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(57) 	 ABSTRACT 

A blade-pitch-angle control device includes a memory unit 
in which predetermined parameters that affect the load 
fluctuation of blades, azimuth angles, and pitch-angle com-
mand values are stored in association with each other; an 
azimuth-angle detecting unit that detects the azimuth angle 
of each of the blades; a parameter-detecting unit that detects 
the predetermined parameters; a command-value receiving 
unit that receives pitch-angle command values for each of 
the blades from the memory unit, the pitch-angle command 
values being selected on the basis of the azimuth angle of 
each blade detected by the azimuth-angle detecting unit and 
the predetermined parameters detected by the parameter-
detecting unit; and a pitch-angle-control command-value 
generating unit that generates pitch-angle-control command 
values for individually controlling the pitch-angle of each 
blade on the basis of the pitch-angle command values and a 
common-pitch-angle command value. 
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BLADE-PITCH-ANGLE CONTROL DEVICE AND 
WIND POWER GENERATOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is based on International 
Application No. PCT/JP/2004/03144 filed on Sep. 9, 2004, 
which in turn corresponds to Japanese Application Number 
2003-318312 filed Sep. 10, 2003 and Japanese Application 
Number 2004-143642 filed May 13, 2004, and priority is 
hereby claimed under 35 USC § 119 based on these appli-
cations. Each of these applications are hereby incorporated 
by reference in their entirety into the present application. 

TECHNICAL FIELD 

[0002] The present invention relates to a wind power 
generator, and in particular, to a blade-pitch-angle control 
device for controlling a blade-pitch-angle of a windmill. 

BACKGROUND ART 

[0003] As shown in a schematic view in FIG. 11, a known 
propeller windmill used in wind power generators includes, 
for example, three blades composed of a first blade 1, a 
second blade 2, and a third blade 3, a rotor 5 serving as a link 
mechanism for linking the three blades, a tower 4, and so on. 

[0004] In general, each of the blades of such a propeller 
windmill is controlled depending on the wind conditions so 
as to obtain a predetermined rotational speed and output of 
a power generator. 

[0005] FIG. 12 shows an example of the structure of a 
known pitch-angle control device. As shown in the figure, 
the known pitch-angle control device includes a common-
pitch-angle command-value generating unit 15 for generat-
ing a common-pitch-angle command value on the basis of 
the difference between a preset value of a rotational speed or 
output of a power generator and a controlled value at that 
time. Actuators control each blade so as to have identical 
pitch-angles on the basis of the common-pitch-angle com-
mand value generated by the common-pitch-angle com-
mand-value generating unit 15, thus controlling the pitch-
angle of the blades. 

[0006] The inflow wind speed to a windmill is affected by 
the ground, as shown in FIG. 13A (the wind speed charac-
teristics affected by the ground are hereinafter referred to as 
"wind shear characteristics"), or by the tower supporting the 
windmill, as shown in FIG. 13B (the wind speed character-
istics affected by the tower are hereinafter referred to as 
"tower characteristics"). Spatial disorder and temporal dis-
order of the wind speed are added to the effects described 
above, resulting in an uneven wind speed distribution in the 
blade rotation area, as shown in FIG. 13C. Under such 
uneven wind speed conditions, since the instantaneous val-
ues of the aerodynamic output from each of the blades are 
different from each other, the values of the thrust, the 
moment, and the like of the blades are also different from 
each other. As a result, a load fluctuation in each blade 
occurs, thereby shortening the lifetime of the blades. 

[0007] To overcome this problem, for example, PCT Japa- 
nese Translation Patent Publication No. 2001-511497 dis- 
closes a technology in which the angle of attack of wind 

flowing to each blade and the load are measured, and the 
blades are individually controlled on the basis of these 
values. 

[0008] PCT Japanese Translation Patent Publication No. 
2001-511497. 

[0009] PCT Publication No. W001/86141 pamphlet 

DISCLOSURE OF INVENTION 

[0010] In the invention disclosed in PCT Japanese Trans-
lation Patent Publication No. 2001-511497, the load applied 
to each part of a wind power generator, the angle of attack 
of wind flowing to the blades, and the like are instanta-
neously calculated on the basis of detected values from a 
plurality of sensors, and the pitch-angle is controlled so as 
to decrease the instantaneous load fluctuation. In order to 
effectively decrease the load fluctuation, a series of pro-
cesses from detection by the sensors to feedback control 
must be performed substantially in real time. 

[0011] However, according to the above invention, since 
the instantaneous load is obtained by calculation based on 
each of the detected values, the process disadvantageously 
becomes complex and the instantaneous load cannot be 
rapidly obtained. Such an increase in the processing time 
also causes a delay in the feedback control and decreases the 
accuracy of the pitch-angle control. 

[0012] Furthermore, in the above invention, a plurality of 
wind power sensors and strain gauges must be provided for 
each of the blades. Since high reliability is required for these 
sensors, expensive sensors must be used, resulting in the 
problem of high cost. 

[0013] In addition, since the wind speed is measured with 
an anemometer disposed in the airflow behind the blades, the 
measurement is affected by wind speed fluctuations due to 
the rotation of the blades. Therefore, the wind speed cannot 
be accurately detected. 

[0014] The present invention has been made in order to 
solve the above problems, and it is an object of the present 
invention to provide a pitch-angle control device in which a 
load fluctuation generated in a wind power generator can be 
further decreased by improving the accuracy of pitch-angle 
control. 

[0015] In order to solve the above problems, the present 
invention provides the following solutions. 

[0016] The present invention provides a blade-pitch-angle 
control device used for a wind power generator having a 
plurality of blades, the blade-pitch-angle control device 
including a memory device in which predetermined param-
eters that affect the load fluctuation of the blades, azimuth 
angles, and pitch-angle command values are stored in asso-
ciation with each other; an azimuth-angle detecting device 
that detects the azimuth angle of each of the blades; a 
parameter-detecting device that detects the predetermined 
parameters; a command-value receiving device that receives 
the pitch-angle command values for each of the blades from 
the memory device, the pitch-angle command values being 
selected on the basis of the azimuth angle of each blade 
detected by the azimuth-angle detecting device and the 
predetermined parameters detected by the parameter-detect-
ing device; and a pitch-angle-control command-value gen-
erating device that generates pitch-angle-control command 
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values for individually controlling the pitch-angle of each 
blade on the basis of the pitch-angle command values 
received by the command-value receiving device and a 
common-pitch-angle command value that is common to 
each blade, the common-pitch-angle command value being 
determined by output information of the wind power gen-
erator. 

[0017] According to the present invention, the optimum 
pitch-angle command values which are related to various 
parameters affecting the load fluctuation of the blades are 
stored in advance in the memory device. Accordingly, 
during control, the command-value receiving device just 
reads out from the memory device the optimum pitch-angle 
command values selected based on the various parameters, 
thereby performing pitch-angle control that is optimum for 
the operational state of the windmill. 

[0018] Thus, since the optimum pitch-angle command 
values can be immediately obtained from various parameters 
without performing a process for calculating the load fluc-
tuation of the blades or the like, the process can be simplified 
and rapidly performed. 

[0019] In this case, since the pitch angles can be controlled 
in real time, this device can immediately cope with dynamic 
changes of the operational state of the wind power generator 
and the load fluctuation can be further reduced. Conse-
quently, the lifetime of each blade can be maintained for a 
long period and a stable power generation output can be 
achieved. 

[0020] The pitch-angle-control command-value generat-
ing device causes the optimum pitch-angle command values, 
which are received by the command-value receiving device 
and which are determined in consideration of the operational 
state of the windmill, to be reflected in the common-pitch-
angle command value, which is generated for performing 
feedback control of the power generation output of the wind 
power generator and which is used as a common pitch-angle 
command value in each blade. Thus, the pitch-angle-control 
command-value generating unit generates pitch-angle-con-
trol command-values for controlling the blade pitch-angle of 
each blade. Accordingly, each blade can be controlled so as 
to have the optimum pitch-angle, considering the output 
fluctuation and the operational state of the wind power 
generator. 

[0021] In the above blade-pitch-angle control device, the 
pitch-angle command values stored in the memory device 
are preferably set to values in which the wind shear char-
acteristics at the installation location of the wind power 
generator are reflected. 

[0022] Wind speed, air density, the output of the wind 
power generator, and the like are dynamically changed 
according to the conditions. In contrast, the wind shear is 
uniquely determined depending on the site conditions of the 
wind power generator. 

[0023] Thus, in the information stored in the memory 
device, not only parameters that dynamically change but 
also information such as the wind shear, which is uniquely 
determined depending on the site conditions, are considered. 
Therefore, the pitch-angle can be controlled with very high 
accuracy. 

[0024] In the above blade-pitch-angle control device, the 
predetermined parameters may include the wind speed, and 

the parameter-detecting device is preferably a wind-speed 
estimating device that includes a characteristic table relating 
the wind speed and an output of the wind power generator 
and that estimates the wind speed by reading out a wind 
speed corresponding to the output of the wind power gen-
erator from the characteristic table. 

[0025] The wind speed is one of the important parameters 
required for selecting the pitch-angle command values. 
Whether load fluctuation and output fluctuation can be 
precisely reduced or not significantly depends on the detec-
tion accuracy of the wind speed, and therefore, the wind 
speed must be detected with high accuracy. 

[0026] However, in the conventional method in which the 
wind speed is measured with an anemometer disposed in the 
airflow behind a windmill, the measurement is directly 
affected by wind speed fluctuations due to the rotation of the 
blades. Consequently, the wind speed cannot be accurately 
measured. 

[0027] According to the present invention, the wind speed 
is measured not physically by the wind-speed detecting 
device but by a simple process in software on the basis of the 
output of the wind power generator, which has a close 
relationship with the wind speed. Thereby, highly accurate 
wind speed can be obtained, and in addition, the cost can be 
reduced. 

[0028] Instead of such wind-speed estimating device, an 
anemometer (such as a laser Doppler anemometer) that 
measures the wind speed before the wind flows to the 
windmill may be used. Since this configuration is not 
affected by the airflow behind the blades, highly accurate 
wind speed can be obtained. 

[0029] When the laser Doppler anemometer is used, a 
device for supplying tracer particles from upstream of the 
windmill toward the windmill is provided. Alternatively, 
dust or water vapor mixed in air that flows to the windmill 
may be used as a tracer to obtain scattered light from the dust 
or the water vapor, and thus laser Doppler measurement may 
be performed. In this case, the device for supplying tracer 
particles need not be separately provided. 

[0030] The above blade-pitch-angle control device pref-
erably includes a frequency-component extraction device 
that extracts a frequency component corresponding to an 
integral multiple of the number of blades from any one of the 
power generation output of the wind power generator, the 
number of revolutions of the power generator, and the 
number of rotor revolutions; and a calculation device that 
calculates a pitch-angle for eliminating the load fluctuation 
due to the frequency fluctuation on the basis of the extracted 
frequency-component, wherein the pitch-angle-control com-
mand-value generating device preferably causes the pitch-
angle calculated by the calculation device to be reflected in 
the pitch-angle-control command value. 

[0031] Even when pitch-angle control values are deter-
mined in consideration of fluctuations of various parameters 
such as the wind speed, it is difficult to completely eliminate 
the load fluctuation and the fluctuation of power generation 
output because of an error or a time-lag due to feedback 
control. 

[0032] On the other hand, it is known that the frequency 
band in which the output fluctuation significantly occurs 
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depends on the number of blades. Accordingly, a pitch-angle 
for eliminating such a significant output fluctuation is deter-
mined and the resulting pitch-angle is reflected in the 
blade-pitch-angle-control command value, thereby further 
decreasing the output fluctuation. 

[0033] That is, in a wind power generator using a constant-
speed windmill, the frequency-component extraction device 
extracts a frequency component corresponding to an integral 
multiple of the number of blades from the output of the wind 
power generator. On the other hand, in a wind power 
generator using a variable-speed windmill, the frequency-
component extraction device extracts a frequency compo-
nent corresponding to an integral multiple of the number of 
blades from the number of revolutions of the power gen-
erator or the number of rotor revolutions. 

[0034] For example, the calculation device calculates the 
frequency component extracted by the frequency-compo-
nent extraction device on the basis of a predetermined 
algorithm to calculate fluctuating pitch-angles in the fre-
quency domain. Furthermore, the calculation device per-
forms an inverse frequency analysis using the fluctuating 
pitch-angles to obtain fluctuating pitch-angles in the time 
domain. 

[0035] The fluctuating pitch-angles thus obtained serve as 
pitch-angles for eliminating a significant load fluctuation. 

[0036] The pitch-angle-control command-value generat-
ing device causes the pitch-angles for canceling out the 
significant output fluctuation to be reflected in the pitch-
angle-control command values. 

[0037] Thus, the fluctuation of power generation output 
that significantly occurs can be eliminated at a single point 
and more stable power generation output can be achieved. 

[0038] The present invention provides a wind power gen-
erator having a plurality of blades, the wind power generator 
including a blade-pitch-angle control device including a 
memory device in which predetermined parameters that 
affect the load fluctuation of the blades, azimuth angles, and 
pitch-angle command values are stored in association with 
each other; an azimuth-angle detecting device that detects 
the azimuth angle of each of the blades; a parameter-
detecting device that detects the predetermined parameters; 
a command-value receiving device that receives the pitch-
angle command values for each of the blades from the 
memory device, the pitch-angle command values being 
selected on the basis of the azimuth angle of each blade 
detected by the azimuth-angle detecting device and the 
predetermined parameters detected by the parameter-detect-
ing device; and a pitch-angle-control command-value gen-
erating device that generates pitch-angle-control command 
values for individually controlling the pitch-angle of each 
blade on the basis of the pitch-angle command values 
received by the command-value receiving device and a 
common-pitch-angle command value that is common to 
each blade, the common-pitch-angle command value being 
determined by output information of the wind power gen-
erator. 

[0039] The present invention provides a blade-pitch-angle 
control device used for a wind power generator having a 
plurality of blades, the blade-pitch-angle control device 
including load-measuring devices that measure a load 
applied to the blades or mechanical parts constituting a 

windmill at predetermined azimuth angles; an adjusting 
pitch-angle command-value generating device that gener-
ates an adjusting pitch-angle command value for each blade 
for reducing the load measured with each of the load-
measuring devices; and a pitch-angle-control command-
value generating device that generates a pitch-angle-control 
command-value for each blade by causing the adjusting 
pitch-angle command value generated for each blade to be 
reflected in a common-pitch-angle command value for 
equally controlling the blades. 

[0040] Since the load-measuring devices measure the load 
not at predetermined time intervals but at predetermined 
azimuth-angles, the load-measuring devices can be applied 
not only to constant-speed windmills but also to variable-
speed windmills in which the rotational speed of the blades 
changes depending on the operational state. 

[0041] For example, the adjusting pitch-angle command-
value generating device calculates the optimum pitch-angle 
for each blade for reducing the load measured by each of the 
load-measuring devices to generate adjusting pitch-angle 
command-values. The pitch-angle-control command-value 
generating device causes these adjusting pitch-angle com-
mand-values to be reflected in the pitch-angle-control com-
mand-values for controlling the pitch angles of the blades. 
Thereby, the load fluctuation can be decreased. 

[0042] The present invention provides a blade-pitch-angle 
control device used for a wind power generator having a 
plurality of blades, the blade-pitch-angle control device 
including load-measuring devices that measure a load 
applied to the blades or mechanical parts constituting a 
windmill at predetermined azimuth angles; a calculation 
device that calculates a periodic fluctuation of the load on 
the basis of the measured values measured by the load-
measuring devices; an adjusting pitch-angle command-value 
generating device that generates an adjusting pitch-angle 
command value for each blade for reducing a load fluctua-
tion on the basis of the calculation results of the calculation 
device; and a pitch-angle-control command-value generat-
ing device that generates a pitch-angle-control command-
value for each blade by causing the adjusting pitch-angle 
command value generated for each blade to be reflected in 
a common-pitch-angle command value for equally control-
ling the blades. 

[0043] The present inventors focus on the fact that a 
significant load fluctuation of the blades periodically occurs. 
Consequently, the load-measuring devices and the calcula-
tion device are provided as devices that detect the load 
fluctuation during one revolution of a rotor. 

[0044] The load-measuring devices measure a load 
applied to each of the blades at predetermined azimuth 
angles. Thus, since the load is measured not at predeter-
mined time intervals but at predetermined azimuth-angles, 
the load-measuring devices can be applied to variable-speed 
windmills in which the rotational speed of the blades 
changes. 

[0045] The calculation device obtains measured values 
measured with the load-measuring devices at each azimuth 
angle, the measured values corresponding to a predeter-
mined period (for example, corresponding to one revolu-
tion), and determines the characteristics of the load on the 
basis of the measured values. Thus, information on the load 
fluctuation in each blade can be obtained. 
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[0046] The adjusting pitch-angle command-value gener-
ating device calculates the adjusting pitch-angle command 
values for eliminating the load fluctuation, and the pitch-
angle-control command-value generating device causes 
these adjusting pitch-angle command values to be reflected 
in the control of the pitch angle of each blade. Thereby, the 
significant load fluctuation that periodically occurs can be 
reduced. 

[0047] Thus, since the load fluctuation is decreased by 
focusing on the load fluctuation that periodically occurs, the 
load fluctuation can be efficiently decreased by a process 
much simpler than the conventional pitch-angle control that 
decreases instantaneous load fluctuations. Consequently, 
each blade can be controlled so as to have the optimum 
pitch-angle, and the lifetime of the blades and mechanical 
parts constituting the windmill can be extended. 

[0048] In the present invention, since measured values 
corresponding to at least one cycle are obtained and feed-
back control based on these measured values is then per-
formed, a time-lag occurs. However, the load fluctuation that 
is focused on by the present invention periodically occurs at 
substantially the same azimuth angle. Therefore, even when 
the time-lag due to the feedback control occurs, the load 
fluctuation can be eliminated with high accuracy. 

[0049] In the above blade-pitch-angle control device, each 
of the load-measuring devices preferably includes an azi-
muth-angle measuring device that measures the azimuth 
angle of each blade at predetermined time intervals, a 
trigger-generating device that generates a trigger signal 
when the measurement result matches a predetermined 
azimuth angle, and a measuring device that measures a load 
on the basis of the trigger signal. 

[0050] Thus, since the load-measuring devices include 
generally well known mechanisms, the load-measuring 
devices can be achieved simply and at low cost. 

[0051] Examples of the measuring device include a strain 
gauge, a load cell, and an optical fiber sensor. 

[0052] In the above blade-pitch-angle control device, each 
of the load-measuring devices preferably includes an 
encoder that generates a trigger when the azimuth angle 
reaches a predetermined angle and a measuring device that 
measures a load on the basis the trigger. 

[0053] The encoder and the measuring device are gener-
ally well known mechanisms. Thus, since the load-measur-
ing devices include generally well known mechanisms, the 
load-measuring devices can be achieved simply and at low 
cost. 

[0054] Examples of the measuring device include a strain 
gauge, a load cell, and an optical fiber sensor. 

[0055] The present invention provides a blade-pitch-angle 
control device used for a wind power generator having a 
plurality of blades, the blade-pitch-angle control device 
including an acceleration-measuring device that measures 
the acceleration applied to the blades or mechanical parts 
constituting a windmill at predetermined azimuth angles; an 
adjusting pitch-angle command-value generating device that 
generates an adjusting pitch-angle command value for each 
blade for reducing the acceleration measured with the accel-
eration-measuring device; and a pitch-angle-control com-
mand-value generating device that generates a pitch-angle- 

control command-value for each blade by causing the 
adjusting pitch-angle command value generated for each 
blade to be reflected in a common-pitch-angle command-
value for equally controlling the blades. 

[0056] The adjusting pitch-angle command-value gener-
ating device, for example, calculates the optimum pitch-
angle for each blade for reducing the acceleration measured 
with the acceleration-measuring device and generates 
adjusting pitch-angle command values. The pitch-angle-
control command-value generating device causes these 
adjusting pitch-angle command values to be reflected in the 
pitch-angle-control command values that control the pitch-
angles of the blades, thereby reducing the acceleration. 

[0057] Since the acceleration and the load fluctuation are 
correlated, a decrease in the acceleration can also decrease 
the load fluctuation. 

[0058] The present invention provides a wind power gen-
erator having a plurality of blades, the wind power generator 
including a blade-pitch-angle control device including load-
measuring devices that measure a load applied to the blades 
or mechanical parts constituting a windmill at predetermined 
azimuth angles; an adjusting pitch-angle command-value 
generating device that generates an adjusting pitch-angle 
command value for each blade for reducing the load mea-
sured with each of the load-measuring devices; and a 
pitch-angle-control command-value generating device that 
generates a pitch-angle-control command-value for each 
blade by causing the adjusting pitch-angle command values 
generated for each blade to be reflected in a common-pitch-
angle command value for equally controlling the blades. 

[0059] Since the wind power generator includes such a 
blade-pitch-angle control device, each blade can be con-
trolled so as to have the optimum pitch-angle and a wind 
power generator including long-life blades and mechanical 
parts constituting a windmill can be realized. 

BRIEF DESCRIPTION OF DRAWINGS 

[0060] FIG. 1 a block diagram showing the structure of a 
blade-pitch-angle control device according to a first embodi-
ment of the present invention. 

[0061] FIG. 2 a view illustrating an azimuth angle. 

[0062] FIG. 3 a graph showing an example of a charac-
teristic table relating wind speed and output of a wind power 
generator. 

[0063] FIG. 4 a graph showing an example of a charac-
teristic table under steady wind conditions (having a tem-
porally constant and two-dimensionally uniform wind 
speed). 

[0064] FIG. 5 a graph showing an example of a charac-
teristic table including a waveform of a pitch-angle correc-
tion value for canceling out the effect of a tilt angle on the 
wind when the wind speed is varied and a waveform in 
which the correction value is reflected. 

[0065] FIG. 6 a graph showing an example of a charac-
teristic table including a waveform of a pitch-angle correc-
tion value for canceling out the effect of a deviation of wind 
direction when the wind speed is varied and a waveform in 
which the correction value is reflected. 
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