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DESCRIPTION

“‘ROTOR UNIT OF A WIND TURBINE HAVING FOLDABLE WIND BLADES AND
WIND TURBINE COMPRISING SAID ROTOR UNIT”

Field of the invention

[0001] The present invention relates to the industrial field of wind turbines for
generating electric energy, in particular wind turbines with folding blades for
resisting strong winds. More specifically, the present invention relates to a rotor unit
of such a wind turbine.

Background art

[0002] Wind turbines are devices for generating electric energy by exploiting the
speed of the wind. They comprise a rotor which may rotate about a rotation axis, to

which rotor blades are connected, which are generally arranged in a substantially
radial direction with respect to the rotation axis and have a wing profile designed to
bring the rotor into rotation when they are hit by the wind. An electric generator is
connected to the rotor to receive a rotating motion from the rotor and to transform
such a rotating motion into electric energy.

[0003] A known type of wind turbine is the one with horizontal axis, in which the
rotation axis of the rotor is horizontal, or substantially horizontal.

[0004] Horizontal axis wind turbines are supported by a vertical tower adapted to
carry the rotor and the electric generator.

[0005] The electric generator is generally associated with an inverter, a
transformer, an electric circuitry and a control unit, in order to manage the electric
energy generated and to command the turbine. These components are generally
contained in a shell or nacelle, with respect to which the rotor is supported pivotally
about a rotor axis.

[0006] The nacelle is generally supported in turn by the tower in a rotatable manner
about a substantially vertical axis in order to orientate the rotor according to the
direction of the wind.

[0007] The generation of electric energy supplied by the electric generator of the
wind turbine depends on the rotation speed of the rotor and on the torque applied to
the rotor by the blades, therefore the tendency is to use large blades and to install
wind turbines in areas which, on average, are windy, for example in plains or on off-
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shore platforms in the sea or in a lake.

[0008] A typical trend of the power supplied by the electric generator of the wind
turbine as a function of the wind speed is depicted in the graph in figure 22, wherein
the wind speed may be exploited in a speed range between a minimum exploitable
wind speed value V1 and a maximum exploitable wind speed value V2. When wind
speeds exceed V2, electric energy may not be generated due to physical and
structural limitations both of the wind turbine and of the devices for generating
electric energy.

[0009] With reference to the wind speed range between V1 and V2, in a first
section of such a speed range of the exploitable wind, the power supplied increases
with the wind speed from a minimum power value P, to a maximum power value
Pmax. In @ second section of such a wind speed range, the power supplied remains
constant at a value P, due to physical limitations of the devices for generating
electric energy and to structural limitations.

[0010] When the wind exceeds the maximum exploitable wind speed value V2, and
therefore takes on a speed value ranging between V2 and a maximum wind speed
value Vmax, the rotor is substantially stopped, thus limiting the angular rotation in
order to limit the aerodynamic loads exerted by the wind on the wind turbine. The
wind turbine is therefore stopped between the maximum exploitable wind speed
value V2 and the maximum wind speed Vma, in order to resist a storm and not
generate electric energy. The mechanical stresses exerted by the wind on the
turbine under such conditions are extremely high.

[0011] In order to resist such extreme stresses, known wind turbines intended for
such a use should be designed to have a very sturdy turbine structure, which is
particularly demanding in terms of design and construction and is therefore
particularly expensive.

[0012] In an attempt to overcome the aforesaid problem, folding blade wind
turbines have been designed in order to fold such blades in a standby mode when
the wind is greater than V2.

[0013] In this regard, Patent Application US 2010/0133848 discloses a horizontal
axis wind turbine comprising a beam hub and two blades hinged to the two opposite
ends of the beam hub at hinge points spaced apart from each other in order to fold
such blades towards the tower.

[0014] The two blades are therefore restrained to be folded about two distinct and
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separate folding axes.

[0015] This solution results in the disadvantage that the presence of the beam hub
prevents reducing the wind turbine surface resistant to the action of the wind, in
addition to the limitation given by the length of the beam hub between the two hinge
points, also when the blades are folded. Indeed, the beam hub continues to oppose
significant aerodynamic resistance since it protrudes laterally by a considerable
length with respect to the tower, also when the blades are closed. Moreover, the
folded portions of the blades are hinged at points which are far from the rotor and,
therefore, they also oppose high resistance to the wind.

[0016] Such a wind turbine is not capable of resisting high wind speed values; or, in
order to resist, it should comprise an extremely rigid and resistant, and accordingly
expensive, structure.

[0017] Patent Application US 2007/0243063 discloses a folding blade wind turbine
which proposes to minimize damage during storms or other events with strong
winds and to facilitate maintenance.

[0018] This wind turbine comprises three blades, two of which foldable about
separate hinge points arranged at the free ends of respective blade bases fastened
radially to the rotor.

[0019] For the same reasons noted above, this wind turbine also hinders the
encumbrance, or the resistant surface, from being reduced when the blades are
closed, to such a degree as to resist high values or peaks in wind speed, because
such blades remain spaced apart from the tower at least at the hinge points of the
blade bases.

[0020] Therefore, even this solution does not satisfy the needs to provide a wind
turbine capable of resisting high values or peaks in the wind speed, thus avoiding to
make an extremely sturdy and expensive structure.

[0021] Therefore, the need is felt to close the blades of the wind turbine when the
maximum exploitable wind speed V2 is reached in order to avoid damaging any
components of the wind turbine during this closing step, so that when the blades
are folded, they significantly reduce the encumbrance of the turbine transversally to
the direction of the wind, by being arranged very closely and adhering to the tower.
[0022] For wind speed values ranging between the maximum exploitable wind
speed value V2 and the maximum wind speed value Vmay, the wind turbine should
also ensure correct and safe maintenance of the blades in the folded position, while
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opposing the minimum aerodynamic resistance also in such a folded position.
[0023] In particular, none of the known solutions allows the blades to be closed in
such a way as to substantially reduce the aerodynamic resistance during such a
closing step, in a quick and accurate manner.
[0024] Moreover, none of the known solutions allows the blades to be positioned in
a folded position capable of ensuring the minimum aerodynamic resistance in the
folded position and the correct maintenance of such a position despite the criticality
of the environmental conditions.
Summary of the invention

[0025] It is an object of the present invention to devise and provide a rotor unit for a
wind turbine which allows the aforesaid needs to be met while at least partly
obviating the drawbacks indicated above with reference to the known art.

[0026] In particular, it is a task of the present invention to provide a rotor unit for a
folding blade wind turbine, which is capable of significantly reducing the
encumbrance and the aerodynamic resistance when the blades are closed.

[0027] It is therefore an object of the present invention to supply a rotor unit for a
folding blade wind turbine, which is capable of allowing such a wind turbine to resist
high wind speed values and at the same time simultaneous and sudden variations
in wind speed while avoiding a particularly sturdy structure to be required.

[0028] It is another object of the present invention to provide a rotor unit for a
folding blade wind turbine, which is simple and affordable to manufacture.

[0029] It is another object of the present invention to provide a wind turbine which
has the aforesaid advantages.

[0030] It is another object of the present invention to provide a rotor unit and a wind
turbine capable of providing an intrinsically safe solution and of requiring a minimum
energy source to complete the folding procedure and consequent implementation of
safety measures of the blades.

[0031] It is another object of the present invention to facilitate t blade maintenance
and inspection activities.

[0032] It is another object of the present invention to reduce by about 60% the
resulting bending moment at the base of the wind turbine tower due to the
aerodynamic action of the winds acting on the blades, the tower and the nacelle

with respect to known wind turbines.
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[0033] These and further objects and advantages are achieved by means of a rotor
unit for a folding blade wind turbine and by means of a wind turbine comprising such
a rotor unit in accordance with the independent claims.
[0034] Further objects, solutions and advantages are found in the embodiments
hereinafter described and claimed in the dependent claims.
Brief description of the drawings

[0035] The invention will be disclosed below with the description of certain
embodiments thereof, made by way of a non-limiting example, with reference to the
accompanying drawings in which:

[0036] - figures 1, 2, 3 show a front view, a side view and a top view, respectively,
of a wind turbine according to the invention, with blades in an open position;

[0037] - figures 4, 5, 6 show a front view, a side view and a top view, respectively,
of the wind turbine in figure 1, wherein the blades are in an intermediate position
between the open position and the folded position;

[0038] - figures 7, 8, 9 show a front view, a side view and a top view, respectively,
of the wind turbine in figure 1, in which the blades are in a folded position;

[0039] - figure 10 shows a rear perspective view, or a front perspective view,
depending on whether the blades are upwind or downwind of the supporting tower,
of a rotor unit according to the invention, in which the blades are in the open
position;

[0040] - figure 11 shows a rear perspective view of the rotor unit in figure 10, in
which the blades are in an intermediate position between an open position and a
folded position;

[0041] - figure 12 shows a rear perspective view of the rotor unit in figure 10, in
which the blades are in a folded position;

[0042] - figure 13 shows a front perspective view of the rotor unit in figure 10, in
which the blades are in an open position;

[0043] - figure 14 shows a front perspective view of the rotor unit in figure 10, in
which the blades are in an intermediate position between an open position and a
folded position;

[0044] - figure 15 shows a front perspective view of the rotor unit in figure 10, in
which the blades are in a folded position;

[0045] - figure 16 shows a front view of the rotor unit in figure 10, in which the
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blades are in an open position;

[0046] - figure 17 shows a side view of the rotor unit in figure 16, in which the
blades are in an open position;

[0047] - figure 18 shows a top view of the rotor unit in figure 16, in which the blades
are in an open position;

[0048] - figure 19 shows a front view of the rotor unit in figure 16, in which the
blades are in a folded position;

[0049] - figure 20 shows a side view of the rotor unit in figure 16, in which the
blades are in a folded position;

[0050] - figure 21 shows a top view of the rotor unit in figure 16, in which the blades
are in a folded position;

[0051] - figure 22 shows a graph of the trend of the power supplied by the wind
turbine as a function of the wind speed,;

[0052] — figure 23 shows a partial front view of a wind turbine having a rotor unit
according to a second embodiment of the invention, in which the turbine is in the
open position;

[0053] - figure 24 shows a partial top view of the turbine in figure 23;

[0054] - figure 25 shows a partial side view of the turbine in figure 23;

[0055] - figure 26 shows a partial front perspective view of the turbine in figure 23;
[0056] — figures 27 and 28 show a front view and a rear perspective view,
respectively, of a wind turbine having the rotor unit in figure 23, in which the blades
of the turbine are in the folded position;

[0057] - figure 29 shows a partial front view of the turbine in figure 27;

[0058] - figure 30 shows a partial top view of the turbine in figure 27;

[0059] - figure 31 shows a partial side view of the turbine in figure 27;

[0060] - figure 32 shows a partial perspective view of the turbine in figure 27;

[0061] — figures 33 and 34 show a detail of blocking/releasing devices of the blade
folding structures, in the open position with the blades open and in open position
with the blades closed, respectively;

[0062] — figure 35 shows a detail of the wind turbine in which blade stopping
devices are depicted in the open position to retain the blades which are close to the

tower;
[0063] — figure 36 shows a detail of the rotor brake of the wind turbine in which
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pincer bodies and brake disc are depicted.
Description of preferred embodiments

[0064] Hereinafter, the term “axial plane" will indicate a plane passing
through the rotor axis R, i.e. containing the rotor axis R. The rotor axis R is the
rotation axis of the rotor when the wind turbine is actuated by the wind.

[0065] Moreover, the term "radial plane" will indicate a plane which is
orthogonal to the rotor axis R. Therefore, a radial plane and an axial plane are
orthogonal to each other.

[0066] Moreover, "radial direction" will indicate a direction which is
orthogonal to the rotor axis R.

[0067] With reference to the figures, a rotor unit according to the invention
is generally indicated with numeral 1. Moreover, again with reference to the figures,
a folding blade wind turbine according to the invention is generally indicated with
numeral 100.

[0068] The wind turbine 100 comprises the rotor unit 1, a tower 50 adapted
to support the rotor unit 1, for example pivotally about or parallel to a tower axis T,
an electric generator 60 connected to the rotor unit 1 to receive a rotating motion
from the rotor unit 1, at least two blades 20 connected to the rotor unit 1.

[0069] The rotor unit 1 of wind turbine comprises a rotor body 2 arranged to rotate
about a rotor axis R. The rotor body 2 has an output of rotating motion 3 adapted to
be operatively connected to an electric generator 60 to transfer a rotating motion
from said rotor body 2 to said electric generator 60.

[0070] The at least two blades 20 are rotatable with respect to each other
between an open or operative position and a folded or standby position, wherein, in
said open position, said at least two blades 20 are arranged angularly spaced from
each other about the rotor axis R in order to be able to be affected by the wind to
bring said rotor body 2 into rotation about said rotor axis R, and in which, in said
folded position, said at least two blades 20 are arranged angularly close to each
other with respect to the rotor axis R so as to reduce the aerodynamic resistance of
the wind turbine.

[0071] The rotor unit 1 comprises at least two blade folding structures 4
connected to the rotor body 2 and each comprising a blade fastening portion 17 for
fastening an end portion of a respective blade 20 of said at least two blades 20 to

each of said at least two blade folding structures 20.
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[0072] According to one embodiment, each blade is connected to a
respective blade folding structure 4 of the rotor unit 1 in order to rotate together with
said blade folding structure 4 about said hinge axis P.

[0073] The rotor unit 1 further comprises at least one actuator 5 arranged to
move said at least two blade folding structures 4 with respect to each other.

[0074] The at least two blade folding structures 4 are pivotally connected to
each other about a same hinge axis P.

[0075] Thereby, the blade folding structures 4 are adapted to rotate the at
least two blades 20 about the hinge axis P between the open position and the
folded position and vice versa.

[0076] Advantageously, due to the fact that the at least two blade folding
structures 4 are pivotally engaged to each other about a same hinge axis P, the
wind turbine occupies an extremely reduced volume in all directions of the wind
when the blades 20 are in the folded position. Due to the presence of only one
hinge axis P, the blades in the folded position are very close to each other and they
may embrace tower 50 laterally. In this regard, see for example figures 19, 7, 8, 27,
28.

[0077] Under these conditions, since such a wind turbine 100 has a very
small encumbrance in the direction transverse to the wind when the blades 20 are
in the folded position, i.e. the resultant of the forces applied by the wind to the
structure of the wind turbine, according to the present invention, is less than the one
applied to known wind turbines, a less sturdy structure with respect to known

turbines is required, the wind speed being equal.

{0078] This results in a lighter wind turbine 100 structure, with lower
manufacturing and operating costs.

[0079] Each of said at least two blade folding structures 4 supports only one
blade 20.

[0080] In accordance with an embodiment, in the open position, the blades

20 are angularly equally spaced from one another about the rotor axis R.

[0081] In accordance with an embodiment, in the open position, the blades
20 are equally spaced from one another along a conical surface.

[0082] Blade longitudinal axis G means an axis along which the larger
dimension of blade 20 itself is arranged. In other words, the blade longitudinal axis
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G is a main axis of extension of blade 20.
[0083] In accordance with an embodiment, the blade longitudinal axis G is,
for example, a substantially rectilinear axis, as shown in figures 3, 4, 8, 27, 28, for
example.
[0084] In accordance with an embodiment, when the blades 20 are in the open
position, the blade longitudinal axis G is tilted with respect to a radial plane Q
orthogonal to the rotor axis R, according to a preset angle d. In this regard, see
figures 3, 18 and 24.
[0085] In accordance with an embodiment, the at least two blade folding
structures 4 are all pivotally engaged with the rotor body 2 about said hinge axis P.
[0086] In accordance with an embodiment, the hinge axis P and the rotor axis R
define a common rotor axial plane L-L comprising the hinge axis P and the rotor
axis R. In this regard, see the example in figure 16.
[0087] In accordance with an embodiment, when the blades 20 are in the folded
position, the projection of the blade longitudinal axis G on the rotor axial plane L-L
forms a preset blade angle f with respect to the hinge axis P. In this regard, see
figures 20 and 31.
[0088] In accordance with an embodiment, the blade angle f ranges
between 68° and 88°, preferably between 74° and 78°, and more preferably the
blade angle f is about 72°.
[0089] In accordance with an embodiment, the hinge axis P is tilted with
respect to the rotor axis R according to a preset tilt angle b. In this regard, see
figures 20 and 31.
[0090] For example, the tilt angle b ranges between 1° and 40°, preferably
ranges between 5° and 20°, and still more preferably between 8° and 12°.
[0091] For example, the tilt angle b is selected so that, when the blade
folding structures 4, or the blades 20, are in the folded position, the blades 20 are
placed side-by-side with the tower 50 in a tilted manner with respect to the tower
axis T, according to a preset closed angle with respect to the rotor axis R. Such a
preset closed angle is equal to the sum of the tilt angle b and of the blade angle f.
[0092] In other words, when the blade folding structures 4, or the blades 20,
are in the folded position, the blade longitudinal axis G forms a preset closed angle
with the rotor axis R, which preset closed angle is equal to the sum of the tilt angle

b and the blade angle f.
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[0093] In accordance with an embodiment, when the blades 20 are in the
open position, the blade longitudinal axes G of the blades 20 intersect the rotor axis
R at a same point Z, as shown for example, in figures 18 and 24.
[0094] In accordance with an embodiment, each of said at least two blade
folding structures 4 comprises a hinging portion 16 which is pivotally engaged with
the rotor body 2 about the hinge axis P, the aforesaid blade fastening portion 17 for
connecting the free end of blade 20 to the supporting bracket 6, an actuation
portion 12 on which said at least one actuator 5 acts.
[0095] The actuation portion 12 is arranged at a preset distance from the
hinging portion 16 to receive a force and an actuation motion from said at least one
actuator 5.
[0096] In accordance with an embodiment, as for example shown in figure
16, the blade fastening portion 17 is interposed between the hinging portion 16 and
the actuation portion 12, for example, the hinging portion 16 and the actuation
portion 12 are arranged at two opposite ends of the supporting bracket 6.
[0097] In other words, according to this embodiment, the supporting bracket
6 is a second-class lever.
[0098] In accordance with an embodiment, the rotor body 2 comprises a pin
portion 10 which extends along said hinge axis P, and said hinging portion 16 of
said supporting bracket 6 comprises a seat for pivotally receiving said pin portion
10. In other words, the seat for pivotally receiving the pin portion 10 forms a rotoidal
coupling with the pin portion 10.
[0099] In other words, in accordance with an embodiment, the rotor unit 1
comprises an actuator 5 associated with each blade folding structure 4, said
actuator 5 having a first connecting portion 8 connected to said rotor body 2 and a
second connecting portion 9 connected to a respective blade folding structure 4, for
example, the second connecting portion 9 is connected to a respective supporting
bracket 6, for example, the second connecting portion 9 is connected to said
actuation portion 12 of said supporting bracket 6.
[00100] In accordance with an embodiment, each blade folding structure 4
comprises a counter-abutment surface 14 adapted to abut against a lateral
abutment surface 13 of said rotor body 2 when said blades 20 are in the open
position.
[00101] In particular, said at least one actuator 5 is arranged to move said at
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least two blade folding structures 4 up to forcing said counter-abutment surface 14
against said lateral abutment surface 13 when said blades 20 are in the open
posiiion.
[00102] In accordance with an embodiment, said at least one actuator 5
comprises at least one linear actuator, for example at least one hydraulic cylinder,
or at least one pneumatic cylinder, or at least one actuator with a screw-nut system,
for example at least one screw system with recirculating balls.
[00103] In accordance with an embodiment, each of said at least two
supporting brackets 6 comprises a respective bracket arm 11, which extends for
example along a plane which is substantially orthogonal to the hinge axis P, in
which said second portion 9 of said actuator means 5 is connected to said
actuation portion 12. Said actuation portion 12 is for example a distal end 12 of said
bracket arm 11.
[00104] In accordance with an embodiment, the counter-abutment surface 14
belongs to said bracket arm 11.
[00105] In accordance with an embodiment, the rotor body 2 comprises an
projecting portion 7 and the at least one actuator 5 is connected to said projecting
portion 7, so that said at least one actuator 5 can pull the blade folding structures 4
close to the projecting portion 7 to bring the blades 20 from the folded position to
the open position.
[00106] In accordance with an embodiment, the rotor body 2 comprises
lateral abutment surfaces 13 and each of said at least two blade folding structures 4
comprises a respective counter-abutment surface 14 adapted to abut against one of
said lateral abutment surfaces 13 when said blades 20 are in the open position.
[00107] According to a preferred embodiment, the at least two blade folding
structures 4 are only two blade folding structures for only two blades 20. In other
words, according to a preferred embodiment, the wind turbine 100 comprises only
two blades 20.
[00108] In accordance with an embodiment, the projecting portion 7 projects
along the rotor axial plane L-L passing through the hinge axis P.
[00109] In accordance with an embodiment, the lateral abutment surfaces 13
are opposite side surfaces of said projecting portion 7.
[00110] In accordance with an embodiment, said counter-abutment surfaces
14 each belong to a respective supporting bracket 6 and are positioned to abut
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against said opposite lateral abutment surfaces 13 of said projecting portion 7 when
approaching to the projecting portion 7 from opposite sides of said projecting
portion 7 in order to bring the blades 20 from the folded position to the open
position.
[00111] In accordance with an embodiment, said lateral abutment surfaces
13 are substantially parallel to each other and parallel to the rotor axial plane L-L. In
this regard, see figure 16.
[00112] Alternatively, said lateral abutment surfaces 13 are arranged on axial
planes containing the hinge axis P.
[00113] In accordance with an embodiment, the projecting portion 7 extends
mainly along a projecting portion axis X.
[00114] For example, the projecting portion axis X is substantially parallel to

the rotor axis R, as shown in figure 17, for example.

[00115] According to another example, the projecting portion axis X is
substantially parallel to the hinge axis P.

[00116] In accordance with an embodiment, the projecting portion 7 extends
on the opposite side of the rotor axis R with respect to the hinge axis P.

[00117] In accordance with an embodiment, the projecting portion axis X, the
rotor axis R and the hinge axis P all lie on the rotor axial plane L-L.

[00118] If there are only two blade folding structures 4, or in other words only

two blades 20, when the blades 20 are in the open position, the blade longitudinal
axes G of the two blades 20 and the rotor axis R lie on a same open blade axial
plane W-W.

[00119] In accordance with an embodiment, as shown for example in figure
18, when the blades 20 are open, the blade longitudinal axis G of both blades 20
intersects the rotor axis R at the same point.

[00120] Thereby, the dynamic balancing of the structure is obtained. If the
rotor axis R were not lying on the same lying plane as the blade longitudinal axes G,
the mass of the blades 20 would generate a highly intense rotational force.

[00121] The rotor axial plane L-L and the open blade axial plane W-W are
orthogonal to each other.

[00122] In accordance with an embodiment, for each blade folding structure
4, the rotor unit 1 comprises a blade joint 15 adapted to fasten a blade fastening
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end 20’ to a respective one of said at least two blade folding structures 4, so as to
allow only the rotation of blade 20 about the blade longitudinal axis G with respect
to the blade folding structure 4. In other words, the blade joint 15 is adapted to carry
a respective blade 20, thus preventing any movement of blade 20 with respect to
the folding structure 4, other than the rotation of blade 20 about its own blade
longitudinal axis G with respect to the blade folding structure 4.
[00123] The blade joint 15 comprises a blade orientation actuator 21 for
actuating the rotation of blade 20 about the blade longitudinal axis G. The rotation
of blade 20 about its own blade longitudinal axis G allows the helical pitch of the
wind turbine to be varied.
[00124] In accordance with an embodiment, the wind blade joint 15 is
substantially cylindrical or tubular in shape, extending along the blade main axis G.
[00125] In accordance with an embodiment, the wind blade joint 15 is
fastened, or connected, to said supporting bracket 6, for example a proximal end of
the wind blade joint 15 is fastened, or connected, to said supporting bracket 6, for
example the proximal end of the blade joint is fastened, or connected, to said blade
fastening portion 17 of the supporting bracket 6.
[00126] Figures from 23 to 33 show a second embodiment of the rotor unit 1
according to the invention.
[00127] This embodiment differs from the ones described above in that the at
least one actuator 5 is at least a rotary actuator 5.
[00128] In accordance with an embodiment, the rotor unit 1 comprises a
mechanical transmission for transferring a rotary motion from said, or each, rotary
actuator 5 to a corresponding one of said two blade folding structures 4.
[00129] The mechanical transmission is for example of the wheel-rack type.
For example, such a mechanical transmission comprises a wheel 5'spliced onto a
drive shaft 5 of actuator 5, and a circular rack 22 which is integral with the blade
folding structure 4 in order to rotate the blade folding structure 4 about the hinge
axis P as a function of the rotation of spool 5'.
[00130] In accordance with an embodiment, the circular rack 22 extends for
an arc of a circle. For example, for an arc of a circle the angular extension of which
is less than the one of a complete circle.
[00131]} In accordance with an embodiment, the circular rack 22 comprises a

radially outward toothing.
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[00132] In accordance with an embodiment, the circular rack 22 forms a
portion of said supporting bracket 6, for example forms said actuation portion 12.
[00133] In accordance with an embodiment, the rotary actuator 5 comprises
a gear-motor, comprising a rotary motor and a reduction gear.
[00134] In accordance with an embodiment, the rotary actuator 5 comprises
an electric motor or a hydraulic motor.
[00135] In accordance with an embodiment, the rotor unit 1 comprises a
folding brake 19 associated with said, or each, actuator 5, or associated with said
connection structures 4, the folding brake 19 being adapted to oppose the
movement of the blade folding structures 4 between the open position and the
folded position.
[00136] For example, the folding brake 19 is a mechanical brake, for example
a disc brake or a drum brake. Alternatively, the folding brake 19 is integrated
together with actuator 5 in which the braking action is obtained by controlling the
actuation of actuator 5 itself.
[00137] In accordance with an embodiment, for example as shown in figures
23, 26, 29, 30, 32, the rotor unit 1 comprises blocking/releasing devices 25 adapted
to block/release the at least two blade folding structures 4 with respect to said rotor
body 2 when the blade folding structures 4 are in the open position. In other words,
such blocking/releasing devices 25 serve to retain the blades 20 in the open
position during the rotation of the rotor unit 1 and to ensure this open position is
kept during normal use.
[00138] According to the example in the aforesaid figures, such
blocking/releasing devices 25 are interposed between each blade folding structure 4
and the rotor body 2, for example between each supporting bracket 6 and said rotor
body 2, for example between each supporting bracket 6 and said projecting portion
7.
[00139] In accordance with an embodiment, such blocking/releasing devices
25 comprise a rotatable hook element mounted on one of the blade folding structure
4 and the rotor body 2, the rotatable hook element being adapted to be engaged
with a coupling element which is integral with the other of the blade folding structure
and the rotor body 2.
[00140] In accordance with one example, as shown in the aforesaid
drawings, the hook body is mounted on a corresponding blade fastening portion 17
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and the coupling element is fastened to the rotor body 2, for example to the
projecting portion 7.
[00141] In accordance with an embodiment, the blocking/releasing devices
25 comprise an actuator adapted to actuate said blocking/releasing devices, for
example a motorized actuator, for example an automatic motorized actuator.
[00142] Although such blocking/releasing devices 25 are depicted with
reference to figures 23-32, it is apparent that such blocking/releasing devices 25
may also be applied to the embodiments described above in figures 1-21 without
any modifications.
[00143] In accordance with an embodiment, the rotor unit 1 comprises the
opening/folding control unit 200.
[00144] According to another aspect of the invention, there is described, with
reference to the accompanying drawings, a folding blade wind turbine 100
comprising a rotor unit 1 as described above.
[00145] The wind turbine 100 comprises a tower 50 adapted to support the
rotor unit 1, at least two blades 20 connected to the rotor unit 1, an electric
generator 60 which can be actuated by the rotation of the rotor unit 1.
[00146] The assembly of rotor unit 1, blades 20, electric generator 60 is
supported by an upper end of tower 50 in a rotatable manner about a turbine
orientation axis S, for example a vertical axis. The rotation of the rotor unit 1 about
the turbine orientation axis S is adapted to allow the rotor unit 1 to be orientated
according to a direction of the wind and to follow the wind direction variations over
time.
[00147] Tower 50 defines a tower axis T arranged along a main direction of
extension of tower 50.
[00148] In accordance with an embodiment, the turbine orientation axis S is
parallel to the tower axis T, as shown for example in figures 1 to 21, or the turbine
orientation axis S is coincident with the tower axis T, as shown for example in
figures from 23 to 32. It is worth noting that these two configurations are perfectly
interchangeable with each other without any modifications.
[00149] The folding blade wind turbine 100 is, for example, of the horizontal
axis type, i.e. the rotor axis R is arranged in substantially horizontal direction, for
example orthogonal to the turbine orientation axis S. This type of wind turbine is

capable of exploiting currents which circulate parallel to the ground, and therefore is
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particularly suitable for use in plains or in the sea.
[00150] In accordance with an embodiment, the electric generator 60 is of the
"direct drive" type. In other words, it comprises an outer annular stator 61 and an
inner disc rotor 62, which is adapted to rotate coaxially and internally to the outer
annular stator 61.
[00151] For example, the outer annular stator 61 is fastened to a supporting
portion 51, which is connected to the upper end of tower 50 in a rotatable manner
about the turbine orientation axis S.
[00152] The inner disc rotor 62 is, for example, spliced onto the rotor body 2
so as to allow the rotation of the rotor body 2 about the rotor axis R.
[00153] This type of generator 60 allows the encumbrance of the generator
itself 60 to be reduced in the direction which extends along the rotor axis R, or along
an axial direction of generator. This allows the distance of the center of gravity of
the rotor unit 1 to be reduced with respect to the turbine orientation axis S, and
therefore the overhang of the rotor unit 1 to be reduced with respect to tower 50.
This aspect is particularly significant in order to give the wind turbine high structural
strength, considering the great size and weight of the rotor unit 1. This aspect is
highly advantageous also because it allows the overall size, and therefore the
aerodynamic resistance of the rotor unit 1, to be reduced.
[00154] The rotor unit 1, blades 20, electric generator 60 unit is contained
inside a containment shell 52, or nacelle. The shape of the containment shell 52 is
designed so as to further reduce the aerodynamic resistance against the action of
the wind.
[00155] In accordance with an embodiment, the wind turbine 100 is mounted
on a floating platform which is adapted to carry the floating tower on a basin of

water.

[00156] The wind turbine 100 described here is particularly suited for off-
shore use, where the wind speed reaches very high values which rapidly change
over time.

{00157] In accordance with an embodivment, the wind turbine 100 comprises

a rotor brake 90 adapted to oppose the rotation of the rotor body 2 about the rotor

axis R.
[00158] In accordance with an embodiment, the rotor brake 90 is a

mechanical brake or an electromagnetic brake.
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[00159] For example, the rotor brake 90 has a first portion which is integral
with the rotor body 2, and a second portion which is stationary with respect to the
rotor body 2, for example the second portion is integral with the stator of the electric
generator 60.

[00160] For example, such a brake is a disc brake, in which, for example, the
disc brake has a brake disc 92 keyed onto the rotor body 2 and pincer bodies 91
mounted on the stator of the electric generator 60, which are adapted to force pads
against the disc to brake the rotation of the rotor body 2.

[00161] In accordance with an embodiment, the wind turbine 100 comprises
blade stopping devices 120 which can be actuated between an engaged position, in
which the blades 20 are assured to tower 50 in the folded position, and a
disengaged position, in which the blades 20 are free to move away from tower 50.
The blade stopping devices 120 allow the blades 20 in the folded position to resist
the high action of the wind during a storm.

[00162] In accordance with an embodiment, the blade stopping devices 120
comprise a hook element 121 associated with one of blade 20 and tower 50, and a
coupling seat 122 associated with the other of blade 20 and tower 50, said hook
element 121 being operable between an engaged position with the coupling seat
122 and a disengaged position from the coupling seat 122.

[00163] In accordance with an embodiment, the blade stopping devices 120
comprise actuators for actuating blade stopping devices 120 between the engaged
position and the disengaged position.

[00164] In accordance with an embodiment, the folding blade wind turbine
100 comprises a supply unit 300, which in the absence of an external power supply
to the wind turbine supplied by the electric network, serves to allow the blades 20 to
be folded and the safety measures thereof to be implemented.

[00165] In particular, the supply unit 300 serves the purpose of supplying the
actuation of the pincer bodies 91 of the rotor brake 90, supplying the blade
orientation actuator 21, supplying the actuation of actuator 5, supplying the
actuation of the folding brake 19, supplying the actuation of the blade
blocking/releasing devices 25, supplying the actuation of the tower blade stopping
devices 120 and supplying the operation of the blade opening/folding control unit
200.

[00166] In accordance with an embodiment, the supply unit 300 is included in
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the rotor unit 1, for example is located in the rotor unit 1, for example is located in
the containment shell 52, or nacelle.
[00167] Alternatively, the supply unit 300 is located in the tower 50, or is
arranged remotely with respect to the wind turbine.
[00168] In accordance with an embodiment, the supply unit 300 comprises an
electric generator, for example a liquid or gaseous fuel electric generator, or a solar
energy electric generator.
[00169] In accordance with an embodiment, the supply unit 300 comprises a
pack of electric batteries.
[00170] In accordance with an embodiment, the folding blade wind turbine
100 comprises a blade opening/folding control unit 200, said blade opening/folding
control unit 200 having an input for receiving an open/fold command signal, said
control unit being operatively connected with said at least one actuator 5 to actuate
said at least one actuator 5 as a function of the command signal.
[00171] In accordance with an embodiment, the blade opening/folding control
unit 200 is operatively connected with said folding brake 19 to control the rotation
speed of the blade folding structures 4 between the open position and the folded
position and vice versa.
[00172] In accordance with an embodiment, the blade opening/folding control
unit 200 is operatively connected with the blade orientation actuator 21 of the blade
joint 15 to control the rotation of blade 20 about its own blade longitudinal axis G.
[00173] In accordance with an embodiment, the blade opening/folding control
unit 200 is operatively connected to said blocking/releasing devices 25 to command
the blocking of the blade folding structures 4 when they are in the open position and
to release the blade folding structures 4 to allow the rotation thereof from the open
position to the folded position.
[00174] In accordance with an embodiment, the blade opening/folding control
unit 200 is operatively connected to the rotor brake 90 to oppose the rotation of the
rotor unit 1 about the rotor axis R.
[00175] In accordance with an embodiment, the blade opening/folding control
unit 200 is operatively connected to the blade stopping devices 120 to block the
blades 20 in the position close to tower 50 when they are in the folded position.
[00176] In accordance with an embodiment, the blade opening/folding control
unit 200 comprises a central processing unit (CPU) and a memory, for example a
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programmable memory, for executing a preset sequence of steps for actuating the
wind turbine to rotate the blades 20 between the open position and the folded
position and vice versa.
[00177] In accordance with an embodiment, the blade opening/folding control
unit 200 is mounted on the rotor unit, or the blade opening/folding control unit 200 is
mounted on tower 50.
[00178] In accordance with an embodiment, the control unit 200 is included in
the rotor unit 1, for example is located in the rotor unit 1, for example is located in
the containment shell 562, or nacelle.
[00179] Alternatively, the control unit 200 is located in tower 50 or is arranged
remotely with respect to the wind turbine.
[00180] Although the drawings used to accompany the description depict a
wind turbine with only two blades 20, any number of blades can be used provided
that all the blades can rotate about a same hinge axis P.
[00181] A person skilled in the art may make several changes and
adaptations to the above-described embodiments of the device, and substitute
elements with other functionally-equivalent ones in order to meet contingent needs,
without thereby departing from the scope of the following claims. Each of the
features described as belonging to a possible embodiment may be achieved
irrespective of the other embodiments described. Various means and materials may
be used to perform the different functions described without thereby departing from
the scope of the invention. It should be understood that the expressions and
terminology used serve a merely descriptive purpose and are therefore non-limiting.
Furthermore, it is also worth noting that the term “comprising” does not exclude
other elements or steps, the term “a/an” does not exciude a plurality. Furthermore,
the drawings are not necessarily to scale; on the contrary, importance is generally
given to the illustration of the principles of the present invention. ‘
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CLAIMS
1. A rotor unit (1) for a folding blade wind turbine (100), said turbine comprising at
least two blades (20) rotatable with respect to each other between an open position
and a folded position, wherein, in said open position, said at least two blades (20)
are arranged angularly spaced from each other in order to be able to be affected by
the wind to bring the rotor body (2) into rotation about a rotor axis (R), and wherein,
in said folded position, said at least two blades (20) are arranged angularly close to
each other;
said rotor unit comprising:
- a rotor body (2) arranged to rotate about the rotor axis (R), said rotor body being
connectable to an electric generator (60) in order to generate electric energy by the
rotation of the rotor body about said rotor axis (R);
- at least two blade folding structures (4) connected to the rotor body (2) and each
comprising a blade fastening portion (17) suitable for fastening an end portion of a
respective blade (20) of said at least two blades (20) to said at least two blade
folding structures (4);
- wherein said at least two blade folding structures (4) are pivotally connected to
each other about a single hinge axis (P).
2. A rotor unit according to claim 1, wherein said at least two blade folding
structures (4) are all pivotally connected to the rotor body (2) about said single
hinge axis (P).
3. A rotor unit (1) according to claim 1 or 2, wherein the hinge axis (P) is tilted with
respect to the rotor axis (R) according to a preset tilt angle (b).
4. A rotor unit according to at least one of claims 1 to 3, wherein each of said at
least two blades (20) defines a respective blade longitudinal axis (G) arranged
along a main direction of blade extension, wherein, when the blades (20) are in the
open position, the blade longitudinal axes (G) of the blades (20) intersect the rotor
axis (R) at a same point (Z).
5. A rotor unit according to at least one of the preceding claims, wherein the hinge
axis (P) and the rotor axis (R) define a common rotor axial plane (L-L) comprising
the hinge axis (P) and the rotor axis (R).
6. A rotor unit according to claim 5, wherein, when the blade folding structures (4)
are in the folded position, the projection of the blade longitudinal axis (G) on the
rotor axial plane (L-L) forms a preset blade angle (f) with respect to the hinge axis
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(P).
7. A rotor unit according to the preceding claim, comprising at least one actuator (5)
arranged to rotate said at least two blade folding structures (4) with respect to each
other about said hinge axis (P).
8. A rotor unit according to at least one of claims 1 to 6, wherein each blade folding
structure (4) is associated with a respective actuator (5), wherein said respective
actuator (5) has a first connecting portion (8) connected to said rotor body (2) and a
second connecting portion (9) connected to said blade folding structure (4).
9. A rotor unit according to claim 7 or 8, comprising a projecting portion (7) to which
each actuator (5) is connected so that said actuator (5) can pull the blade folding
structures (4) close to the projecting portion (7) to bring the blades (20) from the
folded position to the open position.
10. A rotor unit according to claim 9, wherein the projecting portion (7) defines a
projecting portion axis (X) along which it mainly extends, wherein the projecting
portion axis (X), the rotor axis (R) and the hinge axis (P) all lie on the rotor axial
plane (L-L).
11. A rotor unit according to at least one of the preceding claims, comprising
blocking/releasing devices (25) adapted to block/release the at least two blade
folding structures (4) with respect to said rotor body (2), when the blade folding
structures (4) are in the open position.
12. A rotor unit according to at least one of the preceding claims, comprising, for
each blade folding structure (4), a blade joint (15) adapted to connect a blade
fastening end (20’) to a respective one of said at least two blade folding structures
(4), said blade joint (15) comprising a blade orientation actuator (21) adapted to
actuate only the rotation of the blade (20) about the biade longitudinal axis (G).
13. A rotor unit according to at least one of the preceding claims, wherein the at
least two blade folding structures (4) are only two blade folding structures (4) for
only two blades (20).
14. A rotor unit (1) according to claim 13, wherein, when the blades (20) are in the
open position, the blade longitudinal axes (G) and the rotor axis (R) lie on a same
open blade axial plane (W-W), and wherein the rotor axial plane (L-1) and the open
blade axial plane (W-W) are orthogonal to each other.
15. A rotor unit (1) according to at least one of the preceding claims, comprising a
rotor brake (90) adapted to affect and/or stop the rotation of the rotor body (2) about
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the rotor axis (R).
16. A folding blade wind turbine (100} comprising:
- a rotor unit (1) according to at least one of the preceding claims, comprising a
rotor body (2) arranged to rotate about a rotor axis (R), at least two blade folding
structures (4) connected to the rotor body (2) and each comprising a blade
fastening portion (17) for fastening an end portion of a respective blade (20) of said
at least two blades (20) to said at least two blade folding structures (4); wherein said
at least two blade folding structures (4) are pivotally connected to each other about
a single hinge axis (P);
- a tower (50) adapted to support said wind turbine rotor unit (1),
- an electric generator (60) connected to said rotor body (2) to generate electric
energy by the rotation of the rotor body (2) about said rotor axis (R);
- at least two blades (20), each blade being connected to a respective blade folding
structure (4) of the rotor unit (1), so that said at least two blades (20) are rotatable
with respect to each other between an open position and a folded position, wherein,
in said open position, said at least two blades (20) are angularly spaced from each
other in order to be able to be affected by the wind to bring the rotor body (2) into
rotation about the rotor axis (R), and wherein, in said folded position, said at least
two blades (20) are arranged angularly close to each other.
17. A wind turbine (100) according to claim 16, comprising a control unit (200)
having an input for receiving an open/fold command signal, said control unit (200)
being operatively connected to, and adapted to control as a function of said
command signal, at least one of:
- said rotor brake (90);
- said blade orientation actuator (21),
- said at least one actuator (5);
- said folding brake (19);
- said blade blocking/releasing devices (25);
- said electric generator (60).
18. A wind turbine according to at least one of claims 16 to 17, comprising blade
stopping devices (120) adapted to secure the blades (20) to the tower (50) when
said blades (20) are in the folded position to resist the action of the wind.
19. A wind turbine according to claim 18, wherein said control unit (200) is

operatively connected with the blade stopping device (120) to enable/disable said
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blade stopping devices (120).
20. A wind turbine (100) according to claims 16 to 19, comprising a power supply
unit (300) adapted to supply the electrical devices of said rotor unit for folding the
blades (20) and for implementing safety measures thereof, in absence of external

power from a power distribution network.



WO 2017/187460 PCT/IT2016/000106

116
S 1
\| /V
o -
s TS
20 H— 20
|
/ L\,T
100 ]
|
I FIG. 1
|
|
|
—a !
T x

100




WO 2017/187460 PCT/IT2016/000106

2/16

“— 100
I 20

FIE—). 5 FIG. 6



WO 2017/187460 PCT/IT2016/000106

3/16

1 G 1
7 L

15 _/4%\15

i

20/=T'—\’20

100 L
1 50
FIG. 7 FIG. 8
1
i

FIG. 9



WO 2017/187460 PCT/IT2016/000106

4/16

FIG. 10 |




WO 2017/187460 PCT/IT2016/000106




PCT/IT2016/000106

WO 2017/187460

6/16

FIG. 14

Q
N

To
-—
O
LL



WO 2017/187460 PCT/IT2016/000106

L
9\\ ™/ 2 1
1‘#113 \T// 1143 /V
15 2 . 60 12
W . - w
yanu | | 1
I ! &N V<
G \ C N G
20 21 176 6~R 21 20
4 4
5710 . P
164 |
i\_/’“ L
50 —T FIG. 16
5 5
2 9
N g 12 Qﬂfx/u
60 ]
~N | Yl -\
. 11 20 .
a1 Pl e e L
T- A T T }b
| e
| 3 10 16 P
| T
E 50



WO 2017/187460 PCT/IT2016/000106

8/16

20




PCT/IT2016/000106

WO 2017/187460

9/16

FIG. 20



PCT/IT2016/000106

WO 2017/187460

10/16

<« <60

FIG. 21

FIG. 22



PCT/IT2016/000106

WO 2017/187460

11/16

FIG. 23

20

60
52

FIG. 24



WO 2017/187460 PCT/IT2016/000106




WO 2017/187460

20 ~| LE‘

50

FIG. 27

13/16

PCT/IT2016/000106




WO 2017/187460 PCT/IT2016/000106

14116

FIG. 30




WO 2017/187460 PCT/IT2016/000106




PCT/IT2016/000106

WO 2017/187460

16/16

FIG. 34

122




INTERNATIONAL SEARCH REPORT

International application No

PCT/1T2016/000106

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO3D1/06
ADD. FO3D7/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO3D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2010/133848 Al (PIASECKI FREDERICK W 1,2,4,8,
[US]) 3 June 2010 (2010-06-03) 9,11-14,
16-19
paragraphs [0069], [0071], [0078],
[0079], [0086], [0088], [0092], [0094]
figures 1-3,8,9,12,13
Y US 2009/022589 Al (SORENSEN TOMMY [DK]) 1,2,4,8,
22 January 2009 (2009-01-22) 9,11-14,
16-19
paragraphs [0030], [0037], [0038]
figures 4a,6a,6b
A DE 44 13 278 Al (ZUSE KONRAD PROF DIPL ING 1,7,8,
DR I [DE]) 19 October 1995 (1995-10-19) 12,16
column 3, lines 42-67
column 4, lines 1-3,10-13,23-45
figures 1-3,7,8
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 November 2016

Date of mailing of the international search report

25/11/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Pasquet, Pierre

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/1T2016/000106
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A

WO 2010/068780 Al (SQUARED WIND INC V
[US]; FREDA ROBERT M [US])

17 June 2010 (2010-06-17)

paragraphs [0106], [0115], [0141],
[0207], [0212]

figures 35-37

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

1,7,12,
16

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1T2016/000106
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010133848 Al 03-06-2010  NONE
US 2009022589 Al 22-01-2009 DK 176552 Bl 04-08-2008
EP 1966487 Al 10-09-2008
US 2009022589 Al 22-01-2009
WO 2007073736 Al 05-07-2007
DE 4413278 Al 19-10-1995  NONE
WO 2010068780 Al 17-06-2010  CA 2746648 Al 17-06-2010
CN 102317623 A 11-01-2012
EP 2373888 Al 12-10-2011
WO 2010068780 Al 17-06-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report

