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DESCRIPTION

[0001] The present invention is concerned with a turbine for use as a wind turbine. The
invention is concerned with turbines having a turbine rotor with an axis of rotation and including
a blade spaced from the rotation axis of the turbine and in which the longitudinal axis of the
blade is substantially parallel to the axis of rotation of the rotor. Embodiments of the invention
are particularly advantageous when used as part of a vertical axis wind turbine although the
invention is also applicable to water driven turbines such as tidal turbines.

[0002] Darrieus type vertical axis wind and water turbines are well known (see, for example,
US 2011/0006526). Such turbines have a number of known disadvantages which include low
efficiency, a lack of starting torque and excessive vibration. In order to overcome some of
these disadvantages, a number of turbine arrangements have been proposed which have
mechanisms for adjusting the pitch of the blades of the turbine. The Darrieus turbines have not
been as efficient or effective as expected. This is thought to be due to the physical stresses
and limitations imposed by a practical design and real wind conditions (which are unlikely to be
consistent). Furthermore, it is difficult to make a Darrieus turbine self-starting.

[0003] A number of arrangements have been proposed for improving the performance of
Darrieus or vertical axis wind turbines.

[0004] The angle of attack is the angle between the direction of an oncoming fluid and a
reference line on an aerofoil such as a turbine blade. The pitch angle or pitch of an aerofoil
such as a wind turbine blade is the angle the aerofoil takes relative to a fixed reference such as
the base of the wind turbine, or the horizon. For a wind turbine in wind whose direction is not
changing, pitch is a measure of angle of attack. The pitch may also be defined as an angular
rotation applied to the root of a blade. It is recognised that the pitch of an aerofoil has an
impact on the torque exerted on the aerofoil by an oncoming fluid (e.g. wind on a wind turbine)
and hence on the output from a turbine including aerofoil blades. Various arrangements for
controlling the pitch of the blades of a vertical axis wind turbine are known. Arrangements such
as those disclosed in US 2011/0006526 A1, WO 2011/130797 A1, WO 2011/144830 A1, FR 2
924 182 A1, US 3,382,931 A1 and WO 201/0305569 A1 aim to control the pitch of the blades
of a vertical axis wind turbine using a cam arrangement whereby a centrally located cam is
provided and a cam follower coupled to the blades follows the cam and thereby pivots the
blade as it moves around the turbine's axis of rotation.

[0005] WO 2011/130797 discloses a wind turbine with pitch control means in the form of a ring
or guide located around the shaft and coupled via links or lines to the trailing end of each blade
to control the pitch of each blade during rotation of the turbine rotor. The ring or guide is
mounted so that it can itself move as the turbine rotates. The mechanism to allow the ring or
guide to move creates a passive control system such that the position of the blades is partially
determined by the strength and direction of the wind and thereby at least partially self-
adjusting. This arrangement is complicated to make and prone to failure. Passive control
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systems such as that of WO 2011/130797 also cannot provide control of the camber of the
blade.

[0006] FR 2 924 182 discloses a wind turbine with a cam arrangement to control pitch. A
central irregular cam track is provided around the turbine rotor's axis of rotation and cam
followers are connected by arms or links to the blades. The arrangement of a single central
irregular cam track with a series of links on cam followers results in a complicated arrangement
which vibrates and shakes, and is very difficult to adjust for different wind conditions. The
control rods or links connecting the central cam followers to the respective blades are shown
as being parallel to the respective support arms. However, those rods or links would need, in
use, to pull the blades to angles which are not parallel to the arm. This is likely to lead to high
frictional forces and vibration and shaking.

[0007] US 3,382,931, US 2011/0006526, WO 2011/144830 and US 2011/0305569 all disclose
arrangements similar to the original arrangement proposed by Darrieus in which pitch control is
achieved by means of providing links or rods connected to a central pitch control unit such that
they rotate about a point eccentrically located relative to the turbine rotor's axis of rotation.
Such arrangements also suffer from excessive vibration and hence losses.

[0008] The inventor of the subject application has appreciated that the arrangements with rigid
rods or links connected to a shared central hub or pivot result in strains and vibrations resulting
from the fact that opposite sides of the turbine are subject to very different wind conditions and
opposing links or rods therefore exert different forces and give rise to imbalances. Pitch control
devices for vertical axis wind turbines have had no commercial success. There have been
many designs and, of the available test data, none have been promising. There have been
problems with vibration, friction and poor performance, which the existing and known
arrangements have not sufficiently resolved.

[0009] Although variable pitch appears to be an answer to the large variations in the angle of
attack of a vertical axis wind turbine during each revolution of the turbine (and the resultant
significant fluctuations in dynamic loading that cause fatigue and reduce turbine performance)
no successful design has been found. Known vertical axis turbines are therefore not as
powerful as they might be and there are fatigue implications in the current vertical axis designs
that do not have pitch control.

[0010] US 3,382,931, US 2011/0006526,FR 2 924 182, WO 2011/130797 and US
2011/0305569 disclose wind turbines in which blade pitch angle of a number of blades is
controlled by rods connecting each blade to a central cam track or a single central bearing
which rotates about an axis offset from the turbine blade's axis of rotation. As discussed above,
the inventor of the subject application is the first to appreciate that this arrangement of rods
extending out to a number of blades from a single central track or bearing results in poor
performance. The reasons for the poor performance are not entirely clear but it is believed that
it is because, in practice, blades and rods are not perfectly rigid there are inevitably slight
changes in the distance between blades as the blades rotate because of differences in the
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forces at different points in their rotation. These differences lead to vibrations. The faster the
rotation and/or wind or fluid speed, the greater these effects will be as the differences in the
forces between different points in the rotation become bigger.

[0011] The camber of an aerofoil such as a turbine blade is effectively the shape or curvature
of the aerofoil. The camber of an aerofoil can be defined by a camber line, which is the curve
that is halfway between the upper and lower surfaces of the aerofoil. US 2010/0096854 A1
discloses a vertical axis wind turbine which can be actively controlled. Each blade is in two
parts and the pitch and camber of each blade is controlled by motors arranged in or near the
blades which controllably move the two parts of each blade and thereby change the blade pitch
and camber. This arrangement requires complex data processing to control each motor.
Furthermore, the motors need to be powerful and are difficult to control accurately as the
forces necessary to move the blade portions as they rotate are significant.

[0012] US 2010/0054936 and DE 20 2010 002 046 U also disclose arrangements for
controlling the camber (and/or the pitch) of individual wind turbine blades using computer
controlled actuators located in or near the turbine blades. As discussed above for US
2010/0096854, in use the blades move quickly and are subject to significant forces. Actuators
or motors suitable for controlling the blades must therefore be able to provide very high forces
so as to change the angle of attack or pitch, and the shape or camber, of the moving blades.
The necessary actuators or motors are therefore expensive and prone to failure. Furthermore,
locating the actuators at or near the blades makes maintenance or replacement of the
actuators difficult, time-consuming and expensive.

[0013] WO 2004/079187 discloses a wind turbine with passive camber guidance. This does
not allow for accurate control of camber and hence optimisation of the camber properties at
different points in the rotation of the respective blade. Another example is disclosed in US
4,383,801.

[0014] The present invention provides a turbine as defined in claim 1 to which reference
should now be made. Preferred features of embodiments of the invention are set out in the
dependent claims to which reference should also be made.

[0015] The inventor of the subject application is the first to appreciate that a solution to the
problem of complex and difficult control associated with the systems like that of US
2010/0096854 can be achieved by the counter-intuitive step of controlling camber and pitch
using a simple and robust physical or mechanical control rather than a precise and prone to fail
electronic control. The inventor is the first to appreciate that a physical or mechanical cam type
control arrangement can be used to effectively control both the pitch and camber of a turbine
blade and that such control can significantly improve the efficiency of a vertical axis wind
turbine.

[0016] Embodiments of the invention provide an active control of both pitch and camber by
ensuring that the pitch and camber pivots follow paths defined and set by the respective first
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and second physical components. The first and second physical components defining the pitch
and camber paths respectively may be separate components.

[0017] A solution used in preferred embodiments of the invention is to separate the control of
each blade, but maintain accurate positioning by providing a physical component to define a
pitch pivot path. Preferably independent offset eccentric bearings are provided for each blade
or the offset bearing is replaced with an offset guide rail. Where an offset guide rail is used, it is
no longer necessary to have separate guide rails for each blade, as the guidance mechanism
for each blade can be separate during the blades rotation around the guide.

[0018] To reduce vibration and improve laminar flow, the blade must be able to alter its
camber. A second physical component provides a defined camber pivot path to achieve that
and maintain laminar flow around a rotation. Preferably a set of offset eccentric bearings or
guide rails provides the second physical path.

[0019] Preferably the pitch and camber paths are each substantially circular. The inventor has
appreciated that this considerably simplifies construction of the turbine and makes it more
easily controllable without significant losses of efficiency and effectiveness. Irregular
arrangements, such as that in FR 2 924 182, which are accurately tailored for maximum
efficiency cannot be easily adjusted to a different irregular arrangement. They also require a
rotating yaw mechanism to align the irregular arrangement with the wind direction.

[0020] Preferably the position of the pitch and camber bearings, or the pitch and camber guide
rails is controllably adjustable.

[0021] Preferably the position of the pitch and camber bearings, or the pitch and camber guide
rails is controlled by linear actuators. When the offset eccentric bearings or guides are placed
on linear actuators the camber and pitch of the blade can be easily altered to match rotation
and wind speeds. If the offset is reversed it can be used to induce blade stall and so safely
stop a turbine.

[0022] If the offset eccentric bearings or guide rails are mounted on linear actuators that can
move them in two axes then they can act together as a yawing mechanism by moving the
offset of the bearings or guides to any useful position.

[0023] Embodiments of the present invention will now be described by way of a nonlimiting
example with reference to the attached figures in which:

Figure 1 illustrates a first embodiment of the invention with three turbine blades and two offset
guide rails, one guide rail to control the pitch of the blades and one guide rail to control the
camber of the blades;

Figure 2 illustrates the central vertical axis and blade support arms of the embodiment of
Figure 1;
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Figure 3 illustrates a construction of blades and guide rails for the embodiment of Figure 1;
Figure 4 is a detail view of the top of the blades of Figure 1;

Figure 5 is a view showing the bottom of the blades of Figure 1;

Figure 6 is an alternative view corresponding to Figure 5 but at a higher elevation;

Figure 7 is a schematic illustration of the control of a blade and its pitch and camber as the
blade rotates;

Figure 8 is a detailed view of a portion of the schematic illustration of Figure 7;
Figure 9 illustrates a yaw mechanism for the embodiment of Figures 1 to 8 described above;

Figure 10 is an alternative view of the yaw mechanism at Figure 9 with the guide rails
removed;

Figure 11 is a detailed view of an offset guide rail fixing with linear actuators to allow the pitch
and camber guide rails to move in one axis;

Figure 12 is an alternative close-up view of the arrangements shown in Figure 11;

Figure 13 is an alternative arrangement of guide rail linear actuators in which a yaw vane
mechanism is not required;

Figure 14 is a top plan view showing the location of the linear actuators of the embodiments of
Figure 13;

Figure 15 is a side view of the linear actuator arrangement of Figure 14;

Figure 16 illustrates a second embodiment of the invention with three adjustable blades and six
offset eccentric bearings;

Figure 17 illustrates the construction of the blade, eccentric bearings and pushrods of the
embodiment of Figure 16;

Figure 18 is a bottom close-up view of the blade, bearings and pushrods of the embodiment of
Figure 16;

Figure 19 is a side close-up view of the blade, eccentric bearings and pushrods of the
embodiment of Figure 16;

Figure 20 is an illustration of the fixing of an eccentric bearing to a yaw mechanism in the
embodiment of Figure 16;

Figure 21 is a view of the yaw mechanism of Figure 20 from underneath;

Figure 22 illustrates the location of the eccentric bearing fixings of the embodiment of Figure
16;
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Figure 23 illustrates eccentric bearing fixings of the embodiment of Figure 16 with linear
actuators to allow the pitch and camber eccentric bearings to move in one axis;

Figure 24 is an alternative eccentric bearing fixing arrangement in which a yaw vane
mechanism is not required;

Figure 25 illustrates an alternative embodiment of the invention for use as a tidal turbine; and

Figure 26 is a side view of the embodiment of Figure 25.

[0024] Certain terminology will be used in the following description for convenience and
reference only, and will not be limiting. For example, the words "top", "bottom", "lower" and
"upper" will refer to directions in the drawings to which reference is being made. Said
terminology will include the words specifically mentioned, derivatives thereof, and words of
similar import or understood by the skilled man to be functionally the same.

[0025] Referring to Figures 1 and 2, a vertical axis wind turbine 1 comprises three turbine
blades 2 which rotate around a central vertical rod 3 defining a vertical axis. This vertical rod is
coupled to the turbine blades by pairs of arms 4 which connect to the tops and bottoms of each
turbine blade 2. The horizontal support arms 4 are rigidly connected to the central vertical rod
3 and the central vertical rod 3 can rotate about a support 5 at its base 6. The central vertical
rod 3, horizontal support arms 4 and blades 2 together form the rotor of the vertical axis wind
turbine 1.

[0026] Each blade has two portions (see Figure 5); a leading blade portion 7 and a trailing
blade portion 8.

[0027] The bottom of each blade 9 is coupled to a pair of guide rails 10, 11 which are
themselves supported by the base 6 of the wind turbine 1, or otherwise supported and held at
the bottom of the vertical axis wind turbine.

[0028] Referring to Figures 4, 5 and 6, the first, leading blade portion 7 contains a rod 65 that
projects from the top 12 and bottom 13 ends of the leading blade portion, that is coupled by a
bearing arrangement 14 to the horizontal blade support arms. The second, trailing blade
portion 8 is arranged so that it can rotate relative to the leading blade portion 7 in the direction
'A" shown in Figure 4. Arod 15 passes through and is coupled to the front of the trailing blade
portion 8 from top 16 to bottom 17. The upper end 18 of this rod 15 is pivotably coupled via a
bearing 19 to the front or leading blade portion 7, and at its bottom end 20 is pivotably coupled
both to the leading blade portion 7 in a manner similar to that described above for the upper
end via a bearing 21, and via a follower bearing 24 to a cam follower arrangement 23 which is
coupled to and follows a pitch control guide rail or cam track 10. The cam follower 23
comprises said central bearing 24 to which four rotating bearings 25 are attached. The four
bearings are placed around the guide rail 10 which comprises a circular plate-like element.
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This arrangement means that the pitch or angle of the leading blade portion 7 varies with the
radial distance between the ends of the horizontal support arms 4 and the respective portion of
the pitch control guide rail 10.

[0029] A U-shaped arm 29 is rigidly connected to a connecting arm 28, which in turn is rigidly
connected to the bottom end 20 of rod 15. This arm arrangement 28, 29 is used to pivotably
couple the bottom end 20 of rod 15, via bearing 27, to a second cam follower 30 which
engages a camber controlled guide rail or cam track 11. The camber cam follower is similar to
the pitch cam follower in comprising said single central bearing 27 to which four bearings 26
are attached as described above for the pitch cam follower 23. The four bearings 26 are
placed around a circular plate-like guide rail 11 which defines the camber guide rail or cam
track. The cam follower 30 is mounted on the bottom of the arm arrangement 28, 29 by said
central bearing 27. The arm 28, 29 is shaped such that there is room for the guide rails 10, 11
to cross over and the pitch and camber cam followers 23, 30 not to interfere with each other.

[0030] The camber guide rail 11 and its interaction with the camber follower bearing 30 results
in the control of the pivoting of the trailing blade portion 8 relative to the leading blade portion 7
and thereby controllably change the camber of the blade 2.

[0031] As shown in Figure 9, the guide rails 10, 11 and blades 2 are arranged on a yaw
mechanism 31 to rotate the mechanism as the direction of incident wind changes. The yaw
mechanism 31 comprises a circular plate 32 rotatably coupled to the base of the turbine. The
plate 32 has a yaw vane 33 so as to align the vane with incident wind. Fixings 34 are placed on
the plate on which the guide rails are located as can be seen from Figure 10.

[0032] In an alternative embodiment of the invention, as shown in Figures 11 to 15, the guide
rail fixings are located on linear actuators 35 which can controllably move the pitch and camber
guide rails 10, 11. The linear actuators 35 can be used to controllably move the pitch and
camber rails and thereby adjust the pitch and camber for different conditions. The linear
actuators can be used to optimise the speed, as the speed of rotation increases the apparent
wind and therefore pitch needs to change, and camber can be optimised for wind speed. In low
wind conditions this would be to maximise speed of rotation.

[0033] The embodiment shown in figure 13 includes a wind direction vane 60 and anemometer
61. The wind direction and speed sensed by these are used to control the linear actuators 35.

[0034] As wind turbines or generators also have optimum operating ranges it may be that the
speed needs to be reduced in strong wind conditions, and this can be achieved by changing

the pitch and/or camber.

[0035] In extreme wind conditions it is also possible to stop or stall the turbine by moving the
pitch and camber offset to points on the other side of the radius of the pitch pivot.

[0036] In an alternative embodiment of the invention illustrated in Figures 16, 17, 18 and 19,
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the circular pitch and camber guide rails are replaced with individual and separate pitch and
camber control arrangements for each blade 2. Each control comprises an offset eccentric
bearing 36 and a push rod 39 connected to the pivot rod construction. The remainder of its
construction is similar to the construction described above in connection with Figures 12 and
15. Either a pitch pivot point 40 on the leading blade portion 7 or a camber pivot point 41 on
trailing blade portion 8 of a repetitive blade. The vertical axis turbine 1 comprises three turbine
blades 2 which rotate around a central vertical rod 3 defining a vertical axis. This vertical rod is
coupled to the turbine blades by pairs of arms 4 which connect to the tops and bottoms of each
turbine blade. The horizontal support arms 4 are rigidly connected to the central support rod 3
and the central support rod can rotate about a support at its base. The central support rod,
horizontal support arms and blades together form the rotor of the vertical axis wind turbine.

[0037] Referring to Figures 17, 18 and 19 the leading blade portion 7 is coupled at its top and
bottom ends by repetitive bearing arrangements 42 to the horizontal blade support arms 4.
The trailing blade portion is arranged so that it can rotate relative to the leading blade portion
7.

[0038] A rod 43 passes through the front of the trailing blade portion 8 from top to bottom. The
upper end of this rod 43 is coupled via a bearing (not shown) to the front or leading blade
portion, and at its bottom end is coupled via a bearing 44 to the front or leading blade portion
7. The bottom of the rod 43 is coupled via rod 46 and a bearing to a rod 39 that rigidly
connects to the eccentric bearing 36 that controls the pitch of the blade. An L-shaped arm 47
rigidly connects to the rod 43 of the trailing blade portion horizontally in the direction of the tail
of the trailing blade portion, this is coupled via a bearing to the push rod of the second
eccentric bearing 37 that controls the camber of the blade.

[0039] Referring to Figures 20, 21 and 22 the eccentric bearings are arranged on a yaw
mechanism 31 to rotate the mechanism as the direction of incident wind changes. The yaw
mechanism comprises a circular plate 32 rotatably coupled to the base of the turbine. The
plate has a yaw vane 33 so as to align the vane with incident wind. Fixings 34 are placed on
the plate on which the eccentric bearings are located.

[0040] Referring to Figure 23 in an alternative embodiment of the invention, the eccentric
bearings are located on linear actuators 35 which can controllably move the pitch and camber
eccentric bearings in one axis.

[0041] Referring to Figure 24 in an alternative embodiment of the invention, the eccentric
bearings are located on linear actuators 48 which can controllably move the pitch and camber
eccentric bearings in two axes and so replace the need for a rotating yaw vane mechanism.

[0042] Referring to Figure 25 and 26, the vertical axis turbine has been arranged with a water
float 50 so as to be suitable as a floating water turbine 49. The connecting rod at the top of the
blade has been extended so that the top horizontal support arms and control guide rails and
linear actuators are not in contact with the water. The construction of the turbine is otherwise
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the same as described for the embodiments shown in figures 1 to 23 but inverted or upside
down.

[0043] Embodiments of the invention are suitable for extracting energy from any moving fluid.
Suitable fluids and environments include, but are not limited to, moving air or wind, and tides.
The embodiments of the invention described above with reference to figures 1 to 26 all have a
turbine rotor axis of rotation which is substantially vertical. The invention is, however, equally
applicable for use in situations where the rotor axis of rotation is not vertical: for example, in a
cyclogiro or in a shallow water tidal current device in which the axis of rotation would be
substantially horizontal. The skilled man would readily appreciate that the construction of such
a turbine would be similar to that described above in connection with figures 1 to 26.
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Patentkrav

1. Turbine (1), som omfatter en turbinerotor, som har en rotationsakse og
mindst et blad (2), som er anbragt i afstand fra og monteret til rotation om
turbinens rotationsakse, hvor bladet har mindst en langsgaende flade i det vae-
sentlige parallel med rotationsaksen og til indgreb, ved anvendelse, med fluid,
som forekommer pa turbinerotoren, og bladet er et todelsblad med et forreste
bladafsnit (7), som er drejeligt forbundet med et bagerste bladafsnit (8), hvilken
turbine endvidere omfatter aktive pitchstyremidler og aktive hveelvingsstyre-
midler til styring af bladets pitch og hveelving, hvor de aktive pitchstyremidler
omfatter et pitchdrejeelement (24,41), hvor det ferste forreste bladafsnit er an-
bragt til at dreje om pitchdrejeelementet, og pitchdrejeelementet kan fgres
langs en pitchbane, som er defineret af en fgrste fysisk pathway-komponent
(10), og de aktive hveelvingsstyremidler omfatter et hvaelvingsdrejeelement
(27,65), hvor det andet bagerste bladafsnit er anbragt til at dreje om hveel-
vingsdrejeelementet, og hvaelvingsdrejeelementet kan feres langs en hveel-
vingsbane, der er defineret en anden fysisk pathway-komponent (11).

2. Turbine ifglge krav 1, hvor pitch- og hveelvingsbanerne er respektivt i det
vaesentlige cirkulaere.

3. Turbine ifglge krav 2, hvor pitch- og/eller hvaelvingsbanen eller -banerne re-
spektivt definerer en i det vaesentlige cirkuleer bane, og centrene af de cirku-
lzere baner er forskudte fra hinanden og fra turbinerotorens rotationsakse.

4. Turbine ifglge et af de foregaende krav, hvor pitchbanen er defineret af den
distale ende af en stang (39), som er forbundet med et pitchleje (36), som
roterer om en akse forskudt fra turbinerotorens rotationsakse, og hveelvings-
banen er defineret af den distale ende af en stang (39), som er forbundet med
et hveelvingsleje (37), som roterer om en akse forskudt fra turbinerotorens ro-
tationsakse, hvor de distale ender af pitch- og hveelvingsstaengerne er drejeligt
tilkoblet respektivt pitch- og hveelvingsdrejeelementerne (41,65).

5. Turbine ifglge krav 4, hvor pitch- og hveelvingsdrejeelementerne (41,65) af
turbinebladet (2) er tilkoblet separate staenger (39), og hver stang er tilkoblet
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et separat pitch- eller hveelvingsleje (36, 37).

6. Turbine ifglge krav 5 omfattende mindst to turbineblade (2) og hvor pitch-
og hveelvingsdrejeelementerne (24,27) af hvert turbineblad respektivt er tilkob-
let separate steenger (39), og hver stang er tilkoblet et separat pitch- eller hveael-
vingsleje (36, 37).

7. Turbine ifglge et af kravene 1 til 3, hvor pitchbanen er defineret af en farste
pitchfgringsskinne (10), og hvaelvingsbanen er defineret af en anden hveel-
vingsferingsskinne.

8. Turbine ifglge krav 7 omfattende mindst to blade (2), og hvor pitch- og hveel-
vingsdrejeelementerne (24,27) af de mindst to blade er hver tilkoblet hhv. en
enkelt pitch- (10) og en enkelt hveelvingsfaringsskinne (11).

9. Turbine ifglge et af kravene 1 til 3, hvor en af pitch- eller hvaelvingsbanen er
defineret af den distale ende af en stang (39), som er forbundet med et leje
(36,37), som roterer om en akse forskudt fra turbinens rotationsakse, hvor den
distale ende af stangen er drejeligt koblet til enten pitch- eller hveelvingsdreje-
elementet (24,27), og hvor den anden af pitch- eller hvaelvingsbanen er defi-
neret af respektivt en pitch- eller hveelvingsfaringsskinne (10,11).

10. Turbine ifglge et af de foregaende krav, hvor ved anvendelse positionen af
pitch- og/eller hveelvingslejerne (36, 37) eller pitch- og/eller hveelvingsfarings-
skinnen (10,11) er fikseret.

11. Turbine ifglge et af kravene 1 til 9, hvor positionen af pitch- og/eller hveel-
vingslejerne (36, 37) eller pitch- og/eller hvaelvingsfgringsskinnen (10,11) er
justerbar pa en styrbar made.

12. Turbine ifelge krav 11, hvor positionen af pitch- og/eller hveelvingslejerne
(36, 37) eller pitch- og/eller hveelvingsfaringsskinnen (10,11) styres af lineaere
aktuatorer.
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13. Turbine ifglge krav 11 eller krav 12, hvor justering er mulig i en eller to
akser.

14. Turbine ifglge et af de foregaende krav, hvor hvert bladafsnit (2) indeholder
forste (12,16) og anden (13,17) modstaende tveergaende flader i det vaesent-
lige pa tveers af bladlzengdeaksen, og hvor et af det forreste bladafsnit (7) eller
det bagerste bladafsnit (8) indeholder en fgrste (18) og anden (20) drejestang,
som rager respektivt ud fra den fgrste og anden tveerflade af det forreste blad-
afsnit eller det bagerste bladafsnit, hvor den fgrste drejestang er koblet til et af
enten det forreste bladafsnit eller det bagerste bladafsnit for at danne et af
pitch- eller hveelvingsdrejeelementerne (24,27), og den anden drejestang er
koblet til enten en fglgermekanisme (23,30), som er anbragt til at felge en af
pitch- eller hveelvingsferingsskinnen (10,11), eller en stang (39), som er for-
bundet med et af pitch- eller hvaelvingslejerne (36,37).

15. Turbine ifglge krav 14, hvor den fgrste drejestang (18) rager ud fra et af
det forreste bladafsnit (7) eller det bagerste bladafsnit (8) og er koblet til det
andet af det forreste bladafsnit eller det bagerste bladafsnit.
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