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ABSTRACT
The object is to reduce an output fluctuation in an
interconnection node. Provided i1s an operation control method

of a wind power generation system including a step of

obtaining the output data of each wind turbine, a step of
determining a correlation between output fluctuations of
adjacent wind turbines by using output data, and a step of

pre—

shifting, 1f a strong correlation 1s exhibited, a phase of

output fluctuation of either one of the adjacent wind turbines

by a period at which the strong correlation is exhibited.
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DESCRIPTION

WIND POWER GENERATION SYSTEM AND OPERATION CONTROL METHOD

THEREOF

Technical Field

10001}

The present invention relates to a wind power generation

system and an operation control method thereof.

Background Art

[0002]

Smoothing output fluctuations of a wind farm 1s known.

If the standard deviation of the output fluctuation of one

wind turbine is defined as o, then the standard deviation OCiotal

P

of the output fluctuation of a wind farm with M wind turbines

is represented by the following equation (1) provided that the

output fluctuations of each wind turbine are not correlated

(random) .

[0003]

[Equation 1]

Ototal = J\/_A} (1)

Patent Citation 1: US Patent No. 6724097, specification
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Patent Citation 2: US Patent No. 6946751, specification
Disclosure of Invention

10004]

However, if the correlation of the output fluctuations of each wind
turbine in the wind farm is high, there is a risk that the output fluctuation of the wind

farm will not be smoothed, but will be observed as a large output fluctuation.
[0008]

An object of some embodiments of the invention is to provide a wind
power generation system that can lower the output fluctuation at an interconnection

node and an operation control method thereof.
[0006]

The first aspect of the present invention is an operation control method
of a wind power generation system provided with a plurality of wind turbines, in which
output power of each wind turbine is supplied to an electric power system through a
common interconnection node, the operation control method of the wind power
generation system comprising: a step of obtaining the output data of each wind

turbine; a step of determining a correlation between output fluctuations of
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adjacent wind turbines by using the output data; and a step otf
shifting, 1f a strong correlation 1s exhibilted, a phase of the
output fluctuation of either one of the adjacent wind turbines
by a period at which the strong correlation 1s exhibited.

[0007]

According to such an operation control method,
the correlation of the output fluctuations of the wind
turbines positioned adjacently 1s obtailined and, 1if that
correlation is strong, the phase of the output fluctuation of
either one of the adjacent wind turbines 1s shifted by the
period at which that strong correlation 1s exhibited,
therefore, 1t 1s possible to weaken the correlation of the
output fluctuations between the adjacent wind turbines.

As a result, 1t 1s possible to relax the output
fluctuation in the interconnection node to which the output
power of each wind turbine 1s supplied, and to supply more

stable electric power to the electric power system.

The expression "1f a strong correlation 1s exhibited"”

means, for example, a situation where a correlation value more

than 2 times greater than the average level of the correlation
1s exhibited. For example, 1n the graph shown in FIG. 5, a
peak exhibiting a correlation value more than 2 times greater

than the average level of the correlation i1s shown. A

situation like this will be judged as a strong correlation.

10008]



CA 02697431 2010-02-22

4

In the operation control method of the above-mentioned
wind power generation system, the phase of the output
fluctuation may be shifted by changing a blade pitch angle of
elther one of the adjacent wind turbines.

[0009]

By changing either one of the blade pitch angles in this
way, the rotational speed of the generator is changed; as a
result, 1t 1s possible to shift the phase of the output

fluctuation. Thus, 1t 1s possible to weaken the correlation

of the output fluctuations between the adjacent wind turbines.
[0010]
In addition, 1n the operation control method of the
above-mentioned wind power generation system, the phase of the
output fluctuation may by shifted by changing a rotational

speed of a generator of either one of the adjacent wind

turbilnes.
(00111

By changing the rotational speed of either one of the

"

generators in this way, 1t is possible to shift the phase of
the output fluctuation. Thus, it is possible to weaken the
correlation of the output fluctuations between the adjacent

wind turbines.
[0012]

The second aspect of the present invention is a wind

power generation system provided with a plurality of wind
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turbines, in which output power of each wind turbine is supplied
Lo an electric power system through a common interconnection
node, wherein output data of each wind turbine is obtalned; a
correlation between output fluctuations of adjacent Wind turbines

1s determined by using the output data; and if a strong

correlation is exhibited, a phase of the output of either one of
the adjacent wind turbines is shifted by a period at which the

strong correlation is exhibited.
(00124}

Another aspect of the present invention is an operation
control method of a wind power generation system provided with a
plurality of wind turbines, in which output power of each wind
turbine is supplied to an electric power system through a common
interconnection node, the operation control method of the wind
power generation system comprising: a step of obtaining an output

data of each wind turbine, a step of determining a correlation

petween output fluctuations of adjacent wind turbines, which are

arpitrarily selected from the plurality of wind turbines, by

using the output data, and a step of shifting, if a value of the
correlation becomes more than 2 times greater than an average
level of the correlation, a phase of the output fluctuation of
either one of the adjacent wind turbines by a period.at which the
value of the correlation is more than 2 times greater than the

average level of the correlation.

[0012b]

A further aspect of the present invention is a wind
power generation system provided with a plurality of wind
turbines, in which output power of each wind turbine is supplied

Lo an electric power system through a common interconnection



10

15

20

25

CA 02697431 2012-12-06

51258-29

oa

node, comprising a central control device configured to obtain an

output data of each wind turbine, wherein the central control
device determines a correlation between output fluctuations of
adjacent wind turbines, which are arbitrarily selected from the

-

plurality of wind turbines, by using the output data, and the

central control device shifts, if a value of the correlation
pecomes more than 2 times greater than an average level of the
correlatidn, a phase of the output of either one of the adjacent
wind turbines by a period at which the value of the correlation
1s more than 2 times greater than the average level of the

correlation.

[0013]

According to the present invention, an advantage is

afforded in that it is possible to lower the output fluctuation

1n the interconnection node.

P

Brief Description of Drawings

(0014]

[FIG. 1] FIG. 1 is a diagram showing the overall
configuration of a wind power generation system according to an

embodiment of the present invention.

[FIG. 2] FIG. 2 1s a diagram showing the configuration

of a wind turbine according to an embodiment of the present

invention.

[FIG. 3] FIG. 3 is a diagram showing, in more detail,

the configuration of the wind turbine shown in FIG. 2.

[FIG. 4] FIG. 4 is a block diagram Showing’an example

configuration of a generator and the periphery thereof.
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[FIG. 5] FIG. 5 is a graph showing an example of the
correlation value of the output fluctuation of a wind turbine.

Explanation of Reference:

[0015]
1 wind power generation system
100 central control device
30 electric power 1line
A 1nterconnection node
WTG1l, WTGZ2, WTGn wind turbine

Best Mode for Carrying Out the Invention

[0016]

In the following, one embodiment of a wind power
generation system and an operation control method thereof
according to the present invention will be described with

reference to the drawings.

FIG. 1 1s a block diagram showing the overall

configuration of a wind power generation system according to

this embodiment. As shown 1n FIG. 1, a wind power generation
system 1 1s provided with a plurality of wind turbines WTGI,
WITG2, ..., WTGn (hereinafter, when referring to all wind
turbines, they will be simply assigned the reference sign

"WTG", and when referring to each wind turbine individually,

they will be assigned reference signs "WTG1l", "WTG2", and so

forth) and a central control device 100 that gives a control

command to the each wind turbine WTG. In this embodiment,
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each wind turbine WTG may be either a variable-speed wind turbine or a

constant-speed wind turbine.

The output power of the each wind turbine WTG1, WTGZ2, - - -,

WTGn is supplied to an electric power system through the common
interconnection node A via an electric power line 30.

[0017]

As shown in FIG. 2, each wind turbine WTG is provided with a tower
2 and a nacelle 3 mounted on the top end of the tower 2. The nacelle 3 is capable
of slewing in the yaw direction and is directed towards a desired direction by a
nacelle slew mechanism 4. A generator 5 and a gearbox 6 are mounted in the
nacelle 3. A rotor of the generator 5 is connected to a wind turbine rotor 7 through
the gearbox 6.

[0018]

The wind turbine rotor 7 is provided with blades 8 and a hub 9 for
supporting the blades 8. The blades 8 are mounted so that their pitch angles are
adjustable. Specifically, as shown in FIG. 3, a hydraulic cylinder 11 for driving the
blades 8 and a servo valve 12 for supplying hydraulic pressure to the hydraulic
cylinder 11 are accommodated in the hub 9. Depending on the degree of opening
of the servo valve 12, the hydraulic pressure to be supplied to the hydraulic
cylinder 11 is controlled, and thereby, the blades 8 are controlied to the desired
pitch angle.

[0019]
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Referring again to FIG. 2, a wind speed/direction meter

10 1s further mounted in the nacelle 3. The wind
speed/direction meter 10 measures wind speed and wind
direction. The nacelle 3 is slewed 1n response to the wind
speed and the wind direction measured by the wind
speed/direction meter 10.

10020]

FIG. 4 1s a block diagram showlng an example

configuration of the generator 5 and the periphery thereof.
The generator 5 1n this embodiment i1s configured so that the
electrical power generated by the generator 5 can be output to
the electric power system through both a stator coil and a
rotor coll. Specifically, in the generator 5, its stator coil
1s connected to the electric power system directly, and the

rotor coll is connected to the electric power system through

an AC-DC-AC converter 17.
(0021]
The AC-DC-AC converter 17 1s formed of an active

rectifier 14, a DC bus 15, and an inverter 16 and converts AC

power recelived from the rotor coil into AC power that is
adjusted to the frequency of the electric power system. The
active rectifiler 14 converts the AC power generated in the
rotor coil into DC power, and outputs that DC power to the DC
bus 1o5. The 1inverter 16 converts the DC power received from

the DC bus 15 into AC power of the same frequency as the
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electric power system, and outputs that AC power.

10022]
The AC-DC-AC converter 17 also has a function to convert
the AC power received from the electric power system i1into AC

power that is adjusted to the frequency of the rotor coil, and

the AC-DC-AC converter 17 1s also used to excite the rotor

colil depending on the operational states of the wind turbine

WTG. In this case, the inverter 16 converts the AC power 1into

the DC power and outputs that DC power to the DC bus 15. The

active rectifier 14 converts the DC power received from the DC

bus 15 into the AC power that 1s adjusted to the frequency of
the rotor coil and supplies that AC power to the rotor coil of

the generator 5.

10023]

U B
Q

A control system of the wind turbine WTG 1s formed o:
PLG (pulse logic generator) 18, a main control unit 19, a
voltage/current sensor 20, a converter-driving controller 21,

a pitch control unit 22, and a yaw controller 23.

10024}

PLG 18 determines the rotational speed w of the generator
5 (hereinafter referred to as "the generator rotational speed
w'") .

The malin control unit 19 generates an active power
command P, a reactive power command Q, and a pitch command B’

1n response to the generator rotational speed w determined by
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the PLG 18, and further generates a yaw command 1n response to

the wind speed and wind direction determined by the wind

speed/direction meter 10. In addition, when a
synchronization-canceling command 1s recelived from the central
control device 100 (see FIG. 1), the main control unit 19

performs correction of the pitch angle command 3" by 0.5°

towards the feather side for a predetermined time. The
details of this correction control will be described below.
[0025]
The voltage/current sensor 20 is provided on the electric
power line 30 that connects the generator 5 to the electric

power system, and determines output voltage V and output

current I of the generator »5.

[0026]

The converter-driving controller 21 performs on/off
control of the power transistor of the active rectifier 14 and
the inverter 16 so as to control the output active power P and

1 1 . *
reactive power Q 1n response to the active power command P

and the reactive power command Q . Specifically, the

converter-driving controller 21 calculates the active power P

and the reactive power Q from the output voltage V and the

output current I determined by the voltage/current sensor 20.

The converter-driving controller 21 also generates a PWM

signal by conducting PWM control i1n response to the difference

between the active power P and the active power command P and
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the difference between the reactive power Q and the reactive
power command Q , and supplies the generated PWM signal to the

active rectifier 14 and the inverter 16. Thus, the active

power P and the reactive power Q are controlled.

[0027]

The pitch control unit 22 controls the pitch angle B of
the blades 8 in response to the pitch command B  sent from the
main control unit 19. The pitch angle B of the blades 8 1is
controlled so as to be consistent with the pitch command {.

The yaw controller 23 controls the nacelle slew mechanlism
4 1n response to the yaw command sent from the main control
unit 19 and points the nacelle 3 1in the i1ndicated direction.

[0028]

An AC/DC converter 24 is connected to the electric power
line 30 that 1s wired within the wind turbine WTG. This AC/DC
converter 24 generates DC power from the AC power received
from the electric power system through the electric power line
30, and supplies that DC power to the control system of the
wind turbine WTG, especially, the servo valve 12, the main
control unit 19, and the pitch control unit 22 that are used
to control the pitch angle B of the blades 8.

[0029]

Further, 1n order to stably supply the DC power to the
servo valve 12, the main control unit 19, and the pitch

control unit 22, the wind turbine WTG 1s provided with an



10

15

20

25

CA 02697431 2010-03-11

51258-29

12

uninterruptible power system 26 provided with a charger 27 and an emergency
battery 28. Due to the needs for the wind power generation system, like LVRT
(Low Voltage Ride Through), it is necessary to maintain a state in which the
generator 5 is connected to the electric power system even if the system voltage
Vgrid is lowered. To do so, it is necessary to suitably control the pitch angle of the
blades 8 even if the voltage of the electric power system is lowered, thereby
maintaining the desired value of the rotational speed of the generator 5. In order
to satisfy such needs, when the system voltage Vgrid is lowered to a
predetermined voltage, the uninterruptible power system 26 is connected to the
servo valve 12, the main control unit 19, and the pitch control unit 22 by a switch
25. and electric power is supplied from the emergency battery 28 to the servo
valve 12, the main control unit 19, and the pitch control unit 22. Thereby, the
control of the pitch angle of the blades 8 is maintained. The emergency battery 28
is connected to the charger 27. The charger 27 charges the emergency battery
28 with the DC power supplied from the AC/DC converter 24.

[0030]

Next, the operation control method of the above-mentioned wind

power generation system 1 will be described.

The central control device 100 shown in FIG. 1 collects time-series

data Pi(t) of the output power (specifically, the active power) of each of the wind

turbines WTG1, WTG2, - - -WTGn that constitute the wind power generation

system 1.

Here, Pi(t) = P(kAt), wherein "k" is the number of samplings and k =

0,1,2--- N, "At" is a sampling period, and "i" denotes the active power of the I-th

wind turbine WTG.
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With regard to the collection of the above-mentioned time-series
data P(i), it is realized, for example, by obtaining time-series data of the active
power and the reactive power that are calculated by the converter-driving
controller 21 provided in each wind turbine WTG.

[0031]

The central control device 100 collects the time-series data of the
output of each wind turbine WTG and then calculates the correlation between the
output fluctuations of the adjacent wind turbines in the wind power generation
system 1 (in the wind farm). For this purpose, information related to the position
of each wind turbine is registered in advance in the central processing device 100.

The above-mentioned calculation of the correlation may be
conducted by using equation (2) shown below or by using a fast Fourier
calculation (FFT) or the like. In addition, it is also possible to use other known
methods.

[0032]

[Equation 2]
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N -
R; iv1(m) = Z F(n)F(n + m) (2)

L]
N

I\

provided that - (N-1) m < (N-1)

[0033]

The central control device 100 conducts the calculations
of the correlation relationship for each of 1 = 1 to M-1 and
determines whether or not adjacent wind turbines that are

P

highly correlated exist. If there 1s a correlation, for

example, a correlation peak like the one shown in FIG. 5 will
appear. In FIG. 5, the horizontal axis represents time and

the vertical axis represents the correlation value, and the

time myAt represents the elapsed time from the time 0 that 1is

the reference of the sampling time period. It 1s shown that a
strong correlation of the output fluctuation is exhibited
between the i1-th wind turbine and the 1+1-th wind turbine at
this time.

(0034 ]

If there 1s a pair of wind turbines that has exhibited a
strong correlation of the output fluctuation, the central

control device 100 sends a synchronization-canceling command

for adjusting the pitch angle by a predetermined amount and

information about the period (time) at which the correlation
1s exhibited to either wind turbine of the pair of wind

turbines.
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Here, with the constant-speed wind turbine, the above-
mentioned correlation will be exhibited periodically since the
rotational speed of the generator 5 1s constant. Therefore,
1t 1s possible to estimate when the correlation will be
exhibited 1n the future. In addition, even with a variable-
speed wind turbine 1n which the rotational speed of the
generator 5 1s varilable, 1t will be possible to estimate the

time at which the correlation will be exhibited i1n the future

"

by making the sampling time period of the time-series data of
the output of the wind turbine shorter relative to the time
period during which the rotational speed varies, for example,

between one minute and several tens of minutes.

[0035]

In the wind turbine WTG that has received the
synchronization-canceling command from the central control
device 100, the main control unit 19 shown in FIG. 4 corrects
the above-mentioned pitch angle command B~ to the extent that
the correlation of the output fluctuation will not be
exhibited between the adjacent wind turbines around the time
m,At at which the correlation is exhibited, and gives the
corrected pitch angle command B ' to the pitch control unit
22. Specifically, the main control unit 19 gives the
corrected pitch angle command R ' that is the above-mentioned
pitch angle command B~ being corrected by the predetermined

amount (for example, 0.5°) towards the feather side to the
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pitch control unit 22 over the time period from 1/2myAt to
1/3mpAt by taking the time myAt at which the correlation is
exhlibited as a reference.

[00306]

Because the rotational speed of the generator 5 at the

time mpyAt 1s changed thereby, the phase of the output

fluctuation becomes shifted. As a result, it 1is possible to
lower the correlation of the output fluctuation between the
adjacent wind turbines. Accordingly, the phase of the output
fluctuation 1n the i1nterconnection node A can be shifted, and

1t 1s possible to lower the output fluctuation in the

interconnection node A for the wind farm as a whole.

(0037

The central control device 100 performs the above-
mentioned processing repetitively at predetermined time
intervals, thereby reducing the correlation between the output

F

fluctuations of the adjacent wind turbines.

(0038 ]

As described above, according to the wind power

generation system and the operation control method thereof

Jr——

according to this embodiment, the correlation of the output

fluctuations of the wind turbines positioned adjacently is

obtained and, i1f that correlation is strong, the phase of the
output fluctuation of either one of the adjacent wind turbines

1s shifted by the period at which that strong correlation 1is
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exhibited, therefore, it is possible to weaken the correlation of the output fluctuations
between the adjacent wind turbines.

As a result, it is possibie to relax the output fluctuation in the
interconnection node to which the output power of each wind turbine is supplied, and

to supply more stable electric power to the electric power system.
[0039]

Although the embodiment of the present invention has been described
above with reference to the drawings, the actual configuration is not limited to this

embodiment; design modifications that do not depart from the present invention are

also encompassed.

(0040}

For example, although the correlation of the output fluctuation is
lowered by correcting the pitch angle command in the above-mentioned embodiment,
the correlation of the output fluctuation may be lowered by changing other
parameters. For example, an azimuth angle may be adjusted, and in the case of the

variable-speed wind turbine, the rotational speed of a motor may be adjusted.

[0041]

In addition, although the output of the each wind turbine is monitorea

and the presence of the correlation is determined from these monitoring results in the

20 above-mentioned embodiment, instead of this, the azimuth angle of the each
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wind turbine may be monitored and the correlation may be
determined to be high 1f this azimuth angle is 1n
synchronization. In this case, any of pitch, rotational

speed, and azimuth angle may be controlled so as to avoid the

synchronization of the azimuth angle.
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CLAIMS:
1. An operation control method of a wind power

generation system provided with a plurality of wind turbines,

in which output power of each wind turbine is supplied to an

the operation control method of the wind power generation

system comprising:

a step of obtaining an output data of each wind

turbine,

a step of determining a correlation between output

4

fluctuations of adjacent wind turbines, which are arbiltrarily

P

selected from the plurality of wind turbines, by using the

output data, and

— —

a step of shifting, if a value of the correlation

ﬁ

pecomes more than 2 times greater than an average level of the

ﬁ

correlation, a phase of the output fluctuation of either one of

1)

#

the adjacent wind turbines by a period at which the value of

the correlation 1s more than 2 times greater than the average

—

level of the correlation.

F

2 . | An operation control method of a wind power

M

generation system according to Claim 1, wherein the phase of

the output fluctuation is shifted by changing a blade pitch

angle of either one of the adjacent wind turbines.

3. An operation control method of a wind power

generation system according to Claim 1, wherein the phase of

the output fluctuation is shifted by changing a rotational
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gr— N

speed of a generator of either one of the adjacent wind

turbines.

4 . A wind power generation system provided with a

plurality of wind turbines, in which output power of each wind

turbine is supplied to an electric power system through a

common interconnection node, comprising a central control
device configured to obtain an output data of each wind

turbine, wherein

the central control device determines a correlation

ﬁ

petween output fluctuations of adjacent wind turbines, which

#

are arbitrarily selected from the plurality of wind turbines,

by using the output data, and

the central control device shifts, if a value of the

correlation becomes more than 2 times greater than an average

level of the correlation, a phase of the output of either one

of the adjacent wind turbines by a period at which the value of

the correlation is more than 2 times greater than the average

ﬁ

level of the correlation.
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