enlarged detall section of fig. 4.

Fig. 7 and 8 in a similar section as in fig. 3 illustrate two further examples
of the damper.

Fig. 9 and 10 illustrate still further examples of the damper

Fig.11 schematically illustrates application of the damper in another
example of the invention.

Fig. 12 in a schematic view from above illustrates a wave power plant

according to the invention.

Description of examples

Fig. 1 Is a schematically side view of a wave-power unit according to the
invention at operation in the sea. A floating body 1 floats on the sea surface and is
connected by a connection means 3 such as a cable, wire, rope, chain or the like,
o a linear generator 2 anchored at the sea bed and which forms a part of a
submerged station 100. In the figure the generator Is attached at the sea bed by
means of a base foundation 10. It is, however, to be understood that the generator
can be located above the sea bed and be anchored in some other way.

The linear generator 2 has a stator 5 with windings and a translator 6 with
magnets. The translator 6 is able to reciprocate up and down within the stator 5
thereby generating current in the stator windings, which current by an electric
cable 11 is transferred to an electrical network.

The translator 6 is provided with a rod 7 to which the wire 3 Is attached.
Alternatively the wire 3 can be attached directly to the translator 6, either at the top
thereof or at the bottom or somewhere in between. When the floating body 1 due
to the wave movements of the sea surface is forced to move up, the floating body
will pull the translator 6 upwards. When the floating body thereafter moves down
the translator 6 will move down through gravity. Optionally, but preferably a spring
(not shown) or the like acting on the translator 6 provides an additional force
downwards.

Since the generator 2 is anchored in the sea bed and the floating body 1
floats freely on the water surface, the floating body is free to move laterally in

relation to the generator 2. Thereby the connection means 3 will become inclined.



10

15

20

25

30

CA 02799573 2012-11-15

WO 2011/149397 PCT/SE2010/0505835

3

At the entrance of the connection means 3 into the housing 4 of the
generator 2 there is provided a guiding device 9 that guides the connection means
to move vertically below the guiding device 9 while allowing the connection means
3 that is above the guiding device to move in an inclined position. The guiding
device 9 is attached to a conical construction 8 above the housing 4 of the
generator and attached thereto.

The guiding device 9 allows the connection means 3 to gradually change
its direction when passing through guiding device 9, such that the wear of the
connection means becomes limited.

The wire 3 is provided with a damper 12 arranged to absorb snap loads
when the wire 3 suddenly becomes tensioned after having been released. In this
example the damper is provided between an upper section 3a and a lower section
3b of the wire 3.

In fig. 2 alternative positions of the damper are illustrated and marked with
crosses. The position 12a corresponds to the example of fig.1. In the position 12b
the damper is arranged between the wire 3 and the bottom end of the translator ©.
In the position 12c¢ the damper is arranged between the wire 3 and the floating
body 1.

The wave power unit may be provided with a security device as also
llustrated In fig. 2. The security device Is a wire 31 attached at one end to the
floating body 1 and at the other end to a stationary part of the submerged station,
In this example to the base foundation 10 thereof. The security wire 31 is for the
purpose of capturing the floating body 1 from drifting away in case the ordinary
wire 3 should be broken. Thus during normal operation the security wire 31 is a
passive component. The length of the security wire 31 Is larger than the ordinary
wire 3 such that the floating body can make limited lateral movements without
tensioning the security wire 31. In order to keep control on the security wire, a float
32 Is connected to a connection point 33 of the security wire. The excess length of
the security wire 31 thereby forms a loop.34.

As shown, also the security wire 31 can be provided with a damper, either
at the connection thereof to the floating body 1, position 12d, somewhere along
the security wire 31, position 12e or att the connection thereof to the base

foundation, position 12f.
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An example of the damper 12 is illustrated more in detall in fig. 3-6. In fig 3
the damper is illustrated in an unloaded state. The damper 12 has a housing
consisting of an upper end wall 16, a lower end wall 17 and a circumferential wall
15 extending therebetween. The upper end wall 16 Is by a connection device 13
attached to an upper section 3a of the wire 3. The lower end wall 17 has a central
opening 18, allowing passage of an attachment device 14 attached to a lower
section 3a of the wire 3. The upper end of the attachment device 14 has a wall 20
attached thereto, which wall is able to move vertically within the housing 15, 16,
17.

Between the lower end wall 17 of the housing and the movable wall 20
there Is a compressible component 22, which is squeezed between a support
surface 19 at the lower wall 17 and a support surface 21 at the movable wall 16.
The movable wall 16 is vertically movable in relation to the housing 15, 16, 17 and
IS In fig. 3 In Its upper end position.

Upon high tension in the wire 3, the movable end wall moves downwards
In relation to the housing, whereby the compressible body component is
compressed between the support surfaces 19 and 22. In fig. 4 the damper is
llustrated in the maximum compressed stage, at which the movable wall 20 is at a
relatively short distance from the lower end wall 17 and the compressible
component 22 is squeezed to a relatively small thickness. The spring
characteristic of the compressible body is such that it requires a considerably
strong tension force to reach the state shown in fig. 4. Such strong forces occur as
snap loads when the translator © Is at its end positions and alter its direction of
movement. The forces occurring during the movement of the translator 6 are of a
much lower magnitude and will only marginally compress the compressible
component 22.

The compressible component 22 consists of a plurality of disc-shaped
elastic bodies 23 of rubber or the like separated by rigid plates 24, e.g. of metal.
This can be seen more In detall in fig. 5 illustrating the uncompressed state and fig
o illustrating the compressed state.

Fig. 7 Is an example with an alternative position of the damper,
corresponding to position 12b In fig.2. Thus the damper 12 is arranged between
the wire 3 and the translator ©, in the illustrated example at the lower end of the

translator 6. The housing 15, 16, 17 of the damper 12 forms an integrated part of
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the translator 6. The wire 3 Is attached to the movable wall 16, which in this fig. Is
llustrated at the position when the damper is unloaded. The damper 12 is of the
same kind as disclosed In fig 3-6, but is mounted upside down In relation to the
example Iin those figures.

The translator has a centrally arranged axial hole 26 therethrough, through
which the wire 3, or alternatively a rod 7 such as in fig. 1, reaches the bottom of
the translator 6. The figure also shows the magnets 25 of the translator ©.

Fig. 8 Illustrates a further alternative position of damper corresponding to
position 12c¢ in fig.2. In this case the housing 15, 10, 17 of the damper forms an
integral part of the floating body 1, and the movable wall 20 is attached to the
upper end of the wire 3.

An alternative example of the damper 121 is illustrated in fig. 9. The
damper 121 in this example differs from the one of fig., 3 only in that the
compression component 22 consists of one single elastic member, e.g. of rubber.

A further alternative is depicted in fig.10, where the damper consists of a
spiral tension spring 122. Whereas In the earlier examples the damper Is
compressed when high forces occur, the spring 122 will expand upon occurrence
of tensile forces.

The invention can also be applied to a wave power unit of the kind where
the generator Is a traditional generator, with a rotating rotor 61 and a surrounding
stator 51 as shown in fig. 11. A cylindrical body 62 Is connected to the rotor 61 and
rotates therewith. As the floating body moves up and down the wire Is unwounded
and wounded, respectively on the cylindrical body 62 for rotating the rotor 61. The
damper 12 in this example performs the same function as the damper of the linear
generator described above.

Fig. 12 in a schematic view from above illustrates a wave power plant with
a plurality of generators 2 of wave power units according to the invention. The
generators 2 are connected to a submerged switchgear 30, which via a connection
line 41 is connected to an electrical network 40, such as a grid. A control device
controls the energy supply and measures the amount of electric energy supplied,

e.g. for billing.
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CLAIMS

A wave power unit having at least one floating body (1), a submerged
station (100) and at least one flexible connection means (3, 31)
connecting the at least one floating body (1) with the submerged
station (100), the submerged station (100) including a generator (2)
with a stator (5, 51) and a moving part (6, 61), characterized in that
the flexible connection means (3, 31) is provided with at least one
damper (12) arranged to absorb tensile forces in the flexible
connection means (3) whereby the damper (12) is provided at fiexible
connection means (3) connecting the at least floating body (1) with the
moving part (6, 61) of the generator (2).

A wave power unit according to claim 1, characterized in that the
generator (2) is a linear generator (2) and in that the moving part (6,
61) is a linearly reciprocating translator (6).

A wave power unit according to claim 1 characterized in that a second
damper (12) is provided at flexible connection means forming a
security device (31) connecting the at least one floating body (1) to a
stationary part (10) of the submerged station (100).

A wave power unit according to any of claims 1-3, characterized in that
the damper (12) is located (12c, 12d) between the at least one floating
body (1) and the flexible connection means (3, 31).

A wave power unit according to any of claims 1-3, characterized in that
the flexible connection means (3, 31) includes an upper section (3a)
and a lower section (3b), whereby the damper (12) is located (12a,

12e) between the upper section (3a) and the lower section (3b).

A wave power unit according to claim 2, characterized in that the damper
(12) is located (12b) between the translator (6) and the flexible
connection means (3).

A wave power unit according to claim 4, characterized in that the second
damper (12) is located (12f) between the stationary part (10) of the
submerged station (100) and the flexible connection means (31).

A wave power unit according to any of claims 1- 7, characterized in that
the damper (12) includes an elastically compressible component (22),

AMENDED SHEET
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which component is located between a first support surface (19) and
second support surface (21), which support surfaces (19, 21) face
towards each other and are movable to and from each other, the first
support surface (19) being attached to the flexible connection means
(3,31), and the second support surface {(21) being attached to either of
the at least one floating body (1), the moving part of the generator (8,
61), the stationary part (10) of the submerged station (100) or to a
second section (3b) of the flexible connection means (3, 31),
respectively.

9. A wave power unit according to claim 8, characterized in that the
elastically compressible component (22) includes a plurality of elastic
disc-shaped bodies (23) arranged in a stack and further includes a rigid
disc-shaped member (24) between each adjacent elastic disc-shaped
bodies (23).

10. A wave power unit according to claim 9, characterized in that the number
of flexible disc-shaped bodies (23) is in the range of 5 — 15.

11. A wave power unit according to any of claims 8-10, characterized in that
the damper (12) includes a housing (15, 16, 17) including an end wall
(17), the inner surface of which defines one (19) of said support
surfaces (19, 21), and in which housing is located a movable wall (20)
having a surface forming the other (21) of said support surfaces (19,
21), said surfaces (19, 21) being parallel to each other, the movable
wall (20) being movable perpendicular to said surfaces(19, 21), and
which end wall (17) has a through hole (18), through which an

attachment device (14) is movable, which attachment device (14) is
attached to the movable wali (20).

12. A wave power plant, characterized in that the wave power plant includes

a plurality of wave power units according to any of claims 1-11.
13. An electrical network, characterized in that the network (40) includes a

connection line (41) to a wave power unit according to any of claims 1-
11.

14. The use of a wave power unit according to any of claims 1-11 for
producing electric energy and supplying the energy to an electrical
network (40).
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15. A method of producing electric energy by a submerged station (100),
which station (100) includes a generator (2), anchoring the station
(100) to a sea bottom, providing at least one floating body (1) to float
on the sea surface and connecting the at least one floating body (1) to
5 a moving part of the generator of the submerged station (100) by at
least one flexible connection means (3, 31), characterized by

providing at least one damper (12) to the fiexible connection means (3,

31) and arranging the damper (12) to absorb tensile forces in the
flexible connection means (3, 31).

10 16. A method according to claim 15, characterized in that the method is

carried out with a wave power unit according to any of claims 1-11.

15
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