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(54) Systems and methods for monitoring a condition of a rotor blade for a wind turbine

(57) A rotor blade condition monitoring system (40)
for use with a wind turbine (10) is provided. The wind
turbine includes at least one rotor blade (28). The rotor
blade condition monitoring system includes at least one
sensor (80) configured to sense a vibration of the rotor

blade (28) and to transmit at least one monitoring signal
indicative of the sensed vibration, and a controller com-
municatively coupled to the sensor for receiving the mon-
itoring signal from the sensor, the controller configured
to determine a condition of the rotor blade based on the
received monitoring signal.
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Description

[0001] The subject matter described herein relates
generally to systems and methods for monitoring a con-
dition of a wind turbine, and more particularly, to a wind
turbine that includes a rotor blade condition monitoring
system configured to monitor a condition of a rotor blade.
[0002] Because many known wind turbines provide
electrical power to utility grids, at least some wind tur-
bines have larger components (e.g., rotors in excess of
thirty-meters in diameter) that facilitate supplying greater
quantities of electrical power. However, the larger com-
ponents are often subjected to increased loads (e.g.,
asymmetric loads) that result from wind shears, yaw mis-
alignment, and/or turbulence, and the increased loads
have been known to contribute to significant fatigue cy-
cles on the rotor blades and/or other components of the
wind turbine.
[0003] At least some known wind turbines include a
nacelle fixed atop a tower. The nacelle includes a rotor
assembly coupled to a generator through a shaft. In
known rotor assemblies, a plurality of rotor blades extend
from a rotor. The rotor blades are oriented such that wind
passing over the rotor blades turns the rotor and rotates
the shaft, thereby driving the generator to generate elec-
tricity. Known rotor blades are generally subjected to op-
erational detriments from environmental elements, such
as wind shear, extreme temperatures, icing, and general
mechanical wear. Moreover, known rotor blades may be
subjected to stresses that cause fatigue cracking and/or
failure, which may eventually cause suboptimal perform-
ance of the wind turbine. Conventional methods for mon-
itoring some known rotor blades include manual inspec-
tion, which may be infrequent, expensive, and/or time
consuming and introduce undesirable delay and ex-
pense before the suboptimal performance can be ad-
dressed.
[0004] In one aspect according to the present inven-
tion, a method for monitoring a condition of a rotor blade
of a wind turbine is provided. The method includes trans-
mitting, from a sensor to a controller, at least one moni-
toring signal indicative of a vibration of the rotor blade.
The condition of the rotor blade is calculated by the con-
troller based on the monitoring signal.
[0005] In another aspect, a rotor blade condition mon-
itoring system for use with a wind turbine is provided.
The wind turbine includes at least one rotor blade. The
rotor blade condition monitoring system includes at least
one sensor that is configured to sense a vibration of the
rotor blade and to transmit at least one monitoring signal
indicative of the sensed vibration. A controller is commu-
nicatively coupled to the sensor for receiving the moni-
toring signal from the sensor. The controller is configured
to determine a condition of the rotor blade based on the
received monitoring signal.
[0006] In yet another aspect, a wind turbine is provid-
ed. The wind turbine includes a tower, a nacelle coupled
to the tower, a generator positioned within the nacelle, a

rotor, a rotor shaft rotatably coupling the rotor to the gen-
erator, at least one rotor blade coupled to the rotor, and
a rotor blade condition monitoring system. The rotor
blade condition monitoring system includes at least one
sensor that is configured to sense a vibration of the rotor
blade. The sensor is further configured to transmit at least
one monitoring signal indicative of the sensed vibration.
A controller is communicatively coupled to the sensor for
receiving the monitoring signal from the sensor. The con-
troller is configured to determine a condition of the rotor
blade based on the received monitoring signal.
[0007] Various aspects and embodiments of the
present invention will now be described in connection
with the accompanying drawings, in which:

FIG. 1 is a perspective view of an exemplary wind
turbine.

FIG. 2 is an enlarged sectional view of a portion of
the wind turbine shown in FIG. 1 that includes an
exemplary rotor blade condition monitoring system.

FIG. 3 is a perspective view of an exemplary rotor
blade condition monitoring system suitable for use
the wind turbine shown in FIG. 1.

FIG. 4 is a block diagram illustrating an exemplary
rotor blade condition monitoring system suitable for
monitoring the wind turbine shown in FIG. 1.

FIG. 5 is a block diagram illustrating an exemplary
control system suitable for use with the rotor blade
condition monitoring system shown in FIG. 3.

FIG. 6 is a block diagram illustrating an exemplary
user computing device suitable for use with the rotor
blade condition monitoring system shown in FIG. 3.

FIG. 7 is a flow chart illustrating an exemplary meth-
od for operating a rotor blade condition monitoring
system for use with the wind turbine generator sys-
tem shown in FIG. 1.

[0008] Various of the embodiments described herein
facilitate monitoring a condition of a rotor blade for a wind
turbine. More specifically, the embodiments described
herein include a rotor blade condition monitoring system
that facilitates determining the condition of the rotor
blade. In addition, the rotor blade condition monitoring
system facilitates determining the condition of the rotor
blade based on a vibration of the rotor blade during op-
eration of the wind turbine. Moreover, the rotor blade con-
dition monitoring system facilitates operating the wind
turbine to a safety operation upon determining that the
condition of the rotor blade is different than a predefined
rotor blade condition.
[0009] FIG. 1 is a perspective view of an exemplary
wind turbine 10. In the exemplary embodiment, wind tur-

1 2 



EP 2 390 500 A2

3

5

10

15

20

25

30

35

40

45

50

55

bine 10 is a horizontal-axis wind turbine. Alternatively,
wind turbine 10 may be a vertical-axis wind turbine. In
the exemplary embodiment, wind turbine 10 includes a
tower 12 that extends from a support surface 14, a nacelle
16 mounted on tower 12, a generator 18 positioned within
nacelle 16, a gearbox 20 coupled to generator 18, and a
rotor 22 that is rotatably coupled to gearbox 20 with a
rotor shaft 24. Rotor 22 includes a rotatable hub 26 and
at least one rotor blade 28 coupled to and extending out-
wardly from hub 26. Alternatively, wind turbine 10 does
not include gearbox 20, such that rotor 22 is coupled to
generator 18 via rotor shaft 24.
[0010] In the exemplary embodiment, rotor 22 includes
three rotor blades 28. In an alternative embodiment, rotor
22 includes more or less than three rotor blades 28. Rotor
blades 28 are spaced about hub 26 to facilitate rotating
rotor 22 to enable kinetic energy to be transferred from
the wind into usable mechanical energy, and subse-
quently, electrical energy. Rotor blades 28 are mated to
hub 26 by coupling a blade root portion 30 to hub 26 at
a plurality of load transfer regions 32. Loads induced to
rotor blades 28 are transferred to hub 26 via load transfer
regions 32. In the exemplary embodiment, each rotor
blade 28 has a length ranging from about 30 meters (m)
(99 feet (ft)) to about 120 m (394 ft). Alternatively, rotor
blades 28 may have any suitable length that enables wind
turbine 10 to function as described herein. For example,
other non-limiting examples of rotor blade lengths include
10 m or less, 20 m, 37 m, or a length that is greater than
120 m. As wind strikes rotor blades 28 from a direction
34, rotor 22 is rotated about an axis of rotation 36. As
rotor blades 28 are rotated and subjected to centrifugal
forces, rotor blades 28 are also subjected to various forc-
es and moments. As such, rotor blades 28 may oscillate,
deflect and/or rotate from a neutral, or non-deflected, po-
sition to a deflected position. Moreover, a pitch angle or
blade pitch of each rotor blade 28, i.e., an angle that
determines a perspective of rotor blade 28 with respect
to direction 34 of the wind, may be changed by a pitch
adjustment system 38 to control the oscillation, load,
and/or power generated by wind turbine 10 by adjusting
an angular position of rotor blade 28 relative to wind vec-
tors. A rotor blade condition monitoring system 40 is po-
sitioned within nacelle 16 and operatively coupled to rotor
22, rotor blades 28, hub 26, and/or rotor shaft 24 for mon-
itoring a condition of rotor blades 28. Alternatively, rotor
blade condition monitoring system 40 may be operatively
coupled to any structural component of wind turbine 10
that may be coupled, directly or indirectly, to rotor blades
28, wherein a vibration from rotor blades 28 may be trans-
ferred to the structural component. In the exemplary em-
bodiment, rotor blade condition monitoring system 40 in-
cludes a control system 42 that is coupled in operative
communication to pitch adjustment system 38 to control
a pitch of rotor blades 28. In one embodiment, a pitch
angle of each rotor blade 28 is controlled individually by
a control system 42. Alternatively, the pitch angle for all
rotor blades 28 may be controlled simultaneously by con-

trol system 42.
[0011] During operation of wind turbine 10, each rotor
blade 28 is subjected to various environmental forces,
i.e. wind loads and/or rotational loads that cause rotor
blade 28 to oscillate and/or generate a vibration. When
rotor blade 28 operates at vibration frequencies that are
different than predefined rotor blade vibration frequen-
cies, rotor blade 28 may be subjected to increased load
stresses and/or fatigue cycles. Over time, the increased
load stresses and/or fatigue cycles cause structural
cracks and increased mechanical wear in rotor blade 28.
The vibration is imparted to hub 26 from rotor blade 28
through a mechanical connection between rotor blade
28 and hub 26. Hub 26 imparts at least a portion of the
vibration to nacelle 16 and/or rotor shaft 24 via mechan-
ical connections between hub 26 and nacelle 16 and/or
rotor shaft 24. During normal operation, each rotor blade
28 generally operates within a predefined range of vibra-
tion frequency values, based on structural characteristics
of rotor blade 28 and environmental elements. Over time,
as rotor blade 28 is subjected to environmental elements,
such as wind shear, extreme temperatures, icing, and
general mechanical wear, a structural fatigue and/or a
structural crack may develop within rotor blade 28. The
structural fatigue and/or the structural crack may cause
rotor blade 28 to generate a vibration frequency that is
not within the predefined range of vibration frequency
values. Rotor blade condition monitoring system 40 is
configured to monitor the vibration frequency of rotor
blade 28 and to notify an operator when rotor blade 28
is not operating within the predefined range of vibration
frequency values. In one embodiment, rotor blade con-
dition monitoring system 40 is configured to operate pitch
adjustment system 38 to modulate a pitch angle of rotor
blade 28 to facilitate adjusting i.e. to increase or reduce,
the vibration frequency such that rotor blade 28 operates
within a predefined range of vibration frequency values.
Alternatively, rotor blade condition monitoring system 40
is configured to operate pitch adjustment system 38 to
change the pitch angle of rotor blade 28 such that rotor
blade 28 is moved to a feathered position. In the feath-
ered position, the perspective of rotor blade 28 relative
to wind vectors provides a minimal surface area of rotor
blade 28 to be oriented towards the wind vectors, which
facilitates reducing a rotational speed of rotor 22 and/or
facilitates a stall of rotor 22.
[0012] FIG. 2 is an enlarged sectional view of a portion
of wind turbine 10. FIG. 3 is a perspective view of rotor
blade condition monitoring system 40. Identical compo-
nents shown in FIG. 3 are labeled with the same refer-
ence numbers used in FIG. 2. In the exemplary embod-
iment, nacelle 16 includes rotor shaft 24, gearbox 20,
generator 18, and a yaw drive mechanism 44. Yaw drive
mechanism 44 facilitates rotating nacelle 16 and hub 26
on yaw axis 46 (shown in FIG. 1) to control the perspec-
tive of rotor blade 28 with respect to direction 34 of the
wind. Rotor shaft 24 includes a substantially cylindrical
body 48 that extends in a longitudinal direction 50 be-
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tween a first end 52 and an opposite second end 54. First
end 52 is coupled to rotor 22. More specifically, rotor
shaft 24 includes a rotor flange 56 (shown in FIG. 3) that
is fixedly coupled to rotor shaft first end 52. Hub 26 is
coupled to rotor flange 56 such that a rotation of hub 26
about axis 36 facilitates rotating rotor shaft 24 about axis
36. A shaft support bearing 58 is coupled to rotor shaft
24 at or near rotor flange 56 to facilitate radial support
and alignment of rotor shaft 24. Alternatively, wind turbine
10 may include any number of support bearings that en-
able wind turbine 10 to function as described herein.
[0013] Second end 54 is rotatably coupled to gearbox
20. Gearbox 20 includes an input shaft 60 that is config-
ured to receive second end 54 of rotor shaft 24. A shrink
disk 62 is coupled to input shaft 60 and extends radially
outwardly from input shaft 60 such that input shaft 60 is
between shrink disk 62 and rotor shaft 24. Shrink disk 62
is configured to compress input shaft 60 to facilitate cou-
pling input shaft 60 to rotor shaft 24 via a friction fit. A
high speed shaft 64 is coupled between gearbox 20 and
generator 18.
[0014] During operation of wind turbine 10, a rotation
of rotor shaft 24 rotatably drives gearbox 20 that subse-
quently drives high speed shaft 64. High speed shaft 64
rotatably drives generator 18 to facilitate production of
electrical power by generator 18. Rotor shaft 24, gener-
ator 18, gearbox 20, high speed shaft 64, and any asso-
ciated fastening and/or support device including, but not
limited to, rotor flange 56 and/or shaft support bearing
58, are sometimes referred to as a drivetrain 66. In the
exemplary embodiment, drivetrain 66 is supported by a
drivetrain support assembly 68. Drivetrain support as-
sembly 68 includes a bedplate support frame 70 and a
generator frame 72 that is cantilevered from bedplate
support frame 70. Gearbox 20, rotor shaft 24, and shaft
support bearing 58 are each supported by bedplate sup-
port frame 70. Generator 18 is supported by generator
frame 72.
[0015] Shaft support bearing 58 is coupled to a forward
section 74 of bedplate support frame 70. Rotor shaft 24
extends through shaft support bearing 58 and is support-
ed by shaft support bearing 58 and gearbox 20. Hub 26
is coupled to rotor shaft 24 such that hub 26 and rotor
blade 28 (shown in FIG. 1) are each supported by shaft
support bearing 58 and by gearbox 20 via rotor shaft 24.
[0016] In the exemplary embodiment, hub 26 includes
pitch adjustment system 38. Pitch adjustment system 38
includes at least one pitch bearing 76 and at least one
pitch drive 78. Each pitch bearing 76 is coupled to hub
26 and to respective rotor blade 28 (shown in FIG. 1) for
supporting respective rotor blade 28 from hub 26 and to
rotate respective rotor blade 28 about a pitch axis 79.
Each pitch drive 78 is coupled to a respective rotor blade
28 (shown in FIG. 1) for modulating the pitch angle of
associated rotor blade 28 along pitch axis 79. In one em-
bodiment, control system 42 is coupled in operative com-
munication with pitch adjustment system 38, and is con-
figured to operate pitch adjustment system 38 to modu-

late the pitch angle of associated rotor blade 28. Only
one of three pitch adjustment system 38 is shown in FIG.
2.
[0017] During operation of wind turbine 10, wind strikes
rotor blade 28 causing rotor blade 28 to oscillate with
respect to rotor 22, thereby generating vibrations within
rotor blade 28. The vibrations from rotor blade 28 are
imparted to hub 26 from rotor blade 28 through pitch bear-
ing 76. The vibrations from rotor blade 28 are further im-
parted from hub 26 to rotor shaft 24 and/or shaft support
bearing 58 via rotor flange 56.
[0018] Shaft support bearing 58 further imparts the ro-
tor blade vibrations from shaft support bearing 58 to driv-
etrain support assembly 68.
[0019] In the exemplary embodiment, rotor blade con-
dition monitoring system 40 is coupled to hub 26, drive-
train 66, and/or drivetrain support assembly 68 to facili-
tate monitoring a condition of rotor blade 28. More spe-
cifically, rotor blade condition monitoring system 40 is
configured to monitor the vibrations of rotor blade 28 that
are imparted from rotor blade 28 to hub 26, drivetrain 66,
and/or drivetrain support assembly 68. More specifically,
rotor blade condition monitoring system 40 is coupled to
rotor flange 56, rotor shaft 24, shaft support bearing 58,
and/or bedplate support frame 70 to facilitate monitoring
the vibrations of rotor blade 28.
[0020] In the exemplary embodiment, rotor blade con-
dition monitoring system 40 includes control system 42
and one or more sensors 80. Sensors 80 are operatively
coupled to hub 26, drivetrain 66, and/or drivetrain support
assembly 68 for sensing the vibrations of rotor blade 28
imparted to hub 26, drivetrain 66, and/or drivetrain sup-
port assembly 68. More specifically, sensors 80 are cou-
pled to rotor flange 56, rotor shaft 24, shaft support bear-
ing 58, and/or bedplate support frame 70. In the exem-
plary embodiment, sensors 80 are configured to sense
a vibration of rotor blade 28 and to transmit at least one
monitoring signal indicative of the sensed vibration to
control system 42. Control system 42 is configured to
determine a condition of rotor blade 28 based, at least in
part, on the received signal. Control system 42 is further
configured to transmit a notification signal to an operator
upon determining that the condition of rotor blade 28 is
different than a predefined rotor blade condition.
[0021] In one embodiment, control system 42 is con-
figured to calculate an operating vibration frequency val-
ue based, at least in part on the sensed vibration. Control
system 42 is further configured to calculate a range of
operating vibration frequency values based, at least in
part on a plurality of sensed vibrations of rotor blade 28
received from sensors 80 over a period of operation of
wind turbine 10. The range of operating vibration frequen-
cy values includes vibration frequencies wherein rotor
blade 28 operates without being subjected to an increase
in load stresses and/or fatigue cycles that cause struc-
tural cracks and/or increased mechanical wear. In this
embodiment, control system 42 is configured to deter-
mine that a condition of rotor blade 28 is less than a pre-
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defined rotor blade condition upon determining that the
sensed vibration frequency is different than the calculat-
ed operating vibration frequency value and/or is not with-
in the calculated range of operating vibration frequency
values.
[0022] In an alternative embodiment, control system
42 is configured to operate pitch adjustment system 38
to modulate a pitch angle of rotor blade 28 upon deter-
mining that the condition of the rotor blade is less than a
predefined rotor blade condition. Control system 42 op-
erates pitch adjustment system 38 to modulate the pitch
angle to facilitate reducing and/or increasing a vibration
frequency of rotor blade 28 such that the rotor blade 28
operates within the calculated range of operating vibra-
tion frequency values. Alternatively, control system 42
may be configured to rotate rotor blade 28 to a feathered
position upon determining that the condition of rotor blade
28 is less than a predefined condition of rotor blade 28
to facilitate a stall of rotor 22.
[0023] In the exemplary embodiment, sensors 80 in-
clude a proximity sensor 82 or an acceleration sensor
84. Alternatively, sensors 80 may include any sensor that
enables rotor blade condition monitoring system 40 to
function as described herein. In one embodiment, at least
one sensor 80 is coupled to an inner surface 86 of hub
26 and is configured to sense a seismic acceleration of
hub 26 that is caused by the vibrations of rotor blade 28
imparted to hub 26 from rotor blade 28. In an alternative
embodiment, sensor 80 is coupled to rotor flange 56 and
is configured to sense a seismic acceleration of rotor
flange 56 that is caused by the vibrations imparted to
rotor flange 56 from rotor blade 28 through hub 26. Al-
ternatively, sensor 80 may be coupled to shaft support
bearing 58 for sensing a vibration of rotor blade 28 im-
parted to shaft support bearing 58 from rotor blade 28.
In one embodiment, sensors 80 are coupled to shaft sup-
port bearing 58 and/or bedplate support frame 70, and
are positioned adjacent rotor shaft 24 for sensing a
change in a distance between rotor shaft 24 and sensors
80 as rotor shaft 24 is rotated about axis 36.
[0024] FIG. 4 is a block diagram illustrating an exem-
plary rotor blade condition monitoring system 40. In the
exemplary embodiment, rotor blade condition monitoring
system 40 includes a user computing device 88 coupled
to control system 42 via network 90. For example, net-
work 90 may include, without limitation, the Internet, a
local area network (LAN), a wide area network (WAN),
a wireless LAN (WLAN), a mesh network, and/or a virtual
private network (VPN). User computing device 88 and
control system 42 communicate with each other and/or
network 90 using a wired network connection (e.g., Eth-
ernet or an optical fiber), a wireless communication
means, such as radio frequency (RF), an Institute of Elec-
trical and Electronics Engineers (IEEE) 802.11 standard
(e.g., 802.11(g) or 802.11(n)), the Worldwide Interoper-
ability for Microwave Access (WIMAX) standard, a cel-
lular phone technology (e.g., the Global Standard for Mo-
bile communication (GSM)), a satellite communication

link, and/or any other suitable communication means.
WIMAX is a registered trademark of WiMax Forum, of
Beaverton, Oregon. IEEE is a registered trademark of
Institute of Electrical and Electronics Engineers, Inc., of
New York, New York.
[0025] FIG. 5 is a block diagram illustrating an exem-
plary control system 42. In the exemplary embodiment,
control system 42 is a real-time controller that includes
any suitable processor-based or microprocessor-based
system, such as a computer system, that includes micro-
controllers, reduced instruction set circuits (RISC), ap-
plication-specific integrated circuits (ASICs), logic cir-
cuits, and/or any other circuit or processor that is capable
of executing the functions described herein. In one em-
bodiment, control system 42 may be a microprocessor
that includes read-only memory (ROM) and/or random
access memory (RAM), such as, for example, a 32 bit
microcomputer with 2 Mbit ROM and 64 Kbit RAM. As
used herein, the term "real-time" refers to outcomes oc-
curring at a substantially short period of time after a
change in the inputs affect the outcome, with the time
period being a design parameter that may be selected
based on the importance of the outcome and/or the ca-
pability of the system processing the inputs to generate
the outcome.
[0026] In the exemplary embodiment, control system
42 includes a memory area 92 configured to store exe-
cutable instructions and/or one or more operating param-
eters representing and/or indicating an operating condi-
tion of rotor blade 28. Operating parameters may repre-
sent and/or indicate, without limitation, a vibration fre-
quency, a temperature, a rotational velocity, a wind
speed, and/or a wind direction. In one embodiment,
memory area 92 is configured to store a predefined range
of operating vibration frequency values that are received
from user computing device 88. The predefined range of
operating vibration frequencies includes vibration fre-
quencies wherein rotor blade 28 operates without being
subjected to an increase in load stresses and/or fatigue
cycles. In the exemplary embodiment, control system 42
further includes a processor 94 that is coupled to memory
area 92 and is programmed to calculate a condition of
rotor blade 28 based at least in part on one or more op-
erating parameters. For example, processor 94 may be
programmed to calculate a condition of rotor blade 28
based on the predefined range of operating vibration fre-
quency values. Alternatively, processor 94 may be pro-
grammed to calculate a range of operating vibration fre-
quency values based, at least in part on a plurality of
sensed vibrations received from sensor 80 over a period
of operation of wind turbine 10. In one embodiment, proc-
essor 94 may include a processing unit, such as, without
limitation, an integrated circuit (IC), an application spe-
cific integrated circuit (ASIC), a microcomputer, a pro-
grammable logic controller (PLC), and/or any other pro-
grammable circuit. Alternatively, processor 94 may in-
clude multiple processing units (e.g., in a multi-core con-
figuration).
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[0027] In the exemplary embodiment, processor 94 is
programmed to compare a sensed vibration received
from sensor 80 to the calculated range of operating vi-
bration frequency values and/or the predefined range of
operating vibration frequency values. Processor 94 is fur-
ther programmed to determine that a condition of rotor
blade 28 is below the predefined rotor blade condition if
the sensed vibration is not within the calculated range of
operating vibration frequency values and/or the prede-
fined range of operating vibration frequency values.
[0028] Control system 42 also includes a control inter-
face 96 that is configured to control an operation of wind
turbine 10 based at least in part on a calculated condition
of rotor blade 28. In some embodiments, control interface
96 is operatively coupled to one or more wind turbine
control devices 98 for example, pitch adjustment system
38 (shown in FIG. 2).
[0029] In the exemplary embodiment, control system
42 includes a sensor interface 100 that is coupled to at
least one sensor 80 for receiving one or more signals
from sensor 80. Each sensor 80 generates and transmits
a signal corresponding to a sensed vibration of rotor
blade 28. Moreover, each sensor 80 may transmit a sig-
nal continuously, periodically, or only once, for example,
though other signal timings are also contemplated. Fur-
thermore, each sensor 80 may transmit a signal either in
an analog form or in a digital form. Control system 42
processes the signal(s) by processor 94 to create one or
more operating parameters, including, without limitation,
vibration frequency values. In some embodiments, proc-
essor 94 is programmed (e.g., with executable instruc-
tions in memory area 92) to sample a signal produced
by sensor 80. For example, processor 94 may receive a
continuous signal from sensor 80 and, in response, cal-
culate a range of operating vibration frequency values
based on the continuous signal periodically (e.g., once
every five seconds). In some embodiments, processor
94 normalizes a signal received from sensor 80. For ex-
ample, sensor 80 may produce an analog signal with a
parameter (e.g., voltage) that is directly proportional to a
vibration frequency value. Processor 94 may be pro-
grammed to convert the analog signal to the vibration
parameter. In one embodiment, sensor interface 100 in-
cludes an analog-to-digital converter that converts an an-
alog voltage signal generated by sensor 80 to a multi-bit
digital signal usable by control system 42.
[0030] In some embodiments, control system 42 in-
cludes a communication interface 102. Communication
interface 102 is configured to be coupled in communica-
tion with one or more remote devices, such as user com-
puting device 88. Communication interface 102 may be
configured to transmit an operating parameter and/or a
control parameter (e.g., a pitch angle value) to a remote
device. For example, communication interface 102 may
be configured to encode an operating parameter and/or
a control parameter in a signal. In addition, or alterna-
tively, communication interface 102 may be configured
to receive the operating parameter and/or the control pa-

rameter from a remote device and control an operation
of wind turbine 10 based at least in part on the received
operating parameter and/or control parameter.
[0031] Various connections are available between
control interface 96 and control device 98 and between
sensor interface 100 and sensor 80. Such connections
may include, without limitation, an electrical conductor,
a low-level serial data connection, such as Recommend-
ed Standard (RS) 232 or RS-485, a high-level serial data
connection, such as Universal Serial Bus (USB) or Insti-
tute of Electrical and Electronics Engineers (IEEE) 1394
(a/k/a FIREWIRE), a parallel data connection, such as
IEEE 1284 or IEEE 488, a short-range wireless commu-
nication channel such as BLUETOOTH, and/or a private
(e.g., inaccessible outside wind turbine 10) network con-
nection, whether wired or wireless.
[0032] FIG. 6 is a block diagram illustrating an exem-
plary user computing device 88. User computing device
88 includes a processor 104 for executing instructions.
In some embodiments, executable instructions are
stored in a memory area 106. Processor 104 may include
one or more processing units (e.g., in a multi-core con-
figuration). Memory area 106 is any device allowing in-
formation, such as executable instructions and/or other
data, to be stored and retrieved.
[0033] User computing device 88 also includes at least
one media output component 108 for presenting infor-
mation to a user 110. Media output component 108 is
any component capable of conveying information to user
110. Media output component 108 may include, without
limitation, a display device (e.g., a liquid crystal display
(LCD), an organic light emitting diode (OLED) display, or
an audio output device (e.g., a speaker or headphones).
[0034] In some embodiments, user computing device
88 includes an input device 112 for receiving input from
user 110. Input device 112 may include, for example, a
keyboard, a pointing device, a mouse, a stylus, a touch
sensitive panel (e.g., a touch pad or a touch screen), a
gyroscope, an accelerometer, a position detector, and/or
an audio input device. A single component, such as a
touch screen, may function as both an output device of
media output component 108 and input device 112. User
computing device 88 also includes a communication in-
terface 114, which is configured to be communicatively
coupled to network 90 and/or rotor blade condition mon-
itoring system 40.
[0035] During operation of wind turbine 10, control sys-
tem 42 is configured to transmit a notification signal to
user computing device 88 upon determining that the con-
dition of rotor blade 28 is less than the predefined rotor
blade condition. User computing device 88 is configured
to display a notification to user 110 with media output
component 108 upon receiving the notification signal
from control system 42. In an alternative embodiment,
control system 42 is configured to operate pitch adjust-
ment system 38 to modulate a pitch angle of rotor blade
28 to adjust a vibration frequency of rotor blade 28 upon
determining that the condition of rotor blade 28 is less
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than the predefined rotor blade condition. In another al-
ternative embodiment, control system 42 is configured
to control pitch adjustment system 38 in response to a
determined condition of rotor blade 28 to move rotor
blade 28 to a feathered position to facilitate a stall of rotor
22.
[0036] FIG. 7 is a flow chart illustrating an exemplary
method 200 of monitoring a condition of rotor blade 28.
In the exemplary embodiment, method 200 includes
transmitting 202, by sensor 80 to control system 42, at
least one monitoring signal indicative of a vibration of
rotor blade 28 to control system 42. Control system 42
calculates 204 a condition of rotor blade 28 based on the
monitoring signal, and compares 206 the calculated con-
dition with a predefined rotor blade condition. Control sys-
tem 42 transmits 208 a notification signal to user com-
puting device 88 upon determining 210 that the condition
of rotor blade 28 is different than a predefined rotor blade
condition.
[0037] An exemplary technical effect of the methods,
system, and apparatus described herein includes at least
one of: (a) transmitting, from a sensor to a control system,
at least one monitoring signal indicative of a vibration of
a rotor blade; (b) calculating a condition of the rotor blade
based on the monitoring signal; (c) comparing the calcu-
lated condition with a predefined rotor blade condition;
and (d) transmitting a notification signal from the control
system to a remote device upon determining the calcu-
lated condition is different than a predefined rotor blade
condition.
[0038] The above-described systems and methods fa-
cilitate monitoring the condition of a rotor blade used with
a wind turbine. More specifically, a rotor blade condition
monitoring system facilitates sensing a vibration of a rotor
blade and determining the condition of the rotor blade
based on the sensed vibrations. Further, the system de-
scribed herein operates the wind turbine in a safety op-
eration upon determining that the condition of the rotor
blade is different than a predefined rotor blade condition.
As such, the damage that can occur to a rotor blade
and/or a wind turbine during operation is facilitated to be
reduced or eliminated, thereby extending the operational
life of a wind turbine.
[0039] Exemplary embodiments of systems and meth-
ods for monitoring a condition of a rotor blade used with
a wind turbine are described above in detail. The systems
and methods are not limited to the specific embodiments
described herein, but rather, components of the systems
and/or steps of the methods may be utilized independ-
ently and separately from other components and/or steps
described herein. For example, the methods may also
be used in combination with turbine monitoring systems,
and are not limited to practice with only the wind turbine
systems as described herein. Rather, the exemplary em-
bodiment can be implemented and utilized in connection
with many other turbine monitoring applications.
[0040] Although specific features of various embodi-
ments of the invention may be shown in some drawings

and not in others, this is for convenience only. In accord-
ance with the principles of the invention, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing.
[0041] This written description uses examples to dis-
close the invention, including the preferred mode, and
also to enable any person skilled in the art to practice the
invention, including making and using any devices or sys-
tems and performing any incorporated methods. The pat-
entable scope of the invention is defined by the claims,
and may include other examples that occur to those
skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guage of the claims.
[0042] Various aspects and embodiment of the
present invention are defined by the following numbered
clauses:

1. A method for monitoring a condition of a rotor blade
of a wind turbine, said method comprising:

transmitting, from a sensor to a controller, at
least one monitoring signal indicative of a vibra-
tion of the rotor blade; and,
calculating, by the controller, the condition of the
rotor blade based on the monitoring signal.

2. A method in accordance with clause 1, further
comprising transmitting a notification signal from the
controller to a user computing device upon determin-
ing that the calculated rotor blade condition is differ-
ent than a predefined rotor blade condition.

3. A method in accordance with any preceding
clause, further comprising:

calculating, by the controller, an operating vibra-
tion value based at least in part on the monitoring
signal; and,
transmitting the notification signal from the con-
troller to the user computing device upon deter-
mining that the sensed vibration of the rotor
blade is different than the calculated operating
vibration value.

4. A method in accordance with any preceding
clause, wherein the wind turbine includes a pitch
drive system coupled to the rotor blade, said method
further comprising operating the pitch drive system
to rotate the rotor blade upon determining that the
calculated rotor blade condition is different than the
predefined rotor blade condition.

5. A method in accordance with any preceding
clause, wherein the sensor is coupled to a hub of the
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wind turbine, said method further comprises trans-
mitting, from the sensor to the controller, at least one
monitoring signal indicative of a vibration of the hub.

6. A method in accordance with any preceding
clause, wherein the sensor is coupled to a rotor shaft
of the wind turbine, said method further comprises
transmitting, from the sensor to the controller, at least
one monitoring signal indicative of a vibration of the
rotor shaft.

7. A rotor blade condition monitoring system for use
with a wind turbine, the wind turbine including at least
one rotor blade, said rotor blade condition monitoring
system comprising:

at least one sensor configured to sense a vibra-
tion of the rotor blade and to transmit at least
one monitoring signal indicative of the sensed
vibration; and,
a controller communicatively coupled to said
sensor for receiving the monitoring signal from
said sensor, said controller configured to deter-
mine a condition of the rotor blade based on the
received monitoring signal.

8. A rotor blade condition monitoring system in ac-
cordance with any preceding clause, wherein said
controller is configured to transmit a notification sig-
nal to a user computing device upon determining that
the rotor blade condition is different than a prede-
fined rotor blade condition.

9. A rotor blade condition monitoring system in ac-
cordance with any preceding clause, wherein said
controller is configured to:

calculate an operating vibration value based at
least in part on the sensed vibration; and,
transmit a notification signal upon determining
that the sensed vibration is different than the cal-
culated operating vibration value.

10. A rotor blade condition monitoring system in ac-
cordance with any preceding clause, wherein said
sensor is mountable to a hub of the wind turbine.

11. A rotor blade condition monitoring system in ac-
cordance with any preceding clause, wherein said
sensor is mountable to a drivetrain of the wind tur-
bine.

12. A rotor blade condition monitoring system in ac-
cordance with any preceding clause, wherein said
sensor is mountable to at least one of a rotor flange,
a main support bearing, and a rotor shaft of the wind
turbine.

13. A rotor blade condition monitoring system in ac-
cordance with any preceding clause, wherein said
sensor is one of a proximity sensor and an acceler-
ation sensor.

14. A rotor blade condition monitoring system in ac-
cordance with any preceding clause, wherein the
wind turbine includes a pitch drive system coupled
to the rotor blade, said controller configured to op-
erate the pitch drive system to rotate the rotor blade
upon determining that the condition of the rotor blade
is different than a predefined condition of the rotor
blade.

15. A wind turbine, comprising:

a tower;
a nacelle coupled to said tower;
a generator positioned within said nacelle;
a rotor;
a rotor shaft rotatably coupling said rotor to said
generator;
at least one rotor blade coupled to said rotor;
and,
a rotor blade condition monitoring system com-
prising:

at least one sensor configured to sense a
vibration of the rotor blade, said sensor fur-
ther configured to transmit at least one mon-
itoring signal indicative of the sensed vibra-
tion; and,
a controller communicatively coupled to
said sensor for receiving the monitoring sig-
nal from said sensor, said controller config-
ured to determine a condition of the rotor
blade based on the received monitoring sig-
nal.

16. A wind turbine in accordance with any preceding
clause, wherein said controller is configured to trans-
mit a notification signal to a user computing device
upon determining that the rotor blade condition is
different than a predefined rotor blade condition.

17. A wind turbine in accordance with any preceding
clause, wherein said controller is configured to:

calculate an operating vibration value based at
least in part on the sensed vibration; and,
transmit a notification signal upon determining
that the sensed vibration is different than the cal-
culated operating vibration value.

18. A wind turbine in accordance with any preceding
clause, wherein said sensor is mountable to a hub
of the wind turbine.
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19. A wind turbine in accordance with any preceding
clause, wherein said sensor is mountable to at least
one of a rotor flange, a main support bearing, and
said rotor shaft of said wind turbine.

20. A wind turbine in accordance with any preceding
clause, wherein the wind turbine includes a pitch
drive system coupled to the rotor blade, said control-
ler configured to operate the pitch drive system to
rotate the rotor blade upon determining that the con-
dition of the rotor blade is different than a predefined
condition of the rotor blade.

Claims

1. A rotor blade condition monitoring system (40) for
use with a wind turbine (10), the wind turbine includ-
ing at least one rotor blade (28), said rotor blade
condition monitoring system comprising:

at least one sensor (80) configured to sense a
vibration of the rotor blade (28) and to transmit
at least one monitoring signal indicative of the
sensed vibration; and
a controller communicatively coupled to said
sensor for receiving the monitoring signal from
said sensor, said controller configured to deter-
mine a condition of the rotor blade based on the
received monitoring signal.

2. A rotor blade condition monitoring system (40) in ac-
cordance with claim 1, wherein said controller (42)
is configured to transmit a notification signal to a user
computing device (88) upon determining that the ro-
tor blade condition is different than a predefined rotor
blade condition.

3. A rotor blade condition monitoring system (40) in ac-
cordance with any preceding claim, wherein said
controller is configured to:

calculate an operating vibration value based at
least in part on the sensed vibration; and
transmit a notification signal upon determining
that the sensed vibration is different than the cal-
culated operating vibration value.

4. A rotor blade condition monitoring system (40) in ac-
cordance with any preceding claim, wherein said
sensor (80) is mountable to a hub (26) of the wind
turbine (10).

5. A rotor blade condition monitoring system (40) in ac-
cordance with any preceding claim, wherein said
sensor (80) is mountable to a drivetrain (66) of the
wind turbine (10).

6. A rotor blade condition monitoring system (40) in ac-
cordance with any preceding claim, wherein said
sensor (80) is mountable to at least one of a rotor
flange (56), a main support bearing (58), and a rotor
shaft (24) of the wind turbine (10).

7. A rotor blade condition monitoring system (40) in ac-
cordance with any preceding claim, wherein said
sensor (80) is one of a proximity sensor and an ac-
celeration sensor.

8. A rotor blade condition monitoring system (40) in ac-
cordance with any preceding claim, wherein the wind
turbine (10) includes a pitch drive system (78) cou-
pled to the rotor blade (28), said controller configured
to operate the pitch drive system to rotate the rotor
blade upon determining that the condition of the rotor
blade is different than a predefined condition of the
rotor blade.

9. A wind turbine (10), comprising:

a tower (12);
a nacelle (16) coupled to said tower;
a generator (18) positioned within said nacelle;
a rotor (22);
a rotor shaft (240 rotatably coupling said rotor
to said generator;
at least one rotor blade (28) coupled to said rotor;
and
a rotor blade condition monitoring system (40)
comprising:

at least one sensor (80) configured to sense
a vibration of the rotor blade, said sensor
further configured to transmit at least one
monitoring signal indicative of the sensed
vibration; and
a controller (42) communicatively coupled
to said sensor for receiving the monitoring
signal from said sensor, said controller con-
figured to determine a condition of the rotor
blade based on the received monitoring sig-
nal.

10. A wind turbine (10) in accordance with claim 9,
wherein said controller (42) is configured to transmit
a notification signal to a user computing device (88)
upon determining that the rotor blade condition is
different than a predefined rotor blade condition.

15 16 



EP 2 390 500 A2

10



EP 2 390 500 A2

11



EP 2 390 500 A2

12



EP 2 390 500 A2

13



EP 2 390 500 A2

14



EP 2 390 500 A2

15



EP 2 390 500 A2

16


	bibliography
	description
	claims
	drawings

