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(57) Abstract: The present invention relates to a system (1) for detecting misalignments in the pitch of one or more blades (104) of a
rotor (103) of a wind turbine (100) during its operation, comprising: - one or more fixed sensors (2), associated with a fixed portion
of the wind turbine (100) comprising a pylon (101) extending in height along a fixed axis x perpendicular to a fixed plane defined
by fixed axes y-z, and capable of detecting a momentum or angular acceleration or acceleration along said fixed axes y and/or z and
providing representative signals thereof; - a control unit (3) configured to receive as input signals provided by said fixed sensors (2),
calculate the frequency spectrum thereof, and determine the presence of a misalignment in the pitch of at least one of the blades (104)
if the frequency spectrum of at least one of said signals from said fixed sensors (2) exhibits a peak at the rotor rotation frequency (fr).
The present invention further relates to a method for detecting misalignments in the pitch of one or more blades (104) of a rotor (103)

of a wind turbine (100) during its operation.
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'System and method for detecting misalignments in the pitch of one
or more blades of a wind turbine’
*.*.*.*.*

Technical field of the invention

The present invention concerns a system and method for detect-
ing anomalies in the operation of wind turbines, in particular for
detecting misalignments in the pitch of one or more blades of a
wind turbine.

Prior art

Wind turbines are systems for converting the kinetic energy of
wind into electrical energy.

Wind turbines generally comprise a fixed pylon, a nacelle that
can be swivelled relative to the fixed pylon (to align with the
wind) and a rotor with blades supported by the nacelle.

As 1s well known, wind turbines are complex systems that re-
quire various control systems to optimise power generation accord-
ing to wind characteristics.

One of the control systems with which wind turbines are
equipped is blade pitch control, which modifies the incidence of
the blades themselves (i.e. rotates them around their own longitu-
dinal axis) according to the detected wind conditions. For this
purpose, an actuator is placed at the base of each blade that
moves them according to the instructions provided by the pitch
control system.

An anomaly in the pitch of even a single rotor blade can have
more or less serious consequences, ranging from sub-optimal elec-—
tricity production to vibrations that Jjeopardise the strength of
the wind turbine as well as the safety of its surroundings.

The causes that can cause anomalies in the pitch alignment of
blades are varied and include, for example: manufacturing defects
in the blades or their material, faults in the actuators that reg-
ulate pitch, environmental causes.

In order to detect such faults, wind turbines and blades are
periodically overhauled. However, as blade pitch anomalies are of-
ten not immediately wvisible or do not have an immediately detecta-
ble effect, it can happen that the fault can be detected with a

certain delay after its occurrence and that this delay requires
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the wind turbine to be shut down for an extended period to remedy
it. Of course, the failure of a wind turbine, which is typically
located in areas that are difficult to reach (offshore or in moun-
tainous terrain), and its repair have a considerable impact due to
the loss of electricity production and the associated downtime and
maintenance costs.

Summary of the invention

The purpose of the present invention is therefore to make
available a system and method for detecting anomalies in a wind
turbine, in particular anomalies in the alignment of the pitch of
the blades, in substantially real time, in such a way as to pro-
vide indications that allow intervention only if and when neces-
sary on the wind turbine itself, and if necessary to modify its
setting so as to allow, even in the presence of anomalies, to keep
the wind turbine active until the next scheduled maintenance in-
tervention.

This and other purposes are achieved by a system for detecting
misalignments in the pitch of one or more blades of a wind turbine
according to claim 1 and by a method for detecting misalignments
in the pitch of one or more blades of a wind turbine according to
claim 11.

Dependent claims define possible advantageous embodiments of
the invention.

Brief description of the figures

In order to better understand the invention and appreciate its
advantages, some non-limiting example embodiments of the invention
will be described below, with reference to the attached figures,
in which:

Figure 1 is a schematic illustration of a system for fault de-
tection in a wind turbine according to an embodiment;

Figure 2 represents possible frequency spectra of signals from
fixed system sensors applied to a fixed portion of the wind tur-
bine;

Figure 3 represents a map linking the areas subtended by the
spectra of the signals illustrated in figure 2 along fixed y, z
axes around the peaks;

Figure 4 depicts a map linking the differences in average val-
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ues of bending moments measured by movable sensors applied to wind
turbine blades under different pitch misalignment conditions.

Detailed description of the invention

With reference to the attached figure 1, a wind turbine 100,
in particular a wind turbine of the horizontal axis type, is sche-
matically i1llustrated therein. The wind turbine 100 preferably
comprises a fixed pylon 101 extending longitudinally in height (x-—
axis in the figure, orthogonal to a fixed y-z plane) and a nacelle
102 that can be oriented by rotation about the x-axis of the pylon
101. The turbine 100 further comprises a rotor 103, rotatable
about an axis of rotation R relative to the nacelle 102, compris-
ing a plurality of blades 104, three in the example shown. The
blades 104 extend radially along a direction X from the axis of
rotation R of the rotor 103 (perpendicular to a plane Y-Z, such
that the three axes X-Y-Z rotate together with the blade). The
term "blade pitch" refers to the angular position of each blade
about the X direction. As mentioned in the introductory part of
this description, the pitch of each blade is adjusted during the
operation of the turbine by means of special actuators and may be
subject to anomalies, i.e. the blade may lose its correct pitch.

System for detecting misalignments in the pitch of one or more

rotor blades of a wind turbine during its operation

A system for detecting anomalies in wind turbine 100, in par-
ticular blade pitch misalignments 104, is shown in figure 1 as a
whole with reference 1.

First of all, the system 1 intends to detect the presence or
absence of such an anomaly on one or more of the blades 104. Ac-—
cording to a further possible implementation variant, the system
1 further intends to determine and classify the magnitude of the
anomaly. According to a further possible implementation variant,
the system 1 further intends to determine on which blade or blades
of the wind turbine the pitch anomaly has occurred. All the above-
mentioned variants will be described in detail below.

The system 1 comprises one or more fixed momentum or accelera-
tion or angular acceleration sensors 2 associated with a fixed
portion of the wind turbine 100. It should be noted that in the

present description and the appended claims, the expression "fixed
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portion™ means a portion of the wind turbine that does not rotate
together with the blades 104. Thus, for example, according to the
wind turbine diagram in Figure 1, the fixed portion includes the
pvlon 101 and the nacelle 102, but not the rotor 103 and the
blades 104. Instead, the latter are included in what will conven-—
tionally be referred to as the “rotating portion” of the wind tur-
bine.

The fixed moment/acceleration/angular acceleration sensors 2
are suitable for measuring such quantities along the y and/or =z
axes, which therefore have a bending (not torsional) impact on the
pylon 101. For example, the fixed sensors 2 may comprise one or
more inertial measurement units, associated, for example, with the
pylon 101 or the nacelle 102, capable of measuring accelerations
along the y and/or z axes, or angular accelerations around the
same y and/or z axes, and providing as output signals representa-—
tive of the same.

The system 1 further comprises a control unit 3 configured to
perform a frequency analysis, for example by means of "Fast Fouri-
er Transform" FFT, of the representative angular momen-—
tum/acceleration/acceleration signals according to the y and/or =z
axes and to determine the presence of a pitch anomaly of at least
one of the blades 104 if the frequency spectrum of at least one of
said signals exhibits a peak at the rotor rotation frequency 103.

It should be noted that, advantageously, the control unit 3 is
also configured to control the rotational speed of the rotor 103
(from which the rotational frequency is derived) in a manner known
per se. For this purpose, the system 1 may comprise, for example,
a sensor (not shown in the figures) for detecting the rotation
speed of the rotor 103 about the rotation axis R, configured to
provide the control unit 3 with a signal representative thereof.

Figure 2 shows, by way of example, the spectra of the moments
M, and M, detected by the fixed sensors 2 relating respectively to
the z-axis and y-axis for different anomalies in the pitch of the
blades, i.e. for misalignments on one or more blades that are more
or less intense, and for different wind conditions (both in terms
of speed and in terms of type of motion, e.g. laminar and turbu-

lent) from which it can be deduced that in all cases, in the pres-—
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ence of any anomaly (i.e. misalignment in any one of the blades,
even in more than one of them), a peak 201 in the amplitude A is
detected at the rotor rotation frequency f. . This peak, on the
other hand, is not present in the absence of an anomaly (curve
200) .

It has also been observed that the amplitude of the above-
mentioned peaks 201 is correlated with the magnitude of the blade
misalignment. In other words, as the magnitude of the misalignment
increases, being other conditions equal, the amplitude of the
peaks also increases.

From this observation, it is therefore possible to classify
the severity of the anomaly according to two or more levels, e.g.
low severity (e.g. for misalignments less than 0.5°), medium se-
verity (e.g. for misalignments between 0.5° and 1.5°), high sever-
ity (e.g. for misalignments greater than 1.5°). To this end, con-
trol unit 3 is advantageously configured to determine a severity
level of the fault depending on the amplitude of the above-
mentioned peaks.

According to one possible embodiment, the control unit 3 is
also configured in such a way as to:

— calculate, for the spectra of the signals of the fixed sen-—

sor 2 along the fixed z- and y-axes, e.g. the moments M,
and My relative to the z-axis and y-axis respectively, the
area subtended by the spectra themselves in the same peak
frequency region (coinciding with the rotor rotation fre-
quency f );.

- compare the resulting pair of wvalues with a predetermined

map;

— determine the severity level of the anomaly based on the

position of the pair of values obtained on the map.

An example of such a map is depicted in figure 3, where it is
possible to detect zones of increasing severity of anomaly, e.qg.
three zones 301, 302, 303, from the origin. The zone 300 closest
to the origin can be considered healthy, i.e. a =zone in which
there is essentially no blade misalignment.

The above-mentioned classification of the fault magnitude can

be carried out by means of a suitable machine learning algorithm
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for detection and isolation of faults, e.g. by means of a Random
Forest algorithm.

What has been described so far allows the system 1 to deter-—
mine whether there is an anomaly 1in the pitch of one or more
blades, and if so, to classify the anomaly according to a differ-
ent level of severity, to which different actions may correspond.
By way of example only, if the severity level is low, the wind
turbine can be kept in operation, possibly anticipating mainte-
nance. If the severity level is medium, one can keep the wind tur-
bine running by, for example, modifying its performance. If the
level of severity 1s high, the wind turbine can be stopped to
avoid serious damage and safety problems by intervening as early
as possible with maintenance.

With further advantage, the system 1 according to the inven-
tion is also able to determine in which blade or blades the fault
occurred. For this purpose, different approaches can be adopted.

According to a first approach, the control unit 3 is config-
ured to determine which blade(s) are affected by the anomaly on
the basis of the phases of the harmonics corresponding to the ro-
tational speed of the rotor f, of the signals detected on the
fixed portion of the wind turbine 100, the frequency analysis of
which has already been carried out according to the aforementioned
methods. For this purpose, the system 1 may further comprise a
sensor 4 for detecting the angular position of the rotor 103,
which provides the control unit 3 with a signal representative
thereof. By correlating the above-mentioned signal phases to the
angular position of the turbine rotor 103, and therefore of each
blade 104, it is possible to determine the origin of the anomaly,
i.e. which blade or blades present a pitch misalignment. It is in
fact in this way possible to correlate the course of the signals
from the fixed sensors with the position of the blades and thus to
establish which blade/blades are responsible for the peaks in the
signals from the fixed sensors over time.

In accordance with a further approach, alternative or addi-
tional to the previous one but less computationally onerous, the
system 1 comprises one or more movable sensors 5 of momentum or

acceleration or angular acceleration associated with the blades
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104 of the wind turbine 100, which are part of the rotating por-
tion of the wind turbine, according to the definitions given
above. The movable sensors 5 of angular momen-—
tum/acceleration/acceleration are suitable for measuring these
quantities according to the Y and/or Z axes of each blade (movable
with them), which therefore have a bending (not torsional) impact
on them. For example, the movable sensors 5 may comprise one or
more inertial measurement units, associated with the blades 104,
capable of measuring the accelerations along the Y and/or Z axes,
or the angular accelerations around the same Y and/or Z axes, and
to provide in output signals representative of the same.

According to this design variant, control unit 3 is configured
to receive these signals from movable sensors 5 as input and de-
termine which blade(s) are affected by the fault based on them.

In particular, the control unit 3 is configured to determine
which blade(s) are affected by the fault based on the average val-
ue trend of these signals received from the movable sensors 5 over
a predetermined and preferably movable time interval.

In fact, i1t has been observed that, in the presence of a fault
in one of the blades, the average value of the bending moment
measured in the predetermined time interval is greater than in the
case where the blade i1s healthy and is greater than the average
value of the same bending moment measured on the other healthy
blades in the same predetermined time interval.

It is therefore possible to construct three-dimensional maps
(for three blades) whose three axes represent the difference AMi,;
in absolute value between the bending moments of the i-th and j-th

blade:

i, 3 =1, 2, 3
An example of such maps is shown in Figure 4. Each “plot” de-
picts one of the possible anomaly conditions:
- blade 1 faulty, blades 2,3 healthy
- blade 2 faulty, blades 1,3 healthy
- blade 3 faulty, blades 1,2 healthy
- blades 1,2 faulty, blade 3 healthy
- blades 1,3 faulty, blade 2 healthy
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- blades 2,3 faulty, blade 1 healthy
- blades 1, 2, 3 faulty

Method for detecting misalignments in the pitch of one or more

rotor blades of the wind turbine during its operation

According to a further aspect of the present invention, a
method for detecting misalignments 1n the pitch of one or more
blades 104 of the rotor 103 of the wind turbine 100 during its op-
eration comprises the steps of:

- detect a moment or acceleration or angular acceleration along
the fixed y and/or z axes on the fixed portion of wind turbine
100. This step can be carried out by means of the fixed sensors 2;
— calculate the frequency spectrum;

— determine the presence of pitch misalignment of at least one of
the blades 104 if the frequency spectrum of the momentum or accel-
eration or angular acceleration along the fixed y- and/or z-axes
exhibits a peak at the rotor rotation frequency f. . The latter
steps can be performed by the control unit 3.

In an embodiment, the method further comprises the step of de-
termining a severity level of the pitch misalignment of at least
one of the blades 104 as a function of the amplitude of said peak
of the frequency spectrum of the momentum or acceleration or angu-
lar acceleration along said fixed y and/or z axes at the rotor ro-
tation frequency f, . This step can be performed by the control
unit 3.

In an embodiment, the step of determining a severity level of
pitch misalignment of at least one of the blades comprises the
sub-steps of:

— calculate the area subtended by said frequency spectra of
the momentum or acceleration or angular acceleration along said
fixed y- and/or z-axes in a circle of the rotor's rotational fre-
quency £, ;

— compare the pair of values of areas calculated for the fixed
z and y axes with a predetermined map

— determine the severity level of the blade pitch misalignment
based on the position of the pair of values of areas calculated
for the fixed z- and y-axes on the map.

In an embodiment, the method also includes the steps of:
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- detect the angular position of rotor 103, in particular via the
sensor 4;

— calculate the phases of the harmonics corresponding to the ro-
tor's rotational speed f, of the angular momentum or acceleration
along said fixed y and/or z axes;

— determine which blade or blades have a pitch misalignment on the
basis of said phases and angular position of the rotor 103. The
latter two steps can be carried out by the control unit 3.

In an embodiment, the method also includes the steps of:

— detect a moment or acceleration or angular acceleration along
the movable axes Y and/or Z on each blade. This step can be per-
formed by the movable sensors 5;

— determine which blade or blades have a pitch misalignment based
on said moment or acceleration or angular acceleration along the
movable Y and/or 7Z axes. This step can be performed by control
unit 3.

In one embodiment, the step of determining which blade or
blades have a pitch misalignment is obtained on the basis of the
trend in movable time windows of the average value of the angular
momentum or acceleration along said movable Y and/or Z axes.

In an embodiment, the step of determining which blade or
blades exhibit pitch misalignment comprises the sub-step of com-
paring the differences between said average values of the moment
or acceleration or angular acceleration along said movable axes Y
and/or Z of all the blades with predetermined maps. This step al-
lows for the identification of specific misaligned blades; to this
end, the invention provides a comparison by considering the aver-—
age vibration signals for each blade in the time domain. The vi-
brations are derived from average values of the mechanical moment
signals My, Mz. Therefore, the analysis of the frequency behaviour
of the signal estimated via Fourier transform is applied to at
least one mechanical moment signal My, Mz, preferably to both me-
chanical moment signals My, Mz.

Note that, in this description and the accompanying claims,
the control unit 3 may be implemented by means of hardware devices

(e.g. control devices, computer processors, or the like), by means
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of software, or by means of a combination of hardware and soft-
ware.

Signal analysis

The signal analysis is preferably carried out, according to
the invention, in frequency in the "azimuth" domain. In this do-
main, the term "azimuth" refers to the horizontal angle of orien-—
tation of the rotor 103 with respect to a reference wind direc-
tion, typically measured in degrees. Using the Fourier transform
with respect to this signal (azimuth value), the frequency compo-
nents present in the azimuth distribution are analysed. In es-
sence, the orientation change is broken down into angular frequen-—
cy components. These angular frequency components derived from the
Fourier transform in azimuth can reveal patterns or structures in
the measured blade 104 orientation.

In practice, to perform the Fourier transform on the azimuth
signal, each signal of interest is re-sampled based on the azimuth
signal distribution, thus eliminating the dependence on wind tur-
bine 100 speed. Once the Fourier transform has been applied, the
spectrum is expressed in terms of number of revolutions of the ro-
tor 103, allowing for the analysis of unexpected revolution fre-
quencies in the event of an anomaly, such as 1xRev, i.e. the fre-
quency corresponding to the rotor speed (rotor rotation frequen-—
cy) .

In the analysis implemented by the Applicant, this enables
the detection of peaks in the power spectrum of the mechanical mo-
ments measured in the fixed reference frame of the wind turbine
100. In particular, the 1xRev component (rotor rotation frequency)
is of significant importance in detecting pitch misalignment anom-
alies, as discussed above. A key advantage of using the Fourier
transform based on the moments expressed with respect to the azi-
muthal domain is that the peak remains fixed at the 1xRev position
(rotor rotation frequency); 1in contrast, when calculating the Fou-
rier transform based on the time domain (time analysis which is
not used by the system and method according to the invention), the
position of the peak shifts depending on the rotation speed of the
turbine 100. Advantageously, applying the Fourier transform in re-

lation to the azimuth signal further increases the robustness of

10
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the system 1, especially in the case of turbulent weather condi-
tions. It should also be noted that the above approach implemented
by the invention differs in that it does not only consider sta-
tionary wind conditions, but also addresses scenarios character-—
ised by turbulence.

The ability to detect and diagnose anomalies, such as pitch
misalignment due to the presence of 1xRev (rotor rotation frequen-
cy), at an early stage can advantageously help reduce maintenance
costs and increase the operational efficiency of turbines 100.

The combination of spectral azimuth analysis with artificial
intelligence algorithms for the sophisticated analysis of data ob-
tained from the wind turbines 100 advantageously allows optimisa-
tion of blade alignment 104. This optimisation aims to maximise
energy production and reduce negative impacts on structural compo-
nents; it also has the potential to improve the control systems of
the wind turbines 100.

This frequency analysis in the azimuth domain is implemented
by the system 1 and the method according to the invention, prefer-
ably by means of the control unit 3.

Final notes

The invention provides for the detection of misalignments in
the pitch of one or more blades 104 of a rotor 103 of a wind tur-
bine 100 during its operation, thus in real time.

The invention described herein, thus both the system 1 and the
method, aims at the identification of misalignment conditions and
fault detection for predictive maintenance and diagnostics appli-
cations rather than on the optimisation of energy production by
adjusting blade orientation.

From the above description, the skilled person will be able to
appreciate how the system and method for detecting misalignments
in the pitch of the blades of a wind turbine enable optimisation
of energy production, avoiding an undesirable reduction in energy
production and avoiding uncontrolled increases in fatigue or wear
of components. The system and method according to the invention
also make it possible to avoid unnecessary maintenance work. The
system and method according to the invention operate with any wind

regime (including turbulent, not just axial or stationary) and in-

11
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tegrate with existing control systems on wind turbines, without
requiring modifications of the latter.

To the described embodiments of the system and method for de-
tecting misalignments 1in the pitch of the blades of a wind tur-
bine, the skilled person, in order to meet specific contingent
needs, may make numerous additions, modifications, or replacements
of elements with functionally equivalent ones, without, however,

going beyond the scope of the attached claims.

12
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CLAIMS

1. System (1) for detecting misalignments in the pitch of one
or more blades (104) of a rotor (103) of a wind turbine (100) dur-
ing the operation thereof, comprising:

- one or more stationary sensors (2), associated to a station-
ary portion of the wind turbine (100) comprising a pylon (101) ex-
tending in height along a stationary axis x perpendicular to a
stationary plane defined by stationary axes y-z, and apt to detect
a momentum or acceleration or angular acceleration along said sta-
tionary axes y and/or z and to supply signals representative of
the same;

- a control unit (3) configured to receive at the inlet the
signals supplied by said stationary sensors (2), to calculate the
frequency spectrum of the same, and to determine the presence of a
misalignment of the pitch of at least one of the blades (104) if
the frequency spectrum of at least one of said signals from the
stationary sensors (2) has a peak at the rotor rotation frequency
(f:) .

2. System (1) according to the preceding claim, wherein said
control unit (3) is further configured to, preferably for mainte-
nance and/or diagnostic purposes, in particular predictive diag-
nostics, determine a level of severity of the misalignment of the
pitch of at least one of the blades (104) as a function of the
width of said peak of the frequency spectrum of at least one of
said signals from the stationary sensors (2) at the rotor rotation
frequency (f.).

3. System (1) according to claim 2, wherein said severity lev-—
el is determined based on a predefined discrete classification of
the severity levels.

4. System (1) according to claim 2 or 3, wherein said control
unit (3) is further configured to:

— calculate the area subtended by said frequency spectra of
the signals from the stationary sensors (2) along the stationary
axes z and y around the rotor rotation frequency (£f:.);

- compare the pair of values of areas calculated for the sta-
tionary axes z and y with a predetermined map;

— determine the severity level of the misalignment of the

13
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pitch of the blades based on the position of the pair of values of
areas calculated for the stationary axes z and y on the map.

5. System (1) according to any of claims from 2 to 4, wherein
said step of determining the severity level of the misalignment of
the pitch of the blades (104) is performed by a machine learning
algorithm, for example by a Random Forest algorithm, preferably
Aimed at the detection and isolation of faults.

6. System (1) according to any of the preceding claims, where-—
in said stationary portion of the wind turbine (100) further com-
prises a nacelle (102) steerable with respect to the pylon (101)
around said stationary axis x, said stationary sensors (2) being
positioned on the pylon (101) and/or on the nacelle (102).

7. System (1) according to any of the preceding claims, fur-
ther comprising a sensor (4) for detecting the angular position of
the rotor (103), suitable to supply a signal representative of the
same, said control unit (3) being further configured to:

— calculate the phases of the harmonics corresponding to the
rotation speed of the rotor (f.) of the signals supplied by the
stationary sensors (2);

— determine which blade or which blades have a misalignment of
the pitch based on said phases and on said signal representative
of the angular position of the rotor (103).

8. System (1) according to any of the preceding claims, where-
in each of said blades (104) radially extends, from the rotation
axis (R) of the rotor (103), along a movable axis X perpendicular
to a plane defined by the movable axes Y-Z, so that the three mov-
able axes X-Y-Z rotate together with the respective blade, said
system (1) further comprising one or more movable sensors (5) as-
sociated to each of the blades (104) apt to detect a momentum or
acceleration or angular acceleration along said movable axes Y
and/or Z and to supply signals representative of the same, wherein
said control unit (3) i1s further configured to receive at the in-
put said signals supplied by the movable sensors (5) and to deter-
mine which blade or which blades have a misalignment of the pitch
based on them.

9. System (1) according to claim 8, wherein said control unit

(3) is configured to determine which blade or which blades have a
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misalignment of the pitch based on the trend, within movable time
windows, of the average value of the signals supplied by said mov-—
able sensors (4).

10. System (1) according to the claim 9, wherein said control
unit (3) 1s configured to determine which blade or which blades
have a misalignment of the pitch by comparing the differences be-
tween said average values of the signals supplied by said movable
sensors (5) on all the blades by predetermined maps.

11. System according to any one of the preceding claims,
wherein the control unit (3) is configured to perform the opera-
tion of determining the presence of a pitch misalignment of at
least one of the blades (104) by an analysis of the frequency be-
havior of at least one signal estimated by Fourier transform,
preferably of both estimated signals.

12. Method of detecting misalignments of the pitch of one or
more blades (104) of a rotor (103) of a wind turbine (100) during
the operation thereof, said wind turbine (100) comprising a sta-
tionary portion comprising a pylon (101) extending in height along
a stationary axis x perpendicular to a stationary plane defined by
stationary axes y—-z, the method comprising the steps of:

— detecting on the stationary portion of the wind turbine
(100) a momentum or acceleration or angular acceleration along
said stationary axes y and/or z;

- calculating the frequency spectrum thereof;

— determining the presence of the misalignment of the pitch of
at least one of the blades (104) if the frequency spectrum of the
momentum or acceleration or angular acceleration along said sta-
tionary axes y and/or z has a peak at the rotor rotation frequency
(£+) .

13. Method according to claim 12, further comprising the step
of determining a severity level of the misalignment of the pitch
of at least one of the blades (104) as a function of the width of
said peak of the frequency spectrum of the momentum or accelera-
tion or angular acceleration along said stationary axes y and/or z
at the rotor rotation frequency (f.).

14. Method according to claim 13, wherein said step of deter-

mining a severity level of the misalignment of the pitch of at
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least one of the blades comprises the subs-steps of:

— calculating the area subtended by said frequency spectra of
the momentum or acceleration or angular acceleration along said
stationary axes y and/or z in the range of the rotor rotation fre-—
quency (f.);

- comparing the pair of wvalues of areas calculated for the
stationary axes z and y by a predetermined map;

— determining the severity level of the misalignment of the
pitch of the blades based on the position of the pair of values of
areas calculated for the stationary axes z and y on the map.

15. Method according to any of claims from 12 to 14, further
comprising the steps of:

— detecting the angular position of the rotor (103);

— calculating the phases of the harmonics corresponding to the
rotor rotation speed (f.) of the momentum or acceleration or angu-—
lar acceleration along said stationary axes y and/or z;

— determining which blade or which blades have a misalignment
of the pitch based on said phases and on said angular position of
the rotor (103).

16. Method according to any of claims from 12 to 15, wherein
each of said blades (104) radially extends, from the rotation axis
(R) of the rotor (103), along a movable axis X perpendicular to a
plane defined by movable axes Y-Z, so that the three movable axes
X-Y-Z rotate together with the blade, the method further compris-
ing the steps of:

— detecting on each blade a momentum or acceleration or angu-
lar acceleration along said movable axes Y and/or Z;

- determining which blade or which blades have a misalignment
of the pitch based on said momentum or acceleration or angular ac-—
celeration along the movable axes Y and/or Z.

17. Method according to claim 16, wherein said step of deter-
mining which blade or which blades have a misalignment of the
pitch is obtained based on the trend in movable time windows of
the average value of the momentum or acceleration or angular ac-
celeration along said movable axes Y and/or Z.

18. Method according to claim 17, wherein said step of deter-

mining which blade or which blades have a misalignment of the
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pitch comprises the sub-step of comparing the differences between
said average values of the momentum or acceleration or angular ac-—
celeration along said movable axes Y and/or Z of all the blades by
predetermined maps.

19. Method according to any of claims 12 to 18, in which the
step of determining the presence of the misalignment of the pitch
of at least one of the blades (104) is performed by an analysis of
the frequency behavior of at least one signal estimated by Fourier
transform, preferably of both estimated signals.

20. System according to claim 11 or method according to claim
19, wherein the Fourier transform frequency analysis is carried
out in the "azimuth" domain, wherein "azimuth" refers to the hori-
zontal angle of orientation of the rotor (103) with respect to a
reference wind direction.

21. System according to any one of claims 1 to 11 or claim 20
or method according to any one of claims 12 to 20, wherein the
system (1) or the method i1s for detecting misalignments 1in the
pitch of one or more blades (104) of a rotor (103) of a wind tur-
bine (100) during its operation for maintenance and/or diagnostic

purposes, in particular predictive diagnostics.
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