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Description

TECHNICAL FIELD

[0001] The present invention relates to a wave energy
converter according to appended claim 1.

BACKGROUND OF THE INVENTION

[0002] Wave movements in oceans and large lakes is
an important source of energy which can be utilized by
harvesting energy from the waves by means of wave
power assemblies, also called wave energy converters,
which are positioned or anchored at locations with suit-
able wave conditions.
[0003] A number of different types of wave energy con-
verters for harvesting and converting wave energy into
electrical power are previously known, see e.g. WO
97/41349. An example are so-called linear generators,
which, by means of a rope or other connecting means,
can convert vertical movement of a buoyant body caused
by wave movements into a reciprocating movement of a
generator coil or rotor of a linear generator that is an-
chored to the sea or lake bed. The reciprocating move-
ment of the generator coil/rotor, in its turn, produces elec-
trical current in the windings of an adjacent stator of the
linear generator anchored to the bed.
[0004] Another previously known type of wave energy
converter comprises a wave energy collecting buoyant
body with an energy collection and conversion system,
which may be placed on the sea bed. The buoyant body
is connected to a winch via a winch cable. The winch and
the winch cable connects the buoyant body to a reference
body below the water surface, such as an anchor platform
beneath the water surface, an anchor at the sea bed, or
a different anchoring device. As the wave forces causes
the buoyant body to move in the longitudinal direction of
the winch cable, the winch is forced to rotate, whereupon
the rotary motion of the winch axle produced can be con-
verted into electricity by means of an energy conversion
system.
[0005] Thus, in the two above-mentioned types of pre-
viously known wave energy converters, the upward and
downward movements of the buoyant body resulting from
wave movements produces a reciprocating movement
in the longitudinal direction of a mooring line, cable or
other connecting means, which connects the buoyant
body to an anchor or other fixed anchoring point below
the water surface. In order to obtain a high efficiency of
these wave energy converters, it is essential that as large
a fraction as possible of the motion of the buoyant body
can be transformed into reciprocating motion in the lon-
gitudinal direction of the connecting means, which can
be collected via the linear generator and winch, respec-
tively, and be converted into electricity.
[0006] A completely different type of previously known
wave energy converter is instead based on relative
movement between, on the one hand, a buoyant body

and a thereto attached so-called acceleration tube, and,
on the other hand, a working piston reciprocable in the
acceleration tube, wherein the relative movement is
caused by wave movements in the body of water where
the wave energy converter is anchored by means of one
or several mooring lines for harvesting wave energy. The
movement of the working piston can be used for driving
for example a pump assembly, such as a double acting
hydraulic pump or a hose pump, a hydraulic motor and/or
a hydraulic turbine of an energy conversion system,
which is disposed inside or adjacent to the buoyant body
for producing electricity which can be transferred to an
energy storage or electrical grid. A wave energy convert-
er of this type is described in WO97/41349.
[0007] In the above-mentioned type of wave energy
converter having an acceleration tube, it is thus inessen-
tial for the efficiency whether as large a fraction as pos-
sible of the motion of the buoyant body can be trans-
formed into reciprocating motion in the longitudinal direc-
tion of the mooring line or not. As a matter of fact, such
a wave energy converter having an acceleration tube
can, in principle, operate without any mooring line at all,
although this is not recommendable, both for safety rea-
sons and since it is, of course, desirable to be capable
of maintaining the wave energy converter at a desired
anchoring position, where the wave conditions are as
good as possible for wave energy harvesting.
[0008] The previously known mooring systems for
wave energy converters having acceleration tubes have
generally comprised fixing eyes, fixing cleats and/or
shackles for mooring lines, wherein the mooring lines, in
conjunction with anchors laid out, are intended to main-
tain the wave energy converter horizontally at a selected
anchoring position, while the wave energy converter is
still allowed to pivot vertically.
[0009] In practical trials it has been found that the pre-
viously used mooring systems of wave energy converters
having acceleration tubes are associated with problems
that may influence the durability, function, operational
reliability and efficiency of such wave energy converters
in a negative way. One problem with the previously
known mooring systems of wave energy converters hav-
ing acceleration tubes is that they often fail to maintain
the wave energy converter within a selected, desired an-
choring area during varying wind and current conditions
and water levels, which may result in an inferior efficiency
of the wave energy converter if it drifts away from a se-
lected anchoring position with optimum wave conditions
or, in the worst case, even result in breakdowns if the
wave energy converter gets too close to a surf zone due
to strong winds and/or variations in water level. Another
problem with the previously known mooring systems is
that they do not keep the mooring lines taut when big
waves or swells are passing the wave energy converter,
which may cause a mooring line to make a knot onto
itself, or make a loop around, and possibly damage the
buoyant body of the wave energy converter when the
mooring line gets slack in a deep wave trough, which
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may lead to operational failures, increased need of main-
tenance and reduced efficiency of the wave energy con-
verter. Examples of known mooring systems are de-
scribed in US 2 986 888, relating to a fixed deep sea oil
drilling rig, and WO08/152505, relating to a submersible
mooring buoy for hydrocarbon transfer to vessels. Both
mooring systems use multiple mooring lines where
movement of the moored arrangement may cause lines
to go slack.
[0010] Yet another problem with the previously used
mooring systems of wave energy converters having ac-
celeration tubes is that their fastening devices for moor-
ing lines on the buoyant body have a design which per-
mits slippage between the mooring lines and the fasten-
ing devices, e.g. between a mooring line and an eye, a
yoke, a fairlead and/or a hawse or shackle, as the buoy-
ant body is thrown about by wave movements, which
results in an increased need of maintenance work for
replacing mooring lines, and which, in the worst possible
case, can result in line failures and risk of damage to, or
loss of the wave energy converter.
[0011] Additional problems solved by the present in-
vention will become evident from the following descrip-
tion.

SUMMARY OF THE INVENTION

[0012] A first object of the present invention is to pro-
vide a wave energy converter having an acceleration
tube and an improved mooring system, with better chanc-
es of maintaining the wave energy converter within a se-
lected, desired anchoring area, and which furthermore
considerably reduces the risk that a mooring line of the
mooring system becomes slack and makes a knot onto
itself, or makes a loop around, and possibly damages
the buoyant body of the wave energy converter.
[0013] This first object is achieved by means of a wave
energy converter according to claim 1.
[0014] Thanks to the fact that the mooring lines pro-
vided with buoyant elements are pretensioned, they will
maintain the buoyant body of the wave energy converter
in the selected, desired anchoring area in a more stable
and stationary manner than what non-pretensioned lines
would have been capable of, which is advantageous
since the buoyant body is thereby maintained at the se-
lected optimum position for efficient wave energy har-
vesting, and since the risk of breakdowns due to the fact
that the wave energy converter accidentally gets into a
surf zone is minimized. Thanks to said buoyant elements,
the mooring lines provided with buoyant elements will
exhibit an angle between the first line section and the
second line section and be kept taut by decrease of the
angle and resulting lengthening of the effective length of
the mooring line and by increase of the angle and result-
ing shortening of the effective length of the mooring line,
respectively, when the wave energy converter operates
as a result of said wave movements, which considerably
reduces the risk that a mooring line becomes slack in

deep wave trough and makes a knot onto itself, or makes
a loop around the buoyant body of the wave energy con-
verter and possibly damages the wave energy converter.
[0015] A second object of the present invention is to
provide a wave energy converter having an acceleration
tube and an improved mooring system comprising at
least one fastening device on the buoyant body which, if
desired, enables a simple adjustment of the laid length
of the mooring line relative to the water depth and which
facilitates pretensioning of the mooring line, and which
furthermore provides very good conditions for being able
to reduce the need for inspection and maintenance work
for replacing mooring lines and to reduce the risk of line
failures due to wear and tear of the mooring lines.
[0016] This second object is achieved by means of a
wave energy converter according to claim 3, in which at
least one of the fastening devices mounted on the buoy-
ant body comprises a winch adapted to be capable of
winding up a portion of the first line section when preten-
sioning the mooring line and of attaching the first line
section to the buoyant body.
[0017] Thanks to the provision of a fastening device
comprising a winch mounted on the buoyant body, a sim-
ple adjustment of the laid length of the mooring line is
enabled and the pretensioning of the mooring line is fa-
cilitated to a great extent. Thanks to the provision of such
a winch, which can be provided with a rotatable drum or
shaft around which at least one complete turn of the first
line section extends in a smooth curve, while it is ten-
sioned against the surface of the drum or shaft by the
tension in the pretensioned mooring line and, and with a
locking device, which after actuation prevents rotation of
the drum of shaft and thus maintains the pretension, a
very careful and almost slip-free attachment of the first
line section to the buoyant body, without any sharp de-
flection points prone to wear, is enabled after the preten-
sioning by means of the winch, which provides very good
conditions to increase the durability of the mooring line,
and to thereby reduce the risk of the wave energy con-
verter breaking away and becoming damaged or, in the
worst case, being lost completely.
[0018] Further objects and advantages of the inven-
tion, and the features enabling these objects and advan-
tages to be achieved, will become evident from the fol-
lowing description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In the following, the invention will be described
by means of different embodiments with reference to the
accompanying drawings, in which:

Figure 1 is a schematic side view, partially in cross-
section, of a wave energy converter according to a
preferred embodiment of the invention, which is
maintained within a desired anchoring area by two
pretensioned mooring lines provided with buoyant
elements and which each are attached to a fastening
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device on the buoyant body of the wave energy con-
verter and to a laid-out anchor, respectively, while
the wave energy converter operates as a result of
wave movements in a body of water in which the
acceleration tube of the wave energy converter is at
least partially submerged;

Figure 2 shows an outline diagram of a fastening
device of the wave energy converter according to
the preferred embodiment, in the form a winch with
bollards fixed in the vicinity of the winch; and

Figure 3 shows an outline diagram of a fastening
device according to an alternative embodiment, in
the form of a winding device which is rotationally fix-
edly mounted on the buoyant body, and a securing
device which is disposed on the buoyant body for
interaction with the winding device.

DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

[0020] In the following, a number of embodiments of a
wave energy converter according to the invention will be
described in greater detail with reference to the accom-
panying Figures 1-3.
[0021] The wave energy converter 100 comprises a
buoyant body 101, which can be of any type and design
suitable for the purpose. An acceleration tube 102 is de-
pendent from and attached to the buoyant body 101 and
has an upper end adjacent to the buoyant body and a
lower end at a distance from the buoyant body, wherein
a portion of the acceleration tube 102 defines a working
cylinder 103 between the upper end and the lower end.
Wave energy converters with acceleration tubes are well-
known to a skilled person within the field, for example
from the patent publications SE 508 307 and SE 508 308.
Upper and lower openings in the acceleration tube 102
allow a substantially unimpeded flow of water between
the working cylinder 103 and a body of water 104 in which
the acceleration tube 102 is at least partially submerged
when the wave energy converter operates as a result of
wave movements. In the working cylinder 103, there is
disposed a working piston 105, which is reciprocable in
the working cylinder 103.
[0022] The upper and lower openings in the accelera-
tion tube 102 can be provided in different ways, depend-
ing on the embodiment. In a particularly preferred em-
bodiment of the wave energy converter 100, an upper
opening is provided in the form of the open end at the
top of the acceleration tube 102, which opens into the
atmosphere above the top side of the buoyant body,
whereas a lower opening is provided in the form of the
open end at the bottom of the acceleration tube 102,
which preferably opens approximately 20 meters below
the water surface into the body of water in which the
acceleration tube is partially submerged. However, it is
also conceivable with embodiments of the invention

where one or both of the upper and lower openings, re-
spectively, are provided in the form of one or several
suitably dimensioned holes disposed through the enve-
lope surface of the acceleration tube at suitable positions.
[0023] The wave energy converter 100 further com-
prises an energy conversion assembly 106 comprising
at least one energy collecting device 107 collecting en-
ergy from the movements of the working piston 105 rel-
ative to the buoyant body 101 resulting from said wave
movements. The energy conversion assembly 106 with
the energy collecting device 107 (or devices) can be of
different shape and design in different embodiments of
the wave energy converter 100 according to the inven-
tion. In one embodiment, the energy collecting device
can, as indicated in Fig. 1, comprise a double-acting pis-
ton pump 107, which is disposed in the buoyant body
101 and connected to the working piston 105 via a piston
rod, but could, in another embodiment (not shown in the
figures), instead comprise a rack and pinion, or, in yet
another embodiment (not shown), comprise a pair of so-
called hose pumps, which are resiliently extendable and
connected between, on the one hand opposite sides of
the working piston and, on the other hand, the buoyant
body and/or the acceleration tube. The wave energy con-
verter 100 according to the present invention is, however,
not limited to any particular type of acceleration tube 102
and/to any particular type of energy conversion assembly
106 or any particular type of energy collecting device 107
or devices.
[0024] It is advantageous that the wave energy con-
verter 100 according to the invention further comprises
an arrangement for so-called peak force relief to reduce
the risk of the working piston 105, the energy collecting
device 107 or other components of the wave energy con-
verter 100 being damaged by the forces from excessively
large wave movements. As indicated in Fig. 1, such an
arrangement can advantageously be provided in that the
working cylinder 103 is disposed inside the acceleration
tube 102 and designed with a shorter length and smaller
outer and inner diameter than the acceleration tube 102,
and in that the working piston 105 is designed with an
outer diameter fitting inside the inner diameter of the
working cylinder 103 and adapted to have a length of
stroke that is longer than the length of the working cylin-
der 103 and shorter than the length of the acceleration
tube 102.
[0025] In embodiments where the wave energy con-
verter 100 is provided with a suitably designed and di-
mensioned arrangement for peak force relief as de-
scribed above, an excessively large wave crest passing
the wave energy converter 100 will cause the buoyant
body 101 to rise rapidly and simultaneously cause the
water column inside the acceleration tube 102 to fall sud-
denly relative to the buoyant body 101, wherein the falling
water column inside the acceleration tube 102 will push
the working piston 105 to a lower extreme position out-
side the working cylinder 103 so that an open passage
for the falling water column inside the acceleration tube
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102 is formed between the smaller outer diameter of the
working piston 105 and the larger inner diameter of the
acceleration tube 102 below the working cylinder 103
and is kept open until the excessively large wave crest
has passed. If instead an excessively large wave trough
passes the wave energy converter 100, the wave trough
will, in an analogous way, cause the buoyant body 101
to fall rapidly and simultaneously cause the water column
inside the acceleration tube 102 to rise suddenly relative
to the buoyant body 101, wherein the rising water column
inside the acceleration tube 102 will push the working
piston 105 to an upper extreme position outside the work-
ing cylinder 103 so that an open passage for the rising
water column inside the acceleration tube 102 is formed
between the smaller outer diameter of the working piston
105 and the larger inner diameter of the acceleration tube
102 above the working cylinder 103 and is kept open to
let water pass through until the excessively large wave
trough has passed.
[0026] The wave energy converter 100 according to
the invention further comprises a mooring system 108
adapted to maintain the wave energy converter 100 with-
in a desired anchoring area 109 and comprising at least
a first fastening device 110 mounted on the buoyant body
101 for attachment of a first mooring line 111 to the buoy-
ant body 101 and at least a second fastening device 110’
mounted on the buoyant body 101 for attachment of a
second mooring line 111’ to the buoyant body 101. Ac-
cordingly, the mooring system of the wave energy con-
verter according to the invention can comprise two or
several mooring lines and two or several fastening de-
vices, amongst other things depending on the size of the
wave energy converter in question.
[0027] The first mooring line 111 of the mooring system
108 consists of a first line section 112 for attachment to
the first fastening device 110 and of a second line section
113 for attachment to a first anchor 114 placed or intend-
ed to be placed at a first anchor position P1 located out-
side a first side S1 of the desired anchoring area 109,
whereas the second mooring line 111’ consists of a first
line section 112’ for attachment to the second fastening
device 110’ and of a second line section 113’ for attach-
ment to a second anchor 114’ placed or intended to be
placed at a second anchor position P2 located outside a
second side S2 of the desired anchoring area 109.
[0028] At least one of the mooring lines 111; 111’ com-
prises at least one buoyant element 115; 115’ attached
between the first line section 112; 112’ and the second
line section 113; 113’ so as to, after positioning of said
anchors 114; 114’, attachment of said second line sec-
tions 113; 113’ to said anchors 114; 114’, pretensioning
of each mooring line 111; 111’ provided with a buoyant
element and attachment of said first line sections 112;
112’ to the buoyant body 101, allow that each mooring
line 111; 111’ provided with a buoyant element, as a result
of inherent buoyancy of said buoyant element 115; 115’,
will exhibit an angle α, α’ dependent on said pretension-
ing between said first line section 112; 112’ and said sec-

ond line section 113; 113’, which enables each mooring
line 111; 111’ provided with a buoyant element to be kept
taut by decrease of the angle α, α’ and resulting length-
ening of the effective length of the mooring line and by
increase of the angle α, α’ and resulting shortening of
the effective length of the mooring line, respectively,
when the wave energy converter 100 operates as a result
of said wave movements.
[0029] By means of providing at least one, preferably
at least two, of the mooring lines 111, 111’ of the wave
energy converter 100 with a buoyant element 115; 115’
between the first 112; 112’ and second line section 113;
113’ and pretensioning such mooring lines 111, 111’, the
lines will be capable of maintaining the wave energy con-
verter 100 in the vicinity of the optimum anchoring posi-
tion in a more stable and more stationary manner than
what non-pretensioned lines would have been capable
of. Thanks to said buoyant elements 115; 115’, the moor-
ing lines 111, 111’ will exhibit an angle α, α’ between the
first line section 112; 112’ and the second line section
113; 113’ and be kept taut by decrease of the angle and
resulting lengthening of the effective length of the moor-
ing line and by increase of the angle and resulting short-
ening of the effective length of the mooring line, respec-
tively, when the wave energy converter operates as a
result of said wave movements, which considerably re-
duces the risk of a mooring line becoming slack in deep
wave trough and making a knot onto itself, or making a
loop around the buoyant body of the wave energy con-
verter and possibly damaging the wave energy converter.
[0030] In one advantageous embodiment of the inven-
tion, each mooring line 111; 111’ of the wave energy con-
verter 100 comprises at least one buoyant element 115;
115’ attached between the first line section 112; 112’ and
the second line section 113; 113’, wherein the mooring
system 108 further comprises separate fastening devic-
es 110, 110’ mounted on the buoyant body 101 for at-
tachment of each mooring line to the buoyant body 101.
Such an embodiment with separate fastening devices
110, 110’ enables an optimized and individual preten-
sioning and attachment of the respective mooring lines
111; 111’ to the buoyant body 101.
[0031] In a preferred embodiment of the wave energy
converter 100 according to the invention, the first line
section 112; 112’ of at least one of the mooring lines 111;
111’ has an elastic stretch permitting a maximum length-
ening thereof of no more than 5 % at maximum calculated
force in the mooring line (i.e. at maximum expected cur-
rent and wave force in the same direction), whereas said
buoyant element 115; 115’ between the first line section
112; 112’ and the second line section 113; 113’ has a
position on the mooring line 111; 111’ and a buoyancy
which, after positioning of said anchors 114; 114’, attach-
ment of said second line section 113; 113’ to said anchor
114; 114’, pretensioning of said mooring line 111; 111’
and attachment of said first line section 112; 112’ to the
buoyant body 101, allow a maximum lengthening and
shortening, respectively, of the effective length of the
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mooring line 111; 111’ of at least 30 meters, as a result
of said wave movements together with tide variations,
other variations in water level and wind and current drift
of the buoyant body 101. Such a comparatively low elas-
tic stretch of the first line section 112; 112’ reduces the
risk of the first line section getting tangled or jamming
during the attachment thereof to the fastening device
110; 110’, while such a large maximum lengthening and
shortening, respectively, of the effective length of the
mooring line 111; 111’ ensures that the mooring line can
be pretensioned sufficiently and that subsequently it will
be possible to keep it taut, even in spite of large tide
variations, strong wind and current drift of the buoyant
body 101 and height differences between wave crests
and wave troughs which may amount to 15-20 meters.
Such conditions are not uncommon in places suited for
an efficient harvesting of wave energy.
[0032] In another advantageous embodiment of the
wave energy converter 100 according to the invention,
the lengths of the first 112; 112’ and second 113; 113’
line section, respectively, and the buoyancy of the buoy-
ant element 115; 115’ of each mooring line 111; 111’,
and the pretensioning of the respective mooring lines
111; 111’ are adapted to ensure that each buoyant ele-
ment 115; 115’ is located at least 6 meters below the
water surface 104 at mean water level. Such a dimen-
sioning and pretensioning has been proven to be capable
of ensuring that the buoyant elements 115; 115’ remain
under the water surface 104 also in large wave troughs
and thereby are capable of maintaining the tension on
the mooring lines 111; 111’ even in such conditions.
[0033] The buoyant elements of the wave energy con-
verter 100 according to the invention may actually be of
any suitable design as long as they have a sufficient du-
rability and buoyancy to be able to keep the mooring lines
taut for a sufficiently long period of operation. In a pre-
ferred embodiment of the wave energy converter, how-
ever, each buoyant element 115; 115’ comprises a hollow
or porous body and an enclosing casing. By means of
designing the buoyant elements as a hollow or porous
body with an enclosing casing, an advantageous control
of the buoyancy of the buoyant elements is made possi-
ble, for example by providing the enclosing casing with
suitably disposed valves which can be opened by a diver
or by means of a remotely operated vehicle to let water
in and reduce the buoyancy of a buoyant element in order
to relieve the tension in the second line section, for ex-
ample in connection with replacing a damaged anchor,
wherein the valves also can be used for expelling the
water by means of pressurized air or other pressurized
gas after completed replacement of anchor.
[0034] The buoyant elements 115; 115’ of the mooring
lines may actually be made of any suitable and sufficiently
durable material, but particularly advantageously com-
prise a plastic material, a natural or synthetic rubber ma-
terial, a foam material and/or a polymer material with sub-
stantially closed cells, wherein the buoyant elements
preferably contain air or another gas.

[0035] In a particularly advantageous embodiment, the
buoyant elements 115; 115 have one or several attach-
ment means (not shown in the figures) adapted for at-
tachment of a line-end of a first line constituting the first
line section 112; 112’ and for attachment of a line-end
end of a separate, second line constituting the second
line section 113; 113’, wherein said attachment means
comprise a fixing eye adapted to allow a line-end to be
passed through the fixing eye and be tied, spliced or sewn
into a loop around it and/or comprise at least one wheel,
fixed against rotation, adapted to allow a line-end to be
placed around the wheel and be tied, spliced or sewn
into a loop around the wheel to attach the line-end to it.
Thanks to the provision of such specially adapted attach-
ment means in the form of fixing eyes and/or wheels fixed
against rotation around which the line-ends can be fixed
by tying, splicing or sewing, wear and tear of the line-
ends attached to the buoyant elements 115; 115 can be
minimized.
[0036] It is also conceivable with alternative embodi-
ments within the scope of the invention, in which the first
and second line sections are not separate lines, but are
provided in the form of different portions of a single con-
tinuous line. Accordingly, in such an alternative embod-
iment, the buoyant element is attached in a suitable man-
ner to a line portion between a first end and an opposite
second end of a continuous line in order to form the first
line section and the second line section.
[0037] The first line section 112; 112’ of the mooring
lines 111; 111 can advantageously have an outer diam-
eter in the range of 20 - 80 mm and/or a maximum cir-
cumference in the range of 2.5 - 10 inches. By selecting
suitable materials for the first line section 112; 112’ and
an outer diameter and/or maximum circumference in the
above-mentioned ranges, a sufficient durability of the first
line section 112; 112’ can be obtained without having to
dimension the fastening devices 110; 110’ any larger
than necessary.
[0038] In one advantageous embodiment of the inven-
tion, the first line section 112; 112’ consists of a rope or
a braided rope of one or several synthetic polymer ma-
terials. Examples of suitable synthetic polymer materials
are polyester and HMPE, wherein synthetic materials
with high breaking strength and E modulus, such as
HMPE, are particularly advantageous since the first line
section 112; 112’ can thereby be made thinner and easier
to handle during attachment to the buoyant body than
what otherwise would be the case.
[0039] In embodiments where the first line section 112;
112’ consists of a rope or braided rope of synthetic pol-
ymer material, it is particularly advantageous if at least
a portion of the first line section 112; 112’, located above
or near the water surface 104 when the wave energy
converter operates, comprises a surrounding layer of ma-
terial or a surrounding coating of a UV protective material,
this so as to minimize the risk of the polymer material
being degraded by sun light.
[0040] In a preferred embodiment of the wave energy
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converter 100 according to the invention, at least one,
and preferably all of the fastening devices mounted on
the buoyant body 101 comprises/comprise a winch 110;
110’ adapted to be capable of winding up a portion of the
first line section 112; 112’ of the respective mooring line
when pretensioning the mooring lines 111; 111’ and of
attaching the first line section 112; 112’ to the buoyant
body 101. Fastening devices in the form of winches 110;
110’ mounted on the buoyant body 101 can, if desired,
enable a simple adjustment of the laid length of the moor-
ing lines 111; 111’ in relation to the water depth when
positioning the wave energy converter 100, and, further-
more, facilitate the pretensioning of the mooring lines
111; 111’ to a great extent. The winches on the buoyant
body do not necessarily need to have an installed drive
assembly, instead a suitable separate drive assembly
can be connected when necessary to drive the drum, or
be applied to the first line section to drive the rotation of
the winch.
[0041] The winches 110; 110’ of the wave energy con-
verter 100 in the preferred embodiment are preferably
adapted to be capable of winding up at least 8 meters of
the first line section 112; 112’ when pretensioning the
mooring lines 111; 111’. Such a capacity enables a pre-
tensioning of the mooring lines 111; 111’ which is suffi-
cient for most conditions, without having to make the
winches any larger and heavier than what is absolutely
necessary.
[0042] The winches 110; 110’ of the wave energy con-
verter 100 in the preferred embodiment preferably com-
prise a rotatable drum A or shaft (see the winch 110 in
Figure 2) around which at least one complete turn B of
the first line section 112 is adapted to pass during the
winding operation. In a particularly preferred embodi-
ment of the wave energy converter 100 according to the
invention, the winch 110 comprises a locking device (not
shown in the figures) which, after pretensioning of the
mooring line 111, is adapted to be actuatable to lock the
rotation of the rotatable drum A or shaft, while at least
one complete turn B of the first line section 112 still re-
mains wound around the rotatable drum or shaft. A fas-
tening device in the form of a winch 110 with such a lock-
ing device is very advantageous as compared to several
of the previously known fastening devices used on buoy-
ant bodies, such as fixing eyes, shackles, yokes, hawses,
fairleads and the like, since the turn of line B or turns of
line of the first line section 112 extending around the drum
A or shaft of the winch 110 in a smooth curve, without
any sharp deflection points prone to wear, will be ten-
sioned against the surface of the drum A or shaft by the
tension in the pretensioned mooring line 111, while the
locking device, after actuation, prevents rotation of the
drum A or shaft and thereby maintains the pretension of
the mooring line 111 and the attachment thereof to the
buoyant body 101.
[0043] In the previously known fastening devices on
buoyant bodies of the type in question, the line usually
passes through a hawse or similar element where the

line direction changes some distance from the point of
attachment of the line to the buoyant body, which results
in that the line portion between the point of attachment
and the hawse will change length when the load on the
line changes and the line will slip against the hawse
where the contact force is high and be seriously worn.
By providing fastening devices comprising winches 110;
110’ from which the first line section 112; 112’ goes
straight down into the body of water 104 where the buoy-
ant body is anchored, the wave energy converter in the
preferred embodiment can eliminate this specific prob-
lem. A further advantage of fastening devices comprising
a winch is that a short length of line can be paid out or
wound up if some local wear and tear should neverthe-
less occur at any point of the first line section, so that any
continued wear and tear occurs on an unworn spot of the
line.
[0044] In another advantageous embodiment of the
wave energy converter 100 according to the invention, a
bollard C or similar device (see Figure 2) is fixed to the
buoyant body 101 in the vicinity of each winch 110 to
allow secure fastening of a portion of the first line section
112 which has passed through the winch during the pre-
tensioning of the mooring line 111. Such a bollard C or
similar device can be used for collecting or securing coils
of the first line section wound up during length adjustment
or pretensioning of the mooring line, or as an additional
safety device, which still attaches the mooring line to the
buoyant body in the event of a breakdown of the locking
device of the winch or the winch itself. In embodiments
with winches lacking the locking device described above,
such a bollard or similar device can be used for securing
a portion of the first line section that has been wound up,
while at least one complete turn of the first line section
112 still remains wound around the still rotatable drum
or shaft.
[0045] The winches of the wave energy converter ac-
cording to the preferred embodiment are particularly ad-
vantageously hand powered winches 110; 110’. Such
hand powered winches are advantageous, since they are
compact, light and reliable and do not require any access
to electricity or other power supply during positioning,
maintenance, or adjustment of the wave energy convert-
er 100.
[0046] The preferred embodiment of the invention,
where the wave energy converter 100 comprises fasten-
ing devices in the form of winches 110; 110’ for the moor-
ing lines 111; 111’, enables a very careful and almost
slip-free attachment of the first line section 112; 112’ to
the buoyant body 101 after the pretensioning by means
of the winches, which considerably reduces the need for
inspections and maintenance and reduces the risk of the
buoyant body breaking away and the wave energy con-
verter becoming damaged, or in the worst case being
lost completely.
[0047] In an advantageous alternative embodiment of
the wave energy converter 100, particularly illustrated in
figure 3, at least one of the fastening devices mounted
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on the buoyant body 101 comprises/comprise a winding
device 116, which is rotationally fixedly mounted on the
buoyant body 101, and a securing device 117, which is
disposed on the buoyant body 101 for interaction with
the winding device 116, and wherein the winding device
116 exhibits an outer peripheral surface 118, which is
adapted for winding therearound at least two turns V1,
V2 of the first line section 112, and wherein the securing
device 117 is adapted for securing thereto a free part
112f of the first line section coming from the winding de-
vice 116 in connection with the pretensioning of the moor-
ing line 111.
[0048] The winding device 116 preferably comprises
at least one elongated member 116, projecting from the
buoyant body 101, which provides at least a part of the
outer peripheral surface 118. Such a design of the wind-
ing device can facilitate the winding of the first line section
112 in turns therearound. It should be appreciated, how-
ever, that the elongated member or members do not need
to have a circular cross-sectional shape, although it is
preferred, but could also have an oval cross-sectional
shape or another rounded shape (not shown in the fig-
ures). It should also be appreciated that the winding de-
vice in other embodiments (not shown in the figures) can
comprise several elongated members, which together
form the outer peripheral surface.
[0049] In a particularly advantageous embodiment, the
outer peripheral surface is constituted of a cylindrical en-
velope surface 118 formed by the winding device 116. It
should be appreciated that the cylindrical peripheral sur-
face 118 can be formed by a single cylindrical body of
the winding device 116, as is illustrated in Fig. 3, whereas
it in other embodiments (not shown in the figures) can
be formed by several bodies or members, which together
form an at least substantially cylindrical envelope sur-
face.
[0050] The winding device can advantageously consist
of a shaft 116, a drum, or a pipe having a rounded and
preferably circular cross-section and whose one end is
welded to a bracket 119 or attachment plate mounted on
the buoyant body 101 and whose other, free end projects
outwardly in a direction away from the buoyant body 101.
[0051] A fastening device comprising a winding device
116 and a securing device 117 interacting therewith, as
schematically illustrated in Fig. 3, is very advantageous
as compared to several of the previously known fastening
devices used on buoyant bodies, such as fixing eyes,
shackles, yokes, hawses, fairleads and the like. If a line
112d, 112f is wound around an outer peripheral surface
118 of such a winding device, such as a cylinder-shaped
shaft 116, a drum, a pipe, or other rounded body or other
rounded assembly, the tensile force in the line will gen-
erate a pressure force against the peripheral surface 118,
which in its turn may create a friction force against the
peripheral surface if there is the slightest slip between
the line and the peripheral surface. If, when pretensioning
a mooring line of a wave energy converter 100 provided
with such a winding device 116 according to the inven-

tion, a tensile force Fd is applied on a pulling part 112d
of the line by towing or pushing the buoyant body 101 in
a direction away from an anchoring point P1 (see Fig. 1)
by means of a boat or a vessel, the line will slide along
the outer peripheral surface 118 of the winding device
116 and trigger the friction force. The friction force will
transfer the tensile force Fd of the line to the outer pe-
ripheral surface 118 according to Eytelwein’s equation,
i.e. F2 = F1 ∗ e(m∗α), where m is the friction coefficient and
α is the winding angle. With a friction coefficient of 0.3
between the line 112d, 112f and the outer peripheral sur-
face 118 and the line wound one turn around it, this results
in F2 = 6.6 ∗ F1. This means that the line slides along the
peripheral surface 118 until the force in the free part Ff
is equal to the tensile force Fd divided by 6.6. If the line,
on the other hand, is wound two turns V1, V2 around the
peripheral surface, the force in the free part Ff instead
becomes Fd/43. In a case where Fd is 50 tons, the force
in the free part Ff will thus be only 1.16 tons. The strain
in the line declines gradually as the tensile force Fd is
transferred to the outer peripheral surface 118 of the
winding device 116. When towing or pushing of the buoy-
ant body 101 with the boat or vessel stops and the buoy-
ant body 101 sways back in a direction toward the an-
choring point P1, the tensile force Fd decreases to about
1.15 tons and the strain in the line is decreased so that
the friction force is triggered in the other direction. Now
the relationship according to Eytelwein’s equation will
work in the other direction so that the force in the line
increases around the outer peripheral surface 118 of the
winding device until it encounters the same tensile force
in the line from the other direction. Due to the symmetry
in the case in question, this will occur after one turn of
line around the outer peripheral surface 118, which
means that the second turn of line around the peripheral
surface 118 will not be affected at all. During normal op-
eration of the wave energy converter 100 provided with
such a winding device 118, the tensile force Fd in the
pretensioned mooring line will fluctuate a few hundred
Newton around 2 tons, which corresponds to the preten-
sioning force in a normal case. Therefore, the strain var-
iations of the line wound around the peripheral surface
118 will be very small and only reach a small distance
around the peripheral surface 118, which means that the
wear and tear due to slipping of the line V1, V2 in contact
with the peripheral surface 118 will be minimal. For a
longer period of wave energy converter operation, the
friction coefficient should be calculated as zero, since the
average load on the mooring line, i.e. the pretensioning
force, in such a case slowly will be transferred to the free
part 112f. In case of a subsequent maximum load event,
the friction force will only be triggered for 1.5 turns, after
which 2 tons has been reached.
[0052] By means of providing the wave energy con-
verter according to the invention with at least one winding
device 116 around whose outer peripheral surface 118
the line is wound at least two turns V1, V2, the force Ff
in the free part 112 will, at most, amount to a few tons,
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which means that the securing device 117 can be made
simpler, smaller and lighter and be manufactured at a
lower cost than what otherwise would be possible. The
securing device can for example be designed as a clamp-
ing device or line clamp (not shown in the figures) which
enables an easy and quick securing and release of the
line, or be designed as one or several bollards 120, 121
around which the line is made fast using a suitable knot
which is releasable also after high strain, e.g. a bowline
hitch or a double half hitch around itself, wherein the free
part in the knot can advantageously be seized.
[0053] In one embodiment, illustrated in Fig. 3, the se-
curing device 117 comprises at least one bollard 120,
121 or a clamping device for securing the free part 112f
of the first line section by means of a knot or a seized
eye of the free part 112f around the bollard/bollards, or
by clamping the free part in the clamping device.
[0054] The winding device 116 of the wave energy con-
verter in the alternative embodiment is preferably adapt-
ed to allow the main part of a tensile force Fd exerted on
a pulling part 112d of the first line section of a mooring
line stretched above the mean force, e.g. by a large wave
or when pretensioning the mooring line by means of a
boat or vessel, to be absorbed by the outer peripheral
surface 118 of the winding device and be reduced to a
force Ff in the free part 112f made fast to the securing
device 117 which amounts to less than a tenth of the
tensile force Fd exerted on the pulling part 112d.
[0055] A desired pretensioning of the mooring lines can
be accomplished in many different ways. In a case with
two mooring lines, as is shown in Fig.1, the first anchor
114 can, for instance, be laid out first at a first anchoring
position P1 by means of a suitable first boat or a smaller
vessel. After attaching the first line section 112 to the
fastening device 110 on the buoyant body 101, the body
can be towed or pushed in a direction away from the first
anchoring position P1 by means of the ship or vessel
until a desired pretension is achieved in the first mooring
line 111. While the first boat or vessel maintains the de-
sired pretension in the first mooring line 111, the second
mooring line 111’, wound onto and made fast to the sec-
ond fastening device 110’ on the buoyant body 101, can
then be laid out in a direction away from the first anchoring
position P1 by means of second boat, from which the
second anchor finally is laid out at a second anchoring
position P2 at a suitable distance from the first anchoring
position P1, whereupon the two boats and/or vessels are
ready with the pretensioning operation. In a case with
three or even more mooring lines and anchors (not shown
in the figures), a desired pretensioning of the mooring
lines can be accomplished in a similar way, but also many
other pretensioning methods are conceivable within the
scope of the invention, for example methods involving
the use of a remotely operated vehicle (ROV).
[0056] The winding device 116 in the alternative em-
bodiment is preferably also adapted to allow variations
in the tensile force Fd exerted by a pretensioned mooring
line 111 on a pulling part 112d of the first line section

during operation of the wave energy converter 100 to be
absorbed by the outer peripheral surface 118 along one
and a half turn, or fewer, of the at least two turns V1, V2
of the first line section wound around it, so that at least
half a turn wound around the outer peripheral surface
118 remains unaffected by the variations in tensile force
Fd.
[0057] In the previously known fastening devices on
buoyant bodies of the type in question, the line usually
passes through a hawse or similar element where the
line direction changes some distance from the point of
attachment of the line to the buoyant body, which results
in that the line portion between the point of attachment
and the hawse will change length when the load on the
line changes and the line will slip against the hawse,
where the contact force is high, and be seriously worn.
By providing fastening devices comprising a winch 110
and/or winding device 116 from which the first line section
112 goes straight down into the body of water 104 where
the buoyant body is anchored, the wave energy converter
according to the invention can eliminate this specific
problem.
[0058] The second line section 113; 113’ of the moor-
ing lines used in the wave energy converter 100 accord-
ing to the invention may comprise a steel cable, but pref-
erably comprises a rope or a braided rope of a synthetic
polymer material. In order to reduce the risk of corrosion
and/or chafing against the anchor 114; 114’, or against
objects in the water near the anchor, the second line sec-
tion 113; 113’ can, in one advantageous embodiment,
also comprise a surrounding layer of material or a sur-
rounding coating of a corrosion or wear protection mate-
rial, which may be any suitable type of material in solid,
vaporized, plasma or liquid form that provides such pro-
tective properties and can be applied onto the second
line section, either during the manufacture or in connec-
tion with the mounting or laying thereof.
[0059] The at least two anchors 114; 114’ to which the
buoyant body 101 of the wave energy converter 100 ac-
cording to the invention is moored can be provided with
a fixing eye, a cast-in pipe, or other attachment means
(not shown in the figures) adapted to allow the attachment
of the second line sections 113; 113’ to the respective
anchor 114; 114’ to be done by passing an end of the
respective second line section 113; 113’ through the at-
tachment means of the anchor to form a loop around the
attachment means and then making a knot, splice or
seam to fix the loop and attach the second line section
113; 113’ to the anchor 114; 114’.
[0060] The at least two anchors 114; 114’ to which the
buoyant body 101 is moored can particularly advanta-
geously be provided with attachment means (not shown
in the figures) adapted to allow the attachment of the
second line section 113; 113’ to the anchor 114; 114’ to
be done partially or entirely by means of a remotely op-
erated vehicle (ROV). Such an adaptation of the attach-
ment means may consist in each anchor being provided
on its top side with a sturdily mounted attachment means,
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similar to an over-sized snap hook (not shown in the fig-
ures) having a spring-loaded clamp opening into which
the remotely operated vehicle (not shown) by means its
gripping jaw can push a pre-spliced, tied or sewn loop
(not shown) at the end of the second line section 113;
113’ whereupon the spring loading can return the clamp
opening to the closed condition so that the loop of the
second line section 113; 113’ is attached to the anchor
114; 114’ via the closed clamp.
[0061] One problem with the previously used mooring
systems is that their fastening devices on the buoyant
body and any connecting means between different line
sections usually comprise a plurality of metal members
being provided with a corrosion protection layer, but that
this corrosion protection layer is damaged as time passes
when interconnected metal members chafe against each
other and/or against a mooring line as the buoyant body
is thrown about by wave movements, so that the oxygen-
rich and usually salt-saturated atmosphere and the water
in the vicinity of the buoyant body can cause corrosion
attacks on the metal members, which results in an in-
creased need for maintenance work for replacing metal
members, and, in the worst case, can lead to material
failure of the metal members and risk of damage to, or
loss, of the wave energy converter. Therefore, to reduce
the risk of such corrosion problems occurring in the wave
energy converter according to the invention, each fas-
tening device on the usually water-, oxygen- and salt-
exposed buoyant body preferably comprises a winch or
winding device allowing a slip-free and thereby almost
abrasion-free attachment of the first line section to the
buoyant body, which reduces the risk of corrosion attacks
as a result of wear on any metal members.
[0062] In another advantageous embodiment of the
wave energy converter 100 according to the invention,
one or several electrical power transmission cables (not
shown in the figures) is/are adapted to extend along one
of the mooring lines 111; 111’ in a longitudinally exten-
sible manner from the buoyant body 101 to a cable de-
flection point (not shown in the figures) located at or below
the buoyant element 115; 115’. The electrical cable (or
cables) can be arranged in loops or in a helix shape so
as to be able to extend and retract when the wave energy
converter 100 operates and can be held attached to the
mooring line by means of loosely fitting, encircling rubber
straps or other suitable means (not shown in the figures).
Thanks to the fact that the electrical cable (or cables)
smoothly follows/follow the movements of the buoyant
body 101 and the upper portion of the mooring line 111
in the body of water exposed to wave movement near
the water surface, the risk of wear and tear and damages
to the electrical cable (or cables) is minimized. After the
deflection point below the buoyant element 115; 115’,
which is located in a relatively calm body of water, the
electrical cable (or cables) may extend further laterally
to a connecting point of another unit (not shown in the
figures) located either at the bottom, below the water sur-
face, above the water surface, or on land.

[0063] In the foregoing, the present invention has been
described with the aid of a number of different embodi-
ments and with reference to the accompanying drawings.
It should be understood, however, that the invention is
not limited to the described embodiments and to what is
shown in drawings, but that also other embodiments are
conceivable within the scope of the invention as it is de-
fined by the following claims.

Claims

1. A wave energy converter (100), comprising a buoy-
ant body (101), an acceleration tube (102) suspend-
ed from and attached to the buoyant body (101) and
having an upper end adjacent to the buoyant body
and a lower end at a distance from the buoyant body,
wherein a portion of the acceleration tube (102) de-
fines a working cylinder (103) between the upper end
and the lower end, upper and lower openings in the
acceleration tube (102) for allowing a substantially
unimpeded flow of water between the working cylin-
der (103) and a body of water (104) in which the
acceleration tube (102) is at least partially sub-
merged when the wave energy converter operates
as a result of wave movements, a working piston
(105) reciprocable in the working cylinder (103), an
energy conversion assembly (106) comprising at
least one energy collecting device (107) collecting
energy from the movements of the working piston
(105) relative to the buoyant body (101) resulting
from said wave movements, and a mooring system
(108) adapted to maintain the wave energy converter
(100) within a desired anchoring area (109) and com-
prising at least a first fastening device (110) mounted
on the buoyant body (101) for attachment of a first
mooring line (111) to the buoyant body (101) and at
least a second fastening device (110’) mounted on
the buoyant body 101 for attachment of a second
mooring line (111’) to the buoyant body (101), where-
in the first mooring line (111) consists of a first line
section (112) for attachment to the first fastening de-
vice (110) and of a second line section (113) for at-
tachment to a first anchor (114) placed or intended
to be placed at a first anchor position (PI) located
outside a first side (SI) of the desired anchoring area
(109), wherein the second mooring line (111’) con-
sists of a first line section (112’) for attachment to
the second fastening device (110’) and of a second
line section (113’) for attachment to a second anchor
(114’) placed or intended to be placed at a second
anchor position (P2) located outside a second side
(S2) of the desired anchoring area (109), wherein at
least one of the mooring lines (111; 111’) comprises
at least one buoyant element (115; 115’) attached
between the first line section (112; 112’) and the sec-
ond line section (113; 113’)) so as to, after positioning
of said anchors (114; 114’), attachment of said sec-

17 18 



EP 3 277 949 B1

11

5

10

15

20

25

30

35

40

45

50

55

ond line sections (113; 113’) to said anchors (114;
114’), pre-tensioning of each mooring line (111; 111’)
provided with a buoyant element and attachment of
said first line sections (112; 112’) to the buoyant body
(101), allow that each mooring line (111; 111’) pro-
vided with a buoyant element, as a result of inherent
buoyancy of said buoyant element (115; 115’), will
exhibit an angle (a, a’) dependent on said pre-ten-
sioning between said first line section (112; 112’) and
said second line section (113; 113’), which enables
each mooring line (111; 111’) provided with a buoy-
ant element to be kept taut by means of the buoyant
element, when the wave energy converter (100) op-
erates as a result of said wave movements, and that
the lengths of the first (112; 112’) and second (113;
113’) line section, respectively, and the buoyancy of
the buoyant element (115; 115’) of each mooring line
(111; 111’), and the pre-tensioning of the respective
mooring lines (111; 111’) are adapted to ensure that
each buoyant element (115; 115’) is located under
the water surface (104) at mean water level.

2. The wave energy converter (100) according to claim
1, characterized in that the first line section (112;
112’) of at least one of the mooring lines (111; 111’)
has an elastic stretch permitting a maximum length-
ening thereof of no more than 5 % at maximum cal-
culated force in the mooring line, and that said buoy-
ant element (115; 115’) between the first line section
(112; 112’) and the second line section (113; 113’)
has a position on the mooring line (111; 111’) and a
buoyancy which, after positioning of said anchor
(114; 114’), attachment of said second line section
(113; 113’) to said anchor (114; 114’), pre-tensioning
of said mooring line (111; 111’) and attachment of
said first line section (112; 112’) to the buoyant body
(101), allow a maximum lengthening and shortening,
respectively, of the effective length of the mooring
line (111; 111’) of at least 30 meters.

3. The wave energy converter (100) according to claim
1 or 2, characterized in that at least one of the fas-
tening devices mounted on the buoyant body (101)
comprises a winch (110; 110’) adapted to be capable
of winding up a portion of the first line section (112;
112’) when pre-tensioning the mooring line (111;
111’) and of attaching the first line section (112; 112’)
to the buoyant body (101).

4. The wave energy converter (100) according to any
one of the preceding claims, ch aracterized in that
at least one of the fastening devices mounted on the
buoyant body (101) comprises a winding device
(116), which is rotationally fixedly mounted on the
buoyant body (101), and a securing device (117),
which is disposed on the buoyant body (101) for in-
teraction with the winding device (116), and wherein
the winding device (116) exhibits an outer peripheral

surface (118), which is adapted for winding there
around at least two turns (VI, V2) of the first line sec-
tion (112), and wherein the securing device (117) is
adapted for securing thereto a free part (112f) of the
first line section coming from the winding device
(116) in connection with the pre-tensioning of the
mooring line (111).

5. The wave energy converter (100) according to claim
4, characterized in that the winding device (116)
comprises at least one elongated member (116),
projecting from the buoyant body (101), which pro-
vides at least a part of the outer peripheral surface
(118).

6. The wave energy converter (100) according to any
one of the preceding claims, characterized in that
at least a portion of the first line section (112; 112’),
located above or near the water surface (104) when
the wave energy converter operates, comprises a
surrounding layer of material or a surrounding coat-
ing of a UV protective material.

7. The wave energy converter (100) according to any
one of the preceding claims, characterized in that
said buoyant element (115; 115’) comprises a hollow
or porous body and an enclosing casing.

8. The wave energy converter (100) according to any
one of the preceding claims, characterized in that
said buoyant element (115; 115’) comprises a plastic
material, a natural or synthetic rubber material, a
foam material and/or a polymer material with sub-
stantially closed cells, and that said buoyant element
contains air or another gas.

9. The wave energy converter according to any one of
the preceding claims, charac terized in in that said
buoyant element is attached to a line portion be-
tween a first end and an opposite second end of a
continuous line in order to form the first line section
and the second line section.

10. The wave energy converter (100) according to any
one of the preceding claims, characterized in that
one or several electrical power transmission cables
is/are adapted to extend along one of the mooring
lines in a longitudinally extensible manner from the
buoyant body (101) to a cable deflection point locat-
ed at or below the buoyant element (115; 115’).

Patentansprüche

1. Wellenenergiewandler (100), umfassend einen Auf-
triebskörper (101), ein Beschleunigungsrohr (102),
das an dem Auftriebskörper (101) aufgehängt und
angebracht ist und ein oberes Ende benachbart zu
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dem Auftriebskörper und ein unteres Ende in einem
Abstand von dem Auftriebskörper aufweist, wobei
ein Abschnitt des Beschleunigungsrohrs (102) einen
Arbeitszylinder (103) zwischen dem oberen Ende
und dem unteren Ende definiert, obere und untere
Öffnungen in dem Beschleunigungsrohr (102), um
einen im Wesentlichen ungehinderten Wasserstrom
zwischen dem Arbeitszylinder (103) und einem Ge-
wässer (104) zu ermöglichen, in das das Beschleu-
nigungsrohr (102) zumindest teilweise eingetaucht
ist, wenn der Wellenenergiewandler als Folge von
Wellenbewegungen arbeitet, einen Arbeitskolben
(105), der in dem Arbeitszylinder (103) hin- und her-
bewegbar ist, eine Energieumwandlungsbaugruppe
(106), die mindestens eine Energiesammelvorrich-
tung (107) umfasst, die Energie aus den Bewegun-
gen des Arbeitskolbens (105) relativ zu dem Auf-
triebskörper (101) sammelt, die aus den Wellenbe-
wegungen resultieren, und ein Festmachsystem
(108), das dazu ausgelegt ist, den Wellenenergie-
wandler (100) innerhalb eines gewünschten Veran-
kerungsbereichs (109) zu halten, und die mindes-
tens eine erste Befestigungsvorrichtung (110), die
an dem Auftriebskörper (101) zum Anbringen einer
ersten Festmachleine (111) an dem Auftriebskörper
(101) montiert ist, und mindestens eine zweite Be-
festigungsvorrichtung (110’) umfasst, die an dem
Auftriebskörper (101) zum Anbringen einer zweiten
Festmachleine (111’) an dem Auftriebskörper (101)
montiert ist, wobei die erste Festmachleine (111) aus
Folgendem besteht:

einem ersten Leinenabschnitt (112) zum Anbrin-
gen an der ersten Befestigungsvorrichtung
(110) und
einem zweiten Leinenabschnitt (113) zum An-
bringen an einem ersten Anker (114), der an ei-
ner ersten Ankerposition (P1= platziert ist oder
platziert werden soll, die sich außerhalb einer
ersten Seite (S1) des gewünschten Veranke-
rungsbereichs (109) befindet, wobei die zweite
Festmachleine (111’) aus Folgendem besteht:

einem ersten Leinenabschnitt (112’) zum
Anbringen an der zweiten Befestigungsvor-
richtung (110’) und
einem zweiten Leinenabschnitt (113’) zum
Anbringen an einem zweiten Anker (114’),
der an einer zweiten Ankerposition (P2)
platziert ist oder platziert werden soll, die
sich außerhalb einer zweiten Seite (S2) des
gewünschten Verankerungsbereichs (109)
befindet, wobei
mindestens eine der Festmachleinen (111;
111’) mindestens ein Auftriebselement
(115; 115’) umfasst, das zwischen dem ers-
ten Leinenabschnitt (112; 112’) und dem
zweiten Leinenabschnitt (113; 113’) ange-

bracht ist, um nach dem Positionieren der
Anker (114; 114’), Anbringen der zweiten
Leinenabschnitte (113; 113’) an den Ankern
(114; 114’), Vorspannen jeder mit einem
Auftriebselement versehenen Festmachlei-
ne (111; 111’) und Anbringen der ersten Lei-
nenabschnitte (112; 112’) an dem Auftriebs-
körper (101) zu ermöglichen, dass jede mit
einem Auftriebselement versehene Fest-
machleine (111; 111’) infolge des dem Auf-
triebselement (115; 115’) eigenen Auftriebs
einen Winkel (a, a’) in Abhängigkeit von der
Vorspannung zwischen dem ersten Leinen-
abschnitt (112; 112’) und dem zweiten Lei-
nenabschnitt (113; 113’) aufweist, was es
ermöglicht, dass jede mit einem Auftriebse-
lement versehene Festmachleine (111;
111’) mittels des Auftriebselements straff
gehalten wird, wenn der Wellenenergie-
wandler (100) infolge der Wellenbewegun-
gen arbeitet, und dass die Längen des ers-
ten (112; 112’) bzw. des zweiten (113; 113’)
Leinenabschnitts und der Auftrieb des Auf-
triebselements (115; 115’) jeder Festmach-
leine (111; 111’) und die Vorspannung der
jeweiligen Festmachleinen (111; 111’) dazu
ausgelegt sind sicherzustellen, dass sich je-
des Auftriebselement (115; 115’) unter der
Wasseroberfläche (104) auf mittlerem
Wasserniveau befindet.

2. Wellenenergiewandler (100) nach Anspruch 1, da-
durch gekennzeichnet, dass der erste Leinenab-
schnitt (112; 112’) mindestens einer der Festmach-
leinen (111; 111’) eine elastische Dehnung aufweist,
die eine maximale Verlängerung derselben von
höchstens 5 % bei maximal berechneter Kraft in der
Festmachleine zulässt, und dass das Auftriebsele-
ment (115; 115’) zwischen dem ersten Leinenab-
schnitt (112; 112’) und dem zweiten Leinenabschnitt
(113; 113’) eine Position an der Festmachleine (111;
111’) und einen Auftrieb aufweist, die nach dem Po-
sitionieren des Ankers (114; 114’), Anbringen des
zweiten Leinenabschnitts (113; 113’) an dem Anker
(114; 114’), Vorspannen der Festmachleine (111;
111’) und Anbringen des ersten Leinenabschnitts
(112; 112’) an dem Auftriebskörper (101) eine ma-
ximale Verlängerung bzw. Verkürzung der effektiven
Länge der Festmachleine (111; 111’) von mindes-
tens 30 Metern ermöglichen.

3. Wellenenergiewandler (100) nach Anspruch 1 oder
2, dadurch gekennzeichnet, dass mindestens eine
der an dem Auftriebskörper (101) montierten Befes-
tigungsvorrichtungen eine Winde (110; 110’) um-
fasst, die ausgelegt ist, beim Vorspannen der Fest-
machleine (111; 111’) einen Teil des ersten Leinen-
abschnitts (112; 112’) aufwickeln und den ersten Lei-
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nenabschnitt (112; 112’) an dem Auftriebskörper
(101) anbringen zu können.

4. Wellenenergiewandler (100) nach einem der vorher-
gehenden Ansprüche, dadurch gekennzeichnet,
dass mindestens eine der am Auftriebskörper (101)
montierten Befestigungsvorrichtungen eine am Auf-
triebskörper (101) drehfest montierte Wickelvorrich-
tung (116) und eine am Auftriebskörper (101) ange-
ordnete Sicherungsvorrichtung (117) zum Zusam-
menwirken mit der Wickelvorrichtung (116) umfasst,
und wobei die Wickelvorrichtung (116) eine Außen-
umfangsfläche (118) aufweist, die ausgelegt ist, zu-
mindest zwei Windungen (V1, V2) des ersten Lei-
nenabschnitts (112) darauf aufzuwickeln, und wobei
die Sicherungsvorrichtung (117) ausgelegt ist, einen
von der Wickelvorrichtung (116) kommenden freien
Teil (112f) des ersten Leinenabschnitts in Verbin-
dung mit dem Vorspannen der Festmachleine (111)
an sich zu sichern.

5. Wellenenergiewandler (100) nach Anspruch 4, da-
durch gekennzeichnet, dass die Wickelvorrich-
tung (116) mindestens ein längliches Element (116)
umfasst, das von dem Auftriebskörper (101) vorsteht
und mindestens einen Teil der Außenumfangsfläche
(118) bereitstellt.

6. Wellenenergiewandler (100) nach einem der vorher-
gehenden Ansprüche, dadurch gekennzeichnet,
dass zumindest ein im Betrieb des Wellenenergie-
wandlers oberhalb oder nahe der Wasseroberfläche
(104) liegender Teil des ersten Leinenabschnitts
(112; 112’) eine umgebende Materialschicht oder ei-
ne umgebende Beschichtung aus einem UV-Schutz-
material umfasst.

7. Wellenenergiewandler (100) nach einem der vorher-
gehenden Ansprüche, dadurch gekennzeichnet,
dass das Auftriebselement (115; 115’) einen hohlen
oder porösen Körper und ein umschließendes Ge-
häuse umfasst.

8. Wellenenergiewandler (100) nach einem der vorher-
gehenden Ansprüche, dadurch gekennzeichnet,
dass das Auftriebselement (115; 115’) ein Kunst-
stoffmaterial, ein natürliches oder synthetisches
Gummimaterial, ein Schaummaterial und/oder ein
Polymermaterial mit im Wesentlichen geschlosse-
nen Zellen umfasst und dass das Auftriebselement
Luft oder ein anderes Gas enthält.

9. Wellenenergiewandler nach einem der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass das schwimmfähige Element an einem Leinen-
abschnitt zwischen einem ersten Ende und einem
gegenüberliegenden zweiten Ende einer durchge-
henden Leine angebracht ist, um den ersten Leinen-

abschnitt und den zweiten Leinenabschnitt zu bil-
den.

10. Wellenenergiewandler (100) nach einem der vorher-
gehenden Ansprüche, dadurch gekennzeichnet,
dass ein oder mehrere elektrische Energieübertra-
gungskabel dazu eingerichtet ist/sind, sich entlang
einer der Festmachleinen längsdehnbar von dem
Auftriebskörper (101) zu einem Kabelumlenkpunkt
zu erstrecken, der sich an oder unter dem Auftrieb-
selement (115; 115’) befindet.

Revendications

1. Convertisseur d’énergie houlomotrice (100), com-
prenant un corps flottant (101), un tube d’accéléra-
tion (102) suspendu et fixé au corps flottant (101) et
ayant une extrémité supérieure adjacente au corps
flottant et une extrémité inférieure à une distance du
corps flottant, dans lequel une partie du tube d’ac-
célération (102) définit un cylindre de travail (103)
entre l’extrémité supérieure et l’extrémité inférieure,
des ouvertures supérieure et inférieure dans le tube
d’accélération (102) pour permettre un écoulement
d’eau essentiellement sans entrave entre le cylindre
de travail (103) et une étendue d’eau (104) dans la-
quelle le tube d’accélération (102) est au moins par-
tiellement immergé lorsque le convertisseur d’éner-
gie houlomotrice fonctionne en conséquence de
mouvements de vagues, un piston de travail (105)
pouvant faire un mouvement de va-et-vient dans le
cylindre de travail (103), un ensemble de conversion
d’énergie (106) comprenant au moins un dispositif
de collecte d’énergie (107) collectant de l’énergie à
partir des mouvements du piston de travail (105) par
rapport au corps flottant (101) résultant desdits mou-
vements de vagues, et un système d’amarrage (108)
conçu pour maintenir le convertisseur d’énergie hou-
lomotrice (100) au sein d’une zone d’ancrage sou-
haitée (109) et comprenant au moins un premier dis-
positif de fixation (110) monté sur le corps flottant
(101) pour fixation d’une première ligne d’amarrage
(111) au corps flottant (101) et au moins un deuxième
dispositif de fixation (110’) monté sur le corps flottant
101 pour fixation d’une deuxième ligne d’amarrage
(111’) au corps flottant (101), dans lequel la première
ligne d’amarrage (111) est constituée
d’une première section de ligne (112) pour fixation
au premier dispositif de fixation (110) et
d’une deuxième section de ligne (113) pour fixation
à un premier ancrage (114) placé ou prévu pour être
placé à une première position d’ancrage (PI) située
à l’extérieur d’un premier côté (SI) de la zone d’an-
crage souhaitée (109), dans lequel la deuxième ligne
d’amarrage (111’) est constituée
d’une première section de ligne (112’) pour fixation
au deuxième dispositif de fixation (110’) et
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d’une deuxième section de ligne (113’) pour fixation
à un deuxième ancrage (114’) placé ou prévu pour
être placé à une deuxième position d’ancrage (P2)
située à l’extérieur d’un deuxième côté (S2) de la
zone d’ancrage souhaitée (109), dans lequel
au moins l’une des lignes d’amarrage (111 ; 111’)
comprend au moins un élément flottant (115 ; 115’)
fixé entre la première section de ligne (112 ; 112’) et
la deuxième section de ligne (113 ; 113’)) de façon,
après positionnement desdits ancrages (114 ; 114’),
fixation desdites deuxièmes sections de ligne (113 ;
113’) auxdits ancrages (114 ; 114’), mise en tension
préalable de chaque ligne d’amarrage (111 ; 111’)
pourvue d’un élément flottant et fixation desdites pre-
mières sections de ligne (112 ; 112’) au corps flottant
(101), à permettre que chaque ligne d’amarrage
(111 ; 111’) pourvue d’un élément flottant, en con-
séquence d’une flottabilité inhérente dudit élément
flottant (115 ; 115’), présente un angle (α, α’) dépen-
dant de ladite mise en tension préalable entre ladite
première section de ligne (112 ; 112’) et ladite
deuxième section de ligne (113 ; 113’), qui permet
à chaque ligne d’amarrage (111 ; 111’) pourvue d’un
élément flottant d’être maintenue tendue au moyen
de l’élément flottant, lorsque le convertisseur d’éner-
gie houlomotrice (100) fonctionne en conséquence
desdits mouvements de vagues, et que les lon-
gueurs de la première (112 ; 112’) et de la deuxième
(113 ; 113’) section de ligne, respectivement, et que
la flottabilité de l’élément flottant (115 ; 115’) de cha-
que ligne d’amarrage (111 ; 111’), et la mise en ten-
sion préalable des lignes d’amarrage respectives
(111 ; 111’) soient adaptées pour assurer que cha-
que élément flottant (115 ; 115’) se situe sous la sur-
face d’eau (104) à un niveau d’eau moyen.

2. Convertisseur d’énergie houlomotrice (100) selon la
revendication 1, caractérisé en ce que la première
section de ligne (112 ; 112’) d’au moins l’une des
lignes d’amarrage (111 ; 111’) a un étirement élas-
tique permettant un allongement maximal de celle-
ci n’excédant pas 5 % à la force maximale calculée
dans la ligne d’amarrage, et en ce que ledit élément
flottant (115 ; 115’) entre la première section de ligne
(112 ; 112’) et la deuxième section de ligne (113 ;
113’) a une position sur la ligne d’amarrage (111 ;
111’) et une flottabilité qui, après positionnement du-
dit ancrage (114 ; 114’), fixation de ladite deuxième
section de ligne (113 ; 113’) audit ancrage (114 ;
114’), mise en tension préalable de ladite ligne
d’amarrage (111 ; 111’) et fixation de ladite première
section de ligne (112 ; 112’) au corps flottant (101),
permettent un allongement et un rétrécissement
maximaux, respectivement, de la longueur efficace
de la ligne d’amarrage (111 ; 111’) d’au moins 30
mètres.

3. Convertisseur d’énergie houlomotrice (100) selon la

revendication 1 ou 2, caractérisé en ce qu’au moins
l’un des dispositifs de fixation montés sur le corps
flottant (101) comprend un treuil (110 ; 110’) conçu
pour pouvoir enrouler une partie de la première sec-
tion de ligne (112 ; 112’) lors de la mise en tension
préalable de la ligne d’amarrage (111 ; 111’) et pour
pouvoir fixer la première section de ligne (112 ; 112’)
au corps flottant (101).

4. Convertisseur d’énergie houlomotrice (100) selon
l’une quelconque des revendications précédentes,
caractérisé en ce qu’au moins l’un des dispositifs
de fixation montés sur le corps flottant (101) com-
prend un dispositif d’enroulement (116), qui est mon-
té fixement de manière rotative sur le corps flottant
(101), et un dispositif de blocage (117), qui est dis-
posé sur le corps flottant (101) pour interaction avec
le dispositif d’enroulement (116), et dans lequel le
dispositif d’enroulement (116) présente une surface
périphérique externe (118), qui est conçue pour en-
rouler autour de celle-ci au moins deux tours (V1,
V2) de la première section de ligne (112), et dans
lequel le dispositif de blocage (117) est conçu pour
bloquer à celui-ci une partie libre (112f) de la pre-
mière section de ligne venant du dispositif d’enrou-
lement (116) en rapport avec la mise en tension préa-
lable de la ligne d’amarrage (111).

5. Convertisseur d’énergie houlomotrice (100) selon la
revendication 4, caractérisé en ce que le dispositif
d’enroulement (116) comprend au moins un élément
allongé (116), faisant saillie du corps flottant (101),
qui fournit au moins une partie de la surface péri-
phérique externe (118).

6. Convertisseur d’énergie houlomotrice (100) selon
l’une quelconque des revendications précédentes,
caractérisé en ce qu’au moins une partie de la pre-
mière section de ligne (112 ; 112’), située au-dessus
ou près de la surface d’eau (104) lorsque le conver-
tisseur d’énergie houlomotrice fonctionne, com-
prend une couche périphérique de matériau ou un
revêtement périphérique d’un matériau de protection
UV.

7. Convertisseur d’énergie houlomotrice (100) selon
l’une quelconque des revendications précédentes,
caractérisé en ce que ledit élément flottant (115 ;
115’) comprend un corps creux ou poreux et un boî-
tier d’enceinte.

8. Convertisseur d’énergie houlomotrice (100) selon
l’une quelconque des revendications précédentes,
caractérisé en ce que ledit élément flottant (115 ;
115’) comprend un matériau en plastique, un maté-
riau en caoutchouc naturel ou synthétique, un ma-
tériau en mousse et/ou un matériau polymère avec
des alvéoles essentiellement fermées, et en ce que

25 26 



EP 3 277 949 B1

15

5

10

15

20

25

30

35

40

45

50

55

ledit élément flottant contient de l’air ou un autre gaz.

9. Convertisseur d’énergie houlomotrice selon l’une
quelconque des revendications précédentes, carac-
térisé en ce que ledit élément flottant est fixé à une
partie de ligne entre une première extrémité et une
deuxième extrémité opposée d’une ligne continue
afin de former la première section de ligne et la
deuxième section de ligne.

10. Convertisseur d’énergie houlomotrice (100) selon
l’une quelconque des revendications précédentes,
caractérisé en ce qu’un ou plusieurs câbles de
transmission d’énergie électrique est/sont conçus
pour s’étendre le long d’une des lignes d’amarrage
d’une manière longitudinalement extensible à partir
du corps flottant (101) jusqu’à un point de fléchisse-
ment de câble situé au niveau ou sous l’élément flot-
tant (115 ; 115’).
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