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Description

TECHNICAL FIELD OF THE INVENTION

[0001] This invention refers generally to a floatable wind power plant and more

specifically to a wind power plant, which is structured as a floating installation.

[0002] For applying the invention it refers to and is intended to be applied at an
installation for creating prerequisites for generating electric power and electric

energy from a prevailing force of a wind and the direction of said wind.

[0003] Installations of this kind can then comprise, a; individual pontoon units,
which may float in a body of water and which however are coordinated with each
other, b; a plurality of, at least two, wind turbines (wind-driven propellers), oriented
adjacent to each other and coordinated with each other, c; a mooring system, solidly
anchored to a limited bottom area of the mentioned body of water, d; a generator
unit, which may be driven by the rotating motion of the wind turbines for generating
said electric power, €; a cable section, connected on the one hand to said generator
unit and on the other hand to a land-based distribution network, adapted for

distributing generated electric power.

[0004] This invention has been suggested with the intention of providing an
installation and an application, in which at least two of said pontoon units can be
coordinated with one bracing beam or the like, such as a beam horizontally oriented,
adapted to form and/or support a first frame structure, oriented vertically or
essentially vertically, to which frame structure and/or bracing beam said wind
turbines are related and distributed, preferably side-relatedly, and wherein at least a
third one of said pontoon units is to be capable of being coordinated with a second
horizontally or essentially horizontally oriented frame structure, wherein said first
frame structure and said second frame structure are united i.a. by means of associated

frame portions.
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[0005] The invention envisages utilizing a control unit or control equipment, which
to advantage can find its use in an installation as mentioned above and which is to
control associated means and/or arrangements, by using input data and calculate

output data or signals.

BACKGROUND OF THE INVENTION

[0006] Methods, arrangements, and structures related to the technical field
mentioned above and having a function and a character, which fulfil requirements set

up 1s known earlier in a plurality of different embodiments.

[0007] With regard to installations of this type it is known earlier to structure
necessary pontoons or pontoon units in such manner that the latter rest horizontally
against and floating on the water surface of a body of water or to structure them as

floating vertical posts, such as with associated ballast or ballast-related arrangements.

[0008] As examples or the first-mentioned category the contents of the following
Patent Publications may be mentioned, viz. NL-1 008 318; EP-1 106 825-A2; US-6
294 844-B1; DE-32 24 976-A1; DE-197 27 330-A1; WO-00/586221-A1; DE-198 46
796-A1, and WO-02/073032-A1. respectively.

[0009] As examples of the last-mentioned category having vertical posts, serving as
pontoon units, the contents of Patent Publications WO-2005/040 604-A2 and WO-
03/076 800-A2 may be mentioned.

[0010] If the basic prerequisites associated with the present invention are
considered, also to the earlier standpoint of technology may be noted, the subject
matter of Patent Publication WO-2007/009 464-A1 and particularly Figures 1 and 2

illustrated therein.

[0011] Here a floatable wind power plant, in the form of an individual installation
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related to a body of water, will be shown and described and more particularly a
system for creating prerequisites for generating electric power from a prevailing

force of the wind and its allocated and instant direction.

[0012] The system of the type indicated here comprises a; individual but
mechanically coordinated pontoon units, which may float in a body of water, b; a
plurality of, at least two, wind turbines (wind-driven propellers), oriented adjacent to
each other and coordinated witg each other, ¢; a mooring system, solidly anchored to
a restricted bottom area of said body of water, d; a generator unit, which may be
driven by the rotational movements of one or more wind turbines for generating said
electric energy, and e; a cable section, connected on the one hand to said generator
unit and on the other hand to a distribution network based on land and distributing

generated electric power.

[0013] More specifically said pontoon units are to be structured by and associated
with at least two vertical or at least essentially vertical posts, which may float in

themselves for forming i.a. a first vertical frame structure.

[0014] Under all circumstances the existence will be required at least of one upright
or equivalent stabilizing the vertical position of the first frame structure in the body
of water, said upright or similar being designated as a "third pontoon unit" in the

following.
[0015] Said two (three) post-shaped pontoon units are flexurally rigid in themselves
and are furthermore adapted to be able to vertically support at least one horizontally

oriented carrier beam structure, which is flexurally rigid in itself.

[0016] Such carrier beam structure is to be adapted and dimensioned such, that it

will be able to support a plurality of said wind turbines horizontally.

[0017] Each one of said post-shaped pontoon units and said upright or third pontoon
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unit are dimensioned such, with regard to each other and/or adapted such, that with
their lower portions immersed in said body of water they keep the upper portions of

the two mentioned frame structures floating over the surface of the water.

[0018] Said third upright is to be displaced laterally by one plane, oriented through
said first frame structure and said two posts, with the third upright being adapted on
the one hand to be able to cooperate with said first frame structure over a second

frame structure and on the other hand to cooperate maintainingly with said mooring

system.

[0019] It is specifically indicated here that said pontoon units are to be coordinated
with a horizontally oriented carrier beam or carrier beam structure adapted to be
included 1n, to form and/or to support a first, vertically or essentially vertically
oriented, frame structure, to which frame structure and/or carrier beam said wind
turbines are side-relatedly distributed, and wherein at least the third one of said
pontoon units is to be coordinated with a second horizontally or essentially
horizontally oriented frame structure, said first frame structure and said second frame
structure being securely attached to each other i.a. by associated frame related

portions.

[0020] It is known that a floating installation of this type and having a securely
anchored mooring system will have a tendencys, 1.a. of the forming of the waves, to
turn the plant or installation as a unit, including the wind turbines, so that the latter
will deviate somewhat from a prevailing and instant direction of the wind and the eye

of the wind, whereby a desired maximum output of power will be reduced.

[0021] Considering the significant features related to the present invention the
content of the following Patent Publications are to be mentioned as relevant prior art

constructions.

[0022] Patent Publication W(099/02856 discloses an installation comprising
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windmills (1), which are mounted on a frame (5,6,7), said frame is provided with
float bodies (15) and it is capable of a rotation about a vertical axis by using
appropriate driving means, in order to turn the windmills and the installation towards

the wind.

[0023] Page 3, lines 10 to 25, indicates that a usable driving means is in the form of
a propeller and on Page 7, lines 14 to16, it is suggested that at a prevailing low wind
speed the plant or installation may be driven in an "opposite" direction by unsing

said propeller.

[0024] Patent Publication FR-2 890 706-A1 is disclosing a wind driven plant, where

the wind propellers are arranged for rotating a common generator unit.

[0025] Patent Publication US-2003/0 129 059-A1 is disclosing a mechanism (16), in
order to individually adopt the pitch value for a number of propeller blades (15A,
15B and 15C).

[0026] Patent Publication W(0-99/02866-A1 is also considered to disclosing a
relevant prior art and is considered to be the most relevant prior art and the preamble
of Claim 1 is disclosing the common features between the present invention and this

prior art.
STATEMENT OF THE PRESENT INVENTION

TECHNICAL PROBLEM

[0027] If the circumstance is considered, that the technical evaluations, which a
person skilled in the art will have to carry out in order to offer a solution of one or
more technical problems are on the one hand initially a necessary knowledge of the
measures and/or the sequence of measures which are to be carried out and on the

other hand a necessary choice of the one or more means which are necessary, the
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following technical problems should in consideration of this be relevant in producing

the present subject of invention.

[0028] Considering the earlier standpoint of technology as it has been described
above it must therefore be seen as a technical problem to be able to understand the
significance of, the advantages related to and/or the technical measures and
considerations that will be required, in a floating wind power plant, such as a system
related to a pool of water, and more specifically a system for creating prerequisites
from a prevailing wind force for generating electric energy, to offer a light structure,
which can be based on utilizing two or more vertical posts, each serving as a pontoon
unit, one or more vertical uprights or similar, also serving as a pontoon unit, one or
more bar-shaped means dimensioned for specifically taking up compressive forces,
and a plurality of means dimensioned for pronounced taking up of tractive forces and
also to offer utilization of a control unit or control equipment for controlling or
turning the wind turbines against the direction of the wind and up towards the eye of
the wind, in response to a prevailing direction of the wind, adapted to be able to
process relevant incoming data in calculation circuits for via means, apparatus and/or
arrangements enforceably being able to rotate the floatable structure or installation as

a unit.

[0029] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for introducing as incoming data, input data, to said control equipment
1.a. the relevant direction of the wind and the relevant direction of the propeller of the

wind turbine and similar.

[0030] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for letting control equipment be adapted to generate, with associated
algorithms and with the assistance of the calculation circuits, outgoing data, output

data, which over associated adaptation circuits cause actuation of one or more means,
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apparatus and/or arrangements for creating rotation of the floating installation

towards and in coming up against the eye of the wind.

[0031] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for letting said means, apparatus and/or arrangements be comprised of

one or more sub-marine propeller units.

[0032] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for letting one or more of said means, apparatus and/or arrangements be
comprised of at least one installation displacing a chosen fastening point to the

mooring system.

[0033] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for letting such a displacement point be associated with an upper portion

of a utilized mooring system extending over the surface of the water.

[0034] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for letting a calculation means or circuit, with its associated algorithms,
and associated with the control equipment be permitted to actuate an arrangement for
controlling the turning of and/or the motion of the propeller blade during its rotation
and that a first means can be adapted, at least during one rotation, to provide over the
arrangement, one or more propeller blades with different turning positions and/or

pitch setting.

[0035] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will

be required for letting said arrangement be adapted to turn one or more propeller
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blades to a first turning position, during a part of or the whole of its downwards
directed motion and adapted to turn one or more propeller blades to a second turning

position, during a part of or the whole of its upwards directed motion.

[0036] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for letting said arrangement be controllable by said control unit or control
equipment so as, in response to input signals as input data i.a. in the form of relevant
force of the wind, the instant angular position of the propeller blades relative to their
hubs, the pitch profile of the propeller blades and/or relevant wind disturbances, to
generate an output signal as output data for changing the position of rotation of the

propeller blades towards maximized generated electric power.

[0037] There is a technical problem in being able to understand the significance of,
the advantages related to and/or the technical measures and considerations that will
be required for letting the arrangement of the control unit or the control equipment be
actuated by the distribution of the speed of the wind within the region of rotation of

the propeller blade.

THE SOLUTION

[0038] The present invention takes as its starting point the known technology of a
floating wind power plant mentioned by way of introduction, such as in the form of
an installation related to a body of water for creating prerequisites from a prevailing
wind force and wind direction for generating electric power, comprising, a;
individual but coordinated pontoon units, which may float in a body of water, b; a
plurality of, at least two, turbines (wind-driven propellers), oriented adjacent to each
other and coordinated with each other, ¢; a mooring system, solidly anchored to a
restricted bottom area of said body of water, d; a generator unit, which may be driven

by the rotational motion of a turbine for generating said electric power, and e; a cable
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section, connected on the one hand to said generator unit and on the other hand to a

land-based distribution network distributing generated electric power.

[0039] In accordance with the specific peculiarities or features of the invention,
utilizing a control unit or control equipment is indicated, for, in response to a
prevailing direction of the wind, with the assistance of one or more means and/or
apparatuses and/or arrangements, turning the wind turbines towards and up to the
direction of the wind and the eye of the wind, by controllably turning the floating

plant or installation as a unit.

[0040] Within the frame of the present invention it is further indicated to introduce
to said control equipment as input data, values indicating the relevant and instant
direction of the wind, relevant direction of the propeller blades of the wind turbine

and similar.

[0041] Furthermore, it is indicated that the control equipment is to generate outgoing
data over associated calculating circuits for affecting and/or activating one or more
means, apparatus and/or arrangements for creating a rotation of the floating plant or

installation in the water and around its attachment point of the mooring system.

[0042] One or more of said means or apparatuses can then be comprised of a sub-

marine propeller unit.
[0043] One or more of the mentioned means or apparatuses can then be comprised
of horizontally displacing equipment, for a selected attachment point of the mooring

system.

[0044] Such displacement or attachment point can be allotted to an upper floatable

portion of the mooring system.

[0045] A calculation circuit, associated with the control unit and having associated
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algorithms, is to be able to activate and actuate an arrangement for controlling the
turning motion of the propeller blade during its rotation, and a first means is to be
adapted to provide the propeller blade with different positions of rotation via said

arrangement, at least during one revolution.

[0046] Said arrangement is at that time adapted to turn the propeller blade to a first
position of rotation during a part of or the whole of the downward motion thereof and
is adapted to turn the propeller blade to a second position of rotation during a part of

or the entire upwards motion thereof.

[0047] Said arrangement is controllable by the control unit or the control equipment
for, in response to instantaneous input signals i.a. in the form of relevant force of the
wind, the angular position of the propeller blade relative to its hub, the pitch of the
propeller blades and/or relevant disturbances, generating an output signal for
changing the angular positions of the propeller blades towards maximized generated

electric power.

[0048] The arrangement of the control unit and/or the control equipment can also be
affected by the distribution of the speed of the wind in the field of rotation of the

propeller blade.

ADVANTAGES

[0049] The advantages, which primarily must be considered to be characterizing of
the present invention and the specific significant characteristics indicated thereby, are
that in this manner prerequisites have been created for making it possible to generate
electric power by a floatable wind power plant or installation in the form of a
structure, and to create prerequisites for generating electric power from a prevailing

force of the wind and direction of the wind.

[0050] Structures of relevant type may then comprise i.a. a; individual but
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coordinated pontoon units, which are buoyant in a body of water, b; a plurality of, at
least two, turbines (wind-driven propellers), oriented adjacent to each other and
coordinated with each other, ¢; a mooring system, solidly anchored to a restricted
bottom area of said body of water, d; a generator unit, which may be driven by the
rotational motion of a turbine, for generating said electric power, and e: a cable
section, connected on the one hand to said generator unit and on the other hand to a

land-based distribution network, distributing generated electric power.

[0051] More specifically the utilization of a control unit and/or control equipment
for controlling the wind turbines towards a prevailing direction of the wind and eye
of the wind in response to a prevailing direction of the wind with the assistance of
one or more means, apparatus and/or arrangements by rotating the buoyant
installation as a unit up towards the eye of the wind is further disclosed where said
control unit is responsive to input data to calculate relevant output data for

manoevering sand plant or installation in its water pool.

[0052] The subject matter that primarily must be considered to be characterizing of

the present invention is set forth in the characterizing portion of the following claim

L.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] A presently proposed embodiment, exhibiting the significant characteristics
related to the present invention, will now be described more specifically for the

purpose of exemplification with reference to the accompanying drawings, in which;

Figure 1 shows a first frame structure of a water-supported wind power plant
or an installation in a front view and viewed in a direction from an eye of the

wind, associated with the direction of the wind, and
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Figure 1a illustrates a proposed alternative to the embodiment illustrated in
Figure 1 having a different angle of convergence and orientation of the two

utilized pontoon units or posts.

Figure 2 shows a greater part of the structure of Figure 1, in a perspective
view, exhibiting the significant characteristics and features related to the
present invention and having a first, a vertical, frame structure in a rotatable

cooperation with a second, a horizontal, frame structure.

Figure 3 shows the structure of Figures 1 and 2 in a side view and parallel to

a prevailing direction of the wind and its eye of the wind.

Figure 4 shows the structures of Figures 1 and 2 in a side view, similar to

Figure 3, illustrating more in detail the presence of a docking point, and

Figure 5 schematically and in the form of a block diagram shows the control
unit or control equipment, significant to the invention, and having one or
more calculating circuits, coordinated with algorithms valid for the invention

and associated adaptation circuits.

DEFINITIONS

[0054] Pontoon units concerns one or more vertical posts (1', 2") and/or uprights (3")

having their lower portions immersed in a body of water.

[0055] Beam structure concerns a flexurally rigid beam structured such that it can
support a chosen number of wind turbines and one or more generator units and which
can enclose a system, transferring a rotational motion from the wind turbines to the

generator unit.

[0056] A bar-shaped means dimensioned for taking up compressive forces
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concerns a structure, which primarily is dimensioned to be able to take up

compressive forces but which also can take up tractive forces.

[0057] A means dimensioned for taking up tractive forces concerns a structure,
which primarily is dimensioned to be able to take up tractive forces but with minor or

no requirements of being able able to take up compressive forces.

DESCRIPTION OF THE PRESENTLY PROPOSED EMBODIMENT

[0058] By way of introduction it is pointed out that in the following specification
concerning a presently proposed embodiment, which exhibits the significant
characteristics related to the invention and which is clarified by the figures shown in
the subsequent drawings we have chosen terms and a specific terminology in the

purpose of thereby primarily clarifying the concept of the invention.

[0059] However, in this connection it should be noted that the terms chosen here
shall not to be seen as limiting solely to the terms utilized and chosen here and it
should be understood that each in this manner chosen term is to be interpreted such
that in addition it comprises all technical equivalents, which function in the same or
essentially the same manner so as to thereby achieve the same or essentially the same

purpose and/ or technical result.

[0060] Thus, with reference to the accompanying Figures 1, 1a, 2, 3, and 4,
respectively, schematically and specifically not only are shown a proposed
application of the present invention but also the significant qualities and inventive
features related to the invention have been concretized by the embodiment of Figure

5 now proposed and more specifically described in the following.

[0061] Thus, Figures 1 to 4, respectively, show a floatable wind power plant in the

form of a wind power installation "A", related to a body of water for creating
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prerequisites of generating electric power in one generator unit "G" from a prevailing

instant force of the wind and direction of the wind from an eye "W" of the wind.

[0062] According to Figure 1 the installation "A" comprises; a; individual but
coordinated pontoon units 1, 2 and (3), respectively, which may float in a body of
water ""V", b; a plurality, up to at least two, adjacently to each other oriented and
coordinated wind turbines, designated the reference numerals 4, 4a, 4b, and 4c,
respectively, (wind-driven propellers), ¢; a mooring system "M", solidly anchored to
a restricted bottom area "B" of said body of water "V", d; a single generator unit
"G", which may be driven by the rotational motion of the turbines for generating said
electric power, and e; a cable section "K", connected on the one hand to said
generator unit "G" and on the other hand to a land-based distribution network (not

specifically shown), adapted for distributing generated electric power.

[0063] At least two of said pontoon units, designated 1 and 2, in the form of posts 1/,
2" are coordinated with a horizontally oriented carrier beam structure 5, an upper
beam structure, which is adapted to form and/or support a first vertically, or
essentially vertically, oriented frame structure 21, to which frame structure and/or
carrier beam 5 said turbines 4 - 4c are side-relatedly distributed, and wherein at least
a third one of said pontoon units (3) is coordinated with a second frame structure 22,
(Figure 2 and 3) oriented horizontally or essentially horizontally, wherein said first
frame structure 21 and said second frame structure 22 are firmly attached to each
other, by means of associated frame portions or the like, but are rotatable arranged

around a horizontal rotational shaft 6', as shown in Figure 2.

[0064] Said two pontoon units 1, 2 are structured by and associated with at least two
per se floatable vertical, or at least essentially vertical, posts 1', 2' for forming
together with additional structural elements and means, a first frame structure 21,
said structure 21 is by the arrangement of an upright (3) or pontoon unit, stabilizing

the vertical position of the frame structure 21 in the body of water "V",
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[0065] Although applying the present invention will subsequently be described with
two posts 1', 2' allotted to two pontoon units 1, 2 and one upright (3), allotted to one
pontoon unit, it should be noted that this embodiment can be expanded with more
than the number of posts and more of the uprights mentioned here and distributed in

different manner than the ones shown and utilized here as minimum requirements.

[0066] Said two posts 1', 2" associated with pontoon units 1,2 are adapted to be able
to support a horizontally oriented carrier upper beam structure 5, which is flexurally
rigid in itself and horizontally oriented, said structure 5 being adapted and
dimensioned such, that it can support said turbines 4, 4a, 4b, and 4c, respectively,

relatedly to each other.

[0067] Each one of the two mentioned posts 1', 2 or pontoon units 1, 2 and said
upright 3, as in Figures 2 and 3, are dimensioned and/or adapted such, that with their
lower partial portions la, 2a, 3a (Figure 2) immersed in said body of water "V" they
retain the frame structure 21 floating above ther surface "Va" of the water and having
said upright 3 displaced sideways by a plane "P" (Figure 3) oriented through said

frame structure 21 and said two posts 1', 2' or units 1, 2.

[0068] Said pontoon units 1, 2, belonging to the first frame structure 21, are shaped

as two downwardly converging frame portions, here designated 11, 12.

[0069] Said pontoon unit or upright 3, belonging to a second frame structure 22. is
adapted to cooperate with the first frame structure 21 over a frame construction
exposing two, from said upright 3 diverging frame portions 22a, 22b, facing away

from the first frame structure 21 an its lower beam 6.

[0070] Said first frame structure 21 with its horizontally oriented carrier beam
structure 5 and a support beam 6 together with its frame portions or posts 1', 2'
belonging to its pontoon unit are oriented in one and the same plane "P", such as a

vertical plane in Figure 3.
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[0071] Said diverging frame portions 11, 12 or posts 1', 2" are allotted a mutual angle
"a" of less than 90°, but ordinarily greater than 50°, such as around 75°, illustrated in

Figure 1.

[0072] Said upwardly diverging frame portions 11, 12 are here shown to be oriented

for forming a coordinated pointed portion 13.

[0073] Said frame portions 11, 12 are here coordinated with a bracing beam 6
oriented over the water surface "Va". The bracing beam 6 is horizontally oriented
and disposed below the wind turbines and fastened at half of the length of the frame
portions 11, 12.

[0074] Said diverging frame portions 11 ", 12" are, in the alternative embodiment of
Figure 1a, coordinated over crossed bars or wires 14, 14a dimensioned for tractive

forces.

[0075] Said first frame structure 21 is with its carrier beam 5 and its bracing beam 6
adapted to solidly support individual pontoon units 1, 2 with or by, respectively,
associated fixed fastening points, oriented within an area "b" of 10-30 % of the total
length of carrier beam 5, counted from one or both of the end surfaces 5a and 5b,

respectively, of carrier beam 5.

[0076] More particularly it is indicated that said first frame structure 21 is fastened
to said second frame structure 22 over stationary but articulated connections, which

here are given the reference numerals 16, 17.
[0077] Further it is indicated that said first frame structure 21 is to consist of
fastening points for wires, chains or the like, dimensioned for tractive forces and

extending from the second frame structure 22.

[0078] Said fastening points are oriented above and below the articulated connection
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16, 17, which Figure 2 has the purpose of illustrating. The wires have there been
allotted reference numerals 22a' and 22a" for the frame portion 22a, and 22b' and

22b" for the frame portion 22b, respectively.

[0079] The upper fastening points "p1”, "p1™ of wires 22a' and 22b', respectively,
are formed either to carrier beam 5 and/or to an upper portion of the downwardly

converging frame portions 11, 12 or posts 1', 2".

[0080] The upright or pontoon unit 3 is adapted to cooperate horizontally on the one
hand "rotatably rigidly" with said first frame portion 21 and on the other hand to be
fastened to and attachingly to cooperate with said mooring system "M" over a so-

called docking point 7.

[0081] A "rotatably rigid" fastening and cooperation implies that to the upright 3
and to post 1' (alternatively post 2') belongs a bar-shaped means 22a, (22b), which
with its end portion is rotatably 16 attached to post 1', with the rotatably rigid

fastening being achieved by means 22a’, 22a" taking up tractive forces.

[0082] More particularly, installation "A" indicates that between said upright 3 and
each one of the two posts, a first post 1' and a second post 2', there extends a bar-
shaped means dimensioned for taking up pressure, a means 22a for the left post 1'

and a similar means 22b for the right post 2",

[0083] The first and second means 22a', 22a" and 22b', 22b", respectively, such as
each in the form of a wire with turnbuckles or the like, are attached to the first 1' and
the second 2' posts in a known manner, more specifically on opposing sides of the

respective rotatable attachments 16 and 17 of the bar-shaped means 22a and 22b.

[0084] The bar-shaped means 22a, 22b are attached to their respective associated

posts 1" and 2' in a defined middle area "c" oriented between the beam structure 5 and

a water surface "Va" belonging to the body of water "V".
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[0085] A beam structure 6 dimensioned primarily for compressive forces is adapted
to cooperate fixedly with the two posts 1', 2' close to but above a water surface "Va"

belonging to the body of water.

[0086] A single generator unit "G" is here, over a system "S", (not illustrated)
transferring rotational motion adapted to be driven by each of a plurality of turbines

4, 4a, 4b and 4c, respectively, all allotted to the beam structure 5.

[0087] Said upright or third pontoon unit 3 is adapted to be able to cooperate with

and/ or enclose a transformer unit "T" and a cable connection "K1" in Figure 4.

[0088] Said transformer unit "T" can then be placed so low, within or adjacent to

upright 3, that it will serve as a ballast for said upright 3.

[0089] Coordinated means 22a', 22a"; 22b', 22b" in the form of wires taking up
tractive forces are in cooperation with and in connection with bars 22a, 22b or the

like taking up compressive forces, to form a firm structure in the form of a triangle.

[0090] The number of wind turbines 4, 4a, 4b and 4c, respectively, which are to be
coordinated with the beam structure 5, is chosen to exceed two and to be below six,

such as the number of four, indicated in the illustrated embodiment.

[0091] All of the wind turbines 4, 4b; 4a, 4c are adapted for cooperating directly
with the system "S", transferring the rotational motion for synchronous operation of

the propellers and to rotate the generator.

[0092] Over said synchronous operation the propellers of the individual turbines 4 to
4c are adapted to be able to overlap the circular covering surfaces 4', 4a’, 4b" and 4c',

respectively, of each other.

[0093] Said bar-shaped means 11, 12, 5, 6, 22a and 22b, respectively, for taking up
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compressive forces, are structured as one or more tubular portions, one or more

framework structures so as thereby to decrease the dead weight.

[0094] More particularly, the latter are to have little or no ability to float and are to

have small actuation surfaces for wind and/or waves.

[0095] Said wind turbine and/or wind turbines are disposed and adapted to be able to
directly cooperate with the system "S", transferring rotational motion without

associated gear boxes.

[0096] Said vertically oriented and upwardly diverging posts 1', 2' can then be
allotted a circular or an elliptical or at least essentially circular or elliptical cross-
section with its main axis or major axis oriented parallel to the lengthwise orientation

5' of the beam structure 5.

[0097] Each one of said posts 1', 2" and the third upright 3 can at that time be
provided with holes so as to form a float having a cylindrical or elliptical or other

cross-sectional shape.

[0098] A reduction of the effect of a wave motion and its influence is carried out by
reducing the surface which is intended to face the eye of the wind "W", wherein this

surface can be a framework of known technology.

[0099] All of the turbines 4 to 4c are coordinated in one and the same, or in any case
essentially in one and the same, vertical plane, such as the indicated plane "P",
through the frame portion 21 and the side-related beam structure 5, in a direction

towards the third upright 3.

[0100] Said upright 3 is adapted to take a vertical position by means of actuation of
ballast and exhibits, over wire means 22a’, 22a"; 22b', 22b" or the like, a flexurally

rigid fastening to said posts 1', 2".
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[0101] A chosen anchoring or mooring system "M" is adapted to exhibit a well-

defined, floating docking or fixation point 7 if desired.

[0102] Said fixation point 7 can in such case be adapted to such depth "d" below the
surface "Va" of the water that in an increasing and higher force of the wind this
fixation point 7 will lower said upright 3 so as to thereby reduce the angular position

of the pontoon unit and the frame portion 21, as related to a vertical plane "P".

[0103] Said beam structure 5 has the form of the profile of a hole and surrounds the
mentioned system "S" transferring motion for driving one and the same generator
unit "G", wherein said generator unit should be centrally oriented with regard to the

beam structure 5.

[0104] The relevant platform or structure "A" according to Figures 1 and 2 has a
width, which is more than 200 meters, and hence occuring variations in the wind
velocities will have to be considered. This also leads to making it necessary to turn
the platform by other means, apparatuses and/or arrangements, so that it can occupy

por adapt a most appropriate angle with regard to a main direction.

[0105] With reference primarily to Figure 3 it is shown that said second frame
structure 22, with its horizontally oriented frame portions 22a, 22b belonging to the
pontoon unit, is oriented in one and the same, such as horizontal, plane "P1" with

and/or exhibiting an external downwardly deflected frame portion 23.

[0106] Said diverging frame portions 22a, 22b are allotted a mutual angle "b" of less

than 65° and usually more than 40°.

[0107] Said diverging frame portions 22a, 22b, with their deflected frame portion
23, are oriented such as to form a coordinated pointed portion 24, whereas said

diverging (or converging) frame portions 22a, 22b are adjacent to their deflected
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frame portions 23 coordinated with a bracing beam 25, oriented over the surface of

the water.

[0108] Said first frame structure 21 comprises the attachment points for wires,
chains or similar means 22a', 22a"; 22b', 22b" dimensioned for tractive forces and
being attached to or adjacent to the external end portion 24 of the second frame

structure 22.

[0109] Here the attachment points are oriented the same distance or essentially the
same distance above and below the articulated connection 16, 17 of the bracing beam

6.

[0110] The possibility is indicated here that the converging frame portions or
pontoon units associated with the first frame structure can be placed such with regard
to the wind turbines that bracing can occur without interfering with said wind

turbines.

[0111] Said bracing beam 6 and said frame portion or frame portions allotted to the
other frame structure 22 can be oriented at a vertical height ("h") that is such over a
water level "Va" that a wave, with an expected highest wave height, can pass

underneath.

[0112] With reference to Figure 4 it is illustrated that the mooring system "M"
exhibits a docking or fixation point 7 coordinated with the second frame structure 22
below the surface "Va" of the water and with a buoy arrangement 30 attached

thereto.

[0113] The buoy arrangement 30 is adapted to support a sub-marine cable section
"K2" for the land-based distribution network distributing generated electric power,

said cable section "K2" being electrically connected over a cable connection "K1"
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with a cable section "K3" allotted to the second frame structure 22 and/or the first

frame structure 21.

[0114] The cable section "K3" is adapted to extend a distance along the second

frame structure 22 from the docking point 7.

[0115] According to the embodiment of Figure 4 an anchorage and a cable in this
execution can be installed independently of the floating unit. This system simplifies a
procedure of towing the unit "A" to harbour for example for maintenance by solely

disconnecting via docking point 7.

[0116] Also the cable has a simple plug arrangement.

[0117] Furthermore, the float or buoy arrangement 30 can, in the unit, being
connected, cooperate with the external portion 24 so that waves do not strain the

cable. This cabling "K4" is illustrated by dashed line.

[0118] The present invention has as its primary characteristic to indicate, in a
structure more closely described above or some other floating structure, utilization of
a control unit or a control equipment 100 for, in response to a prevailing wind
direction with the help of one or more means, apparatuses and/or arrangements,
controlling the wind turbines towards the direction of the wind and the eye of the
wind "W" by rotating the floatable arrangement "A" as a unit over means,

apparatuses and/or other arrangements that may be activated.
[0119] Reference is now made to introducing to said control unit or control
equipment 100 as input data the relevant direction of the wind, the relevant direction

of the propeller of the wind turbine and similar.

[0120] The equipment 100 is then to generate outgoing data over associated
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calculating circuits and algorithms for effecting one or more means, apparatuses

and/or arrangements for creating a common rotation of the floating installation "A".

[0121] One or more of said means or apparatuses are then to consist of one or more
sub-marine propeller unit, such as the ones disclosed by reference numerals "B1" and

"B2", respectively.

[0122] One or more of said means or apparatuses can then consist of equipment

designated "B3" displacing a chosen docking or attachment point 7.

[0123] Such point 7 of displacement can then be allotted to an upper portion of the

mooring system "M".

[0124] A computer unit 64 belonging to the control unit or control equipment 100
and calculating circuits are to be able to influence an arrangement 62 for controlling
the rotational motion of the propeller blade during its rotation and a first means 62a
can be adapted under at least one evolution, over an arrangement, to provide
propeller blades 4b1, 4b2 with different positions of rotation. These propeller blades
are to be turned along an axis considered as a central axis for the blade and is

extending perpendicularly from the hub.

[0125] Said arrangement 62 can then be adapted to turn one or both propeller blades
4b1, 4b2 to a first rotational position during part of its downwardly going motion and
adapted to turn the propeller blades to a second rotational position during part of its

upwardly going motion. During this downwardly motion and/or during this upwardly

motion the blade position may change.

[0126] Said means, apparatuses and/or arrangements and said units "B1", "B2"
and/or "B3" are controllable by control unit or control equipment 100 for generating,
in response to chosen input signals i.a. in the form of relevant force of the wind,

direction of the wind, wave structure, position of the installation etc and/or the
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angular position of the propeller blade with regard to its hub, the climbing profile of
the propeller blades and/or relevant disturbances, one or more output signals for
affecting said apparatuses and/or changing the rotational position of the propeller

blades towards a maximized generated electric power.

[0127] The arrangement 62 can be influenced by control unit 100 of the distribution
of the speed of the wind within the rotational field of the propeller blade.

[0128] For this purpose reference is made to the block diagram of control unit or

control equipment 100 in accordance with Figure 5.

[0129] In accordance with the specific characteristics of the invention, utilizing
control equipment 100 is indicated for controlling in response to a prevailing wind
direction "W" with the assitance of one or more means and apparatuses the position
of the installation "A" in the collection of water "V" and/or the wind turbines against
the direction of the wind and the eye of the wind by turning the floatable structure

"A" as a unit.

[0130] The control equipment 100 of Figure 5 illustrates the existence of a number
of incoming or input data, via A/D-converters, wherein incoming data 63al can
represent relevant direction of the wind, incoming data 63a2 can represent the
relevant force of the wind, incoming data 63a3 can represent relative wave height
and/or incoming direction, incoming data 63a4 can represent the geographical
direction of the structure and 63a5 can represent other relevant information from

associated sensors.
[0131] These incoming or input data are received in a central unit 63 with a
computer unit 64 and calculating circuits 64a, as well as a program memory 64b and

a memory 64c for allotted algorithms 64d.

[0132] Central unit 63 generates a plurality of output signals, wherein output signal
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63b1 is, over a D/A-converter, to control the wind turbine 4b over an interface or an
adapting circuit 62 and the output signal 63b4 is to control the wind turbine 4c¢ over a

D/A-converter.

[0133] Output signals 63b2 and 63b3 are to control the means, apparatuses and/or
arrangements "B1" and B2", whereas the output signal 63bS5 is to control the means,

apparatuses and/or arrangement "B3".

[0134] As proposed embodiments falling within the scope of the present invention it
is further indicated that to said control equipment 100 introduce as input data 63a6,
relevant setting of the rotation of the propeller 4bl, 4b2 of wind turbine 4b relative to

its hub, and similar.

[0135] The embodiment makes use of one or more generator units "G".

[0136] The invention is of course not limited to the embodiment disclosed above as
an example and can be subjected to modifications within the scope of the inventive

concept illustrated in the following claims.

[0137] It should be particularly noted that each shown unit and/or circuit can be
combined with each other shown unit and/or circuit within the frame of being able to

achieve the desired technical function.
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Patentkrav

1. Flydbart vindkraftanlaeg ("A") i form af en installation, som er relateret til et
vandlegeme ("V") til dannelse af forudsetninger ud fra en fremherskende vindstyrke

til generering af elektrisk effekt, hvilket anleeg omfatter:

a) individuelle, men forbundne pontonenheder (1, 2, 3), som kan flyde i et

vandlegeme ("V"),
b) mindst to vindmgller (4, 4a, 4b, 4c), som er anbragt tilstgdende hinanden,

c) et fortgjringssystem ("M"), som er solidt forankret til et begrenset

bundareal ("B") af vandlegemet ("V"),

d) en generatorenhed ("G"), som kan veare drevet af mgllernes (4, 4a, 4b, 4c)

rotationsbevagelse til generering af den elektriske effekt,

e) en kabelsektion ("K"), som pa den ene side er forbundet med
generatorenheden ("G") og pa den anden side med et landbaseret

fordelingsnetverk til fordeling af den genererede elektriske effekt,

hvor mindst to af pontonenhederne (1, 2) er i form af stolper (1', 2") og forbundet
med en vandret orienteret barebjelkekonstruktion (5) til dannelse af en i det
vasentlige lodret orienteret fgrste rammekonstruktion (21),

hvor mgllerne (4 - 4¢) er anbragt side om side pa berebjelkekonstruktionen (5),
hvor en tredje af pontonenhederne omfatter en stander (3) og en i det vasentlige
horisontalt orienteret anden rammekonstruktion (22), hvor den fgrste
rammekonstruktion (21) og den anden rammekonstruktion (22) er forenede med
hinanden, og

hvor standeren (3) er anbragt i en afstand fra et plan ("P"), som indeholder den fgrste
rammekonstruktion (21), og den tredje pontonenhed kan fastggres til
fortgjringssystemet ("M") over et anlgbspunkt (7),

hvor vindkraftanleegget omfatter et styreudstyr (100), som er tilpasset til at styre



10

15

20

25

DK/EP 2337954 T3

27

vindkraftanlaeggets ("A") position som reaktion pa en fremherskende vindretning
("W"), saledes at vindmgllerne (4 - 4c) rettes mod vindretningen og vindens gje ved
at dreje det flydbare vindkraftanlaeg som et hele, og

hvor der som inputdata til styreudstyret (100) indfgres relevant vindretning (63al),
relevant vindstyrke (63a2) og relevant position (63a4) af vindkraftanlegget, og hvor
udgangsdata fra styreudstyret (100) genereres over styreudstyret (100) via tildelte
beregningskredslgb og lagrede algoritmer (64d), hvor:

vindkraftanlegget endvidere omfatter et middel ("B3") til vandret
forskydning af anlgbspunktet (7) til fortgjringssystemet ("M") med henblik pa

at frembringe en drejning af det flydende vindkraftanlaeg som et hele.

2. Vindkraftanleg ifglge krav 1, hvor anlgbspunktet (7) er tildelt til en gvre del af
fortgjringssystemet ("M").

3. Vindkraftanlag ifglge et hvilket som helst af de foregaende krav, som endvidere

omfatter:

et beregningskredslgb (64a), som tilhgrer styreudstyret (100) og er tilpasset til
at pavirke et arrangement (62) til regulering af propelbladenes (4b1, 4b2)

rotationsbevagelse under rotation,

og et fgrste middel (62a), som er indrettet til at tildele propelbladene (4bl,

4b2) forskellige heldningsindstillinger under én omdrejning.

4. Vindkraftanleg ifglge krav 3, hvor arrangementet (62) er tilpasset til at dreje
propelbladene (4b1, 4b2) til en forste heldningsindstilling under en del af hele deres
nedadrettede bevegelse og er tilpasset til at dreje propelbladene (4b1, 4b2) til en

anden heldningsindstilling under en del af hele deres opadgaende bevagelse.
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5. Vindkraftanleg ifglge et hvilket som helst af kravene 3 eller 4, hvor arrangementet
(62) kan styres af styreudstyret (100) til generering af et udgangssignal (63b1; 63b4)
til @ndring af propelbladenes (4b1, 4b2) heldningsindstilling og/eller
vindkraftanleggets position mod maksimeret genereret elektrisk effekt som reaktion
pé inputsignaler i form af relevant vindkraft (63a2), propelbladets (4b1, 4b2)
vinkelposition (63a6) i forhold til dets nav, propelbladets (4b1, 4b2) heldningsprofil

og/eller relevante forstyrrelser.

6. Vindkraftanleg ifglge et hvilket som helst af kravene 3-5, hvor arrangementet (62)
er tilpasset til at aktiveres af styreudstyret (100) ved fordelingen af vindhastigheden 1
propelbladets (4b1, 4b2) rotationsfelt.
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Drawing
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