A wave-power unit and the use of a wave-power unit for production of

el ectric power, a nethod of generating electric power and a system of
conponents for manufacturing a |inear generator for a wave-power unit.
Technical field A first aspect of the present invention relates to a
wave-power 5 unit for the production of electric power of a type
conprising a floating body and an electric |inear generator whose rotor by
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A third aspect of the invention relates to the use of the claimed
wave-power unit for producing electric current.

A fourth aspect of the invention relates to a method of

15 generating electric power by connecting a floating body to the rotor of an
electric linear generator and anchoring the stator of the generator in the
sea or lake bed.

A fifth aspect of the invention relates to a system of
components for manufacturing a linear generator for a wave-power unit in

20 accordance with the invention.

Finally, a sixth aspect of the invention relates to a method of
manufacturing a linear generator for a wave-power plant in accordance
with the invention.

In the present application the term “rotor” is used for the

25 movable part of the linear generator. It should therefore be understood
that the term “rotor” does not relate to a rotating body but to a body
moving linearly to and fro. The “direction of movement of the rotor” thus
refers to its linear direction of movement. The “centre line” of the rotor
refers to the line passing through the centre in an optional cross section

30 through the rotor and running in the direction of movement, the “cross
section” referring to a section transverse to the direction of movement of

the rotor.
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naturally differs in different locations. The average wave energy during a

year is dependent on the various wind conditions, which are greatly

10 influenced by the distance of the location from the nearest coast.

Measurements have been carried out in the North Sea, for instance. At

one measuring point approximately 100 km west of the coast of Jylland,

Denmark, where the depth was about 50 m, wave heights were measured

over a long period of time and the available energy was calculated. The

15 following table was obtained:

Height of wave Wave period Output Hours/Year
m sec. kW/m
<0.5 - - 966
1 4 2 4103
2 5 12 1982
3 6 32 944
4 7 66 445
5 8 115 211
>55 >145 119

Thus, during slightly less than half the time the height of the

waves is about 1 m, producing an output of 2 kW/m. However, the most

20 energy is available from wave heights in the region of 2-5 meter, taking

into consideration that the output increases greatly with increased wave
height.

over a

ut Hour s/ Year



waves is about 1 m producing an output of 2 kWm However, the nost 20
energy is avail able fromwave heights in the region of 2-5 neter, taking
into consideration that the output increases greatly with increased wave
hei ght. 3 Various types of wave-powes units have been proposed to utilize
t he energy available fromthe wave novenent in the ocean for generating
el ectric power. However, these have been unsuccessful in conpeting wth
conventional production of electric power. Wave-power 5 plants realized so
far have been primarily experinmental plants or have been used to supply
power |ocally for nalarpus dypeasueyswave-pewsheiniisahaverberittirepossgd to
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wave- power udMd FUNHHRRGOYS- t he | i near generator principle to be already
known. The Amongst feasible principles for converting wave-movement

energy into electric power, therefore, a linear generator probably satisfies
these requirements to the greatest extent.

15 The vertical movements of the floating body, caused by the
wave movement can thus be converted directly to a to-and-fro movement
of the rotor of the generator. A linear generator can be constructed to be
extremely robust and simple and since it is anchored at the sea bed it will
be stable and unaffected by currents in the water. The only movable part

20 of the generator is the rotor moving to and fro. Storage problems are
substantially eliminated. The unit will be extremely reliable in operation
thanks to its few movable parts and simple construction.

US patent 6,020,653, for instance, reveals a wave-power unit
based on the linear generator principle to be already known. The

25 publication thus describes a generator anchored to the sea bed, which
produces electric energy from the wave movement at the surface of the
sea. A generator coil is connected to a floating body so that the coil
moves up and down with the movements of the waves. A magnetic field
acts on the coil when it moves so that an electro-magnetic force is

30 generated therein. The magnetic field is such that it produces a uniform
field with simple magnetic orientation along the entire stroke length of the



25 publication thus describes a generator anchored to the sea bed, which
produces electric energy fromthe wave novenent at the surface of the sea.
A generator coil is connected to a floating body so that the coil noves up
and down with the novenents of the waves. A magnetic field acts on the
coil when it noves so that an el ectro-nmagnetic force is 30 generated
therein. The magnetic field is such that it produces a uniform field with
sinple magnetic orientation along the entire stroke length of the 4 coil.
The gener at or _con&rﬂi ses a base plate on the sea bed, which supports the
magnet i ¢ cor €0il.n Whe cgeneaiataf ofIMptises .a RaggyplafR R thei $edhed, qwhichi t h an
el ectronic 1] A : : US 4 539 485. Its rotor
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Description of the invention
15 The objective set has been achieved in accordance with the first
aspect of the invention in that the wave-power unit described in the
preamble to claim 1 comprises the special featUres that the rotor is
permanently magnetic and that the stator comprises a winding forming a
plurality of poles distributed in the direction of movement of the rotor.
20 Accommodating the winding in the stator and making the rotor
permanently magnetic enables the simplest possible construction of the
movable parts of the unit, thereby reducing costs and also the risk of
disturbances. It is also simpler to design the winding and pass on the
current when the winding is placed in the stator. Thanks also to a plurality
25 of poles being arranged one after the other, the frequency of the induced
current can be increased, which is a considerablé advantage in view of the
fact that the frequency of the to-and-fro movement is low. The claimed
wave-power unit thus offers a financially competitive method of extracting
electric power from waves. The stator may be arranged either on the
30 outside or the inside of the rotor. In most cases it is preferable for it to be
on the outside. A combination of these variants is also feasible within the

scope of the invention.



di sturbances. It is also sinpler to design the wi nding and pass on the
current when the winding is placed in the stator. Thanks also to a
plurality 25 of poles being arranged one after the other, the frequency of
t he induced current can be increaseds which is a considerabl e advantage in
view of the fact that the frequency of the to-and-fro novenent is |ow. The
claimed wave-power unit thus offers a financially conpetitive nethod of
extracting electric power fromwaves. The stator may be arranged either on
the 30 outside or the inside of the rotor. In nost cases it is preferable
for it to be on thdnoacegrdance withia iefesiedoembpdiaenhafathes claimadso

feasible wthi | ' In accordance with a
preferred en%’%g?{?gﬁ'teroﬁﬂﬁﬁ%?étpé%en\éédﬂ%{\%&teér%@ unit the rotor is vertically
oriented. Since the Sintertheaptdremayibenbeentedt ditherHwrizootallyl dryinolinédycl i ned,
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accor dance WH.FOR, Nfaetn rpreferred enbodi nent the di stance between the
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Wth a pp)e pitch ofin5@ctbidanbes withf yetiuaehes proferied @nmlsadiment &héS Hz are

obtained for waves 1-2 mhigh. Wth a pole piftch of 119 mm t he freﬁuency
will be fivedistance getwaean the poles is less than 50 mm, preferably less tha

10 mm.

The smaller the pole distance the higher will be the frequency
15 achieved. If the waves are 1 m high the average linear speed of the rotor
will be approximately 0.5 m/s and if the waves are 2 m high the average
speed will be about 0.8 m/s. With a pole pitch of 50 mm, thus,
frequencies in the order of 10-15 Hz are obtained for waves 1-2 m high.
With a pole pitch of 10 mm the frequency will be five times greater. A

20 practically suitable pole pitch is about 8 mm.

In accordance with another preferred embodiment the stator
comprises a plurality of laminated stacks distributed evenly around the
rotor.

This enables the greatest possible part of the magnetic field to

25  be utilized for inducing current.

In accordance with yet another preferred embodiment the rotor
is shaped as a regular polygon and the number of laminated stacks is
equal to the number of sides of the polygon.

With such an embodiment a structurally simple optimization is

30 obtained for exploiting the magnetic field for inducing current.



20 practically suitable pole pitch is about 8 mMm |n accordance with

anot her preferred enbodi nent the stator conprises a plurality of |am nated
stacks distributed evenly around the rotor. This enabl es the greatest
possi ble part of the magnetic field te 25 be utilized for inducing
current. In accordance with yet another preferred enbodinent the rotor is
shaped as a regul ar pol ygon and the nunber of |am nated stacks is equal to
t he nunber of sides of the polygon. Wth such an enbodi nent a structurally
sinple optim zation is 30 obtained for exploiting the nagnetic field for
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so arranged in an optional cross section of the rotor one”pernanent
magnet f acesmaoutactigingaciostsani haaled snakles anrexigfing plentrémdre easilynet s

Facing 11 eusohil SSdaRolliE Ray BNk e ATBR RS 2ol or the 1o
for indug ng currentlp dedormeedaifts @ furthBr embadithénhothel rotorbeathprisds dhe 1ot or
plurality of permanent magnets distributed around its circumference and
so arranged that in an optional cross section of the rotor one permanent
magnet faces towards each laminated stack. Arranging permanent
magnets facing in every direction where there is a laminated stack for the
15 magnets to cooperate with further increases utilization of the movement
for inducing current.
In accordance with an additional embodiment the rotor
comprises a rotor body on which the magnets are mounted.
This embodiment creates opportunity for achieving a simple and
20 inexpensive rotor since the permanent magnets may consist of uniform
standard components, an optional number of which can be distributed
along and around the rotor, the same standard components being used for
rotors of different length and cross section.
In accordance with yet another preferred embodiment the
25 length of the rotor and that of the stator differ from each other by a factor
of two or more.
This facilitates maximum induced current during the full stroke
length of the rotor.
In accordance with another preferred embodiment the rotor is
30 longer than the stator.
This is probably normally the most suitable way to make use of
the full stroke length of the rotor.



conprises a rotor body on which the nagnets are nounted. This enbodi nent
creates opportunity for achieving a sinple and 20 inexpensive rotor since
t he permanent magnets may consi st of uniform standard conponents, an
optional nunber of which can be distrirbuted along and around the rotor,

t he sane standard conponents being used for rotors of different |ength and
cross section. In accordance with yet another preferred enbodi nent the 25
|l ength of the rotor and that of the stator differ fromeach other by a
factor of two or nore. This facilitates maxi muminduced current during the
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or chainiy can therefore be dimensioned to be relatively weak since the deflection
forces will be moderate.
In accordance with another preferred embodiment the
connection means comprises a cable, wire or chain.
The flexibility striven for in the connection means is thus
15 achieved in an expedient and constructionally simple manner. The cable,
wire or chain may extend all the way from the floating body to the rotor or
it may constitute only a part of the connection means. Alternatively,
flexibility can be achieved by the connection means being rigid but
provided with universal joints. '
20 In accordance with yet another preferred embodiment the unit
comprises spring means arranged to exert a vertical force on the rotor.
This ensures that the downwardly directed stroke of the rotor occurs with
full speed corresponding to the speed at which the surface of the water
drops. This is significant if the mass of the rotor is relatively slight so that
25  slack might otherwise occur in the cable. Although the most important job
of the spring means is to effect a downwardly directed force, in certain
cases it may be expedient for it to be arranged to also act with an
upwardly directed force.
In accordance with yet another preferred embodiment the
30 spring rate of the spring means is adjustable.
By varying the spring rate it can be adjusted to the frequency of
the wave movements so that resonance is obtained. By “spring rate” is



The flexibility striven for in the connection neans is thus 15 achieved in
an expedi ent and constructionally sinple manner. The cable, wre or chain
may extend all the way fromthe floating body to the rotor or it may
constitute only a part of the connectB8on neans. Alternatively, flexibility
can be achieved by the connection neans being rigid but provided with

uni versal joints. 20 In accordance with yet another preferred enbodi nent
the unit conprises spring nmeans arranged to exert a vertical force on the
rotor. This ensures that the downwardly directed stroke of the rotor
occurs with meaht thepeesultapt cesplentiifijetspringemepasds somposed afievelalf ace of
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be arranged TOSEPEHEHPE\i th an upwardly directed force. In accordance

with yet qanother prdahegtesrdanbedivitRniet RmotRé pRefeRedr @htbodfimehe ther i ng
means i s adjustable. By var%éhng the spring rate it can be adjusted to the
frequency of lengieoftheconpeethiemmeans is pdiustal®nance i s obtained. By "spring
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sea/lake as in the case of tidal waters. In accordance with yet another

preferred eneyement of the fleating body and that of the rotor.
Thanks to the gear mechanism the rotor can be given a speed

several times greater than that of the floating body. An alternative or
supplementary opportunity is thus created for increasing the frequency of

15 the induced current, which is particularly desirable in the case of
multiphase generators.

From a design aspect it is practical to arrange the gear
mechanism where the connection means joins the rotor. This constitutes
an additional advantageous embodiment of the invention.

20 In accordance with yet another preferred embodiment the linear
generator is secured to a base plate arranged to rest on the bed of the
seallake.

Since the linear generator per se can be anchored so that it is
located far above the surface of the sea this embodiment could no doubt

25  be realized very much more simply. It also offers high stability.

In accordance with yet another preferred embodiment the stator
is supported by a stand so designed that it forms a central free space of
sufficient cross-sectional dimensions to permit the rotor to enter the space,
which space is at least as high as the rotor is long.

30 The embodiment allows the movement of the rotor to continue
past the whole stator so that the full length of the stator is used to induce
current.



10 conprises a gear nechanismthat produces a gear ratio between the
novenment of the floating body and that of the rotor. Thanks to the gear
mechani smthe rotor can be given a speed several times greater than that
of the floating body. An alternative or supplenentary opportunity is thus
created for increasing the frequency of 15 the induced current, which is
particularly desirable in the case of multiphase generators. From a design
aspect it is practical to arrange the gear mechani sm where the connection
means joins the rotor. This constitutes an additional advantageous
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The enbodi negg dé)m%r%t}ﬁegayenent of the rotor to continue past the whole

stator so that the full lTength of the stator is used to induce current. 9
In accordance with ylet agaordaace pwisheyet dansitirrdinieierredhembadimentydherat or i s

encl osed in 6%@%‘@'%"%2’1\”&?%3@9% The encl osure prevents the generator from

bei ng subj ec ce of salt water or living organisns in the
wat er suph as acorn THisbembedinent iSheartiovipdpesigsificamt if itbe gpenetakirgsed with

| ower derrand&aced in relatively deep water since the pressure difference would
otherwise make it complicated to ensure that the housing was sufficiently
watertight. If the housing is filled with a liquid of a type less aggressive
than salt water, the risk is substantially eliminated of it later penetrating,
15 even with comparatively simple bushings on the housing. The generator is
also cooled by the liquid. The liquid should suitably have the same
pressure as the surroundings.
In accordance with yet another advantageous embodiment the
base plate, stand and/or housing is/are primarily made of concrete.
20 Concrete is the cheapest possible material that could be used in this
context. Furthermore, in many cases it is important for the unit to have a
high ballast weight and the material costs are then of considerable
significance.
In accordance with yet another preferred embodiment the stator
25 is at least partially embedded in a solid material and/or the rotor is at least
partially embedded in a solid material. The material is suitably concrete.
This means that the embedded components are effectively
protected from the surrounding salt water. In certain cases this
embodiment may be a suitable alternative to enclosing the whole
30 generator in a housing, whereupon sealing problems are substantially
eliminated.



for quality as regards their ability to withstand salt water, and can
therefore be nade nore cheaply. In accordance with yet another preferred
enbodi ment the housing is filled with a liquid. 10 This enbodi nent is
particularly significant if the genermtor is placed in relatively deep
water since the pressure difference would otherwi se make it conplicated to
ensure that the housing was sufficiently watertight. If the housing is
filled with a liquid of a type |ess aggressive than salt water, the risk
is substantially elimnated of it |ater penetrating, 15 even with

conpar ati vel y si npl énagshidageeonith et anotbiengrefered rmbedimantitke retoso cool ed
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feasibility of basing the design on the module principle since each linear
generator can be an entirely standard unit and, depending on the locality,
a suitable number can be connected to one and the same floating body.

15 In accordance with yet another preferred embodiment the stator
windings are connected to a rectifier. This rectifier is suitably arranged
close to the linear generator below the surface of the water.

In accordance with yet another preferred embodiment the
generator is arranged to produce a voltage of varying frequency. This is

20 because, after being rectified, the output signal is a bipolar DC voltage.

The generator is thus suited to the movement pattern created in
the rotor by the wave movements, the speed varying depending on where
in a wave cycle the floating body is and on superimposed variations in the
movement of the wave surface.

25 The advantageous embodiments of the claimed wave-power
unit described above are defined in the claims dependent on claim 1.

The claimed wave-power unit is well suited for combination with
several similar units to form a wave-power plant. The second aspect of
the invention thus relates to such a power plant wherein the stator winding

30 of each wave-power unit is connected via a rectifier to an inverter which is
common to a plurality of wave-power units, which inverter is arranged to

supply energy to an electric supply network.



and inwardly and | am nated stacks are arranged on both the outside and the
i nside of the rotor. 5 This enbodi nent naximally exploits the stator's
ability to induce current since the inwardly directed magnetic field is

al so utilized. In accordance with yetilanot her preferred enbodi ment the
floating body is connected by the connection neans to a plurality of |inear
generators. 10 Such duplication or nultiplication on the generator side my
in certain cases lead to a totally nore econonmic unit and increases the
feasibility of basing the design on the nodule principle since each |inear
generator can be an T cllaehgd svavedpowerupiant areyides:pepracticallyrealizablecal i ty,
a suitable nu
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wave- povwgy RBhaAt sealbegsecond aspect of the invention thus relates to such
a power plant wherein the stator wi nding 30 of each wave-power unit is
connected via a rectlnforder t@ obtain raceNEENC @INEEY Produshpidremaengsatoral ity of

vave- pover Ui+ YU gllat! HiSE Wolve moteRP8eid Mportant to effect technical

optimization not only of the generator unit but also of the complete system
required to transmit the energy from each energy source to an electric
15 network for transmission and distribution. An important aspect here is that
the wave-power plant is located some distance off shore, which distance is
sometimes considerable.
Thanks to its connection to a switchgear station so designed, it
can be placed close to the generator unit. This minimizes losses and
20 enables the energy from a plurality of wave-power units to be transferred
via a simple common cable connected to the electric supply network on
land. This offers a comprehensive solution where both the wave-power
unit and the switchgear station can be constructed as standard modules
using standard components. Besides being economic both in construction
25 and in operation, a power plant in accordance with the invention also
offers advantages from the environmental aspect since there is no need to
build switchgear buildings in environmentally sensitive coastal areas.
In accordance with another preferred embodiment the system
comprises a plurality of switchgear stations wherein each is connected to
30 a number of wave-power units. Such an embodiment may sometimes be
advantageous if the number of units is large.



supply energy to an electric supply network. 11 The clai ned wave- power

pl ant provides a practically realizable solution for a systemto produce

el ectric current on a larger scale using units of the type clained,

t hereby exploiting their advantages, &nd in which the conversion to DC and
then AC creates favourable transm ssion 5 conditions. In accordance with a
preferred enbodi nent of the clainmed wave-power plant at | east one electric
switchgear station is connected to the wave-power unit, which sw tchgear
station conprises a watertight container enclosing sw tchgear conponents,
whi ch container is dncaegasdance with tyeé anstheregreferredr agbodiment gaahecononi ¢
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advant ages fromthe environnental aspect since there is no peed to build
swi t chgear beRNv@negs Tha velage sardhes Pfa‘é"éﬁéplb’i“?é‘sﬂﬁggé as Alreas.

In accordance with yet another preferred embodiment the
switchgear stations and/or the intermediate station comprise(s) means for
storing energy. The system can then easily adjust the power supplied

15 depending on fluctuations in available power and power required.

In accordance with yet another preferred embodiment the
switchgear stations and/or the intermediate station comprise(s) filtering
means for filtering outgoing and/or incoming current and voltage. The
voltage supplied by generator units of the type in question may in many

20 cases be unstable and may vary as to frequency and amplitude, as well as
containing heterodyne frequencies. The arrangement of filtering means
eliminates these defects or at 'Ieast reduces them so that a clean voltage,
free from disturbance, is transn'iitted to the network.

In accordance with yet another preferred embodiment the

25  switchgear stations and/or the intermediate station is/are filled with a non-
corrosive, buffered liquid. This prevents aggressive salt water from
penetrating, and the components “jr] th_e switchgear and intermediate
stations are protected. |

In accordance with yet another preferred embodiment a filter

30 and/or a transformer is/are arranged after the inverter. This ensures that a
clean, ideal voltage can be supplied and that it can be conveyed further to
a transmission or distribution network with suitably stepped-up voltage.



In accordance with another preferred enbodi ment the system conprises a
plurality of switchgear stations wherein each is connected to 30 a nunber
of wave-power units. Such an enbodi nent nmay sonetinmes be advantageous if
the nunber of units is large. 12 In w@ccordance with yet another preferred
enbodi nent each switchgear station is connected to a receiving station
arranged on land. In accordance with yet another preferred enbodi nent at

| east one of the switchgear stations, normally all of them conprises a

step-up 5 transfornmer. Alternatjvely, or as 1, a step-u ransforner is
arranged in the intdnAsgPetance;with dﬁ?awm%mréﬁrfﬁ& %mgogﬁ&%ﬁsﬁﬁ'&ﬁ
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het er odyrie fheingtamnpesed Wit arrangenment of filtering means elimnates

t hese defects or at _|east, reduces the 0 that a,clean vaoltage, free from
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preferred enhgdt g8dHribel@bove are defined in the subordinate claims to claim 32.

In a third aspect of the invention the objective set is achieved by

the use of the claimed wave-power unit or the wave-power plant for
15 generating electric power, thereby gaining advantages of the type
indicated above.

The objective set is achieved in a fourth aspect of the invention
in that a method of the kind described in the preamble to claim 45
comprises the special measures of making the rotor permanently magnetic

20 and providing the stator with a winding forming a plurality of poles
distributed in the direction of movement of the rotor.

In accordance with a preferred embodiment the claimed method
is utilized while making use of the wave-power unit and the preferred
embodiments thereof.

25 Advantages are thus gained equivalent to those described
above for the wave-power unit and its preferred embodiments.

In accordance with another preferred embodiment the stator is
placed directly on the sea/lake bed or on a base plate resting on the bed,
and a recess is made in the sea bed centrally below the generator, the

30 depth of the recess corresponding to the length of the rotor.

Placing the stator directly on the sea bed, via a base plate,

offers the best possible stability for the unit and it is easy to secure it in



25 switchgear stations and/or the internediate station is/are filled with a
non- corrosive, buffered liquid. This prevents aggressive salt water from
penetrating, and the conponents in the switchgear and internediate

stations are protected. In accordancelsawith yet another preferred enbodi nent
afilter 30 and/or a transfornmer is/are arranged after the inverter. This
ensures that a clean, ideal voltage can be supplied and that it can be
conveyed further to a transm ssion or distribution network with suitably
st epped-up voltage. 13 |In accordance with yet another preferred enbodi nent
the filter adacer Thenkstethreentsaldeeesy inathgetrahed dherotphcansnevs ally nore
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causi ng any @Hér}rgylg_bhéfbté@ id Bendutté® tdi svatchgear 4Qitiba) the ¢ampetetswft h. The
advant ageous enbodi nents of the clai ned wave- power plant descri bed above

are defi ned Whichiase asragdnatewatertight eentaingrnwhish qaptainghis ancigiedt of the
i nvention thﬁ.tﬁgjs‘éﬁtt{?ﬂe set is achieved by the use of the clainmed

wave- power unit or the wave-power plant for 15 generating electric power,
t her eby gai ni ng advdrteapeafeved terabogipeents rafi tbat daimgsh method desisribed ve set

I's achieved i,n a fourth aspect of the | [ Jdn,that a nmethod of the
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of maki ng t he rotor merafitthtdspesbohidiel inveiticmthepslsjectiiengettihackieaedr with a

winding forming a plurality of poles .
J [ t%at apsystem of )c/:ompo%ents for manufacturing a linear generator for a

in
wave-power unit in accordance with the invention comprises the special
feature that the components comprise a plurality of stator modules of
standard, uniform type, which stator modules are suitable to be arranged

15 in an optional number side by side distributed around the centre line of the
rotor.

Thanks to the system claimed it is possible to build up linear
generators of various heights and different cross-sectional dimensions,
using one and the same type of basic component. The modular building

20 principle on which the system is based thus greatly improves the chances
of building financially competitive wave-power plants. Different conditions
for different wave-power plants need not require tailor-made solutions for
each individual case since the module solution allows for a simple fit.

In accordance with a preferred embodiment of the system

25 claimed the components comprise a plurality of permanent magnets of
standard, uniform type, which permanent mégnets are suitable to be
attached in an optional number to a rotor body in line one after the other in
the direction of movement of the rotor and/or to be secured in an optional
number to the rotor body side by side distributed around the centre line of

30 the rotor, the permanent magnets being suited to the stator modules.

This embodiment goes further into the concept of
modularization represented by the system claimed since the rotor can also



distributed in the direction of novenent of the rotor. In accordance with a
preferred enbodi nent the clainmed nethod is utilized while making use of

t he wave-power unit and the preferred enbodinents thereof. 25 Advantages
are thus gai ned equivalent to those deéscri bed above for the wave-power
unit and its preferred enbodi nents. In accordance with another preferred
enbodi nent the stator is placed directly on the sea/l ake bed or on a base
plate resting on the bed, and a recess is nmade in the sea bed centrally

bel ow t he generator, the 30 depth of the recess corres ing.to the
length of tHRe rilrup pplastangdard,cANBPRENE; 1 9 WW‘{'WS%EQ‘g“Be fa a base
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objective set is achieved in that a system of conponents for nuf act uri ng
a linear genmeasuiest 6f raanyfacieripavibe statar fromastatar JaRduleR; ‘?tht?Hga'l' vent i on
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around the c&ha in tlhiap eea% Itarr1nei'natre%t ack is composed of one or more stator
modules arranged in line one after the other in the direction of movement
of the rotor.
The claimed method of manufacture exploits the possibilities of
15 module-based manufacture offered by the claimed system and contributes
corresponding advantages. Each module is suitably tested prior to the
assembly.
In accordance with a preferred embodiment of the method of
manufacture the rotor is manufactured from permanent magnets of
20 standard type, a plurality of these being attached to a rotor body, evenly
distributed side by side around the centre line of the rotor, and one or
more of them being secured in line one after the other in the direction of
movement of the rotor.
This embodiment of the manufacturing method claimed takes
25 the modular construction principle even further and strengthens the
advantages achieved thereby. |
The preferred embodiment of the claimed manufacturing
method described above is defined in the claim subordinate to claim 56.
The invention is described in more detail in the following
30 detailed description of advantageous examples of the invention with

reference to the accompanying drawings.



Thanks to the systemclainmed it is possible to build up Iinear generators
of various heights and different cross-sectional dinensions, using one and
the sane type of basic conmponent. The nodul ar buil ding 20 principle on

whi ch the systemis based thus greatls i nproves the chances of building
financially conpetitive wave-power plants. Different conditions for

di fferent wave-power plants need not require tailor-made sol utions for

each individual case since the nodule solution allows for a sinple fit. In
accordance with a preferred enbodi nent of the system 25 clained the
conmponent s dBrief descriptionrofitheWrawings manent magnets of standard, uniform

type, which per ent et . SUj t,g&t{_ I « apt i onal
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rotor body side by side. distrjbuted gho#nd tge entrﬁ line of 30 the rotor,
the per manertd ets bds agestion apngghedioedtiiFigadies. This enbodi ment

goes furtherpijiyeozt he conaaictioh eqiiR@dmt 284t iATFigeR 2ssdreditdmative system
clainmed since"the rotor can also 15 be built up of standard conponents.

The enbodi nent thus fur©efehodigedent uat es the advantages associated with
such a syst gq, [he pref e "ae\ge\‘fvgﬂﬁfgr ivBl oft &%n é%ﬁacia%imddﬁééﬁ' bed
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Figure 7 is a section similar to that in Figure 2, and illustrates a
detail of the invention.
15 Figure 8 shows an alternative example of a detail equivalent to that
shown in Figure 7.
Figure 9 is a schematic side view of the generator in accordance
with an alternative embodiment.
Figure 10 is a diagram illustrating how a plurality of units in
20 accordance with the invention are connected together to
form a wave-power plant.
Figure 11 is a view in perspective of a rotor in one embodiment of

the invention.

Figure 12 illustrates a view from the side of a detail in a unit in
25 accordance with one embodiment.
Figure 13 illustrates another detail in a basic layout sketch.

Figures 14-16 are side views of alternative embodiments of the linear

generator in accordance with the invention.

Figure 17 is a section corresponding to the section Il in Figure 1, of
30 an alternative embodiment of the linear generator.
Figure 18 is a view from the side of another alternative embodiment

of a unit in accordance with the invention.



of the rotor. The claimed nmethod of manufacture exploits the possibilities
of 15 nodul e-based manufacture offered by the clainmed system and
contributes correspondi ng advantages. Each nodule is suitably tested prior
to the assenbly. In accordance with & preferred enbodi nrent of the nmethod
of manufacture the rotor is manufactured from permanent magnets of 20
standard type, a plurality of these being attached to a rotor body, evenly
distributed side by side around the centre |line of the rotor, and one or
more of them being secured in line one after the other in the direction of
movement of figerer 8 or. TiMstratemre sysiem obCoOMMONRAISLINAICOFIFNFEWIEMEE I ai med
takes 25 the nodul ar cwi%tion principle even further and strengthens
the advantages achi eved thereby. The preferred enbodi nent of the clained
manuf act ur i rgguree2dod délfustriabesd hawothe wavegioweasdunihfarms al\wave-pawer di nat e

to claim56. The inventjon is described | tall J he | owi ng 30
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aefe_rencg to the accorrpai@ry]\jv@g,dravm ngs. 16 Brief description of the

rawi ngs Fiqure 1 is a schematic view fromthe side of a wave-poywer unit in
accor dance % igure 2L i nvdistigies asila wey ?frs“‘ﬁ %‘@'P%WG%PWHSO'P’F%R?% =11

in Figure 1. 5 Figure 34 §yifciRfear spifiodui valent to that in Figure 2, of an
alternative enbodinent. Figure 4 I1s a view in perspective of a nodule of a
| ami nat ed stRiglre 221 accdlfusérates antalternativenmatbedof gongecting the waveect i on

equivalent to that in Fip%'dvre? u%ittgrédsdddlyﬁéf\n%rﬁfs

10  Figures 23-26 are charts illustrating various examples of converting the
voltage in a power plant in accordance with the invention.

Figure 27 illustrates an alternative rectifying example.

Description of advantageous embodiments

15 Figure 1 illustrates the principle of a wave-power unit in
accordance with the invention. A floating body 3 is arranged to float on
the surface 2 of the ocean. Waves impart a to-and-fro vertical movement
to the floating body 3. A linear generator 5 is anchored at the sea bed via
a base plate 8 secured in the bottom. The plate may be of concrete. The

20 stator 6a, 6¢ of the linear generator is secured to the base plate 8. The
stator consists of four vertical pillar-like laminated stacks, only two of which
are visible in the figure. The rotor 7 of the generator is arranged between
the laminated stacks and is connected to the floating body 3 by a cable 4.
The rotor 7 is of permanently magnetic material.

25 The base plate 8 has a centrally arranged hole 10 and,
concentrically with this, a bottom recess 9 is made in the sea bed. The
recess 9 may suitably be lined. A tension spring 11 is secured at the
lower end of the recess 9 and the other end of the spring is attached to the
lower end of the rotor 7. The diameter of the hole 10 in the base plate 8

30 and of the recess 9 is such that the rotor 7 can move freely through them.



10 an exanple of the stator winding. Figure 6 is a view fromthe side of a
nodul e of a lam nated stack in accordance wth an alternative enbodi nent.
Figure 7 is a section simlar to that in Figure 2, and illustrates a
detail of the invention. 15 Figure 8 shows an alternative exanple of a
detail equivalent to that shown in Figure 7. Figure 9 is a schematic side
view of the generator in accordance wth an alternative enbodi nent. Figure
10 is a diagramillustrating how a plurality of units in 20 accordance
with the invention are connected together to forma wa e-pome%epksnt.
o]
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Invention. F BHﬁl%s.l.zln'th%h’e;%denﬁé)lgillﬁsti"dté&’gné Mininded stekoba 3 ARirRéd ton a unit

in 25 accordance with one enbodinent. Figure 13 illustrates another detail
in a basic lindicate Bkwitdh divideninds three Meriigady sir@aged sngdwes 81t 82183.i ve

Floure 17 15 a sect IUAEBeSBREHR ModvoarREReeaiy Sntd (dow BueTtElhe o7
30 an al tser nabiamennbb thervatvesfintthe surfaear2 gtter atean, fhigmovetrieritis a vi ew
W th the | nvERTIBRET 1A the GaE 0 EIrGerABen shes ae S sn sSRER s 1 -
accordance Wotdhd-'6m mbieidrNbetedn theZfarhihbitt EBicRE. howridhe iyangs power
unit forms a wave-power plant and how it is connected to an electric
supply 5 negemsrated in the stator windings. The recess 9 permits the rotor to pass
the whole stator in its downward movement. The tension spring 11 gives
10 added force to the downward movement so that the cable 4 is kept taut at
all times.
The spring may also be designed so that in certain situations it
can also exert an upward force. The spring rate of the spring can be
controlled by a control means 28 so that resonance is achieved for as
15 much of the time as possible.
The stator is entirely or partially impregnated with VPI or silicon
so that it can withstand the salt water.
Figure 2 is a section along the line II-ll in Figure 1. In this
example the rotor 7 has quadratic cross section and a laminated stack 6a-
20 6d is arranged at each side of the rotor 7. 12a-12d designate the windings
of respective laminated stacks. The orientation of the plates in each
laminated stack is also clear from the figure. The air gap between the
rotor and adjacent laminated stacks is in the order of some mm.
In a corresponding section Figure 3 illustrates an alternative
25 embodiment in which the cross section of the rotor 7 is in the form of an
octahedron and the number of laminated stacks is therefore eight.
It will be understood that the cross-sectional shape of the rotor
may be a polygon with an optional number of sides. The polygon is
preferably, but not necessarily, regular. The rotor may even be circular.
30 By arranging laminated stacks facing in different directions all round the
rotor, as much as possible of the magnetic field is utilized for inducing

current.



Figure 21 illustrates a side view of the wave-power unit connected to a
swi tchgear station. Figure 22 illustrates an alternative nethod of
connecting the wave- power unit to a supply network. 10 Figures 23-26 are
charts illustrating various exanples of converting the voltage in a power
pl ant in accordance with the invention. Figure 27 illustrates an
alternative rectifying exanple. Description of advantageous enbodi nents 15
Figure 1 illustrates the principle of a wave-power unit in accordance with
the invention. A floating body 3 is arranged to float on  the surface 2 of
the ocean. Waves Figyer4 SEOW§-<m$dedU|e\/@TP adpnmiratesstack ingoargeestivgat i ng

body 3. Al iﬂ,geaﬁ]o%%[b%rgéfﬁsréstglog eﬁﬁ(%{w{)@g%%tﬁ H§|dst%§?p.%l b‘9il§bltsa14b§t§c? plate 8

secured int otrtom concret e 20 stator 6a, 6¢
of the |inegsrogidedrattivrsiots teéarrthe windirge 1Basthelpale distante a, deathe

consists of four vertical pillar-like |amna S I whi ch
are visible 'ﬁtaf'ﬁ%eqqtﬂﬁﬁg.t%?h\‘%{'”rd&%rayﬁr%fghp%jeg%%sra§®l $§ @ér’e’%ﬁegg bet ween
the | ani nat egldet & kbtawh dsiriamp poretadpsssitibdof hapeciip datdy Iéhdil, andabl e 4.
The rotor 7 is of permanently nmagnetjc material. 25 The basgatﬁl ate 8 has a

2
central |y arthtpgelighdrequencyfar the Biduead iGuEEanty AvPrartically Sukallgnolen r ecess
9 is mde | ”di&t'&ﬂcéqg dint SThien, fHeCSRE il inY! d5UtY4 Rtn tdritethe Platensi on

spring 11 is secured at the lower end o e"recess 9 and the other end of
the spring iteotit wiltihednsequeandly dismbeingfdmot. t he rotor 7. The di aneter of

the hole 10 in the base te 8 d_.ofc the ' t he
rotor 7 can nove #aé’@ﬁr?té)c*]%ﬁbﬁn%agﬁﬁs'ité;f @%&’“ﬁ@ﬁ?%ﬁ?@ﬁ%ﬂ@ %gé“ 6C Is
conposed;(pf @oluRDESmellyrFesth plurality offpoless anpéteovin inuBiguat dd Howevemi nat ed
stack 6a is marked to indicate howit is fé\'i ded into, three vertically

arranged nodupdylegwitgonly@ne pajg iheagh madyle AIRAISBAN AtGBIVE- up and down

due to the The stator winding 12 may be common to the various laminated
stacks 6a-6d, as illustrated in Figure 5.
Figure 6 illustrates an alternative in which each laminated stack has

15 an individual winding. The Figure shows a module with two poles.

The insulation of the winding comprises a layer resistant to salt
water, which can withstand a voltage up to 6 kV. The layer may be a
polymer such as PVC or the like. Alternatively an enamelled wire may be
used. The conductor consists of aluminium or copper.

20 So that the air gap can be as small as possible it is important for the
movement of the rotor 7 to be carefully controlled. Figure 7, which is a
schematic cross section through the linear generator, illustrates how this
can be achieved in a simple and reliable manner. In this case the rotor
has quadratic cross section with bevelled corners. A guide 16a-16d is

25 arranged at each corner. Each guide is secured by its lower end to the
base plate 8 (see Figure 1) and extends vertically upwards, parallel with
the laminated stacks 6a-6d. The four guides ensure ei(actly centred
control of the rotor movement.

An alternative embodiment is illustrated in Figure 8. In this case the

30 rotor 7 has a central, quadratic hole running longitudinally through it, in
which a central guide 16 is arranged.



5 novenent of the waves in the surface 2 of the ocean, this novenent is
transmtted via the cable 4 to the rotor 7 which thus acquires an

equi val ent to-and-from novenent between the | am nated stacks. Current is
thus generated in the stator winding®. The recess 9 permits the rotor to
pass the whole stator in its dowward novenent. The tension spring 11
gives 10 added force to the dowmward novenent so that the cable 4 is kept
taut at all tines. The spring may al so be designed so that in certain

situations it ¢ al so exert. a rd force, The sprin

spring can be cgﬂler Sansretgy | Q@%ﬂap fgiEe 3y "’Hﬁ?to?e%%'&ame{e '?s

achi eved foragsroxihtat8N Wi akNend idgetheSrotes S FRjure 9TBROWS airoaItémagnéirely or
partially inpregnated wth VPl or silicon _so that it can w thstand the

salt water. embadientiia whighcinsieadalthmgotond isi apprpximatelytwiteyapdong n this
exanpl e the quadratic cross section and a | am nated stack 6a-
20 6d is ar réasg{ggh%dStZE&?;ch side of the rotor 7. 12a-12d designate the

wi ndi ngs 50f T espekwave-powerpdartdn sicaokdancéivathothednventiooncatsisth of phait es i n

each |am nated stack is,also clear, f t hefigure..T ' et ween
the rotor afdMat HE'g?ﬁhgﬁVR%tdgacgt?%‘%ﬁg]oYes qu?ﬁéﬁd'."és&%t%# hg@ﬁﬁe In a
cor r espondi né}es&ﬁide@fbd:lc@éﬂ'féraolsldppﬁi éﬁér@? t@fanaéléerrlﬁ§Up né’tﬁldmbwi ment in
whi ch the cross section of the rotor isinthe formo oct ahedron and

the nunber dhel examplecshonmihe ppwer méara,if eansiss gfithrae UQits.| SVé‘éleH?aBY st ood
that the crq 5@589@3- @d“r Scﬁpn&@céﬁ’ﬁé’&ed Walb‘?eék%%rydbﬂfbd%rtfﬂ an
erof sides. The po

optional nu ygon Is preferab ut not necessarily,
regul ar .10Theandacectifiey 22vterarbmvertec @Ban a @poky cannwtg:rrl@cdoai@mgatoéhle st acks
facing in di

the magnetic Uy G e R GRgraR s OHE’ug{a}t@e"&rOt file RS FBE " ARUPgS S Pl e of

understood that the other units 20b, 20c are connected in corresponding
manner. The inverter 23 supplies three-phase current to the electric
supply network 25, possibly via a transformer 24 and/or a filter. The
15 rectifiers may be diodes which may be controlled and of type IGBT, GTO
or thyristors, comprise controlied bipolar components or not be controlled.
The voltages on the DC side may be connected in parallel or in
series, or a combination of both.
The rotor 7, shown in perspective in Figure 11, is provided with a
20 number of permanent magnets 26 situated in a row on each side of the
rotor body 27. In this example the rotor has four sides to cooperate with
four laminated stacks.
The permanent magnets 26 can suitably have the same design for
rotor configurations of various types, e.g. different lengths and different
25 numbers of sides in circumference. The permanent magnets are then
attached to a rotor body 27. The rotor body may also be of standard
design or individually adjusted depending on how many sides the rotor is
to have.
Figure 12 illustrates how the cable 4 is provided with a control
30 means to control its active length, i.e. the distance between the floating
body 3 and the rotor 7. In this case the control means consists of a

cylinder 29 attached to the floating body, onto which part of the cable can



Figure 4 shows one nodule 61 of a |lam nated stack in perspective. The
nodul es consists of a stack of plates 13 held together by bolts 14 and
provided with slots 15 for the winding 12. The pole distance a, i.e. the

di stance between the wi nding |ayers should be as small as possible in 5
order to obtain as many poles as possible for a specific stator |ength, and
thus a high frequency for the induced current. A practically suitable pole
di stance is about 8 mm the slot wi dth being about 4 mmand the plate

tooth width consequently also being 4 mm A |lam pated stack may consist of

one or nore krigouRdduThe cortiehmeans faay pisonbe FESIANERAS SPTRE GIRET WY of
odul e are Al ARl Farfandd gl Be cofREUIG g (SBIOPR RloFot ™, S8k

nodul e are al'so an al e stator wn g1 y comon to the
vari ous | anm swhewhest ic ke Gaiddle, ofishé |dabe. r athed contrel meanssallawgthe 6

i vi daal el theieble e Pe 481t B Hisalim P RafehgitRds. 1ped
i nsul ati gn ofjsb e VEEditd poRIEN treefloating ety rjesti sélant tHeosadade ofaher, which

can withstand a voltage up to 6 kV. The | ayer y be a .pol r.such as PVC
or the I|ike. Walererlidhe conpegtion meang & net PeC%ng, §ed- %é’\é'ge.' %ﬁ‘aﬁbﬂﬂuct or

consi sts' of gl g AT YorfAPanshiiSBlc BefbRendlle teARGAN be as sml | as

possible it I's I nportan nmovenent o he rotor 7 to be carefully
control | ed. Figurkdgire thillostrateszan embediment io vdtieh theceakla is pengfted he

e Cner e bl A £ EEB ARG T8 AEPhp o v Tee |
bevel | edi(cormethaniémacoreisistd @i-al fidtors 30seaurethyetheataklecdnd arrarged Each gui de
e e Sbel Sy S ow S e A T GG b, o onos
O o natt e, SREAAFSh KoARELERls RORERY s diban yRentesomme drand
down in the container 32. The piston 30 connected to the cable 4 and the
part of the container 32 cooperating therewith, has greater diameter than
15 the piston 31 connected to the rotor 7 and the part of the container 32
cooperating with it. The position of the container is suitably fixed. This
arrangement produces a ratio between the vertical movement of the cable
and the vertical movement of the rotor that corresponds to the area ratio
between the pistons. The gear mechanism may alternatively be in the
20 form of a link system, toothed gear drive, or with the aid of screws of
different pitch. The gear mechanism can also be designed to permit

adjustment of the gear ratio.

In the embodiment shown in Figure 14 each laminated stack 6a, 6¢
25 rests on a stand part 33a, 33c. Each stand part is secured to a base plate
8 resting on the sea bed 1. The height of the stand parts 33a, 33c is at
least as great as the length of the rotor 7 so that this can pass the whole
stator 6. The base plate 8 and stand parts 33a, 33c are suitably
embedded in concrete and their mass should be some tens of tons.
30 In the embodiment illustrated in Figure 15 the entire linear
generator is enclosed in a casing of concrete formed by the housing 34
and the base plate 8.



30 rotor 7 has a central, quadratic hole running longitudinally through it,
in which a central guide 16 is arranged. 20 The generator illustrated in
Figure 1 has a stator part that is approxinmately twice as long as the
rotor. Figure 9 shows an alternative 22enbodi nent in which, instead, the
rotor 7 is approximately twice as long as the stator 6. 5 A wave- power

pl ant in accordance with the invention consists of - two or nore units of
the type described above. Figure 10 illustrates how these are connected

together to supply energy to an_electric supply network. | t he exanpl e
shown the power phdhe exampler i bigure & thsieagh '@W‘rB%tF’chétlaPQ 62486 dhat ed

20a- 20c. E"Zi;éhgb'é“@ded i s%eneregg%fﬁahg :‘gjlé?r:i%fékefhé’rrot%?)!?t@féléﬁ eRdlodfd #nd a

rectifier to an inverter pol ar connection according to the
figure. The acomarete chsing 3 is only drawn in for the unit 20a. It will be

manner - The 1 nveltaes Sl pesreditn MG GERR SbARVE HRARRRFC' "
suppl ]}’ ngt wastkhe finegogendratory iTheaotaran di thiseas@ 4ctagbhal and holldwy hasThe 15
hyri st or o, EERERHSERs HF PR PTBERar TEERHR SaoPOFRt B BoRPdI 1 od.
The vol t ageSafiidiae 5 EAe BBmetbe HENMRRIAN diodtad Beraneht iiagriees | es, or
a conbination o oth. The'rotor 7, shown i n perspective in Figure 11, is
provi ded wi ta3Paa cogperatingewithf aperatagengl lagnated swcki amangas icenialbw on
each side of, f. body 27. In this exanple the rotor has four sides
n{iBE thé P88k 7

to cooperateI our | am nated stacks. The pernmanent magnets 26 can

sui t abl yiohave t heFiganee 18ediuginatesr anr exampleoit ivhickata dloatiog baedy duss t ypes,
o o bRt TR A0 o0 % P e B T BaP e diss' T e
may al so be pfs &retdedito a horizontal rod 38 which is connected by cables 4a, 4b
to each rotor 7a, 7b.
Figure 19 illustrates a system of components with a number of

15 identical stator modules 6 and a number of identical permanent magnets
26. A linear generator of optional length and cross section can be
assembled using the components. Each module is suitably so designed
that it can be tested as an individual component.

Figure 20 illustrates a wave-power plant having several generators

20 20, 20b, 20c connected together. A rectifier is arranged at each generator
and the DC current is conducted via cables 39 arranged on the sea bed, to
a station on land provided with an inverter 23, a transformer 24 and a filter
41, from which electric power is supplied to a distribution or transmission
network.

25 Figure 21 is a basic layout sketch illustrating another advantageous
embodiment of the invention. A switchgear station is arranged resting on
the sea bed B. The switchgear station 101 consists of a watertight
container formed by a housing 102 and a bottom plate 103 which may be
of concrete, for instance. The switchgear station 101 is anchored in the

30 seabed B. The generators 104-109 of a number of wave-power units are
connected to the switchgear station.



design or individually adjusted depending on how many sides the rotor is

to have. Figure 12 illustrates how the cable 4 is provided with a contro

30 neans to control its active length, i.e. the distance between the
floating body 3 and the rotor 7. In 3his case the control neans consists
of a cylinder 29 attached to the floating body, onto which part of the
cable can 21 be wound. The control neans may al so be designed in sone
other way and alternatively arranged at the connection of the cable to the
rotor or sonewhere in the mddle of the cable. The control, neans all ows

the length of tHeadtnigesetaionainidj10dtQP i elpriricabhiconnagied ity the
conditions. JditchBBars@itdR R by Abldd PAEHSARhERCvib!IBadIMItRBAYN k! Del ow
the water. 1f e, e.g

the surface 0 he connection nmeans is not a cabl . a
wire or chaihousing j102ntard canescted dontheocompanentsuinsids dhe hawitgh@eashoul d be

Lo the 1ot oretghara HEhEldR Bnp e, FERL cath HCSR IOGAERNE dief8P10C" ¢
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a piston 31 connect etoCQ’HBmﬂ%ﬁt‘ér I swichagary statiehhgdfTt %o up and
down i n the CoREAtGRdl tgge ahidCaid A6C8hGHn qr‘?flﬁécﬂg%ﬁeé.omége(‘éd@hﬁﬁ’erﬂ@d the

part of the contal ner cooperating therewth,” has greater aneter than
15 t he pi st onaglincludaesersigonductoes, r ceierteraniraakeryameashring devift@sai ner 32
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alternating voltage has low frequency and may be three phase or
multiphase. Standard frequencies such as 50 or 60 Hz may also be used.
15 The incoming low voltage is converted to outgoing high voltage
by the transformer in the switchgear station. The converter or inverter in
the switchgear station is used when necessary to converter DC-AC or vice
versa.

The voltage is supplied to a receiving station located on land,

20 possibly via an intermediate station, to be fed out on an electric supply
network.

Figure 22 illustrates an example of a system in accordance with
the invention that may be expedient when a large number of generator
units is included in the system. The figure is a symbolic representation of

25 the system seen in bird’s eye perspective and shows a sea area H on the
left of the figure and a land area L on the right. The components on the
left of the figure are located partly under and partly above the surface of
the water.

The system comprises a first group of generator units 104a-

30 106a, a second group of generator units 104b-106-b and a third group of
generator units 104c-106c. The generator units 104a-106a in the first
group are connected via under-water cables to a first switchgear station



In the enbodi nent shown in Figure 14 each | am nated stack 6a, 6¢c 25 rests
on a stand part 33a, 33c. Each stand part is secured to a base plate 8
resting on the sea bed 1. The height of the stand parts 33a, 33c is at

| east as great as the length of the rmtor 7 so that this can pass the whol e
stator 6. The base plate 8 and stand parts 33a, 33c are suitably enbedded
i n concrete and their mass should be sonme tens of tons. 30 In the

enbodi ment illustrated in Figure 15 the entire |inear generator is
enclosed in a casing of concrete forned by the housing 34 and the base

plate 8. 22 111a {avatedbejow the surianee ol $he matehc oMYA atke tWPaR0e6a, 6c is
embedded i n sﬁﬁggg&e'@?ag@b% 1928:1088° -and"8041106¢” ate® Anh@ciackpsgd in a

concrete ca shows a cross section through an alternative
embodi ment  secohdt bwitthgesar statioer 41 th . artha tbirdrswitchgear rstatiomst! 16ct agonal

and holl ow, has _both autwar, di.rected t ratin
with each |&PREHY @-SEQE'R oéi%ggw,ltcﬁg%gr, Stgﬁwﬂ%%ﬁ@%ggrc gﬁ g%t(égce{}r?%anent °
magnets s26aysdeeRedta talewi1tBaan Bectoagvintdrmextiateadtatiors t AT kalso leoajed
centrally inside the rotor 7. 10 Fi ur§P18 illustrates an e?rgg{)kﬁ?i n whi ch

a floating Healgwathes suFaReosf the (WRleF-ot 5PS voltagey Is Gongygted | i near
generators. iRSrERRie stéidr®1 FPAGHATedRy AR alihalifg Wakade | S
es 4a, to each rotor 7a, 7b

connected by ca 0 /b, Figure 19 Tllustrates a
system of covipandat-watérdableslih® e aseceitivgistatinn t19 lanatedbeniandsl Eke 6 and a
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station may be from a kilometre or so up to many tens of kilometres.

When the system is constructed as shown in Figure 22 the distance

between on the one hand switchgear station and intermediate station and

15 on the other hand intermediate station and receiving station, can be
optimized.

Transmission from the generator units to a receiving station on
land may take place in various ways with various voltage conversions.
Figures 23 to 26 illustrate schematically some examples of this. In each

20 example the generator units are arranged to the left and the receiving
station on land L to the right in the figures. 121 denotes a
converter/inverter and 122 a step-up transformer. In Figures 23 and 24
the generator units supply direct voltage which in Figure 23 is transmitted
to land as alternating voltage and in Figure 24 as direct voltage.

25 In Figures 25 and 26 the generator units supply alternating
voltage which is converted to direct voltage. In Figure 25 this is
transmitted to land as alternating voltage and in Figure 26 as direct
voltage.

Many other alternatives are feasible within the scope of the

30 invention. A whole-wave rectifier of the type illustrated in Figure 27 may
be used for instance.



20 20, 20b, 20c connected together. A rectifier is arranged at each
generator and the DC current is conducted via cables 39 arranged on the
sea bed, to a station on land provided with an inverter 23, a transforner
24 and a filter 41, fromwhich el ectasic power is supplied to a
distribution or transm ssion network. 25 Figure 21 is a basic |ayout
sketch illustrating anot her advantageous enbodi nent of the invention. A
switchgear station is arranged resting on the sea bed B. The sw tchgear
station 101 consists of a watertight container fornqugé g housiag 102 and
a bottom pl ate 103 VRnesgy ndipree and fikerer snay alsp ibesthVSEd 1he®Gl t chgear
station 101 &5 AREHPLERhM1MEnd: REMmeNRtbriedRie JERST 32! Thilheldp of a
nunber of wave-power units are connected to the swtchgear station. 23
Each gener atstoresnimayl 84ndi€0 of shattegiess icaphcijorsoHMESetypaist lywheelswor chgear

station 101 by cabl.es 0-115 .whi.c Vi a ad+i ing 102,
are connect e‘?f}lnf'tﬂn? N% ﬁﬁ@r‘? nfY i"??rsl?ﬂ‘ée't hﬁ?wf'ltgﬁgﬁéf@?naé'{%n.a%ﬁiﬁ% vol t age
i s suppl ised ddrRparans iNRirmil@&smaper 8 tikgeofverets. oPassivalliGfiltats agd vol t age.
The conponents in the switchgear station 101 are, of onventional type and

are not shovwwlestro-Mmechanifal e COMPRNENtE o fitsHens  ThNee! o1 INEEEr c8hduct or s,
converters, QineAkfious dRRHEEALIEUES BBssibles! aY protection, surge diverters
and ot her over-voltage protection devices, 10 earthing nmeans, |oad couplers
or disconnectors, as well as transforners.---The switchgear station supplies
an outgoing direct or alternating voltage, preferably high voltage,

t hrough outgoing cables 116. The alternating voltage has | ow frequency and
may be tjlpr ee phase or nultiphase. Standard frequencies such as 50 or 60 Hz
may al so be used. 15 The incomng |low voltage is converted to outgoing high
voltage by the transforner in the switchgear station. The converter or
inverter in



the switchgear station is used when necessary to converter DC- AC or vice
versa. The voltage is supplied to a receiving station |located on |and, 20
possibly via an internmediate station, to be fed out on an electric supply
network. Figure 22 illustrates an exanple of a systemin accordance with
the invention that may be expedi ent when a | arge nunber of generator units
is included in the system The figure is a synbolic representation of 25
the systemseen in bird s eye perspective and shows a sea area H on the

|l eft of the figure and a land area L on the right. The conponents on the

|l eft of the figure are located partly under and partly above the surface of
the water. The system conprises a first group of generator units 104a- 30
106a, a second group of generator units 104b-106-b and a third group of
generator units 104c-106c. The generat8P units 104a-106a in the first

group are connected via under-water cables to a first swtchgear station 24
111a | ocated bel ow the surface of the water. Simlarly, the two other
groups of ChéEiSat ors 104b- 106b and 104c-106c are connected to a second
smﬁtchgear station 111b and a third switchgear station 111c, respectively.
Each of the swtchgear stations 101 a-101 c is connected via 5 under-water

cabl es 11qa-116c AGuavke-bBivar PRt ofntisiid Qrblt}léﬂi}y &t ﬁ/@vé-(b%ﬁ\}e‘?qmi@ekgmt he

surface of the water. The voltage is conducted fromthe"™ internedrate -
stati on 1WAvEAWET ENikdueing ypasiffomedphasa sda beda i and \balingagespornisive to

e et SRSt B IR 1 B S5 Blen s
10 as 50 psspefhsbizo wdve &dtRintdtaRe BRIGYREWABE BRAGIA/Opows} Lifit BBRPrRfHg:
internediate station nay be froma kilonetre or so up to many tens 0f
ki | omk® r e8. floating body (3) floating on the surface of the water, said body moving in
response to the wave action; and
an electric linear generator (5) having a stator (6) arranged to be fixedly
anchored in the sea bed B and, a permanent magnet rotor (7) moveably
mounted with respect to the stator (6), said rotor (6) being operative for motion
15 in a selected direction therein,
connection means (4) for connecting the rotor (7) to the floating body (3) so that
the rotor (7) moves in the selected direction in response to the motion of the
floating body (3), wherein the stator (6) comprises a winding forming a plurality
of poles distributed in the direction of movement of the rotor (7), the plant further
20 comprising at least one inverter (23) and at least one of a filter and a
transformer (24) arranged after the inverter (23), and wherein at least one
electric switchgear station (101) is connected to the wave-power plant, which
switchgear station (101) comprises a watertight container enclosing switchgear
components, and which container (32) is anchored in the sea bed B.
25
2. A wave-power unit as claimed in claim 1, characterized in that the
rotor is vertically oriented.
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Wien the systemis constructed as shown in Figure 22 the distance between
on the one hand switchgear station and internediate station and 15 on the
ot her hand internediate station and receiving station, can be optim zed.
Transm ssion fromthe generator units to a receiving station on [|and may
take place in various ways with various voltage conversions. Figures 23 to
26 illustrate schematically sone exanples of this. In each 20 exanple the
generator units are arranged to the left and the receiving station on |and
L tothe right in the figures. 121 denotes a converter/inverter and 122 a
step-up transformer. In Figures 23 and 24 the generator units supply
direct voltage which in Figure 23 is t4@hsnitted to land as alternating
voltage and in Figure 24 as direct voltage. 25 In Figures 25 and 26 the
generator units supply alternating voltage which is converted to direct

vol tage. Bn Fi gur A Ravd-power sinittasansimdd iactlaim i andlas 2| tharddtbAged Pht age
and in Figure 26 as direct voltage. Many other alternatives are feasible

withi n t h&hat ik refor igampriges; avRIHEal of Hersnenhiduagnalst disiributest in et ype
i1 ustEeat egebfiorbONCS ed for instance. 25 Energy stores and
filters myeahobgeohgﬁégg%mhegg)é "switchgear station 101 and/or in the
internmedi ate station 117. The energy stores may consist of batteries,
capacitors, SMES éypes, vvheelg or copbi nations thereof, for instance.

fl )
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The filtefs may c

convert er gharaderig8dlin fHdtitRE istAAce PRAVEER 1HE (AN 684n %Wm’é’!&%bﬁoq gh as

fl ywheel converters or synchronous condensers are also possible. 26
movement of the rotor (7) is less than 50 mm, preferably less than 10 mm.

10
5. A wave-power unit as claimed in any one of claims 1-4,
characterized in that the stator (6) comprises a plurality of laminated stacks
(6a-6d) distributed evenly around the rotor.

15 6. A wave-power unit as claimed in claim 5, characterized in that the

rotor (7) is shaped as a regular polygon and in that the number of laminated
stacks (6a-6d) is equal to the number of sides of the polygon.

7. A wave-power unit as claimed in claim 5 or claim 6, characterized in

20  that each laminated stack (6a-6d) is composed of a



CLAIMS 5 1. A wave-power plant conprising a plurality of wave-power units,
each wave-power unit being positioned on a sea bed B and bei ng responsive
to waves on the surface of a body of ﬁ@ter for the production of electric
power in response to wave action of t body of water, each wave-power unit
conprising; 10 a floating body (3) floating on the surface of the water,
said body noving in response to the wave action; and an electric |linear
generator (5) having a stator (6) arranged to be fixedly anchored in the
sea bed B and, a permanent nmagnet rotor (7) noveably nounted with respect
to the stat , Py nQt o ' rat o] [ 15 1p a

sel ected di ﬁ!au({%ﬁgnofﬁgg%w% %réé@%q)fdodr%gﬁag%ﬁsﬁh%ﬂﬂ}%r rncgﬁ%e@if?cr’%éﬁt hg r ot or
(7) to the thowmary didiaky rqtdy (Ao that the rotor (7) noves in the sel ected
direction in response to the notion of the floating body (3), wherein the
stator (6) conprises a winding formng a plurality of poles distributed in
the directign of nDueRRVe-gwéMenitober cﬁmedtﬁﬁd@itya@nefldiftdﬂgrme%-wﬁpri si ng
at least one inverter (23) and at |east one of a filter and a transforner
(24) arrangehasaeterizedein rthatt the (re®r, camprinfer ai Rlusalityegabtpasmanest ectri ¢

Swi t chgear | 4 WS t -Po mhi ch
sw t chgear Z@%Heg% dﬁ%g%tegoaégraﬁgg% @Pcmtgﬁf g?%}%gﬁ\q? H@osg)t %ﬁ@géﬁ@?to@%

swi t chgear optiopaineriss, seotibnwbf the coturaa maErmEB2nt ivagmethfaced fowartie sea bed
B. 25 2. A vvavs-gower #nﬁc as claimed in claim1, characterized in that the
rotor is vePRCRAAMNaed 81Ky, 30 26a 3. A wave-power unit as clainmed in
claim1l or claim2, characterized in that the rotor conprises a plurality

of permanent nagnets distributed in the 5 direction of nmovenent of the
rotor. 10 9. A wave-power unit as claimed in claim 8 characterized in that

the rotor comprises a rotor body on which the magnets are mounted.

10. A wave-power unit as claimed in any one of claims 1-9,
characterized in that the length of the rotor (7) and that of the stator (6)
15  differ from each other.

1. A wave-power unit as claimed in claim 10, characterized in

that the rotor is longer than the stator.

20 12. A wave-power unit as claimed in any one of claims 1-11,
characterized in that one or more guide elements (16) is/are arranged to

control the rotor (7).

13. A wave-power unit as claimed in any one of claims 1-12,
25 characterized in that at least a part of the connection means (4) is

flexible.

14. A wave-power unit as claimed in claim 13, characterized in
that the connection means comprises a cable, wire or chain.
30



4. A wave-power unit as clained in any one of clains 1-3, characterized in
that the distance between the poles seen in the direction of novenent of
the rotor (7) is less than 50 nm preferably less than 10 nrm 10 5. A

wave- power unit as claimed in any one 88 clains 1-4, characterized in that
the stator (6) conprises a plurality of |am nated stacks (6a-6d)
distributed evenly around the rotor. 15 6. A wave-power unit as clained in
claimb5, characterized in that the rotor (7) is shaped as a regul ar pol ygon
and in that the nunber of |am nated stacks (6a-6d) is equal to the nunber
of sides of1 he pol X‘gon. 7. A wave- power .unidtS .as Fl.ai din Fl.ai 45 or claim
6, characterized in W\{eﬁ%‘?wﬁ%&{"i Bl nco{"f“gbe t'gcffaﬂ'ga- d)ori §'40npdsed of a
27 plural i thapictePidedan thiat *\@RHpesss shHiky nidamsqhpariahgblao dixeptca i on of
nmovenent of the rotor (7). 8. A wave-power unit as clainmed in any one of

clai ns 5-7, forsecmath@d0T zed in that the rotor conprises a plurality of
permanent magnets distributed around its circunference and so arranged that
in an optional cross section of the rotor a permanent nagnet faces towards
each | anpnatiéd st aci whlepowsrwmitaposieimeadin ciedémcl&i nedvhnacterizadrirs
characterized in that K the rotor conprises .a rotor body on which the nmagnets
are nount ed thal_ the skring {?gﬁ\@?%nﬁ?@”rg"@%sr’é@dl%? §- one of clainms 1-9, °
characterized in that the length of the rotor (7) and that of the stator (6)
15 differ fromeach other. 11. A wave-power unit as clainmed in claim 10,
characterizdd.in tRawaveepowerounits asodlgéned hananneong Afoelaime 146, A

one.or mor ¢ aragesizeRtiftat e eaRit fe darflgEiod pidans SRR AiA! “ed 1 ThEt
10

18. A wave-power unit as claimed in any one of claims 1-17,
characterized in that it comprises a gear mechanism that produces a

gear ratio between the movement of the floating body and that of the rotor.

15 19. A wave-power unit as claimed in claim 18, characterized in
that the gear mechanism is arranged where the connection means joins

the rotor.

20. A wave-power unit as claimed in any one of claims 1-19,
20 characterized in that the linear generator is secured to a base plate
arranged to rest on the bed of the sea/lake.

21. A wave-power unit as claimed in any one of claims 1-20,
characterized in that the stator is supported by a stand secured to the
25 base plate and so designed that it forms a central free space of sufficient
cross-sectional dimensions to permit the rotor to enter the space, which

space is at least as high as the rotor is long.

22. A wave-power unit as claimed in any one of claims 1-21,
30 characterized in that the linear generator is enclosed in a watertight

housing.



control the rotor (7). 13. A wave-power unit as clainmed in any one of
clainms 1-12, 25 characterized in that at |east a part of the connection
nmeans (4) is flexible. 14. A wave-powgp unit as clainmed in claim 13,
characterized in that the connection neans conprises a cable, wire or
chain. 30 28 15. A wave-power unit as clained in claim13 or claim 14,
characterized in that it conprises spring neans (11) arranged to exert a
force on the rotor. 5 16. A wave-power unit as clainmed in claim15,
characterized in that the spring rate of the spring neans is adjustable.
17. A wave-power unit as clainmed in any one of clains 1-16, characterized
in that the |length of the connection nmeans is adjustable. 10 18. A

wave- power 8Rit as 8 WAMewower it as«laimesl i aleim-22, characterized ird i n

hat i ' : ' : : ' h
moverent of e Ty SafaicbARat SRS ol HiAfTvy MBSh 8t MR BB over
unit as cl athredgh iis pfoaiidedlith ahsahor beliawsl. in  that the gear mechanismis

arranged_where the connection neans joins the rotor. 20. A wave-power unit
as claimed in any one of clainms 1-19, 20 characterized in that the |inear

generat or i s4secur e {avaJaNR IS oAl 325 eritab iiRRIR! the

seal |l ake. 21. A wave-power unit as clained in any ore alns 1-

char act er i zthatithethoasingie filedtvdth @ §qgidpported by a stand secured to the 25
base plate and so designed that it forns a central free space of sufficient
cross-sectional dinensions to permt the rotor to enter the space, which

25. A wave-power unit as claimed in any one of claims 18-24,
10  characterized in that the base plate, stand and/or housing is/are primarily

made of concrete.

26. A wave-power unit as claimed in any one of claims 1-20,
characterized in that the stator is at least partially embedded in a solid
15 material and/or that the rotor is at least partially embedded in a solid

material, said material being preferably concrete.

27. A wave-power unit as claimed in any one of claims 1-26,
characterized in that the rotor is hollow and is provided with permanent
20 magnets directed both outwardly and inwardly and in that laminated stacks

are arranged on both the outside and the inside of the rotor.

28. A wave-power unit as claimed in any one of claims 1-27,
characterized in that the floating body is connected by the connection

25 means to a the rotor of each of a plurality of linear generators.

29. A wave-power unit as claimed in any one of claims 1-28,

characterized in that the stator windings are connected to a rectifier,

which rectifier is preferably arranged close to the linear generator below
30 the surface of the water, if applicable preferably inside the housing.



space is at |least as high as the rotor is long. 22. A wave-power unit as
claimed in any one of clains 1-21, 30 characterized in that the |inear
generator is enclosed in a watertight sfgousing. 29 23. A wave-power unit
as claimed in claim?22, characterized in that the connection neans extends
into the housing and in that the | ead- through is provided wth a seal or
bellows. 5 24. A wave-power unit as clained in claim?22, characterized in
that the housing is filled with a liquid. 25. A wave-power unit as clained
in any one of clains 18-24, 10 characterized in that the base plate, stand

and/ or housog i s/ apnewaiveFuvidry uniteds QhinseNGhehRy aife o WalRs PRYE! unit as
claimed in any one of clains 1-20, characterized in that the stator is at

| east parti hpjaetepgeddn thatdhegangrates israranosd tenproduce avoltage pbtor i s
at | east pagtLj ed in asolid mterial, said material being
VEhh el

preferably co A wave-power unit as claimed in any one of clains
1-26, characterized in that the rotor is hollow and is provided with
i nwar and jn _that

permanené 53 magneés directed botth out war d({)y. and I

| ami nated stacks ar'e“APAHYE] YR L3R I‘P"?'ﬁée UPsPRY Pt A heamRi telof t he
rotor. 28. Ah4PYEeFR8A’ in'Rhat #%e (JeHelBOrii8 AMAnGRE t8f sy Wﬁul@iﬁﬁgse_
characterized in that the floating body is connected by the connection 25

means to a CH&eRPbtor of each of a plurality of linear generators. 29. A
wave- power unit as clainmed in any one of clains 1-28, characterized in
that the stator w ndings are connected to a rectifier, which rectifier is
preferably 82rangedAchasepbwet ipdariti comaprigieger pluedlith @ff avave3fowdeunits f ace of
the wat % i(iOaa-%é)i géa %la?mga%earn?/bcl)r?/e IoP (S:lia(ljn%s t1r-]§1 rc]:i?ml:;?aiu?t%'rized in that the

stator winding of each wave-power unit is connected via a rectifier (22) to

an inverter (23) which is common to a plurality of wave-power units (20a-

20g), which inverter is arranged to supply energy to an electric supply

network (25).

15

33. A wave-power plant as claimed in claim 32, characterized in

that at least one electric switchgear station is connected to the wave-

power unit, which switchgear station comprises a watertight container

enclosing switchgear components, which container is anchored in the sea

20 bed.

34. A wave-power plant as claimed in claim 33, characterized in

that a plurality of switchgear stations are connected to the wave-power

unit, each switchgear station being connected to a number of wave-power
25  units.

35. A wave-power plant as claimed in claim 33 or claim 34,
characterized in that each switchgear station is connected to a receiving
station arranged on land.

30



30 30. A wave-power unit as clainmed in any one of clains 1-29,
characterized in that the generator is arranged to produce a voltage of
varying frequency. 5 31. A wave- power gpit as clainmed in any one of clains
1-30, characterized in that the generator is arranged to supply nultiphase
current. 32. A wave-power plant conprising a plurality of wave-power units
10 (20a-20g) as clainmed in any one of clains 1-31 characterized in that the
stator w nding of each wave-power unit is connected via a rectifier (22) to
an inverter (23) which is common to a plurality of wave-power units (20a-
20g), whichagrnvertep | I, e u r a r4€_asuppl y
netnor k(2570 15 33 ICVEPOMRATHaRE o RBIrHed ;b ofie™r Eleiiy85-9%

char act er i zeharactetized iatthiatat {easht@nel afdheiswitohigeah gtsdions tcanpisessa connect ed
to the wave-, power. uni.t. which sw tchgear .sttatiﬁn conprises a ,E/vatertight
contai ner & %it??j'simetfh%%%(w AniobsErRdiate pta ﬂnccgﬁo%{i'sﬁ'@ 3 %P %hored in
the sea 20tagiordér. A wave-power plant as clained in claim33,
characterized in that a plurality of switchgear stations are connected to

t he waved power wunit, each sw tchgear station being connected to a nunber of
wave- pover 335 uni t & wile-BWEVSRRPYR! oBIrABY iASaf) BnEREf Ichiflsa881583 or claim
34, characterized 1 n that each swtchgear statioh 1s connected to'a

recei ving sharacterizedadngthiitaat leastion8®f3he Rbtchyean statipmseangybartiie as

claimed in any 00%af] sahish WribHste a converter.

10  38. A wave-power plant as claimed in any one of claims 33-37,
characterized in that at least one of the switchgear stations and/or the

intermediate station comprises means for storing energy.

39. A wave-power plant as claimed in any one of claims 33-38,
15 characterized in that at least one of the switchgear stations and/or the
intermediate station comprises filtering means for filtering outgoing and/or

incoming current and voltage.

40. A wave-power plant as claimed in any one of claims 33-39,
20 characterized in that at least one of the switchgear stations and/or the

intermediate station is filled with non-corrosive, buffered liquid.

41. A wave-power plant as claimed in any one of claims 32-40,
characterized in that a filter and/or a transformer is/are arranged after the

25 inverter.

42. A wave-power plant as claimed in claim 41, characterized in

that the inverter, filter and/or transformer is/are arranged on land.



characterized in that at |east one of the swi tchgear stations conprises a
step-up transfornmer and/or an internediate station conprising a step-up
transforner. 5 37. A wave-power plant as clainmed in any one of clains 33-36,
characterized in that at |east one of fhe swi t chgear stations and/or the

I nternmedi ate station conprises a converter. 10 38. A wave-power plant as
claimed in any one of clains 33-37, <characterized in that at |east one of
the switchgear stations and/or the internediate station conprises neans for
storing energy. 39. A wave-power plant as clainmed in any one of clains

33-38, 15 aracterized in that at |e e .o SV a tions
and/or the iBnt er me’éi WeEeHoy ro‘ﬁlaegr?& %%@8%'“%?)? %&en@atﬁganlggré?'i t2?eri ng

out goi ng angharactefeed iNOtHaEdant wanslpvaldr agst isdébnndcray to frasvinivepleant as
clainmed in any one of clainms 33-39, 0 characterjzed in that at |east one
of the swit vidgegrblerairanged anar sloserie the geadrdafibedst ation is filled with
non-corrosive, buffered |iquid. 41. A wave-power plant as clainmed in any one
of claims 32-40, <characterized in that a filter and/or a transformer is/are

arrangedsaf 4dr t he TBB usevef aevavetpowsr wailaspoaineglimany anecobckidsi n cl ai m
41, characterjized in that the inverter, filter and/ r.an r I s/are
arr anged on%r%ﬁd%r.%%’avﬁpo‘ﬁew!?é‘-tp%%&%"*ﬂ?gn'{‘ §'gy AN iﬁé&fquﬁs%4gﬁ@rof cl ai ns
32-42, cha_rg@@,bpéﬂnéqgeumictdwer_each wave- power unit is connected to the
inverter via a cable arranged on or close to the sea or |ake bed. 5 44. The
use of a wave-power unit as clainmed in any one of clains 1-31 or a

wave-pover pisant as ACLalilkflof BoAponeAts Rir MaRUffctding'a firdar GeaRY! N9

el ectric power.
10  for a wave-power unit as claimed in any one of claims 1-31, characterized

in that the components comprise a plurality of stator modules of standard,
uniform type, which stator modules are suitable to be arranged in an
optional number in a line one after the other in the direction of movement
of the rotor and/or suitable to be arranged in an optional number side by

15 side distributed around the centre line of the rotor.

46 . A system as claimed in claim 45, characterized in that the
components comprise a plurality of permanent magnets of standard,
uniform type, which permanent magnets are suitable to be attached in an
20 optional number to a rotor body in line one after the other in the direction
of movement of the rotor and/or suitable to be secured in an optional
number to the rotor body side by side distributed around the centre line of

the rotor, and which permanent magnets are suited to the stator modules.

25 47. A method of manufacturing a linear generator for a wave-power
unit as claimed in any one of claims 1-31, characterized in that the stator
is manufactured from stator modules of standard, uniform type, that the
stator is constructed from a plurality of laminated stacks arranged evenly
distributed side by side around the centre line of the rotor and in that each

30 laminated stack is composed of one or more stator modules arranged in

line one after the other in the direction of movement of the rotor.



45. A system of conmponents for manufacturing a linear generator 10 for a
wave- power unit as clainmed in any one of clains 1-31, characterized in that
t he conponents conprise a plurality of stator nodul es of standard, uniform
type, which stator nodul es are suitabl 83to be arranged in an optional nunber
in aline one after the other in the direction of novenment of the rotor
and/or suitable to be arranged in an optional nunber side by 15 side
distributed around the centre line of the rotor. 46. A systemas clained in
claim45, characterized in that the conponents conprise a plurality of

per mmnent magnets of standard, ~ uniformtype,_whi ch pernmanent nagnhets are
suitable to at t abhegthod a8 ‘2'9"6%@i"br%‘nhﬁ%e?h?@cée'?'é?%ﬂ"mqhﬂ i ne one

after the other id ' ' tffEQ% HO[nRdY uitable to
be secured ﬁ%%gﬁ%QE%?@%gPﬁﬁﬁﬁggg?efﬁat ero 6?96% y é#ﬁé’BQ S|d§k§$stributed
around t he drrthatal plueality oft permarnenmt, magdetahaireh affechathdata ratpiebadyare suited
to the stataor dules. 25 47 A nethod o nuf act.ur i i,near .generator
for a wave- ;?3\?/@ y &'aﬁﬁ)tut%(g SHeaP}‘rESEE? r??%tmﬂ Hﬁ%éﬁﬁlhﬁ?n@gw%@g%ﬁa? g@t erized in
that thesst ahgt oné or madvef perimureshtfrhaghstsds/are reduledsinolines basddted theni f orm
type, that the stator is constructed fron1agplurality of | am nated stacks

arranged ev&ingr indhe direptipreal Biayemsptof the ©tQund the centre line of the rotor
and in that each 30 | am nated stack is conposed of one or nore stator nodul es

arranged in line one after the other in the direction of novenment of the
rotor. 33 48. A nethod as clai ned-irn-el-ai-m-47, characterized in that the
rotor is manufactured from permanent nmagnets of standard, uniformtype, in

that a plurality of permanent nagnets are attached to a rotor body, evenly
distributed side by side around the centre line of the rotor and in 5 that
one or nore permanent magnets is/are secured in line one after the other in
the direction of novenent of the rotor.



