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ABSTRACT

A method for state monitoring of a rotor blade of a wind turbine is described. The
method comprises: measuring an acceleration of the rotor blade with a first signal, wherein
the acceleration is measured at a first position at a predetermined distance from the rotor
blade root in at least one direction comprising a first directional component orthogonal to the
axis of the rotor blade, measuring a strain of the rotor blade with a second signal, wherein the
strain is measured at a second position disposed in the area of the first position to the rotor
blade root, determining a first positional change at the first position on the basis of the accel-
eration, determining a first value corresponding to the rotor blade stiffness or to the rotor
blade elasticity by means of calculation on the basis of the first positional change and the

strain, and determining the rotor blade state from the first value.
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METHOD AND DEVICE FOR MONITORING THE STATE OF ROTOR BLADES

TECHNICAL FIELD

The present invention relates generally to monitoring the operation of wind turbines,
in particular to monitoring the state of a rotor blade of wind turbines. The invention relates in
particular to an arrangement of fibre-optic sensors for determining the state of a rotor blade

of a wind turbine.

PRIOR ART

In the field of monitoring of wind turbines, systems determining the state have gained
in importance. The state of a rotor blade, e. g. wear, fatigue of material and other alterations
stemming from aging or utilisation, is the subject of state monitoring of wind turbines. By
knowing the state, maintenance can be scheduled, the current value of the facility can be es-
timated, and legislature-originated or customer-originated security obligations can be com-
plied with.

In existing facilities, for example the state of the load cycles is estimated, wherein the
number of strain cycles, blade rotations, i. e. gravitational load cycles, or gusts of wind are
acquired. Cycles may be determined in time intervals, e. g. 10 minutes, on the basis of the
maximum load values in the time intervals, and the state can be estimated on the basis of the
number of cycles having a certain load.

For example, Fig. 1 depicts the graph 13: This graph illustrates the stiffness of a rotor
blade plotted along the axis 11 as a function of the number of load cycles or as a function of
time at the axis 12. Within a relatively short period of time after startup operations, the stiff-
ness decreases at first, in order to remain, within the dependence of further parameters like
temperature and air moisture, approximately constant for the regular operation state. When
the state of a rotor blade has reached a critical value, i. e. if an excessive aging, load or the
like has occurred, the stiffness decreases, wherein shortly afterwards a failure of material
may occur. The state of the decrease of stiffness is depicted in the area between auxiliary
lines 20 and 22, wherein beginning with auxiliary line 22, a failure of material may occur.

Document US 2009/180875 A1 discloses a method for determining the material fa-

tigue stress of a wind turbine and for controlling the material fatigue stress, as well as corre-
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sponding wind turbines. The method for determining the material fatigue stress of a wind
turbine in operation comprises providing a transfer function which links a measured value of
a first sensor to a measured value of a second sensor. The first and the second measured val-
ues are obtained using a reference wind turbine having the first and the second sensors
mounted thereto. A third sensor 1s mounted to the wind turbine in operation and corresponds,
with respect to its type and the location of mounting, to the first sensor. By making use of the
transfer function, a transfer function value is calculated which corresponds to a measured
value obtained from the third sensor. Then, the material fatigue stress of the wind turbine in

operation 1s calculated on the basis of the calculated transfer function value.

SUMMARY OF THE INVENTION

The present invention provides a method for state monitoring of a rotor blade accord-
Ing to claim 1. Furthermore, the present invention provides a device adapted for state moni-
toring of a rotor blade of a wind turbine according to claim 8.

According to an embodiment, a method for monitoring the state of a rotor blade of a
wind turbine i1s provided. The method comprises: measuring an acceleration of the rotor
blade with a first signal, wherein the acceleration is measured at a first radial position at a
predetermined distance from the rotor blade root in at least one direction comprising a first
directional component orthogonal to the axis of the rotor blade; measuring a strain of the
rotor blade with a second signal, wherein the strain is measured at a second radial position
disposed in the area of the first radial position to the rotor blade root; determining a first posi-

tional change at the first radial position on the basis of the acceleration; determining a first

value corresponding to the rotor blade stiffness or to the rotor blade elasticity by means of

calculation on the basis of the first positional change and the strain, and determining the rotor

blade state from the first value.

According to another embodiment, a device adapted for monitoring the state of a rotor
blade of a wind turbine is provided. The device comprises: at least one acceleration sensor
adapted for measuring an acceleration of the rotor blade, wherein the acceleration 1s meas-
ured in at least one direction comprising a first directional component orthogonal to the axis
of the rotor blade; at least one strain sensor adapted for measuring a strain of the rotor blade

with a second signal, wherein the strain is measured at a second radial position disposed in
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the area of a first radial position of the acceleration sensor to the rotor blade root; and an
evaluation unit connected to the at least one acceleration sensor for receiving a first signal
from the acceleration sensor and connected to the at least one strain sensor for receiving a
second signal from the strain sensor; and wherein the reception of the first signal from the
first radial position is conducted at a predetermined distance from the rotor blade root;
wherein the evaluation unit is adapted to determine a first positional change at the first radial
position on the basis of the first signal of the acceleration sensor; and wherein the evaluation
unit is adapted to determine a first value corresponding to the rotor blade stiffness or to the

rotor blade elasticity by means of calculation on the basis of the first positional change and

the second signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are depicted in the drawings and described in detail in the following
description. In the drawings:

Fig. 1 and 2 show graphs for illustrating the dependence of the stiffness or of an ana-
log quantity or of a corresponding value, respectively, from the state ot a rotor blade and fur-
ther parameters, and they illustrate the information used in the embodiments of the invention;

Fig. 3 schematically depicts a rotor blade with an arrangement or a device, respective-
ly, adapted for state monitoring of a rotor blade of a wind turbine according to the embodi-

ments described herein;

Fig. 4 and 5 depict a wind turbine and a rotor for illustrating the transformations of
signals and values used in the embodiments;

Fig. 6 schematically depicts an exemplary progression of an acceleration signal;

Fig. 7 schematically depicts a corresponding evaluation of the signal of Fig. 6;

Fig. 8 schematically depicts another evaluation of the signal of Fig. 6;

Figs. 9A and 9B schematically depict acceleration sensors for employment in the em-

bodiments described herein; and

Fig. 10 depicts a flowchart of a method for monitoring the state of a rotor blade of a

wind turbine according to embodiments of the invention.

In the drawings, like reference signs indicate like or functionally equivalent compo-

nents or steps.
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MODES FOR CARRYING OUT THE INVENTION

In the following, detailed reference is made to different embodiments of the inven-
tion, wherein one or more examples are illustrated in the drawings.

According to embodiments of the invention, in order to monitor or to determine a
state of a rotor blade, a strain sensor, in particular an athermal strain sensor is employed,
combined with one or more acceleration sensors. According to typical embodiments, fibre-
optic acceleration sensors and fibre-optic sensors are employed.

One or more acceleration sensors can be mounted, for example, approximately at halt
the radius along the length of the rotor blade. Using the acceleration signal from the sensor,
the shift or the distortion, respectively, of the blade can be calculated by way of integration.
Strain sensors can be mounted in the blade root. Using the signals from the strain sensors, the
bending moment applied to the blade can be calculated. The quotient ot the bending moment
and the shift is proportional to the stiffness of the rotor blade. The stiffness of the construc-
tion material of the rotor blade can be regarded as a quantity for the state or the strength of
the construction material of the rotor, respectively. Here, the strength decreases if single fi-
bers of a fiber composite material rupture, or if the lamination of the tfibers delaminates.
Thus, an in-situ measurement of the blade state may be performed with the described ar-
rangements and methods. Here, the in-situ measurement allows for an improved detection of
aging, fatigue of material and similar critical states when compared to an estimation of the
number of the load cycles.

Fig. 1 depicts a graph 10. In the curve 13, the stiffness is plotted on the axis 11 as a
function of time or of the number of load cycles, respectively. Here, the axis 12 corresponds
to the time or to the number of load cycles, respectively. As shown in curve 13, at the begin-
ning of the employment of a rotor blade, first the stiffness decreases, in order to remain con-
stant over a longer period of time. This constant value is indicated by an auxiliary line 20. At
the end of the life span of a rotor blade, the stiffness decreases relatively notably. As outlined
above, this may be caused by rupture of single fibers in the fiber composite material or by

delamination of the lamination with the fibers. The decrease of the stiffness from approxi-

mately 10 % to 20 %, indicated by the auxiliary line 22, typically induces the disruption of
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the rotor blade. In order to provide for a secure operation of the wind turbine, this has to be
identified 1n good time.

The measurement arrangement and the measurement method with sensors, typically
fibre-optic sensors, according to embodiments of the present invention allows for a accuracy
of measurement within the range of about 1 %, which is sufficient for identifying the de-
crease at the end of the life span. However, also effects like temperature and moisture cause
fluctuations within the range of 1 %. This is depicted in Fig. 2. Here, the graph 32 illustrates
the stiffness as a function of temperature. Herein, the temperature is illustrated exemplarily,
and a similar dependency can also be illustrated for moisture and further effects. According
to typical embodiments of the present invention, in the measurement methods, the dependen-
cy on temperature, moisture and/or further parameters is determined in a learning period.
This learning period is indicated by a region 30 in Fig. 1. With the learning period at the be-
ginning of the employment of the rotor blade, the influence of the parameters, such as tem-
perature, air moisture and the like, can be determined. Thereby, the influence of those quanti-
ties can be taken into account at the subsequent measurement operation, such that fluctua-
tions of the stiffness based on these quantities do not lead to a uncertainty of measurement.

According to further embodiments, which can be combined with other embodiments
described herein, an averaging of the measurement values over a plurality of hours up to a
plurality of days may be performed, since the state of a rotor blade of a wind turbine only
changes slowly. An averaging may be performed, for example, over 1 hour up to 5 days, in
particular over 12 hours up to 3 days.

Fig. 3 depicts a rotor blade 50 of a wind turbine. The rotor blade 50 comprises an axis
52 and a coordinate system aligned thereto, 1. e. a blade-fixed coordinate system illustrated
exemplarily in Fig. 3 by the y-axis and the z-axis. The rotor blade 50 of Fig. 3 is provided
with an arrangement 300 for state monitoring of the rotor blade. The arrangement 300 of Fig.
3 comprises 3 (three) strain sensors 302 and an acceleration sensor 312. The strain sensors
and the acceleration sensor are connected to an evaluation unit 322. The strain sensors 302
are mounted at the blade root 54 of the rotor blade 50. The acceleration sensor 312 1s mount-
ed at a position 56 which 1s situated approximately at halt the length of the rotor blade 50.
According to typical embodiments, the strain sensor or the strain sensors may be mounted at

an axial distance to the blade root of 5 meters or less. According to further typical embodi-
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ments, which can be combined with other embodiments described herein, the acceleration
sensor or the acceleration sensors can be mounted within a range of +35 meters in axial direc-
tion from the blade center. Here, the axial distance or the axial direction, respectively, refer
to the longitudinal axis 52 of the rotor blade 50. According to further embodiments, the ac-
celeration sensor or the acceleration sensors can be mounted within a range from the center
of the rotor blade in the direction of the tip of the rotor blade.

By means of the strain sensors 302, the bending moment applied to the blade can be
determined. According to embodiments of the present invention, at least one strain sensor
302 1s employed, such that the bending moment can be determined in one direction. Accord-
ing to further typical embodiments, at least 3 (three) strain sensors 302 or at least 4 (four)
strain sensors 302 can be employed, respectively, in order to determine a bending moment
within the y-z plane of the coordinate system depicted in Fig. 3. With an appropriate ar-
rangement of 2 (two) strain sensors, €. g. at different angular coordinates of the blade root,
the bending moments, applied on the rotor blade in 2 (two) directions, typically 2 (two) or-
thogonal directions, can also be measured by employing 2 (two) sensors. For this purpose,
the 2 (two) sensors are typically mounted with their angular coordinates turned by 90°, or
mounted with their angular coordinates not turned by 180°, respectively.

The acceleration sensor 312, which is decribed later with reference to Figs. 9A and
OB, includes a mass, the acceleration of which 1s measured in the sensor. According to typi-
cal embodiments, the employed strain sensors and/or the employed acceleration sensors may
be fibre-optic sensors. Here, the strain or the acceleration of the mass, respectively, 1s meas-
ured optically by fiber Bragg gratings in a fiber. By employing these sensors, the measure-

ment accuracy described above may be provided. Further, those sensors provide advanta-

geous properties for the employment in wind turbines.

The employment of the sensors 302 and 312 or their arrangement with respect to an-
other, respectively, and the cooperation of the evaluation unit 322 for monitoring a state of a
rotor blade will be explained in more detail with reference on Figs. 4 and 5 or with reference
to the signals and values illustrated in Figs. 6 and 7, respectively. Fig. 4 depicts a part of a
wind turbine 400. A nacelle 44 is disposed on a tower 42. Rotor blades 50 are disposed at a

rotor hub 46, such that the rotor (including the rotor hub and the rotor blades) rotates within a

plane depicted by a line 452. Typically, this plane is inclined relatively to the vertical line
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402. Fig. 5 illustrates a front view of the rotor blades 50 and the rotor hub 46 in the direction
of the rotor axis, wherein the coordinates x and y in the blade-fixed coordinate system, the
gravitational force or gravitational acceleration g, respectively, and the sensor 312 are shown.

Upon a rotation of the rotor of the wind turbine, the acceleration sensor 312 measures,
among others, the gravitational acceleration g, which is indicated by a curve 601 1n Fig. 6.
This gravitational acceleration is measured, in the coordinate system according to Fig. 5, in
the y-direction and in the x-direction. Due to the inclination of the rotor, which is depicted in
Fig. 4, in the coordinate system of Fig. 5, a signal is also superimposed with the gravitational
acceleration in the z-direction to a certain extent. The gravitational signal is superimposed
with the measurement signal 612 depicted in Fig. 6, which is typically measured in the y-
direction depicted in Fig. 5. By eliminating the gravitational signal in the measurement sig-
nal, the signal 712 illustrated in Fig. 7 is obtained.

Controllers of modern wind turbines typically include a so-called pitch control,
wherein the rotor blade is turned among the axis 52 depicted in Fig. 3. Accordingly, in a
blade-fixed coordinate system, the y-direction depicted in Fig. 5 changes during a rotation of

the rotor blade 50 around the axis 52.

When considering the acceleration measured by an acceleration sensor 312, which 1n-
cludes the influence of the gravitational acceleration on a mass, a consideration of the ditter-
ent coordinate systems is necessary in order to improve the interpretation of the signals. On
the one hand, there is a blade-fixed coordinate system. This is depicted 1n Fig. 3. Upon rota-
tion of the rotor blade about the axis 52, the coordinate system, as well as the sensors 302 and
the sensor 312, rotate. Furthermore, there is a coordinate system which is fixed with respect
to the rotor hub 46. This is a rotating coordinate system which can be employed independent-
ly of a pitch control. Furthermore, there is a stationary coordinate system which is fixed rela-
tive to the wind turbine 400. Hence, it is fixed relative to the gravitational force or gravita-
tional acceleration, respectively.

In typical embodiments, for a correction of the signal or the signals of the acceleration
sensor and/or the strain sensors, i. . of a signal in the x-direction, the y-direction and the z-
direction in the blade-fixed coordinate system, a transformation into the stationary coordinate
system is performed, wherein the rotation of the rotor, the pitch angle of the rotor blade, and

the inclination of the rotor, illustrated by the lines 452 and 402 in Fig. 4, are taken 1nto ac-
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count. In the stationary coordinate system, the gravitational acceleration can be removed
from the signal. Thereafter, an inverse transformation can be performed into the coordinate
system which is fixed with respect to the rotor hub. In this coordinate system, which is fixed
relative to the rotor hub, an acceleration is typically determined which is substantially 1n par-
allel to the direction of the wind or substantially in parallel to the rotational axis of the rotor,
which is denoted as Z hereinafter, and an acceleration ¥ is determined which is orthogonal to
7 and corresponds substantially to the tangential velocity of the rotor blade. In many relevant
applications, an acceleration along the x-direction depicted in Fig. 5 or a direction X , respec-
tively, is negligible for the evaluation.

According to typical embodiments, the signal or the signals corresponding to an ac-
celeration are integrated over time, particularly integrated twice over time, in order to deter-
mine a shift, a change of the position or a change of the location of the acceleration sensor
and thereby a corresponding shift or a corresponding change of the location of the rotor blade
position. Here, the acceleration sensor is assigned a location on the rotor blade. The sensor
measures the acceleration at this location of the rotor blade. This acceleration is obtained
from the gravitational acceleration, from the rotation of the rotor, and from movement, 1. e.
deformation (strain) of the rotor blade. By integrating the signal (twice) over time, the shift
of this location or the positional change of this location is obtained, respectively. The shift of
this location within the meaning of a vector shift of the positional coordinate of this location
and the positional change of this location within the meaning of new positional coordinates
x‘, y¢ and z° by the relationship x‘=x+Ax, y‘=y+Ay, and z‘=z+Az, wherein the vector (AX,
Ay, Az) denotes the positional change, are used synonymously herein.

Upon the application of a predetermined force or upon the effect of a specific mo-
ment, the strain, i. e. a shift or a positional change, is proportionally related thereto by the
modulus of elasticity or by the bending stiffness, respectively. With the help of the strain
sensors 302 depicted in Fig. 3, the bending moment applied to the blade can be determined.

Thus, a quantity for the stiffness or the elasticity of the rotor blade can bei determined on the
basis of the value of the shift or the value of the positional change and the value of the bend-
ing moment, respectively. Here, the quotient of the bending moment and the shift, 1. e. the
bending moments caused by the shift, is proportional to the stiffness. According to embodi-

ments of the present invention, which can be combined with other embodiments, this value 1s
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used for state monitoring of a rotor blade in a wind turbine according to the relationship illus-

trated 1n Fig. 1.

According to embodiments of the invention, the acceleration is measured 1n at least
one direction, preferably in the above-described direction, which is substantially parallel to
the tangential velocity of the rotor blade. With a known pitch angle for regular operation, 1. €.
a typical or commonly occurring pitch position, this can be provided by accordingly mount-
ing a one-dimensional acceleration sensor in the rotor blade, i. e. in the blade-fixed coordi-
nate system. A bending moment in the corresponding or applicable direction, 1. €. In the par-
allel direction, can also be provided by appropriate mounting of a strain sensor 302. Thus,
according to embodiments of the present invention, a state monitoring using a one-
dimensional acceleration sensor and a strain sensor can be performed. However, according to
typical embodiments, an acceleration is measured in 3 (three) directions, and a strain or a
bending moment, respectively, is determined by at least 2 (two) strain sensors along an arbi-
trary orientation within the plane of the blade root. Thereby, a monitoring can be performed
independently from the pitch angle or along multiple coordinates in any desired coordinate
system. The calculation along multiple coordinates may result in a more reliable state moni-
toring. Moreover, if typical orientations of the wear or damage of the rotor blades are known,
in particular these directions can be monitored.

Fig. 6 illustrates a typical example of a signal of the acceleration sensor or the accel-
eration sensors in the direction of #, i. e. in a coordinate system which is fixed relative to the
rotor hub. After a correction of the influence of the gravitation (601 in Fig. 6), a value 712 is

obtained, as illustrated in Fig. 7. This progression can be integrated twice over time in order

to measure the shift of the rotor blade at the position which corresponds to the position of the
acceleration sensor. The sinusoidal progression illustrated by the dotted line in Fig. 7 corre-
sponds to a positional change of the position in the rotor blade which is caused by the gravi-
tational acceleration exerted on the mass of the rotor blade. In other words: The rotor blade
bends due to its self-weight.

Signals of the acceleration sensor or the acceleration sensors in the ¥ direction, 1. €.
parallel to the rotational axis of the rotor, typically show dynamic characteristics with high
frequency components which are caused, for example, by gusts of wind. Typically, the accel-

eration signals can be filtered by their frequency components, wherein, for example, a low-
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pass filter can be employed. Fig. 8 illustrates a Fourier transform, wherein the stiffness k 1s
plotted over the frequency f. The curve 812 exposes a typical progression having a quasi-
statical area 821 and a natural frequency 822. Here, according to typical embodiments, a low-
pass filter for frequencies of 0.6 Hz or below, typically 0.4 Hz or below, can be applied to the
signals or values of the sensors. At a rotational speed of, for example, 0.2 Hz, this filtering
results in an essentially smooth sinusoidal progression for the signal depicted in Fig. 7.

According to further typical embodiments, signals within the range of the natural fre-
quency 822 can be used. The natural frequency is, for example,e within the range ot 0.8 Hz
to 1.2 Hz. Within the range of the natural frequency, the rotor blade undergoes greater posi-
tional deviations, which may result in a better measurement accuracy. Since the evaluation of
the signals is more difficult due to the more complex characteristics of the rotor blade, ac-
cording to a preferred embodiment, an evaluation may be performed with a low-pass filter
and a band-pass filter in the vicinity of the natural frequency and separate from each other.
By the evaluation in both frequency ranges, i. e. by an additional evaluation within the range
of the natural frequency, additional information may be used and thus, an improved meas-
urement accuracy can be achieved.

The acceleration sensors 312 used in the arrangement and method described herein
will now be described with reference to Figs. 9A and 9B. Fig. 9A illustrates an acceleration
sensor 312, wherein a mass 912 is mounted on an optical fiber. A housing 902 is designed
such that upon an acceleration of the mass 912, a strain occurs, 1. e. a relative change of
length (elongation or contraction) of the optical fiber 922. As a result of the strain of the fiber
922, the fiber Bragg grating 924 is changed. This results in a modified reflection or transmis-

sion of the fiber Bragg grating, respectively, with respect to the respective reflected or trans-
ported wave lengths. This change can be used as a quantity of the strain of the fiber and,
therefore, indirectly as a quantity of the acceleration of the mass 912. An acceleration sensor
312 is shown in Fig. 9B. In this arrangement, 3 (three) of the sensors shown in Fig. 9A are

combined, wherein the rotation of the sensors in the illustration are meant to show a three-

dimensional arrangement. Thus, 3 (three) acceleration sensor are measured within one coor-

dinate system, e. g. within a cartesian coordinate system.

Fig. 10 illustrates a flowchart of a method for state monitoring of a rotor blade of a

wind turbine according to embodiments described herein. In step 1002, an acceleration of the
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rotor blade is measured using a first signal. Here, at least one directional component perpen-
dicular to the axis of the rotor blade is measured. In step 1004, a strain is measured using a
second signal. From the first signal for the acceleration, a positional change of the accelera-
tion sensor is determined in step 1006, the positional change corresponding to a positional
change of the respective rotor blade position. By calculation using the positional change and
the strain, a quantity for the stiffness of the rotor blade or for the elasticity of the rotor blade
is obtained in step 1008. This quantity is used in step 1010 for monitoring the rotor blade
state.

According to typical embodiments, an integration twice over time is used in order to
determine the positional change at the location of the acceleration sensor. Typically, the ac-
celeration is measured in 3 (three) directions, e. g. directions of a Cartesian coordinate sys-
tem, and the strain is measured in at least 2 (two) directions, such that a strain with an arbi-
trary orientation within the plane of the blade root may be determined. Further, for the state
monitoring, an averaging over a time period of 1 (one) hour or longer may be performed, in
particular an averaging over a time period of one day or longer. Thereby, the measurement
accuracy is improved, and the state of the rotor blade can be determined sufficiently, 1. e. In
good time. According to further typical embodiments, which can be combined with other
embodiments described herein, for the measurement of the acceleration or the strain, fibre-
optic sensors are used, wherein particularly sensors having a fiber Bragg grating can be em-
ployed. For example, fibre-optic acceleration sensors combined with fibre-optic strain sen-
sors are used. Typically, for embodiments of the arrangement and methods described herein,
a strain sensor at the blade root or in the vicinity thereof, and an acceleration sensor with an

axial distance to the blade root of at least half of the blade radius are used.

Although the present invention has been described on the basis of typical embodi-
ments, the present invention is not limited thereto, and may be modified in various different

ways. In addition, the invention is not limited to the possible applications mentioned.
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Claims:
1. Method for monitoring a rotor blade of a wind turbine, comprising:

measuring an acceleration of the rotor blade with a first signal, wherein the acceleration is
measured at a first radial position at a predetermined distance from the rotor blade root in at least

one direction comprising a first directional component orthogonal to the axis of the rotor blade;

measuring a strain of the rotor blade with a second signal, wherein the strain 1s measured at
a second radial position disposed in the area between the first radial position and up to and including

the rotor blade root;

determining a first positional change at the first radial position on the basis of the

acceleration;

determining a first value corresponding to the rotor blade stiffness by means of calculation

on the basis of the first positional change and the strain; and

determining a rotor blade state from the first value.

2. The method of claim 1, wherein, for determining said first positional change, the signal of

the acceleration is integrated over time.

3. The method of any one of claims 1 to 2, wherein the acceleration is measured in three

directions, and wherein the strain is measured in order to measure bending moments in two

directions.

4. The method of any one of claims 1 to 3, wherein, for determining the rotor blade state, said

first value 1s averaged over a time period of 1 hour and longer.

5. The method of any one of claims 1 to 4, wherein the acceleration is measured by means of
a fiber-optic acceleration sensor and/or wherein the strain is measured by means of a fiber-optic

strain sensor.
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6. The method of any one of claims 1 to 5, wherein the first radial position 1s located
approximately at half the blade radius or 1in between half the blade radius and a rotor blade tip

and/or wherein the second radial position is located at a distance of 5 meters or less from the blade

root.

7. The method of any one of claims 1 to 6, wherein for determining said first value, a

coordinate transformation into a coordinate system of said wind turbine and/or into a coordinate

system of a rotor hub is performed.

8. Device for monitoring a rotor blade of a wind turbine, comprising:

at least one acceleration sensor adapted to measure an acceleration of the rotor blade,
wherein the acceleration 1s measured in at least one direction comprising a first directional

component orthogonal to the axis of the rotor blade;

at least one strain sensor adapted to measure a strain of the rotor blade with a second signal,
wherein the strain 1s measured at a second radial position disposed in the area between a first radial

position of the acceleration sensor and up to and including the rotor blade root;

an evaluation unit connected to the at least one acceleration sensor for receiving a first
signal from the acceleration sensor and connected to the at least one strain sensor for receiving a

second signal from the strain sensor, and wherein the reception of the first signal from the first

radial position is conducted at a predetermined distance from the rotor blade root;

wherein the evaluation unit is adapted to determine a first positional change at the first

radial position on the basis of the first signal of the acceleration sensor;

wherein the evaluation unit is adapted to determine a first value corresponding to the rotor

blade stiffness by means of calculation on the basis of the first positional change and the second

signal.
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9. The device according to claim 8, wherein the at least one acceleration sensor is a fibre-optic

sensor, and/or wherein the at least one strain sensor is a fibre-optic strain sensor.

10.  The device of any one of claims 8 to 9, wherein the first radial position is located within the
range of half the blade radius to the blade tip and/or wherein the second radial position 1s located

at a distance of 5 meters or less from the blade root.
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