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A wind turbine generator (10) derives the gradient of a change in output power of a generator (20) that generates power by rotation
of a wind turbine rotor (16), and determines an increase/decrease In the output power of the generator (20) on the basis of the
derived gradient of the change in output power. Then, when the frequency of a utility grid (42) has dropped, power control Is
performed on the basis of the determination results. Therefore, a decrease in the amount of power supplied to the utility grid (42)
can be more effectively compensated for by accurately detecting output power fluctuations of the generator (20), using a simple

configuration.
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{Abstract}

A wind turbine generator (10) derives the gradient of a change

1n output power of a generator (20) that generates power by rotation

of a wind turbine rotor (lo), and determines an increase/decrease

l

1n the output power of the generator (20) on the basis of the derived

gradient of the change 1n output power. Then, when the frequency

of a utility grid (42) has dropped, power control is performed on

the basis of the determination results. Therefore, a decrease in

the amount of power supplied to the utility grid (42) can be more

effectively compensated for by accurately detecting output power

fluctuations of the generator (20), using a simple configuration.
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{DESCRIPTION}

WIND TURBINE GENERATOR AND OUTPUT POWER CONTROL METHOD

{Technical Field}

{0001}

The present invention relates to a wind turbine generator
and an output power control method.
{Background Art}
{0002}

With a wind turbine generator that receives energy of wind
power with blades to rotate a wind turbine rotor and generates power
by driving a generator with the rotation of the wind turbine rotor,

there has been a problem 1n that the output power thereof fluctuates

due to fluctuations in wind speed.

As a technology for solving this problem, Patent Literature
1 discloses a wind turbine generator, wherein power of variable
frequency generated by a generator, which is connected to a wind
turbine shaft, i1s converted with a rectifier to direct-current
power; the direct-current power 1s converted with an inverter to
alternating-current power; a secondary battery that can be
charged/discharged 1s connected in series between the rectifier
and the inverter; and the secondary battery is subjected to constant

charge/discharge control so as to alleviate fluctuations in the

output power to a utility grid. In more detail, the wind turbine
generator disclosed in Patent Literature 1l alleviates fluctuations

in the output power to the utility grid by using an output value



N
- - - = cegee o . - . - s . - e STl p .
. . em e aitw P N T S N O RS f—-“:u’.:}«\?ﬁ\v{:-b‘sr:_:r_ﬁ QA IIM=II TIATT v % g, Cm e ™ h e WMDY B e T T R .. oY .. . N - . S - s —" ey . i Ve 2l SRR a7 L B

CA 02724601 2010-12-10

from a high—-frequency cut filter, which removes an amount
corresponding to the fluctuations from detected value of the output

power of the generator, as an output value of the inverter and by

absorbing a difference between the generator output power and the
inverter output power via charging/discharging of the
apbove-described secondary battery.

{Citation List}

{Patent Literature}

{0003}

{PTL 1} Japanese Unexamined Patent Application, Publication No.

2003-333752.

{Summary of Invention}
{Technical Problem}
{0004}

However, with the technology disclosed in Patent Literature
1, the difference between the generator output power and the output
value of the high-frequency cut filter is set as the power to be
absorbed through charging/discharging of the secondary battery,
and thus a configuration for detecting fluctuation levels of the
power output from the generator is complicated.
{0005}

The present 1nvention has been conceived in light of the

above-described situation, and an object thereof is to provide a

wind turbline generator that is capable of more effectively

compensating for a reduction in the amount of power supplied to
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a utility grid by accurately detecting generator output power

fluctuations using a simple configuration, as well as an output
power control method therefor.

{Solution to Problem}

{0006}

In order to solve the above-described problems, the present

invention employs the following solutions.

A wind turbline generator according to a first aspect of the
present invention is a wind turbine generator which rotates a wind
turbine rotor having a plurality of blades by receiving wind
thereon, drives a generator with the rotation of the wind turbine
rotor, and supplilies power generated by the generator to a utility
grid, including a determination unit for deriving the gradient of

—

a change 1n output power of the generator and for determining an

increase/decrease in the output power of the generator on the basis

of the derived gradient; and a control unit for performing power

control when the frequency of the utility grid has dropped, on the
basis of a determination result of the determination unit.
{0007}

According to the present invention, the determination unit
derives the gradient of the change in output power of the generator,
which generates power by the rotation of the wind turbine rotor,
and determines the increase/decrease in the generator output power

on the basis of the derived gradient.

For example, the generator output power is detected a
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plurality of times at predetermined time intervals, and the
gradient of the change in output power is derived from the gradient
of a straight line connecting the detected values. For example,
the determination unit determines that the generator output power
is increasing when the gradient of the change is 0° < 8 € 90°, and
it determines that the generator output power 1is decreasing when
270° < © < 360°. The case in which the output power is increasing
1s when the wind speed 1is rising, and the case in which the output
power 1s decreasing 1s when the wind speed is declining.

Then, when theutility grid frequency has dropped, the control
unit performs power control on the basis of the determination
results obtained by the determination unit.

Based on the above, the present invention canmore effectively

compensate ﬁor a decrease 1n the amount of power supplied to a
utility grid by accurately detecting generator output power
fluctuations, using a simple configuration.

{0008}

In addition, the wind turbine generator of the present
inventlon may addiltionally include a secondary battery that can
be charged/discharged, wherein, when the frequency of the utility
grid has dropped and the determination unit has determined that
the output power of the generator is reduced, the control unit may
perform control so as to compensate for the difference between the
output power of the generator and the power required by the utility

grid with at least one of inertial force accumulated in the wind
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turbine rotor and power charged 1n the secondary battery.
{0009}

When an abnormality (for example, disconnection of a large
power plant) occurs in the utility grid, the utility grid frequency
temporarily drops considerably. Then, this freguency drop
gradually returns to equilibrium state while repeating frequency

fluctuations. Consequently, 1in order to compensate for the

frequency drop of theutilitygrid, that i1s, a decrease 1n the amount
of power supplied to the utility grid, a requirement arises to alter
the output power from interconnected power plants in accordance
with the frequency fluctuations in the utility grid. The
above-described requirement corresponds to the power required by
the utility grid.

Therefore, according to the present invention, when the
utility grid freqgquency has dropped and the determination unit
determines that the generator output power is reduced, the control
unit performs control so that the difference between the generator
output power and the power required by the utility grid is
compensated for by at least one of the inertial force accumulated

in the wind turblne rotor and the power charged in the secondary

battery.
Therefore, even when the amount of power supplied to the
utllity grid is decreased and the wind speed is also declining,

the present invention can supply the output power required by the

utility grid.
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{0010}

Furthermore, the wind turbilne generator of the present
invention may additionally include a secondary battery that can
be charged/discharged, and a storing unit for storing; when the
frequency of the utility grid has dropped and the determination
unit has determined that the output power of the generator 1is

increased, output level of the generator for the case in which the
frequency of the utility grid has dropped; wherein the control unit
may perform control so that the output power of the generator matches
the output level stored in the storing unit, and may perform control
so that the difference between the output power of the generator
and the power required by the utility grid 1s compensated for with
inertial force accumulated 1in the wind turbine rotor and power
charged in the secondary battery.

If the generator output power is 1ncreased when the utility
grid frequency has dropped, the generator may output power that
exceeds the power required by the utility grid.

Therefore, according to the present invention, the storing

unit stores the generator output level for the case in which the
utility grid freguency has dropped, and the control unit limits
the generator output power so as to match the output level stored
1n the storing unit.

In addition, the control unit performs control so that the

difference between the generator output power and the power

required by the utility grid 1s compensated for by the inertial
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force accumulated in the wind turbine rotor and the power charged

1n the secondary battery.

Therefore, even when the amount of power supplied to the

utility grid is decreased and the wind speed is rising, the present

invention can supply the ocutput power required by the utility grid.
{0011}

In addition, with the wind turbine generator of the present
invention, the control unit may control pitch angles of the blades
so that the output power of the generator matches the output level
stored 1n the storing unit.

According to the present invention, the pitch angles of the
blades are controlled by the control unit so that the generator

output power matches the output level stored in the storing unit.

Therefore, the present invention can readily reduce the

generator output power.

{0012}

In addition, 1in the wind turbine generator of the present
invention, a plurality of the secondary batteries may be provided,
and the control unit may perform control so that the power generated

Py the generator is charged only in those secondary batteries among

the plurality of the secondary batteries that do not contribute

to discharging, so as to match the output power of the generator

with the output level stored in the storing unit.

According to the present invention, the control unit charges

secondary batteriles that do not contribute to discharging with the
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power generated by the generator so that the generator output power

matches the output level stored in the storing unit.

Therefore, the present invention can readily reduce the

generator output power.
{0013}
On the other hand, a second aspect of the present invention

1s an output power control method for a wind turbine generator which

rotates a wind turbine rotor having a plurality of blades by

receiving wind thereon, drives a generator with the rotation of
the wind turbine rotor, and supplies power generated by the
generator to a utility grid, the output power control method

including a first step of deriving the gradient of a change in output

power of the generator and determining an increase/decrease in the

output power of the generator on the basis of the derived gradient;

P

and a second step of performing power control on the basis of a

determination result of the first step, when the frequency of the

utility grid has dropped.

According to the present invention, the gradient of the change
in generator output power is derived, an increase/decrease in the

generator output power 1s determined on the basis of the derived

gradient of the change, and, when the utility grid frequency has
dropped, power control is also performed on the basis of the

determination results.

Therefore, the present invention can more effectively

compensate for a decrease in the amount of power supplied to the
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utility grid by accurately detecting generator output power

fluctuations using a simple configuration.

In a further aspect the present invention provides a wind
turbine generator, which rotates a wind turbine rotor having a
plurality of blades by receiving wind thereon, drives a generator
with the rotation of the wind turbine rotor, and supplies power
generated by the generator to a utility grid, comprising: a
determination unit for deriving the gradient of a change in
output power of the generator and for determining an increase/
decrease in the output power of the generator on the basis of the
derived gradient; a control unit for performing power control
when the frequency of the utility grid has dropped, on the basis
of a determination result of the determination unit; and a
secondary battery that can be charged/discharged, wherein,
when the frequency of the utility grid has dropped and the
determination unit has determined that the output power of the

generator 1s reduced, the control unit performs control so as to

compensate for the difference between the output power of the
generator and the power required by the utility grid with at
least one of i1nertial force accumulated in the wind turbine rotor
and power charged 1n the secondary battery.

In a further aspect the present i1nvention provides a wind
turbine generator, which rotates a wind turbine rotor having a
plurality of blades by receiving wind thereon, drives a generator
with the rotation of the wind turbine rotor, and supplies power

generated by the generator to a utility grid, comprising: a
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determination unit for deriving the gradient of a change in
output power of the generator and for determining an increase/
decrease in the output power of the generator on the basis of the
derived gradient; a control unit for performing power control
when the frequency of the utility grid has dropped, on the basis
of a determination result of the determination unit; a secondary
battery that can be charged/discharged; and a storing unit for
storing, when the frequency of the utility grid has dropped and
the determination unit has determined that the output power of
the generator 1s increased, output level of the generator for a
case 1n which the frequency of the utility grid has dropped,
wherein the control unit performs control so that the output
power of the generator matches the output level stored in the
storing unit, and performs control so that the difference between
the output power of the generator and the power required by the
utility grid is compensated for with inertial force accumulated
1n the wind turbine rotor and power charged in the secondary
battery.

In yet a further aspect the present invention provides a
output power control method for a wind turbine generator, which
rotates a wind turbine rotor having a plurality of blades by
recelving wind thereon, drives a generator with the rotation of
the wind turbine rotor, and supplies power generated by the
generator to a utility grid, the output power control method
comprising: a first step of deriving the gradient of a change in

output power of the generator and determining an increase/
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decrease 1n the output power of the generator on the basis of the
derived gradient; and a second step of performing power control
so as to compensate for the difference between the output power
of the generator and the power required by the utility grid with

at least one of 1nertial force accumulated 1n the wind turbine

rotor and power charged i1n a secondary battery when the frequency
of the utility grid has dropped and the output power of the
generator 1s reduced according to a determination result of the
first step.

In yet a further aspect the present invention provides an
output power control method for a wind turbine generator, which
rotates a wind turbine rotor having a plurality of blades by
recelving wind thereon, drives a generator with the rotation of
the wind turbine rotor, and supplies power generated by the
generator to a utility grid, the output power control method
comprising: a first step of deriving the gradient of a change in
output power of the generator and determining an increase/
decrease 1n the output power of the generator on the basis of the
derived gradient; a second step of performing power control on
the basis of a determination result of the first step, when the
frequency of the utility grid has dropped; and a third step of
performing power control so that the output power of the
generator matches the output level stored in the second step, and
the difference between the output power of the generator and the
power required by the utility grid is compensated for with

inertial force accumulated in the wind turbine rotor and power



CA 02724601 2013-02-12

9¢C

charged in the secondary battery.
{Advantageous Effects of Invention}
{0014}

The present invention affords an excellent advantage in that
a reduction in the amount of power supplied to a utility grid can
be more effectively compensated for by accurately detecting
generator output power fluctuations using a simple configuration.
{Brief Description of Drawings}
{0015}
{Fig. 1} Fig. 1 is an external view of a wind turbine
generator according to an embodiment of the present invention.
{Fig. 2} Fig. 2 is a block diagram showing the electrical
configuration of the wind turbine generator according to the
embodiment of the present invention.
{Fig. 3} Fig. 3 is a flowchart showing a flow of processing by
an output power control program according to the embodiment of
the present i1nvention.
{Fig. 4} Fig. 4 is a graph that is necessary for explaining
the derivation of the gradient of a change in output power of
a generator according to the embodiment of the present
invention.
{Fig. 5} Fig. 5 is a graph showing an example of a frequency
drop in the utility grid according to the embodiment of the

present invention.

{Fig. 6} Fig. 6 is a graph showing an example of required output
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power in response to the frequency drop in theutility grid according

Jr—

to the embodiment of the present invention.

{Fig. 7} Fig. 7 is a functional block diagram showing functions
of a control unit according to the embodiment of the present
invention.

{Fig. 8} Fig. 8 1s an example of the wind turbine generator output
power for the case 1n which compensation is performed using inertial
force accumulated 1n a wind turbine rotor when the utility grid
frequency has dropped and the generator output power is also
reduced, wherein (A) 1s an overall view showing the timing at which

an abnormality has occurred 1n the utility grid, and (B) is an

enlarged view of a region A, which shows regions before and after

the timing at which the abnormality has occurred in the utility

grid.
{Fig. 9} Fi1g. 9 1s a pattern diagram showing a ratio between the

output power of a wind turbine secondary battery and the inertial

force accumulated in the wind turbine rotor required for the wind

turbine generator according the embodiment of the present invention
to output the power that satisfiles the required output power,

wherein (A) 1s a case 1n which the required output power is at or
above a threshold set in advance, and (B) is a case in which the

required output power is below the threshold set in advance.

{Fig. 10} Fig. 10 shows, for the wind turbine generator according
to the embodiment of the present invention, an example of the output

power from the wind turbine generator in the case in which
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compensation 1s performed using the inertial force accumulated in
the wind turbine rotor and a wind turbine secondary battery device,

when the utility grid frequency has dropped and the generator output

power 1s also reduced.

{Fig. 11} F1g. 11 shows an example output power from the wind turbine
generator 1n the case in which compensation is performed using the

inertial force accumulated in the wind turbine rotor, when the

utility grid frequency has dropped and the generator output power

1s increased, wherein (A) is an overall diagram showing timing of

the occurrence of an abnormality in the utility grid, and (B) is
an enlarged view of a region A which shows regions before and after
the timing at which the abnormality has occurred in the utility
grid.

{Fig. 12} Fig. 12 shows, for the wind turbine generator according

Lo the embodiment of the present invention, an example output power
from the wind turbine generator in the case in which compensation

1s performed using inertial force accumulated in the wind turbine

rotor and a wind turbine sécondary battery device, when the utility

grid frequency has dropped and the generator output power 1S

increased.

{Description of Embodiments}
{0016}
An embodiment of a wind turbine generator according to the

present i1nvention will be described below with reference to the

drawlngs.
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{0017}

FF1g. 1 1s an external view of a wind turbine generator 10
according to this embodiment.

The wind turbine generator 10 is provided with a tower 12,

a nacelle 14 provided at the top of the tower 12, and a wind turbine

rotor 1o0.

{0018}

H

The nacelle 14 is provided, in the interior thereof, with

a generator 20 and so on (see Fig. 2), and is mechanically linked
to the wind turbine rotor 16 and the generator 20 so that the rotation

of the wind turbine rotor 16 is transmitted to the generator 20.

In addition, the nacelle 14 is capable of swinging in desired yaw

directions together with the wind turbine rotor 16.

The wind turbine rotor 16 is provided with a plurality of
plades 22 and a hub 24. The plurality of blades 22, whose pltch
angles can be individually and variably controlled, are provided
on the hub 24 in a radiating pattern.

{0019}
In this way, with the wind turbine generator 10, the wind

turbine rotor 16 rotates by receiving wind power energy on the blades

22, the generator 20 is driven by the rotation of the wind turbine
rotor 16, and the power generated by the generator 20 is transmitted

to the utility grid.

{0020}

Fig. 2 is ablockdiagram showing the electrical configuration



CA 02724601 2010-12-10

13

of the wind turbine generator 10 according to this embodiment.

An AC-DC converter 30A is connected to the generator 20, and
alternating-current power output from the generator 20 is converted
to dlrect-current by the AC-DC converter 30A.

{0021}

In addition, the AC-DC converter 30A is connected to a DC-DC
converter 32 and a DC-AC converter 34,

The DC-DC converter 32 1s connected to a wind turbine
secondary battery device 36, which 1s a secondary battery (for
example, a lithium battery) that is disposed inside the nacelle
14 and can be charged/discharged, and converts voltage converted

to direct-current by the AC-DC converter 30A to a voltage level

that 1s suitable for charging the wind turbine secondary battery
device 36.
{0022}

On the other hand, the power converted to the direct-current
by the AC-DC converter 30A is converted back to alternating-current
again by the DC-AC converter 34. Then, the power converted to
alternating-current by the DC-AC converter 34 is transmitted to
a utility grid 42 via a transformer 38A, which is for electrically

connecting with other wind turbine generators, and a main cable

40.
{0023}

The main cable 40 for transmitting the power to the utility

grid 42 is connected to a farm secondary battery device 44, which
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15 a secondary battery (for example, a lithium battery) disposed

outside the nacelle 14 and which can be charged/discharged, via

a transformer 38B and an AC-DC converter 30B. The farm secondary
pbattery device 44 may be provided for each wind turbine generator
10 or may be provided for every predetermined number of the wind
turbine generators 10.
{0024}

In addition, the wind turbiline generator 10 is provided with
a power detector 46 that detects the output power of the generator

20. The power detector 46 detects the power at predetermined time

1ntervals (for example, every 3 seconds).
{0025}
Furthermore, the wind turbine generator 10 is provided with

a control unit 48. The control unit 48 receives, as inputs,

detected values that indicate the power detected by the power

detector 46 and controls the wind turbine rotor 16, the AC-DC

converter 30A, the DC-DC converter 32, the DC-AC converter 34, and

the AC-DC converter 30B.
{0026}
In addition, the control unit 48 is provided with a storage

pr—

unit 50, which 1s constituted of a magnetic storage device or a

semiconductor storage device. The storage unit 50 is used to store
various data and as a work area for programs that are executed by

the control unit 48.

{0027}
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Then, the wind turbine generator 10 according to this
embodiment derives the gradient of a change 1n the output power
of the generator 20 and performs a processing that determines the
increase/decrease in the output power of the generator 20
(hereinafter, referred to as “output-change determining
processing”) on the basis of the gradient of the change.

Fig. 3 1s a flowchart for the case where the output-change
determining processing 1s performed, showing the flow of processing
by an output-change determining program that is executed by the
control unit 48, the output-change determining programbeing stored
1n advance 1n a predetermined region of the storage unit 50. This
program starts up, for example, when the wind turbine generator
10 starts to generate power.

{0028}
First, at Step 100, a standby state continues until detected

values are input from the power detector 46, and upon receiving,

as 1nputs, the detected values from the power detector 46, the
process proceeds to Step 102.
{0029}

At Step 102, the detected values of the output power of the

generator 20, which have been input from the power detector 46,

are stored 1in the storage unit 50.

{0030}

At the subsequent Step 104, it is determined whether or not

the detected values stored in the storage unit 50 are stored at
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least 1n a predetermined number (two, in this embodiment, as an

example) required to determine the increase/decrease of output

F

power from the generator 20. If an affirmative determination 1is

made, the process proceeds to Step 106, and, on the other hand,

| ' ana

1f a negative determination 1is made, the process returns to Step

100.
{0031}

At Step 1006, on the basis of the predetermined number of the
detected values stored in the storage unit 50, the gradient of the
change 1n output power of the generator 20 is derived.

A method for deriving the gradient of output power change

will be described here, with reference to Fig. 4. Fig. 4 is a graph
that shows changes in the power (output power) detected by the power
detector 46.

A detected value n shown in Fig. 4 is the latest detected
value and a detected value n-1 is the detected value detected
immedlately before the detected value n.

P

Then, 1in this embodiment, the gradient © of a straight line

L connecting the detected value n and the detected value n-1 is

derived as the gradient of the output power change.

{0032}

Note that the number of detected values required to determine
the increase/decrease in the output power of the generator 20 may
pe three or more. In this case, an approximation line of the

straight line i1s obtained from the three or more detected values,
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and the gradient of the approximation line is taken as the gradient

of the change 1In the output power o0f the generator 20.

-—

{0033}

In the subsequent Step 108, the increase/decrease of the
output power of the generator 20 1s determined on the basis of the
gradient 6 derived in Step 106.

More specifically, when the gradient 6 is, for example, 0°
<8 <90°%, it is determined that the wind speed is rising, and thus
the output power of the generator 20 1s increasing. On the other
hand, when the gradient 6 is, for example, 270° < 6 < 360°, it is
determined that the wind speed is declining, and thus the output
power of the generator 20 1s decreasing. Note that, when the
gradient ® isneither 0° <8< 90° nor 270° <6< 360°, it is determined
that there 1s no increase/decrease in the output power of the
generator 20.

That 1s, the determination results are one of three types:
increasing output power, decreasing output power, or no

increase/decrease in output power.
{0034}

In the subsequent Step 110, it is determined whether or not
an operator has input an instruction to stop the power generation
Py the wind turbine generator 10 via a control board (not shown).
IT an affirmative determination is made, the program is ended, and,

1f a negative determination is made, the process returns to Step

100.
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{0035}

Next, the case 1n which the frequency of the utility grid
42 to which the wind turbine generator 10 is connected has dropped

due to the occurrence of an abnormality in the utility grid 42 (for

example, disconnection of a large power plant) will be described.

When an abnormality occurs in the utility grid 42, for

example, the frequency of the utility grid 42 may temporality drop

considerably (frequency drop in a range between 0 to 5 seconds),

as shown i1n Fig. 5. Then, this frequency drop returns to

equllibrium state while repeating slight frequency fluctuations

(frequency fluctuations with a 2-second periodicity after 5

seconds) .

{0036}

Consequently, 1n accordance with the frequency fluctuations

in the utility grid 42, the wind turbine generator 10 is required

Lo alter 1ts output power in order to compensate for the frequency

drop in the utility grid 42, that is the power drop in the util 1ty
grid 42. In other words, this requirement corresponds to the power

that the utility grid 42 requires from the wind turbine poOwer

generator 10U (hereinafter referred to as “required output power”) .

{0037}

The required output power is obtained from expression (1)

described below. In expression (1), AP is a fluctuation range of

the required output power corresponding to the frequency

fluctuations in theutility grid 42, fis the utility grid frequency,
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and R is a predetermined constant.

{Eg. 1}

Ap:_l..gg%"ﬁ__fu) (1)

Fig. 6 1s a graph showing the regquired output power

corresponding to the frequency drop in the utility grid 42 shown

in Fig. 5. As shown in Fig. 6, the required output power increases

as the frequency fluctuations 1n the utility grid 42 increase, and

the required output power decreases as the fregquency fluctuations

in the utility grid 42 decrease.
{0038}

Then, when the frequency of the utility grid 42 drops, the
wind power generator 10 according to this embodiment is controlled
by the control unit 48 so as to output the required output power.
{0039}

Fig. 7 1s a block diagram showing functions of the control
unit 48 with regard to outputting the required output power. The
control unit 48 1s provided with a required-output-power calculator
60, an output-change determining processor 62, and a control

command generator 64.

{0040}
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The control unit 48 receilves, as an input, the frequency of

the utility grid 4Z2.

From the frequency of the utility grid 42 that has been input

thereto, the reguired-output-power calculator 60 calculates a
requlred output power to be increased with respect to the output
power of the wind turbine generator 10, using the above-described
expression (1), and output the calculated value to the control
command generator 64 as an output—-increase command value.

The output-change determining processor 62 performs the
above-described output-change determining processing to determine
the increase/decrease 1in the output power from the generator 20
and outputs the determination resulits to the control command
generator 64.

The control command generator 64 generates a
wind-turbine-rotor control command value for controlling the wind
turbine rotor 16 and a charge/discharge command value for
controlling charging/discharging of at least one of the wind
turbine secondary battery device 36 and the farm secondary battery
device 44, on the basis of the rotation speed of the wind turbine
16, the output-increase command value output from the
required-output-power calculator 60, and the determination results
obtalined by the output-change determining processor 62.

The wind-turbine-rotor control command value is transmitted

to a wind turbine rotor controller 66, and the charge/discharge

control command value i1s transmitted to a wind—-turbine
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charge/discharge controller 68 and a farm charge/discharge
controller 70.

{0041}

On the basis of the wind-turbine rotor control command value,

the wind-turbine rotor controller 66 applies a damping force
(break) to the wind turbine rotor 16 or changes the pitch angles

of the blades 22.

On the basis of the charge/discharge control command value,
the wind-turbine charge/discharge controller 68 controls the DC-DC
converter 32 so that the wind turbine secondary battery device 36

is charged/discharged.

On the basis of the charge/discharge control command value,

the farm charge/discharge controller 70 controls the AC-DC

converter 30B so that the farm secondary battery device 44 is
charged/discharged.

{0042}

P

Next, the case in which the frequency of the utility grid

42 has dropped and the output-change determining processor 62 has
determined that the output power of the generator 20 is reduced
willl be described.

{0043}
When an abnormality occurs in the utility grid 42, the

frequency of the utility grid 42 drops considerably 1mmediately

after the occurrence of the abnormality, as shown in the

above-described Fig. 5. As shown in Fig. 6, the required output
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power 1n response to this large frequency drop 1is large relataive
to that 1n the subsequent period.
Accordingly, 1n response to the large frequency drop 1n the

utility grid 42, a damping force 1s applied to the wind turbine

rotor 16 thereby compensating the output power with the i1nertial
force (1nertlal energy) accumulated 1n the wind turbine rotor 16.
{0044}

Fig. 8 shows the change 1in output power of the wind turbine
generator 10 and an example of timing at which an abnormality occurs

in the utility grid 42 when the output power of the generator 20

1s reduced, wherelin Fig. 8(B) 1s an enlarged view of the region
A 1n Fig. 8 (A).
Then, as shown in Fig. 8(B), due to the compensation with

the 1nertial force accumulated in the wind turbine rotor 16, the

output power of the wind turbine generator 10 temporarily

approaches the required output power. However, the output power
of the generator 20 subsequently decreases because a damping force
1s applied to the wind turbine rotor 16. Accordingly, the wind

turbine generator 10 1s unable to output the required output power.

{0045}

Therefore, when the frequency of the utility grid 42 has
dropped and the output power of the generator 20 is also reduced,
the wind turbine generator 10 according to this embodiment uses

the power charged in the wind turbine secondary battery device 36

Lo compensate for the amount by which the inertial force falls short
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1n the compensationd That 1s, control command generator 64
generates a wind-turbine-rotor control command value and a
charge/discharge control command value in order for the wind
turbine generator 10 to output the required output power.
{0040}

Fig. 9 shows the ratio between the output power from the wind
turbine secondary battery device 36 and the inertial force
accumulated 1n the wind turbine rotor 16 required for the wind
turbine generator 10 to output power that satisfies the required
output power.

F1g. 9(A) shows the ratio between the wind turbine secondary
pattery device 36 and the 1nertial force accumulated in the wind
turbine rotor 16 for the case in which the output-increase command

value that 1ndicates the required output power is at or above a

proportion (for example, 3 %) determined in advance relative to
the output power of the wind turbine generator 10. In the following
description, the above-described proportion will be referred to
simply as a threshold.

When the output-increase command value 1s at or above the
threshold determined in advance, the control command generator 64
generates the wind-turbine-rotor control command value and the
charge/discharge control command value so that, as shown in Fig.
9(A), as the rotation speed of the wind turbine rotor 16 increases,
the output power produced by the inertial force accumulated in the

wind turbine rotor 16 increases and the output pbwer of the wind
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turbine secondary battery device 36 decreases.

{0047}

On the other hand, when the output-increase command value

that 1ndicates the required output power is less than the threshold

determined 1n advance, as shown in Fig. 9(B), the control command
generator 64 does not generate the wind-turbine-rotor control

command value but generates the charge/discharge control command

value so that the required output power is satisfied by discharging

the wind turbiline secondary battery device 36 regardless of the

rotation speed of the wind turbine rotor 16. This is because, when
the output-increase command value i1s less than the threshold, the

output power to be followed 1s too small and the output power cannot

be followed by controllling the wind turbine rotor 16.

{0048}

Fig. 10 shows an example of the case in which compensation

1s performed using the inertial force accumulated in the wind

turbine rotor 16 and the wind turbine secondary battery device 36.

As shown in Fig. 10, when the compensation is performed using the

1nertial force accumulated in the wind turbine rotor 16 and the

wind turbine secondary battery device 36, as compared with the case

1n which only the inertial force accumulated in the wind turbine

rotor 16 1s used, the difference between the output power of the
wind turbine generator 10 and the required output power becomes

smaller.

In the example shown in Fig. 10, the required output power
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1s not satisfied by the discharge of the wind turblne secondary

batterydevice 36 alone. In such acase, a charge/discharge control
command value 1s generated, whereby compensation 1s performed also

using the farm secondary battery device 44 by causing the farm

secondary battery device 44 to also discharge.
{0049}

As described above, when the frequency of the utility grid
42 has dropped and the output power of the generator 20 1is also
reduced, the wind turbine generator 10 according to this embodiment
compensates for the difference between the output power of the
generator 20 and the required output power with the inertial force
accumulated 1n the wind turbine rotor 16 and the power charged in
the wind turbine secondary battery device 36 or the farm secondary
battery device 44.

The difference between the output power of the generator 20
and the required output power may be compensated for only with the
inertial force accumulated in the wind turbine rotor 16, or it may

be compensated for only with the power charged in the wind turbine

secondary battery device 36 or the farm secondary battery device

44 .

In addition, even while power in accordance with the required
output power 1s being output, the wind turbine generator 10
determines the increase/decrease in output power of the generator

20 with the output-change determining processor 62, newly generates

the wind-turbine-rotor control command value and the
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charge/discharge control command value with the control command

generator 64 in accordance with the determination results, and

output them.

{0050}

Next, the case 1n which the frequency of the utility grid

42 has dropped and the output-change determining processor 62 has

determined that the output power of the generator 20 is increased

wlll be described.

{0051}

F1g. 11 shows the change in output power of the wind turbine
generator 10 and an example of timing at which an abnormality occurs

in the utility grid 42 when the output power of the generator 20

1s increased, wherein Fig. 11(B) is an enlarged view of the region

A 1n Fig. 11 (A).

Fig. 11(B) shows an example case in which, in response to

the frequency drop in the utility grid 42, compensation is performed

using the inertial force accumulated in the wind turbine rotor 16.

As shown 1n Fig. 11 (B), when compensation is performed using

the 1nertial force accumulated in the wind turbine rotor 1o, the

output power of the wind turbine generator 10 temporarily becomes
equivalent to the required output power. However, because the
output power of the generator 20 is increased, the output power
0f the wind turbine generator 10 may subsequently exceed the

required output power.

{0052}
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Therefore, when the frequency of the utility grid 42 has
dropped and the output power of the generator 20 1s increased, the
wind turbine generator 10 according to this embodiment reduces the
output power of the generator 20. DMore specifically, the control

—_—

unit 48 stores 1n the storage unit 50 the output level of the

generator for the case i1n which the frequency of the utility grid

42 has dropped, that 1s, when an abnormality has occurred 1n the

utility grid 42 (hereinafter, referred to as “stored output
level”). Then, the control unit 48 controls the output power of
the generator 20 so as to match the stored output level and also
performs control so that the difference between the output power
of the generator 20 and the requlred output power is compensated
for with the 1nertial force accumulated in the wind turbine rotor
16 and the power charged in the wind turbine secondary battery device
36.

That 1s, the control command generator 64 generates, first,

the wind-turbine-rotor control command value, which corresponds

to the frequency that has considerably dropped immediately after

the occurrence of an abnormality intheutilitygrid 42, for applying
the damping force to the wind turbine rotor 16, and then the
charge/discharge control command value for causing the wind turbine
secondary battery device 36 to discharge. Accordingly, by
compensation with the inertial force accumulated in the wind
turbine rotor 16 and the power discharged from the wind turbine

secondary battery device 36, the wind turbine generator 10 outputs
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power that satisfies the required output power.
{0053}

Subsequently, the control command generator 64 generates the
wind-turbine-rotor control command value for controlling the pitch
angles of the blades 22 so that the output power of the generator
20 decreases to the stored output level. More specifically, by
generating the wind-turbine-rotor control command wvalue that
changes the pitch angles of the blades 22 to the feather side, the
wind power that the blades 22 receilive 1s decreased, thereby reducing
the output power of the generator 20.

The one-dot chain line i1n Fig. 12 shows the case in which
the output power of the generator 20 is reduced to the stored output
level. Accordingly, 1t 1s possible to prevent the output power
of the wind turbine generator 10 from exceeding the required

effective output power. However, because this alone is not

sufficient to cope with minute frequency fluctuations in the
utility grid 42, the output power of the wind turbine generator
10 does not adhieve the required effective output power.
Consequently, the control command generator 64 according to
this embodiment generates the wind-turbine-rotor control command

value for controlling the pitch angles of the blades 22 and, on

the basis of the output-increase command value, generates the
charge/discharge control command value for causing the wind turbine
secondary battery device 36 to discharge power. Accordingly, as

the broken line in Fig. 12 indicates, the wind turbine generator
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10 can match 1ts output power with the required output power.
{0054}

As described above, when the frequency of the utility grid
42 has dropped and the output power of the generator 20 1s increased,
the wind turbine generator 10 according to this embodiment controls
the output power of the generator 20 so as tomatch the stored output
level stored 1n the storage unit 50 and compensates for the
difference between the output power of the generator 20 and the
required output power with the inertial force accumulated in the
wind turbine rotor 16 and the power charged in the wind turbine
secondary battery device 36.

Consequently, even when the utility grid frequency has
dropped due to an abnormality occurring in the utility grid 42 and
the wind speed 1s also rising, the wind turbine generator 10 can
output the power required for the utility grid 42.

{0055}

When the required output power cannot be satisfied by
discharging power only from the wind turbine secondary battery
device 36, the control command generator 64 according to this
embodiment generates the charge/discharge control command value
for performing compensation using also the farm secondary battery
device 44, causing also the farm secondary battery device 44 to
dlscharge. Compensation may be performed by having only the farm
secondary battery device 44 discharge, without having the wind

turbine secondary battery device 36 discharge.
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{0006}

Although the present invention has been described above
using the above-described embodiment, the technical scope of the
present i1nvention 1is not limited to the scope described in the
above-described embodiment. Various changes or improvements may
be added to the above-described embodiment within a range that does

not depart from the gist of the invention, and the technical scope

of the present invention encompasses configurations with such

changes or 1mprovements.

{0057}
For example, 1n order to match the output power of the

generator 20 with the stored output level, the case of controlling

the pitch angles of the blades 22 has been described in the

above-described embodiment; however, the present invention is not

limited thereto, and, in order to match the output power of the
generator 20 with the stored output level, a configuration in which
control is performed so that the power generated by the generator

20 charges a secondary battery is permissible.

More specifically, for example, the wind turbine secondary

battery device 36 is provided with a plurality of secondary

patteries, and, the power generated by the generator 20 charges

only those secondary batteries among the plurality of secondary

patteries that do not contribute to discharging. Note that, the
secondary batteries that contribute to discharging are the

secondary batteries that are discharging to match the output power
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of the wind turbine generator 10 with the regquired output power.
{0058}

In addition, although the case 1in which a lithium battery
1s used as the wind turbine secondary battery device 36 has been

described 1n the above-described embodiment, the present invention

1s not limited to thilis, and a configuration in which other power
storage unit, such as an electric field capacitor, etc. is used

as the wind turblne secondary battery device 36 is permissible.

{0059}

Furthermore, although the case in which the wind turbine
secondary battery device 36 1s disposed inside the nacelle 14 has

been described 1n the above-described embodiment, the present

inventlion 1s not limited to this, and a configuration in which the
wind turbine secondary battery device 36 is disposed inside the
tower 12 or below the tower 12 is permissible.

{0060}

Additionally, also permissible is a configuration in which
the wind turbine generator 10 provided with the wind turbine
secondary battery device 36 supplies power charged in the wind
turbine secondary battery device 36 to other wind turbine

generators without the wind turbine secondary battery device 36,

thereby making the output power of the other wind turbine generators

satlisfy the required output power.

In this configuration, the wind turbine generator 10 receives

measured values of output power that are output from the other wind
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turbine generators, anddischarges, from the wind turblne secondary
battery device 36, power corresponding to the differences between
the required output power being required for the other wind turbine
generators and the receilved measured values.

{Reference Signs List}

{0061}

10: wind turbine generator

16: wind turbine rotor

20: generator

22: blade

36: wind turbine secondary battery device

42: utility grid

44: farm secondary battery device

48: control unit

50: storage unit
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We Claim:

1. A wind turbine generator, which rotates a wind turbine
rotor having a plurality of blades by receiving wind thereon,
drives a generator with the rotation of the wind turbine
rotor, and supplies power generated by the generator to a
utility grid, comprising:

a determination unit for deriving the gradient of a
change 1in output power of the generator and for determining an
increase/decrease in the output power of the generator on the
basis of the derived gradient;

a control unit for performing power control when the
frequency of the utility grid has dropped, on the basis of a
determination result of the determination unit; and

a secondary battery that can be charged/discharged,

wherein, when the frequency of the utility grid has
dropped and the determination unit has determined that the
output power of the generator is reduced, the control unit

performs control so as to compensate for the difference
between the output power of the generator and the power

required by the utility grid with at least one of inertial

force accumulated in the wind turbine rotor and power charged

1n the secondary battery.

2. A wind turbine generator, which rotates a wind turbine

rotor having a plurality of blades by receiving wind thereon,
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drives a generator with the rotation of the wind turbine
rotor, and supplies power generated by the generator to a
utility grid, comprising:

a determination unit for deriving the gradient of a
change in output power of the generator and for determining an
increase/decrease in the output power of the generator on the
basis of the derived gradient;

a control unit for performing power control when the
frequency of the utility grid has dropped, on the basis of a
determination result of the determination unit;

a secondary battery that can be charged/discharged; and

a storing unit for storing, when the frequency of the
utility grid has dropped and the determination unit has
determined that the output power of the generator 1is
increased, output level of the generator for a case in which

the frequency of the utility grid has dropped,

whereiln the control unit performs control so that the
output power of the generator matches the output level stored
in the storing unit, and performs control so that the
difference between the output power of the generator and the
power required by the utility grid is compensated for with
inertial force accumulated in the wind turbine rotor and power

charged i1in the secondary battery.

3. A wind turbine generator according to Claim 2, wherein
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the control unit controls pitch angles of the blades so that

the output power of the generator matches the output level

stored 1n the storing unit.

4 . A wind turbine generator according to Claim 2, wherein
a plurality of the secondary batteries are provided, and
the control unit performs control so that the power
generated by the generator 1s charged only i1n those secondary
batteries among the plurality of the secondary batteries that

do not contribute to discharging, so as to match the output

power of the generator with the output level stored 1n the

storing unit.

5. An output power control method for a wind turbine
generator, which rotates a wind turbine rotor having a
plurality of blades by receiving wind thereon, drives a
generator with the rotation of the wind turbine rotor, and

supplies power generated by the generator to a utility grid,

the output power control method comprising:

a first step of deriving the gradient of a change in

output power of the generator and determining an
increase/decrease in the output power of the generator on the
basis of the derived gradient; and

a second step of performing power control so as to

compensate for the difference between the output power of the

generator and the power required by the utility grid with at
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least one of inertial force accumulated in the wind turbine
rotor and power charged in a secondary battery when the
frequency of the utility grid has dropped and the output power
of the generator is reduced according to a determlnation

result of the first step.

6. An output power control method for a wind turbine
generator, which rotates a wind turbine rotor having a
plurality of blades by receiving wind thereon, drives a

generator with the rotation of the wind turbine rotor, and

supplies power generated by the generator to a utility grid,
the output power control method comprising:

a first step of deriving the gradient of a change 1in
output power of the generator and determining an
increase/decrease in the output power of the generator on the
basis of the derived gradient;

e

a second step of performing power control on the basis of

a determination result of the first step, when the frequency

of the utility grid has dropped; and

a third step of performing power control so that the

output power of the generator matches the output level stored

1n the second step, and the difference between the output
power of the generator and the power required by the utility
grid 1s compensated for with inertial force accumulated in the

wind turbine rotor and power charged 1n the secondary battery.
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