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(57) ABSTRACT 

A pitch control apparatus for controlling the pitch value for a 
wind power generation system includes a generator compar 
ing unit that calculates an error signal based on a difference 
between a generator measurement signal corresponding with 
an operation of the power generation system and a generator 
reference signal, and a reference pitch calculating unit that 
calculates a reference pitch value using the error signal. The 
pitch control apparatus further includes a compensation pitch 
calculating unit that calculates a compensation pitch value 
using an error value from the wind power generation system 
and a pitch calculating unit that calculates a pitch value using 
the reference pitch value and the compensation pitch value. 
The error value may be any one of a voltage error value from 
a direct-current capacitor, a Voltage error value from a grid 
connection point, a speed error value from a rotor, and a 
frequency error value from a grid connection point. 
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APPARATUS AND SYSTEM FOR PITCH 
ANGLE CONTROL OF WIND TURBINE 

PRIORITY CLAIM 

0001. This application is a continuation and claims the 
benefit of priority under 35 U.S.C. SS 120, 365, and 371 to 
Patent Cooperation Treaty Patent Application No. PCT/ 
KR2009/001724, filed on Apr. 3, 2009. This application fur 
ther claims the benefit of priority to Korean Applications Nos. 
10-2008-0091755, filed Sep. 18, 2008, 10-2008-009 1771, 
filed Sep. 18, 2008 and 10-2009-0006320, filed Jan. 23, 2009. 
The disclosures of the above applications are incorporated 
herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to an apparatus and a 
system for controlling pitch angle in a wind turbine, more 
particularly to an apparatus and a system for controlling pitch 
angle in a wind turbine by generating compensation pitch 
values in the event of low voltage in the power grid. 

RELATED ART 

0003 Because wind is a pollution-free, unlimited resource 
that can be collected from virtually anywhere on earth, wind 
power generation makes it possible to efficiently use the land 
with very little impact on the environment. 
0004 Wind power generation is also a new power genera 
tion technology that can offer a competitive unit cost of power 
generation when utilizing large scale wind farms. 
0005 With the recent increase in energy costs, the market 

is fast expanding for distributed generation, Such as wind 
power generation, in which power sources are installed in 
dispersed consumer locations. In the distributed generation, 
controlling each distributed power source is very important 
for efficiently managing the power generation system. 
0006. The voltage control method applied to conventional 
wind power generation systems may be based on powerfactor 
control (Qref) that uses a reactive power compensation appa 
ratus (a capacitor bank). 
0007. A wind power generation system may be connected 
to an existing power grid to Supply electrical power, in which 
case it is very important to provide high stability and effi 
ciency in the power grid connection. 
0008. However, in a conventional wind power generation 
system, generators connected to a power grid, especially 
those for distributed generation, may be cut off simulta 
neously in the event of a power failure. This can incur Voltage 
and frequency changes in the grid, causing severe problems in 
the stability of the power grid. 
0009. Also, when using a conventional wind power gen 
eration system, a large capacity of wind power can cause 
undesired effects in stabilizing the grid, making it difficult to 
warrant the conditions for connecting to power grids for 
power generation systems that utilize distributed power 
SOUCS. 

SUMMARY 

0010. As an example only, in one embodiment, a pitch 
control apparatus for controlling a pitch value in a wind power 
generation system is provided. The pitch control apparatus 
includes a generator comparing unit, a reference pitch calcu 
lating unit, a compensation pitch calculating unit and a pitch 
calculating unit. The generator comparing unit is configured 
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to calculate an error signal based on a difference between a 
generator measurement signal and a generator reference sig 
nal, the generator measurement signal corresponding with an 
operation of the power generation system. The reference 
pitch calculating unit is configured to calculate a reference 
pitch value using the error signal. The compensation pitch 
calculating unit is configured to calculate a compensation 
pitch value using an error value from the wind power genera 
tion system. The pitch calculating unit is configured to cal 
culate a pitch value using the reference pitch value and the 
compensation pitch value. The error value is any one of a 
Voltage error value from a direct-current capacitor included in 
a power converter unit of the wind power generation system, 
a Voltage error value from a grid connection point of the wind 
power generation system, a speed error value from a rotor of 
the wind power generation system, and a frequency error 
value from a grid connection point of the wind power genera 
tion system. 
0011. In another embodiment, a pitch control system for 
controlling pitch values in a plurality of wind power genera 
tion systems is provided. The pitch control system includes a 
plurality of pitch control apparatuses and a compensation 
pitch calculating apparatus configured to calculate an appor 
tion-compensation pitch value by using a Voltage error value 
or a frequency error value calculated at a grid connection 
point where the plurality of wind power generation systems 
are connected. The pitch control apparatus further includes a 
generator comparing unit configured to calculate an error 
signal based on a difference between a generator measure 
ment signal and a generator reference signal, the generator 
measurement signal corresponding with an operation of the 
power generation system, a reference pitch calculating unit 
configured to calculate a reference pitch value by using the 
error signal and a pitch calculating unit configured to calcu 
late a pitch value by using the reference pitch value and the 
apportion-compensation pitch value calculated by the com 
pensation pitch calculating apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a diagram representing an exemplary rela 
tionship between a pitch control apparatus 10, a compensa 
tion pitch calculating unit 40, and a wind power generation 
system. 
0013 FIG. 2 is a diagram illustrating a pitch control appa 
ratus 10 according to one embodiment. 
0014 FIG.3 is a diagram illustrating a compensation pitch 
calculating unit 40 according to another embodiment. 
0015 FIG. 4 is a diagram illustrating a compensation pitch 
calculating unit 40 according to another embodiment. 
0016 FIG. 5 is a diagram illustrating a compensation pitch 
calculating unit 40 according to another embodiment. 
0017 FIG. 6 is a flowchart illustrating a method of gener 
ating a compensation pitch value according to an embodi 
ment. 

0018 FIG. 7 is a flowchart illustrating a method of gener 
ating a compensation pitch value according to another 
embodiment. 
0019 FIG. 8 is a flowchart illustrating a method of gener 
ating a compensation pitch value according to another 
embodiment. 
0020 FIG. 9 is a drawing representing the relationship 
between pitch control apparatuses 10, a compensation pitch 
calculating apparatus 50, and wind power generation systems 
according to another embodiment. 
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0021 FIG. 10 is a diagram illustrating a wind powergen 
eration system according to another embodiment. 
0022 FIG. 11 is a diagram illustrating a pitch control 
system according to another embodiment. 
0023 FIG. 12 is a block diagram illustrating a compensa 
tion pitch calculating apparatus 50 according to another 
embodiment. 
0024 FIG. 13 is a diagram illustrating a compensation 
pitch calculating apparatus 50 according to another embodi 
ment. 

0025 FIG. 14 is a flowchart illustrating a method of gen 
erating a compensation pitch value in a compensation pitch 
calculating apparatus 50 according to another embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0026. In one embodiment, a pitch control system may 
improve the ability of a wind turbine to overcome low voltage 
situations in the grid, by sensing overvoltage induced over the 
rated Voltage in the direct-current capacitor of the power 
converter unit connected to a generator and controlling the 
pitch value of the wind turbine accordingly. In another 
embodiment, the pitch control system may continuously 
maintain the Voltage or frequency within a given reference 
range at the grid connection point, by sensing Voltages or 
frequencies induced over the rated Voltage or rated frequency, 
when the Voltage or frequency is modified at the grid connec 
tion point, and controlling the pitch value of the wind turbine 
accordingly. In yet another embodiment, the pitch control 
system may prevent increases in the speed of the generator 
rotor in the event of a low Voltage situation in the grid con 
nection point, by sensing and controlling the modified speeds 
of the generator rotor. In yet another embodiment, the pitch 
control system may prevent continuously maintain the Volt 
age or frequency within a given reference range at the grid 
connection point of multiple wind turbine, by sensing Volt 
ages or frequencies induced over the rated Voltage or rated 
frequency, when the Voltage or frequency is modified at the 
grid connection point, and controlling the pitch values of the 
wind turbine accordingly. In yet another embodiment, the 
pitch control system may provide a stable power quality and 
reliable grid management without extra facilities or pro 
cesses, by adding a compensation pitch calculating apparatus 
to the pitch control apparatuses of multiple wind turbines. 
0027. Referring to the accompanying drawings, the 
embodiments will be described in more detail. FIG. 1 is a 
drawing representing the relationship between a pitch control 
apparatus 10, a compensation pitch calculating unit 40, and a 
wind power generation system according to an aspect of the 
present invention. 
0028. The wind power generation system may generally 
include a pitch control apparatus 10, which can control a pitch 
value. The pitch control apparatus 10 may detect changes in 
the driving speed, output, etc., of the wind turbine and control 
the pitch value in accordance with the degree of change. 
0029. The compensation pitch calculating unit 40 accord 
ing to an aspect of the present invention may generate a 
compensation pitch value according to an error value of the 
wind turbine and transfer the compensation pitch value to the 
pitch control apparatus 10, so as to control the pitch value of 
the wind turbine. Here, the error value may be the difference 
between a reference value and a measured value, and may be 
generated according to changes in the Voltage or frequency at 
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the grid connection point, the rotor speed of a generator 1, the 
Voltage of a direct-current capacitor 3, etc. 
0030 Referring to FIG. 1, the wind power generation sys 
tem can include a generator 1, a power converter unit 2 con 
nected to the generator 1 that converts the electrical power 
produced by the generator 1, and a grid connection point 4. 
Here, the power converter unit 2 may include the direct 
current capacitor 3. 
0031. The compensation pitch calculating unit 40 accord 
ing to an embodiment of the present invention may measure 
the frequency at the grid connection point 4 of the wind power 
generation system, calculate the compensation pitch value in 
accordance with the change in measured frequency, and 
transfer the compensation pitch value to the pitch control 
apparatus 10, to control the pitch value of the wind power 
generation system. In the event of low Voltage in the grid, the 
frequency at the grid connection point4 can be induced above 
the rated frequency. 
0032. Also, a compensation pitch calculating unit 40 
according to another embodiment of the present invention 
may measure the Voltage at the direct-current capacitor 3 of 
the wind power generation system, calculate the compensa 
tion pitch value in accordance with the change in measured 
Voltage, and transfer the compensation pitch value to the pitch 
control apparatus 10, to control the pitch value of the wind 
power generation system. In the event of low Voltage in the 
grid, the direct-current capacitor 3 can be supplied with 
excess current, so that overvoltage may occur. 
0033) A compensation pitch calculating unit 40 according 
to another embodiment of the present invention may measure 
the Voltage at the grid connection point 4 of the wind power 
generation system, and calculate the compensation pitch 
value in accordance with the change in measured Voltage, to 
control the pitch value of the wind power generation system. 
In the event of low Voltage in the grid, the Voltage at the grid 
connection point 4 can be induced above the rated Voltage. 
0034. A compensation pitch calculating unit 40 according 
to another embodiment of the present invention may measure 
the rotor speed of the wind power generation system, and 
calculate the compensation pitch value in accordance with the 
change in measured speed, to control the pitch value of the 
wind turbine. In the event of low voltage in the grid, the speed 
of the rotor of the wind turbine can be increased. 

0035. Thus, the compensation pitch calculating unit 40 
according to an aspect of the present invention can generate a 
compensation pitch value using an error value from the wind 
power generation system caused by low Voltage in the grid. 
0036 FIG. 2 is a diagram illustrating a pitch control appa 
ratus 10 according to an embodiment of the present invention. 
More specifically, FIG. 2 illustrates a pitch control apparatus 
10 that includes a compensation pitch calculating unit 40 
according to an embodiment of the present invention. Here, 
the compensation pitch calculating unit 40 according to an 
embodiment of the invention can be included inside the pitch 
control apparatus 10 or can be implemented as an external 
apparatus connected to the pitch control apparatus 10. 
0037. The pitch control apparatus 10 according to an 
aspect of the present invention may be an apparatus for con 
trolling the pitch value to obtain the maximum output from 
wind energy. The power generation system that includes the 
pitch control apparatus 10 according to an aspect of the 
present invention may advantageously be applied to a wind 
power generation system, but it will be apparent to those 
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skilled in the art that it may be applied to any type of power 
generation system that requires pitch control. 
0038 Referring to FIG. 2, the pitch control apparatus 10 
can include a reference pitch calculating unit 20 and a pitch 
servo unit 30, which may be connected to the reference pitch 
calculating unit 20 and may operate in relation to a reference 
pitch value generated by the reference pitch calculating unit 
20. 
0039. The pitch control apparatus 10 can also further 
include the compensation pitch calculating unit 40 described 
above with reference to FIG. 1. 
0040. The following will describe aspects of the present 
invention under the assumption that the pitch control appara 
tus 10 includes the compensation pitch calculating unit 40. 
0041. The pitch control apparatus 10 will be described 
below in more detail, with reference to FIG. 2. 
I0042. A reference pitch calculating unit input (e, X-X) 
can be an error signal inputted to the reference pitch calcu 
lating unit 20. Here, the error signal can be a difference in 
generator driving speed, a difference in generator output, etc., 
and can be predefined by the user. That is, X can be a mea 
Surement signal corresponding with the operation of the gen 
erator, while X, can be a specified reference signal. 
0043. It will be apparent to those skilled in the art that the 
generator driving speed may refer to the rotation speed of the 
generator's driving shaft and may be proportional to the out 
put of the generator. 
0044) For example, if the pitch controller input is assumed 
to be a difference in generator driving speed, X may be a 
measured value of the generator driving speed, and X, may 
be a reference value for generator speed predefined by the 
user. Thus, the error signal (ex) for generator speed may be 
calculated using the generator speed measured value (X) and 
the generator speed reference value (X). 
0045. Next, the reference pitch calculating unit 20 may 
calculate a reference pitch value corresponding to the input 
ted error signal (ex-X-X). Here, the reference pitch calcu 
lating unit 20 can be a linear controller, which can include a 
proportional controller, a proportional-derivative controller, a 
proportional-integral controller, or a proportional-integral 
derivative controller. 
0046 For example, if the reference pitch calculating unit 
20 is a proportional-integral controller, the reference pitch 
value can be calculated by Equation 1 as follows: 

F=(proportional term)+(integral term)dt 

0047. Here, F is assumed to be a proportional-integral 
controller. t represents time in units of seconds. If the propor 
tional term is 1, the integral term is 5, and the units are in 
degree/rpm, and the speed error, i.e. the input value, is 5 rpm, 
then the reference pitch value, i.e. the output value, at the time 
of 0.2 seconds becomes 5 degrees. That is, the equation may 
be computed as follows: 

Equation 1 

0048. When an error signal is received as input, the refer 
ence pitch calculating unit 20 may calculate a value for com 
pensating the error signal, as a value corresponding with the 
error signal, the calculated value being the reference pitch 
value. 
0049. Here, the reference pitch value may be the pitch 
value calculated by the reference pitch calculating unit 20 to 
compensate for the difference between the predefined refer 
ence value (X) and the measured value (X), and may be 
used as the input value for the pitch servo unit 30. 
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0050. Next, the pitch servo unit 30 may receive the refer 
ence pitch value as input from the reference pitch calculating 
unit 20, and receive the compensation pitch value as input 
from the compensation pitch calculating unit 40, to calculate 
the pitch value. The pitch value may be inputted to the pitch 
servo unit 30 as feedback. 
0051. For example, the pitch servo unit 30 may calculate 
the pitch value by Equation 2 as follows: 

F-(system constant)dt 

0.052 Here, F is assumed to be a first order system as the 
pitch servo. t represents time (in units of seconds), while the 
reference pitch value, compensation pitch value, and the feed 
back pitch value are represented as angles (in degrees). If the 
input values include a reference pitch angle of 2.2 degrees, a 
compensation pitch value of 3 degrees, and a feedback pitch 
value of 4 degrees, and if the system constant is 5, and the 
units are in 1/sec, then the pitch value, i.e. the output value, at 
the time of 0.2 seconds becomes 0.92 degrees. That is, the 
equation may be computed as follows: 

Equation 2 

0.92 degree=(I'5dt)x(2.2 degree+3 degree+4 
degree) 

0053 FIG.3 is a diagram illustrating a compensation pitch 
calculating unit 40 according to an embodiment of the present 
invention. 
0054 Referring to FIG. 3, the compensation pitch calcu 
lating unit 40 may include a Voltage comparing unit 41, which 
may compare the measurement Voltage measured at the 
direct-current capacitor 3 with a predefined reference voltage 
for the direct-current capacitor 3 to calculate a Voltage error, 
and a compensation pitch calculator 48, which may calculate 
a compensation pitch value. 
0055. First, the voltage comparing unit 41 may compare 
the measurement Voltage (V), measured at the direct-current 
capacitor 3, with the reference voltage (V) of the direct 
current capacitor 3 to calculate the Voltage error (e), which is 
the voltage difference. 
I0056. Here, the reference voltage (V) may be a voltage 
that allows a stable management of the grid and a stable 
supply of electric power, and may be predefined by the 
administrator in correspondence with the measurement Volt 
age (V). 
0057 Next, the compensation pitch calculator 48 may cal 
culate the compensation pitch value corresponding to the 
Voltage error (e) inputted from the Voltage comparing unit 
41. That is, the compensation pitch calculator 48 may use an 
integrator to calculate the compensation pitch value that ren 
ders the final voltage error a value of Zero. 
0.058 For example, the compensation pitch calculator 48 
may calculate the compensation pitch value by Equation 3 as 
follows: 

F=(proportional term)+(integral term)dt 

0059. Here, F is assumed to be a proportional-integral 
controller. t represents time in units of seconds. If the propor 
tional term is 1, the integral term is 5, the units are in degree/ 
rpm, and the Voltage error, i.e. the input value, is 5V, then the 
compensation pitch value, i.e. the output value, at the time of 
0.2 seconds becomes 5 degrees. That is, the equation may be 
computed as follows: 

Equation 3 

0060 That is, the compensation pitch calculator 48 may 
receive a Voltage error as input and provide a compensation 
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pitch value as output. Here, the compensation pitch value may 
be used as an input value for the pitch servo unit 30 of the pitch 
control apparatus 10. Also, the compensation pitch calculator 
48 can include any one of, or a combination of a proportional 
controller, a proportional-derivative controller, a propor 
tional-integral controller, and a proportional-integral-deriva 
tive controller, and can perform linear control. 
0061 A compensation pitch calculating unit 40 according 

to another embodiment of the present invention can further 
include a compensation real power calculator 46, which may 
calculate a compensation real power value. That is, the com 
pensation pitch calculating unit 40 according to another 
embodiment of the present invention can include a Voltage 
comparing unit 41, which may compare the measurement 
Voltage measured at the grid connection point with a pre 
defined grid connection point reference Voltage to calculate 
Voltage error, a compensation real power calculator 46, which 
may calculate a compensation real power value, and a com 
pensation pitch calculator 48, which may calculate a compen 
sation pitch value. 
0062. Using the voltage error inputted from the voltage 
comparing unit 41, the compensation real power calculator 46 
may calculate the real power value that compensates for the 
Voltage error. The calculated real power value may be trans 
ferred to the compensation pitch calculator 48. 
0063 For example, the compensation real power calcula 
tor 46 may calculate the compensation real power value by 
Equation 4 as follows: 

F=(proportional term)+(integral term)dt 

0064. Here, F is assumed to be a proportional-integral 
controller. t represents time in units of seconds. If the propor 
tional term is 1, the integral term is 5, the units are in Watt/V. 
and the voltage error, i.e. the input value, is 0.5 V, then the 
compensation real power value, i.e. the output value, 
becomes 0.55 Watts. That is, the equation may be computed 
as follows: 

Equation 4 

0065. Also, the compensation pitch calculator 48 may cal 
culate the compensation pitch value by the above Equation 4. 
0066 That is, if the compensation real power, i.e. the input 
value for the compensation pitch calculator 48, is 0.55 Watts, 
then compensation pitch value, i.e. the output value, becomes 
1.1 degrees. Here, the proportional term for the controller is 1, 
and the integral term is 5, while the units are in degree/Watt. 
That is, the equation may be computed as follows: 

1.1 degree=(1+9°5dt)x0.55 Watt 

0067. Here, a reason for calculating the real power value is 
that Voltage and real power are closely correlated, so that 
Voltage may change in accordance with a change in real 
power. 
0068 That is, the compensation real power calculator 46 
may calculate a compensation real power value, which is in 
correspondence with Voltage error and can be used to com 
pensate for the Voltage error. 
0069. The compensation real power calculator 46 and the 
compensation pitch calculator 48 can be implemented as a 
single controller. Then, the integrated controller may receive 
Voltage error as input and provide compensation pitch value 
as output. 
0070 Also, the compensation real power calculator 46 and 
the compensation pitch calculator 48 can include any one of 
or a combination of a proportional controller, a proportional 
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derivative controller, a proportional-integral controller, and a 
proportional-integral-derivative controller, and can perform 
linear control. 
0071 FIG. 4 is a diagram illustrating a compensation pitch 
calculating unit 40 according to another embodiment of the 
present invention. 
0072 Referring to FIG. 4, the compensation pitch calcu 
lating unit 40 may include a frequency comparing unit 42, 
which may compare a measurement frequency measured at 
the grid connection point with a predefined reference fre 
quency for the grid connection point to calculate a frequency 
error, a frequency error limiting unit 44, which may set the 
limit of the frequency error, a compensation real power cal 
culator 46, which may calculate the compensation real power 
value, and a compensation pitch calculator 48, which may 
calculate a compensation pitch value. 
0073 First, the frequency comparing unit 42 may compare 
the measurement frequency (f), measured at the grid connec 
tion point, with the reference frequency (f) of the grid 
connection point to calculate a frequency error (e), which is 
the frequency difference. 
10074. Here, the reference frequency (f) may be a fre 
quency that allows a stable management of the grid frequency 
and a stable Supply of electric power, and may be predefined 
by the administratorin correspondence with the measurement 
frequency (f). 
0075) Next, the frequency error limiting unit 44 may set 
the limit of the frequency error using a maximum frequency 
(f) and a minimum frequency (f) predefined by the user. 
0076 That is, among the frequency errors inputted, the 
frequency error limiting unit 44 may pass only tolerable fre 
quency errors, which lie within a range defined by the maxi 
mum frequency (f) and minimum frequency (f). 
0077. For example, in FIG. 4, if the minimum frequency 
(f) is 0 HZ, and the maximum frequency (f) is 1 Hz, the 
configuration in FIG. 4 may not be activated when the fre 
quency error(e) is 2 Hz, so that the compensation pitch value 
becomes 0 degree. When the frequency error(e) is 0.5 Hz, the 
tolerable frequency error becomes 0.5 Hz. 
0078 Here, some reasons for setting limits for the inputted 
frequency error include preventing the pitch value for the 
generator from being modified excessively Such that the gen 
erator is halted and a large impact is incurred on the power 
grid, and preventing the pitch value from being modified too 
much at once. 
0079 Next, using the tolerable frequency error inputted 
through the frequency error limiting unit 44, the compensa 
tion real power calculator 46 may calculate the real power 
value that compensates for the frequency error. 
0080 Here, a reason for calculating the real power value is 
that Voltage and real power are closely correlated, so that 
Voltage may change in accordance with a change in real 
power. 
I0081. That is, the compensation real power calculator 46 
may calculate a compensation real power value correspond 
ing to the tolerable frequency error that can be used to com 
pensate for the frequency error. 
I0082 For example, the compensation real power calcula 
tor 46 may calculate the compensation real power value by 
Equation 5 as follows: 

F=(proportional term)+(integral term)dt 

I0083. Here, F is assumed to be a proportional-integral 
controller. t represents time in units of seconds. If the propor 

Equation 5 
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tional term is 1, the integral term is 5, the units are in Watt/Hz. 
and the tolerable frequency error, i.e. the input value, is 0.5 
HZ, then the compensation real power value, i.e. the output 
value, becomes 0.55 Watts. That is, the equation may be 
computed as follows: 

0084. Next, the compensation pitch calculator 48 may cal 
culate the compensation pitch value corresponding to the 
compensation real power value inputted from the compensa 
tion real power calculator 46. That is, the compensation pitch 
calculator 48 may use an integrator to calculate the compen 
sation pitch value that renders the final frequency error a value 
of Zero. 

0085 For example, the compensation pitch calculator 48 
may calculate the compensation pitch value by Equation 6 as 
follows: 

F=(proportional term)+(integral term)dt 

I0086. Here, F is assumed to be a proportional-integral 
controller. t represents time in units of seconds. If the propor 
tional term is 1, the integral term is 5, the units are in degree/ 
Watt, and the compensation real power, i.e. the input value, is 
0.55 Watts, then the compensation pitch value, i.e. the output 
value, becomes 1.1 degrees. That is, the equation may be 
computed as follows: 

Equation 6 

1.1 degree=(1+9°5dt)x0.55 Watt 

0.087 FIG.5 is a diagram illustrating a compensation pitch 
calculating unit 40 according to another embodiment of the 
present invention. 
0088 Referring to FIG. 5, the compensation pitch calcu 
lating unit 40 may include a speed comparer 43, which may 
compare the measurement speed measured at the rotor of the 
generator 1 with a predefined reference speed of the genera 
tor's rotor to calculate a speed error, and a compensation pitch 
calculator 48, which may calculate a compensation pitch 
value. 

0089 First, the speed comparer 43 may compare the mea 
surement speed (W), measured at the rotor of the direct 
current generator, with the reference speed (W) of the gen 
erator's rotor to calculate the speed error (e), which is the 
speed difference. 
(0090 Here, the reference speed (W) may be a speed for 
the rotor of the generator that allows a stable management of 
the grid and a stable Supply of electric power, and may be 
predefined by the administrator in correspondence with the 
measurement speed (W). 
0091 Next, the compensation pitch calculator 48 may cal 
culate the compensation pitch value corresponding to the 
speed error(e) inputted from the speed comparer 43. That is, 
the compensation pitch calculator 48 may use an integrator to 
calculate the compensation pitch value that renders the final 
speed error a value of Zero. 
0092. For example, the compensation pitch calculator 48 
may calculate the compensation pitch value by Equation 7 as 
follows: 

F=(proportional term)+(integral term)dt 

0093. Here, F is assumed to be a proportional-integral 
controller. t represents time in units of seconds. If the propor 
tional term is 1, the integral term is 5, the units are in degree/ 
rpm, and the speed error, i.e. the input value, is 5 rpm, then the 

Equation 7 
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compensation pitch value, i.e. the output value, becomes 5 
degrees. That is, the equation may be computed as follows: 

0094 FIG. 6 is a flowchart illustrating a method of gener 
ating a compensation pitch value according to an embodiment 
of the present invention. To be more specific, FIG. 6 is a 
flowchart illustrating a method of generating a compensation 
pitch value for performing a pitch control method according 
to an embodiment of the present invention. 
0.095 The functions of the various elements described 
with reference to FIG. 3 can be processed within the compen 
sation pitch calculating unit 40 according to an embodiment 
of the present embodiment. Thus, to allow a better under 
standing of the present invention, the following descriptions 
will be provided from the perspective of the compensation 
pitch calculating unit 40. 
0096 Referring to FIG. 6, the compensation pitch calcu 
lating unit 40 may measure the Voltage at the direct-current 
capacitor 3 (S610). In another embodiment, the compensa 
tion pitch calculating unit 40 may measure the Voltage at the 
grid connection point. 
0097. Then, the compensation pitch calculating unit 40 
may calculate the Voltage error using the measurement Volt 
age of the direct-current capacitor 3 and the reference Voltage 
(S620). The compensation pitch calculating unit 40 may also 
calculate the Voltage error using the measurement Voltage of 
the grid connection point and the reference Voltage. Here, the 
reference Voltage may be predefined by the user in correspon 
dence with the measurement Voltage. 
0098. Then, using the voltage error, the compensation 
pitch calculating unit 40 may calculate a compensation pitch 
value corresponding to the voltage error (S630). In another 
embodiment, the compensation pitch calculating unit 40 may 
calculate a compensation real power value corresponding to 
the Voltage error, and using the compensation real power 
value, may calculate the compensation pitch value corre 
sponding to the compensation real power value. 
0099 FIG. 7 is a flowchart illustrating a method of gener 
ating a compensation pitch value according to another 
embodiment of the present invention. 
0100. The functions of the various elements described 
with reference to FIG. 4 can be processed within the compen 
sation pitch calculating unit 40 according to another embodi 
ment of the present embodiment. Thus, to allow a better 
understanding of the present invention, the following descrip 
tions will be provided from the perspective of the compensa 
tion pitch calculating unit 40. 
0101 Referring to FIG. 7, the compensation pitch calcu 
lating unit 40 may measure the frequency at the grid connec 
tion point (S710). 
0102 Then, the compensation pitch calculating unit 40 
may calculate the frequency error using the measurement 
frequency of the grid connection point and the reference 
frequency (S720). Here, the reference frequency may be pre 
defined by the user in correspondence with the measurement 
frequency. The frequency error refers to the difference 
between the reference frequency and the measurement fre 
quency. 

0103) Then, the compensation pitch calculating unit 40 
may set tolerance limits for the frequency error (S730). Here, 
setting the tolerance limits may include passing only the 
tolerable frequency errors that are included in the range set by 
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the maximum and minimum frequency errors, from among 
the frequency errors, using predefined maximum and mini 
mum frequency values. 
0104. Then, the compensation pitch calculating unit 40 
may calculate the compensation real power value correspond 
ing to the tolerable frequency error having a set limit (S740). 
0105. Then, using the compensation pitch value, the com 
pensation pitch calculating unit 40 may calculate the com 
pensation pitch value corresponding to the compensation real 
power value (S750). 
0106 FIG. 8 is a flowchart illustrating a method of gener 
ating a compensation pitch value according to another 
embodiment of the present invention. 
0107 The functions of the various elements described 
with reference to FIG. 5 can be processed within the compen 
sation pitch calculating unit 40 according to another embodi 
ment of the present embodiment. Thus, to allow a better 
understanding of the present invention, the following descrip 
tions will be provided from the perspective of the compensa 
tion pitch calculating unit 40. 
0108 Referring to FIG. 8, the compensation pitch calcu 
lating unit 40 may measure the speed at the rotor of the 
generator (S810). 
0109 Then, the compensation pitch calculating unit 40 
may calculate the speed error using the measurement speed of 
the generator rotor and the reference speed (S820). Here, the 
reference speed may be predefined by the user. 
0110. Then, using the speed error, the compensation pitch 
calculating unit 40 may calculate the compensation pitch 
value corresponding to the speed error (S830). 
0111 FIG. 9 is a drawing representing the relationship 
between pitch control apparatuses 10, a compensation pitch 
calculating apparatus 50, and wind power generation systems 
according to another embodiment of the present invention. To 
be more specific, FIG. 9 illustrates the relationship between 
pitch control apparatuses 10, a compensation pitch calculat 
ing apparatus 50, and wind power generation systems when 
there is more than one wind power generation system. 
0112 Referring to FIG. 1, the multiple number of wind 
power generation systems may include a multiple number of 
pitch control apparatuses 10 and a compensation pitch calcu 
lating apparatus 50, which transfers a compensation pitch 
value to each of the pitch control apparatuses 10. 
0113. The compensation pitch calculating apparatus 50 
can measure the frequency at the grid connection point 4 of 
the wind power generation systems, calculate the compensa 
tion pitch value in accordance with the change in measure 
ment frequency, and transfer the compensation pitch value to 
the pitch control apparatuses 10, to thereby control the pitch 
values of the wind power generation systems. In the event of 
low Voltage in the grid, the frequency at the grid connection 
point 4 can be induced above the rated frequency. 
0114. The compensation pitch calculating apparatus 50 
according to another embodiment of the present invention can 
measure the Voltage at the grid connection point 4 of the wind 
power generation systems, calculate the compensation pitch 
value in accordance with the change in measurement Voltage, 
and thus control the pitch values of the wind power generation 
systems. In the event of low Voltage in the grid, the Voltage at 
the grid connection point 4 can be induced above the rated 
Voltage. 

Mar. 18, 2010 

0115 That is, the compensation pitch calculating appara 
tus 50 can generate compensation pitch values using the error 
value at the grid connection point of the multiple wind power 
generation systems. 
0116 For the convenience of description and understand 
ing of the present invention, the following will describe 
aspects of the invention under the assumption that the error 
value is the frequency error at the grid connection point 4. 
However, it is apparent that the present invention is not thus 
limited, and that the error value for the compensation pitch 
calculating apparatus 50 according to an aspect of the present 
invention can be any error value of the wind power generation 
systems that may be caused by low Voltage in the grid. Here, 
the error value of the wind power generation system can be a 
Voltage error or frequency error at the grid connection point, 
as described above. 
0117 FIG. 10 is a diagram illustrating a wind powergen 
eration system according to another embodiment of the 
present invention. 
0118 Referring to FIG. 10, a wind power generation sys 
tem according to an aspect of the present invention can 
include a multiple number of pitch control apparatuses 10, a 
grid connection point 4, to which a multiple number of unit 
power generation systems 60 may be connected, a compen 
sation pitch calculating apparatus 50, which is connected to 
each of the pitch control apparatuses 10 and calculates the 
frequency error (e) at the grid connection point 4 and inputs 
an apportioned compensation pitch value to the pitch control 
apparatus 10 using the frequency error(e), and the unit power 
generation systems 60. To be more specific, the wind power 
generation system can be composed of an in number of (where 
n is a natural number) unit power generation systems 60 and 
pitch control apparatuses 10. 
0119. In the descriptions that follow, the compensation 
pitch calculating apparatus 50 according to an aspect of the 
present invention can advantageously be the compensation 
pitch calculating apparatus of a wind power generation sys 
tem, but it is apparent to those skilled in the art that it may also 
be applied to other types of power generation systems that 
utilize pitch control apparatuses 10. 
0.120. The compensation pitch calculating apparatus 50 
can include a frequency comparing unit 52 for calculating the 
frequency error at the grid connection point 4, a compensa 
tion pitch calculating unit 54 for calculating the compensa 
tion pitch value corresponding to the frequency error, and an 
apportion-compensation pitch calculating unit 55 that calcu 
lates the apportion-compensation pitch values and inputs 
these values to the pitch control apparatuses 10. 
I0121 The compensation pitch calculating apparatus 50 
according to an aspect of the present invention will be 
described later in further detail with reference to FIG. 11 
through FIG. 13. 
I0122. A unit power generation system 60 can include a 
power generating apparatus (not shown) that is managed 
together with the pitch control apparatus 10. Here, the power 
generating apparatus can be a generator. Here, the generator 
can be a squirrel cage induction generator or a permanent 
magnet generator, and it is apparent to those skilled in the art 
that other generators may also be applied. 
I0123. A pitch control apparatus 10 may be an apparatus 
that controls the pitch value so that the wind turbine may 
obtain a maximum output from the wind energy. A power 
generation system that includes pitch control apparatuses 10 
according to an aspect of the present invention can advanta 
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geously be a wind power generation system, but it is apparent 
to those skilled in the art that the pitch control apparatuses 10 
may be applied to other power generation systems that utilize 
natural forces. 
0.124. Also, it is apparent to those skilled in the art that a 
pitch control system according to an aspect of the present 
invention can be implemented with a built-in compensation 
pitch calculating apparatus 50 or with the compensation pitch 
calculating apparatus 50 connected as an external apparatus 
to the pitch control apparatus 10. 
0.125. The pitch control apparatus 10 according to an 
aspect of the present invention will be described later in 
further detail with reference to FIG. 11. 

0126 The grid connection point 4 may be the point at 
which the power generation systems access the power grid 
network (not shown) so that the electrical power may be 
Supplied to the user. The frequency at the grid connection 
point 4 may be controlled using the compensation pitch value 
generated by the compensation pitch calculating apparatus 50 
according to an aspect of the present invention. 
0127 FIG. 11 is a diagram illustrating a pitch control 
system according to another embodiment of the present 
invention. To be more specific, FIG. 11 is a diagram illustrat 
ing a pitch control system according to another embodiment 
of the present invention that includes a compensation pitch 
calculating apparatus 50 and a pitch control apparatus 10. 
Here, the pitch control system according to an aspect of the 
present invention can be composed of a multiple number of 
pitch control apparatuses 10 and a single compensation pitch 
calculating apparatus 50. That is, the compensation pitch 
calculating apparatus 50 according to another embodiment of 
the present invention may transfera compensation pitch value 
to each of the pitch control apparatuses 10 that control the 
pitch values of a multiple number of unit power generation 
systems 60. 
0128 Referring to FIG. 11, the pitch control system can 
include a pitch control apparatus 10 and a compensation pitch 
calculating apparatus 50. 
0129. The pitch control apparatus 10 can include a refer 
ence pitch calculating unit 20 and a pitch servo unit 30, which 
calculates a pitch value using the reference pitch value gen 
erated at the reference pitch calculating unit 20. 
0130. The pitch control system can include the compen 
sation pitch calculating apparatus 50 described above with 
reference to FIG. 10. Here, the compensation pitch calculat 
ing apparatus 50 can include controllers that output compen 
sation pitch values, which correspond with the frequency 
error at the grid connection point 4, to the pitch servo unit 30. 
0131 The compensation pitch calculating apparatus 50 
will be described later in further detail with reference to FIG. 
12 and FIG. 13. 
0.132. In the descriptions that follow, the components of 
the pitch control apparatus 10 will not be described again, as 
they have been described above with reference to FIG. 2. 
0.133 FIG. 12 is a block diagram illustrating a compensa 
tion pitch calculating apparatus 50 according to another 
embodiment of the present invention, and FIG. 13 is a dia 
gram illustrating a compensation pitch calculating apparatus 
50 according to another embodiment of the present invention. 
0134 Referring to FIG. 12 and FIG. 13, the compensation 
pitch calculating apparatus 50 can include a frequency com 
paring unit 52, a frequency error limiting unit 53, a compen 
sation pitch calculating unit 54, an apportion-compensation 
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pitch calculating unit 55, a compensation pitch comparing 
unit 56, and an anti-windup unit 57. 
0.135 Based on the measurement frequency (f) measured 
at the grid connection point 4 and the reference frequency (f) 
of the grid connection point 4, the frequency comparing unit 
52 may calculate the frequency error (e), which is the fre 
quency difference. Here, the reference frequency (f) may be 
a frequency that allows a stable Supply of electric power, and 
may be predefined by the administrator. 
0.136 The frequency comparing unit 52 may vary accord 
ing to the type of error value. For example, if the error value 
is a Voltage error, a Voltage comparing unit (not shown) may 
be employed. 
0.137 Next, the frequency error limiting unit 53 may set 
the limits for the frequency error using the maximum fre 
quency (f) and minimum frequency (f) predefined by 
the user. 
0.138. That is, among the frequency errors inputted, the 
frequency error limiting unit 53 may pass only the tolerable 
frequency errors, which lie within a range defined by the 
maximum frequency (f) and minimum frequency (f). 
0.139. For example, if the minimum frequency (f) is 0 
HZ, and the maximum frequency (f) is 1 Hz, the frequency 
error limiting unit 53 may not pass the frequency error (e) 
when the frequency error(e) is 2 Hz. Since the compensation 
pitch calculating apparatus 50 is not activated, the compen 
sation pitch value becomes 0 degree. When the frequency 
error (e) is 0.5 Hz, the tolerable frequency error becomes 0.5 
HZ. 
0140. Reasons for setting limits for the inputted frequency 
error include preventing the pitch value for the generator from 
being modified excessively such that the generator is halted 
and a large impact is incurred on the power grid, as well as 
preventing the pitch value from being modified too much at 
OCC. 

0.141. The frequency error limiting unit 53 may vary 
according to the type of error value. For example, if the error 
value is Voltage error, a Voltage error limiting unit (not shown) 
may be employed. 
0142. The compensation pitch calculating unit 54 may 
perform a linear control for the frequency error (e) to calcu 
late the compensation pitch value (U) required for frequency 
control at the power connection point. 
0143. The apportion-compensation pitch calculating unit 
55 may include a compensation pitch apportioner 552, which 
may apportion the compensation pitch value (U) calculated 
by the compensation pitch calculating unit 54 to an in number 
of values, and an apportion-compensation pitch calculator 
554, which may compare each of the apportioned values of 
the compensation pitch value (U) with the pitch limit values 
(U') to calculate the apportion-compensation pitch values 
(U's). 
0144. The compensation pitch comparing unit 56 may 
calculate deviation signals (e), and the anti-windup unit 57 
may prevent saturation in the compensation pitch calculating 
unit 54. 
0145 The compensation pitch calculating apparatus 50 
using a frequency, according to an aspect of the present inven 
tion, will be described below in further detail with reference 
to FIG. 13. 
0146 First, the compensation pitch calculating unit 54 can 
be any one of a proportional-integral (PI) controller, a pro 
portional-derivative (PD) controller, and a proportional-inte 
gral-derivative (PID) controller, which are controllers in 

i 
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which the output values are used as feedback for the control. 
As illustrated in FIG. 13, however, a proportional-integral 
derivative (PID) controller, which provides both the benefits 
of a proportional controller, an integral (I) controller for 
improving steady-state responses, and a derivative controller 
for improving response speed, may be advantageously used. 
0147 Next, the anti-windup unit 57 may prevent satura 
tion in the compensation pitch calculating unit 54, based on 
the deviation signals (e) fed back from the compensation 
pitch comparing unit 56 of the apportion-compensation pitch 
calculating unit 55. 
0148. The anti-windup unit 57 can prevent saturation, 
which may be caused by differences between the input end 
and output end during the operation of a controller that 
includes an integral (I) controller, Such as a proportional 
integral (PI) controller and a proportional-integral-derivative 
(PID) controller. Here, saturation may degrade transient 
response characteristics and steady-state response character 
istics, to lower the performance of the compensation pitch 
calculating unit 54. 
014.9 Thus, an aspect of the present invention can addi 
tionally include the anti-windup unit 57, to utilize an anti 
windup function and prevent malfunctions in the compensa 
tion pitch calculating unit 54, which includes an integral 
controller. 
0150. The anti-windup unit 57 can use any one of a limit 
setting method, in which the output of the compensation pitch 
calculating unit 54 is made not to exceed a set amount, an 
increment algorithm method, in which the control signal is 
calculated in increments for each sampling to control the 
compensation pitch calculating unit 54, and a tracking 
method, in which the difference between the output of the 
compensation pitch calculating unit 54 and the output of the 
apportion-compensation pitch calculator 554 is fed back to 
control the integrator, to prevent Saturation in the compensa 
tion pitch calculating unit 54. 
0151. The anti-windup unit 57 will now be described 
below in further detail. 
0152 First, the anti-windup unit 57 may multiply a devia 
tion signal (e) by a tracking time constant (k). Here, the 
deviation signal (e) may be calculated by comparing the Sum 
of the compensation pitch value (U) apportioned by the com 
pensation pitch apportioner 552 with the sum of the outputs of 
the apportion-compensation pitch calculator 554. The anti 
windup unit 57 may add the deviation signal (e) multiplied 
by the tracking time constant (k) to the frequency error value, 
and input the result to the integral controller (I) of the com 
pensation pitch calculating unit 54. 
0153. Thus, since the deviation signal (e) is 0 when there 

is no saturation in the apportion-compensation pitch calcu 
lating unit 55, the anti-windup unit 57 may not affect normal 
operation if there is no saturation in the apportion-compen 
sation pitch calculating unit 55. 
0154) On the other hand, if the apportion-compensation 
pitch calculating unit 55 is saturated, a deviation signal (ez0) 
may be generated, and the anti-windup unit 57 may reduce the 
input of the integral controller (I) of the compensation pitch 
calculating unit 54 by way of the feedback path, and thus 
prevent saturation. 
0155 The apportion-compensation pitch calculating unit 
55 according to an aspect of the present invention can include 
a compensation pitch apportioner 552, an apportion-compen 
sation pitch calculator 554, and a compensation pitch com 
paring unit 56. 
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0156 First, the compensation pitch apportioner 552 may 
apportion the compensation pitch value (U), which is the 
output of the compensation pitch calculating unit 54, and 
Supply the results to the apportion-compensation pitch calcu 
lator 554. Here, the apportion-compensation pitch calculator 
554 may supply a control signal to each of the pitch servo 
units 30 equipped in the multiple pitch control apparatuses 
10. 

0157 Next, the apportion-compensation pitch calculator 
554 may calculate the apportion-compensation pitch value 
(U.S) corresponding to each pitch servo unit 30, by pro 
cessing operations of comparing the pitch limit value (U") 
with the apportion-compensation pitch value (U) transferred 
from the compensation pitch apportioner 552. 
0158. The apportion-compensation pitch calculator 554 
may provide the calculated compensation pitch values (U. 
S) as control signals to each of the multiple pitch servo units 
30. Here, an apportion-compensation pitch value (U.S.) 
may be a value obtained after apportioning the compensation 
pitch value (U) that compensates for the frequency error of the 
grid connection point 4. The apportion-compensation pitch 
value (Us) may be supplied to a pitch control apparatus 10 
and can be calculated using the following Equation 8. 

Equation 8 

0159. Here, U.S represents a compensation pitch value 
as a control signal provided by the apportion-compensation 
pitch calculating unit 55 to the jth pitch control apparatus 10, 
(0160 P. represents the real power value of the jth unit 
power generation system 60 measured at the grid connection 
point 4 side. 

i 

XP, 

represents the sum of real power values from the first to the jth 
unit power generation systems 60 measured at the grid con 
nection point 4 side, and U" represents the pitch limit value. 
(0161 In the above Equation 8, min{a,b) represents a 
Smaller value from among a and b, the Subscripts is a natural 
number 1,2,3,..., n representing a number of a pitch control 
apparatus, and the SuperScript max represents the maximum 
value. 

0162 Next, the compensation pitch comparing unit 56 
may compare the Sum of the compensation pitch value (U) 
apportioned by the compensation pitch apportioner 552 with 
the sum of the compensation pitch values (U's) which are 
the outputs of the apportion-compensation pitch calculator 
554, to calculate the deviation signal (e) and provide feed 
back to the anti-windup unit 57. 
0163 A method of calculating the compensation pitch 
values in a compensation pitch calculating apparatus 50 hav 
ing the structure disclosed above, according to an aspect of 
the present invention, will be described below in further detail 
with reference to FIG. 14. 
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0164 FIG. 14 is a flowchart illustrating a method of gen 
erating a compensation pitch value in a compensation pitch 
calculating apparatus 50 according to another embodiment of 
the present invention. 
0.165. In operation S1410, the frequency comparing unit 
52 may measure the frequency of the grid connection point 4 
to obtain a measurement frequency (f). 
0166 In operation S1420, the frequency comparing unit 
52 may calculate the frequency error (e) based on the differ 
ence between the measured measurement frequency (f) and 
the reference frequency (f) for the grid connection point. 
0167. In operation S1430, the compensation pitch calcu 
lating unit 54 may receive the calculated frequency error (e) 
from the frequency comparing unit 52 and perform a linear 
controller with the controller included in the compensation 
pitch calculating unit 54, to calculate the compensation pitch 
value (U). That is, the compensation pitch calculating unit 54 
may receive the frequency error (e) as input for the propor 
tional controller (P) and perform a procedure of multiplying 
the frequency error(e) by the proportional gain (k). Also, the 
compensation pitch calculating unit 54 may receive the fre 
quency error (e) as input for the integral controller (I) and 
performa procedure of multiplying the frequency error (e) by 
the integral gain (k). 
0.168. At the same time, the compensation pitch calculat 
ing unit 54 may receive the measurement frequency (f) 
measured at the grid connection point 4 as input for the 
derivative controller (D) and perform the procedures of 
obtaining the derivative of the measurement frequency (f) 
and multiplying the derivative gain (k). 
0169. Then, the compensation pitch calculating unit 54 
may add the output values of each of the proportional con 
troller (P), integral controller (I), and derivative controller (D) 
to calculate the compensation pitch value (U). 
0170 In operation S1440, the apportion-compensation 
pitch calculating unit 55 may calculate the apportion-com 
pensation pitch values (US) using the compensation pitch 
value (U) and the pitch limit value (U"). The compensation 
pitch apportioner 552 may receive the compensation pitch 
value (U) calculated by the compensation pitch calculating 
unit 54 as input and apportion it to an in number of values 
(where n is a natural number). The apportion-compensation 
pitch calculator 554 may receive the apportioned values of the 
compensation pitch value (U) and Supply the compensation 
pitch value as control signals to the multiple pitch control 
apparatuses 10. Here, the apportion-compensation pitch cal 
culator 554 may perform the calculation represented by the 
above Equation 8, using the pitch limit value (U") and the 
apportioned compensation pitch value apportioned by and 
transferred from the compensation pitch apportioner 552, and 
calculate the apportion-compensation pitch value (U.S.) 
corresponding to each of the multiple pitch servo units 30. 
0171 In operation S1450, the apportion-compensation 
pitch calculator 554 may supply the calculated apportion 
compensation pitch values (U.S.) to the pitch control appa 
ratuses 10, and thus control the pitch control apparatuses 10. 
By controlling the pitch control apparatuses 10, the compen 
sation pitch calculating apparatus 50 makes it possible to 
stably and easily control the operation of wind power genera 
tion systems according to an aspect of the present invention. 
0172. Then, in operation S1460, the compensation pitch 
comparing unit 56 may calculate the deviation signal (e) 
based on the difference between the sum of the apportion 

Mar. 18, 2010 

compensation pitch values (U.S) and the sum of the com 
pensation pitch value (U) apportioned by the compensation 
pitch apportioner 552. 
(0173 Then, in operation S1470, the anti-windup unit 57 
may add a value obtained by multiplying the deviation signal 
(e) by the tracking time constant (k) to the frequency error 
(e) and input the result to the integral controller (I) of the 
compensation pitch calculating unit 54. 
0.174. Here, the anti-windup unit 57 can reduce the input of 
the integral controller (I) by way of the feedback path, and 
thus prevent saturation in the compensation pitch calculating 
unit 54. 
(0175 Thus, since the deviation signal (e) is 0 when there 
is no saturation in the apportion-compensation pitch calcu 
lating unit 55, the anti-windup unit 57 may not affect normal 
operation if there is no saturation in the apportion-compen 
sation pitch calculating unit 55. 
0176 On the other hand, if the apportion-compensation 
pitch calculating unit 55 is saturated, so that a deviation signal 
(ez0) is generated, the anti-windup unit 57 may reduce the 
input of the integral controller (I) by way of the feedback path 
through the tracking time constant of the anti-windup unit 57. 
and thus prevent saturation. 
(0177. While the spirit of the invention has been described 
in detail with reference to particular embodiments, the 
embodiments are for illustrative purposes only and do not 
limit the invention. It is to be appreciated that those skilled in 
the art can change or modify the embodiments without 
departing from the scope and spirit of the invention. 
We claim: 
1. A pitch control apparatus for controlling a pitch value in 

a wind power generation system, the pitch control apparatus 
comprising: 

a generator comparing unit configured to calculate an error 
signal based on a difference between a generator mea 
Surement signal and a generator reference signal, the 
generator measurement signal corresponding with an 
operation of the power generation system; 

a reference pitch calculating unit configured to calculate a 
reference pitch value using the error signal; 

a compensation pitch calculating unit configured to calcu 
late a compensation pitch value using an error value 
from the wind power generation system; and 

a pitch calculating unit configured to calculate a pitch value 
using the reference pitch value and the compensation 
pitch value, 

wherein the error value is any one of a voltage error value 
from a direct-current capacitor included in a power con 
Verter unit of the wind power generation system, a Volt 
age error value from a grid connection point of the wind 
power generation system, a speed error value from a 
rotor of the wind power generation system, and a fre 
quency error value from a grid connection point of the 
wind power generation system. 

2. The pitch control apparatus of claim 1, wherein the 
generator measurement signal is a measurement signal relat 
ing to a rotation speed of a generator drive shaft or to a 
generator output, and the generator reference signal is a ref 
erence signal predefined in correspondence with the genera 
tor measurement signal. 

3. The pitch control apparatus of claim 1, wherein the 
voltage error value is calculated based on a difference 
between a Voltage measured at a direct-current capacitor 
included in a power converter unit of the wind power genera 
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tion system and a reference Voltage predefined in correspon 
dence with the measured Voltage, or is calculated based on a 
difference between a Voltage measured at a grid connection 
point of the wind power generation system and a reference 
Voltage predefined incorrespondence with the measured Volt 
age. 

4. The pitch control apparatus of claim 1, wherein the 
frequency error value is calculated based on a difference 
between a measurement frequency measured at a grid con 
nection point of the wind power generation system and a 
reference frequency predefined in correspondence with the 
measurement frequency. 

5. The pitch control apparatus of claim 1, wherein the speed 
error value is calculated based on a difference between a 
measurement speed measured at a rotor of the wind power 
generation system and a reference speed predefined in corre 
spondence with the measurement speed. 

6. The pitch control apparatus of claim 1, wherein the 
compensation pitch calculating unit comprises: 

a compensation real power calculator configured to calcu 
late a compensation real power value by using the Volt 
age error value; and 

a compensation pitch calculator configured to calculate a 
compensation pitch value by using the compensation 
real power value. 

7. The pitch control apparatus of claim 1, wherein the 
compensation pitch calculating unit comprises: 

a compensation real power calculator configured to calcu 
late a compensation real power value by using the fre 
quency error value; and 

a compensation pitch calculator configured to calculate a 
compensation pitch value by using the compensation 
real power value. 

8. The pitch control apparatus of claim 1, wherein the 
compensation pitch calculating unit comprises: 

a compensation real power calculator configured to calcu 
late a compensation real power value by using the speed 
error value; and 

a compensation pitch calculator configured to calculate a 
compensation pitch value by using the compensation 
real power value. 

9. The pitch control apparatus of claim 6, wherein the 
compensation pitch calculating unit further comprises: 

a comparer configured to calculate the Voltage error value; 
and 

an error limiter configured to modify the Voltage error 
value to a tolerable voltage error value within a pre 
defined Voltage range, if the Voltage error value is out 
side the predefined Voltage range. 

10. The pitch control apparatus of claim 7, wherein the 
compensation pitch calculating unit further comprises: 

a comparer configured to calculate the frequency error 
value; and 

an error limiter configured to modify the frequency error 
value to a tolerable frequency error value within a pre 
defined frequency range, if the frequency error value is 
outside the predefined frequency range. 

11. The pitch control apparatus of claim 8, wherein the 
compensation pitch calculating unit further comprises: 

a comparer configured to calculate the speed error value; 
and 
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an error limiter configured to modify the speed error value 
to a tolerable speed error value within a predefined speed 
range, if the speed error value is outside the predefined 
speed range. 

12. A pitch control system for controlling pitch values in a 
plurality of wind power generation systems, the pitch control 
system comprising: 

a plurality of pitch control apparatuses; and 
a compensation pitch calculating apparatus configured to 

calculate an apportion-compensation pitch value by 
using a Voltage error value or a frequency error value 
calculated at a grid connection point where the plurality 
of wind power generation systems are connected, 

wherein the pitch control apparatus comprises: 
a generator comparing unit configured to calculate an error 

signal based on a difference between a generator mea 
Surement signal and a generator reference signal, the 
generator measurement signal corresponding with an 
operation of the power generation system; 

a reference pitch calculating unit configured to calculate a 
reference pitch value by using the error signal; and 

a pitch calculating unit configured to calculate a pitch value 
by using the reference pitch value and the apportion 
compensation pitch value calculated by the compensa 
tion pitch calculating apparatus. 

13. The pitch control system of claim 12, wherein the 
generator measurement signal is a measurement signal relat 
ing to a rotation speed of a generator drive shaft or to a 
generator output, and the generator reference signal is a ref 
erence signal predefined in correspondence with the genera 
tor measurement signal. 

14. The pitch control system of claim 12, wherein the 
voltage error value is calculated based on a difference 
between a Voltage measured at a grid connection point of the 
wind power generation system and a reference Voltage pre 
defined in correspondence with the measured Voltage. 

15. The pitch control system of claim 12, wherein the 
frequency error value is calculated based on a difference 
between a measurement frequency measured at a grid con 
nection point of the wind power generation system and a 
reference frequency predefined in correspondence with the 
measurement frequency. 

16. The pitch control system of claim 12, wherein the 
compensation pitch calculating apparatus comprises: 

a compensation pitch calculating unit configured to calcu 
late a compensation pitch value by using the Voltage 
error value or the frequency error value; and 

an apportion-compensation pitch calculating unit config 
ured to calculate a plurality of apportion-compensation 
pitch values for applying to the pitch control apparatuses 
by using the compensation pitch value and a predefined 
pitch limit value. 

17. The pitch control system of claim 16, wherein the 
apportion-compensation pitch calculating unit comprises: 

a compensation pitch apportioner configured to calculate a 
plurality of first apportion-compensation pitch values by 
apportioning the compensation pitch value; and 

an apportion-compensation pitch calculator configured to 
calculate a plurality of second apportion-compensation 
pitch values for applying to the pitch control apparatuses 
by using the plurality of first apportion-compensation 
pitch values and a predefined pitch limit value. 

18. The pitch control system of claim 17, wherein the 
apportion-compensation pitch calculating unit passes the first 
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apportion-compensation pitch values included within the 
pitch limit values to calculate the second apportion-compen 
sation pitch values. 

19. The pitch control system of claim 16, wherein the 
compensation pitch calculating apparatus further comprises: 

a comparing unit configured to calculate the Voltage error 
value or the frequency error value; and 

an error limiting unit configured to modify the Voltage error 
value or the frequency error value to a tolerable voltage 
error value within a predefined Voltage range or a toler 
able frequency error value within a predefined frequency 
range, respectively, if the Voltage error value or fre 
quency error value is outside the predefined Voltage 
range or predetermined frequency range, respectively. 

20. The pitch control system of claim 16, wherein the 
compensation pitch calculating apparatus further comprises: 

a compensation pitch comparing unit configured to calcu 
late a deviation signal by using a sum of first apportion 
compensation pitch values and a sum of second appor 
tion-compensation pitch values; and 

an anti-windup unit configured to prevent windup in the 
compensation pitch calculating unit by using the devia 
tion signal and the Voltage error value or the frequency 
error value. 

21. The pitch control system of claim 20, wherein the 
anti-windup unit inputs to the compensation pitch calculating 
unit a sum of the deviation signal, multiplied by a tracking 
time constant (k), and the Voltage error value or the frequency 
error value. 

22. The pitch control system of claim 17, comprising a 
number of wind power generation systems, being a natural 
number, wherein a number of pitch control apparatuses are 
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connected to the wind power generation systems respectively, 
and the second apportion-compensation pitch values are cal 
culated according to the following equation: 

U = min U' Pic U i = min 

wherein U, is an apportion-compensation pitch value as 
a control signal provided to a jth pitch control apparatus 
by an apportion-compensation pitch calculating unit of a 
compensation pitch calculating apparatus, 

Pic is a real power value of a jth unit wind power genera 
tion system, 

S.P. 

is a sum of real power values from a first to the jth unit wind 
power generation systems, and 

U" is a pitch limit value, 
and wherein min{a,b) represents a smaller value between 

a and b, a Subscript is a natural number 1, 2, 3,..., n. 
representing a number of a pitch control apparatus, and 
a SuperScript max represents a maximum value. 

c c c c c 


