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Description
BACKGROUND
(a) Field

[0001] Theinventionrelatestoanarrangementto mon-
itor the deflection or bending of an object, preferably to
monitor the deflection or bending of a windturbine blade.

(b) Related Prior Art

[0002] Blades of modern wind turbines are quite long;
they may measure up to 88 meters long or even more.
Thus, their shape and their characteristics need to be
monitored in order to optimize their aerodynamic profile
by adjusting the blade pitch angle, especially to prevent
sudden change in loads that could cause damage to one
or multiple blades either by reaching critical deflection or
by hitting the tower while the wind turbine is in operation.
[0003] More specifically, the deflection or bending of
the blade near its tip-end needs to be known to prevent
those damages.

[0004] Itis known to attach strain gauges on the blade-
surface. They are mainly used for test purposes to gather
a certain knowledge about the blade when it is stressed.
[0005] The installation of gauges and the installation
of their electrical cabling needed are expensive, espe-
cially beside a wind turbine which is in operation. The
equipment (especially the cabling) is exposed to lightning
strikes, thus the gauges are mainly used for time-limited
test purposes.

[0006] It is also known, as described in US patent
9,000,970 B2, to use a system comprising a reflector
arranged at a first position and an antenna-system ar-
ranged at a second position. The antenna system con-
tains a transmit antenna and a receive antenna, while
the reflector and the antenna-system are coupled by a
radio signal. The radio signal is sent from the transmit
antenna via the reflector towards the receive antenna.
Thereceive antennais connected with an evaluation unit,
which is prepared to measure the deflection between the
first end of the object and the second end of the object
based on the received radio signal.

[0007] Itisalso known, as described in US patent pub-
lication 2011/0135466 A1, to use a system comprising a
passive position detecting apparatus and a controller.
The passive position detecting apparatus being config-
ured to acquire and transmit data relating directly to a
position of at least one of the turbine blades. The con-
troller being configured to receive the data from the pas-
sive position detecting apparatus and compare such data
to a known position reference to determine turbine blade
deflection.

[0008] Other documents, such as European patent
publication EP 2339173, US patents 7,246,991 and US
7,059,822, and US patent publication US2011/0134366
also aims to address that same problem, with limited suc-
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cesses.
[0009] Only a certain blade-deflection can be meas-
ured by these systems due to the location of the system-
parts, the nature of the detection means, and other fac-
tors such as detection locations, etc. With most of them,
only the deflection of the tip-end of the blade can be ap-
proximated. Most of them further require components on
the blades. They are sensitive to weather. Thus, none of
these solutions provides the desired level of precision
nor provides the reliability to face all operating conditions
of a wind turbine.

Another known solution, US patent publication
2013/0189102 aims to address the same problem by
having an upwind wind turbine comprising: a tower; a
rotor; and a pressure sensing device configured to sense
air pressure and provide a signal indicative of the sensed
air pressure to a wind turbine controller for use in con-
trolling the rotor of the wind turbine, wherein the pressure
sensing device is supported by the tower at a location
within the wake of the rotor. Thus, it does not monitor the
turbine blades but rather monitor clues of passage of the
turbine blades close to the tower of the wind turbine,
which generate lacks of robustness in relation with, for
example, weather conditions.

Another known solution, US patent publication
2010/0084864 proposes a method and a device which
will reliably detect a deflection of the rotor blades of the
rotor of a wind energy installation during its entire period
of operation, and which can detect any critical changes
early on, thereby preventing further damage. According-
ly, it describes the detection of a deflection of the rotor
blade by means of a contactless distance measurement
that allows a conclusion to be drawn regarding the
strength of the rotor and thus regarding the structural
stability of the wind energy installation. For this purpose,
it describes that it is sufficient to monitor a single point
at the distal end of the rotor blade with respect to its dis-
tance from a predetermined reference point, which ad-
vantageously is the tower surface. However, precise dis-
tance measurement of a high-speed element (since de-
flection measurementis more precise close to the tip that
close to the hub) is difficult to obtain.

[0010] There is therefore a need for improvement in
the field of wind turbine, and more precisely in the field
of deflection monitoring of blades of wind turbines.

SUMMARY

[0011] The attached claims define the scope of protec-
tion.

[0012] According to an embodiment, there is disclosed
a system for monitoring deflection of turbine blades of a
wind turbine comprising a tower, wherein the turbine
blades comprise segments along a length of the turbine
blades, the system comprising: a position detecting ap-
paratus mounted to the wind turbine, the position detec-
tion apparatus comprising position detection compo-
nents each detecting a presence or absence of a corre-
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sponding one of the segments of the turbine blades; and
a deflection controller configured to receive the presence
orabsence detection and to use the presence or absence
detection to determine a distance of each of the segments
of the turbine blades relative to the tower, whereby the
distance of each of the segments of the turbine blades
relative to the tower is representative of the deflection of
the turbine blades.

[0013] According to an aspect, the position detection
components comprise a pulsed laser source and a sen-
sor.

[0014] According toan aspect, each one ofthe position
detection components is set at a distinct angle relative
to a horizontal plane.

[0015] According toan aspect, each one ofthe position
detection components is associated with a distinct chan-
nel resulting in a plurality of colinear channels.

[0016] Accordingtoan aspect, a power ratio of a power
associated with a first one of the position detection com-
ponents over a power associated with a second one of
the position detection components is above about 5 to 1.
[0017] According to the independent claims, each of
the position detection components are set to a spread
angle, and wherein the spread angle associated with a
first one of the position detection components is different
from the spread angle associated with a second one of
the position detection components.

[0018] According to an aspect, a spread angle ratio of
the spread angle associated with the first one of the po-
sition detection components over a spread angle asso-
ciated with the second one of the position detection com-
ponents is above 2 to 1.

[0019] According to an aspect, the wind turbine further
comprises a nacelle and wherein the position detection
apparatus is mounted under the nacelle.

[0020] According toan aspect, the system furthercom-
prises at least one of an inclinometer and an accelerom-
eter; and wherein at least one of the inclinometer and
accelerometer provides data regarding bending of the
tower or inclination of the nacelle.

[0021] According toan aspect, the system furthercom-
prises a corrective system, wherein the deflection con-
troller triggers actions to be performed by the corrective
system upon detection of deflection of the turbine blades
outside an acceptable range.

[0022] According to an aspect, the wind turbine com-
prise a nacelle mounted to the tower, a hub mounted to
the nacelle, with the turbine blades mounted to the hub,
wherein the corrective system is adapted to perform at
least one of: altering pitch of at least one of the turbine
blades; modifying blade load by modifying torque de-
mand over the hub; modifying yawing of the nacelle; and
applying a break on the hub.

[0023] According to an aspect, the position detecting
apparatus further comprises a plurality of neighbor de-
tection components each collecting data regarding a dis-
tinct lateral neighbor field of detection each correspond-
ing to a distinct segment of rotation cycle of the turbine
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blades, whereby each of the neighbor detection compo-
nents monitors a passage of blade tips of the turbine
blades travelling through an associated distinct lateral
neighbor field of detection at a distinct phase of a rotation
cycle of the turbine blades.

[0024] According to a non-claimed embodiment, there
is disclosed a system for monitoring deflection of turbine
blades each having a blade tip of a wind turbine, the
system comprising: a detecting apparatus mounted to
the wind turbine distant from the turbine blades, the de-
tection apparatus comprising a plurality of neighbor de-
tection components each collecting data regarding a dis-
tinct lateral neighbor field of detection each correspond-
ing to a distinct segment of rotation cycle of the turbine
blades, whereby each of the neighbor detection compo-
nents monitors a passage of the blade tips of the turbine
blades travelling through an associated distinct lateral
neighbor field of detection at a distinct phase of a rotation
cycle of the turbine blades when the turbine blades fea-
ture a level of deflection over a predetermined level; and
a deflection controller configured to receive the collected
dataand to determine a deflection condition of the turbine
blades accordingly.

[0025] According to an aspect, the neighbor detection
components comprise a pulsed laser source and a sen-
sor.

[0026] According to an aspect, the distinct lateral
neighbor fields of detections correspond to field of views
of the neighbor detection components set at distinct an-
gles relative to a vertical plane.

[0027] Accordingtoclaim 11, thereisdisclosed ameth-
od of monitoring deflection of turbine blades of a wind
turbine.

[0028] According to an aspect, implementations may
comprise one or more of the following features.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Furtherfeatures and advantages of the present
disclosure will become apparent from the following de-
tailed description, taken in combination with the append-
ed drawings, in which:

Fig. 1 is a side view of a wind turbine in accordance
with an embodiment;

Fig. 2 is a perspective view of a wind turbine showing
detection area associated with the position detection
apparatus in accordance with an embodiment;

Fig. 3is a chart illustrating blade clearance data re-
sulting from processing of data collected by the po-
sition detection apparatus according to three deflec-
tion levels;

Figs. 4A to 4C are schematic side views of a wind
turbine and wind blade deflections according to three
deflection levels;

Figs. 5A to 5C are schematic front views of the wind
turbine and the detection area in accordance with an
embodiment and interaction of a turbine blade with
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the detection area while crossing it;

Figs. BA to 6C are schematic side views of the wind
turbine in accordance with an embodiment in distinct
conditions of inclination of the nacelle of the wind
turbine; and

Fig. 7 is a flow chart provided steps performed ac-
cording to an embodiment of the system.

[0030] It will be noted that throughout the appended
drawings, like features are identified by like reference
numerals.

DETAILED DESCRIPTION

[0031] Reference now will be made in detail to embod-
iments of the present subject matter, one or more exam-
ples of which are illustrated in the drawings. Each exam-
ple is provided by way of explanation, without limiting the
scope of the present subject matter. In fact, it will be ap-
parent to those skilled in the art that various modifications
and variations can be made in the present subject matter
without departing from the scope of the appended claims.
[0032] Fig. 1 illustrates a perspective view of a wind
turbine 10. As shown, the wind turbine 10 is a horizontal-
axis wind turbine. The wind turbine 10 comprises a tower
12 (or a post) that extends from a base 14, a nacelle 16
mounted on the tower 12, and a rotor 18 that is coupled
to the nacelle 16. The rotor 18 comprises a rotatable hub
20 and usually at least three turbine blades 22 coupled
to and extending outward from the hub 20. As shown,
the rotor 18 comprises three turbine blades 22. However,
in an alternative embodiment, the rotor 18 may comprise
more (or less) than three turbine blades 22. Additionally,
in the illustrated embodiment, the tower 12 is fabricated
from tubular steel to define a longitudinal cavity (not il-
lustrated) between the base 14 and the nacelle 16. In an
alternative embodiment, the tower 12 may be any suita-
ble type of tower having any suitable height.

[0033] The turbine blades 22 may generally have any
suitable length extending from their mounting part the
hub 20 to the blade tip 35 that enables the wind turbine
10 to operate as described herein. For example, in one
embodiment, the turbine blades 22 may have a length
ranging from about 15 meters to about 88 meters. How-
ever, other non-limiting examples of blade lengths may
comprise 10 meters or less, 20 meters, 37 meters or a
length that is greater than 88 meters. For teaching pur-
poses, the example of wind turbine 10 herein described
will be of turbine blades 22 of 37 meters.

[0034] Additionally, the turbine blades 22 may be
spaced about the hub 20 to facilitate rotating the rotor 18
to enable kinetic energy to be transferred from the wind
into usable mechanical energy, and subsequently, elec-
trical energy. Specifically, the hub 20 may be rotatably
coupled to an electric generator (not shown) positioned
within the nacelle 16 to permit electrical energy to be
produced. Further, the turbine blades 22 may be mated
to the hub 20 by coupling a blade root portion 24 to the
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hub 20 at a plurality of load transfer regions 26. Thus,
any loadsinduced to the turbine blades 22 are transferred
to the hub 20 via the load transfer regions 26.

[0035] As shown in the illustrated embodiment, the
wind turbine 10 may also comprise a turbine control sys-
tem or turbine controller 36 located within the nacelle 16
or within the tower 12. However, it should be appreciated
that the turbine controller 36 may be disposed at any
location on or in the wind turbine 10, at any location on
the base 14 or generally at any other location communi-
catively linked to the wind turbine 10. The turbine con-
troller 36 may also be divided into a plurality of compo-
nents divided between a plurality of locations, the com-
ponents of the turbine controller 36 being communica-
tively linked and ensuring operation of the wind turbine
10. The turbine controller 36 may be configured to control
the various operating modes of the wind turbine 10 (e.g.
start-up and shut-down conditions and sequences). Ad-
ditionally, the turbine controller 36 may be configured to
control a pitch angle or blade pitch of each of the turbine
blades 22 relative to the wind direction 28 to control the
load and power generated by the wind turbine 10 by ad-
justing an angular position of at least one turbine blade
22 relative to the wind. For instance, the turbine controller
36 may control the blade pitch of the turbine blades 22,
either individually or simultaneously, by signalling a pitch
adjustment system 32 adapted to perform the operation.
Pitch axes 34 for the turbine blades 22 are shown. Fur-
ther, as the wind direction 28 changes, the turbine con-
troller 36 may be configured to control a yaw direction of
the nacelle 16 about a yaw axis 38 to position the turbine
blades 22 with respect to the wind direction 28. For ex-
ample, the turbine controller 36 may signal a yaw drive
mechanism (not shown) of the nacelle 16 in order for the
latter to rotate the nacelle 16 about the yaw axis 38.
[0036] During operation of the wind turbine 10, wind
strikes the turbine blades 22 from a wind direction 28,
which causes the rotor 18 to rotate about an axis of ro-
tation 30 and to define a virtual rotation disk (see Figs.
4A-4C): a space occupied by the turbine blades 22 as
they rotate. As the turbine blades 22 are rotating and
subjected to centrifugal forces, the turbine blades 22 are
also subjected to various forces and bending moments.
As such, the turbine blades 22, and therefore the rotation
disk, may deflect from a neutral, or non-deflected, posi-
tion, hence from a flat rotation disk, to a deflected posi-
tion, hence a domed rotation disk. The non-deflected
blade clearance represents the distance between the tur-
bine blades 22 when in front of the tower 12 (hence a
portion of the inner face of the rotation disk) and the tower
12 when the turbine blades 22 are in a non-deflected
position. However, forces and bending moments acting
on the turbine blades 22 may cause the turbine blades
22 to deflect towards the tower 12, reducing the overall
blade clearance, especially close to the tip of the turbine
blades 22. As aerodynamic loads increase, excessive
forces and bending moments can cause deformation of
the rotation disk and therefore of one or more sections
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of the turbine blades 22, specifically the tip, and cause
one or more of the turbine blades 22 to strike the tower
12 resulting in significant damage and downtime.
[0037] Fig. 2 illustrates an embodiment of a system for
monitoring the blade deflection of turbine blades 22 of a
wind turbine 10 as mounted to a wind turbine 10 under
the nacelle 16. The system comprises a position detect-
ing apparatus 40 and a deflection controller 44 (herein
illustrated as mounted somewhere in the nacelle 16). The
position detecting apparatus 40 is configured to acquire
data, comprising a plurality of distances, relating directly
to the position of a turbine blade 22 traveling relatively in
front of the tower 12, in a detection area 50, and to trans-
mit the data to the deflection controller 44. The deflection
controller 44 is configured to receive the data from the
position detecting apparatus 40 and to process the data
to determine the deflection of the turbine blades 22,
hence deflection of the rotation disk and blade clearance,
as will be described in greater detail below. As indicated
above, the position detecting apparatus 40 is configured
to acquire data, namely distances and/or presence, of a
turbine blade 22 when it is located in a detection area
relatively in front of the tower 12.

[0038] Itshould be readily appreciated thatthe position
detecting apparatus 40 does not require any component
in or on the turbine blade 22, and therefore can be in-
stalled on existing wind turbines 10. The position detect-
ing apparatus 40 acquires data relating directly to the
position of a turbine blade 22 with such existing wind
turbines 10 without requiring modification of the turbine
blades 22 of the wind turbine 10. Furthermore, as will be
discussed herein, the position detecting apparatus 40 is
adapted to efficiently and reliably operate in variable
weather conditions, including rain, snow, fog, clouds, etc.
[0039] Back to Fig. 2, the wind turbine 10 comprises a
position detecting apparatus 40 comprising a plurality of
position detection components 42 (see Fig. 3) directed
at least partially at a section of the rotation disk, and more
specifically the section substantially in front of the tower
12.

[0040] More specifically, each one of the position de-
tection component 42 consists in a LIDAR (Light Detec-
tion and Ranging) component adapted to monitor thus
detectthe presence and the distance to an object, namely
aturbine blade 22, within a distinctfield of detection along
a precise orientation, and to collect distances. Thus,
LIDAR must be understood as a surveying or scanning
method and/or device that measures distance to a target
by illuminating that target with a pulsed laser light, and
measuring the reflected pulses with a sensor. In conse-
quence, a LIDAR device comprises a light source (com-
ponent illuminating the target) and a sensor (measuring
the reflected pulses).

[0041] In the present case, seventeen (17) such
LiDARs are mounted together as distinct position detec-
tion components 42 and are directed at different angles
toward the rotation disk to collect distance data. The an-
gles are selected, as illustrated on Fig. 2, to detect dis-
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tance of segments along the length of a turbine blade 22
from a position relatively close to the rotatable hub 20
(e.g., a location close to two third of the turbine blade
length from the hub 20) to an angle wherein reading of
a distance/presence of the tip of a turbine blade 22 only
occurs when the turbine blade 22 presents at least a pre-
determined level of deflection. The angles may be de-
fined so as to generate a relatively continuous vertical
spread detection area extending from the first angle to
the second angle relative to a horizontal plane. According
to an embodiment, the segments are distinct and sepa-
rated from each other.

[0042] In another embodiment, the position detecting
apparatus 40, based on above described use of a mul-
tichannel LIDAR, would not provide a sufficient ranging
distance capability within the time of passage of the blade
tip 35 in its field of view or field of detection. This might
result from the power of the light source from the detect-
ing apparatus 40 being distributed over a large area, or
field of view, or field of detection. In this case, different
position detecting apparatus 40, or LiDARs, having dis-
tinct fields of views (a.k.a. fields of detection), are com-
bined. Therefore, a first mono-component position de-
tecting apparatus 40, a.k.a. monochannel LiDAR, is used
to detect a minimum deflection level of the blade tip 35
at a specific position with respect to a distance from the
tower 12. This first mono-component position detecting
apparatus 40 preferably has a smaller field of view and
a more powerful light source to perform measurement of
the position of the turbine blade 22 of farther distances.
Then, an additional position detecting apparatus 40, with
one or multiple detection components 42, such as a mon-
ochannel LIDAR or a multichannel LIDAR, is used to as-
sess the maximum deflection of the blade tip 35 from the
measured distances read at other angles and providing
positions of the turbine blade 22 along its length closer
to the hub 20. The position of the blade tip 35 with respect
tothe tower 12is obtained from extrapolation of the shape
of the turbine blade 22 measured at different points along
the turbine blade 22. The other position detecting appa-
ratus 40, thus the other position detecting components
42, detects the position of the turbine blade 22 at shorter
distance, or distances, than the first mono-component
position detecting apparatus 40. Accordingly, this dis-
tance, or these distances, can be obtained even if the
light source is distributed over a larger area than the area
covered by the first mono-component position detecting
apparatus 40.

[0043] Itis noted that the angle for channel 17 of the
LiDAR is closer to a horizontal plane and channel 1 of
the LiDAR is closer to a vertical plane. Furthermore, ac-
cording to an embodiment, the channels 1 to 17 are co-
linear.

[0044] The distances measured from the position de-
tecting components 42 of the first position detecting ap-
paratus 40 and the additional position detecting appara-
tus 42 are processed together to get a better assessment
of the position of the blade tip 35, and thus distance of
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the blade tip 35 with respect to the tower 12.

[0045] LIiDAR technology, and more specifically mul-
tichannel LiDARs, features advantageous characteris-
tics for use in the present context. Since the turbine
blades 22 are spinning, the speed of a section of a turbine
blade 22 increases as distance of the segment of a tur-
bine blade 22 relatively to the axis of rotation 30 increas-
es. The LIDAR, with a data collection frequency of be-
tween 50 Hertz and 100 Hertz, is able to collect data both
from a segment of a turbine blade 22 close to the axis of
rotation 30 and from a segment close to the blade tip 35.
Further, since the surface of the detection area associ-
ated with a LIDAR increases as the distance of the de-
tected objectincreases, the detection areawhich crosses
the tip of the turbine blade 22 is wider than the detection
area which crosses another segment of the turbine blade
22 closer to the rotatable hub 20. Therefore, a turbine
blade 22 has a longer path to travel to cross completely
the detection area at the blade tip 35, which allows correct
detection in spite of the higher speed of the blade tip 35.
[0046] According to a non-claimed embodiment, the
system comprises at least one position detecting appa-
ratus 40 mounted on a turbine blade 22 close to the ro-
tatable hub 20. The position detection components 42 of
the turbine-blade mounted position detecting apparatus
40 are directed at least partially and generally toward the
tower 12 and the ground to be able to detect deflection
of the blade tip 35 of the turbine blade 22 on which is
mounted the position detecting apparatus 40. Such
measurement is performed by measuring/detecting the
tower 12 and/or the blade tip 35 of the turbine blade 22
depending on the position detection component 42. Ac-
cording to a non-claimed embodiment, the system com-
prises a position detecting apparatus 40 perturbine blade
22,

[0047] RegardingFig. 3, agraph illustrates blade clear-
ance calculated from the data collected by the different
position detection components 42 of embodiments
mounted under the nacelle 16 comprising either one or
more position detecting apparatus 40. References from
1 to 17 are associated with distinct position detection
components 42. The top line 61 indicates the blade clear-
ance computed based on the distance read by the posi-
tion detection component 42 when the turbine blades 22
undergo no deflection. The middle line 62 indicates the
blade clearance computed based on the distances read
by the position detection components 42 when the tur-
bine blades 22 undergo deflection within an acceptable
range. The bottom line 63 indicates the blade clearance
computed based on the distances read by the position
detection components 42 when the turbine blades 22 un-
dergo deflection above an acceptable range (i.e., critical).
[0048] It mustbe noted thatthe position detection com-
ponents 42 associated with references 1 to 5 read no
distances in a no deflection condition (no top line 61). As
blade deflection increases, the distances read by the po-
sition detection components 42 of associated references
17 to 6 decrease. Gradually, the position detection com-
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ponents 42 of associated references 5 to 3 become ca-
pable of capturing distance data of a segment of the tur-
bine blades 22 as the turbine blades 22 deflect and ap-
pear in the field of view, hence the associated detection
area, of these position detection components 42. It must
be noted that the data provided in Fig. 3 are not distance
data as read by the position detection components 42,
but rather calculated blade clearance between a corre-
sponding segment of the turbine blade 22 and the tower
12 based on distance data collected by the position de-
tection components 42 and formula based on angles,
known position of the corresponding detection area seg-
ments and tower segments.

[0049] The rotation disk 70 in different conditions is
further illustrated on Figs. 4A-C. For illustration, Fig. 3 -
lines 61-63 and Fig. 4A show the position detection com-
ponents 42 of references 17 to 6 providing data in any
conditions, namely when the rotation disk 70 shows no
deformation (area 71), when the rotation disk 70 shows
deformation within an acceptable range of deformation
(area 72) and when the rotation disk 70 shows deforma-
tion above the acceptable range of deformation (area
73). Fig. 3 - lines 62-63 and Fig. 4B show additional po-
sition detection components 42 providing data only when
the rotation disk 70 is showing deformation within an ac-
ceptable range of deformation (the rotation disk 70 hav-
ing entered the area 72). Fig. 3 - lines 63 and Fig. 4C
show further position detection components 42 providing
data when deflection of the turbine blades 22 result in
the rotation disk 70 showing deformation above the ac-
ceptable range of deformation (the rotation disk 70 hav-
ing entered area 73), and thus the turbine blades 22 being
in dangerous conditions.

[0050] Accordingly, as explained in relation with the
position detection components 42 associated with refer-
ences 1to 5 on Fig. 3, according to an embodiment, the
position detection components 42 collect Boolean data,
namely whether or not a portion of the detection area is
crossed by a section of a turbine blade 22 being or close
to the blade tip 35. According to that embodiment, based
on the identification and angles of the different position
detection components 42 which provide positive data,
the deflection controller 44 is able to determine a level
of deflection of the turbine blades 22, a.k.a. a level of
deformation of the rotation disk 70. According to an em-
bodiment, comparison of the data collected by the posi-
tion detection component 42 allows to establish validity
of the collected data and to determine an actual range
of deflection of the turbine blades 22.

[0051] According to an embodiment, as illustrated on
Figs. 5A-C, the position detection components 42, addi-
tionally to being spread in different vertical angles relative
to a vertical plane, is spread horizontally to cover a wider
angle, for example about 3 degrees. Accordingly, with
this embodiment a turbine blade 22 takes longer to cross
completely the 3-degree detection area, providing more
time for one or more position detection components 42
to collect distance data. Therefore, that configuration en-
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sures that at least a portion of the position detection com-
ponents 42 having detection area segments associated
therewith that are close to the blade tip 35 would be able
to collectdistance data ateach passage of a turbine blade
22, and that regardless of the speed at which the blade
tip 35 travels across the detection area.

[0052] According to an embodiment, a plurality of po-
sition detection components 42 are spread in multiple
channels horizontally, such as to have one channel
aligned in front of the turbine tower 12 while another chan-
nel pointing at a position where the turbine blade 22 is
not yet in front of the tower 12 and/or another channel
pointing at a position wherein the turbine blade 22 has
passed the tower 12. Therefore, that configuration pro-
vides information on some local deflection effectthat can
occur when the turbine blade 22 passes in front of the
tower 12. This effect is known to happen from aerody-
namic acceleration of air that is deviated and accelerated
when passing around the tower 12. The supplemental
deflection effect can be measured by comparing the dis-
tance measured when the turbine blade 22 passes in
front of the tower 12 with the distance measured when
the position of the turbine blade 22 is not in front of the
tower 12.

[0053] Furthermore, this configuration described in the
above embodiment can be combined with other config-
urations in order to get information of the overall shape
of deflection of the turbine blade 22 in front of the tower
12 as well as the dynamic, or temporal, blade deflection
changes that are occurring in the vicinity of the tower 12.
[0054] According toan embodiment, a blade deflection
measurement per turbine blade 22 is performed and in-
dividually associated with the turbine blades 22 in a
processing manner. According to an embodiment, the
wind turbine 10 comprises a blade position detection
means, such as means to measure the angle of rotatable
hub 20 with set angles individually associated with each
of the turbine blades 22, an individual measurement of
the orientation of the turbine blades 22, close-field or op-
tical detection means comprising in combination a de-
tector and identification components located on the tur-
bine blades 22 with the detector detecting and identifying
the turbine blade 22, hence turbine blade position, when
the turbine blade 22 is passing in front of the detector,
etc. The blade position detection means is communica-
tively linked to the deflection controller 44 to signal posi-
tion and/oridentification of a turbine blade 22 to associate
with deflection collection data. The deflection controller
44 further determines individually the deflection of each
of the turbine blades 22 and may trigger individually for
each of the turbine blades 22 correction(s) (e.g. altering
the blade pitch) based on their individual associated col-
lected data. It can be used to identify structural weak-
nesses of a specific turbine blade 22. Furthermore, that
embodiment provides a solution to detect system failure
through comparison of blade detection data by the posi-
tion detecting apparatus 40 to intended data (e.g. when
one turbine blade 22 passes in the detection area, thus
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when data is intended to be acquired by the position de-
tecting apparatus 40).

[0055] According to such an embodiment, Figs. 4A-C
may illustrate the level of deflection of three turbine
blades 22 of the same wind turbine 10 during the same
rotation cycle. For instance, based on actual configura-
tions (e.g. pitch angle) and structural weaknesses, the
three turbine blades 22 may present different levels of
deflection, including as illustrated having them in distinct
deflection levels 71, 72, 73 of the rotation disk 70, thus
in three distinct current operating conditions.

[0056] According to an embodiment, the position de-
tecting apparatus 40 is mounted under the nacelle 16 to
be protected, or partially shielded, from bad weather
(snow, rain, etc.) by the nacelle 16. The detection position
apparatus is further mounted to the nacelle 16, close to
the tower 12 (hence away from the turbine blades 22) to
have an optimum viewing angle of the turbine blades 22
and therefore extend the angle of detection. According
to other embodiments, the position detecting apparatus
40 is mounted to the nacelle 16, either on top or on the
side of the nacelle 16.

[0057] According to embodiments, the system, em-
bedded in the position detection apparatus 40 or in the
nacelle 16, comprises an inclinometer 82 (see Figs. 6A-
C) providing inclination data, and an accelerometer 84
(see Figs. 6A-C) providing proper acceleration data.
[0058] Some ofthe proposed embodiments areintend-
ed to get information on the relative position of the blade
tip 35 with respect to the turbine tower 12 to prevent col-
lision between them, and thus preventrelated costs. Con-
figurations that use position detecting apparatus 40
mounted to the hub 20 or nacelle 16 in these cases, not
only need the deflection measured of the turbine blades
22, but also need to take into account possible inclination
of the hub 20 or nacelle 16 with respect to the tower 12.
It is known that towers 12 are designed to bend under
high wind speed (source: Nicholson, John Corbett. "De-
sign of wind turbine tower and foundation systems: opti-
mization approach." MS (Master of Science) thesis, Uni-
versity of lowa, 2011. http://ir.uiowa.edu/etd/1042) to
prevent mechanical fatigue or to avoid very large infra-
structure that would be required to prevent such bending.
In this case, an inclinometer 82 and an accelerometer 84
can be used nearby the position detecting apparatus 40
to assess the extent of the bending of the tower 12 and
also the relative displacement of the nacelle 16, or hub
20, with respect to the position of the tower 12 where the
blade tip 35 can hit it. The information provided by the
accelerometer 84 and inclinometer 82 can then be used
to assess the distance from the blade tip 35 to the tower
12 by using some models for the tower bending. An ex-
ample of the impact of the inclination of the nacelle 16
on the clearance between the blade tips 35 and the tower
12 is illustrated on Figs. 6A-C, with Fig. BA illustrating
the nacelle 16 at its nominal inclination level, a.k.a. zero-
degree angle. In this case, while the turbine blade 22 is
deflected, there is not in contact of the blade tip 35 with
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the tower 12. Fig. 6B illustrates the nacelle 16 inclined
forward, a.k.a. toward the tower12, and displays a turbine
blade 22 that would hit the tower 12. Finally, Fig. 6C il-
lustrates the nacelle 16 inclined backward and thus hav-
ing a greater clearance between the turbine blade tip 35
and the tower 12. These schematic representations do
not reflect the real life, since the tower 12 bending is not
represented, but they illustrate the effect of the inclination
of the nacelle 16 on the clearance between the turbine
blade tip 35 and the tower 12.

[0059] Regarding the detection directions of the posi-
tion detection apparatus 40, according to embodiments,
the position detecting apparatus 40 is mounted to the
turbine blade 22 (not covered by the claims) as above
described, to the rotatable hub 20 (not covered by the
claims), or to the tower 12, with the position detection
components 42 being directed in a suitable manner ac-
cording to the mounting location of the position detecting
apparatus 40 to have either the turbine blades 22 or the
tower 12 directed thereto.

[0060] According to embodiments, the position detect-
ing apparatus 40 is protected from bad weather condi-
tions by a weather-proof enclosure (not shown) housing
it. The weather-proof enclosure is mounted in an appro-
priate fashion and provides suitable window(s) for the
position detection components 42 to be directed suitably
in an operational fashion.

[0061] According to an embodiment, the deflection
controller 44 is mounted inside the nacelle 16, with the
deflection controller 44 and the position detecting appa-
ratus 40 communicatively linked therewith. That mount-
ing configuration of the deflection controller 44 protects
the deflection controller 44 from bad weather conditions
while ensuring communication with the position detecting
apparatus 40.

[0062] According to embodiments, inclinometer(s) 82
and/or accelerometer(s) 84 is/are mounted to position
detecting apparatus 40, the nacelle 16 and/or the hub
20. The inclinometer(s) 82 is/are mounted in an operable
fashion to provide at least one of: inclination of the posi-
tion detecting apparatus 40, inclination of the nacelle 16
and inclination of the hub 20. The accelerometer(s) 84
is/are mounted in an operable fashion to provide at least
one of: proper acceleration data relative to the tower 12,
proper acceleration data relative to the nacelle 16, proper
acceleration data relative to the hub 20, and proper ac-
celeration data relative to the turbine blades 22. The in-
clinometer(s) 82 and/or accelerometer(s) 84 is/are com-
municatively linked with the deflection controller 44.
[0063] According to an embodiment, the power levels
associated with each of the position detection compo-
nents 42 are non-uniform. More precisely, the powerlevel
assigned to a position detection component 42 detecting
a segment close to the rotatable hub 20 is lower than the
power level assigned to a position detection component
42 (of references 5 to 1) associated with a detection area
segment closer to the blade tip 35, or to the blade tip 35
of the turbine blades 22 in any deflection condition or in
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a deflected condition. The setting of the power levels to
be assigned, according to an embodiment, involves a
different number of LEDs (Light Emitting Diodes), or laser
diodes, powering the different position detection compo-
nents 42. According to an embodiment, the power ratio
between two position detection components 42 would be
above about 5 to 1. According to an embodiment, the
power ratio between two position detection components
42 would be above about 10 to 1. According to another
embodiment, the power ratio between two position de-
tection components 42 would be above about 20 to 1.
According to yet another embodiment, the power ratio
between two position detection components 42 would be
above about 30 to 1.

[0064] According to the invention, the width of the de-
tection area, hence the detection spread angle of a po-
sition detection component 42 would be non-uniform.
More precisely, the detection spread angle of the position
detection component 42 oriented to detect a segment of
a turbine blade 22 close to the rotatable hub 20 has a
lower value than the detection spread angle of a position
detection component 42 (of references 5 to 1) oriented
to detecta segment closer to the blade tip 35, or the blade
tip 35 of the turbine blades 22 in any deflection condition
or in a deflected condition. According to an embodiment,
the detection spread angle ratio between two position
detection components 42 would be above 2 to 1. Accord-
ing to another embodiment, the detection spread angle
ratio between two position detection components 42
would be above about 5 to 1. According to yet another
embodiment, the detection spread angle ratio between
two position detection components 42 would be above
about 10 to 1.

[0065] As a practical example of a realization and as
illustrated on Figs. 5A-C, a turbine blade 22 of 37 meters
in length spinning at 20 rotations per minute would cross
a set detection area of about 2 meters in width (with the
set horizontal detection angle being about 3 degrees) at
the blade tip 35 in about 18 to 24 msec. The collection
frequency of a LIDAR (50 to 100 Hertz) would collect data
every about 10 to 20 msec. Thus, the parameters, and
particularly the set horizontal detection angle, would en-
sure that the position detection component 42 is able to
collect distance data at probably every spin of the wind
turbine 10.

[0066] In other embodiments, the horizontal detection
angle may be set wider or narrower, having an impact
on the power level set to a position detection component
42 and the probability of detection of a turbine blade 22
at every passage.

[0067] In an embodiment, by setting "neighbor" posi-
tion detection components 42 associated with neighbor
detection area segments, a.k.a. fields of detection, at
about side-by-side horizontal detection angles, a wider
detection area covering a plurality of segments of the
rotation cycle of the turbine blades 22 is defined ensuring
that at least one of the "neighbor" position detection com-
ponents 42 detects and collects distance data of asection
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of (or close to) the high-speed blade tip 35 of the turbine
blade 22 at each one of its passages through the neigh-
boring fields of detection. Figures 5a-c illustrates a width
a field of detection that is associated with a plurality of
"neighbor" position detection components 42 (not shown
on the figure), thus covering distinct segments, a.k.a. de-
grees of an arc, of the rotation cycle of the turbine blades
22. The "neighbor" position detection components 42 are
detecting the blade tip 35 of the turbine blades 22 at dif-
ferent time, thus at different phases of the rotation of the
turbine blades 22.

[0068] In case of very bad weather conditions that
would reduce the visibility such as fog, snow, heavy rain,
and cloud, the accuracy of the distance or deflection
measurements could be affected more significantly at
the blade tip 35 of the turbine blade 22 than with segments
ofthe turbine blades 22 near the rotatable hub 20. Hence,
the deflection measurements obtained at all angles in
good visibility conditions could be used as a mean to get
a calibration of deflections. Also, full waveform LIiDAR
have the advantage to provide information on the weath-
er conditions that prevail during measurements. The vis-
ibility being reduced by the presence of light scattering
particles (water droplets or snowflakes) will also appear
on the LiDAR signal at distances in between the LIDAR
module under the nacelle 16 and the turbine blade 22.
Thus, the presence of such signal above a certain thresh-
old could trigger a mode in the deflection controller 44
that will take the effect of the bad visibility conditions into
account. In this case, the calibration performed in good
visibility conditions could then be used to extrapolate the
resulting deflection at the blade tip 35 of the turbine blade
22 in bad visibility conditions from measurements per-
formed at angles closer to the rotatable hub 20. This way
the deflection controller 44 will provide relevant informa-
tion that could otherwise be compromised by severe
weather conditions.

[0069] It must be noted that while camera systems
(even standard active imaging systems such as surveil-
lance video systems) are subject to being affected se-
verely in bad visibility conditions such as rain, snow, fog,
clouds, full waveform LiDARs are much more robust op-
eration-wise. This comes from the increased processing
possibilities that can be implemented from the complete
LiDAR signal over time. This allows to discriminate light
returned by solid targets such as turbine blades 22 from
more diffuse "pollution" targets such as fog and cloud.
[0070] While the embodiment described above is mak-
ing use of LIDAR technology, other similar technologies
such as RADAR and LEDDAR™ (e.g. LiDAR based on
Light Emitting Diodes) could be used.

[0071] Practical applications of the system for monitor-
ing of the deflection of turbine blades 22 of a wind turbine
10 may include integration in a corrective system 90
and/or security system (not shown).

[0072] According to an embodiment, the system for
monitoring the deflection of turbine blades 22 is config-
ured to trigger a corrective action from the corrective sys-
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tem 90 in order to reduce or stop blade deflection. For
example, the deflection controller 44 may be communi-
catively linked to a system configured to perform a cor-
rective action preventatively, such as by making a one-
time parameter change, in anticipation of operating con-
ditions that may presentan increased likelihood of a tow-
er strike. Alternatively, the deflection controller 44 may
be configured to trigger a corrective action reactively in
response to blade deflection of one or more of the turbine
blades 22 that exceeds a predetermined blade deflection
threshold. Regardless, the corrective action may allow a
wind turbine 10 to be adaptable to varying operating con-
ditions which may otherwise result in significant aerody-
namic loading on the turbine blades 22. Thus, the deflec-
tion controller 44 may be configured to trigger a corrective
action to safeguard against the risk of tower strikes or
other blade damage due to excessive turbine blade de-
flection.

[0073] The extent or magnitude of blade deflection re-
quired for the deflection controller 44 to trigger a correc-
tive action reactively may vary from wind turbine to wind
turbine. For example, the predetermined blade deflection
threshold may depend on the operating conditions of the
wind turbine 10, the thickness of the turbine blades 22,
the length of the turbine blades 22 and numerous other
factors. For example, the predetermined blade deflection
threshold of a turbine blade 22 may be equal to a prede-
termined percentage of the non-deflected blade clear-
ance. In the event that the deflection controller 44 deter-
mines that the turbine blade deflection has exceeded this
threshold, it can trigger a corrective action to safeguard
against a tower strike. As another example, there may
be another threshold related to the change of the blade
deflection with time that would be indicative of strong
wind bursts building up and that could prevent proper
assessment of blade deflection on an instantaneous ba-
sis to implement corrective action in fast enough time to
safeguard against a tower strike. In the event that the
deflection controller 44 determines that the turbine blade
deflection change over time has exceeded this other
threshold, it can trigger a corrective action to safeguard
against a tower strike. In another embodiment, differenc-
es in measured deflection between different blades is
used by the deflection controller 44 as a threshold to trig-
ger possible diagnostic of a specific blade structural de-
fect and to operate the wind turbine 10 with operating
parameters that will prevent the defective turbine blade
22 to hit the tower 12 or the blade structural defect to
deteriorate.

[0074] The corrective actions triggered by the deflec-
tion controller 44 may take many forms.

[0075] In an embodiment, the triggered corrective ac-
tion comprises altering the blade pitch of one or more
turbine blades 22 for a partial or full revolution of the rotor
18. As indicated above, this may be accomplished by
signalling a pitch adjustment system 32. Generally, al-
tering the blade pitch of a turbine blade 22 reduces blade
deflection by increasing out-of-plane stiffness.
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[0076] In an embodiment, the triggered corrective ac-
tion comprises modifying the blade load on the wind tur-
bine 10 by either increasing or decreasing the torque
demand on the electrical generator (not illustrated) posi-
tioned within the nacelle 16. This modification of the load
demand would result in a modification of the rotational
speed of the turbine blades 22, thereby modifying, and
potentially as intended reducing the aerodynamic loads
acting upon the surfaces of the turbine blades 22.
[0077] In an embodiment, the triggered corrective ac-
tion comprises yawing the nacelle 16 to change the angle
of the nacelle 16 relative to the wind direction 28 (see
Fig. 1). A yaw drive mechanism (not shown) is typically
used to change the angle of the nacelle 16 so that the
turbine blades 22 are properly angled with respect to the
prevailing wind. For example, pointing the leading edge
of a turbine blade 22 upwind can reduce loading on the
turbine blade 22 as it passes the tower 12.

[0078] In an embodiment, the triggered corrective ac-
tion comprises applying a mechanical break to the rotat-
able hub 20 to stop the rotation of the turbine blades 22;
that solution is only selected in exceptional conditions.
This corrective action is usually, if not always, associated
with one of the other above correction actions.

[0079] It should be readily appreciated, however, that
the deflection controller 44 needs to be communicatively
linked, directly or indirectly, to one such system able to
perform the corrective actions described above and may
generally trigger any corrective action designed to reduce
blade deflection. Additionally, the deflection controller 44
may be configured to trigger multiple corrective actions
simultaneously or in sequence, which may comprise one
or more of the corrective actions described above.
[0080] Furthermore, the deflection controller 44 may
be configured to trigger a particular corrective action in
response to certain operating conditions and/or operat-
ing states of the wind turbine 10. Thus, in one embodi-
ment, the deflection controller 44 may be configured to
selectively trigger a particular corrective action depend-
ing upon intrinsic parameters (turbine blade deflection
data) and extrinsic parameters transmitted by other com-
ponents and/or systems (wind speed, turbine blade
speed, current load, etc.). For example, during certain
wind conditions, turbine blade deflection may be most
effectively reduced by altering the blade pitch of the tur-
bine blades 22. Accordingly, during such conditions, the
deflection controller 44 may be configured to receive ex-
trinsic parameters (wind speed data), to determine the
best response based on these parameters, and to trigger
alteration of the blade pitch of one or more of the turbine
blades 22 when the determined blade deflection exceeds
apredetermined threshold, such as a predetermined per-
centage of the non-deflected blade clearance. However,
in the event that blade deflection is below this predeter-
mined threshold, data processing by the deflection con-
troller 44 may result in triggering a different corrective
action. This may be desirable, for example, when an al-
ternative corrective action can sufficiently reduce blade
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deflection while causing less of an impact on the amount
of power generated by the wind turbine 10. Accordingly,
such a configuration can improve the efficiency of a wind
turbine 10 by ensuring that the corrective action per-
formed is proportional to the severity of the blade deflec-
tion.

[0081] Referring to Fig. 7, a non-claimed method of
operation comprises the following steps:

At step $102, the system is configured to detect de-
flection data as turbine blades pass in the detection
area, and to transmit deflection data to the deflection
controller.

At step $104, the system may be configured to detect
position, presence and/or identification of a turbine
blade that passes in the detection area. The data is
transmitted, when such components are present, in
real time or close to real time to the deflection con-
troller. The latter may thus associate the turbine
blade identification with the deflection data.

At step $106, the system may be configured to col-
lect inclination data and/or proper acceleration data
that provides information on at least one of the incli-
nation of the nacelle or the hub, movements of the
nacelle or the hub, and bending or movements of
the tower. The data is transmitted, when such com-
ponents are present, in real time or close to real time
to the deflection controller. The latter may thus proc-
esschangesin theintrinsic environmental conditions
(angle of the anchoring of the turbine blades, vibra-
tion in the components, and bending of the tower)
forthese intrinsic environmental conditions to be tak-
en into account in the processing of the clearance
between the turbine blades and the tower.

At step 8108, the system may be configured to re-
ceive extrinsic data, such as wind speed data, to be
processed with the identified data transmitted at
steps $102, S104 and S106.

At step 8$112, the system processes the received
data and determine a current operating condition
based both oreitherof a) received data and presence
of particular data associated with specific deflection
levels of the turbine blades, and b) processing the
received data and potentially comparing the re-
ceived data with parameters.

[0082] Determining acurrentoperating conditionin the
present step means determining if the wind turbine is
currently, or based on last data received by the deflection
controller, in acceptable operating conditions, a.k.a. if the
rotation disk, and thus the turbine blades are within the
acceptable range of deformation, or not. The determina-
tion of the current operating conditions is used to deter-
mine if, when and what corrective action(s) must be trig-
gered.

[0083] Processing the presence of some data may in-
clude determining fault associated with some detection
means, hence lack of signal, or detecting deflection sig-
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nal that is associated with a turbine blade being deflected
of at least a predetermined percentage, as illustrated
through Figs. 3, Figs. 4A-C and Figs. 6A-C.

[0084] Processing the received data may comprise
comparing the deflection data to the blade position data
to single out turbine blade weakness, comparing deflec-
tion data of distinct turbine blades to monitor rotation disk
deformation, and comparing deflection data ofthe turbine
blades over a plurality of cycles to detect data variation
that may be due, for instance, to vibrations.

[0085] Processing the received data and comparing
the received data with parameters may comprise, as il-
lustrated through Figs. 3, Figs. 4A-C and Figs. 6A-C the
comparison of the received data, or of the clearance de-
termined based on the received data, to pre-set operation
parameters such as deflection percentages.

[0086] Atstep $122,the method may comprise, based
on the result of the processing of the collected data, iden-
tifying a condition, such as a percentage of deflection,
specific to an identified turbine blade.

[0087] Atstep S124,the method may comprise, based
on the result of the processing of the collected data, iden-
tifying a condition, such as a) malfunction of a detector,
b) weather condition preventing the system to operate
adequately, specific to a component of the system, and
c) communication problems between components of the
system for example.

[0088] Atstep $126,the method may comprise, based
on the result of the processing of the collected data, iden-
tifying a condition, such as general level of deflection,
that applies to the rotation disk, hence to the turbine
blades.

[0089] Atstep $128,the method may comprise, based
on the result of the processing of the collected data, iden-
tifying that the wind turbine operates in acceptable con-
ditions. Such conclusion may be regularly registered for
maintenance purposes.

[0090] At step $132, the method may comprise to trig-
ger one of the available corrective actions above dis-
cussed. The determination of the corrective action(s) to
trigger is based on a corrective algorithm taking into ac-
count a series of parameters such as the determined
current operating conditions, the severity of the identified
current operating conditions, the size and configuration
of the wind turbine, the components of the system, the
components of the wind turbine, a corrective history, raw
data from which result the determination of the current
operating conditions, etc. Such a corrective action may
include operative actions (such as changes in the pitch
angle) and non-operative actions (such as signals trans-
mitted to a maintenance central).

[0091] While preferred embodiments have been de-
scribed above and illustrated in the accompanying draw-
ings, it will be evident to those skilled in the art that mod-
ifications may be made without departing from the scope
of the appended claims. Such modifications are consid-
ered as possible variants.
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Claims

1. A system for monitoring deflection of turbine blades
(22) of a wind turbine (10) comprising a tower (12),
wherein the turbine blades (22) comprise segments
along a length of the turbine blades (22), the system
comprising:

a position detection apparatus (40) mounted to
the wind turbine distant from the turbine blades
(22), the position detection apparatus (40) com-
prising position detection components (42) each
configured to detect a presence or absence of
a corresponding one of the segments of the tur-
bine blades (22); and

a deflection controller (44) configured to receive
the presence or absence detection and to use
the presence or absence detection to determine
adistance of each of the segments of the turbine
blades (22) relative to the tower (12), whereby
the distance of each of the segments of the tur-
bine blades (22) relative to the tower (12) is rep-
resentative of the deflection of the turbine blades
(22),

wherein each of the position detection components
(42) are set to a spread angle, the spread angle de-
fining a detection area for detecting the presence of
a blade segment, characterized in that the spread
angle associated with a first one of the position de-
tection components (42) is larger than the spread
angle associated with a second one of the position
detection components (42) and wherein the first po-
sition detection component (42) is oriented to detect
a segment of a turbine blade closer to the blade tip
(35) than the second position detection component
(42).

2. Thesystemofclaim 1, wherein the position detection
components (42) comprise a pulsed laser source
and a sensor.

3. The system of claim 1 or 2, wherein each one of the
position detection components (42) is setat adistinct
angle relative to a horizontal plane.

4. The system of any one of claims 1 to 3, wherein a
spread angle ratio of the spread angle associated
with the first one of the position detection compo-
nents (42) over the spread angle associated with the
second one of the position detection components
(42) is above 2 to 1.

5. The system of any one of claims 1 to 4, wherein the
wind turbine further comprises a nacelle and wherein
the position detection apparatus (40) is mounted to
and under the nacelle (16).
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The system of claim 5, further comprising at least
one of an inclinometer (82) and an accelerometer
(84) that is/are configured to provide data regarding
bending of the tower (12) or inclination of the nacelle
(16).

The system of any one of claims 1 to 6, further com-
prising a corrective system (90), wherein the deflec-
tion controller (44) is configured to trigger actions to
be performed by the corrective system (90) upon de-
tection of deflection of the turbine blades (22) outside
an acceptable range.

The system of claim 7, wherein the wind turbine (10)
comprises a nacelle (16) mounted to the tower (12),
a hub (20) mounted to the nacelle (16), with the tur-
bine blades (22) mounted to the hub (20), wherein
the corrective system (90) is adapted to perform at
least one of:

altering pitch of atleast one of the turbine blades
(22);

modifying blade load by modifying torque de-
mand over the hub (20);

modifying yawing of the nacelle (16); and
applying a break on the hub (20).

The system of any one of claims 1 to 8, wherein the
position detection apparatus (40) further comprises
a plurality of neighbor detection components (42)
each configured to collect data regarding a distinct
lateral neighbor field of detection each correspond-
ing to a distinct segment of rotation cycle of the tur-
bine blades (22), whereby each of the neighbor de-
tection components (42) is configured to monitor a
passage of blade tips (35) of the turbine blades (22)
travelling through an associated distinct lateral
neighbor field of detection at a distinct phase of a
rotation cycle of the turbine blades (22).

The system of claim 9, wherein the neighbor detec-
tion components comprise a pulsed laser source and
a sensor

A method of monitoring deflection of turbine blades
(22) of a wind turbine (10) comprising a tower (12),
wherein the turbine blades (22) comprise segments
along a length of the turbine blades (22), the method
comprising:

detecting presence or absence of a correspond-
ing one of the segments of the turbine blades
(22) with a position detection apparatus (40)
mounted to the wind turbine distant from the tur-
bine blades, the position detection apparatus
(40) comprising position detection components
(42) each detecting a presence or absence of a
corresponding one of the segments of the tur-
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bine blades (22); and

processing, using a deflection controller (44),
the detected presence or absence to determine
a distance of each segments of the turbine
blades (22) relative to the tower (12), wherein
the distance of each of the segments of the tur-
bine blades (22) relative (22) to the tower (12)
is representative of the deflection of the turbine
blades (22), wherein each of the position detec-
tion components (42) are set to a spread angle,
the spread angle defining a detection area for
detecting the presence of a blade segment,
characterized in that the spread angle associ-
ated with a first one of the position detection
components (42) is larger than the spread angle
associated with a second one of the position de-
tection components (42) and wherein the first
position detection component (42) is oriented to
detect a segment of a turbine blade closerto the
blade tip (35) than the second position detection
component (42).

Patentanspriiche

1.

System zur Uberwachung einer Ablenkung von Tur-
binenschaufeln (22) einer Windturbine (10), die ei-
nen Mast(12) umfasst, wobei die Turbinenschaufeln
(22) entlang einer Lange der Turbinenschaufeln (22)
Segmente umfassen, wobei das System umfasst:

eine Positionserfassungsvorrichtung (40), die
mit Abstand von den Turbinenschaufeln (22) an
der Windturbine montiert ist, wobei die Positi-
onserfassungsvorrichtung (40) Positionserfas-
sungskomponenten (42) umfasst, von denen je-
de eingerichtet ist, ein Vorhandensein oder
Nichtvorhandensein eines entsprechenden ei-
nen von den Segmenten der Turbinenschaufeln
(22) zu erfassen; und

eine Ablenkungssteuereinrichtung (44), die ein-
gerichtetist, die Erfassung des Vorhandenseins
oder

Nichtvorhandenseins zu empfangen und die Er-
fassung des Vorhandenseins oder Nichtvorhan-
denseins zu verwenden, um einen Abstand von
jedem der Segmente der Turbinenschaufeln
(22) in Bezug auf den Mast (12) zu bestimmen,
wobeider Abstand von jedem der Segmente der
Turbinenschaufeln (22) in Bezug auf den Mast
(12) die Ablenkung der Turbinenschaufeln (22)
darstellt,

wobei jede von den Positionserfassungskomponen-
ten (42) auf einen Spreizwinkel eingestellt ist, wobei
der Spreizwinkel einen Erfassungsbereich furdie Er-
fassung des Vorhandenseins eines Schaufelseg-
ments definiert, dadurch gekennzeichnet, dass
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der Spreizwinkel, der einer ersten von den Positi-
onserfassungskomponenten (42) zugeordnet ist,
groReristals der Spreizwinkel, der einer zweiten von
den Positionserfassungskomponenten (42) zuge-
ordnetist, und wobei die erste Positionserfassungs-
komponente (42) so ausgerichtet ist, dass sie ein
Segment einer Turbinenschaufel erkennt, das sich
naher an der Schaufelspitze (35) befindet als die
zweite Positionserfassungskomponente (42).

System nach Anspruch 1, wobei die Positionserfas-
sungskomponenten (42) eine Pulslaserquelle und
einen Sensor umfassen.

Systemnach Anspruch 1 oder2, wobei jede einzelne
von den Positionserfassungskomponenten (42) in
Bezug aufeine horizontale Ebene aufeinen anderen
Winkel eingestellt ist.

System nach einem der Anspriche 1 bis 3, wobei
ein Spreizwinkelverhaltnis von dem Spreizwinkel,
der der ersten von den Positionserfassungskompo-
nenten (42) zugeordnetist, zu dem Spreizwinkel, der
der zweiten von den Positionserfassungskompo-
nenten (42) zugeordnet ist, groReristals 2 zu 1.

System nach einem der Anspriche 1 bis 4, wobei
die Windturbine ferner eine Gondel umfasst, und wo-
bei die Positionserfassungsvorrichtung (40) an und
unter der Gondel (16) montiert ist.

System nach Anspruch 5, ferner mindestens eines
von einem Neigungsmesser (82) und einem Be-
schleunigungsmesser (84) umfassend, der einge-
richtet ist bzw. die eingerichtet sind, Daten bezuglich
einer Biegung des Mastes (12) oder einer Neigung
der Gondel (16) bereitzustellen.

System nach einem der Anspriche 1 bis 6, ferner
ein Korrektursystem (90) umfassend, wobei die Ab-
lenkungssteuereinrichtung (44) eingerichtet ist,
MaRnahmen auszuldsen, die von dem Korrektursys-
tem (90) auszufuhren sind, sobald eine Ablenkung
der Turbinenschaufeln (22) tber einen tolerierbaren
Bereich hinaus erfasst wird.

System nach Anspruch 7, wobei die Windturbine
(10) eine an dem Mast (12) montierte Gondel (16),
eine an der Gondel (16) montierte Nabe (20) umfasst
und die Turbinenschaufeln (22) an der Nabe (20)
montiert sind, wobei das Korrektursystem (90) dafur
ausgelegt ist, zumindest eines durchzufiihren von:

einer Anderung eines Neigungswinkels von
mindestens einer der Turbinenschaufeln (22);
einer Modifizierung einer Schaufelbelastung
durch Modifizieren einer Drehmomentanforde-
rung Uber der Nabe (20) ;
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10.

1.

einer Modifizierung eines Gierens der Gondel
(16); und einer Anwendung einer Bremse auf
die Nabe (20).

System nach einem der Anspriiche 1 bis 8, wobei
die Positionserfassungsvorrichtung (40) ferner eine
Mehrzahl von Nachbarerfassungskomponenten
(42) umfasst, von denen jede eingerichtet sind, Da-
ten bezuglich eines bestimmten lateralen Nachbar-
erfassungsbereichs zu sammeln, die jeweils einem
bestimmten Segment eines Umlaufzyklus der Tur-
binenschaufeln (22) entsprechen, wobei jede von
den Nachbarerfassungskomponenten (42) einge-
richtetist, ein Vorbeigehen von Schaufelspitzen (35)
der Turbinenschaufeln (22), die einen zugeordneten
bestimmten lateralen Nachbarerfassungsbereich
durchlaufen, in einer bestimmten Phase eines Um-
laufzyklus der Turbinenschaufeln (22) zu Gberwa-
chen.

System nach Anspruch 9, wobei die Positionserfas-
sungskomponenten eine Pulslaserquelle und einen
Sensor umfassen.

Verfahren zum Uberwachen einer Ablenkung von
Turbinenschaufeln (22) einer Windturbine (10), die
einen Mast (12) umfasst, wobei die Turbinenschau-
feln (22) entlang einer Lange der Turbinenschaufeln
(22) Segmente umfassen, wobei das Verfahren um-
fasst:

Erfassen eines Vorhandenseins oder Nichtvor-
handenseins eines entsprechenden einen von
den Segmenten der Turbinenschaufeln (22) mit
einer

Positionserfassungsvorrichtung (40), die mit
Abstand von den Turbinenschaufeln (22) an der
Windturbine montiert ist, wobei die Positionser-
fassungsvorrichtung (40) Positionserfassungs-
komponenten (42) umfasst, von denen jede ein
Vorhandensein oder Nichtvorhandensein eines
entsprechenden einen von den Segmenten der
Turbinenschaufeln (22) erfasst; und
Verarbeiten des erfassten Vorhandenseins
oder

Nichtvorhandenseins unter Verwendung einer
Ablenkungssteuereinrichtung (44), um einen
Abstand von jedem der Segmente der Turbinen-
schaufeln (22) in Bezug auf den Mast (12) zu
bestimmen, wobei der Abstand von jedem der
Segmente der Turbinenschaufeln (22) in Bezug
auf den Mast (12) die Ablenkung der Turbinen-
schaufeln (22) darstellt,

wobei jede von den Positionserfassungskomp-
onenten (42) auf einen Spreizwinkel eingestellt
ist, wobei der Spreizwinkel einen Erfassungs-
bereich zum Erfassen des Vorhandenseins ei-
nes Schaufelsegments definiert, dadurch ge-
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kennzeichnet,

dass

der Spreizwinkel, der einer ersten von den Po-
sitionserfassungskomponenten (42) zugeord-
net ist, groBer ist als der Spreizwinkel, der einer
zweiten von den Positionserfassungskompo-
nenten (42) zugeordnet ist, und

wobei die erste Positionserfassungskomponen-
te (42) so ausgerichtet ist, dass sie ein Segment
einer Turbinenschaufel erfasst, das sich naher
an der Schaufelspitze (35) befindet als die zwei-
te Positionserfassungskomponente (42).

Revendications

Systéme de surveillance de la déviation des pales
de turbine (22) d’une turbine éolienne (10) compre-
nant une tour (12), dans lequel les pales de turbine
(22) comprennent des segments sur une longueur
des pales de turbine (22), le systéme comprenant :

- un appareil de détection de position (40) monté
sur la turbine éolienne a distance des pales de
turbine eolienne (22), 'appareil de détection de
position (40) comprenant des composants de
détection de position (42) chacun configuré pour
détecter une présence ou une absence d’'un des
segments correspondants des pales de turbine
(22) ;

et

- un contréleur de déviation (44) configuré pour
recevoir la détection de présence ou d'absence
et pour utiliser la détection de présence ou d’ab-
sence pour déterminer une distance de chacun
des segments des pales de turbine (22) par rap-
port a la tour (12), selon lequel la distance de
chacun des segments des pales de turbine (22)
par rapport a la tour (12) est représentative de
la déviation des pales de turbine (22),

dans lequel chacun des composants de détection
de position (42) est réglé surun angle d'écartement,
I'angle d’écartement définissant une zone de détec-
tion pour détecter la présence d'un segment de pale,
caractérisé en ce que I'angle d'écartement associé
a un premier des composants de détection de posi-
tion (42) est plus grand que I'angle d’ecartement as-
socié & un deuxiéme des composants de détection
de position (42) etdans lequel le premier composant
de détection de position (42) est orienté pour détec-
ter un segment de pale de turbine plus prés de l'ex-
tremite de la pale (35) que le deuxieme composant
de détection de position (42).

Systéme selon la revendication 1, dans lequel les
composants de détection de position (42) compren-
nent une source laser a impulsion et un capteur.
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3.

Systéme selon la revendication 1 ou 2, dans lequel
chacun des composants de détection de position
(42) est réglé a un angle distinct par rapport & un
plan horizontal.

Systéme selon I'une quelconque des revendications
1 a 3, dans lequel un rapport d’angle d’ecartement
entre I'angle d'écartement associé au premier des
composants de détection de position (42) et 'angle
d'ecartement associé au deuxiéme des composants
de détection de position (42) est supérieur a 2:1.

Systéme selon I'une quelconque des revendications
1 & 4, dans lequel la turbine éolienne comprend en
outre une nacelle et dans lequel I'appareil de détec-
tion de position (40) est monté sur et sous la nacelle
(16).

Systéme selon la revendication 5, comprenant en
outre au moins l'un d'un inclinométre (82) et d’'un
accéléromeétre (84) qui est/sont configuré(s) pour
fournir des données concernant la flexion de la tour
(12) ou l'inclinaison de la nacelle (16).

Systéme selon l'une quelconque des revendications
1 a6, comprenant en outre un systéme de correction
(90), dans lequel le contréleur de déviation (44) est
configuré pour déclencher des actions a effectuer
par le systéme de correction (90) sur détection de
déviation des pales de turbine (22) en dehors d’'une
plage acceptable.

Systéme selon la revendication 7, dans lequel la tur-
bine éolienne (10) comprend une nacelle (16) mon-
tée sur la tour (12), un moyeu (20) monté sur la na-
celle (16), avec les pales de turbine (22) montées
sur le moyeu (20), dans lequel le systéme de cor-
rection (90) est adapté pour effectuer au moins l'un
des éléments suivants :

» modifier le pas d’au moins une des pales de
turbine (22) ;

» modifier la charge de pale en modifiant la de-
mande de couple exercée sur le moyeu (20) ;
» modifier le lacet de la nacelle (16) et

« appliquer un frein sur le moyeu (20).

Systéme selon l'une quelconque des revendications
1 a8, dans lequel I'appareil de detection de position
(40) comprend en outre une pluralité de composants
de détection de proximité (42) chacun configuré pour
collecter des données concernant un champ de dé-
tection voisin latéral distinct correspondant a un seg-
ment distinct du cycle de rotation des pales de tur-
bine (22), dans lequel chacun des composants de
detection voisin (42) est configuré pour surveiller un
passage d'extrémité de pale (35) des pales de tur-
bine (22) traversant un champ voisin latéral distinct
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associé a une phase distincte d’'un cycle de rotation
des pales de turbine (22).

Systéme selon la revendication 9, dans lequel les
composants de détection voisins comprennent une
source laser a impulsion et un capteur.

Méthode de surveillance de la déviation des pales
de turbine (22) d’une turbine éolienne (10) compre-
nant une tour (12), dans laquelle les pales de turbine
(22) comprennent des segments sur une longueur
des pales de turbine (22), la méthode comprenant :
la détection de la présence ou de I'absence de I'un
des segments correspondants des pales de la tur-
bine (22) avec un appareil de détection de position
(40) monté sur la turbine éclienne a distance des
palesdelaturbine, 'appareil de détection de position
(40) comprenant des composants de détection de
position (42) chacun détectant une présence ou une
absence d'un des segments correspondants des pa-
les de turbine (22) et le traitement, en utilisant un
contrdleur de déviation (44), de la présence détectée
ou I'absence pour déterminer une distance de cha-
cun des segments des pales de turbine (22) par rap-
port & la tour (12), ou la distance de chacun des
segments des pales de turbine (22) par rapport a la
tour (12) est représentative de la déviation des pales
de turbine (22), dans laquelle chacun des compo-
sants de detection de position (42) est réglé sur un
angle d'écartement, I'angle d’écartement définissant
une zone de détection pour détecterla présence d’'un
segment de pale, caractérisé en ce que l'angle
d'écartement associé avec un premier des compo-
sants de détection de position (42) est supérieur a
I'angle d'écartement associé a un second des élé-
ments de détection de position (42) et dans laquelle
le premier composant de détection de position (42)
est orienté pour détecter un segment de pale de tur-
bine plus proche de I'extrémité de la pale (35) que
le second composant de détection de position (42).
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