The present invention in a first aspect relates to a wave-power unit for

t he prOd%biZ?#/(BIlMSl ectric power conprising a floating QBQ%E%()%)%&?% for
a

floating on e Sea and an electric linear generator having a stator and a
transl ator reciprocating along a center axis, the stator being arranged to
be anchored in the bed of a sea and the translator being connected to the
floating b%gwﬁaﬁ&wﬁukﬁa:' means. |In a second aspect the invention relates
to a use of such wave-power unit. In a third aspect the invention rel ates
to a method of producing electric power by providing a floating body to
float on t se%“ royiding an electric |linear generator having a stator
and a reci%ﬁ%@é%ﬁﬁ @8¥88s| at or, anchoring the stator in the bed of the sea
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the sea. bedofthe seaand connecting the translator to the floating body by connection
means.
15 in the present application the terms “radial”, and “axial” refer to the axis
defined by the reciprocating movement of center of the transiator. The terms
"upper” and “lower” refer {o the vertical direction and relates to the locations of the

components in guestion when the wave-power unit is in operation.

20 Background of the invention

Wave movements in the sea and in large inland lakes constitutes a poten-
tial 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 produ-
cing electrical power in a generator. Since a point on the sea surface makes a

25 reciprocating vertical movement it is suitable to use 3 linear generator to produce
the electric power.

WO 03/058055 discloses such a wave-power unit where the moving part
of the generator, {.e. the part that corresponds to the rofor in a rotating generator
and in the present application called transiator, reciprocates in relation o the stator

3¢ of the generator. In that disclosure the stator is anchored in the sea bed. The
transiator is by a wire, cable or a chain connecled {0 a body floating on the sea.

The object of the present invention is to improve the efficiency and the
reliability of wave-power unit of the kind in question.



The object of the present invention is to inprove the efficiency and the

reliability of wave-power unit of the kind in question.The object of the
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i5 effect. These features therefore increase the over all performance of the wave-
power unit,

According to a preferred embodiment at least a part of the connection
means is a rod element, said part extending through said opening.
In principle the complete connection means could be a long rod. For

20 various reasons it is however advantageous that the major part of the connection
means L.e. from the floating body down to a short distance above the generator is
flexible and can be a wire or the like. For the part attached to the transiator and 3
short distance upwardly it is preferred that the connection means is in the form of 3
rod. This simplifies to attain a good sealing effect when it passes through the

25 opening in the upper end wall of the encapsulation. The rod also contributes to
maintain the translator in stable purely axial movements, which is important for the
efficiency in the electro-mechanical energy conversion.

According 1o a further preferred embodiment the flexible mounting of the
seal is such that it allows lateral and angular movements of the seal.

30 Thereby the seal is capable to adapt to all the forces that can occur from
the connection means on the seal, due to lateral, tilting or twisting movements of
the guiding means. Thereby a good sealing effect can be maintained if any of
these conditions would occur or a combination of these. It is however desirable to

avoid these conditions as far as possible when considering a proper movement of



seal is such that it allows |lateral and angul ar novenents of the seal.
Thereby the seal is capable to adapt to all the forces that can occur from
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in an easy way be designed such that the appropriate degree of flexibility in

different directions is obtained.

i3 According to a further preferred embodiment the flexible member is
coaxial with the rod and has at least one portion that is of convex shape in the
longitudinal direction in unloaded state when seen from the ocuiside.

The symmetrical arrangement leads to uniform radial flexibility along the
circumferential extension of the flexible member. The convex part provides a

20 predictable flexing behaviour of the flexible member,

According to a further preferred embodiment the flexible member has a
mounting flange at each end, one flange being clamped by bolts between the
supporting element and a clamp ring, and the other flange being clamped between
said upper end wall and a clamp ring.

28 Due to the often high external water pressure and dus to the mobility of
the flexible member the demands on the mechanical connection of the flexible
member is very high in order to secure that it is water-tight, safe and durable.
These clamped connections meet these demands.

According to a further preferred embodiment each flange has a radially

36 outer portion that has a farger axial thickness than a radially inner portion of the
flange.

Thereby the attachment of the flanges is not only obtained by the pressure
of the clamp ring but also locked by shape when the abutting surface of the clamp
ring and/or the abutting surface of the supporting element and the upper end wall



menber is very high in order to secure that it is water-tight, safe and
durable. Accordingt o a further preferred enbodi nent each flange has a
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According to a further preferred embodiment the encapsulation is filled
with a gas at over-pressure,

15 Thereby the encapsulation will have a higher ability to withstand water
leakage. A suitable gas is N,

In the second aspect of the invention the invented wave-power unit is used
for generating electric energy for supply to an electric network.

in the third aspect of the invention the method initially specified further

20 includes the specific measures of enclosing the generatorin a water-tight
encapsulation, arranging the connection means to extend through an upper end
wall of the encapsulation, sealing the connection means that passes through the
opening and mounting the seal flexible.

According to preferred embodiments of the invented methed it is perfor-

25 med by means of a wave-power unit according to the present invention, in parti-
cular according to any of the preferred embodiments thereof.

With the invented use and the invented method, advantages are gained
that corresponds to those of the invented wave-power unit and the preferred
embodiments thereof and which advantages have been described above.

30 The invention will be further explained by the following detailed description
of an example thereof, and with reference to the accompanying drawings.



by neans of a wave-power unit according to the present invention, in part I
cul ar according to any of the preferred enbodi nents thereof. Wth the
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corresponds to those of the invented wave-power unit and the preferred
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surface and is cgnn A nnect L,on. ns,3, 7, to a linear generator
2 anchored at thg@sggé%gsc?%?ﬁéﬁ%gﬁﬁeac#&gﬁgﬁﬁghg consi sts of an upper part
3, Wwhich i SegcHption speexshgiie® or the like and a lower part 7 which is a
rigid rod. The wire 3 is connected to the rod 7 by a joint 13. In the
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and be anchored in some other way.
The linear generator 2 has a stator § with windings and a translator 8 with
15 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 slectric
cable 11 is transferred to an electric network,
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 down upwards.
26 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 & provides an additional force downwards.
Since the generator 2 is anchored in the sea bed and the floating body 1
25 floats freely on the water surface, the floating body is free to move laterally in
relation to the generator 2. Thereby the wire 3 will become inclined.
The generator 2 is enclosed in a water-light encapsulation 4, which is filled
with Ny of over-pressure. Rigidly attached to the top of the encapsulation 4 there is
a conical frame 8 having a guiding device 8.
36 The guiding device 8 guides the connection means to move vertically
below the guiding device 8 while aliowing the connection means 3 that is above

the guiding device to move in an inclined position.



transl ator 6 provides an additional force downwards. Since the generator 2
is anchored n the sea bed and the floating body 1 floats freely on the
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portion 17the like. The flexible member 19 is generally tubular and has a middie portion 20 of
stightly increased diameter forming a convex shape of the flexible member.
15 The upper end of the flexible member 18 has an outwardly directed radial
flange 21 for mounting the flexible member 18 to the flange portion 17 of the
supporting element 15. The flange 21 is clamped between the flange portion 17
and a clamp ring 22 by means of a number of bolts 23.
The radially outer part of the flange 21 has an axially directed projection
20 23 and the radially inner part of the co-operating clamp ring 22 has a shape that is
complementary to the flange 21 so that the flange 21 is effectively locked. The
lower end of the flexible mamber 19 has a corresponding flange which is attached
o the end wall 14 of the encapsulation in a similar way as described above.




and a clanmp ring 22 by nmeans of a nunber of bolts 23. The radially outer
part of the flange 2 1 has an axially directed projection 23 and the

radi al | y worero/qparsd of the co-operating clanmp ring 22 hasTaesdapsisthat i s
conplenmentary to the flange 2 1 so that the flange 2 1 is effectlveiy

| ocked. The | ower end of the flexible nmenber 19 has a correspondi ng flange
which is a It}@dl' A wave-power unit for the production of electric power
and conpri @%8 floating body (1) arranged for floating on the sea and an
el ectric linear generator (2) having a stater (5) and a transiator (b)
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unit according to claim4 characterized in that said flexible menber (15)
i s made of re5|l ﬁ?t mat erial. such
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through said opening.

3 A wave-power unit according to claim 1 or 2 characterized in that the
flexible mounting of the seal (12} is such that it allows lateral and angular
movements of the seal.

20
4, A wave-power unit according to claim 3 characterized in that the seal
{12} is supported by a supporting element (15} that is mounted on said upper end
wall (14) via a flexible member (19}, the flexible member being water-tight
connected fo said supporting element (15) and to said upper end wall (14).

25

5. A wave-power unit according to claim 4 characterized in that said flexible

member (15) is made of resilient material such as rubber.

8. A wave-power unit according to claim 4 and 5 characterized in that the

30 flexible member (15} is coaxial with the rod (7) and has at least one portion (20)
that is of convex shape in the longitudinal direction in unioaded state when seen
from the outside.



that is of convex shape in the |longitudinal direction in unloaded state
when seen7 A wave-power unit according to claim®6 characterized in that the
fl exi bl e worzbavo2¢46) has a nmounting flange (21) at eachremgE2@@5Mbange
(21) being clanped by bolts (23) betweenga flange portion (17) of said
supporting elenment (15} and a clanp ring (22), and the other flange being
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wave- power sgidi dppat @oridivap( 49 mmya oihm:;j angrs 1 10 char acteri zed 12, The use
of a wave power unit according to any of clainms 1-11 for generating
el ectric energy for supply to an electric network 13. A nethod of producing
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an electric linear generator aV| ng sta or an rans ator recipraotating
along a cefﬂﬁrh%x& sgdialiyctiaer poritong(28) ttadhasa lahgerbedaldhickhesstanand
connecting_the translator t e floating body by connection means,

characteri aﬁf?ﬂ/m@ﬁﬁP%@%Qﬁ‘gﬁf%ﬁ%?ﬁﬁ@ﬁ%r ator, in a water-tight encapsul ation,

arrangifag the co n nection neans to extend through an opening in an upper
end wall of the encapsulat 14. A nethod according to claim 10 characteri zed
in that th& nmet hBdvave-pewedrniacbyrdingitsany okclammed pdwhanaskerizat by thabg to

any of cla E'{Esaﬁiai extdnsion of the seal {15) is larger than its radial extension preferably at

least twice as large.

15 10, A wave-power unit according to any of claims 1 - 8 characterized in that

the seal (15) includes a plurality of sealing unils (18).

11. A wave-power unit according to any of claims 1 — 10 characterized in that
the encapsulation is filled with a gas at over pressure, preferably N,

20
12. The use of a wave power unit according to any of claims 1 - 11 for
generating electric energy for supply to an electric network
13. A method of producing electric power by providing a floating body to float
25 on the sea, providing an electric linear generator having a stator and a translator

reciprocating along a center axis, anchoring the siator in the bed of the sea and
connecting the transiator to the floating body by connection means, characterized
by enclosing the generator, in a water-tight encapsulation, arranging the con-
nection means to extend through an opening in an upper end wall of the encap-

30 sulation, sealing the connectlions means that passes through the opening and
mounting the sealing flexible.

14. A method according to claim 10 characterized in that the method is
performed by means of a wave-power unit according to any of claims 1 - 11.



