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(57) ABSTRACT 

Wind turbine rotor comprising a hub, a plurality of blades 
and at least one pitch system for rotating a blade Substan 
tially along its longitudinal axis. The pitch system comprises 
a bearing, a gear and a pitch drive. The pitch drive is 
arranged on a flange and has a motor and a pinion which 
meshes with the gear. The flange is provided with a hole and 
an intermediate Support is concentrically arranged with 
respect to the hole. The intermediate Support comprises an 
off-center opening with respect to a central axis of the hole 
and the pitch drive is mounted through said off-center 
opening. The position of the off-center opening is such that 
the intermediate Support can be arranged in a first and a 
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second position in which the drive pinion meshes with a first 
and second section of the gear respectively. 

19 Claims, 3 Drawing Sheets 
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WIND TURBINE ROTOR 

This application claims the benefit of European Patent 
Application 11382307.4 filed Sep. 30, 2011 and U.S. Pro 
visional Patent Application Ser. No. 61/565,242 filed Nov. 
30, 2011. 
The present disclosure relates to wind turbine rotors, and 

more particularly relates to wind turbine rotors comprising 
at least one electromechanical pitch mechanism. 

BACKGROUND ART 

Modern wind turbines are commonly used to Supply 
electricity into the electrical grid. Wind turbines generally 
comprise a rotor with a rotor hub and a plurality of blades. 
The rotor is set into rotation under the influence of the wind 
on the blades. The rotation of the rotor shaft drives the 
generator rotor either directly (“directly driven') or through 
the use of a gearbox. 

Pitch systems may be employed for adapting the position 
of a wind turbine blade to varying wind conditions. In this 
respect, it is known to rotate the position of a wind turbine 
blade along its longitudinal axis in Such a way that it 
generates less lift (and drag) when the wind speed increases. 
In this way, even though the wind speed increases, the torque 
transmitted by the rotor to the generator remains Substan 
tially the same. It is furthermore also known to rotate wind 
turbine blades towards their stall position (so as to reduce the 
lift on the blades) when the wind speed increases. These 
wind turbines are sometimes referred to as “active-stall' 
wind turbines. Pitching may furthermore also be used for 
rotation of the blades towards their vane position, when a 
turbine is temporarily stopped or taken out of operation for 
e.g. maintenance. 

Pitch systems generally comprise an electric or hydraulic 
motor which, through the use of reduction gearing (some 
times referred to as a “reductor', or as a “reduction gear'), 
drives an actuating gear. Said actuating gear (pinion) is 
generally arranged to mesh with an annular gear provided on 
the wind turbine blade to set the wind turbine blade into 
rotation. Other actuating mechanisms operated by a pitch 
motor are also known. 

It is further known to provide an individual pitch system 
(comprising a separate motor and separate control) for each 
individual wind turbine blade of a rotor. It is also known to 
provide a common pitch system wherein the pitch angle of 
the blades is the same for all blades on a rotor. Such a 
common pitch system may comprise a single motor or may 
comprise a plurality of motors, one for each blade. 
A control strategy of a pitch system that is often employed 

in variable speed wind turbines is to maintain the blade in a 
default pitch position at wind speeds equal to or below 
nominal wind speed (for example, approximately 4 m/s-15 
m/s). Said default pitch position may generally be close to 
a 0° pitch angle. The exact pitch angle in or below nominal 
wind speed conditions depends however on the complete 
design of the wind turbine. Above the nominal wind speed 
(for example from approximately 15 m/s-25 m/s), the blades 
are rotated to maintain the aerodynamic torque delivered by 
the rotor substantially constant. When the wind turbine is not 
operating, the blades may assume a vane position (e.g. at or 
around 90° pitch angle) to minimize the loads on the blades. 
During most of the wind turbine's life, a blade may however 
be in the same pitch position which is that at or below 
nominal wind speed. The nominal wind speed, cut-in wind 
speed and cut-out wind speed may of course vary depending 
on the wind turbine design. 
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2 
During operation of the wind turbine, forces may be 

acting on the blades that result in a constantly varying torque 
around the blade's longitudinal axis. These forces may 
include the aerodynamic torque around the longitudinal axis 
of the blade. Furthermore, since the blade's centre of mass 
is usually not located exactly on its rotating axis, the weight 
of the blade may exercise an additional torque around the 
blade's longitudinal axis. Both these forces are non-con 
stant, largely cyclical and tend to rotate the blade out of the 
position determined by the pitch control system. 
When a pitch system involving gearing is used, the 

varying torque may result in flanks of the teeth of the 
actuating gear (pinion) and annular gear repeatedly touching 
each other. Such repetitive contact between teeth may 
remove thin metallic particles, and may create a tooth print 
in the contacting flanks of the gear and the pinion. This 
repetitive contact may thus lead to fretting corrosion and 
premature wear. Since the pitch position at or below nominal 
wind speed is the prevailing position for most wind turbines, 
the contact between the teeth and its consequences is usually 
concentrated on the same teeth. 
Some solutions for these problems are known. It is e.g. 

known to provide an automatic lubrication system to try and 
prevent fretting corrosion. For example, 
DE202005014699U and EP1816346 provide such lubrica 
tion systems. These lubrication systems may help to reduce 
fretting corrosion to a smaller or larger extent, but do not 
combat or resolve the problem underlying the corrosion, 
namely the teeth flanks contacting each other. Further, once 
the teeth contacting the pinion are damaged, the whole 
annular gear needs to be replaced. 
Document WO2010045914 describes a movable pitch 

drive system comprising a guiding means for displacing a 
rotor blade adjustment device between two positions in 
which cooperation between the pinion and the annular gear 
is possible. Such mechanisms offer at least a couple of 
possible pitch locations wherein the drive pinion may mesh 
with the annular gear, thus retarding the replacement of the 
whole annular gear. However the machining of Such guiding 
means may at least partly compromise the robustness and 
resistance of the console for mounting the pinion. 

There still exists a need to achieve robust electromechani 
cal pitch drive system which can easily extend the life of 
particularly the annular gear and is also cost-effective. 

SUMMARY 

In a first aspect, a wind turbine rotor comprising a hub, a 
plurality of blades and at least one pitch system for rotating 
a blade Substantially along its longitudinal axis is provided. 
The pitch system comprises a bearing, a gear and a pitch 
drive. The pitch drive is arranged on a flange and has a motor 
and a pinion which meshes with the gear, wherein one of the 
hub and blade comprises said flange and the other of the hub 
and blade comprises said gear. The flange is provided with 
a hole and an intermediate Support is concentrically arranged 
with respect to the hole, wherein the intermediate support 
comprises an off-center opening with respect to a central 
axis of the hole and the pitch drive is mounted through said 
off-center opening, and wherein the position of the off-center 
opening is such that the intermediate Support can be 
arranged in a first position in which the drive pinion meshes 
with a first section of the gear and in a second position in 
which the drive pinion meshes with a second section of the 
gear. 

According to this aspect, the drive pinion is mounted 
off-centered with respect to the intermediate support and the 
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hole. The off-centric opening in the intermediate Support, on 
which the drive pinion is mounted, defines two different 
positions of the intermediate support in which the drive 
pinion can mesh with the gear. If the teeth of the gear and 
the pinion contacting each other get damaged (for example 
when the blade is in a pitch position for nominal or below 
wind speeds), a simple operation of moving the intermediate 
Support from a first position in which the drive pinion can 
mesh with a first gear section to a second position in which 
the drive pinion can mesh with a second gear section results 
in new teeth of the pinion contacting new teeth of the gear. 
This way, in the pitch position for wind speeds at or below 
nominal wind speed, other teeth of the gear are in contact 
with the pinion. The life of the gear may thus be extended 
with a relatively simple operation. 

Further, the robustness and stiffness of the assembly 
flange-intermediate Support is not affected by the presence 
of a hole. Also, above described construction does not hinder 
or negatively influence the normal operation of a pitch 
system. 

In some embodiments, the intermediate Support may be 
fixed to the flange by Screws or bolts being arranged around 
a perimeter of the intermediate support. This ensures that the 
intermediate Support and flange may be easily assembled 
and disassembled and thus the intermediate Support may be 
easily moved between the different positions in which the 
pinion can mesh with the gear. 

In some embodiments, the screws or bolts fixing the 
intermediate Support to the flange may be arranged in 
predefined screw or bolt positions such that the intermediate 
Support can be fixed only in the first and second positions in 
which the drive pinion meshes with the first and second gear 
sections respectively. This may simplify the operation of 
changing the position of the intermediate Support as it avoids 
taking measurements while moving the intermediate Support 
and/or avoids missing the correct position. 

In some embodiments, the drive pinion may be mounted 
on a reductor gearing of the pitch system, the reductor may 
be fixed to the intermediate support by screws or bolts. This 
ensures an easy replacement of the drive pinion if required. 

Another aspect provides a wind turbine comprising a 
wind turbine rotor substantially as hereinbefore described. 

Additional objects, advantages and features of embodi 
ments of the invention will become apparent to those skilled 
in the art upon examination of the description, or may be 
learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Particular embodiments of the present invention will be 
described in the following by way of non-limiting examples, 
with reference to the appended drawings, in which: 

FIG. 1 shows a perspective view of a wind turbine rotor 
according to a first embodiment; 

FIG. 2 shows a bottom view of the perspective of FIG. 1; 
FIGS. 3a and 3b show top views of the two different 

positions of the intermediate Support according to an 
embodiment; 

FIG. 4 shows a cross-sectional view along line A-A of 
FIG. 3a; and 

FIG. 5 shows a cross-sectional view along line B-B of 
FIG 3. 

DETAILED DESCRIPTION OF EMBODIMENTS 

FIGS. 1 and 2 show a wind turbine rotor according to a 
first embodiment. FIG. 1 shows a perspective view and FIG. 
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4 
2 shows a bottom view of said perspective. The rotor may 
comprise a hub 10 to which a plurality of blades (not shown) 
may be rotatably attached. Pitch systems may be provided 
for rotating each of the blades Substantially along its longi 
tudinal axis. A pitch system may comprise a pitch bearing 
20, a gear 30 and a pitch drive 40. The bearing 20 may 
comprise an outer bearing ring 21 connected with the hub 10 
and an inner bearing ring 22 connected with a blade (not 
shown). It should be noted, that in other implementations the 
blades could be attached either at the outer or at the inner 
bearing ring and the hub would be attached to the other of 
the outer or inner bearing ring. 

According to FIG. 1, the pitch drive 40 may comprise a 
drive pinion 41 which meshes with the gear 30, a pitch motor 
(see FIG. 2) and a reductor gearing 42. The hub 10 may 
comprise a flange 11 for mounting the pitch drive 40 and the 
gear 30 may be provided in the inner bearing ring 22. In 
other embodiments, the blade may comprise the flange for 
mounting the pitch drive and the hub may comprise the gear. 

According to the embodiment shown in FIG. 1, the flange 
11 may be provided with a round hole 12. An intermediate 
disc 13 may be concentrically arranged with respect to the 
round hole 12. The intermediate disc 13 may completely 
cover the hole 12. Thus, the robustness and stiffness of the 
assembly flange-intermediate disc may be substantially 
unaffected by the presence of the hole. The intermediate disc 
13 may further comprise an off-center opening with respect 
to a central axis of the hole (see FIG. 4). The pitch drive 40 
may be mounted on the flange 11 through the off-center 
opening of the intermediate disc 13. This way, a rotation of 
the intermediate disc 13 around the central axis of the hole, 
results in an eccentric movement (rotation) of the pitch drive 
around the intermediate disc rotational axis. In alternative 
embodiments, the hole provided in the flange and the 
intermediate Support may have other shapes than circular. 

FIG. 1 shows a situation in which the blade may be in the 
pitch position at or below nominal wind speed. The inter 
mediate disc 13 may be arranged in a position in which the 
drive pinion 41 can mesh with a first gear section (see FIG. 
3a). FIG. 2 shows a bottom view of FIG. 1, wherein the pitch 
drive mounted on the flange 11 through the off-center 
opening is shown from the bottom and the pitch motor 43 
and the reductor gearing 42 are clearly shown. 

FIGS. 3a and 3b each show a top view of the wind turbine 
rotor wherein the intermediate disc 13 is arranged in the 
round hole 12 of the flange 11 in respectively a first and a 
second position in which the drive pinion 41 can mesh with 
respectively a first and a second different gear sections 31 
and 32. These first and second gear sections 31 and 32 may 
be displaced e.g. a couple of teeth. Thus, for the same pitch 
position of the blade, different teeth of the gear are in contact 
with the pinion. Notably, in the default pitch position, for 
wind speeds at or below nominal wind speed, the section of 
the gear in contact with the pinion may thus be changed. As 
such, the wear may be spread between various teeth. 
The separation in between the first and second gear 

sections 31, 32 that mesh with the drive pinion 41 may be 
increased or decreased by varying the eccentricity of the 
opening provided in the intermediate disc 13. If a very large 
distance between both gear sections is required and the 
maximum eccentricity of the off-center opening of the 
intermediate disc is not enough, then the size of the hole and 
the intermediate disc could also be increased. This measure 
would also be available in those cases in which the hole and 
the intermediate Support have a not circular shape. 

FIGS. 1-3b further show that the intermediate disc 13 may 
be fixed to the flange 11 by screws or bolts 131 arranged 
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around the perimeter of the intermediate disc 13. Optionally, 
a homogeneous distribution of Screws or bolts around the 
perimeter is used in order to achieve a strong and resistant 
flange-intermediate disc assembly. In some embodiments, 
the screws or bolts may be arranged with their heads on the 
pinion side, thus screwing and unscrewing may be further 
facilitated. 

In some embodiments, the screws or bolts may be 
arranged in predefined screw or bolt positions such that the 
intermediate piece can be fixed only in a first and a second 
position in which the drive pinion meshes with a first and a 
second gear section. These embodiments may require pre 
vious calculations, but may simplify maintenance works 
involving movement of the intermediate Support. The pre 
defined screw or bolt positions may be the same for the first 
and second positions of the intermediate Support described 
in FIGS. 3a and 3b or they may be different. This way, no 
errors occur when moving from one position of the inter 
mediate support to the other. Other possibilities for fixing the 
intermediate Support in the hole of the flange may also be 
Suitable as long as they permit the intermediate Support to be 
unfixed from the flange, moved around a central axis of the 
hole and re-fixed to the flange. 

FIGS. 4 and 5 each show a cross-sectional view of FIG. 
3a. FIG. 4 shows a cross-sectional view along the eccen 
tricity plane, i.e. the plane defined by the drive pinion axis 
411 and the intermediate disc rotational axis 132 which 
coincides with the central axis of the hole. FIG. 5 shows a 
cross-sectional view along the plane defined by the drive 
pinion axis 411 and the gear axis 33. An enlarged view of the 
area enclosed by the dashed lines of FIG. 5 shows that 
matching holes 133,111 may be provided in the intermediate 
disc 13 and in the flange 11 respectively for housing the bolts 
or screws for the mechanical mesh between these two pieces 
(the screws/bolts are not shown). Furthermore, FIGS. 4 and 
5 show that two rows of rolling elements 20a, 20b may be 
arranged between the inner 22 and outer 21 bearing rings 
and may allow both bearing rings to rotate relative to each 
other. 

In some embodiments, the flange for mounting the pitch 
drive may form an integral piece with the hub or the blade. 
In others, it may be a separate piece fixed to the hub or blade 
by welding or by fastening means such as screws, bolts or 
similar. In yet further embodiments, more than one flange 
may be provided, e.g. a pair of flanges arranged either next 
to or in front of each other. 

In these cases, wherein more than one flange is provided, 
it is further possible to provide each flange with a hole. 
Furthermore, an intermediate Support comprising an off 
center opening Substantially as hereinbefore described may 
be arranged on each hole. Thus the position in which the 
pinion meshes with the gear may further be changed by 
moving the pitch drive from the first flange to the second 
flange. Hence, according to what was explained before for 
each flange there will be two positions of the intermediate 
support in which the drive pinion meshes with a different 
gear section, thus, it will be possible to obtain four positions 
in which the drive pinion meshes with four different gear 
sections. 

In alternative embodiments, the gear may be provided on 
a ring of the bearing. In some embodiments, the gear may be 
an annular gear and may extend along Substantially the 
whole inner or outer circumference of the inner or outer 
bearing ring (360 degrees). In others, it may extend along 
only a portion of an inner or outer circumference of the inner 
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6 
or outer bearing ring (e.g. approx. 90-100 degrees). In yet 
further embodiments, the gear may be made from a plurality 
of annular segments. 

Although only a number of particular embodiments and 
examples of the invention have been disclosed herein, it will 
be understood by those skilled in the art that other alternative 
embodiments and/or uses of the invention and obvious 
modifications and equivalents thereof are possible. Further 
more, the present invention covers all possible combinations 
of the particular embodiments described. Thus, the scope of 
the present invention should not be limited by particular 
embodiments, but should be determined only by a fair 
reading of the claims that follow. 
The invention claimed is: 
1. A wind turbine rotor comprising a hub, a plurality of 

blades and at least one pitch system for rotating a blade 
Substantially along its longitudinal axis, 

wherein the pitch system comprises a bearing, a gear and 
a pitch drive, the pitch drive being arranged on a flange 
and having a motor and a pinion which meshes with the 
gear, wherein one of the hub and blade comprises the 
flange and the other of the hub and blade comprises the 
gear, and 

wherein the flange is provided with a hole and an inter 
mediate Support is concentrically arranged with respect 
to the hole, wherein the intermediate Support comprises 
an off-center opening with respect to a central axis of 
the hole and the pitch drive is mounted through the 
off-center opening, and wherein the position of the 
off-center opening is such that the intermediate Support 
can be arranged in a first position in which the drive 
pinion meshes with a first section of the gear and in a 
second position in which the drive pinion meshes with 
a second section of the gear. 

2. The wind turbine rotor of claim 1, wherein the inter 
mediate support is fixed to the flange by screws or bolts 
being arranged around a perimeter of the intermediate 
Support. 

3. The wind turbine rotor of claim 2, wherein the screws 
or bolts fixing the intermediate Support to the flange are 
arranged in predefined screw or bolt positions such that the 
intermediate Support can be fixed only in the first and second 
positions in which the drive pinion meshes with the first and 
second gear sections. 

4. The wind turbine rotor of claim 3, wherein the pre 
defined screw or bolts positions are the same for each of the 
first and second positions of the intermediate Support. 

5. The wind turbine rotor of claim 3, wherein the pre 
defined screw or bolts positions are different for each of the 
first and second positions of the intermediate Support. 

6. The wind turbine rotor of claim 1, wherein the drive 
pinion is mounted on a reductor gearing of the pitch system, 
the reductor gearing being fixed to the intermediate Support 
by screws or bolts. 

7. The wind turbine rotor of claim 1, wherein the inter 
mediate Support is a plate. 

8. The wind turbine rotor of claim 7, wherein the hole of 
the flange is a round hole and the intermediate Support is a 
disc. 

9. The wind turbine rotor of claim 1, wherein the gear is 
provided on a ring of the bearing. 

10. The wind turbine rotor of claim 9, wherein the gear 
extends along Substantially the whole inner or outer circum 
ference of an inner or outer bearing ring. 

11. The wind turbine rotor of claim 9, wherein the gear 
extends along only a portion of an inner or outer circum 
ference of an inner or outer bearing ring. 
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12. The wind turbine rotor of claim 1, wherein the gear is 
made from a plurality of annular segments. 

13. The wind turbine comprising a wind turbine rotor 
according to claim 1. 

14. The wind turbine of claim 13, wherein the interme 
diate support is fixed to the flange by screws or bolts being 
arranged around a perimeter of the intermediate Support. 

15. The wind turbine of claim 14, wherein the screws or 
bolts fixing the intermediate Support to the flange are 
arranged in predefined screw or bolt positions such that the 
intermediate Support can be fixed only in the first and second 
positions in which the drive pinion meshes with the first and 
second gear sections. 

16. The wind turbine of claim 15, wherein the predefined 
screw or bolt positions are the same for each of the first and 
second positions of the intermediate Support. 

17. The wind turbine of claim 15, wherein the predefined 
screw or bolt positions are different for each of the first and 
second positions of the intermediate Support. 

18. The wind turbine of claim 13, wherein the interme 
diate Support is a plate. 

19. The wind turbine of claim 18, wherein the hole of the 
flange is a round hole and the intermediate Support is a disc. 
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