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DESCRIPTION

Field of the Invention

[0001] The present invention relates to a system and method for the monitoring of deflection
of a wind turbine blade.

Background of the Invention

[0002] Modern wind turbine designs seek to incorporate various blade monitoring systems, in
order to provide for reliable and controlled operation of the wind turbine. Such monitoring
systems can include blade deflection monitoring systems, which are used to provide an
indication of wind turbine blade deflection or flexing during turbine operation. This information
can be used to monitor for the possibility of a future tower strike by the wind turbine blades,
and to perform appropriate controller actions, e.g. blade pitching or turbine braking to avoid
such a predicted tower strike.

[0003] An example of such a deflection monitoring system is provided in US Patent No.
7,883,316, which describes a deflection monitoring system utilising a wireless communication
network, operable to detect the position of various points along the length of the blade, and to
determine blade bending from this information.

[0004] US 2010/021298 discloses a wireless deflection monitoring system comprising a
nacelle communication device.

[0005] WO 2009/143848 discloses an optical monitoring system.

[0006] However, it has been found that such wireless monitoring systems are vulnerable to
various operational factors which act to reduce the effectiveness of the monitoring system, e.g.
interference from reflection or multipath effects, signal attenuation caused by passing through
layers of different materials, etc. Traditionally, such monitoring systems are mounted internally
of the wind turbine blade structure, and are accordingly susceptible to considerable
interference due to signal reflection from the internal blade laminates and blade spars.

[0007] It is an object of the invention to provide an improved blade deflection monitoring
system which is less susceptible to the above-described factors.

Summary of the Invention

[0008] Accordingly, there is provided a wind turbine blade comprising an airfoil profile body
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having a pressure side and a suction side, and a leading edge and a trailing edge with a chord
length extending therebetween, the blade having a tip end and a root end, the wind turbine
blade further comprising:

at least one tip communication device located towards said tip end,

at least one root communication device located towards said root end, said at least one root
communication device in wireless communication with said at least one tip communication
device via a wireless communication path, to monitor the distance between said at least one tip
communication device and said at least one root communication device to determine a
movement of said at least one tip communication device relative to said at least one root
communication device indicative of a blade deflection, wherein

said at least one root communication device is provided on at least one bracket projecting from
an external surface of said wind turbine blade at said root end, wherein said root
communication device is spaced from the external surface of said blade to minimize path loss
in the communication path between said at least one tip communication device and said at
least one root communication device.

[0009] Through monitoring for changes in the distance between communications devices
provided towards the root and tip ends of the blade, it is relatively easy to determine the
deflection of the wind turbine blade. This information can then be used to provide for improved
wind turbine control, e.g. in the event that a blade deflection may lead to a tower strike,
emergency pitching of the wind turbine blade may be carried out.

[0010] By positioning the root communication device on the exterior of the blade, and
furthermore by spacing the communication path away from the blade surface, the
communication path between the two communication devices is less affected by path loss due
to reflection, multipath, signal attenuation and/or signal absorption. This results in improved
signal quality for the communication link between the devices, and accordingly provides for an
improved blade deflection detection system. Furthermore, the positioning of the root and tip
devices on the blade itself ensures that the communication path between the devices is
maintained, regardless of blade pitch or rotation, or turbine yaw movements. By providing the
devices in the same pitching co-ordinate system, this allows for a considerable simplification of
the calculations required for system operation, when compared with alternative systems having
a first device mounted to a blade and a second device mounted to a rotor hub or to a turbine
nacelle.

[0011] Preferably, said at least one bracket projects from the external surface of said wind
turbine blade, said at least one root communication device located at a distal end of said at
least one bracket, the wind turbine blade having a characteristic maximum deflection shape for
the wind turbine blade, wherein the length by which said at least one bracket projects from the
external surface of the wind turbine blade is selected based on said characteristic maximum
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deflection shape, such that the path loss of the communication path between said at least one
tip communication device and said at least one root communication device is below a
predetermined acceptable path loss level.

[0012] As any wind turbine blade will have a maximum deflection level that the blade is
certified for, this can be seen as a worst-case deflection scenario. Accordingly, by spacing the
root communication device at a certain distance from the surface of the blade, an acceptable
signal communication level can be ensured for all predicted deflection levels of the blade.

[0013] Additionally or alternatively, said at least one bracket projects from the external surface
of said wind turbine blade, said at least one root communication device located at a distal end
of said at least one bracket, wherein said at least one tip communication device is provided on
the external surface of the wind turbine blade, the wind turbine blade having a range of
certified deflection shapes, wherein

the length by which said at least one bracket projects from the external surface of the wind
turbine blade is selected such that a line-of-sight communication path is maintained between
said at least one tip communication device and said at least one root communication device for
said range of certified deflection shapes of said blade.

[0014] By providing the root communication device on a relatively long bracket, a line-of-sight
connection between the tip and root devices can be maintained for all predicted deflection
shapes of the wind turbine blade, resulting in an excellent signal quality for the communication
path between the devices.

[0015] It will be understood however that the tip communication device may be provided
internally of the blade body, e.g. on an internal blade beam, web, or spar.

[0016] Alternatively, said tip communication device may be provided externally of the blade
body. For example, the tip communication device may be mounted to an external surface of
the blade, or located within a groove, channel or aperture defined on the external surface of
the blade, such that at least a portion of said tip communication device is exposed to the
exterior of the blade. By locating the tip communication device exterior of the blade body, the
quality of the signal strength between the communication devices is preserved and the
waveform has reduced distortion, as the signal does not have to pass through the wall of the
blade body between the devices. For an externally-mounted tip device, preferably the device is
shaped to reduce acoustic noise, and/or the blade further comprises noise-reduction features,
to lessen the effect of any operational noise produced by the externally-mounted device.

[0017] Preferably, the system is configured such that the communication signal propagates
along either the leading or trailing edge of the blade, and flapwise bending of blade results in
maximum change in signal propagation time.

[0018] Preferably, said at least one root communication device is located towards the leading
edge or trailing edge of said wind turbine blade. Preferably, said at least one tip communication
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device is located towards the leading edge or trailing edge of said wind turbine blade. In one
aspect on the invention, said at least one root communication device and said at least one tip
communication device are located towards the same side of said wind turbine blade.

[0019] By locating the communication devices at or near the blade leading or trailing edges,
this provides for improved signal quality of the communication path between the root and tip
devices. Firstly, due to the relatively high curvature of the external surface of the blade at the
leading and trailing edges, any signal reflections from this curved surface will be scattered over
a relatively wide area, compared to similar reflections from a relatively planar surface. As a
result, any reflection interference to the communication path between the devices will be
reduced. Secondly, due to the relatively small edgewise deflection of wind turbine blade when
compared to flapwise blade deflection, the bracket height can be kept relatively small to
maintain a line-of-sight connection between the devices, or at least a communication path
having low path loss.

[0020] Additionally, as the thickness of the blade laminate at the blade leading or trailing edge
is relatively thin when compared with the thickness at other sections of the blade, e.g. where
the laminate is thicker for structural reasons, if the communication path between the root and
tip devices must pass through a portion of the blade body, the signal quality of the
communication path is less affected by having to pass through a relatively thin laminate
section.

[0021] It will be understood that the devices may be provided at the blade leading or trailing
edges, or adjacent the leading or trailing edge.

[0022] Preferably, the wind turbine blade comprises a first root communication device
provided on a first bracket and a second root communication device provided on a second
bracket, the first and second root communication devices provided towards the leading or
trailing edge wherein said first root communication device is located on the pressure side of
said leading or trailing edge and said second root communication device is located on the
suction side of said leading or trailing edge.

[0023] By placing the root devices on either side of the leading or trailing edge, the root
devices can be provided at definable positions which allow for trilateration and/or triangulation
distance or location measurements.

[0024] Preferably, the wind turbine blade comprises a first tip communication device located at
a first position along the length of the wind turbine blade towards the tip end of the blade and a
second tip communication device located at a second position along the length of the wind
turbine blade towards the tip end of the blade, wherein said first position is spaced from said
second position, said second position located between said first position and said tip end.

[0025] Spacing the two tip devices along the length of the blade allows for blade deflection to
be calculated for two distinct points along the length of the blade. Accordingly, a more accurate
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estimation of blade deflection can be provided, and the system additionally allows for
measurement of blade moments and the monitoring of blade mode shapes. This can result in
accurate control of blade mode excitation, through appropriate control of blade active devices,
actuators, etc.

[0026] Preferably, said at least one root communication device is operable to determine the
location of said at least one tip communication device using trilateration. Additionally or
alternatively, said at least one root communication device is operable to determine the location
of said at least one tip communication device using triangulation.

[0027] Preferably, said at least one tip communication device and said at least one root
communication device are ultra-wideband (UWB) location tracking and/or communication
devices, and wherein said communication path is a UWB signal communication path.

[0028] UWB communication allows for a range or distance measurement to be performed
between a transmitter and a receiver device, in a low-power application, minimizing the effects
of outside interference.

[0029] It will be understood that said at least one tip communication device and/or said at
least one root communication device is selected from one of the following: a receiver, a
transmitter, a receiver-transmitter circuit, or a transceiver. It will further be understood that the
at least one tip communication device may comprise an antenna provided towards said tip end,
the antenna coupled to a receiver, transmitter, receiver-transmitter circuit, or transceiver device
provided at a separate location, e.g. towards the blade root end.

[0030] Such a setup will allow for the relatively complex electronics of the receiver, transmitter,
receiver-transmitter, or transceiver circuit to be positioned at a relatively easily serviceable
location, e.g. a blade root end. An antenna may be provided at a location adjacent the tip end,
and coupled to the electronics via a signal cable or other suitable connection. Such a cable
may be provided coupled to internal blade components, e.g. an internal lightning down
conductor cable.

[0031] Preferably, the wind turbine blade comprises at least one processor component
communicatively coupled to at least one of said communication devices, wherein said at least
one processor component is arranged in a controller housing located at or adjacent the root
end of the wind turbine blade, wherein said at least one processor component is selected from
at least one of the following: a receiver, a transmitter, a receiver-transmitter circuit, a
transceiver, a controller.

[0032] In this embodiment, the relatively sensitive active electronics used to transmit, receive,
and/or at least partially process the wireless communication signals can be housed in a secure
environment, which may be sealed to prevent ingress of moisture, and/or electrically shielded
to prevent external electromagnetic interference and/or lightning strikes from affecting the
contained components. For example, said housing may be coupled to a lightning protection
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system of a wind turbine, to provide a path to ground for any lightning strikes on the housing.
Such a controller housing can accordingly be located in a relatively easily serviceable location,
to allow for service and/or repair of components when needed, e.g. at the root end of a blade,
or in a wind turbine hub or nacelle.

[0033] Preferably, the wind turbine blade comprises at least one blade module coupled to said
at least one tip communication device, wherein said at least one tip communication device and
said at least one root communication device are operable to transmit data to or from said at
least one blade module using said communication path between said at least one tip
communication device and said at least one root communication device.

[0034] In this case, the communication path between the root and tip devices can perform the
dual purpose of providing a range or distance measurement, i.e. for determining blade
deflection, as well as for the transmission of data between the root and tip ends of the blade. It
will be understood that the distance calculation signal transmitted via the communication path
may be modulated with said data.

[0035] It will be understood that said at least one blade module may comprise a blade sensor
device, e.g. an accelerometer, a strain sensor, a vibration sensor, etc., wherein said tip
communication device is operable to transmit sensor data from said blade sensor device to a
controller via said at least one root communication device.

[0036] Additionally or alternatively, said at least one blade module may comprise a blade
active lift device, e.g. a flap, a piezoelectric surface module, a spoiler, a tab, a fluid injection
device, etc., wherein said root communication device is operable to transmit a control signal to
said blade active lift device via said at least one tip communication device.

[0037] In one embodiment, the wind turbine blade comprises at least one accelerometer
coupled with said at least one tip communication device, said at least one accelerometer
operable to correct sensor drift.

[0038] Additionally or alternatively, the wind turbine blade further comprises a controller, said
controller operable to control a signal transmitted along said communication path between said
at least one tip communication device and said at least one tip communication device, wherein
said controller is further operable to adjust the signal gain of said signal based on at least one
of the following: a measured blade deflection level, a predicted blade deflection level, a signal
strength level of a signal received via said communication path.

[0039] Such an adaptive control of the communications link between the root and tip devices
provides for improved system operation, and reduced operational power requirements due to
optimized signal levels.

[0040] The controller may act to reduce signal gain when the deflection level of the blade is
known to provide reduced interference to the communication path, e.g. when the blade allows
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a clear line-or-sight path between the root and tip devices. In addition, as the deflection
characteristics of the blade are known, it is possible to determine the effect that a particular
blade deflection may have on signal quality in the communication path. Accordingly, the
controller can act to adjust signal gain based on the interference and/or absorption
characteristics of the deflected blade.

[0041] As blade deflection can be monitored over time, it may be possible to predict the likely
future deflection of the blade. Accordingly, the controller may act to adjust signal gain based on
this predicted deflection, to ensure sufficient signal quality for future time periods.

[0042] Finally, the controller may act to boost or reduce the signal gain based on the current
signal conditions along the communication path, providing for improved performance.

[0043] Preferably, the wind turbine blade further comprises radio-wave absorbing material
provided on at least a section of the wind turbine blade components.

[0044] Radio-wave absorbing material or radar-absorbent material acts to absorb radio
waves, thereby reducing the effect of multipath and signal reflections on the communication
path between the root and tip devices.

[0045] Additionally or alternatively, the surface of at least a section of the wind turbine blade
components may be surface treated to improve system performance, e.g. a portion of the
surface may be roughened through a grinding or abrasive process, such that any signal
reflections from such a surface are reflected or scattered across a random distribution of
directions.

[0046] Preferably, the radio-wave absorbing material is provided on that sections of the wind
turbine blade located adjacent to or on the communication path between said at least one tip
communication device and said at least one tip communication device.

[0047] The absorbing material can be provided at the locations providing the most benefit for
the reduction of signal interference to the communication path, e.g. along a portion of the
blade leading edge, along a section of the internal blade webs, etc.

[0048] Additionally, there is provided a wind turbine having at least one wind turbine blade as
described above.

[0049] Additionally, there is provided a wind turbine having at least one wind turbine blade as
described above.

[0050] Preferably, the wind turbine comprises a pitch control system operable to adjust the
pitch of at least one wind turbine blade of said wind turbine, wherein the input to said pitch
control system is at least partially based on the determined movement of said at least one tip
communication device relative to said at least one root communication device indicative of a
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blade deflection.

[0051] It will be understood that the wind turbine may be provided with a supplementary safety
system, which is operable to ensure turbine safety, and prevent tower strikes, etc., in the event
of failure of the blade deflection measurement system.

[0052] There is further provided a method of monitoring the deflection of a wind turbine blade,
the wind turbine blade having a pressure side and a suction side, and a leading edge and a
trailing edge with a chord length extending therebetween, the blade having a tip end and a root
end, the method comprising the steps of:

providing at least one tip communication device located towards the tip end of a wind turbine
blade,

providing at least one root communication device located towards the root end of said wind
turbine blade, said at least one root communication device in wireless communication with said
at least one tip communication device via a wireless communication path,

transmitting a signal between said at least one tip communication device and said at least one
root communication device along said wireless communication path,

calculating a distance measurement between said at least one tip communication device and
said at least one root communication device based on said signal, and

determining a current blade deflection value based on said distance measurement, wherein
the method further comprises the step of

adjusting a signal gain level of said signal based on at least one of the following: the current
blade deflection value, a predicted blade deflection value based at least in part upon said
current blade deflection value, or a signal strength level of a signal received via said
communication path.

[0053] The use of such a control method can provide improved performance over existing
systems, as the power consumption of the wireless communication system can be optimised
for most efficient operation, and which may be based on the prior knowledge of the structural
characteristics of the wind turbine blade in question.

[0054] There is further provided a method of controlling a wind turbine having at least one
wind turbine blade, the method comprising the steps of:

monitoring the deflection of at least one wind turbine blade as described above; and

at least one wind turbine blade to control the deflection of said at least one wind turbine blade.

[0055] There is further provided a method of designing a blade monitoring system as
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described above for use on a wind turbine blade, the method comprising the steps of:

providing a wind turbine blade comprising an airfoil profile body having a pressure side and a
suction side, and a leading edge and a trailing edge with a chord length extending
therebetween, the blade having a tip end and a root end and a defined characteristic deflection
profile,

providing at least one tip communication device located towards said tip end,

providing at least one root communication device located towards said root end, said at least
one root communication device in wireless communication with said at least one tip
communication device via a wireless communication path, to monitor the distance between
said at least one tip communication device and said at least one root communication device to
determine a movement of said at least one tip communication device relative to said at least
one root communication device indicative of a blade deflection,

providing at least one bracket projecting from an external surface of said wind turbine blade at
said root end, wherein said at least one root communication device is provided on said at least
one bracket, and

calculating a predicted signal quality level for the wireless communication path between said at
least one tip communication device and said at least one root communication device for a
series of blade deflection shapes of said defined characteristic deflection profile,

wherein the method further comprises the step of:

selecting the height of said at least one bracket such that said at least one root communication
device is spaced from the external surface of said blade, such that the predicted signal quality
level for the wireless communication path is above an acceptable quality limit for a defined
range of blade deflection shapes of said defined characteristic deflection profile.

[0056] By utilising the known deflection profile of the blade, it is possible to provide a simple
and efficient method for deriving the best location of the root device, such that signal quality is
maintained at an acceptable level for a range of estimated deflection shapes. This ensures
effective operation of the deflection monitoring system.

[0057] Preferably, said defined range of blade deflection shapes comprises the certified
deflection range of said wind turbine blade.

[0058] As each wind turbine blade will have a certified maximum deflection level, an
operational deflection range of the blade can be seen as the range of deflection shapes
between the normal at-rest shape of the blade and the certified maximum deflection shape of
the blade. Selecting the bracket height based on this operational range of shapes ensures that
the operation of the deflection monitoring system will not be seriously affected by any of the
predicted deflection shapes of the blade.
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[0059] Preferably, the height of said bracket is selected such that a direct line between said at
least one tip communication device and said at least one root communication device passes
through less than a predefined blade laminate thickness for said defined range of blade
deflection shapes.

[0060] Adirect line can be understood as an RF Line of Sight (RF LOS), which is a direct line
between a transmitter and a receiver, passing through whichever obstacles may be located in
the way. As the thickness of the laminate that the signal passes through can determine the
effects of multipath and signal attenuation on the received signal, by selecting the height of the
bracket to ensure that the transmitted signal will pass through a predefined acceptable
laminate thickness level ensures that the signal quality of the deflection system can be
guaranteed to acceptable levels for the range of predicted deflection shapes. It will be
understood that the signal will most likely propagate at a relatively low angle through the
laminate, and that the predefined laminate thickness level is understood to refer to the
thickness of the laminate in the appropriate angled direction.

[0061] Preferably, said direct line passes through less than two layers of laminate of the wind
turbine blade for said defined range of blade deflection shapes.

[0062] In the event that deflection of the blade will result in the signal path between the root
and tip devices having to pass through at least a portion of the body of the wind turbine blade,
preferably the signal path between devices will only pass through a single blade laminate layer
at most. This may occur when the tip device is provided internally of the wind turbine blade,
and/or wherein deflection of the blade results in a portion of the blade laminate being
positioned in the RF Line-of-Sight between the root and tip devices.

[0063] In one aspect, the height of said bracket is selected such that a clear line of sight is
maintained between said at least one tip communication device and said at least one root
communication device for said defined range of blade deflection shapes.

[0064] A clear line of sight will be understood as meaning no obstructions between a
transmitter and receiver, also known as a visible or optical line of sight. Such a configuration
may require the use of a relatively long bracket, as well as an externally-mounted tip
communication device.

Description of the Invention

[0065] Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Fig. 1 shows a wind turbine;
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Fig. 2 shows a schematic view of a wind turbine blade;
Fig. 3 shows a schematic view of an airfoil profile of the blade of Fig. 2;

Fig. 4 illustrates a wind turbine blade having a blade deflection monitoring system according to
an embodiment of the invention;

Fig. 5 is a cross-sectional view of an embodiment of the blade of Fig. 4 taken at the root end of
the blade;

Fig. 6 is an isometric perspective view of a portion of the leading edge of an embodiment of the
blade of Fig. 4;

Fig. 7 is a pair of illustrative sketches of the communication paths of the blade deflection
monitoring system of the invention when the blade is (a) unbent and (b) subject to bending;
and

Fig. 8 is an overview of a control system for a blade deflection monitoring system according to
an embodiment of the invention.

[0066] It will be understood that the attached drawings are illustrative only, and are not
provided to scale.

[0067] Fig. 1 illustrates a conventional modern upwind wind turbine according to the so-called
"Danish concept" with a tower 4, a nacelle 6 and a rotor with a substantially horizontal rotor
shaft. The rotor includes a hub 8 and three blades 10 extending radially from the hub 8, each
having a blade root 16 nearest the hub and a blade tip 14 furthest from the hub 8. The rotor
has a radius denoted R.

[0068] Fig. 2 shows a schematic view of a first embodiment of a wind turbine blade 10 which
may be used according to an embodiment of the invention. The wind turbine blade 10 has the
shape of a conventional wind turbine blade and comprises a root region 30 closest to the hub,
a profiled or an airfoil region 34 furthest away from the hub and a transition region 32 between
the root region 30 and the airfoil region 34. The blade 10 comprises a leading edge 18 facing
the direction of rotation of the blade 10, when the blade is mounted on the hub, and a trailing
edge 20 facing the opposite direction of the leading edge 18.

[0069] The airfoil region 34 (also called the profiled region) has an ideal or almost ideal blade
shape with respect to generating lift, whereas the root region 30 due to structural
considerations has a substantially circular or elliptical cross-section, which for instance makes it
easier and safer to mount the blade 10 to the hub. The diameter (or the chord) of the root
region 30 is typically constant along the entire root area 30. The transition region 32 has a
transitional profile 42 gradually changing from the circular or elliptical shape of the root region
30 to the airfoil profile 50 of the airfoil region 34. The chord length of the transition region 32
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typically increases substantially linearly with increasing distance r from the hub.

[0070] The airfoil region 34 has an airfoil profile 50 with a chord extending between the
leading edge 18 and the trailing edge 20 of the blade 10. The width of the chord decreases
with increasing distance r from the hub.

[0071] It should be noted that the chords of different sections of the blade normally do not lie
in a common plane, since the blade may be twisted and/or curved (i.e. pre-bent), thus
providing the chord plane with a correspondingly twisted and/or curved course, this being most
often the case in order to compensate for the local velocity of the blade being dependent on
the radius from the hub.

[0072] Fig. 3 shows a schematic view of an airfoil profile 50 of a typical blade of a wind turbine
depicted with the various parameters which are typically used to define the geometrical shape
of an airfoil. The airfoil profile 50 has a pressure side 52 and a suction side 54, which during
use - i.e. during rotation of the rotor - normally face towards the windward (or upwind) side and
the leeward (or downwind) side, respectively. The airfoil 50 has a chord 60 with a chord length
¢ extending between a leading edge 56 and a trailing edge 58 of the blade. The airfoil 50 has a
thickness t, which is defined as the distance between the pressure side 52 and the suction side
54. The thickness t of the airfoil varies along the chord 60. The deviation from a symmetrical
profile is given by a camber line 62, which is a median line through the airfoil profile 50. The
median line can be found by drawing inscribed circles from the leading edge 56 to the trailing
edge 58. The median line follows the centres of these inscribed circles and the deviation or
distance from the chord 60 is called the camber f. The asymmetry can also be defined by use
of parameters called the upper camber and lower camber, which are defined as the distances
from the chord 60 and the suction side 54 and pressure side 52, respectively.

[0073] Airfoil profiles are often characterised by the following parameters: the chord length c,
the maximum camber f, the position df of the maximum camber f, the maximum airfoil
thickness t, which is the largest diameter of the inscribed circles along the median camber line
62, the position dt of the maximum thickness t, and a nose radius (not shown). These
parameters are typically defined as ratios to the chord length c.

[0074] Wind turbine blades are generally formed from fibre-reinforced plastics material, i.e.
glass fibres and/or carbon fibres which are arranged in a mould and cured with a resin to form
a solid structure. Modern wind turbine blades can often be in excess of 30-40 metres in length,
having blade root diameters of several metres.

[0075] With reference to Fig. 4, a wind turbine blade 10 is shown having a blade deflection
monitoring system according to the invention. The deflection monitoring system comprises at
least one root end wireless communication device 70 and at least one tip end wireless
communication device 72. The respective wireless devices 70,72 are operable to establish a
communication link, and perform a range measurement between the different devices 70,72.
The blade 10 may further comprise a controller (not shown) which is operable to receive the
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range measurement details from the communication devices in order to determine the
measured blade deflection.

[0076] In order to minimise the effects of multipath and/or signal absorption, the root end
communication device 70 is provided on a bracket 74 formed by a tripod or arm projecting
from the external surface of the wind turbine 10. The root end communication device 70 is
provided at a distal end of the bracket 74, such that the root end communication device 70 is
spaced from the external surface of the blade 10. Accordingly, the effect of reflections from the
surface of the blade 10 on the communications link between the root and tip devices 70,72 is
reduced, resulting in an improved signal quality between the root and tip communication
devices 70,72.

[0077] Preferably, the height of the bracket 74 above the blade surface is selected such that
the signal quality of the communications link, e.g. the Signal-to-Noise ratio, is preserved above
a pre-defined quality level during blade operation. In such a configuration, the path loss of the
communications link between devices is maintained at acceptable levels for efficient and
effective operation of the blade deflection monitoring system.

[0078] In one aspect, the bracket 74 has a height of approximately 1 metre above the surface
of the wind turbine blade.

[0079] In one aspect, the height by which the bracket 74 projects above the external surface
of the wind turbine blade is between approximately 10%-50% of the diameter of the wind
turbine blade root end 16, preferably approximately 20% of the root end diameter 76. Such a
bracket height will ensure that any negative effects on the communication link between the root
and tip devices 70,72 will be minimised while not imposing significant structural requirements
for the bracket height and possible structural loads associated therewith.

[0080] In one aspect, the root and tip devices 70,72 are located at the leading edge 18 of the
wind turbine blade 10. As a communication device mounted on the leading or trailing edge
18,20 is less susceptible to flapwise bending than a sensor mounted on the pressure or suction
sides of the blade 10, and as the magnitude of the edgewise bending of the blade 10 is
understood to be significantly less than that of flapwise bending, this provides for improved
reliability of the communications link between the root and tip devices 70,72, as the
communications path between devices is less likely to be disturbed by bending of the blade 10.
Furthermore, as the leading edge 18 of a blade 10 is generally a substantially even surface
extending in a longitudinal direction from the root end 16 to the tip end 14 of the blade 10, a
line of sight is more easily maintained between the root and tip devices 70,72 for such an
arrangement.

[0081] Additionally or alternatively, the root and tip devices 70,72 may be mounted at the
blade trailing edge 20.

[0082] Locating the root and tip devices 70,72 at the relatively curved blade leading or trailing
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edges 18,20 ensures that the path loss due to reflection will be minimised for the signal path
between the devices, compared to providing the devices at the pressure or suction side
surfaces such that the signal path is arranged over such relatively flat surfaces, leading to
relatively high levels of signal reflection and associated path loss.

[0083] It will be understood that the positioning of the root and tip devices 70,72 may be
selected based at least in part upon the wavelength of the signals used in the wireless
communications link between the devices, in particular the curvature of the blade relative to the
wavelength of the pulse signal. Preferably, the communication signal path is arranged along or
adjacent portions of the wind turbine blade having a curvature less than the wavelength, to
reduce reflection interference in the signal path.

[0084] In one embodiment of a wireless communication link, the wireless communication
signals have a frequency of the order of 4.2 GHz, which results in a wavelength of
approximately 7 centimetres. In such a case, the leading edge of the blade will have a
relatively larger curvature, when compared with the signal wavelength, with the result that the
leading edge, while curved, will act as a flat surface for the wireless signals. The flat surface
will then lead to a greater reflection effect on the signal path, and increased signal interference.

[0085] By comparison, the trailing edge of a blade will have a curvature closer to that of the
signal wavelength, with the result that the curved surface will produce a diffraction of the signal
from the surface. Such a diffraction effect will be spread over a relatively wide area, and
accordingly will have minimal effect on the signal strength of the communication signal path
between the devices.

[0086] It will be understood that the devices may be positioned on a wind turbine blade such
that the signal quality of the communications link between devices increases as the wind
turbine blade is deflected towards a wind turbine tower. For example, the devices may be
positioned such that deflection of the blade towards a tower results in less path loss between
the devices, e.g. due to less reflective surfaces located along the RF Line-of-Sight between
devices. In this configuration, the signal between devices becomes clearer and more accurate
as the blade is deflected, such that the deflection monitoring system becomes more accurate
for periods where the importance of deflection monitoring increases.

[0087] In a preferred embodiment of the invention, preferably first and second root end
communication devices are provided 70a,70b. Fig. 5 illustrates a cross-sectional view of the
first and second root end communication devices 70a,70b located at the substantially circular
root end 16 of the blade 10. The root devices 70a,70b are provided on the distal ends of
respective first and second brackets 74a,74b.

[0088] The brackets 74a,74b project from the external surface of the wind turbine blade 10,
the first and second brackets 74a,74b provided at opposite sides of the leading edge 18 of the
wind turbine blade 10. Fig. 6 illustrates the root and tip end devices as arranged along a view
of the leading edge 18 of the wind turbine blade 10.
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[0089] Preferably, at least two tip end devices 72a,72b are provided on the wind turbine blade
10, spaced along the longitudinal direction of the blade 10 towards the blade tip end 14. As
indicated in Fig. 6, by performing a range measurement between (a) the first root device 70a
and the first tip device 72a, and (b) the second root device 70b and the first tip device 72a, a
controller is operable to determine the position of the first tip device 72a using trilateration
and/or triangulation techniques. Accordingly, the movement of the first tip device 72a may be
monitored to determine deflection of the wind turbine blade 10.

[0090] Similarly, a range measurement is performed between (a) the first root device 70a and
the second tip device 72b, and (b) the second root device 70b and the second tip device 72b,
to determine the position of the second tip device 72b using trilateration and/or triangulation
techniques. This allows for the movement of the second tip device 72b to be further monitored,
to determine blade deflection at a second point along the length of the wind turbine blade 10.

[0091] The provision of two separate measurement points on the wind turbine blade 10
indicated by the location of the first and second tip devices 72a,72b allows for the
measurements of blade moments during blade operation to be additionally monitored by the
controller.

[0092] With reference to Fig. 5, the height of the brackets 74a,74b is selected such that the
root devices 70a,70b provided on the distal ends of the respective brackets 74a,74b are
located at a height H above the external surface of the wind turbine blade. Furthermore, the
brackets 74a,74b are positioned such that the respective root devices 70a,70b are separated
by a distance D, preferably above the leading edge 18 of the blade 10.

[0093] As the deflection characteristics of the wind turbine blade 10 may be determined from
the details of the blade construction, and additionally as each wind turbine blade 10 has a
maximum certified deflection level defining an allowable range of blade deflection shapes, it is
possible to configure the arrangement of the blade deflection monitoring system of the
invention based on the wind turbine blade in question.

[0094] In one aspect, the respective tip devices 72a,72b are provided on the exterior of the
wind turbine blade 10, wherein a clear line of sight exists between the root devices 70a,70b
and the tip devices 72a,72b. Preferably, the height H of the brackets 74a,74b is selected such
that a clear line of sight exists between the root devices 70a,70b and the tip devices 72a,72b,
with no obstructions, for all of the deflection shapes of the certified deflection for the wind
turbine blade 10.

[0095] In an alternative aspect, the respective tip devices 72a,72b are provided on the interior
of the wind turbine blade 10, wherein the communication link between the root devices
70a,70b and the tip devices 72a,72b passes through a portion of the structural laminate of the
wind turbine blade 10, as can be seen in Fig. 7.
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[0096] Preferably, the height H of the brackets 74a,74b is selected such that an RF Line-of-
Sight can be maintained between the respective root and tip devices 70a,70b,72a,72b, such
that the communication link is maintained between the root and tip devices 70a,70b,72a,72b
for all of the deflection shapes of the certified deflection for the wind turbine blade 10, without
falling below acceptable signal quality levels. Preferably, the height of the bracket 74a,74b is
selected such that, for all of the certified deflection shapes, a direct RF Line-of-Sight between
the root devices 70a,70b and the tip devices 72a,72b will only pass through a single layer of
the structural laminate of the blade 10.

[0097] As the signal will only pass through a single laminate layer between devices, the
received signal is accordingly less affected by reflections from additional surfaces between the
tip and root devices.

[0098] Additionally or alternatively, the height H of the brackets 74a,74b is selected such that,
for all of the certified deflection shapes, a direct RF Line-of-Sight between the root devices
70a,70b and the tip devices 72a,72b will pass through at most a maximum blade laminate
thickness of approximately 20 centimetres.

[0099] Additionally or alternatively, in Fig. 7(b) the height H of the brackets 74a,74b is selected
such that, for all of the certified deflection shapes, the communications path between the root
devices 70a,70b and the first tip device 72a will not overlap with the communications path
between the root devices 70a,70b and the second tip device 72b, thereby reducing the effect
of any interference between the communications links between devices.

[0100] In one aspect, the bracket height H is between 10%-50% of the diameter of the root
end of the wind turbine blade, preferably approximately 25-30%.

[0101] In one embodiment, the bracket height H is between approximately 0.5-3 metres,
preferably approximately 1-2 metres.

[0102] In one aspect, the distance between root devices D is between 75-200% of the
diameter of the root end of the wind turbine blade, preferably between approximately 100-
150%.

[0103] By spacing the root devices relatively far away from each other, the accuracy of the
trilateration and/or triangulation measurement is improved.

[0104] In one embodiment, the distance D is between approximately 0.5-5 metres, preferably
between approximately 1-3 metres, further preferably approximately 2 metres.

[0105] In a further aspect, preferably the root devices are located within 0-25% of the length
of the blade from the root end of the blade. Preferably, the root devices are located within 10
metres along the longitudinal direction of the blade from the root end of the blade.
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[0106] It will be understood that said at least one tip communication device and/or said at
least one root communication device is selected from one of the following: a receiver, a
transmitter, a receiver-transmitter circuit, or a transceiver. It will further be understood that the
at least one tip communication device may comprise an antenna provided towards said tip end,
the antenna coupled to a receiver, transmitter, receiver-transmitter circuit, or transceiver device
provided at a separate location, e.g. towards the blade root end.

[0107] Preferably, the tip devices 72a,72b are located towards the tip end 14 of the wind
turbine blade 10. Preferably, the second tip device 72b is located proximate the tip end 14, and
the first tip device 72a is located between the second tip device 72b and the root end 16 of the
blade 10.

[0108] In one aspect, the second tip device 72b is located on the blade between 95-100% of
the length of the blade from the root end 16, and the first tip device 72a is located between 90-
95% of the length of the blade from the root end 16.

[0109] In one embodiment, the second tip device 72b is located within 2 metres of the tip end
14 of the blade 10, preferably approximately 1 metre, and the first tip device 72a is located
within 5 metres of the tip end 14 of the blade 10, preferably approximately 2.5 metres.

[0110] The wind blade comprises mode shapes in which it vibrates, or deforms. Modal
analysis can be performed on wind turbine blades, to determine the blade eigenfrequencies
and mode shapes. In one aspect, the tip devices are positioned based on the known mode
shapes of the wind turbine blade, in particular the first and second order shapes of the blade,
the mode 1 and mode 2 shapes of the blade. In such known mode shapes, a node is a point
on the structure which does not oscillate for a particular mode shape.

[0111] Any measured deflection at a point on the blade will be a superposition of all the exited
modes. The large majority of such deflection will be from the first and second mode shapes, as
they hold the most energy. Accordingly, it is advantageous to focus on the first two mode
shapes which are exited on the blade, as the third and above hold very little energy.

[0112] By measuring two positions on the blade, it is possible to have two equations with two
unknowns (the mode 1 and mode 2 coordinates), and thereby determine the amount of mode
1 and mode 2 excitation in the current blade deflection. Having the first two mode shape
coordinates, and knowing the stiffness of the blade, it is possible to calculate the deflection,
and bending moment at any location of the blade from the tip to the root.

[0113] It will be understood that any two measurement locations may be selected along the
length of the blade to determine the mode 1 and mode 2 shapes.

[0114] Preferably, the second tip device 72b is provided at a location between the node of the
mode 2 shape and the tip end of the blade, and the first tip device 72a is provided at the
location of the node of said mode 2 shape. Even with a small uncertainty in the placement of
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this the first tip device 72a, it will not sense the mode shape 2 deformation. Accordingly, a
measurement of mode shape 1 is performed without the influence of mode shape 2.

[0115] The second tip device 72b is preferably placed close to the tip in order to get a good
measurement of the tip position. This measurement position will be a superposition of mode
shape 1 and mode shape 2 deformations. To get the second mode shape the two equations
with two unknowns must be solved.

[0116] Alternatively, the second tip device 72b is provided at a location between the node of
the mode 2 shape and the tip end of the blade, and the first tip device 72a is provided at a
location between the node of said mode 2 shape and the root end of the blade. Further
alternatively, the first and second tip devices 72a,72b are provided at a location between the
node of the mode 2 shape and the tip end of the blade, the first tip device 72a spaced from
said second tip device 72b along the longitudinal direction of the blade. The mode 1 and mode
2 shapes may be determined using simultaneous equations.

[0117] By monitoring the deflection of two separate points related to the mode 1 and mode 2
shapes of the blade, it is possible to derive the excitation level of the blade mode shapes.
Accordingly, the blade moments, in particular the blade tilt and yaw moments, can be derived
from the deflection of the devices. This system provides a considerable advantage over prior
art systems, which are unable to determine blade moments from monitored blade deflection.

[0118] In one aspect, at least a portion of the wind turbine blade 10 may be coated with a
radio-wave-absorbent material, which acts to reduce the radio reflectivity of the blade
structure, thereby reducing the multipath effects on the communications link between the tip
and root devices. In a preferred aspect, the radio-wave-absorbent material is provided on at
least a portion of the blade adjacent the RF Line-of-Sight between the root devices and the tip
devices. In an additional or alternative aspect, the surface of the wind turbine blade 10
proximate the RF Line-of-Sight between the root devices and the tip devices may be treated to
reduce reflectivity, or to ensure that signals reflected from said surfaces are scattered over a
relatively wider area compared to signals reflected from an untreated surface, such that the
multipath effects on the communications link are further reduced. Such surface treatment may
comprise the provision of relatively small abrasions or inconsistencies in the blade surface, to
provide for a wider scattering of reflected signals.

[0119] Preferably, the communications link is using Ultra Wide Band (UWB) technology, but it
will be understood that any other suitable radio-based communication and ranging technology
may be used.

[0120] It will be understood that the brackets 74a,74b may be formed from any suitable
structure, e.g. a projecting bar, a tripod construction. Preferably, the brackets 74a,74b
comprise an open-frame construction, e.g. an open-frame tripod construction, such that the
brackets 74a,74b present minimal wind resistance and/or operational noise during wind turbine
operation.
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[0121] Further features of the system of the invention may include the use of specialized
antenna designs such as directional or circular polarized antennas for the root or tip devices, in
order to further improve the communications link between the devices, and/or the
implementation of pulse shape detection techniques for received signals.

[0122] It will be understood that the system may be retrofitted to an existing wind turbine
blade. For example, at least one tip communication device may be attached to a wind turbine
blade towards the blade tip end, and at least one root communication device may be attached
towards the root end of the blade.

[0123] It will be understood that the blade deflection monitoring system of the invention may
comprise any suitable control system for the efficient and effective operation of the system.

[0124] Fig. 8 shows a control scheme for a blade deflection monitoring system according to
an aspect of the invention, which may be implemented with any of the above-described
embodiments. It will be understood that the control system may be implemented in a dedicated
controller incorporated in an individual blade, or may be implemented in a general purpose
wind turbine controller.

[0125] On initialisation of the control scheme (step 100), the controller acts to establish a
communication link between the at least one root communication device and the at least one
tip communication device, as described in the above embodiments.

[0126] In step 102, the controller instructs the system to transmit a signal from a first of the
communication devices to be received by a second of the communication devices (step 104). It
will be understood that any suitable transmission system may be used, for example the at least
one root device may be instructed to transmit a signal to be received by the at least one tip
device, or vice versa, or the system may be operable to transmit a signal from a first device to
a second device, which is then reflected back to the first device.

[0127] The transmitted signal may be in any suitable form, for example a 'ping'-type signal
may be used, to measure the round-trip time for a message sent between the different
communication devices of the communication link. Additionally or alternatively, the transmitted
signal may comprise encoded data relating to a position measurement, e.g. GPS co-ordinates,
and/or a timestamp indication, which can be used to determine the time-of-flight of the signal,
and the associated distance involved in the communication link. The signal may be a simple
ranging signal, allowing the different communication devices to lock on to the signal and
determine time of flight, etc., and comprising no encoded data. Alternatively, the signal may be
a data-modulated signal, which is operable to transmit data between the different
communication devices, e.g. data output from a blade module such as calibration data from
accelerometers provided towards the tip end of the blade, data outputs from remote sensors
located at the tip end, etc, and/or a control signal for a blade active device, e.g. an active flap
located towards the blade tip end.
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[0128] Based on the signal received at step 104, the controller is operable to analyse the
quality of the received signal, for example the signal strength and/or the signal-to-noise ratio,
and to adjust the gain of the signal transmitted in step 102 based on this analysis. This allows
for improved performance of the deflection monitoring system, as the signal gain can be
increased for conditions wherein the initially received signal strength is low or has a high
signal-to-noise ratio, thereby increasing the reliability of the deflection monitoring system by
increasing the quality of the received signal. Furthermore, in cases where the signal quality of
the received signal is above acceptable limits, the controller may be operable to reduce the
signal gain of the transmitted signal in order to reduce the power requirements of the deflection
monitoring system.

[0129] In some cases, the controller is operable to continually monitor the received signal
based on the signal gain adjustment of the transmitted signal, and may determine that the
received signal quality is affected by increased multipath or reflection effects on the signal. In
such cases, the controller may be operable to reduce the signal gain of the transmitted signal,
in order to reduce the magnitude of the reflected signals, thereby providing improved signal
quality of the received signal.

[0130] In step 106, the received signal is used by the controller to determine blade deflection.
As the received signal is used to determine a range measurement, the distance of the at least
one tip communication device from the at least one root communication device can be
measured, with changes in this distance an indication of blade deflection, at least at the
location of said at least one tip device. In systems employing at least two root devices, the
position of the at least one tip device can be determined using trilateration or triangulation
techniques, to more precisely measure the deflection of the blade at the location of the tip
device.

[0131] Based on the detected blade deflection, the controller is operable to instruct the wind
turbine to perform a control operation (step 108) in order to prevent, or at least reduce the risk
of, a tower strike from the wind turbine blades. This may involve performing a pitching
operation for one or all of the wind turbine blades, braking the wind turbine to arrest blade
rotation, and/or actuating a hinging mechanism for at least a portion of the blade, such that the
blade-tower clearance is increased.

[0132] In cases where the deflection profile of the wind turbine blade in question is known,
and/or the effects of different blade deflection shapes on the quality of signals transmitted and
received along the communication link of the deflection monitoring system are known, it may
be advantageous to adjust signal gain based on the deflection shape of the blade, thereby
providing a faster response to potentially adverse communications conditions. Accordingly,
based on the determined deflection of step 106, the controller may be operable to adjust the
signal gain of the transmitted signal based on said determined deflection (step 112).

[0133] Additionally or alternatively, the controller may be operable to record the measured
deflection of the wind turbine blade, and accordingly predict a likely future deflection profile for
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the blade, based at least in part upon the historical deflection pattern of the blade and/or the
forecasted environmental conditions, e.g. wind speed, at the wind turbine. In such a case, in
step 112 the adjustment of the signal gain for the transmitted signal may then be based at least
in part upon the predicted deflection shape of the wind turbine blade.

[0134] Such an adaptive control scheme for the communication link between the root and tip
devices can provide for improved performance of the deflection monitoring system, resulting in
improved accuracy, speed, and power consumption of the system.

[0135] It will be understood that steps 110 and 112 are independent, and may be separately
implemented in individual control systems according to the invention.

[0136] The invention provides a system and method to ensure accurate monitoring of blade
deflection, having improved signal quality and reduced path loss between devices. As a result
of this configuration, the deflection monitoring system has relatively low power requirements,
and provides improved reliability compared to prior art wireless deflection monitoring systems.
Furthermore, as all components of the monitoring system, i.e. the root devices and the tip
devices, are provided on within the pitch frame of the wind turbine blade in question, this
eliminates the need for relatively complicated signal compensation to be performed for
measured signals, e.g. due to blade pitching when some components are mounted to a wind
turbine hub, or due to turbine yawing when some components are mounted to a wind turbine
tower.

[0137] The invention is not limited to the embodiments described herein, and may be modified
or adapted without departing from the scope of the present invention.
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KRAV

1. En vindmegllevinge omfattende et baereplansprofilegeme, der har en trykside og en
sugeside samt en forkant og en bagkant med en kordeleengde strackkende sig derimellem,
idet vingen har en tipende og en rodende, hvor vindmgallevingen yderligere omfatter:

i det mindste en tipkommunikationsindretning placeret mod tipenden,

i det mindste en rodkommunikationsindretning placeret mod rodenden, hvor den i
det mindste ene rodkommunikationsindretning kommunicerer radio-tradlgst med den i det
mindste ene tipkommunikationsindretning via en tradles kommunikationssti, for at
overvage afstanden mellem den i det mindste ene tipkommunikationsindretning og den i
det mindste ene rodkommunikationsindretning for at bestemme en bevaegelse af den i det
mindste ene tipkommunikationsindretning i forhold den i det mindste ene
rodkommunikationsindretning indikativ for en vingeudbgijning, kendetegnet ved, at

den i det mindste ene rodkommunikationsindretning er tilvejebragt pa i det mindste
et beslag, som rager ud fra en ekstern overflade pa vindmellevingen ved rodenden, hvor
rodkommunikationsindretningen er placeret i afstand fra vingens eksterne overflade for at
minimere tab i kommunikationsstien mellem den i det mindste ene

tipkommunikationsindretning og den i det mindste ene rodkommunikationsindretning.

2. Vindmgllevingen ifglge krav 1, hvor den i det mindste ene beslag rager ud fra
vindmgllevinges eksterne overflade, hvor rodkommunikationsindretningen er lokaliseret
ved en distal ende af den i det mindste ene beslag, idet vindmgllevingen har en
karakteristisk maksimal udbgjningsform for vindmgllevingen, hvor laengden med hvilken
beslaget rager ud fra vindmgllevingens eksterne overflade er valgt baseret pa den
karakteristiske maksimale udbgjningsform, s& tabet i kommunikationsstien mellem den i
det mindste ene tipkommunikationsindretning og den i det mindste ene

rodkommunikationsindretning er lavere end et acceptabelt stitabsniveau.

3. Vindmagllevingen ifglge krav 1 eller 2, hvor den i det mindste ene beslag rager ud fra
vindmgllevingens eksterne overflade, hvor rodkommunikationsindretningen er lokaliseret

ved en distal ende af den i det mindste ene beslag, hvor den i det mindste ene
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tipkommunikationsindretning er tilvejebragt pa vindmgllevingens eksterne overflade, hvor

vindmgllevingen har en raekke certificerede udbgjningsformer, hvor

3. The wind turbine blade of claim 1 or claim 2, wherein said at least one bracket projects
from the external surface of said wind turbine blade, said at least one root communication
device located at a distal end of said at least one bracket, wherein said at least one tip
communication device is provided on the external surface of the wind turbine blade, the
wind turbine blade having a range of certified deflection shapes, wherein

hvor leengden med hvilken beslaget rager ud fra vindmgllevingens eksterne
overflade er valgt s& en sigtelinje-kommunikationssti opretholdes mellem den i det mindste
ene tipkommunikationsindretning og den i det mindste ene rodkommunikationsindretning

for reekken af certificerede udbgjningsformer af vingen.

4. Vindmgllevingen ifglge krav 1 eller krav 2, hvor den i det mindste ene
tipkommunikationsindretning er tilvejebragt internt i vingelegemet eller er tilvejebragt
eksternt p& vingelegemet.

5. Vindmgllevingen ifalge ethvert af de foregdende krav, hvor i mindste en af den i det
mindste ene  rodkommunikationsindretning og den i det mindste ene

tipkommunikationsindretning er placeret mod vindmgllevingens forkant eller bagkant.

6. Vindmgllevingen ifglge ethvert af de foregdende krav, hvor placeringen af nzevnte
kommunikationsindretninger er konfigureret s& kommunikationssignalet mellem naevnte
kommunikationsindretninger udbredes enten langs vindmgllevingens forkant eller bagkant,
og hvor den flapvise udbgjning vindmgllevingen resulterer i en maksimal aendring i

signaludbredelsestiden.

7. Vindmallevingen ifglge ethvert af de foregaende krav, hvor den farste vindmgllevinge
omfatter en farste rodkommunikationsindretning tilvejebragt pa et ferste beslag og en
anden rodkommunikationsindretning tilvejebragt pa et andet beslag, idet den farste og den
anden rodkommunikationsindretning er tilvejebragt mod enten vingens forkant eller

bagkant, hvor den ferste rodkommunikationsindretning er placeret pa tryksiden af vingens
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forkant eller bagkant, g den anden rodkommunikationsindretning er placeret pa sugesiden

af vingens forkant eller bagkant.

8. Vindmgllevingen ifglge ethvert af de foregdende krav, hvor vindmgllevingen omfatter en
forste tipkommunikationsindretning placeret den en fgrste position langs vindmegllevingens
lzengde mod tipenden af vingen og en anden tipkommunikationsindretning placeret ved en
anden position langs vindmagllevingens lsengde mod tipenden af vingen, hvor den farste
position er placeret i afstand fra den anden position, hvor den anden position er lokaliseret

mellem den farste position og tipenden.

9. Vindmgllevingen ifglge krav 8, hvor vindmgllevingen har en modus 1-form og en
modus-2 form, hvor den farste tipkommunikationsenhed er placeret langs vingens leengde
i et knudepunkt for modus 2-formen, og hvor den anden tipkommunikationsindretning er
lokaliseret ved tipenden, sa excitationen af modus 1- og modus 2-formen af
vindmgllevingen kan bestemmes fra udbgjningen af den farste og den anden

tipkommunikationsindretning.

10. Vindmgllevingen ifalge ethvert af de foregdende krav, hvor den i det mindste ene
rodkommunikationsindretning kan opereres til bestemmelse af lokationen af den i det
mindste ene tipkommunikationsindretning ved hjeelp af trilateration og/eller triangulering.

11. Vindmgllevingen ifelge ethvert af de foregaende krav, hvor vindmgllevingen omfatter i
det mindste en processorkomponent, som er kommunikationsmaessigt er koblet til i det
mindste en af naevnte kommunikationsindretninger, hvor den i det mindste ene
processorkomponent er arrangeret i et styreenhedshus lokaliseret ved eller ved siden af
vindmgllevingens rodende, hvor den i det mindste ene processorkomponent er valgt fra
det mindste en af de fglgende: en modtager, en transmitter, en modtager-transmitter-

kredslgb, en transceiver, en styreenhed.

12. Et vindenergianleeg med i det mindste en vindmgllevinge ifalge ethvert af kravene 1-
11.
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13. Et vindenergianleeg ifelge krav 12, yderligere omfattenden et pitchstyringssystem, som
kan opereres til at justere pitch af i det mindste en vindmgllevinge pé vindenergianlaegget,
hvor inputtet til pitchstyringssystemet er i det mindste delvist baseret pa den bestemte
bevaegelse af den i det mindste ene tipkommunikationsindretning i forhold til den i det

mindste ene rodkommunikationsindretning indikativ for en vingeudbgjning.

14, En fremgangsmade til design et vingeovervagningssystem ftil brug pa en
vindmgllevinge ifalge ethvert af kravene 1-11, hvor fremgangsmaden omfatter fglgende
trin:

tilvejebringelse af en vindmgallevinge omfattende et basreplansprofillegeme, der har
en trykside og en sugeside samt en forkant og en bagkant med en kordeleengde
streekkende sig derimellem, idet vingen har en tipende og en rodende samt en defineret
karakteristisk udbgjningsprofil,

tilvejebringelse af i det mindste en tipkommunikationsindretning placeret mod
tipenden,

tilvejebringelse af i det mindste en rodkommunikationsindretning placeret mod
rodenden, hvor den i det mindste ene rodkommunikationsindretning kommunicerer radio-
tradlgst med den i det mindste ene tipkommunikationsindretning via en tradles
kommunikationssti, for at overvdge afstanden mellem den i det mindste ene
tipkommunikationsindretning og den i det mindste ene rodkommunikationsindretning for at
bestemme en bevaegelse af den i det mindste ene tipkommunikationsindretning i forhold
den i det mindste ene rodkommunikationsindretning indikativ for en vingeudbgjning

tilvejebringelse af i det mindste et beslag, som rager ud fra en ekstern overflade pa
vindmgllevingen ved rodenden, hvor rodkommunikationsindretningen er tilvejebragt pa
den i det mindste ene beslag, og

beregning af et forudsagt signalkvalitetsniveau for den tradlgse kommunikationssti
mellem den i det mindste ene tipkommunikationsindretning og den idet mindste ene
rodkommunikationsindretning for en serie af vingeudbgijningsformer for den definerede
karakteristiske udbgjningsprofil,

hvor fremgangsmaden yderligere omfatter falgende trin:

valg af hgjden af det i det mindste ene beslag, s& den i det mindste ene
rodkommunikationsindretning er placeret i afstand fra vingens eksterne overflade, sa det

forudsagte signalkvalitetsniveau for den traddlese kommunikationssti er hgjere end en
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acceptabel kvalitetsgraense for en defineret serie af vingeudbgjningsformer for den

definerede karakteristiske udbgjningsprofil.

15. Fremgangsmaden ifglge krav 14, hvor hgjden af beslaget er valgt s& en sigtelinje
opretholdes mellem den i det mindste ene tipkommunikationsindretning og den i det
mindste ene rodkommunikationsindretning for reekken af definerede udbgjningsformer af

vingen.
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Fig. 1
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