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ABSTRACT

It 1s an object to supply, to the utmost extent, reactive

power according to a demand of a utility grid side while
maintaining the power factor within a predetermined range.

The wind turbiline generator system 1ncludes a main controller

19. The controller 19 1ncludes a first controller 31

performing constant-reactive-power regulation, a second
controller 32 performing constant-power-factor regulation, a
judging unit 34 for judging whether a present operating

condition 1s within a predetermined operating region, and a

control-switching unit 35 for switching from the first

controller 31 to the second controller 32 when the first

controller 31 1s performing the constant-reactive-power

regulation and the judging unit 34 detects a deviation from

the operating region.
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DESCRIPTION

WIND TURBINE GENERATOR SYSTEM AND METHOD OF CONTROLLING OUTPUT

OF TH:

L*)

SAME

Technical Field

10001 ]

The present 1nvention relates to a wind turbine generator

system and a method of controlling the output of the same.

Background Art
L0002 ]

Recently, in fields such as wind turbine generator

systems, 1t 1s requilired to ensure a power factor within a
predetermined range, when electric power is supplied to a

utility grid from 2 wind turbine generator system, in view of

stabi1lizing the power supply in the utility grid.
Accordingly, for example, to keep a constant power
factor, constant-power-factor regulation is performed for
controlliing the active power and the reactive power (for
example, Japanese Unexamined Patent Application, Publication

No. 2001-268805).

Patent Document 1: Japanese Unexamined Patent

Application, Publication No. 2001-268805
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Disclosure of Invention

Recently, in order to further stabilize the power supply

of the utility grid, one requirement of a utility grid side 1s

that reactive power of a certain level or more should be

consistently supplied from a wind turbine generator system to

the utility grid. This is based on the fact that the reactive
power contributes to stabilization of electrilic power.

[0003]

However, for example, in order to supply reactive power
in a certain level or more even when the level of the active
power 1s significantly decreased due to wind or other
conditions, it 1s predicted that the power factor will deviate
from a predetermined range that is required by the utility
grid side. One concern in such a case, for example, 1s the

risk of causing a situation where the operation of a wind

turbine must be stopped.

(0004 ]

It is an object of the present invention to provide a
wind turbine generator system that can supply, to the utmost
extent, reactive power according to a demand from a utility
grid side while maintaining thé power factor within a certain

range and to provide a method of controlling the output of the

sSame.

[0005]

A first aspect of the present invention is a wind turbine
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generator system having a controlling device that performs
output control, wherein the controllling device includes a
first controller performing constant-reactive-power regulation
for keeping a constant reactive power level; a second

controller performing constant-power-factor regulation for

keeping a constant power factor; a memory unit for storing
information about an operating region defined by the reactive
power and the active power, with a power factor within a
predetermined range; a judging unit for judging whether a
present operating condition 1s within the operating region
stored 1n the memory unit; and a control-switching unit for
switching between the first controller and the second

controller, wherein the control-switching unit switches from

the first controller to the second controller when the first

controller 1s performing the constant-reactlive-power

regulation and the judging unit detects a deviation from the
operatling region.

[0006]

With such a structure, the constant-reactive-power
regulation can be performed within a range not deviating from
the operating region, and reactive power of a certain level or
more demanded by the utility grid side can be provided to the
utmost extent. Furthermcre, when a deviation from the
operating region occurs, the constant-reactive-power

regulation is switched to the constant-power-factor
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regulation. Conseqguently, a large deviation from the
operatlng region can be avolded, and the wind turbine can be
continuously operated. Accordingly, 1t 1is possible to avoid
halting the operation of the wind turbine, thereby suppressing
a decrease 1in power generation efficiency.

In the present invention, the priority of the constant-
reactive-power regulation 1s set to be higher than that of the
constant-power—-factor regulation. Therefore, the constant-
reactive-power regulation 1s preferentially selected within a

region not deviating from the operating region.

0007 ]

In the wind turbine generator system, the control-
switching unit may be configured to switch the operation from
the second controller to the first controller when the second
controller is performing the constant-power-factor regulation
and the active power level 1s higher than a threshold wvalue of
the active power that 1s determined by a reactive power
command value, which 1s decided by the constant-reactive-power
regulation, and the operating region.

(0008 ]

Since the constant-power—-factor regulation is

automatically switched to the constant-reactive-power
regulation when the active power 1s recovered, it 1s possible
to supply, to the utmost extent, reactive power of a certain

to the utility grid.

D

level or mor:

{
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[0009]

A second aspect of the present 1nvention 1s a method of
controlling the output of the wind turbine generator system,
wherein information about an operating region defined by the
reactive power and the active power, with a power factor

within a predetermined range, 1s obtained in advance; and when

a deviation of a present operating condition from the
operating region 1s detected while performing constant-
reactive-power regulation for keeping a constant reactive
power level, the constant-reactive-power regulation 1is

switched to the constant-power-factor regulation.

[0010]

In the method of controlling the output of a wind turbine

generator system, 1t may be configured such that the constant-

power—factor regulation 1s switched to the constant-reactive-

power regulation when the constant-power-factor regulation 1s
being performed and the active power level is higher than a
threshold value of the active power that 1s determined by a
reactive power command value set 1n the constant-reactive-

power regulation and the operating region.

Brief Description of Drawings
[0011]
| FIG. 1] Fig. 1 1s a block diagram illustrating the

overall configuration of a wind turbine generator system
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according to an embodiment of the present invention.

[FIG. 2] Fig. Z 1s a block diagram illustrating an
example of the configuration of a generator and 1ts periphery.

[ FIG. 3] Fig. 3 1s a functional block diagram
illustrating, 1n expanded form, the process implemented by the

main controller shown in Fig. 2.

[FIG. 4] Fig. 4 1s a graph i1llustrating an example of an
operating region.
[FIG. 5] Fig. 5 1s a flow chart showing the output

control of a wind turbine generator system according to an

R—

embodiment of the present invention.

[FIG. ©] Fig. ©6 1s a graph for describing the output

control of a wind turbine generator system according to an

embodiment of the present 1nvention.

[0012]

Explanation of Reference Signs:

j—3

wind turbine generator system

2.  Tower
3: nacelle
4: rotor head

5: wilnd turbine blade

6: generator

14: active rectifier

15: DC Dbus
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16: 1nverter

17: AC-DC-AC converter

19: main controller (controlling device)
21: converter-driving controller

22: blade controller

Best Mode for Carrying Out the Invention

10013]
An embodiment of the wind turbine generator system

according to the present invention will be described below

with reference to the drawings.

Fig. 1 is a block diagram illustrating the overall

configuration of a wind turbine generator system according to

the embodiment. As shown in Fig. 1, the wind turbaine

generator system 1 includes a tower 2, a nacelle 3 mounted
atop the tower 2, and a rotor head 4 provided on the nacelle 3
so as to be rotatable around an approximately horizontal axis.

The rotor head 4 1is fitted with three wind turbine blades 5

that are arranged radially around the rotation axis thereof.
As a result, the force of wind blowing against the wind
turbine blades 5 from the direction of the rotation axis of
the rotor head 4 1s converted 1nto motive energy causing the
rotor head 4 to rotate around the rotation axis. This motive

energy 1s converted 1into electrical energy by the generator

disposed in the nacelle 3.
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10014 ]

Fig. 2 1s a block diagram i1llustrating an example of the

configuration of the generator 6 and i1ts periphery. The

generator © of this embcecdiment i1s configured to output the
electric power generated by the generator 6 to the utility

grid 13 from both a stator winding and a rotor winding.

Specifically, in the generator 6, the stator winding is
connected to the utility grid 13, and the rotor winding 1is

connected to the utility graid 13 via an AC-DC-AC converter 17.

10015]

The AC-DC-AC converter 17 1s composed of an active

rectlfier (converter) 14, a DC bus 15, and an inverter 16 and

converts AC power received from the rotor winding into AC

power that matches the frequency of the utility grid 13. The
active rectifier 14 converts AC power generated in the rotor
winding into DC power and outputs the DC power to the DC bus

15. The 1nverter 16 converts the DC power received from the

DC pbus 15 i1nto AC power having the same freguency as that of
the utility graid 13 and outputs the AC power.

(0016}

The AC-DC-AC converter 17 also has a function to convert
the AC power received from the utility grid 13 into AC power
theat matches the frequency of the rotor winding and 1s also
used for exciting the rotor winding depending on the operating

-

conditions of the wind turbine generztor system 1. In this
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case, the i1nverter 16 converts AC power into DC power and
outputs the DC power to the DC bus 15. The active rectifier
14 converts the DC power received from the DC bus 15 into AC
power that matches the frequency of the rotor winding and
suppllies the AC power to the rotor winding of the generator 6.

10017 ]

Furthermore, an electrical line for connecting the

generator o6 to the utility grid 13 1s provided with a

current/voltage sensor (not shown) for measuring output
voltage V and output current I of the generator 6. The

measurement value from this current/voltage sensor is given to

a main controller 19 and a converter-driving controller 21.

10018]

The converter-driving controller 21 controls the active

g

rectifier 14 and the ON/OFF state of the power transistors of

the 1nverter 16 in order to control the active power P and the

reactive power Q that are outputted to the utility grid 13 in

response to active power command P* and reactive power command
Q* gilven by the main controller (controlling device) 19
described below. Specifically, the converter-driving
controller 21 calculates the active power P and the reactive
power Q based on the output voltage V and the output current I
measured by the current/voltage sensor. Furthermore, the
converter-driving controller 21 produces a PWM signal such

that a difference between the active power P and the active
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power command P* and a difference between the reactive power
and tThe reactlive power command Q* are zero and supplies the
produced PWM signal to the active rectifier 14 and the

inverter 16. By doing so, the active power P and the reactive

power Q supplied to the utility grid 13 are controlled.
10019]
Regarding the reactive power Q, depending on whether the

power factor demanded by the utility grid side i1s lagging or

leading, 1t 1s determined whether reactive power should be

supplied to the utility grid 13 from the wind turbine

generator system 1 or reactive power should be supplied to the

wind turbine generator system 1 from the utility grid 13. In

r.-

the description of this application, the term "to supply

reactive power" in the lagging power factor means to supply

negative reactive power to the utility grid 13.

10020]

A blade controller 22 controls the pitch angle  of the
blades 5 1n response to a pitch command B* sent from the main
controller 19. The pitch angle [ of the blades 5 1s
controlled so as to coincide with the pitch command [B*.

10021 ]

The main controller 19 outputs separate command values
appropriate for the respective converter-driving controller 21
and blade controller 22. The converter-driving controller 21,

K iy

the blade controller 22, and the main controller 19 have, for
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example, a microcomputer. The microcomputer reads out a
program recorded 1n a computer-readable recording medium and
executes the program, thereby achieving various processes.
The computer-readable recording medium herein 1s, for example,

a magnetic disc, a magneto-optical disc, a CD-ROM, a DVD-ROM,

or a semiconductor memory.

(0022 ]

Fig. 3 1s a functional block diagram illustrating, in

expanded form, the functaions of the main controller 19. As
shown 1n Fig. 3, the main controller 19 includes a first
controller 31 performing constant-reactive-power regulation
for keeping a constant reactive power level; a second

controller 32 performing constant-power-factor regulation for

keeping a constant power factor; a memory unit 33 for storing

information about an operating region defined by the reactive

power and the active power, with a power factor within a
predetermined range; & judging unit 34 for judging whether a

present operating condition 1s within the operating region

stored 1n the memory unit 33; and a control-switching unit 35

for switching between the first controller 31 and the second

controller 32, 1n other words, for switching between constant-

reactlve-power regulation and constant-power—-factor

regulation.

10023

Fig. 4 shows information about an operating region stored

=/
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in the memory unit 33. Here, for example, the relationship

between the reactive power and the active power when the power

factor 1s i1n the range of -0.9 or more and +0.85 or less. In

Fig. 4, the vertical axis represents the active power P, and
the horizontal axis represents the reactive power Q. In the
drawing, the region indicated by hatching is an operating

region, that 1s, the ranges of the reactive power and the

active power for setting the power factor in the range of -0.9
or more and +0.95 or less.

(0024 ]

In Fig. 3, the first controller 31 has a preset reactive
power value that is required by the utility grid side, and
this reactive power value 1s set as the reactive power command

value QO*. In this embodiment, an example where the reactive

power command value Q* 1s set at -600 kVAr is shown.
The Tfirst controller 31 determines an active power

command value P* by a prescribed calculation based on the

rotaticnal speed of the generator 6.

Once the first controller 31 sets the reactive power
command value Q* and the active power command value P* in this

way, and 1t outputs these command values to the control-

switching unit 35.

[0025]
I'he second controller 32 has, for example, a preset power

factor (for example, a lagging power factor of 0.9) that is
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required by the utility grid side, sets a reactive power

command Q* and an active power command value P* such that the
power factor has the above-mentioned value, and outputs them.
For example, the second controller 32 obtains an active power
command value P* that 1s determined from the relationship with

the rotational speed of the generator 6, calculates a reactive

power command value Q* that satisfies the preset power factor

(for example, a lagging power factor of 0.9) based on the

relationship with this active power command value P*, and
outputs these command values to the control-switching unit 35.

10026 ]

The judging unit 34 calculates active power P and
reactive power Q based on the output voltage V and the output
current I measured by the current/voltage sensor, judges
whether these values are within the operating region, shown in
Fig. 4, stored 1in the memory unit 33, and outputs the result
to the control-switching unit 35. At this time, the judging
unit 34 also outputs the information about the active power P

and the reactive power Q calculated based on the output

voltage V and the output current I to the control-switching

unit 35.
(0027 ]

Furthermore, when the constant-power-factor regulation is
performed, the judging unit 34 judges whether the active power

1s higher then a threshold value (1250 kW, in this embodiment)
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of the active power determined based on the operating region
and the reactive power command value (-600 kVAr, 1in this
embodiment) set 1n the constant-reactive-power regulation
(refer to Fig. 4) and outputs the jJudgment result to the
control-switching unit 35. The threshold value can be
arbitrarily set within the operating region, and, for example,
an active power value that makes the power factor -0.9 (a
lagging power factor of 0.9) 1s employed based on the
relationship with the reactive power command value set in the

constant-reactive-power regulation.

0028 ]

The control-switching unit 35 is means for switching

output control and selects either the first controller 31 or

the second controller 32.

In this embodiment, the constant-reactive-power

regulation 1s set to have higher priority than the constant-

power—-factor regulation. Therefore, 1n a region not deviating

from the operating region, the constant-reactive-power

regulation 1s preferentially selected in the control-switching

unlit 35.

1 0029]

In addition, for example, the control-switching unit 35
switches from the first controller 31 to the second controller

32 when the first controller 31 1s performing the constant-

reactive-power regulation and the judging unit 34 detects s
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deviation from the operating region.

[0030]

Furthermore, the control-switching unit 35 switches from
the second controller 32 to the first controller 31 when the
second controllier 32 1s performing the constant-power-factor

regulation and the judging unit 34 detects active power higher

than The threshold wvalue.

[0031]

Next, a method of controlling the output of the wind

turbine generator system according to this embodiment, in

other words, the content of the process i1mplemented by the

main controller 19, will be described with reference to Figs.

> and ©.

First, when a wind turbine starts operating (step SAl in

Fig. 5), the control-switching unit 35 selects the first
controller 31. By dolng so, constant-reactive-power
regulation by the first controller 31 1s emploved (step SAZ in
Fig. 5), and a reactive power command value 0* and an active

power command value P* for keeping a constant reactive power

level are outputted from the main controller 19 to the

converter—-driving controller 21.

(0032 ]

The converter-driving controller 21 controls the active

rectifier 14 and the inverter 16 such that the active power P

-

and the reactive power O calculated from the output voltage V
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and the output current I measured by the current/voltage
sensor coincide with the active power command value P* and the
reactive power command value Q*, respectively, given by the
maln controller 19. With this, active power P and reactive

power Q for keeping a constant reactive power level are

supplied to the utilaty grid 13 (step SA3 in Fig. 5).

[0033]
When such constant-reactive-power regulation is

performed, for example, 1f wind conditions are drastically

changed such that the active power P 1s significantly

decreased so as to reach 1250 kW or less, which deviates from
the operating region, as indicated by the arrow in a thick

dashed line in Fig. 6, the judging unit 34 detects the

deviation from the operating region. Information about this

deviation 1s supplied to the control-switching unit 35 (step
SA4 1n Fig. 5).

10034 ]

Once the control-switching unit 35 receilves the signal
1ndicating the deviation from the operating region, it
switches from the first controller 31 to the second controller
32, thus switching the type of regulation from constant-
reactive-power regulation to constant-power-factor regulation
(step SAS 1n Fig. 5).

Accordingly, the active power command P* and the reactive

power command Q* that are set by the second controller 32 for
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keepling a constant power factor are selected, and these

commands are outputted to the converter-driving controller 21.

By doing so, active power P and reactive power Q for
keeping a constant power factor are supplied to the utility
grid 13 (step SA6 1n Fig. 5).

[0035]

Thus, when a deviatlion from the operating reglon occurs,
the constant-reactive-power regulation is switched to the
constant-power-factor regulation. Consequently, as shown by
the thick arrow i1n Fig. 6, controlled operation of the wind
turbiﬁe can be continuously performed by avoiding deviation

from the operating region even when the active power 1s

decreased.

[ 0036]

While performing constant-power-factor regulation 1s
being performed in this way, the active power 1s gradually
recovered. As a result, for example, when the active power
exceeds a threshold value of the active power that is
determined by the operating region shown i1n Fig. 4 and the

reactive power command value set 1n the constant-reactive-

power regulation, the judging unit 34 detects thilis and outputs
the information to the control-switching unit 35 (step SA7 1n
Fig. 5).

0037

For example, 1n this embodiment, since the constant-
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reactive-power regulation 1s performed to keep a reactive
power level of -600 kVAr, the threshold value of the active
power that 1s determined based on this set point and the
operating region becomes 1250 kW, as shown 1n Fig. 6. This
value 1s only an example and can be properly set in the above-
described manner. Furthermore, with regard to such a
threshold value, the threshold value of the active power may

be set 1n consideration of a margin such that the system can

operate safely.
0038 ]
When the control-switching unit 35 receives this

information, 1t switches from the second controller 32 to the

first controller 31 (step SAZ in Fig. 5). Accordingly, the
constant—reactiVe—power regulation 1s performed again by the
first controller 31 (step SA3 1n Fig. b).

10039

Thus, even 1f the active power is 1nitially decreased,

when the active power level 1s recovered afterward, the
operation 1s automatically switched to the constant-reactive-

power regulation. Conseguently, reactive power of a certain
level or more can, to the utmost extent, be supplied to the
utility grid 13.

(0040 ]

As described above, in the wind turbine generator system

ana the method ¢f controlling the operation therecf according
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to this embodiment, when a deviation from the operating region
1s caused by a decrease 1n the active power, the operation 1s
rapidly switched from the constant-reactive-power regulation
to the constant-power-factor regulation. Therefore, the power
factor can be maintained within a predetermined range, and it
is possible to avoid halting the operation of the wind
turbine, thereby suppressing a decrease 1n power generation
efficiency.

When the active power 1s recovered, the operation 1is
automatically switched from the constant-power-factor

regulation to the constant-reactive-power regulation.

Consequently, reactive power of a certain level or more can,

to the utmost extent, be supplied to the utility grid 13.

10041 ]

Furthermore, in this embodliment, tThe case where negative
reactive power 1s supplied 1s described as an example, but the

method of controlling the output of the wind turbiline generator

system accordling to the present inventlion can be equally

applied to a case where positive reactive power 1s supplied.
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CLAIMS

1. A wind turbine generator system having a controlling
device that performs output control, wherein \
the controlling device comprises:

a first controller performing constant-reactive-power

regulation for keeplng a constant reactive power level;

a second controller performing constant-power-factor

regulation for keeping a constant power factor;

a memory unit for storing information about an operating

region defined by the reactlive power and the active power,
with a power factor within a predetermined range;

a Jjudging unit for judging whether a presént operating
condition 1s wilthin the operating region stored 1n the memory
unit; and

a control-switching unit for switching between the first
controller and the second controller, wherein

the control-switching unit switches from the first

controller to The second controller when the first controller
1s performing the constant-reactive-power regulation and the

judging unit detects a deviation from the operating region.

2. The wind turbine generator system according to Claim 1,

wherein
the control-switching unit switches from the second

controller to the first controller when the secondg contrcoller
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1s performing the constant-power—-factor regulation and the
active power level 1s higher than a threshold value of the

active power that 1s determined by the reactive power command

value set 1n the constant-reactive-power regulation and the

operating region.

3. A method of controlling the output of a wind turbine

generator system, wherein

information about an operating region defined by the
reactlve power and the active power, with a power factor

within a predetermine range, is obtained in advance; and

when a deviation of a present operating condition from

the operating region defined by the reactive power and the
active power, with a power factor within a predetermined
range, 1s detected while performing constant-reactive-power
regulation for keeping a constant reactive power level, the
constant—-reactive-power regulation 1s switched to the

constant-power—-factor regulation for controlling the active

power and the reactive power such that the power factor is

constant.

4. The method of controlling the output of a wind turbine
generator system according to Claim 3, wherein the constant-
power—-factor regulation 1s switched to the constant-reactive-

power regulation when the constant-power-factor regulation is
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being performed and an active power level 1s higher than a
threshcld value of the active power that 1s determined by a

reactive power command value set 1n the constant-reactive-

power regulation and the operating region.

Smart & Biggar
Ottawa, Canada

Patent Agents
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FIG. 5
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