
(19) United States 
US 20100102560A1 

(12) Patent Application Publication (10) Pub. No.: US 2010/0102560 A1 
CHNOSE et al. (43) Pub. Date: Apr. 29, 2010 

(54) WIND POWER GENERATION APPARATUS, 
WIND POWER GENERATION SYSTEMAND 
POWER SYSTEM CONTROL APPARATUS 

(76) Inventors: Masaya ICHINOSE, Hitachiota 
(JP); Shinya OOHARA, Hitachi 
(JP): Motoo FUTAMI, Hitachiota 
(JP) 

Correspondence Address: 
ANTONELLI, TERRY, STOUT & KRAUS, LLP 
1300 NORTH SEVENTEENTH STREET, SUITE 
18OO 
ARLINGTON, VA 22209-3873 (US) 

(21) Appl. No.: 12/648,672 

(22) Filed: Dec. 29, 2009 

Related U.S. Application Data 

(63) Continuation of application No. 1 1/751,742, filed on 
May 22, 2007, now Pat. No. 7,642,666. 

(30) Foreign Application Priority Data 

Nov. 2, 2006 (JP) ................................. 2006-298371 
Publication Classification 

(51) Int. Cl. 
H02P 9/04 (2006.01) 

(52) U.S. Cl. .......................................................... 290/44 
(57) ABSTRACT 

A power system control apparatus which controls a power 
system electrically connected to a wind power generation 
apparatus having a wind turbine which receives wind and 
rotates, a generator which generates electric power by the 
rotating wind turbine, and a power converter which converts 
the electric power generated by the generator. The power 
system control apparatus includes a Voltage detector for 
detecting a Voltage of the power system, a reactive power 
command value generation unit for generating a reactive 
power command value from a Voltage detection value of the 
Voltage detector, and a transmission unit for transmitting the 
reactive power command value to the wind power generation 
apparatus. Output fluctuation of the generator is Suppressed, 
and reactive power according to the reactive power command 
value is transmitted from the wind power generation appara 
tus to the power system. 
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FIG.1 

194 
WND POWER 

O1 GENERATION 
APPARATUS 104-04 

SYSTEM 
VOLTAGE 

REGULATION 
DEVCE 

TURBINE 
CONTROLLER 

------as-arer--r-------a mum as avavasam mann rear re--an a rap -- p --- 

  

  

  

  



Patent Application Publication Apr. 29, 2010 Sheet 2 of 9 US 2010/01 02560 A1 

FIG.2 
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FIG.8 
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WIND POWER GENERATION APPARATUS, 
WIND POWER GENERATION SYSTEMAND 
POWER SYSTEM CONTROL APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation of U.S. 
application Ser. No. 1 1/751,742, filed May 22, 2007, the 
contents of which are incorporated herein by reference. 
0002 The present application relates to subject matters 
described in a co-pending patent application Ser. No. 1 1/769, 
753, filed on Jun. 28, 2007 entitled “VARIABLE SPEED 
WIND POWER GENERATIONSYSTEM” by Masaya Ichi 
nose, et al. and assigned to the assignees of the present appli 
cation. 

BACKGROUND OF THE INVENTION 

0003. The present invention relates to a wind power gen 
eration apparatus, a wind power generation system and a 
power system control apparatus for Supplying to a power 
system necessary reactive power for the power system. 
0004 Normally, a wind power generation apparatus con 
verts wind energy into rotational energy and generates rota 
tional torque at a rotor of a generator. The apparatus produces 
electric power from induced torque, and outputs it to a power 
system, thereby converting the wind energy into active power 
and Supplying the active power to user home and factories 
connected to the power system. 
0005. In addition to the active power consumed by resistor 
components, the power system includes reactive power con 
Sumed by inductor components and capacity components of 
power lines and loads. When the inductor components of 
powerlines and loads are large, the Voltage drops at the end of 
the loads of the system, and when the capacity components of 
loads are large, the Voltage rise. Therefore, to maintain an 
appropriate value of the Voltage, it is necessary to regulate the 
reactive power. 
0006 To attain this, the reactive power is normally regu 
lated by adjusting the Voltage of a generator of a system, 
tap-Switching the transformer of a Substation etc., and using a 
power capacitor, a branch reactor, a synchronous phase 
shifter, etc. In addition, since capacitors and inductance 
devices for various values are required to continuously con 
trol the value of reactive power using capacitors and induc 
tance, there can be an apparatus to be used to continuously 
control the reactive power. 
0007 JP-A-2000-333373 and U.S. Patent Application 
Publication No. 20050046196 describe an apparatus which 
outputs reactive power to a power system. 

BRIEF SUMMARY OF THE INVENTION 

0008. The present invention is to solve the problem that the 
reactive power has to be regulated without fail when there 
arises the deficiency or overflow of the reactive power 
between the main power Supply (of a large capacity Such as a 
thermal power station etc.) of a power system and a load of the 
power system, and the capability of the existing regulating 
equipment (a Voltage regulator of a generator, tap Switch of a 
transformer of a substation etc., a power capacitor, a branch 
reactor, a synchronous phase shifter) is exceeded. 
0009 Since a wind power generation apparatus outputs 
active power with high fluctuation, the Voltage easily fluctu 
ates at a coupling point of wind power generation equipment. 
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(0010. The apparatus described in JP-A-2000-333373 gen 
erates a Voltage command value to set the reactive power to 
Zero at the power reception point of demanding equipment, or 
adjusts the reactive power and generates a Voltage command 
value for maintenance of a constant Voltage at a power recep 
tion point including a load and distributed power Supplies, 
and uses the Voltage command value as a command value for 
voltage control of the distributed power supplies. Therefore, 
the deficiency or overflow of the reactive power in the entire 
system is not considered in the controlling process. 
0011 Furthermore, in the apparatus described in U.S. 
Patent Application Publication No. 20050046196, a reactive 
power command value is Supplied from a farm controller, and 
the deficiency or overflow of the reactive power on the power 
system side is not considered in the process of controlling the 
reactive power of the wind power generation apparatus. 
0012. The present invention aims at supplying reactive 
power required to maintain the Voltage of a power system at 
an appropriate value from a wind power generation apparatus 
to the power system. 
0013 The wind power generation apparatus according to 
the present invention includes: an interface device for receiv 
ing a first reactive power command value from a Voltage 
detector provided in a power system; means for generating a 
second reactive power command value for Suppressing fluc 
tuation of output power from a generator; and means for 
calculating a third reactive power command value from the 
first reactive power command value and the second reactive 
power command value, and outputting reactive power on the 
basis of the third reactive power command value. 
0014. The power system control apparatus according to 
the present invention further includes: a voltage detector for 
detecting the Voltage of a power system; a reactive power 
command value generation unit for generating a reactive 
power command value from a Voltage detection value of the 
Voltage detector; and a transmission unit for transmitting the 
reactive power command value to the wind power generation 
apparatus, Suppresses the fluctuation of the output of the 
generator, and receives reactive power depending on a reac 
tive power command from a wind power generator. 
0015. Furthermore, the wind power generation system 
according to the present invention includes: a Voltage detector 
for detecting a Voltage of a power system; a reactive power 
command value generation unit for generating a first reactive 
power command value from a Voltage detection value of the 
Voltage detector; and a transmission unit for transmitting the 
first reactive power command value to a wind power genera 
tion apparatus. The wind power generation apparatus 
includes: an interface device for receiving the first reactive 
power command value; means for generating a second reac 
tive power command value for Suppressing fluctuation of 
output power from a generator, and means for calculating a 
third reactive power command value from the first reactive 
power command value and the second reactive power com 
mand value, and outputting reactive power on the basis of the 
third reactive power command value. 
0016. According to the present invention, a wind power 
generation apparatus can Supply necessary reactive power for 
a power system, and Suppress Voltage fluctuation of a cou 
pling point of the wind power generation apparatus having 
high output fluctuation, thereby appropriately adjusting the 
Voltage of the power system although the capability of adjust 
ment equipment for a Voltage etc. is exceeded. 
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0017. Other objects, features and advantages of the inven 
tion will become apparent from the following description of 
the embodiments of the invention taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0018 FIG. 1 is an explanatory view of the circuit configu 
ration of the power system and the wind power generation 
apparatus to which the present invention is applied. 
0019 FIG. 2 is an explanatory view showing an example 
of the configuration of the wind power generation apparatus 
according to the present invention. 
0020 FIG. 3 is an explanatory view showing an example 
of a method of embodying the converter control according to 
the present invention. 
0021 FIG. 4 is an explanatory view of generating reactive 
power of the system Voltage regulation device according to 
the present invention. 
0022 FIG. 5 is an explanatory view of the circuit configu 
ration of the system having a plurality of wind power genera 
tion apparatuses. 
0023 FIG. 6 shows the relationship between the reactive 
power command and the output active power in the system 
having a plurality of wind power generation apparatuses. 
0024 FIG. 7 is an explanatory view of a circuit configu 
ration when a synchronous generator is used for a power 
system and a wind power generation apparatus. 
0025 FIG. 8 is an explanatory view of the configuration of 
the wind power generation apparatus according to the 
embodiment shown in FIG. 7. 
0026 FIG. 9 is an explanatory view showing the detailed 
configuration of the converter control device. 

DESCRIPTION OF THE EMBODIMENTS 

0027. To compensate for necessary reactive power in a 
power system is realized by a method of providing an inter 
face which receives a reactive power command from a power 
system for a wind power generation apparatus in order to 
compensate for the output capacity using wind power gen 
eration equipment. 

Embodiment 1 

0028 FIG. 1 is a single line diagram showing the configu 
ration of the apparatus and the power system according to the 
first embodiment of the wind power generation apparatus of 
the present invention. 
0029 First described below is the configuration of the 
power system. A power generation equipment 101 of the 
power system has a large capacity, and can be regarded simply 
as a power Supply. Since the electric power from the power 
generation equipment 101 of the power system is transmitted 
via power lines, impedance 102 of the power lines is consid 
ered. A transformer of a substation etc. is used to convert the 
Voltage of the powerlines into a lower Voltage, and thena load 
103 Such as user home, buildings, factories are connected. As 
with the load 103, a wind power generation apparatus 104 is 
also connected to the power lines. 
0030. A system voltage regulation device 105 is used in a 
substation. The device regulates the voltage of a load within a 
predetermined range by regulating the ratio of the number of 
turns of a transformer, connecting a capacitor, etc. 
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0031. The system voltage regulation device 105 detects 
the Voltage of the power system, and transmits to the wind 
power generation apparatus 104 the reactive power command 
value required to maintain the Voltage. 
0032. Described next is the configuration of the wind 
power generation apparatus. The wind power generation 
apparatus 104 includes mainly a generator (wound-rotor 
induction generator) 104-01, blades 104-02, a wind turbine 
controller 104-03, a converter (excitation apparatus) 104-04, 
and a converter controller 104-05. 
0033. The blades 104-02 are mechanically connected to 
the rotor of the generator 104-01. The rotor winding of the 
generator 104-01 is electrically connected to the converter 
104-04. The stator of the generator 104-01 is electrically 
connected to the power system through a circuit breaker 104 
06 and a transformer 104-07. 
0034. The wind turbine controller 104-03 detects the wind 
speed, controls the angle of the blades 104-02, calculates and 
outputs an active power command value Pref, outputs a run/ 
stop command value Run, receives a reactive power com 
mand value Qref from the system Voltage regulation device 
105, transmits the received reactive power command value 
Qref, and the like. 
0035 Each command value of the reactive power com 
mand value Qref, the active power command value Pref, and 
the run/stop command value Run is transmitted to the con 
verter controller 104-05. The converter controller 104-05 
controls the converter 104-04 according to a command value, 
and controls the active power and the reactive power between 
the generator 104-01 and the system. 
0036. The wind power generation apparatus 104 is 
described in detail below with reference to FIG. 2. 
A three phase output on the stator side of the generator 104-01 
is connected to the secondary side of an electromagnetic 
contactor 301. The primary side of the electromagnetic con 
tactor 301 is connected to the primary side of an electromag 
netic contactor 302. The secondary side of the electromag 
netic contactor 302 is connected to a converter CNV through 
an AC filter circuit constituted by a capacitor Cn and a reactor 
Ln. 

0037 ADC circuit 303 of the converter CNV is connected 
to a DC circuit 303 of a converter INV. The AC output of the 
converter INV is electrically connected to the rotor winding 
of the generator 104-01 through the AC filter circuit consti 
tuted by a capacitor Cr and a reactor Lr. The primary side of 
the electromagnetic contactor 301 is also connected to the 
power system through the circuit breaker 104-06 and the 
transformer 104-07. 
0038. The circuit breaker 104-06 has the function of elec 
trically disconnect the system of the wind power generation 
apparatus 104 from the system after completely stopping it 
by, for example, opening the circuit breaker when the electric 
current value is high to cut off an electric current in order to 
protect the system of the wind power generation apparatus 
104. 

0039. The converter INV on the generator side and the 
converter CNV on the power system side include semicon 
ductor switching elements (thyristor, GTO, IGBT, MOS, 
SiC, etc.), each being provided with the function of convert 
ing an alternating current into a direct current or vice versa. 
0040. The AC filter constituted by a capacitor Cn and a 
reactor Ln installed at the AC output terminal of the converter 
CNV on the power system side is provided with the function 
of attenuating a harmonic current and a harmonic Voltage. 
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0041. The rotor of the generator 104-01, to which blades 
for wind power generation are connected through gears etc. is 
rotated by wind. A position detector 304 for detecting a rota 
tional position is connected to the rotor and outputs a position 
signal PLr. 
0042. Described below are the wiring and an apparatus for 
controlling the generated power. 
0043 A three phase voltage value and a three phase cur 
rent value on the secondary side of the circuit breaker 104-06 
are converted into a low-voltage Voltage detection signal Vs 
and a low Voltage current detection signal Is by a Voltage 
sensor PTs and a current sensor CTs respectively. The low 
Voltage signals Vs and Is are input to the converter controller 
104-05. The voltage value between the electromagnetic con 
tactor 301 and the stator of the generator 104-01 is converted 
into a low Voltage signal Vg by the Voltage sensor PTg, and 
input to the converter controller 104-05. 
0044) The voltage of a capacity Cd connected to the DC 
circuit 303 of the converter INV and the converter CNV is 
converted to a low-voltage DC voltage signal Edc by the 
Voltage sensor. The DC voltage signal Edc is input to the 
converter controller 104-05. 
0045. The detection value Ir of the output current of the 
converter INV detected by the current sensor CTr and the 
detection value In of the output current of the converter CNV 
detected by the current sensor CTn are transmitted to the 
converter controller 104-05. 
0046. The wind turbine controller 104-03 transmits each 
command of the run/stop command Value Run, the active 
power command value Pref, and the reactive power command 
value Qref to the converter controller 104-05, and detects the 
state quantity of the wind turbine and the system to have the 
function of communicating with external devices. 
0047. The converter controller 104-05 receives a detection 
signal of the output current of the wind power generation 
apparatus, a detection signal of the output voltage, and a 
reactive power command from the system Voltage regulation 
device, and calculates an active power command and the 
reactive power command. 
0048. The converter controller 104-05 controls the elec 
tromagnetic contactors 301 and 302 according to the signals 
Sg1 and Sg2 at the calculated active power command and 
reactive power command. It also outputs pulse signals Pulse 
inv and Pulse cnv for drive-control each of the converters 
INV and CNV constituted by semiconductor switching ele 
ments. At this time, the pulse signals Pulse inv and Pulse cnv 
input to the converters INV and CNV are generated such that 
the necessary reactive power required by the power system 
can be output from the wind power generation apparatus and 
the fluctuation of the output reactive power of the wind power 
generation apparatus can be suppressed. 
0049. The converter CNV controls the DC voltage detec 
tion value Edc of the Smoothing capacitor Cd to maintain it. 
To attain this, the converter CNV detects the phase of the 
Voltage detection value Vs and controls the current command 
value having the same phase as the detected Voltage phase, 
thereby communicating active power with the system and 
controlling the direct current Voltage. 
0050. If the energy of a smoothing capacitor is consumed 
and the DC voltage drops by using the DC power by the 
converter on the generator side, then the DC voltage control of 
the converter on the power system side charges the Smoothing 
capacitor Cd using AC power to maintain a constant DC 
voltage detection value Edc. If the DC voltage detection value 
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Edc rises by the power converter INV charging the DC power, 
then the DC voltage control of the power converter CNV 
converts the DC power into the AC power for electric dis 
charge to maintain the constant DC voltage detection value 
Edc. 
0051. The detailed function of the converter controller 
104-05 is described below with reference to FIG. 3. 
0.052 The voltage detection value Vs is input to a phase 
detector THDET and a three-to-two phase transformer 32trs. 
The phase detector THDET calculates a phase signal THs 
following the Voltage of the power system through, for 
example, the phase lock loop (PLL) method, and then outputs 
the phase signal THS (phase signal when the power system 
U-phase Voltage is a sine wave) to three-to-two phase coor 
dinate transformers 32dqtrs-01 and 32dqtrS-02, a rotational 
coordinate transformer ddtrs, an excitation phase calculating 
unit SLDET, and a two-to-three phase coordinate transformer 
dq23trs-01. A DC voltage command value Eref and the DC 
Voltage detection value Edc are input to a DC voltage regu 
lator DCAVR. The DC voltage regulator DCAVR regulates a 
p-axis current command value (active current command 
value) Ipnstr of output so that the deviation of the DC voltage 
detection value Edc from the input DC voltage command 
value Erefbecomes Zero, and then outputs the p-axis current 
command value Ipnstr to a current regulator 1-ACR. The DC 
voltage regulator DCAVR can be configured by, for example, 
a proportional-integral controller. 
0053. The three-to-two phase coordinate transformers 
32dqtrs-01 calculates, from an input current In, a p-axis cur 
rent detection value Ipin (active current) and a q-axis current 
detection value Iqn (reactive current) using conversion equa 
tions shown as the following equations (1) and (2), and then 
outputs the p-axis current detection value Ipn and the q-axis 
current detection value Iqn to the current regulator 1-ACR 
and the current regulator 2-ACR respectively. 
0054 Subscripts u, V, and w denote respective phases. For 
example, the U-phase current of Inis denoted as Inu. This also 
applies to Voltages etc. hereafter. 

init (1) 
(C) i cos(O) cos(27 f3) cos(47 f3) 
inp) 3 sin(0) sin(2/3) sin(4t/3))" 

Inw 

( C ( sin(THs) -cos(THs) C (2) 
qn. cos(THs) sin(THs) Inf3 

0055. The current regulator 1-ACR regulates a p-axis volt 
age command value Vpn0 which is to be output so that the 
deviation of the p-axis current detection value Ipn from the 
p-axis current command value Ipnstr becomes Zero, and then 
outputs the p-axis Voltage command value Vpn0 to an adder 
401. Similarly, the current regulator 2-ACR regulates a q-axis 
voltage command value VanO which is to be output so that the 
deviation of the q-axis current detection value Iqn from the 
q-axis current command value (0 in the figure) becomes Zero, 
and then outputs the q-axis Voltage command value VanO to 
the adder 402. The current regulators (1-ACR and 2-ACR) 
can be configured with, for example, a proportional-integral 
controller. 
0056. The three-to-two phase transformer 32trs calculates 
an O-component VSC. and a 3-component Vs from an input 
Voltage Vs using a conversion equation shown as equation (3), 
and outputs the result to a rotational coordinate transformer 
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dqtrs. The rotational coordinate transformer datrs calculates a 
p-axis Voltage detection value (phase component matching a 
system Voltage vector) Vps and a q-axis Voltage detection 
value (component orthogonal to the p-axis Voltage detection 
value Vps) Vcs by an equation (4), and outputs the values to 
the adders 401 and 402 respectively. 

Visit (3) 
WSO 2 cos(O) cos(27 f3) cos(47 f3) W. 
(C)= C. sin(27 f3) sin(4t f3) 

S. 

Wps sin(THs) -cos(THs)Y Vsa (4) 
( (I.C. sin(THs) W 

0057 The adder 401 adds the p-axis voltage command 
value Vpn0 and the p-axis voltage detection value Vps and 
then outputs the result to the two-to-three phase coordinate 
transformer dc23trs-01. Similarly, the adder 402 adds the 
q-axis Voltage command value VanO and the q-axis Voltage 
detection value Vcs and then outputs the result to the two-to 
three phase coordinate transformer dc23trs-01. 
0058. The two-to-three phase coordinate transformer 
dq23trs-01 inputs the phase signal THs and the results Vpn 
and Von of the adders, calculates Voltage command values 
Vun, VVn, and Vwn using conversion equations shown as the 
following equations (5) and (6), and outputs them to a PWM 
calculating unit PWMn. 

W sin(THs) cos(THs)Y Vpn (5) 
( O) ( -cos(THs) sin(THs) C 

Wiin cos(O) sin(0) W (6) 

Wit. E. sin(27tf3) C 
Wit. cos(4t f3) sin(4.7/3) 

0059. The PWM calculating unit PWMn uses a pulse 
width modulation system, calculates a gate signal Pulse cnv 
for turning on/off n semiconductor elements constituting the 
converter CNV from the input voltage commands Vun, VVn, 
and Vwn, and outputs the result to the converter CNV. 
0060. The revolution speed and the phase signal PLr indi 
cating the position of the generator 104-01 are input to a 
rotational phase detector ROTDET. The rotational phase 
detector ROTDET counts the pulse PLr of a phase signal and 
converts it into a phase signal, resets the phase signal to 0 by 
one pulse per rotation (for example, a Z phase pulse for the 
encoder in the ABZ System), and outputs a non-overflowing 
phase signal RTH of 0 to 360° to an adder 403. 
0061 The phase signal RTH and an output phase signal 
LTH of a synchronization controller SYNC are added by the 
adder 403 to form a phase signal TH. The phase signal TH is 
input to the excitation phase calculating unit SLDET together 
with the phase signal THs. 
0062. The excitation phase calculating unit SLDET sub 

tracts the phase signals TH and THS (THr-THs-TH), multi 
plies pairs of poles of the generator, and outputs the phase 
signal THr of the electrical angular frequency of the rotor of 
the generator. 
0063 A power calculating unit POCAL converts a system 
current Is through conversion matrices shown as equations (1) 
and (2) described above; inputs an obtained p-axis current Ips 
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(with the same direction as the U-phase vector of the system 
Voltage), a q-axis current Iqs perpendicularly intersecting 
with the U-phase vector of the system Voltage, the p-axis 
Voltage detection value Vps, and a q-axis Voltage detection 
value Vcs; and calculates active power PS and reactive power 
Qs of the system based on the following equations (7) and (8). 

0064. An active power regulator APR inputs the active 
power Ps and active power command value Pref of the wind 
power generation apparatus, and then outputs an active cur 
rent command value Ip0 so that the deviation of the active 
power detection value Ps from the active power command 
value Pref becomes zero. In this example, an active power 
command is described, but in the case of a torque command, 
it is possible to perform control by multiplying a torque 
command by the revolution speed of a generator to convert it 
into an active power command. The active power control is, 
unlike the torque control, performed Such that output power 
can be constant without an effect of the fluctuation of the 
revolution speed. 
0065. The reactive power command value Qref from the 
system voltage regulation device 105 and the reactive power 
command value dO for Suppressing the Voltage fluctuation 
caused by the active power Ps of the wind power generation 
apparatus are added up. For example, dO is generated by 
OxPs (a is proportional factor). A sum Qref1 of the respective 
reactive power command values and the reactive power Qs 
are input to the reactive power regulator AQR, and an excita 
tion current command value Iq0 of the output is output so that 
the deviation between the power command value Qref1 and 
the reactive power Qs can be 0. The power regulators APR and 
AQR can be configured by, for example, a proportional inte 
grator. 
0066. In this calculating method, while reactive power 
short in a system is being compensated for, the Voltage fluc 
tuation caused by the active power fluctuation output by the 
wind power generation apparatus can also be compensated 
for. The current command values Ipo and Iq0 of the output of 
active and reactive power regulators are input to a switch SW. 
0067. The switch SW determines whether or not the out 
put of the power regulators APR and AQR is used or whether 
or not Zero is used for an active current command value and 
the output Iq1 of the Voltage regulator AVR is used for an 
excitation current command value. The SW uses zero for an 
active current command value and the output of the Voltage 
regulator for an excitation current command value before the 
electromagnetic contactor 301 is powered up, and selects the 
output of each power regulator after the electromagnetic con 
tactor 301 is powered up. “Before powering up the electro 
magnetic contactor 301’ refers to a Voltage synchronous 
operation period in which a generator stator Voltage is syn 
chronous with a system Voltage. 
0068. The voltage regulator AVR is described below. The 
voltage regulator AVR uses the amplitude value Vgpk of the 
generator stator Voltage Vg as a feedback value, inputs the 
amplitude command value Vsref, obtained through a filter for 
the amplitude value of the system Voltage Vs, as a command 
value, and outputs the excitation current command value Iq1 
so that the deviation of the amplitude value Vgpk of the 
generator Stator Voltage Vg from the amplitude command 
value Vsref becomes Zero. The voltage regulator AVR can be 
configured with, for example, a proportional-integral control 
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ler. The voltage regulator AVR, operated with the electromag 
netic contactor 301 opened, regulates an excitation current 
command value for making a current flow on the secondary 
side of the generator 104-01 from the converter INV in order 
to match the amplitude value of the stator voltage of the 
generator Gen with the amplitude value of the system Voltage. 
0069. Furthermore, the synchronization controller SYNC 
has the function of determining from the command value 
Vsref and the amplitude value Vgpk of the generator stator 
Voltage whether or not the Voltage amplitude of the generator 
is synchronous, the function of outputting a phase correction 
signal LTH for correction when a system voltage is different 
in phase from a stator Voltage, and the function of determining 
whether or not the phases of the system voltage and the stator 
Voltage are in a predetermined range and synchronous with 
each other, and outputs an operation signal Sg1 of a circuit 
breaker and a control Switch signal Sg0. 
0070 Thus, before the generator 104-01 is connected to 
the power system, it can be synchronous with the system 
Voltage, and after it is connected to the power system, control 
can be quickly Switched to power control. 
0071. The three-to-two phase coordinate transformer 
32dqtrS-03 calculates a q-axis current detection value Iqr 
(excitation current component) and a p-axis current detection 
value Ipr (active current component) and then output the 
q-axis current detection value Iqr to a current regulator 
4-ACR and the p-axis current detection value Ipr to a current 
regulator 3-ACR by using the following conversion equations 
(9) and (10) from the input current Irand the phase Thr of the 
rOtOr. 

irit (9) 
Ira 2 cos(O) cos(27 f3) cos(47 f3) 
(C)= C. sin(27 f3) sin(4t f3) 

r 

pr sin(THs) -cos(THs)Y Ira (10) 
( C) ( cos(THs) sin(THs) C) 

0072 The current regulator 4-ACR regulates a q-axis volt 
age command value Var which is to be output so that the 
deviation of the q-axis current detection value Iqr from the 
q-axis current command value Iq1 or Iq0 becomes Zero. Simi 
larly, the current regulator 3-ACR regulates a p-axis Voltage 
command value Vpr which is to be output so that the deviation 
of the p-axis current detection value Ipr from the p-axis cur 
rent command value Ip1 or Ip0 becomes zero. Each voltage 
regulator can be configured with, for example, a proportional 
integrator. 
0073. The p-axis voltage command value Vpr and q-axis 
Voltage detection value Vor are input to a two-to-three phase 
coordinate transformer dc23trS-02. The two-to-three phase 
coordinate transformer dc23trS-02 calculates Voltage com 
mand value Vur, VVr, and Vwr (to be output by the two-to 
three phase coordinate transformer dd23trS-02) from the 
phase signal THrand each input value described above, based 
on the following conversion equations (11) and (12), and then 
outputs the voltage command values to the PWM calculating 
unit PWMr. 
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W sin(THr) cos(THr) Vpr (11) 
( O) ( -cos(THr) sin(THr) C 

Vitr cos(O) sin(0) W. (12) 

Wr = sin(27 f3) V. 
Wr cos(47 f3) sin(47 f3) 

(0074 The PWM calculating unit PWMr calculates a gate 
signal Pulse inv, which turns on and off m semiconductor 
elements configuring the converter INV. from input Voltage 
commands Vur, VVr, and Vwr through the pulse-width modu 
lation method, and then outputs the gate signal to the con 
verter INV (where m indicates a positive integer). 
0075) Next, the algorithm of the system voltage regulation 
device 105 is described below with reference to FIG. 4. As an 
algorithm of the system voltage regulation device 105, when 
control is started (S450), the system voltage regulation device 
105 detects a system voltage value VL on the loadside at user 
home, for example, and compares the system Voltage value 
VL with a upper limit predetermined value (S452). If the 
system Voltage value VL is higher than the upper limit pre 
determined value, a value of a constant A is added (S454). 
0076. When the system voltage value VL is lower than the 
upper limit predetermined value, the device compares the 
system voltage value VL with the lower limit predetermined 
value (S456). If the system voltage value VL is lower than the 
lower limit predetermined value, the value of the constant A is 
subtracted (S458). If the system voltage value VL is higher 
than the lower limit predetermined value, no addition or sub 
traction is made to the value of the constant A (S460). 
0077. Then, the value of the reactive power command 
value Qref is added to the product of a predetermined value Q, 
the constant A, and a change width value QStep, and the Sum 
is output (S462). 
0078. As shown in FIG. 4, the system voltage regulation 
device 105 detects the system voltage value VL on the load 
side, for example, at user home. It changes the reactive power 
command value Qref toward the forward direction when the 
Voltage drops, and for delay reactive power when the Voltage 
rises, and generates a reactive power command value Such 
that the system Voltage can be within a predetermined range. 
007.9 The generated reactive power command value Qref 

is transmitted to the wind power generation apparatus 104 in 
a communication method using wires, radio, etc. The wind 
power generation apparatus 104 outputs reactive power 
according to a received reactive power command value. In the 
present embodiment, the reactive power command value cal 
culated by the system voltage regulation device 105 is trans 
mitted to the wind power generation apparatus 104. However, 
the Voltage detection value detected by the system Voltage 
regulation device 105 can be transmitted to the wind power 
generation apparatus 104, and the wind power generation 
apparatus can calculate the reactive power command value. 
0080 Thus, a system voltage can be regulated by the wind 
power generation apparatus outputting reactive power 
according to the reactive power command value from the 
equipment on the power system side, and a synchronous 
phase shift unit, a power capacitor, etc. can be eliminated. 
0081. In addition, as shown in FIG. 5, in a wind farm in 
which a plurality of wind power generation apparatuses 1104. 
2104, . . . , N104 (N is a positive integer) are installed and 
centrally managed, a controller for centrally managing and 
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controlling the entire farm can receive a reactive power com 
mand value Qref, and distribute the reactive power command 
value Qref to the wind power generation system operating in 
the farm. For example, when there are N operating appara 
tuses, the reactive power command value for command of one 
apparatus can be 1/N, or a wind power generation apparatus 
having a small amount of power generation can be set for 
larger output of reactive power. 
0082 FIG. 6 shows an embodiment of the relationship 
between the reactive power command value Qref distributed 
to each wind power generation apparatus and the active power 
output by each wind power generation apparatus when a 
reactive power command value Qref is distributed to a wind 
power generation system operating in a wind farm in which a 
plurality of wind power generation apparatuses are installed 
and centrally managed. 
0083. As shown in FIG. 6, a wind power generation appa 
ratus having relatively large active power output in the farm is 
assigned a reactive power command value Smaller than that 
assigned to other wind power generation apparatuses. On the 
other hand, a wind power generation apparatus having rela 
tively small active power output in the farm is assigned a 
reactive power command value larger than that assigned to 
other wind power generation apparatuses. 
0084 Electric power can be generated without reducing 
the active power of the wind power generation apparatuses by 
transmitting a command value Such that a wind power gen 
eration apparatus having Smaller active power output can 
output large reactive power. 
0085. In this system, a wind power generation apparatus 
having large output of active power has no room to expand the 
output of the reactive power, and a wind power generation 
apparatus having Small output of active power has room to 
expand the output of the reactive power. 
0.086 Thus, the wind power generation apparatus using a 
wound-rotor induction generator can independently control 
the active power and reactive power on the generator side, but 
the supplement for the deficiency can be provided by the 
converter CNV directly connected to the system when the 
output of reactive power is short. 

Embodiment 2 

0087. The embodiment 1 describes a wind power genera 
tion apparatus in which a wound-rotor induction generator is 
connected to a system through a converter. However, the 
present invention can also be applied to a wind power gen 
eration apparatus using an inductive generator and a synchro 
nous generator as shown in FIG. 6. The embodiment 2 
describes a mode for embodying the present invention using 
a synchronous generator. 
0088. In a wind power generation apparatus 604 as shown 
in FIG. 7, for example, a permanent magnetic generator is 
used, and a converter performs an AC-DC-AC transform on 
the power produced from the generator and outputs the power 
to a power system. 
0089. The function of a converter control device 604-05 of 
the wind power generation apparatus 604 is described below 
with reference to FIGS. 8 and 9. The components having 
identical control functions are assigned the identical refer 
ence numerals. 

0090. The difference in control of the converter control 
device 604-05 from the converter CNV on the system side is 
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that the command value input to the reactive current regulator 
2-ACR is a reactive power command value in the converter 
control device 604-05. 

0091. The phase signal PLr indicating the revolution speed 
and position of the generator 604-01 is input to the rotational 
phase detector ROTDET. The definite difference from the 
converter controller 104-05 shown in FIG. 3 is that the rota 
tional phase RTH is used as a phase signal as is in the phase 
detecting method of the generator 604-01. 
0092. The power calculating unit POCAL transforms the 
current detection value Ir detected by the current sensor CTr 
by the transform matrix shown inequations (1) and (2), inputs 
the obtained p-axis current Ipr (in the same direction as the 
U-phase vector of the generator Voltage), q-axis current Iqr 
orthogonal to the U-phase vector of the system Voltage, and 
the p-axis Voltage Vpr and the q-axis Voltage Vor obtained 
using the same transform equations as the equations (3) and 
(4) on the generator Voltage Vr, and calculates the active 
power detection value Pr and the reactive power detection 
value Qr of the generator as by the equations (7) and (8). 
0093. The active power regulator APR inputs the active 
power detection value Prand the output power command Pref 
of the wind power generation apparatus, and outputs the 
output active current command value Ipo such that the devia 
tion of the power command value Pref from the active power 
detection value Pr can be zero. 

0094. The reactive power regulator AQR is used to regu 
late the power factor of a generator. Zero is input as a com 
mand value to maintain the power factor of 1. Zero is input as 
the reactive power detection value Qr and a reactive power 
command of the wind power generation apparatus, and the 
excitation current command value Ip () is output for control. 
0.095 The three-to-two phase coordinate transformer 
32dqtrS-03 uses the transform equations shown by the equa 
tions (9) and (10) and calculates the p-axis current detection 
value Ipr (active current components) and q-axis current 
detection value Iqr (excitation current components) from the 
input current detection value Ir and the phase RTH of the 
rotor, and outputs the q-axis current detection value Iqr to the 
current regulator 4-ACR and the p-axis current detection 
value Ipr to the current regulator 3-ACR. 
0096. The current regulator 4-ACR regulates the q-axis 
Voltage command value Var of the output such that the devia 
tion of the q-axis current command value Iq1 or Iq0 from the 
q-axis current detection value Iqr can be 0, and the current 
regulator 3-ACR regulates the p-axis Voltage command value 
Vpr of the output such that the deviation of the p-axis current 
command value Ipo from the active current detection value 
Ipr can be 0. 
0097. The p-axis voltage command value Vpr and the 
q-axis Voltage detection value Vor are input to the two-to 
three phase coordinate transformer dc23trS-02, and the two 
to-three phase coordinate transformer dc23trS-02 calculates, 
from phase signal RTH and each input value, the Voltage 
command values Vur, VVr, and Vwr output by the transformer 
dq23trS-02 by the transform equations shown by the equa 
tions (10) and (11), and outputs the results to the PWM 
calculating unit PWMr. 
(0098. The PWM calculating unit PWMr calculates from 
the input Voltage commands Vur, VVr, and Vwr a gate signal 
Pulse inv for turning on/off of m semiconductor elements 
forming the converter INV by the pulse width modulation 
system, and outputs the result to the converter INV. 



US 2010/01 02560 A1 

0099. In the embodiment 2, the active power output by the 
converter CNV directly connected to a system is regulated to 
match the input active power from the generator side, and the 
reactive power can be independently controlled from the 
active power depending on the condition of the system. 
Therefore, the same control can be performed also when an 
inductive generator is used as a generator. 
0100 Thus, according to the reactive power command 
value from the equipment on the system side, a system Volt 
age can be regulated by output reactive power from a wind 
power generation apparatus, and the equipment Such as a 
synchronous phase shifter or a power capacitor can be elimi 
nated. 
0101. Furthermore, when a plurality of wind power gen 
eration apparatuses are connected to power system, a power 
command value is distributed Such that a wind power genera 
tion apparatus having Small active power can output large 
reactive power, thereby efficiently Supplying reactive power 
without reducing the active power of the wind power genera 
tion apparatus. 
0102) According to the present invention, a wind power 
generation apparatus can Supply necessary reactive power to 
a power system and Suppress the Voltage fluctuation of the 
system. The present invention can also be applied to a power 
Supply in which output powerfluctuates due to poor control of 
input energy in addition to a wind power generation, for 
example, a Solar energy generator which utilizes natural 
energy. 
(0103. It should be further understood by those skilled in 
the art that although the foregoing description has been made 
on embodiments of the invention, the invention is not limited 
thereto and various changes and modifications may be made 
without departing from the spirit of the invention and the 
Scope of the appended claims. 

1. A power system control apparatus which controls a 
power system electrically connected to a wind power genera 
tion apparatus having a wind turbine which receives wind and 
rotates, a generator which generates electric power by the 
rotating wind turbine, and a power converter which converts 
the electric power generated by the generator, said apparatus 
comprising: 

a Voltage detector for detecting a Voltage of the power 
system; 
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a reactive power command value generation unit for gen 
erating a reactive power command value from a Voltage 
detection value of the voltage detector; and 

a transmission unit for transmitting the reactive power 
command value to the wind power generation apparatus; 

wherein output fluctuation of the generator is Suppressed, 
and reactive power according to the reactive power com 
mand value is transmitted from the wind power genera 
tion apparatus to the power system. 

2. The power system control apparatus according to claim 
1, 

wherein when a plurality of wind power generation appa 
ratuses are electrically connected to the power system, 
the reactive power command value generation unit com 
prises means for transmitting a reactive power command 
value larger than a value of a second wind power gen 
eration apparatus having larger output active power to a 
first wind power generation apparatus having Small out 
put active power in the plurality of wind power genera 
tion apparatuses. 

3. The power system control apparatus according to claim 
1, 

wherein when a plurality of wind power generation appa 
ratuses are electrically connected to the power system, 
the reactive power command value generation unit com 
prises means for transmitting a reactive power command 
value Smaller than a value of a second wind power gen 
eration apparatus having Smaller output active power to 
a first wind power generation apparatus having large 
output active power in the plurality of wind power gen 
eration apparatuses. 

4. The power system control apparatus according to claim 
1, 

wherein the reactive power command value generation unit 
generates a delay reactive power command when the 
Voltage detection value is higher than a predetermined 
value; 

wherein the reactive power command value generation unit 
generates an advance reactive power command when the 
voltage detection value is lower than the predetermined 
value; and 

wherein a first reactive power command value is changed 
in Such a way that the Voltage detection value is in a 
predetermined range. 

c c c c c 


