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APPARATUS AND METHOD OF SENSORLESS 
CONTROL FOR SYNCHRONOUS GENERATOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to apparatuses and 
methods for controlling a synchronous generator and more 
particular, to an apparatus and method for controlling a 
synchronous generator Without using a sensor for detecting 
the position of a rotor in the generator. 

[0002] In order to drive a synchronous machine, a sensor 
for detecting the position of a rotor is required in the prior 
art machine. MeanWhile, there are already proposed several 
methods of controlling the driving operation of a synchro 
nous machine Without using a sensor for detecting the 
position of a rotor in the machine. Described, for eXample, 
in JP-A-9-191698 is a method for estimating a voltage 
induced in a synchronous machine, estimating a shift angle 
betWeen the position of a rotor of the machine and an 
estimated value of the rotor position on the basis of the 
estimated induced voltage, and correcting the estimated 
value of the rotor position. 

[0003] A control system of a converter for driving the 
synchronous machine generally includes a speed control 
system and a current control system. The speed control 
system receives a difference betWeen a detected speed value 
and a speed command, and generates a current command 
according to the speed command. The current control system 
receives a difference betWeen a detected current value and a 
current command, and generates a voltage command to the 
converter according to the current command. 

[0004] HoWever, When a sensor for detecting the position 
of a rotor is used, a total cost is increased by a cost 
corresponding to the sensor. Further, since not only the 
sensor for detection of the rotor position but also Wiring 
signal lines for the sensor are required, this leads to an 
increase in the entire scale of its machine. Furthermore, 
When the total length of the signal lines becomes large, the 
signal lines Will tend to easily carry noise and thus a measure 
to avoid the noise Will be required. Even When the sensor for 
detecting the rotor position is not used, on the other hand, the 
aforementioned rotor position estimating method in the prior 
art requires estimation of a shift angle betWeen the rotor 
position and an estimated value of the rotor position. For this 
reason, the structure of a rotor position estimating block 
becomes complicated and thus a calculation time taken for 
the estimation of the rotor position is also prolonged. In the 
converter control system in the prior art, a change in a 
resistive value caused by a change in temperature or the like 
generates an error. When such an error causes an error in the 

estimated value of the rotor position, the control accuracy of 
the converter Will drop. This is because the current com 
mand is determined by the estimated rotor position, in Which 
case the synchronous machine cannot produce a stable 
output. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the present invention to 
drive a synchronous generator through a simple sensorless 
control With a short calculation time and Without using a 
sensor for detecting the position of a rotor, accurately control 
a converter independently of an error in the estimated value 
of the rotor position, and produce a stable output of the 
generator. 
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[0006] In accordance With the present invention, the above 
object is attained by providing an apparatus for controlling 
a synchronous generator Which comprises a converter con 
nected to a stator of the synchronous generator and an 
inverter connected to the converter and also connected to a 
poWer system. The converter converts a poWer of a variable 
frequency generated by the synchronous generator to a DC. 
poWer, and the inverter converts the DC. poWer to an AC. 
poWer of a ?xed frequency. The converter includes a voltage 
detector for detecting a terminal voltage of the stator of the 
synchronous generator, a current detector for detecting a 
current ?oWing through the stator of the synchronous gen 
erator, and a rotor position estimating means for estimating 
a rotor position of the synchronous generator from a voltage 
detected by the voltage detector and a current detected by the 
current detector. The rotor position estimating means calcu 
lates a d-aXis component of a voltage induced in the syn 
chronous generator in a d-q aXis coordinate system deter 
mined by a rotor position during estimation and controls the 
d-aXis component of the induced voltage to Zero to estimate 
the rotor position. The rotor position estimating means 
includes an active poWer detector for detecting a active 
poWer of an output of the synchronous generator and a 
reactive poWer detector for detecting a reactive poWer of the 
output of the synchronous generator or a terminal voltage 
detector for detecting an effective value of the terminal 
voltage of the stator of the synchronous generator The rotor 
position estimating means also includes an active poWer 
controller for controlling the active poWer of the output of 
the synchronous generator With use of the active poWer 
value detected by the active poWer detector and an active 
poWer controller for controlling the reactive poWer of the 
output of the synchronous generator or a terminal voltage 
controller for controlling the terminal voltage of the syn 
chronous generator With use of the terminal voltage value 
detected by the terminal voltage detector. The active poWer 
controller adjusts a q-aXis current command on the d-q aXis 
coordinate system determined by the rotor position estimat 
ing means to control the active poWer of the synchronous 
generator. The reactive poWer controller or the terminal 
voltage controller adjusts a d-aXis current command on the 
d-q aXis coordinate system determined by the rotor position 
estimating means to control the reactive poWer or terminal 
voltage of the synchronous generator. 
[0007] Other objects, features and advantages of the 
invention Will become apparent from the folloWing descrip 
tion of the embodiments of the invention taken in conjunc 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 shoWs an arrangement of a poWer generat 
ing system to Which the present invention is applied; 

[0009] FIG. 2 is an equivalent circuit of a synchronous 
generator; 
[0010] FIG. 3 shoWs details of an induced voltage esti 
mator; 
[0011] FIG. 4 is a vector diagram (Ed>0) of the synchro 
IlOllS generator; 

[0012] FIG. 5 is a vector diagram (Ed<0) of the synchro 
nous generator; 

[0013] FIG. 6 is an arrangement of the poWer generating 
system to Which the present invention is applied for control 
of poWer factor; and 
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[0014] FIG. 7 is an arrangement of the power generating 
system to Which the present invention is applied, for control 
of terminal voltage. 

DESCRIPTION OF THE EMBODIMENTS 

[0015] An embodiment of the present invention Will be 
explained With reference to the accompanying draWings. 
FIG. 1 shoWs a general arrangement of an embodiment of 
the present invention. In FIG. 1, a converter 2 is connected 
to a stator of a synchronous generator 1 and also D.C. 
connected to an inverter 4 via a DC. capacitor 3. The 
inverter 4 is connected to a poWer system via a transformer 
5 for system interconnection. 

[0016] A voltage detector 6 and a current detector 7 are 
provided betWeen the synchronous generator 1 and con 
verter 2, the voltage detector 6 detecting a terminal voltage 
across the synchronous generator 1, the current detector 7 
detecting a current ?oWing through a stator of the synchro 
nous generator 1. The values of the detected voltage and 
current are converted to tWo components of d- and q-axis 
components by a three-phase/tWo-phase converter 8. 

[0017] The active poWer detector 9 detects a active poWer 
as an output of the synchronous generator 1 on the basis of 
tWo axis component signals as outputs of the three-phase/ 
tWo-phase converter 8. Areactive poWer detector 10 detects 
a reactive poWer of the output of the synchronous generator 
1 on the basis of the tWo axis component signals as the 
outputs of the three-phase/tWo-phase converter 8. 

[0018] An induced voltage estimator 11 estimates a volt 
age induced in the synchronous generator 1 on the basis of 
the tWo axis component signals as the outputs of the three 
phase/tWo-phase converter 8 as Well as an estimated angular 
velocity value as the output of an angular velocity estimator 
12. The induced voltage of the synchronous generator 1 can 
be found by correcting a voltage drop caused by the resistive 
component and synchronous reactance of the synchronous 
generator 1 from the terminal voltage of the synchronous 
generator 1. The induced voltage estimator 11 outputs an 
d-axis component in the estimated induced voltage. 

[0019] An input of the angular velocity estimator 12 is a 
difference betWeen the d-axis component of the estimated 
induced voltage as the output of the induced voltage esti 
mator 11 and Zero; While an output of the angular velocity 
estimator 12 is an estimated angular velocity value. The 
angular velocity estimator 12 forms a proportional integra 
tion control system. An output of the angular velocity 
estimator 12 is limited by a limiter, the upper and loWer limit 
values of the limiter being determined by an operating speed 
range of the synchronous generator 1. By providing the 
limiter, the estimated angular velocity value of the output of 
the angular velocity estimator 12 can be prevented from 
being out of the operating speed range. 

[0020] An input of a rotor position estimator 13 is the 
estimated angular velocity value as the output of the angular 
velocity estimator 12, While an output thereof is an estimated 
rotor position value. The rotor position estimator constitutes 
an integrator. A tWo-phase/three-phase converter 14 per 
forms its converting operation on the basis of an estimated 
rotor position value as the output of the rotor position 
estimator 13. 

[0021] Explanation Will noW be made in detail as to the 
operations of the induced voltage estimator 11, angular 
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velocity estimator 12 and rotor position estimator 13. For 
simplicity, explanation Will be made in connection With a 
cylindrical rotor synchronous generator, but this holds true 
even for a silient pole synchronous generator. ShoWn in 
FIG. 2 is an equivalent circuit of the cylindrical rotor 
synchronous generator. From FIG. 2, Equation (1) Which is 
given beloW is satis?ed, Where reference symbol E denotes 
an induced voltage, V denotes the terminal voltage of the 
generator, (n denotes an angular velocity, L denotes a syn 
chronous reactance, and I denotes a generator current. 

[0022] NoW Equation (1) is developed in a d-q axis 
coordinate system. Assuming that Ed denotes a d-axis com 
ponent of the induced voltage E, E-q denotes a q-axis 
component of the voltage E, Vd denotes a d-axis component 
of the generator terminal voltage V, Vq denotes a q-axis 
component of the voltage V, Id denotes a d-axis component 
of the generator current I, and Iq denotes a q-axis component 
of the current I; then Equations (2) and (3) are satis?ed as 
folloWs. 

[0023] Since the induced voltage estimator 11 outputs the 
d-axis component of the induced voltage, it is only required 
to calculate Ed in Equation FIG. 3 shoWs details of the 
induced voltage estimator 11. 

[0024] NoW consider a case of Ed>0. In the case of Ed>0, 
a vector diagram of the synchronous generator is given in 
FIG. 4. In this connection, for simplicity of explanation, the 
resistance of a Winding in the synchronous generator is 
ignored. 

[0025] In this case, as shoWn in FIG. 4, the estimated 
value of the rotor position leads an actual rotor position With 
respect to phase. Due to Ed>0, An input to the angular 
velocity estimator 12 has a negative value and the angular 
velocity estimator 12 forms a proportional integration con 
trol system, With the result that an estimated angular velocity 
value as the output of the angular velocity estimator 12 is 
decreased. Since the rotor position estimator 13 constitutes 
an integrator, the decrease of the estimated angular velocity 
value as the input of the estimator 13 causes a drop of an 
increase rate in the estimated rotor position value as the 
output of the estimator 13. As a result, a phase difference 
betWeen the actual d-q axes and estimated d-q axes is 
decreased to ?nd a phase coincidence therebetWeen. 

[0026] In a case of Ed<0, conversely, a vector diagram of 
the synchronous generator is given in FIG. 5, in Which case 
an estimated rotor position value lags an actual rotor posi 
tion With respect to phase. Due to Ed<0, an input to the 
angular velocity estimator 12 has a positive value and the 
angular velocity estimator 12 forms the proportional inte 
gration control system, so that an estimated angular velocity 
value as the output of the estimator 12 increases. Since the 
rotor position estimator 13 constitutes an integrator, When 
the estimated angular velocity value increases as the input of 
the estimator 13, an increase rate in the estimated rotor 
position value as the output of the estimator 13 is increased. 
As a result, a phase difference betWeen actual and estimated 
d-q axes is decreased to ?nd a phase coincidence therebe 
tWeen. 
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[0027] In this Way, by calculating a d-axis component in 
the induced voltage of the synchronous generator 1 and 
controlling the d-axis component of the induced voltage to 
be Zero, the rotor position of the synchronous generator 1 
can be estimated. In accordance With the present invention, 
the need for calculating a shift angle in the estimated rotor 
position value can be eliminated and the rotor position can 
be estimated With a simple arrangement. 

[0028] An input to a rotational speed controller 15 is a 
difference betWeen an estimated angular velocity value as 
the output of the angular velocity estimator 12 and a angular 
velocity command, and an output of the controller 15 
becomes a active poWer command. When the rotational 
speed controller 15 forms, for example, a proportional 
integration control system and the angular velocity of the 
synchronous generator 1 is larger than the angular velocity 
command, the output of the rotational speed controller 15 
becomes large and the active poWer of the output of the 
synchronous generator 1 becomes also large. 

[0029] As a result, When the active poWer of the output of 
the synchronous generator 1 becomes larger than a mechani 
cal input provided externally to the synchronous generator 1, 
its input becomes insufficient. HoWever, since the insuf? 
cient part of the input is complementarily supplied from 
rotational energy, the rotational speed of the synchronous 
generator 1 is decreased and folloWs the angular velocity 
command. On the contrary, When the angular velocity of the 
synchronous generator 1 is smaller than the angular velocity 
command, the output of the rotational speed controller 15 
becomes small and the active poWer of the output of the 
synchronous generator 1 becomes small. For this reason, 
When the active poWer of the output of the synchronous 
generator 1 becomes smaller than a mechanical input pro 
vided externally to the synchronous generator 1, the input 
becomes excessive. HoWever, since the excessive input part 
is stored as the rotary energy of the synchronous generator 
1, the rotational speed of the synchronous generator 1 is 
increased to folloW the angular velocity command. 

[0030] An input to a active poWer controller 16 is a 
difference betWeen the active poWer command of the output 
of the rotational speed controller 15 and the active poWer 
value detected by the active poWer detector 9, While an 
output of the controller 16 is a active part of the current 
command to the converter 2. An input to a reactive poWer 
controller 17 is a difference betWeen a reactive poWer 
command provided externally and the detected reactive 
poWer value as the output of the reactive poWer detector 10, 
While an output of the controller 17 is a reactive part of the 
current command to the converter 2. The active poWer 
controller 16 and reactive poWer controller 17 both form, 
e.g., a proportional integration control system, and the 
current command to the converter 2 is determined so that the 
difference betWeen the active poWer command and detected 
active poWer value as Well as the difference betWeen the 
reactive poWer command and detected reactive poWer value 
become both Zero. 

[0031] Inputs to a current controller 18 are a detected 
current value of the tWo axis components as the outputs of 
the three-phase/tWo-phase converter 8, a active part of the 
current command of the output of the active poWer control 
ler 16 to be sent to the converter 2, and a reactive part of the 
current command of the output of the reactive poWer con 

May 1, 2003 

troller 17 to be sent to the converter 2; While an output of the 
controller 18 is an output voltage command to the converter 
2. The current controller 18 forms, e.g., a proportional 
integration control system, and the output voltage command 
to the converter 2 is determined so that a difference betWeen 
the detected current value and current command becomes 
Zero. Since the output voltage command of the output of the 
current controller 18 to the converter 2 is of tWo axis 
components, the output voltage command is converted by 
the tWo-phase/three-phase converter 14 to a three-phase 
voltage command. 

[0032] Apulse generator 19 outputs a gate pulse signal to 
the converter 2 in a pulse Width modulation (PWM) scheme 
on the basis of a three-phase output voltage command of an 
output of the tWo-phase/three-phase converter 14 to be sent 
to the converter 2. The converter 2 receives the gate pulse 
signal, a semiconductor sWitching element such as an insu 
lated gate bipolar transistor (IGBT) performs its sWitching 
operation at a high speed, and the converter 2 outputs a 
voltage corresponding to a command. 

[0033] With such an arrangement of the control system as 
mentioned above, the rotational speed of the synchronous 
generator 1 and the active and reactive poWers of the output 
of the synchronous generator 1 can be controlled. When the 
active poWer of the output of the synchronous generator 1 is 
controlled, the generator can produce a stable output. 

[0034] On the other hand, When a estimated rotor position 
value has an error, it becomes generally difficult to accu 
rately control a converter. This is because a current com 
mand to the converter is determined in a d-q axis coordinate 
system determined by the estimated rotor position value. 
HoWever, When the active poWer controller 16 and reactive 
poWer controller 17 are built in as in the present invention, 
the converter can be accurately controlled even When the 
estimated rotor position value has an error. Explanation Will 
be made as to the operation of the control system of the 
present invention When the estimated rotor position value 
has an error. 

[0035] The active poWer detector 9 and reactive poWer 
detector 10 solve Equations (4) and (5), Where P and Q 
denote detected active and reactive poWer values in the 
output of the synchronous generator 1, Vd and Vq denote d 
and q-axis components of the terminal voltage of the syn 
chronous generator 1, and Id and Iq denote d- and q-axis 
components of a current ?oWing through the stator of the 
synchronous generator 1 respectively. 

[0036] The three-phase/tWo-phase converter 8 solves 
Equations (6) and (13) Which are given in the folloWing. In 
the Equations, 0 denotes an estimated rotor position value of 
the output of the rotor position estimator 13, VU, VV and 
VW denote three phase components of the terminal voltage 
of the synchronous generator 1, IU, IV and IW denote three 
phase components of a current ?oWing through the stator of 
the synchronous generator 1, V0. and VB denote ot- and 
[3-axis components of the terminal voltage of the synchro 
nous generator 1, and I0. and IB denote ot- and [3-axis 
components of a current ?oWing through the stator of the 
synchronous generator 1, respectively. An ot-[3 axis coordi 
nate system is a coordinate system of tWo axes ?xed to the 
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stator of the synchronous generator 1. The three-phase/tWo 
phase converter 8 calculates to convert three phase detected 
values to values in the ot-[3 axis coordinate system With use 
of Equations (6) to (9) and further to convert them to values 
in the d-q axis coordinate system With use of Equations (10) 
to (13). 

[0037] When Equation (13) is substituted into Equations 
(4) and (5) With use of Equation (10), Equations (14) and 
(15) Which folloW are satis?ed. 

P=3/2-(Va-Ia+V[5-I[5) (14) 
Q=3/2-(VB'1(1—VB'1[5) (15) 

[0038] It Will be seen from Equations (14) and (15) that P 
and Q can be found from V0. and VB and from IO. and 16. 
Since V0. and VB and I0. and 1B are independent of 0 from 
Equation (6) and from Equation (9), further, it Will be seen 
that P and Q are independent of 0. It Will be appreciated from 
the above that, even When the estimated rotor position value 
contains an error, the active and reactive poWer detectors 9 
and 10 can correctly detect active and reactive poWers of the 
output of the synchronous generator 1. When the active and 
reactive poWers of the output of the synchronous generator 
1 are correctly detected, the active and reactive poWer 
controllers 16 and 17 can control the active and reactive 
poWers to approach their commands. Thus even When the 
estimated rotor position value contains an error, the active 
and reactive poWer controllers 16 and 17 determine the 
current command in such a manner as to correct the error. 

Thus even When the estimated rotor position value contains 
an error, the converter 2 can be accurately controlled. 

[0039] Next an embodiment When the poWer factor of the 
synchronous generator 1 is controlled is shoWn in FIG. 6. 
When the reactive poWer of the output of the synchronous 
generator 1 is controlled, the poWer factor of the synchro 
nous generator 1 can be controlled. Since the poWer factor 
of the synchronous generator 1 can be controlled by adjust 
ing a ratio betWeen the active and reactive poWers of the 
output of the synchronous generator 1, its reactive poWer 
command can be given by multiplying its active poWer 
command by a gain. 

[0040] Inputs to a gain setter 20 are the active poWer 
command as the output of the rotational speed controller 15 
and the estimated angular velocity value as the output of the 
angular velocity estimator 12; While an output of the gain 
setter 20 is the reactive poWer command to the converter 2. 
The gain setter 20 adjusts the gain to be multiplied by the 
active poWer command according to the estimated angular 
velocity value and outputs the value of multiplication 
betWeen the adjusted gain and active poWer command as the 
reactive poWer command. 

[0041] When the estimated angular velocity value is loW, 
the gain setter 20 adjusts the gain in such a manner that the 
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induced voltage and current of the synchronous generator 1 
coincides With each other in their phase. In this Way, such 
gain adjustment enables operation of the synchronous gen 
erator 1 With a high efficiency and With a small generator 
current in a loW rotational speed range of the generator 1. 

[0042] When the estimated angular velocity value is high, 
on the other hand, since the induced voltage of the synchro 
nous generator 1 becomes high, the terminal voltage of the 
synchronous generator 1 also becomes generally high. When 
the terminal voltage of the synchronous generator 1 becomes 
high, there may sometimes occur such a situation that the 
generator cannot be operated due to an overvoltage. To 
avoid this, When the estimated angular velocity value is 
high, the gain setter 20 adjusts the gain in such a manner that 
the current of the synchronous generator 1 lags the induced 
voltage of the synchronous generator With respect to phase. 
When the gain is adjusted in this Way, the terminal voltage 
of the synchronous generator 1 can be made loW and the 
synchronous generator 1 can be operated in a high rotational 
speed range of the generator 1 With an increase in the 
terminal voltage of the generator 1 being suppressed. 

[0043] As mentioned above, by controlling the poWer 
factor of the synchronous generator 1, the synchronous 
generator 1 can be operated With a high efficiency and the 
increase of the terminal voltage of the generator 1 can be 
suppressed. 

[0044] Further, the terminal voltage of the synchronous 
generator 1 can be directly controlled. An embodiment When 
the terminal voltage of the synchronous generator 1 is 
controlled is shoWn in FIG. 7. The embodiment of FIG. 7 
is basically the same arrangement as that of the embodiment 
of FIG. 1, except that the reactive poWer detector 10 in FIG. 
1 is connected to a terminal voltage detector 21 and the 
reactive poWer controller 17 is changed to a terminal voltage 
controller 22. 

[0045] The terminal voltage detector 21 detects the effec 
tive value of the terminal voltage of the synchronous gen 
erator 1 on the basis of tWo axis component signals as the 
outputs of the three-phase/tWo-phase converter 8. An input 
to the terminal voltage controller 22 is a difference betWeen 
a terminal voltage command provided externally and a 
detected terminal voltage value as the output of the terminal 
voltage detector 21, While the output of the terminal voltage 
controller 22 is a reactive part of the current command to the 
converter 2. The terminal voltage controller 22, Which 
forms, e.g., a proportional integration control system, deter 
mines a reactive part of the current command to the con 
verter 2 in such a manner that the difference betWeen the 
terminal voltage command and detected terminal voltage 
value becomes Zero. Adjustment of the reactive part of the 
current command to the converter 2 enables adjustment of 
the poWer factor of the synchronous generator 1 and enables 
control of the terminal voltage of the synchronous generator 
1. 

[0046] The terminal voltage detector 21 performs its cal 
culation in accordance With Equation 16, Where Vt denotes 
a detected value of the terminal voltage of the synchronous 
generator 1, and Vd and Vq denote d- and q-axis compo 
nents of the terminal voltage of the generator 1 respectively. 
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[0047] Substituting Equations (10) and (11) into Equation 
(16) satis?es Equation (17). 

VFW-“(m5 (17) 
[0048] It Will be seen from Equation (17) that Vt is found 
from V0. and VB. It Will also be seen from Equations (6) and 
(7) that, since there is V0. and VB are not dependent on 0, 
Vt is not dependent on 0. From the above, it Will be 
appreciated that, even When the estimated rotor position 
value contains an error, the terminal voltage detector 21 can 
correctly detect the effective value of the terminal voltage of 
the synchronous generator 1. When the detector 21 can 
correctly the effective value of the terminal voltage of the 
synchronous generator 1, the terminal voltage controller 22 
can control the terminal voltage to approach its command. 
Thus even When the estimated rotor position value contains 
an error, the terminal voltage controller determines the 
reactive part of the current command in such a manner as to 
correct the error amount. For this reason, even When the 
estimated rotor position value contains an error, the con 
verter 2 can be accurately controlled. 

[0049] The apparatus can be made small in siZe Without 
using a rotor position detecting sensor by driving the syn 
chronous generator under the simple sensorless control. 
Further, the converter can be accurately controlled indepen 
dently of an error included in the estimated rotor position 
value. Furthermore, the generator can produce a stable 
output by controlling the active poWer. In addition, the 
synchronous generator can be operated With a high ef? 
ciency or the terminal voltage of the synchronous generator 
can be controlled by controlling the reactive poWer. 

[0050] It should be further understood by those skilled in 
the art that the foregoing description has been made on 
embodiments of the invention and that various changes and 
modi?cations may be made in the invention Without depart 
ing from the spirit of the invention and the scope of the 
appended claims. 

What is claimed is: 
1. An apparatus for controlling a synchronous generator 

Which comprises a converter connected to a stator of said 
synchronous generator and an inverter connected to said 
converter and also connected to a poWer system and Wherein 
said converter converts a poWer of a variable frequency 
generated by said synchronous generator to a DC. poWer, 
and said inverter converts said DC. power to an AC. poWer 
of a ?xed frequency, said converter includes a voltage 
detector for detecting a terminal voltage of the stator of said 
synchronous generator, a current detector for detecting a 
current ?oWing through the stator of said synchronous 
generator, and rotor position estimating means for estimat 
ing a rotor position of said synchronous generator from a 
voltage detected by said voltage detector and a current 
detected by said current detector, said rotor position esti 
mating means calculates a d-aXis component of a voltage 
induced in said synchronous generator in a d-q aXis coor 
dinate system determined by a rotor position during estima 
tion and controls the d-aXis component of said induced 
voltage to Zero to estimate the rotor position, said rotor 
position estimating means includes an active poWer detector 
for detecting a active poWer of an output of said synchronous 
generator and a reactive poWer detector for detecting a 
reactive poWer of the output of said synchronous generator 
or a terminal voltage detector for detecting an effective value 
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of the terminal voltage of the stator of said synchronous 
generator, said rotor position estimating means also includes 
a active poWer controller for controlling the active poWer of 
the output of said synchronous generator With use of the 
active poWer value detected by said active poWer detector 
and an active poWer controller for controlling the reactive 
poWer of the output of said synchronous generator or a 
terminal voltage controller for controlling the terminal volt 
age of said synchronous generator With use of the terminal 
voltage value detected by said terminal voltage detector, said 
active poWer controller adjusts a q-aXis current command on 
the d-q aXis coordinate system determined by said rotor 
position estimating means to control the active poWer of said 
synchronous generator, said reactive poWer controller or 
said terminal voltage controller adjusts a d-aXis current 
command on the d-q aXis coordinate system determined by 
said rotor position estimating means to control the reactive 
poWer or terminal voltage of said synchronous generator. 

2. An apparatus for controlling a synchronous generator 
as set forth in claim 1, further comprising an angular 
velocity estimator for receiving a difference betWeen a 
d-aXis component of the induced voltage of said synchro 
nous generator on the d-q aXis coordinate system determined 
by said rotor position estimating means and Zero, and 
Wherein said angular velocity estimator forms a proportional 
integration control system. 

3. An apparatus for controlling a synchronous generator 
as set forth in claim 2, Wherein an output of said angular 
velocity estimator is limited by a limiter and upper and loWer 
limit values of said limiter are determined by an operating 
speed range of said synchronous generator. 

4. An apparatus for controlling a synchronous generator 
as set forth in claim 3, further comprising a rotor position 
estimator for receiving an estimated angular velocity value 
as an output of said angular velocity estimator, and Wherein 
said rotor position estimator forms an integrator. 

5. A method for controlling a synchronous generator in an 
apparatus Which comprises a converter connected to a stator 
of said synchronous generator and an inverter connected to 
said converter and also connected to a poWer system and 
Wherein said converter converts a poWer of a variable 
frequency generated by said synchronous generator to a 
DC. poWer, and said inverter converts said DC. power to an 
AC. poWer of a ?Xed frequency, said converter includes 
rotor position estimating means, reactive and active poWer 
controllers and a terminal voltage controller; said method 
comprising the steps of: 

estimating by said rotor position estimating means a rotor 
position of said synchronous generator from an induced 
voltage of said synchronous generator and a current of 
the generator ?oWing through the stator of the genera 
tor; 

calculating a d-aXis component of a voltage induced in 
said synchronous generator in a d-q aXis coordinate 
system determined by a rotor position during estima 
tion and controlling a d-aXis component of said induced 
voltage to Zero to estimate the rotor position; 

controlling by said active poWer controller a detected 
active poWer value of the output of said synchronous 
generator; 

controlling by said reactive poWer controller or terminal 
voltage controller an detected reactive poWer value of 
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the output of said synchronous generator or a detected 
terminal voltage value of said synchronous generator; 

adjusting by said active poWer controller a q-aXis current 
command on the d-q-aXis coordinate system deter 
mined by said rotor position estimating means to con 
trol a active poWer of said synchronous generator; and 
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adjusting by said reactive poWer controller or said termi 
nal voltage controller a d-aXis current command on the 
d-q-aXis coordinate system determined by said rotor 
position estimating means to control a reactive poWer 
or a terminal voltage of said synchronous generator. 

* * * * * 


