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CONTROLLER FOR POWER CONVERTOR 
AND MOTOR DRIVING SYSTEM 

FIELD 

2 
first torque command value so that the first torque command 
value is limited to a torque limiter range defined by an upper 
limit torque value calculated by a predetermined calculation 
formula for upper limit torque command value calculation 

The present application relates to a controller for a 
variable voltage and variable frequency type power conver
tor and a motor driving system. 

BACKGROUND 

5 and a lower limit torque value obtained by multiplying the 
upper limit torque value by a predetermined negative coef
ficient or zero; a flux command generation module config
ured to generate a stator flux command value in accordance 
with a fundamental wave output frequency of output from 

10 the power convertor; and an output voltage calculation 
module configured to calculate an output voltage command 
value of the power convertor based on the second torque 
command value and the stator flux command value. The 

U.S. Pat. No. 9,281,772 discloses a controller for a power 
convertor. The controller can put, on a motor, a brake of 
good response. The following Non Patent Literature 1 
discloses a flux observer for safe operation of a motor. 

Patent Literature 1: U.S. Pat. No. 9,281,772 
Non Patent Literature 1: Y. Xu, Y. Wang, R. Iida and R. 

15 
torque command limit module calculates the upper limit 
torque value to be smaller as the fundamental wave output 
frequency increases at least in a speed region equal to or 
higher than a field weakening starting point. D. Lorenz, "Extending low speed self-sensing via flux 

tracking with volt-second sensing," 2017 IEEE Energy 
Conversion Congress and Exposition, Cincinnati, Ohio, 20 

2017, pp. 1888-1895. 

SUMMARY 

A second controller for a power convertor according to a 
second aspect of the present application includes: a torque 
command value calculation module configured to calculate 
a torque command value to a power convertor based on a 
speed command value of a motor driven by the power 
convertor; a voltage command value calculation module 

However, in the systems of the above Patent Literature 1 
and Non-Patent Literature 1, no field weakening is imple
mented. For this reason, an operation of the electric motor 
can be limited on the high speed range. 

25 configured to calculate a voltage command value to the 
power convertor based on the torque command value cal
culated by the torque command value calculation module; a 
flux estimation module configured to calculate estimated 

As a general technique of field weakening, there is a 
method of suppressing the influence of voltage saturation 30 

when the output frequency of the power converter increases, 

values of the stator flux and rotor flux of the motor in a 
subsequent control period based on the voltage command 
value to the power convertor and a measured stator current 
of the motor; and a motor speed estimation module config
ured to calculate an estimated value of a speed of the motor 
in a subsequent control period based on the estimated value 

by lowering the flux command value in inverse proportion to 
the rotational speed. The fundamental output frequency of 
the power converter is also referred to as power supply 
angular frequency. 35 of the rotor flux calculated by the flux estimation module. 

A motor driving system according to a third aspect of the 
present application includes: a power convertor configured 
to drive a motor; and one of the first or second controller for 
a power convertor, which is configured to control the power 

The flux command method in simply inverse proportion 
to a frequency does not consider the output limit of the 
convertor. Therefore, the control stability is potentially 
degraded when output torque in a field weakening region is 
increased. 40 convertor. 

The present application is intended to solve the above
described problem and provide a controller for a power 
convertor, and a motor driving system that are capable of 
simultaneously achieving control stability and output torque 
increase in a field weakening region. 45 

Other and further objects, features and advantages of the 
invention will appear more fully from the following descrip
tion. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a configuration diagram of a motor system to 
which a controller for a power convertor according to a first 
embodiment is applied; 

FIG. 2 is an enlarged configuration diagram of part of the 
controller for a power convertor according to the first 
embodiment; 

In the control device described in Non-Patent Literature 1, 
sensorless control is performed by obtaining the rotation 
speed using the stator flux estimated by the flux observer. 
However, this stator flux is subject to harmonics caused by 
PWM control and current measurement noise. For this 50 

reason, the stator flux has a low SIN ratio because the flux 
amplitude decreases particularly in the field weakening 
region. For these reasons, the accuracy of the speed estima
tion declines and there is a possibility that stable operation 
cannot be performed. 

FIG. 3 is an enlarged configuration diagram of part of the 
controller for a power convertor according to the first 

55 embodiment; 
The present application is also intended to provide a 

controller for a power convertor, and a motor driving system 
that are capable of highly accurately calculating an esti
mated speed value. 

A first controller for a power convertor according to a first 60 

aspect of the present application includes: a torque com
mand value calculation module configured to calculate a first 
torque command value to a power convertor based on a 
speed command value of a motor driven by the power 
convertor; a torque command limit module configured to 65 

receive the first torque command value and generate a 
second torque command value obtained by correcting the 

FIG. 4 is a graph illustrating a stator flux locus for each 
power supply (operation) frequency with a voltage limit 
taken into account; 

FIG. 5 is a graph illustrating a stator flux locus with a 
current limit taken into account; 

FIG. 6 is a graph illustrating stator flux loci with the 
voltage and current limits taken into account; 

FIG. 7 is a graph illustrating voltage and current limits 
and torque curves at a power supply frequency of 1.2 pu; 

FIG. 8 is a graph illustrating maximum torque curves with 
the voltage and current limits taken into account at different 
speeds in Region I; 
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FIG. 9 is a graph indicating a boundary speed condition 
between Region I and Region II; 

FIG. 10 is a graph illustrating maximum torque curves 
with the voltage and current limits taken into account at 
different speeds in Region II; 

FIG. 11 is a configuration diagram of a motor system to 
which a controller for a power convertor according to a 
second embodiment is applied; 

FIG. 12 is an enlarged configuration diagram of part of the 
controller for a power convertor according to the second 10 

embodiment; 
FIG. 13 is a diagram showing an example of a result of 

field weakening test in the second embodiment; 
FIG. 14 is a diagram showing an example of a result of 

field weakening test in the second embodiment; 
FIG. 15 is a diagram showing an example of a result of 

field weakening test in the second embodiment; 
FIG. 16 is a configuration diagram of a motor system to 

which a controller for a power convertor according to a 
modification of the second embodiment is applied; 

FIG. 17 is an enlarged configuration diagram of part of the 
controller for a power convertor according to the modifica
tion of the second embodiment; 

15 

20 

FIG. 18 is a configuration diagram of a motor system to 
which a controller for a power convertor according to a third 25 

embodiment is applied; 
FIG. 19 is a configuration diagram of a motor system to 

which a controller for a power convertor according to a 
modification of the third embodiment is applied; 

FIG. 20 is a diagram illustrating a hardware configuration 30 

applicable to the controller for a power convertor according 
to the first embodiment; and 

FIG. 21 is a graph of relative RMS noise as flux decreases. 

DESCRIPTION OF EMBODIMENTS 35 

Embodiments of the present invention will be described in 
accordance with the accompanying drawings. It should be 
noted that in the drawings, the same or corresponding parts 
are denoted by the same reference signs. Overlapping 40 

description of such parts will be simplified or omitted as 
appropriate. 

Symbols are explained below. Complex vectors are as 
follows. 

4 
vws w-phase stator voltage [VJ 
ius u-phase stator current [A] 
ivs v-phase stator current [A] 
iws w-phase stator current [A] 
iur u-phase rotor current [A] 
ivr v-phase rotor current [A] 
iwr w-phase rotor current [A] 
Rs stator resistance [Q] 
Rr rotor resistance [Q] 
L1s stator leakage inductance [HJ 
Lzr rotor leakage inductance [HJ 
Lm magnetizing inductance [HJ 
Ls stator winding inductance [HJ Ls=L1s+Lm 
Lr rotor winding inductance [HJ Lr=L1r+Lm 

CT leakage factor 

JP inertia [kg-m2
] 

P Pole number 
P/2 Pole pair number 
ts sampling time [ s] 
P cu IM cupper loss [W] 
Pfe IM iron loss [W] 
P1oss IM loss [W] P1oss=Pcu+Pfe 
Pe input power [W] Pe=Ploss+Pstored+Pem 
Ps,ored Time differentiation of magnetic energy accumu

lated in the inductance of the induction machine [W] 
P em mechanical loss [W] (Power contributing to torque) 
Ke eddy current coefficient 
Kh hysteresis coefficient 
Req equivalent resistance [Q] 
-ceq equivalent time constant [ s] 
-er rotor time constant [ s] That is, MI_ T2 (Secondary time 

constant) 
co angular speed [rad/s] w=p8 
General Description without Specifying Coordinate Sys

tem (Arbitrary Coordinate System) 
Bangle [rad] w=p8 General description without specifying 

the coordinate system 
wr rotor electrical angular speed [rad/s] wr=Pwrm/2 
er rotor electrical angular position [rad] 
(Angle of u-Phase Rotor Winding Taken Counterclock-

V qds stator voltage complex vector [VJ 
V qdr rotor voltage complex vector [VJ 
iqds stator current complex vector [A] 
iqdr rotor current complex vector) [A] 

45 wise with Respect to u-Phase Stator Winding) 

"-qds stator flux linkage complex vector [V-sec] 
"-qdr rotor flux linkage complex vector [V-sec] 
Scalars are as follows. 
Vqs stator q-axis voltage [VJ 
V ds stator d-axis voltage [VJ 
V qr rotor q-axis voltage [VJ 
V dr rotor d-axis voltage [VJ 
iqs stator q-axis current [A] 
ids stator d-axis current [A] 
iqr rotor q-axis current [A] 
idr rotor d-axis current [A] 
"-qs stator q-axis Flux [V-sec] 
"-ds stator d-axis Flux [V-sec] 
"-qr rotor q-axis Flux [V-sec] 
"-dr rotor d-axis Flux [V-sec] 
Te electromagnetic torque [N-m] 
TL load torque [N-m] 
vus u-phase stator voltage [VJ 
vvs v-phase stator voltage [VJ 

50 

55 

60 

65 

corm rotor mechanical angular speed [rad/s] corm =2w)P 
Rotational Angular Speed of the Output Shaft 
8rm rotor mechanical angle [rad] 8rm=28)P 
Rotational Angular of the Output Shaft 
we synchronous angular frequency [rad/s] 
w=p8, but if the synchronization angular frequency 1s 

constant, it is also expressed as wt=8. 
8e synchronous angular position 
Wsz slip angular frequency [rad/s] 
Wsz=We-Wr 

Mathematical Elements are as Follows. 
j imaginary number 
p differential operator 
s Laplace operator 
!! space vector rotation operator !!=expG2it/3) 
Re{ } complex real part 
Im{ } complex imaginary part 
L{ } Laplace transform 
Z{ } z-transform) 
Each symbol of superscript has the following meaning. 
:f stationary reference frame 
:F general synchronous reference frame 
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f' rotor reference frame 
ras re-aligned stationary reference frame 
fl' command value 
f differential value 

6 
Here, the "dqs-axes" is such that the U phase and the q 

axis coincide of a stator with each other in a stationary axis 
system, and distributes the three phase components to two 
phases of the d axis and the q axis orthogonal to each other. 

f estimate value 
I average value 
Each subscript symbol has the following meaning. 
f, stator 
fr rotor 
( ) 0 p, appropriate value 

5 The second coordinate conversion module 17, which will be 
described later, is a circuit that performs dq-axes conversion 
to replace the input signal with the biaxial signal. The first 
coordinate conversion module 15, which will be described 
later, is an inverse conversion circuit that restores the two 

First Embodiment 

10 phase signals converted into the d axis and the q axis in the 
stationary axis system to three phase signals in the stationary 
coordinate system. 

For example, a superscript symbol "S" of the stator FIG. 1 is a configuration diagram of a motor system to 
which a controller for a power converter according to an 
embodiment 1 of the present invention is applied. 

In FIG. 1, a motor system 1 includes a motor 2 and a 
motor driving system 3. For example, the electric motor 2 is 
an induction machine. 

15 
dqs-axes flux value Aqd/ represents the stationary coordi
nate system. A subscript symbol "qds" of the stator dqs-axes 
flux value Aqd/ represents "two phase components" of the 
stator flux. That is, the stator dqs-axes flux value Aqd/ 
represents the d-axis component Ad/ of the stator flux value 

An output part of the motor 2 is connected to an input part 
of a load machine 4. For example, the load machine 4 is an 
inertia load. A speed sensor 119 for detecting the rotational 
speed of the rotor is connected to the electric motor 2. 

An input part of the motor driving system 3 is connected 

20 and the q-axis component Aq/ of the stator flux command 
value. In the following description, symbols with the sub
script suffix "qds" are the symbols representing both the 
d-axis component and the q-axis component of the stator 
flux. 

to an output part of an AC power supply 5. For example, the 25 

AC power supply 5 is a grid. 
The motor driving system 3 includes a diode rectifier 6, a 

capacitor 7, an inverter 8, a first current detector 9a, a second 
current detector 9b, and controller 11. 

The diode rectifier 6 converts, into DC power, the three- 30 

phase AC power supplied from the AC power supply 5. If 
necessary, the diode rectifier 6 may be replaced with a PWM 
converter. 

The capacitor 7 is provided across a DC link on the output 
side of the diode rectifier 6. The capacitor 7 is used to 35 

smooth the DC voltage applied to the DC link. 
The inverter 8 is converts the DC power supplied from the 

diode rectifier 6 into three-phase AC power for driving the 
electric motor 2. The inverter 8 is a voltage source inverter. 
The inverter 8 is subjected to variable voltage variable 40 

frequency (VVVF) control through pulse width modulation 
(PWM) control. 

The power conversion circuit of the inverter 8 is formed 
of three arms. One of the arms includes an upper arm and a 
lower arm. The upper and lower arms are each formed of at 45 

least one switching element. 
The first current detector 9a is provided at the v-phase of 

the output side of the inverter 8. The first current detector 9a 
detects the v-phase stator current Ivs. The second current 
detector 9b is provided at thew-phase of the output side of 50 

the inverter 8. The second current detector 9b detects the 
w-phase stator current Iws. 

On the other hand, a superscript symbol "S" of the rotor 
dqs-axes flux value Aqd/ represents the stationary coordi
nate system. A subscript symbol "qdr" of the rotor dqs-axes 
flux value !1qd/ represents the d-axis component Ad/ of the 
rotor flux value and the q-axis component Aq/ of the rotor 
flux value. In the following description, symbols with the 
subscript suffix "qdr" are the symbols representing both the 
d-axis component and the q-axis component of the rotor 
flux. 

The torque command limit module 13 calculates the 
second torque command value T em* based on the first torque 
command value Teml * calculated by the speed control 
module 12, the stator flux command value As_opt generated 
by the appropriate flux command generation module 18, and 
the power supply angular frequency we calculated by the 
power supply angular frequency calculation module 19. 
Details of the torque command limit module 13 will be 
described later with reference to FIG. 2. 

The DB-DTFC calculation module 14 calculates the stator 
dqs-axes voltage command value Vqd/* based on the sec
ond torque command value T em*, the flux command value 
As*, the stator dqs-axes flux estimated value 'A.d/ the rotor 
dqs-axes flux estimated value 'A.qd/, 3'nd the rotor mechani
cal angular speed estimated value wrm-r estimated by the 
speed/phase estimation module 21 which is described later. 
The flux command value As* is a stator flux command value 
As_opt generated by the appropriate flux command generation 
module 18. The DB-DTFC calculation module 14 employs, 
as a control method, a deadbeat direct torque & flux control 
(DB-DTFC) method. 

The first coordinate conversion module 15 converts the 
stator dqs-axes voltage command value Vqd/* into three
phase stator voltage command values V us*, V vs*, and V ws *. 
The conversion performed by the first coordinate conversion 
module 15 is an inverse conversion of the dqs-axes trans-

The controller 11 includes a speed controller 12, a DB
DTFC calculation module 14, a first coordinate conversion 
module 15, PWM controller 16, a second coordinate con- 55 

version module 17, a current/flux estimation module 20, a 
speed/phase estimation module 21, a torque command limit 
module 13, an appropriate flux command generation module 
18, a power supply angular frequency calculation module 
19, and a first slip angular frequency estimation module 32. 60 formation. 

The speed controller 12 is a torque command value 
calculation module. The speed controller 12 calculates the 
torque command value Teml * so that the rotor mechanical 
angular speed estimated value wrm-r' which is detected by 
the speed/phase estimation module 21, will follow the rotor 
mechanical angular speed command value corm* obtained 
from an external device. 

The PWM controller 16 converts the three-phase stator 
voltage command values Vu/, V v/, and V w/ into gate 
pulses for the inverter 8 based on the pulse width modula
tion. The PWM controller 16 outputs the gate pulses to the 

65 inverter 8. 
The second coordinate conversion module 17 converts the 

stator currents Ivs, Iws into a stator dqs-axes current mea-
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sured value iqd/· The conversion performed by the second 
coordinate conversion module 17 is "dqs-axes conversion". 

Three-phase to two-phase conversion by dqs-axes con
version is performed based on the following equation. For 
example, if the currents of three phases are Iu, Iv, Iw and the 5 

currents after two-phase conversion are Id,, Iq,, the follow
ing equation is obtained. 

8 
mates a speed and a phase at subsequent sampling based on 
a speed of the motor 2 or detected phase obtained from an 
output from the speed sensor 119 and a torque command. 
The motion observer can obtain an instantaneous speed of 
the motor 2 at each sampling without phase delay. 

The speed/phase estimation module 21 basically performs 
a calculation such that a torque command value is divided by 
a moment of inertia of the motor 2 to calculate an accelera-
tion value, the acceleration value is integrated to calculate a 

10 speed, and the speed is integrated to calculate a phase. The 
delay operator is used in the speed/phase estimation module 
21. 

This conversion is somewhat different from Clarke con
version which is a general three-phase to two-phase con- 15 

vers10n. 
The appropriate flux command generation module 18 

generates the stator flux command value "-s_opt by perform
ing calculation on an appropriate flux command based on the 
power supply angular frequency we calculated by the power 20 

supply angular frequency calculation module 19. The stator 
flux command value "-s_opt having an appropriate value is 
input to the DB-DTFC calculation module 14 as the flux 
command value A/. The appropriate flux command gen
eration module 18 will be described later in detail with 25 

reference to FIG. 2. 
The power supply angular frequency calculation module 

19 calculates the power supply angular frequency we based 

The rotational speed wrm of the motor 2, which is an 
output of the speed sensor 119, is inputted into the subtrac
tion module 21a. The subtraction module 21a calculates a 
difference between the rotational speed wrm and an output of 
the delay calculation module 21m. The calculated difference 
is transmitted to the integral module 21b and the propor-
tional module 2le. The integral module 21b integrates an 
output of the subtraction module 21a. The integrated value 
by the integral module 21b is transmitted to the integral 
module 21c and the proportional module 21d. 

The integral module 21c is an integration circuit having a 
gain Kio. The integral module 21c outputs a calculation 
result to the adder module 21/ The proportional module 21d 
performs amplification by a gain Kso· The proportional 
module 21d outputs a calculation result to the adder module 
21/ The proportional module 2le performs amplification by on the rotor mechanical angle estimated value wrm-r esti

mated by the speed/phase estimation module 21 and the slip 
angular frequency estimated value W

5
z estimated by the first 

slip angular frequency estimation module 32. The relation
ship between the detected rotational speed wrm from the 
speed sensor 119 and the estimated value wrm-r will be 
described later with reference to FIG. 3. Details of the power 
supply angular frequency calculation module 19 will be 
described later with reference to FIG. 2. 

30 a gain bo. The proportional module 2le outputs a calculation 
result to the adder module 21/ 

The adder module 21/ performs addition of the output 
from the integral module 21c, the output from the propor
tional module 21d, and the output from the proportional 

It should be noted that the output value of the speed sensor 
119 is not the instantaneous value but the average speed 
between the detection timings, and thus the output value of 
the speed sensor 119 is expressed as wrm using the symbol 
indicating the average value. 

35 module 2le, and outputs the calculation result to the adder 
module 21g. The adder module 21g performs addition of the 
second torque command value T em*, which is the output 
from the torque command limit module 13, and the output 
from the adder module 21/, and then outputs a calculation 

40 result to the acceleration value calculation module 21h. 

Here, the stator dqs-axes current measured value iqd/ and 
the stator dqs-axes voltage measured value V qd/ are values 
obtained by dqs converting the three phase measured values. 45 

The total sum of the instantaneous values of the three-phase 
currents, which is the output of the inverter 8, is zero. By 
using this property, in the first embodiment, two-phase 
current is detected, and for the other phase, a value obtained 
by inverting the sign of the added value of two-phase current 50 

is used. 
The current/flux estimation module 20 calculates the 

stator dqs-axes flux estimated yalue 'A.qd/ and the rotor 
dqs-axes flux estimated value "-qd/ as a flux estimati~n 
module based on the rotor electrical angle estimated value 8r 55 

estimated by the speed/phase estimation module 21, the 
voltage command value Vqd/*, the stator dqs-axes current 
measured value }qd/, the rotor mechanical angular speed 
estimated value wrm-r· 

A speed and phase estimation module 21 as a motor speed 60 

estimation module calculates a rotor electrical angle esti
mated value 8

7 
and a rotor mechanical angular speed esti

mated value wrm-r based on the second torque command 
value Tern* and a measurement value wrm obtained by a 
speed sensor 119. The speed and phase estimation module 65 

21 is what is called a motion observer, and the configuration 
thereof is illustrated in FIG. 3. The motion observer esti-

The acceleration value calculation module 21h divides an 
inputted value by the moment of inertia estimated value JP of 
the motor 2, and then outputs the estimated acceleration 
value to the integral module 21}. The integral module 21} 
integrates the inputted estimated acceleration value to esti-
1:1ate the rotor mechanical angular speed estimated value 
wrm-r· 

The rotor mechanical angular speed estimated value wrm-r 
is transmitted to the integral module 21n and the average 
value calculation module 21k. The rotor mechanical angular 
speed estimated value wrm-r is also transmitted to the outside 
of the speed/phase estimation module 21. The outside of the 
speed/phase estimation module 21 is for example the DB
DTFC calculation module 14. Further, the rotor mechanical 
angular speed estimated value wrm-r is also transmitted to the 
current and flux estimation module 20, the power supply 
angular frequency calculation module 19, and the speed 
control module 12. 

The integral module 21n integrates the rotor mechanical 
angular speed estimated value wrm-r to calculate the esti
mated phase (mechanical angle) Elrm· The estimated phase 
(mechanical angle) Elrm is inputted to the proportional mod
ule 2lp. The proportional module 21p multiples the esti
mated phase (mechanical angle) Elm by the pole number P/2 
of the motor 2 to calculate the estimated phase ( electrical 
angle) Br. The estimated phase (electrical angle) Br is out
putted to the outside of the speed/phase estimation module 
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21. The outside of the speed/phase estimation module 21 is 
for example the current and flux estimation module 20. 

The average value calculation module 21k calculates the 
average value wrm with respect to the rotor mechanical 
angular speed estimated value wrm-r by calculating an aver- 5 

age of an estimated value in the present calculation period 
and another estimated value before one calculation period, 
and then outputs the calculation result to the delay calcula
tion module 21m. The delay calculation module 21m per
forms a calculation to delay the average value wrm by one 10 

calculation period, and then outputs a calculation result to 
the subtraction module 21a as a subtraction value. It should 
be noted that, the configuration in FIG. 3 may be modified 
in other system, and the output from the speed sensor 119 
may be a low pass filter, and an output from the low pass 15 

filter may be reg<l}"ded as the rotor mechanical angular speed 
estimated value wrm-r· 

Voltage, current, and flux always change in the dqs-axes 
coordinate in the steady state. On the other hand, speed is 
constant, and the influence of the phase delay need not to be 20 

considered. By using the motion observer, phase and speed 
information with little noise can be obtained without phase 
delay. 

10 
operation region, Region I, and Region II. Region I is a 
region between the boundary speed we c and the field 
weakening starting point. Region II is a region higher than 
the boundary speed we c 

Specifically, the fourth block 13d determines the speed 
region in accordance with the power supply angular fre
quency we as follows. The field weakening starting speed is 
defined as wbase· When we<wbase, it is determined the speed 
is in the normal operation region. When w6 sw <w it is 
determined that the speed is in Regionasl (ae fir;-(field 
weakening region). When we cswe, it is determined that the 
speed is in Region II (a second field weakening region). The 
fourth block 13d outputs "0" when the current speed is in the 
normal operation region or Region I. The fourth block 13d 
outputs "1" when the current speed is in Region II. 

When the output from the fourth block 13d is "0", the fifth 
block 13e selects the upper limit torque command value 
Te_max output from the first block 13a. When the output from 
the fourth block 13d is "I", the fifth block 13e selects the 
upper limit torque command value Te max output from the 
second block 13b. The fifth block 13e transmits the selected 
upper limit torque command value Te max to the sixth block 
13{ -

The sixth block 13/ determines a torque limiter range by 
using the upper limit torque command value T trans
mitted from the fifth block 13e. The torque limite;:~mge is 
a range defined by an upper limit torque value (+Te max) and 
a lower limit torque value (-Te max). The upper limit torque 
value is the upper limit torque command value Te max· The 

FIG. 2 is an enlarged configuration diagram of part of the 
controller for a power convertor according to the first 25 

embodiment. As illustrated in FIG. 2, this controller 11 
includes the speed control module 12, the torque command 
limit module 13, the appropriate flux command generation 
module 18, and the power supply angular frequency calcu
lation module 19. 30 lower limit torque value is a value obtained by multiplying 

the upper limit torque value by a negative coefficient. The 
negative coefficient is a predetermined value, and may be 
"-1" or a value other than minus one. Also, instead of this 
negative coefficient, the lower limit torque value may be set 

The torque command limit module 13 includes a first 
block 13a, a second block 13b, a third block 13c, a fourth 
block 13d, a fifth block 13e, and a sixth block 13/ 

The first block 13a calculates an upper limit torque 
command value Te max based on the stator flux command 
value "-s_opt in accordance with Expression (30) to be 
described later. Expression (30) is a predetermined first 
calculation formula for upper limit torque command value 
calculation. A second-order polynomial including the sec
ond-order term ("-s_op,2) of the stator flux command value 
"-s_opt and the first-order term ("-s_opt) thereof is derived by 
expanding the expression in the square root in Expression 
(30). 

The second block 13b calculates the upper limit torque 
command value Te max based on the stator flux command 
value "-s_opt in accordance with Expression (36) to be 
described later. Expression (36) is a predetermined second 
calculation formula for upper limit torque command value 
calculation. Expression (36) is a monomial obtained by 
multiplying the second-order term ("-s_op,2) of the stator flux 
command value by a predetermined coefficient. The prede
termined coefficient is 

3 P L~ 
42aL;L,.· 

35 to zero by multiplying zero by the upper limit torque value. 
When the first torque command value T em 1 * is in the 

torque limiter range, the sixth block 13/ substitutes the first 
torque command value Teml * directly into the second torque 
command value T em*. When the first torque command value 

40 Teml * is larger than the upper limit torque value+ Te max' the 
sixth block 13/ substitutes the upper limit torque value 
+ T e_max into the second torque command value T em*. When 
the first torque command value Teml * is smaller than the 
lower limit torque value -Te_max, the sixth block 13/ sub-

45 stitutes the lower limit torque value -Te max into the second 
torque command value T em*. 

In this manner, the sixth block 13/functions as a filter that 
allows only a torque command value in the torque limiter 
range to pass through. Accordingly, the sixth block 13/ 

50 generates the second torque command value Tern*. The 
second torque command value Tern* is a value obtained by 
correcting the first torque command value Teml * so that the 
first torque command value Teml * is limited to the torque 

55 

limiter range. 
The appropriate flux command generation module 18 

includes a first block 18a and a second block 18b. The 
appropriate flux command generation module 18 generates 
the stator flux command value "-s_opt in accordance with the 

The third block 13c calculates a boundary speed we c in 
accordance with Expression (34) to be described later.-The 60 

boundary speed we_c is a speed predetermined to be higher 
than a field weakening starting point, and determined by 
Expression (34). The field weakening starting point may be, 

power supply angular frequency we. 
The first block 18a calculates the stator flux command 

value "-s_opt in accordance with Expression (29) to be 
described later. The first block 18a calculates a value 
obtained by dividing a stator voltage maximum value V 
by the power supply angular frequency we. max for example, the rated speed of a motor. 

The fourth block 13d determines a speed region based on 65 

the power supply angular frequency we and the boundary 
speed we_c· The speed region is divided into a normal 

The second block 18b limits the stator flux command 
value "-s_opt calculated by the first block 18a to a certain 
range. The second block 18b employs a predetermined upper 
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limiter flux value and limits the stator flux command value 
"-s_opt to be equal to or smaller than the upper limiter flux 
value. The upper limiter flux value may be the rated stator 
flux "-rate as one of parameters of the motor in the embodi
ment. 

The power supply angular frequency calculation module 
19 calculates the rotor electrical angular speed estimated 
value wr by multiplying the rotor mechanical angular speed 
estimated value wrm-r calculated by the speed and phase 
estimation module 21 by P/2. The value Pis the pole number 
of the motor 2. The power supply angular frequency calcu
lation module 19 calculates the power supply angular fre
quency we by adding the rotor mechanical angular speed 
estimated value wrm-r and a slip angular frequency estimated 
value W

5
z outputted from a first slip angular estimation 

module 32. 

12 
1.1 Stator Flux Limit with the Voltage and Current Limits 
Taken into Account 
1.1.1 Restriction of Stator Voltage (Voltage Limit) by Maxi
mum Output Voltage of Inverter 

The stator voltage maximum value V max is limited by a 
DC voltage V de of the inverter and a modulation method. 
The stator voltage maximum value V max is vsmax =V dj2 for 
sinusoidal wave pulse width modulation (SPWM), or 
Vsmax =V djY:, for space vector pulse width modulation 

10 (SVPWM). If necessary, in deriving the maximum value 
Vsmax of the stator voltage, an influence of a forward 
voltage drop or a dead time of switching elements consti
tuting the inverter 8 may be taken into consideration. 

Another point is, if necessary, a coefficient slightly 
15 smaller than 1, for example 0.98, can be used to calculate 

Vsmax to account for the voltage drop on the stator resis-
The slip angular frequency estimated value W

5
z may be 

estimated by Expressions ( 43) or ( 44), as described later. In 
the first embodiment, the rotor dqs-axes flux estimated value 
"-qd/ outputted from the current/flux estimation module 20 20 

and the rotor dqs-axes current measured value iqd/ outputted 
from the second the second coordinate conversion module 

tance. 
Expression (7) gives a dqs-axes complex vector. Expres

sion (8) is a voltage limit expression obtained from Expres
sion (7). 

17 are inputted to the first slip angular estimation module 32. 
The first slip angular estimation module 32 performs a 
calculation based on Expression (43) to estimate the slip 25 

angular frequency estimated value W51. 

(8) 

FIG. 4 is a graph illustrating a stator flux locus for each 
power supply (operation) frequency with a voltage limit 
taken into account. A voltage limit is illustrated as a circle 

Device Operation According to the First 
Embodiment 

The following describes a theory for increasing an output 
torque in a field weakening region in DB-DTFC control. 
Expressions (1) to ( 4) are equations for an induction 
machine in an optional coordinate system. 

vqds =Rsiqds +jwA,qds +pA,qds (1) 

o~Rriqdr +)( w-wr)'-qdr +P'-qdr (2) 

A,qds =Lsiqds +Lmiqdr (3) 

A,qdr =Lriqdr+Lmiqds (4) 

A stator-side voltage equation in a synchronous coordi
nate system (synchronous with the power supply frequency) 
of the induction machine can be given by Expression (5). 

(5) 

Any differential term can be omitted in a steady state, and 
thus Expression (5) becomes Expression (6). 

30 in FIG. 4. The radius of each circle in FIG. 4 represents an 
allowable stator flux amplitude. The radius (upper limit of 
the allowable stator flux amplitude) decreases as the power 
supply (operation) angular frequency we increases. The 
vertical axis expresses the stator d-axis flux on general 

35 

40 

synchronous reference frame Ad/, and the horizontal axis 
expresses the stator q-axis flux on general synchronous 
reference frame "-q/ in FIG. 10 from FIG. 4 respectively. 
1.1.2 Limit of Stator Current by Allowable Output Current 
of Inverter (Current Limit) 

In addition to the voltage limit, another limit is placed on 
the stator flux amplitude. This limit is an allowable output 
current limit of the inverter 8 and allowable current through 
the motor 
2. The Maximum Allowable Current !,max is Expressed by 

45 Expression (9). 

(iq:)2+(id:)2"J,ma} (9) 

To use the stator flux in control, a relational expression 
between the stator current and the stator flux is derived. In 

50 the stationary state, Expression (2) as a voltage equation for 
(6) the rotor becomes Expression (10). 

(10) 
The term of the power supply angular frequency we is 

dominant in a high speed range, and thus finally, Expression 
(7) is obtained. When Expression (10) is rewritten for the q-axis and 

55 d-axis components separately, Expressions (11) and (12) 
(7) below are obtained. 

It is clear from Expression (7) that a voltage upper limit 
is reached as the speed increases. In such a case, we can be 
increased by decreasing the flux. This is called field weak-
ening. 60 

One of features of the embodiment is a method of 
determining a flux command for achieving an increased 
torque in the high frequency region. 
1. Output Torque Increasing Technique 

Studies performed by the inventor of the present appli- 65 

cation have found a novel torque output increasing technol
ogy, the contents of which will be described below. 

(11) 

(12) 

Expressions (11) and (12) are simplified by performing 
coordinate transformation on the rotor flux so that Expres
sions (13) and (14) are obtained. 

(13) 

(14) 
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From Expressions (12) and (14), a rotor-side d-axis cur
rent on the synchronous coordinate system is given by 
Expression (15). 

14 
1.2 Stator Flux for Achieving Increased Torque 

As described in the previous section, a combination of 
(d-axis and q-axes) stator flux command vectors are limited 
by the current and voltage limits of the inverter. Achievable 

(15) 

Expression ( 4) is rewritten in a mamier divided for the q 
and d axes. 

5 torque differs between stator flux command vectors. The 
present section derives stator flux for achieving increased 
torque. 

(16) 

(17) 

From Expressions (15) and (17), Relation Expression (18) 
between the stator current and the stator flux on the d-axis 
side can be obtained. 

1.2.1 Torque Formula (Expression Only with Stator Flux) 
A torque formula is expressed as Expression (24). This 

10 formula is expressed only with the stator flux to depict 
torque on the dqs-axes plane of the stator flux. 

(18) 

Then, a relational expression between the stator current 
and the stator flux on the q-axis side is obtained. Expression 
(3) is rewritten in a mamier divided for the d and q-axes. 

(19) 

15 

20 

(20) 

Expression (21) can be obtained from Expressions (14) 25 

and (19). 

(21) 

30 

Lastly, the relational expression between the stator current 
and the stator flux on the q-axis side can be obtained from 
Expressions (16) and (21). In the expression, a represents a 

35 
leakage coefficient listed in a symbol list. 

(22) 

(24) 

Expression (25) can be obtained from Expressions (15), 
(18), and (20). 

(25) 

Torque Formula (26) expressed only with the stator flux 
can be obtained from Expressions (14), (24), and (25). 

(26) 

Expression (26) indicates that the stator flux locus depicts 
a hyperbola on the dqs-axes flux plane when the torque is 
constant. 

FIG. 7 is a graph illustrating voltage and current limits 
and torque curves at a power supply frequency of 1.2 pu. 
FIG. 7 exemplarily illustrates three torque curves having 
different sizes in addition to voltage and current limits at a 

40 power supply frequency of 1.2 pu. 
When the power supply frequency is 1.2 pu, the number 

of combinations of stator fluxes satisfying the voltage and 
current limits is infinite for TL=l.0 pu. However, the number 
of such combinations is one for TL=l.7 pu. This is a 

The current-voltage relation expressions (18) and (22) on 
the d-axis and q-axis sides are substituted into the current 
limit expression (9) to finally obtain a current limit expres
sion (23). 45 maximum torque achievable in theory. Both limits cannot be 

satisfied for TL=2.3 pu, and thus this torque camiot be 
achieved. 

(23) The radius of the voltage limit circle decreases as the 
power supply frequency increases. Accordingly, no torque ( ,1.;, )2 +(,l."')2 s /2 

er Ls Ls smax 

When illustrated on a stator flux plane, the expression 
depicts an ellipse as illustrated in FIG. 5. FIG. 5 is a graph 
illustrating a stator flux locus with a current limit taken into 

50 curve exists in a region common to the current limit ellipse 
and the voltage limit circle. A maximum torque is achieved 
at a contact point between a torque curve and the voltage 
limit circle. This point is a point of transition from Region 

account. 
1.1.3 Voltage and Current Limits 

FIG. 6 is a graph illustrating stator flux loci with the 
voltage and current limits taken into account. As described 
above in Sections 1.1 and 1.2, the voltage and current limits 

55 

of the inverter depict a circle and an ellipse, respectively, on 60 

the stator flux plane. These results indicate that, in theory, 
the stator flux exists in a hatched region common to the 
voltage limit circle and the current limit ellipse illustrated in 
FIG. 6. Thus, to increase the output torque in the field 
weakening region, an appropriate combination of d-axis and 65 

q-axes flux command vectors need to be selected from the 
hatched region. 

I to Region II, which will be described later. 
Specifically, in a particular region, the stator flux is 

limited by two limits, namely, the current and voltage limits. 
In the other region, however, the stator flux is limited by one 
limit, namely, the voltage limit. A flux command needs to be 
determined in each region due to this limit difference. 

The above-described two field weakening regions are 
referred to as Region I and Region II. The following 
describes Region I, Region II, and a boundary point between 
these regions. The relation between each region and the 
speed is listed below with description of terms. 

we <wbase: Normal operation region 
wbaseswe <we c: Region I (first field weakening region) 
we_cswe: Region II (second field weakening region) 
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we_c: Boundary speed between Regions I and II 
wbase: Field weakening start speed 

16 
FIG. 9 illustrates a condition on the boundary speed 

between Regions I and II. FIG. 9 is a graph indicating the 
condition on the boundary speed between Regions I and II. 
The boundary speed we c is calculated by Expressions (31) 

Vsmax 

Wbase = IAqds_ratel 
5 to (33) below. -

The field weakening starting point wbase is determined by 
the stator voltage and the rated flux. In the first embodiment, 
it is assumed that field weakening automatically starts at 
voltage saturation. 
1.2.2 Stator flux in Region I (wbase<we<we_c) 

FIG. 8 is a graph illustrating a maximum torque curve 
with the voltage and current limits taken into account at 
different speeds in Region I. Region I corresponds to a case 
in which the power supply ( operation) angular frequency we 
exceeds a rated speed. 

10 

15 

As illustrated in FIG. 8, when the operation frequency is 
not too high, an intersection point between the current limit 20 

ellipse and the voltage limit circle exists above the straight 
line of Ad:="-q:· This operation frequency band is defined 
to be Region I. 

In Region I, a stator flux for achieving the maximum 
torque is at the intersection point between the current limit 25 

ellipse and the voltage limit circle. In FIG. 8, the maximum 
torque is achieved at operation point A for we= 1.2 pu and at 
operation point B for we=l.8 pu. 

Stator flux command vectors satisfying the intersection 30 
point are given by Expressions (27) and (28) due to the 
voltage and current limits. 

(27) 35 

1 - (T2 

(28) 

Ads_opt = 1 - (T2 

The amplitude of the stator flux is limited by Expression 
(29) as the radius of the voltage limit circle. 

40 

Here, among the stator flux "-qds_/, the "-qs_/ represents 
the q-axis component of the stator flux at the boundary 
speed, and the Ads_/ represents the d-axis component of the 
stator flux at the boundary speed. 

(A;,_cl2 + vs~ax (31) 

w;_c 

( ,i_;,_c r + ( Ad,_c r = /2 
(32) 

crLs Ls smax 

A;s_c = Ads_c (33) 

The boundary speed we_c is finally obtained by Expres
sion (34). 

V,max ~ 
We_c = crLsfsmax '-I ~-2-

(34) 

FIG. 10 is a graph illustrating maximum torque curves 
with the voltage and current limits taken into account at 
different power supply angular frequencies in Region II. The 
maximum torque is achieved at points C and D illustrated in 
FIG. 10 for different operation speeds, respectively. A stator 
flux command vector for achieving the maximum torque in 
Region II can be obtained by Expression (35). 

2 2 Vsmax 
Aqs_opt = Ads_opt = "2 We 

(35) 

Similarly to Region I, the stator flux command amplitude 
is limited by Expression (29). The maximum torque achiev
able in the field weakening region H is expressed as Expres
sion (36). Expression (36) is derived from Expressions (26), 

45 (29), and (35). 

(29) 

Expression (30), which calculates the maximum torque in 
the field weakening region I, is obtained from Expressions 
(26) to (29). 

(30) 

3P L~ 22 2 2 222 2 2 (1 - CT2)L;L, (L,f,max -A,_op,)(A,_opt - (T L, f,moxl 

1.2.3 Stator flux (we c<w.) in Region II 
The intersection point between the ellipse and the circle is 

below the straight line of "-d:=Aq: at a higher speed. No 
intersection point exists at a further higher speed. An opera
tion frequency band in which these phenomena occur is 
defined to be Region II. 

50 

(36) 

One of differences between Regions I and II is that the 
current is constantly lower than the current limit (upper 
limit) due to a condition on the maximum torque achievable 

55 in Region II. As a result, a stator flux amplitude for achiev
ing the maximum torque is determined by the radius of the 
voltage limit circle in both of Regions I and IL 
1.2.4 Control Block for Torque Increasing 

The entire image of the above-described control is illus-
60 trated in FIGS. 1 to 3. The stator flux command is generated 

by the first block 18a inside the appropriate flux command 
generation module 18 in accordance with Expression (29) 
based on the power supply frequency and the stator voltage. 

However, a certain limit is placed on the upper limit of the 
65 stator flux command by the second block 18b. An achievable 

torque command is calculated by the torque command limit 
module 13 by using the stator flux command in accordance 
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with Expressions (30) and (36). The achievable torque 
differs between the field weakening region I and the field 
weakening region II as described above. 

18 
T e_max calculated by the second block 13b can be selectively 
switched in accordance with the power supply angular 
frequency we. 

In the first embodiment, the fourth block 13d is provided. According to the first embodiment above described, 
operation described below is achieved. 

The first block 18a of the appropriate flux command 
generation module 18 calculates the stator flux command 
value "-s_opt to be smaller as the power supply angular 
frequency we increases. 

5 With this configuration, the first block 13a, in other words, 
Expression (30) is applied in both of Region I and the 
normal operation region. Accordingly, calculation of the 
upper limit torque command value Te max can be seamlessly 
performed through the normal operation region and the field 

The second block 18b limits the stator flux command 
value "-s_opt to a constant value at the rated flux ("-rate) in a 
low speed range in which the power supply angular fre
quency we is small. However, the second block 18b places 

10 weakening region. 
In the first embodiment, the appropriate flux command 

generation module 18 includes the second block 18b. When 
Expression (29) is applied in a low speed range in which the 
power supply angular frequency we is small, the stator flux no limit in a high speed range in which the power supply 

angular frequency we is large. The second block 18b places 
no limit at least in a speed region equal to or higher than the 
field weakening starting point. Without the limit by the 
second block 18b, the stator flux command value "-s_opt is 
calculated to be smaller as the power supply angular fre
quency we increases. 

15 command value "-s_opt is calculated to be excessively large. 
The second block 18b places an upper limiter to prevent the 
stator flux command value "-s_opt from being calculated to be 
excessively large. 

Next, an example of the controller is described with the 
20 use of FIG. 20. FIG. 20 is a hardware configuration diagram 

of the controller for a power converter according to the 
embodiment 1 of the present invention. The hardware con
figuration in FIG. 20 may also be adapted to the second 

As understood from Expressions (30) and (36), the upper 
limit torque command value Te max is calculated to be 
smaller as the stator flux command value "-s_opt is smaller. 
The width between the upper limit torque value (+Te max) 

and the lower limit torque value (-Te max) decreases as the 25 

upper limit torque command value T; max is smaller. 
The torque command limit module -13 can calculate the 

upper limit torque command value Te max to be smaller as 
the power supply angular frequency w;increases in a some
what high speed range. When the upper limit torque com- 30 

mand value Te max is calculated to be smaller, the width 
between the upper limit torque value (+Te max) and the 
lower limit torque value (-Te max) is set to be smaller. 

Through such operation, the torque limiter range can be 
set to be smaller as the power supply angular frequency we 35 

increases at least in the field weakening regions I and II. An 
allowable torque range in which the control stability can be 
maintained tends to be smaller as the power supply angular 
frequency we increases. According to the first embodiment, 
the torque limiter range is dynamically adjusted in accor- 40 

dance with such a tendency. 
Torque increase can be performed without degrading the 

control stability because a torque command value changes 
only in the torque limiter range adjusted to an appropriate 
range. Accordingly, when the motor is operated fast in a field 45 

weakening region, the control stability and the output torque 
increase can be simultaneously achieved. 

In the first embodiment, Expression (30) of the first block 
13a is applied at a speed lower than the boundary speed 
we c The upper limit torque command value Te max can be 50 

changed at an appropriate tendency in accordance with the 
second-order polynomial of the stator flux command value 
As_opr 

embodiment and the third embodiment described later. 
As illustrated in FIG. 20, each function of the controller 

9 is executed by the processing circuit. The processing 
circuit includes a processor 30a and a memory 30b. 

For example, the processor 30a is a central processing 
unit (CPU), e.g., a central processing device, a processing 
device, a microprocessor, a microcomputer, a processor or a 
digital signal processor (DSP). 

For example, the memory 30b is a non-volatile or volatile 
semiconductor memory such as RAM, ROM, flash memory, 
EPROM, EEPROM, or magnetic disk, flexible disk, optical 
disk, compact disk, mini-disk or DVD. 

In the processing circuit, a program stored in the memory 
30b is executed by the processor 30a. 

Second Embodiment 

Configuration of Device According to Second 
Embodiment 

FIG. 11 is a configuration diagram of a motor system to 
which a controller for a power convertor according to a 
second embodiment is applied. The second embodiment 
differs from the first embodiment in that a motor system in 
the second embodiment is a sensor-less system including no 
speed sensor, whereas the motor system according to the first 
embodiment is a sensor-equipped system including the 
speed sensor 119. 

In the second embodiment, the speed sensor 119 is 
omitted, and the speed and phase estimation module 21 is 
replaced with a speed and phase estimation module 121. In In the first embodiment, Expression (36) of the second 

block 13b is applied at a speed equal to or higher than the 
boundary speed we c· The upper limit torque command 
value Te max can be appropriately changed in accordance 
with the monomial of the second-order term ("-s_op/) of the 
stator flux command value at a tendency different from that 
of Expression (30). 

55 addition, the first slip angular frequency estimation module 
32 is replaced by the second slip angular frequency estima
tion module 33. Any other configuration is the same as that 
of the first embodiment. 

The speed and phase estimation module 121 as a motor 

Accordingly, the upper limit torque command value 
Te max can be changed at an appropriate tendency in each of 
the field weakening regions I and II. 

60 speed estimation module calculates the rotor electrical angle 
estimated value 8 r and the rotor mechanical angular speed 
estimated value wrm-r based on the second torque command 
value Tern*, a slip frequency estimated value W

5
z outputted 

In the embodiment, the torque command limit module 13 
includes the fifth block 13e. With this configuration, the 65 

upper limit torque command value Te max calculated by the 
first block 13a and the upper limit torque command value 

from the second slip angular frequency estimation module 
33, and the rotor dqs-axes flux estimated value 'A.qd/-

The second slip angular frequency estimation module 33 
uses the second torque command value T em* and the rotor 
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dqs-axes flux estimated value i-.qd/ as input value,s to cal
culate the slip angular frequency estimation values co sl based 
on Equation (44). The slip angular frequency estimated 
value W

5
z is inputted to the speed/phase estimation module 

121 and the power supply angular frequency calculation 5 
module 19. 

20 
The fifth block 22e calculates a value obtained by adding 

the voltage command value V qd/*, the value calculated by 
the second block 22b, the value calculated by the third block 
22c, the value calculated by the fourth block 22d. 

The sixth block 22/ calculates a value obtained by divid
ing the value calculated by the fifth block 22e by the 
estimated value Req of the equivalent resistance. 

FIG. 12 is a block diagram of the main sections of the 
controller for the power converter according to the embodi
ment 1 of the present invention. Next, the current/flux 
estimation module 20 and the speed/phase estimation mod
ule 21 will be described with the use of FIG. 12. 

As illustrated in FIG. 12, the current/flux estimation 
module 20 includes a current observation module 22, a first 
flux estimation module 23 and a second flux estimation 
module 24. 

The output of the sixth block 22/is input into the seventh 
block 22g. The seventh block 22g calculates a transfer 

10 function expressed in the Expression (38). The seventh 
~lock 22g outputs a stator dqs-axes current estimated value 

iqds· 

15 
The current observation module 22 calculates a stator 

dqs-axes current estimated value iqd/ in a subsequent con
trol period based on the voltage command value Vqd/*, the 
stator dqs-axes current measured value, iqd/, a rotor 
mechanical angular speed estimated value wrm-r and a rotor 

20 
dqs-axes flux estimated value "-qd/-

The stator dqs-axes current measured value iqd/ is the 
output of the second coordinate conversion module 17. The 
rotor mechanical angular speed estimated value wrm-r is an 
output of the speed/phase estimation module 121. The rotor 

25 
dqs-axes flux estimated value i-.qd/ is an output of the 
second flux estimation module 24. The voltage command 
value Vqd/* is an output from the DB-DTFC calculation 
module 14. 

(38) 

The stator dqs-axes current estimated value iqd/ is input 
into the first block 22a and the second flux estimation 
module 24. 

The first flux estimation module 23 calculates a rotor 
dqs-axes flux estimated value A_qd/* based on the rotor 
electrical angle estimated value er and the stator dqs-axes 
current measur~d value iqd/· The rotor electrical angle 
estimated value er is an output of the speed/phase estimation 
module 121. The stator dqs-axes current measured value 
iqd/ is an output of the second coordinate conversion mod-

On this occasion, the proportional gain K3 , the integral 
gain K4 , the estimate1 value Req of the equivalent resistance, 
the estimated value Lr of the rotor winding inductance, the 
estimated value Lm of the magnetizing inductance, the rotor 
resistance Rr and the imaginary number j, the rotor mechani-

30 ule 17. 

cal angular speed estimated value wrm-r' the equivalent time 
35 

constant -ceq' the control period T and the delay operator z- 1 

are used. 
Specifically, the current observation module 22 includes a 

first block 22a, a second block 22b, a third block 22c, a 
fourth block 22d, a fifth block 22e, a sixth block 22/, and a 

40 
seventh block 22g. 

The first block 22a calculates a value obtained by sub
tracting the stator dqs-axes current estimated value iqd/ from 
the stator dqs-axes current measur~d value iqd/· The stator 
dqs-axes current estimated value iqd/ is the output of the 

45 
seventh block 22g. 

The output of the first block 22a is inputted into the 
second block 22b and the third block 22c. The second block 
22b is a proportional circuit of gain K3 • The third block 22c 
is an integrating circuit of gain K4 . The fourth block 22d 

50 
calculates a complemented value from a rotor mechanical 
angular speed estimated value wrm-r and a rotor dqs-axes 
flux estimated value i-.nd/- The rotor mechanical angular 
speed estimated value wrm-r is an output of the speed/phase 
estimation module 121. The rotor dqs-axes flux estimated 

55 
value i-.qd/ is an output of the second flux estimation module 
24. 

The fourth block 22d calculates a value obtained by 
multiplying the rotor dqs-axes flux estimated value i-.qd/ by 
the transfer coefficient Gl expressed by the following 

60 
Expression (37). 

(37) 

On this occasion, the estimated value Lm of the magne
tizing inductance of the motor 2, the rotor time constant -er 
of the motor 2, the control period T and the delay operator 
z- 1 are used. 

Specifically, the first flux estimation module 23 includes 
a first block 23a, a second block 23b, and a third block 23c. 

The first block 23a converts the stator dqs-axes current 
measured value iqd/ to the value of the rotor coor~inate 
system by the rotor electrical angle estimated value er. 

The output of the first block 23a is the input of the second 
block 23b. 

The second block 23b multiplies the value calculated by 
the first block 23a by the transfer function G3 expressed by 
the following Expression (39) to calculate the stator dqs
axes flux estimated value of the primary hold. 

L,,,1(1 - r,/T + r,!Te-T/Tr) + (~ - r/Te-T/T' - e-T/Tr )z-11 
G3=-------1---(-e--T~/T-,J-z--l-------

(39) 

The output of the second block 23b is the input of the third 
block 23c. 

The third block 23c converts the output of the second 
block 23b to the value of the rotor coordinate system by the 
rotor electrical angle estimated value Br. The output of the 
second block 23b is the rotor dqs-axes flux estimated value 
i-.qd/*. The rotor dqs-axes flux estimated value "-qd/* is 
inputted into second flux estimation module 24. 

The second flux estimation module 24 calculates a stator 
dqs-axes flux estipiated value i-.qd/ and a rotor dqs-axes flux 
estimated value "-qd/ in a subsequent control period based 
on the voltage command value V qd/* outputted from the 
DB-DTFC calculation module 14, the stator dqs-axes cur-Gl i.,,, ( i?, "' ) = - - -JW -

Lr L,. nn r 65 rent measured value iqd/ output of the second coordinate 
conversion module 17, the stator dqs-axes current estimated 
value iqd/ estimated by the current observation module 22, 
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the rotor dqs-axes flux estimated value "-qd/* estimated by 
the first flux estimation module 23. 

On this occasion, the proportional gain Ki, the integral 
gain K2 , the estimated value Rs of the stator resistance, the 
leakage factor a, the estimated value ( of the rotor winding 
inductance, the estimated value of(, of the stator winding 
inductance, the estimated value Lm of the magnetizing 
inductance, the control period T and the delay operator z- 1 

are used. 
Specifically, the second flux estimation module 24 

includes a first block 24a, a second block 24b, a third block 
24c, a fourth block 24d, a fifth block 24e, a sixth block 24{, 
a seventh block 24g, and an eighth block 24h, a ninth block 
24i, and a tenth block 24}. 

The first block 24a calculates a value of the voltage drop 
by multiplying the stator dqs-axes current measured value 
iqd/ by the estimated value Rs of the stator resistance. 

22 
estimation module 24 is dominant. As a result, the rotor 
dqs-axes flux estimated value is accurately calculated. 

The speed/phase estimation module 21 includes a phase 
estimation module 25, a slip angle estimation module 26, a 

5 flux vector rotation module 27, a phase error estimation 
module 28 and a speed and position observing module 29. 

The phase estimation module 25 calculates an estimated 
value el8

" of a phase of the flux vector of the motor 2 from 
the rotor dqs-axes flux estimated value 'A.qd/ calculated by 

10 the current/flux estimation module 20. For example, the 
phase of flux vector can be the phase of the stator flux vector 
calculated by the current/flux estimation module 20. The 
rotor dqs-axes flux estimated value 'A.qd/ which is the output 

15 
of the current/flux estimation module 20 is input into the 
phase estimation module 25. 

The second block 24b subtracts the rotor dqs-axes flux 
estimated value 'A.qd/ which is the output of the te!_lth block 

20 
24} from the rotor dqs-axes flux estimated value "-qd/* 

In particular, the phase estimation module 25 calculates 
an estimated value el8

" of a phase of the stator flux vector of 
the motor 2 by the following Expression (42). 

The third block 24c calculates a value obtained by sub
tracting the value calculated by the first block 24a from the 
voltage command value V qd/*. 

(42) 

Although the power phase can be calculated by using any 
one of the stator flux 'A.qds and the rotor flux 'A.qdr in the 
Expression (42), the stator flux is used for the estimation in 
the first embodiment. In the Expression (42), the suffix"*", 

The fourth block 24d, the fifth block 24e, and the sixth 
25 

block 24{ function as a transition frequency determination 
unit 24k. The transition frequency determining unit 24k 
determines the transition frequency between the first flux 
estimation module 23 and the second flux estimation module 
24. 

Specifically, the fourth block 24d calculates a value 
obtained by multiplying the value calculated by the second 
block 24b by the proportional gain K1 . 

The fifth block 24e is an integrating circuit of gain K2 . 

30 i.e. an asterisk, is "s" when a calculation is done using the 
stator flux 'A.qds· On the other hand, in the Expression ( 42), 
the suffix "*" is "r" when a calculation is done using the 
rotor flux 'A.qdr· 

An estimated value Wsz of a slip frequency of the motor 2 The fifth block 24e calculates an integral of the output of the 
fourth block 24d. 

The sixth block 24{ calculates a value of the input voltage 

35 
is calculated by the second slip angular frequency estimation 
module 33. The estimated value Wsz of the slip frequency is 
inputted to the slip angle estimation module 26. 

The slip angle estimation module 26 calculates a slip 
of the motor 2 by adding the value calculated by the third 
block 24c, the value calculated by the fourth block 24d and 
the value calculated by the fifth block 24e. 

The seventh block 24g calculates the stator dqs-axes flux 
estimated value 'A.qd/ by integrating the output of the sixth 
block 24{, 

40 angle estimated value esz· The slip angle estimated value esz 
is calculated by integrating the estimated value w sl of the slip 
frequency. The sine and cosine of the slip angle estimated 
value e sl is calculated by the sine/cosine calculation unit 27 a 

The eighth block 24h calculates a value obtained by 
multiplying the stator dqs-axes current estimated value iqd/ 

45 
by the factor G4 expressed by the following Expression ( 40). 

(40) 

The ninth block 24i calculates a value obtained by sub
tracting the value calculated by the eighth block 24h from 50 

the stator dqs-axes flux estimated value 'A.qd/ calculated by 
the seventh block 24g. 

The tenth block 24} multiplies the value calculated by the 
ninth block 24i by the factor GS expressed by the following 
Expression ( 41) to calculate the rotor dqs-axes flux esti- 55 

A s 
mated value "-qdr . 

(41) 

and is inputted to the flux vector rotation module 27. 
The flux vector rotation module 27 calculates a first rotor 

electrical angle estimated value er1 based on the estimated 
value el8

" of the phase of the flux vector calculated by the 
phase estimation module 25 and the output of the sine/ cosine 
calculation module 27a. 

The sine and cosine of the rotor electric angle estimated 
value er is calculated by the sine/cosine calculation unit 28a. 
The calculated values of the sine and cosine of the rotor 
electric angle estimated value er are inputted to the phase 
error estimation module 28. 

The phase error estimation module 28 performs additive 
theorem operation by using the two rotor electrical angles 
calculated by the flux vector rotation module 27 and the 
speed and position observing module 29. The estimated 
value eerr of rotor electrical angle error is calculated by 

GS= L, 
4, 60 using approximation of sin li.8ssli.8 when li.8 is minute. 

For example, in the case where the frequency of the rotor 
flux of the motor 2 is lower than the transition frequency, the 
first flux estimation module 23 is dominant. For example, in 
the case where the frequency of the rotor flux of the motor 
2 is higher than the transition frequency, the second flux 

The speed and position observing module 29 calculates 
rotor mechanical angular estimated values wrm-r and wrm-r' 
a mechanical angle estimated value erm' electrical angle 
estimated value er based on the estimated value eerr calcu-

65 lated by phase error estimation module 28. 
Specifically, the speed and position observing module 29 

includes a first block 29a, a second block 29b, a third block 
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can be performed by using one of a stator flux estimated 
value and a rotor flux estimated value. 

29c, a fourth block 29d, a fifth block 29e, a seventh block 
29/, an eighth block 29g, and a ninth block 29h and a tenth 
block 29i. 

The first block 29a is an integrating circuit of gain K,
0

• 

The first block 29a calculates an integral of the estimated 
value fl err calculated by phase error estimation module 28. 
The second block 29b corrects the estimated value flerr 
estimated by the phase error estimation module 28 by 
multiplying the estimated value fl err estimated by the phase 
error estimation module 28 and the gain Kso· 

In addition, a slip angular frequency is input to the speed 
and phase estimation module 121. Estimation of the slipping 

5 angular frequency can be performed by using one of the 
stator flux estimated value and the rotor flux estimated value. 

The third block 29c multiples the estimated value flerr 
estimated by the phase error estimation module 28 and the 
gain b

0
• 

10 

The fourth block 29d calculates a value obtained by 
adding the value calculated by the first block 29a and the 15 

value calculated by the second block 29b. 
The fifth block 29e calculates a value obtained by adding 

the value calculated by the fourth block 28d and the torque 
command value T em*, and outputs the calculated value to the 
sixth block 29/ The sixth block 29/ divides the input value 20 

by the estimated value JP of moment of inertia and outputs 
it to the seventh block 29g. 

The seventh block 29g calculates a rotor mechanical 
angular speed estimated value wrm-z· The seventh block 29g 
is an integrating circuit. The seventh block 29g calculates an 25 

integral of the output of the sixth block 29/ 
The eighth block 29h calculates the speed correction 

value by dividing the value calculated by the third block 29c 
by the estimated value JP of the moment of inertia. 

The ninth block 29i calculates a rotor mechanical angular 30 

speed estimated value wrm-r by adding the rotor mechanical 
angular speed estimated value wrm-Z calculated by the sev
enth block 29g and the speed correction value obtained by 
the eighth block 29h. 

The tenth block 29} calculates a rotor mechanical angle 35 

estimated value flrm· The tenth block 29} is an integrating 
circuit. The seventh block 29g calculates an inte~ral of the 
rotor mechanical angular speed estimated value wrm-r 

The eleventh block 29k calculates the rotor electrical 
angle estimated value Br by dividing the value obtained by 40 

multiplying the rotor mechanical angle estimated value flrm 
calculated by the tenth block 29} by the number of poles P 
of the motor 2 by 2. 

Operation of Device According to Second 
Embodiment 

45 

Thus, either the stator flux estimated value or the rotor flux 
estimated value can be optionally selected as an input value 
used in the speed estimation and the slipping angular fre-
quency estimation. 

The speed and position observation module 29 in the 
speed and phase estimation module 121 illustrated in FIG. 
12 is equivalent to the motion observer. 

The slipping angular frequency calculated based on the 
stator flux is expressed by Expression (43). The slipping 
angular frequency calculated based on the rotor flux is 
expressed by Expression (44). 

When the power supply phase d 00 is estimated by using 
the stator flux, the slip calculation is performed by the 
Expression (43). On the other hand, when power supply 
phase d 00 is estimated by using the rotor flux, the slip 
calculation is performed by the Expression ( 44 ). One of w sl-s 
and Wsz-r is eventually used, and the eventually used value is 
expressed as Wsz· 

It should be noted that, in the Expression (43), a super
script symbol "es" of each sign represents a synchronous 
coordinate system developed with the stator flux as a refer
ence. The stator flux value "-q/ of the stationary coordinate 
system is a sine wave signal, and the development is done 
based on the stator flux as a reference. 

In the synchronous coordinate system, the origin of the 
coordinate system is reset in each control cycle so as to 
ensure "-q/5

=Q. Thereby, other signals are also converted 
accordingly. The advantageous effect of this coordinate 
transformation is that specific calculations can be easier. 

(43) 

(44) 

2. Low Pass Filter Effect 

1. Field Weakening Region Increase in Self-Sensing 
The system according to the second embodiment is a 

sensor-less system including no speed sensor, and has a 
self-estimation function of estimating, for example, a speed 
by using various parameters in the system. The self-estima
tion function is also referred to as "self-sensing". 

The rotor flux has less noise than the stator flux. This is 
because the rotor flux is less affected by a high frequency 
component included in voltage due to PWM. This will be 

50 described below by using Expression ( 45) as a stator flux 
equation and Expression ( 46) as a rotor flux equation. 

As described above in the first embodiment, the output 
torque can be increased by selecting a combination of stator 55 

flux command vectors in a field weakening region. This 
allows fast operation when the load torque is large, and 
accordingly, leads to increase of the field weakening region. 
The present section describes discussions related to the field 
weakening region increase by the self-sensing. 60 

In the system according to the second embodiment illus
trated in FIGS. 11 and 12, a flux observer is constituted by 
the first flux estimation module 23 and the second flux 
estimation module 24. The speed and phase estimation 
module 121 performs speed estimation by using a flux 65 

observer function of the current and flux estimation module 
20. This speed estimation using the flux observer function 

(45) 

J.' R,L,,, J.' ( R, . )J.' 
p qdr = crLsLr qds - crLr - ]Wr qdr 

(46) 

The stator flux receives an input of voltage as indicated in 
Expression ( 45). Thus, the stator flux is directly affected by 
a high frequency component of voltage due to PWM. 
However, this influence on the rotor flux is reduced by a 
filter. This filter effect will be described below. 

Expression ( 46) is provided with Laplace transform and 
rewritten by replacing coefficients of the stator flux and the 
rotor flux on the right hand side with A and B, respectively. 
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Finally, Expression (47) below is derived. 

A 
J.' ---J.' 

qdr - s+B qds 

(47) 

As understood from Expression (47), the rotor flux is 
equivalent to flux obtained by applying a low pass filter to 
the stator flux. The rotor flux is a value obtained based on the 
stator flux, and the stator flux is affected by a high frequency 
component of voltage. However, influence of voltage noise 
on the rotor flux is reduced by the above-described low pass 
filter effect. 

When the flux amplitude is reduced by field weakening, 
the S/N ratio degrades. Additionally, in self-sensing in which 
the stator flux is used in phase estimation, control is likely 
to be unstable as compared to a case in which the rotor flux 
is used. This is because the stator flux is directly affected by 
a high frequency component of voltage. 

The above-described low pass filter effect is achieved by 
the eighth block 24h, the ninth block 24i, and the tenth block 
24}, in particular, among the blocks of the second flux 
estimation module 24 illustrated in FIG. 12. 
4. Test Results 

FIGS. 13 to 15 are diagrams showing an example of the 
test results of field weakening in the second embodiment. 
The response when the speed command is increased from 
0.1 pu to 2.0 pu is shown. In both figures, the horizontal axis 
is the time axis. 

The vertical axis in FIG. 12 represents the angular speed 
command value corm* of the motor 2 and the measured speed 
value wrm· The vertical axis in FIG. 14 represents the 
estimated torque of the motor 2 and the torque limit value. 
The vertical axis in FIG. 15 represents the amplitude of the 
stator flux command value and the estimated stator flux 
amplitude. 

26 
The second embodiment above described includes at least 

two characteristic configurations. 
The first characteristic configuration is the speed and 

phase estimation module 121. This configuration achieves a 
5 sensor-less system equivalent to the system according to the 

first embodiment. The sensor-less configuration provides a 
technological advantage such as the torque limit adjustment 
in a field weakening region achieved according to the first 
embodiment, and allows any speed sensor to be omitted. 

The second characteristic configuration is the usage of the 
rotor dqs-axes flux estimated value 'A.qd/ as an input value to 
the speed and phase estimation module 121. The speed and 
phase estimation module 121 calculates an estimated value 
of a speed of the motor in a subsequent control period based 

15 on the rotor dqs-axes flux estimated value 'A.qd/-
A rotor flux estimated value contains less noise than a 

stator flux estimated value, which leads to highly accurate 
calculation of the estimated speed value. As a result, the 
effect of increasing a field weakening region can be achieved 

20 in the self-sensing of the sensor-less system. 

Modification of Second Embodiment 

FIG. 16 is a configuration diagram of a motor system to 
25 which a controller for a power convertor according to a 

modification of the second embodiment is applied. In the 
modification illustrated in FIG. 16, a switching block 122 is 
provided between the speed and phase estimation module 
121 and the current and flux estimation module 20. In the 

30 modification shown in FIG. 16, the first slip angular fre
quency estimation module 32, the second slip angular fre
quency estimation module 33, and a switching block 123 
connected thereto are provided. 

The stator dqs-axes flux estimated value 'A.qd/ outputted 
35 from the current and flux estimation module 20 and the 

stator dqs-axes current measured value iqd/ outputted from 
the second coordinate conversion module 17 are inputted to 
the first slip angular frequency estimation module 32. The 
first slip angular frequency estimation module 32 performs 

40 a calculation based on Expression ( 43) by using the above 
inputted values to calculate the slip angular frequency 
estimated value Wsz s· 

The second torque command value T em* and the rotor 
dqs-axes flux estimated value 'A.qd/ are inputted to the 

45 second slip angular frequency estimation module 33. 

The estimated torque is calculated by multiplying the 
stator flux estimated value and the rotor flux estimated value. 50 

The second slip angular frequency estimation module 33 
performs a calculation based on Expression ( 44) by using 
the above inputted values to calculate the slip angular 
frequency estimated value W

5
z r· 

The switching block 122 selectively transmits one of the 
estimated value selected from the rotor dqs-axes flux esti
mated ,value 'A.qd/ and the stator dqs-axes flux estimated 
value "-qd/ to the speed and phase estimation module 121. 

As shown in FIG. 13, the motor 2 is stably accelerated to a 
speed of 2.0 PU. According to FIG. 14, the estimated torque 
of the motor 2 is equal to the torque limit value during 
acceleration, but when the acceleration is completed, the 
estimated torque of the motor 2 is smaller than the torque 
limit value. 

This performance depends on a bandwidth obtained by 
internal proportional integral gain of each observer. Sup
pressing the bandwidth at relatively low level makes it 
possible that a high frequency band noise component is not 
included in the estimated speed. 

In the field weakening operation, it is preferable to set the 
bandwidth of the speed and phase estimation module 121 to 
be relatively low to reduce noise included in the estimated 
speed. A speed (phase) for self-sensing can be calculated 
from various waveforms of current, voltage, and flux, for 
example. 

The switching block 123 selectively transmits one of the 
55 estimated value selected from the slip angular frequency 

estimated value W
5
z s outputted from the first slip angular 

frequency estimation module 32 and the slip angular fre
quency estimated value W

5
z r outputted from the second slip 

angular frequency estimation module 33 to the speed and 
60 phase estimation module 121. 

The switching block 122 works together with the switch
ing block 123. 

When the switchin~ block 122 selects the rotor dqs-axes 
flux estimated value "-qd/, the switching blo~k 123 selects 

65 the slip angular frequency estimated value W
5
z r outputted 

from the second slip angular frequency estimation module 
33. 
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On the other hand, when the switching block 122 selects 
the stator dqs-axes flux estimated value i-.qd/, the switching 
block 123 selects the slip angular frequency estimated value 
W

5
z s outputted from the first slip angular frequency estima

tion module 32. 
The criterion by which the switching block 122 and the 

switching block 123 switch the above estimated values may 
be predetermined. 

For example, the rotor dqs-axes flux estimated value i-.qd/ 
may be selected if the power supply angular frequency we is 
equal to or higher than a predetermined value. For example, 
the stator dqs-axes flux estimated value i-.qd/ may be 
selected if the power supply angular frequency we is lower 
than the predetermined value. 

FIG. 17 is a configuration diagram of the controller for a 
power convertor according to the modification of the second 
embodiment. The configuration illustrated in FIG. 17 does 
not include the above-described second characteristic con
figuration included in the second embodiment. Accordingly, 
in the modification illustrated in FIG. 17, the stator dq-axis 
flux estimated value i-.qd/ is an input value to the speed and 
phase estimation module 121. 

The modification illustrated in FIG. 17 cannot provide the 
above-described effects of "improvement of calculation 
accuracy of the estimated speed value and sensor-less field 
weakening region increase by the use of the rotor flux". 
However, even though those effects are not obtained, the 
modification illustrated in FIG. 17 has advantages of"torque 
increasing same as that of the first embodiment" and "no 
need to provide a speed sensor in a sensor-less system". 

The controller 11 according to the second embodiment 
may be achieved by using the structure illustrated in the 
hardware configuration diagram in FIG. 20. 

FIG. 21 is a graph of relative RMS noise as flux decreases. 

28 
The torque command limit module 13, the appropriate 

flux command generation module 18, and the power supply 
angular frequency calculation module 19, which are pro
vided in the first and second embodiments, are omitted in the 

5 motor system according to the third embodiment. Any other 
configuration is the same as that of the second embodiment. 

A value input to the DB-DTFC calculation module 14 is 
changed due to the configuration omission. In place of the 
second torque command value Tern*, the first torque com-

IO mand value Teml * calculated by the speed control module 12 
is input to the DB-DTFC calculation module 14. In place of 
the stator flux command value "-s_opt generated by the 
appropriate flux command generation module 18, the rated 

15 
stator flux "-rate is input to the DB-DTFC calculation module 
14. 

Since the torque command limit module 13 and the like 
are omitted, the advantage of "operation at high power in a 
wider frequency range", which is achieved in the first 

20 embodiment, is restricted in the third embodiment as com
pared with the first embodiment. 

However, similarly to the second embodiment, the speed 
and phase estimation module 121 is provided and an input 
value to the speed and phase estimation module 121 is the 

25 rotor dqs-axes flux estimated value i-.qd/ in the third embodi
ment. Thus, the effects of "improvement of calculation 
accuracy of the estimated speed value and sensor-less field 
weakening region increase by the use of the rotor flux", 
which are the same as those of the second embodiment, can 

30 be obtained in the third embodiment. 

Modification of Third Embodiment 

As illustrated in FIG. 21, relative RMS error included in the 35 

estimated speed increases as the flux decreases. This is 
because that the flux amplitude decreases as the rotor speed 
increases while the amplitudes of a PWM harmonic wave 
and a noise of current measurements are constant. 

FIG. 19 is a configuration diagram of a motor system to 
which a controller for a power convertor according to a 
modification of the third embodiment is applied. 

The configuration shown in FIG. 18 is configured with the 
dead-beat direct torque & flux control (DB-DTFC) method 
which does not use a PI current controller to generate a 
voltage command. The noise is normalized to 1 when the flux is 1 pu. The 40 

noise increases to 13 approximately when the flux becomes 
near 0.1 pu. 

A The formula of the noise is rms (wr-wavg). In the formula, 
wr rel?resents an instantaneous speed at each sampling point, 
and wavg represents an average speed between sampling 45 

points. 
It is preferable to reduce influence of noise at low ampli

tude flux (that is, in a high speed range). To achieve this, it 
is preferable to set controller gains bo, Kso, and Kio to be 
low when rotor flux base speed estimation is performed by 50 

the speed and phase estimation modules 21, 121 illustrated 
in FIGS. 3, 12 and 17. 

In FIGS. 12 and 17, the controller gain bo is the gain of 

However, the configuration in the third embodiment can 
be implemented not only in the DB-DTFC method but also 
in a Field Oriented Control method. Field Oriented Control 
method is also referred to as FOC method hereinafter. 

The FOC method is a method in which a current com-
ponent for generating a torque (rotational force) and a 
current component for generating a flux are separated from 
each other, and each current component is independently 
controlled as a direct current amount. 

One of FOC methods is DFOC (Direct Field Oriented 
Control) method. DFOC method is a method of directly 
estimating and controlling the flux vector by a flux sensor or 
a flux observer. FIG. 19 illustrates a configuration diagram 
of a motor system to which a controller, which is configured 
based on DFOC method, for a power convertor according to 
a modification of the third embodiment is applied. 

a third block 29c. The controller gain Kso is the gain of a 
second block 29b. The controller gain Kio is the gain of a 55 

first block 29a. The controller gains bo, Kso, and Kio 
achieve a function as a filter. Another one of the FOC methods is IFOC (Indirect Field 

Oriented Control) method. The IFOC method uses indirect 
type vector control (also called slip frequency type vector 

60 control) that controls a slip of an induction machine regard
less of flux estimation or flux detection. 

Decrease of the controller gains bo, Kso, and Kio is 
equivalent to decrease of the cutoff frequency of the filter. 
Accordingly, noise in a high frequency component included 
in a rotor flux input of an observer can be reduced. 

Third Embodiment 

FIG. 18 is a configuration diagram of a motor system to 
which a controller for a power convertor according to a third 
embodiment is applied. 

In the modification shown in FIG. 19, DB-DTFC calcu
lation module 14 is replaced with a DFOC calculation 
module 314, and the first coordinate conversion module 15 

65 is replaced with a fifth coordinate conversion module 15a. 
The controller 11 includes a third coordinate conversion 

module 17 a and a fourth coordinate conversion module 17 b. 
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The v-phase stator current Ivs and thew-phase stator current 
Iws are inputted to the third coordinate conversion module 
17a. 

The three phase stator voltage command value V us*, V vs*, 
and V ws *, which is outputted from the fifth coordinate 
conversion module 15a, is inputted to the fourth coordinate 
conversion module 17b. 

The first torque command value Teml * calculated by the 
speed control module 12 is inputted to the DFOC calculation 
module 314 in the system according to DFOC method 
shown in FIG. 19. 

With respect to a flux command, although the rated flux 
value "-rate is inputted to the DFOC calculation module 314 
as the stator flux command value "-s *, other system based on 
DFOC method may perform a control based on the rotor flux 
command value 'A.qd/* instead of the stator fl1;1x command 
value "-s *. Since the rotor flux command value "-qd/* can be 
calculated from of the stator flux command value "-s *, only 
the stator flux command value "-s * is illustrated in FIG. 19. 

The speed and phase estimation module 121 inputs the 
stator power supply phase estimated value it as a reference 
signal to the third coordinate conversion module 17 a and the 
fifth coordinate conversion module 15a. 

On the basis of the reference signal, the third coordinate 
conversion module 17 a converts the input signal to a signal 
of the rotating coordinate system of y and Ii components 
orthogonal to each other. 

By appropriately selecting the phase of the reference 
signal, it is possible to make they component in-phase with 
the reference and to make the 8 component orthogonal to the 
reference. 

The third coordinate conversion module 17a performs a 
coordinate conversion to obtain a y-axis stator current iy and 
a Ii-axis stator current i0 , and outputs the current values to 
the DFOC calculation module 314. 

Conversely to the above, the fifth coordinate conversion 
module 15a converts the voltage command value VY* of the 
y component and the voltage command value VO* of the Ii 
component, which are outputs from the DFOC calculation 
module 314, to the three-phase stator voltage command 
values Vu/, V v/, and V ws *. The output from the fifth 
coordinate conversion module 15a is inputted to the PWM 
control module 16 and the fourth coordinate conversion 
module 17b. 

30 
The voltage command value VY* of they component and 

the voltage command value VO* re transmitted to the 
inverter 8 as gate pulses via the PWM control module 16. 

Since the torque command limit module 13 and the like 
5 are omitted, the advantage of "operation at high power in a 

wider frequency range", which is achieved in the first 
embodiment, is restricted in the modification of the third 
embodiment as compared with the first embodiment. 

However, similarly to the second embodiment, the speed 
10 and phase estimation module 21 is provided and an input 

value to the speed and phase estimation module 21 is the 
rotor dqs-axes flux estimated value 'A.qd/ in the third embodi
ment. Thus, the effects of "improvement of calculation 
accuracy of the estimated speed value and sensor-less field 

15 weakening region increase by the use of the rotor flux", 
which are the same as those of the second embodiment, can 
be obtained in the third embodiment. 

It should be noted that, although the DB-DFTC calcula
tion module 14 is replaced with the DFOC calculation 

20 module 314 in the modification in FIG. 19, the DB-DFTC 
calculation module 14 may be replaced with a FOC calcu
lation module or an IFOC calculation module. 

The controller 11 according to the third embodiment can 
be achieved by using the structure illustrated in the hardware 

25 configuration diagram in FIG. 20. 
The features and advantages of the present disclosure ( or 

embodiments) may be summarized as follows. 
In the first controller for a power convertor according to 

the first aspect of the present disclosure, the upper limit 
30 torque value is calculated to be smaller as the fundamental 

wave output frequency of output from the power convertor 
increases in a field weakening region. In other words, the 
torque limiter range is set to be smaller as the fundamental 
wave output frequency increases. The range of the torque 

35 command value for maintaining control stability tends to be 
smaller in a faster operation region in which the fundamental 
wave output frequency is larger. The torque limiter range is 
dynamically adjusted in accordance with this tendency. The 
torque command value changes only in the adjusted torque 

40 limiter range, and thus torque increase can be achieved 
without losing the control stability. As a result, the control 
stability and the output torque increase can be simultane
ously achieved. 

According to the second controller for a power convertor 
45 according to the second aspect of the present disclosure, the 

estimated value of the rotor flux is used in calculation. The 
estimated value of the rotor flux includes less noise than the 
estimated value of the stator flux, and thus the estimated 

The fourth coordinate conversion module 17b converts 
the inputted three-phase stator voltage command values 
Vu/, V v/, and V w/ which are values in fixed coordinate 
system to the voltage command value Vqd/* of two-axes 50 

components of dqs-axes. The converted values by the fourth 
coordinate conversion module 17b are inputted to the cur
rent and flux estimation module 20. 

speed value can be highly accurately calculated with less 
ripple. The torque command value has less ripple. 

According to the third aspect of the present disclosure, the 
motor driving system including the first controller for a 
power convertor according to the first aspect can simulta
neously achieve the control stability and the output torque The stator flux, estimated value 'A.qd/ and the rotor flux 

estimated value "-qd/ estimated by the current and flux 
estimation module 20 are inputted to the DFOC calculation 
module 314. 

55 increase when the motor is operated fast in the field weak
ening region. The motor driving system including the second 
controller for a power convertor according to the second 
aspect can highly accurately calculate the estimated speed 
value. 

The DFOC calculation module 314 internally generates a 
stator current command value of they component and a 
stator current command value of the Ii component based on 60 

the inputted values, and generates the voltage command 
value VY* of the y component and the voltage command 
value VO* of they component so that the y-axis stator current 
iy and the Ii-axis stator current i0 follow the command values. 

The voltage command value VY* of they component and 65 
the voltage command value VO* are inputted to the fifth 
coordinate conversion module 15a. 

The invention claimed is: 
1. A controller for a power convertor, the controller 

comprising: 
a torque command value calculation module configured to 

calculate a first torque command value to a power 
convertor based on a speed command value of a motor 
driven by the power convertor; 
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a torque command limit module configured to receive the 
first torque command value and generate a second 
torque command value obtained by correcting the first 
torque command value so that the first torque command 
value is limited to a torque limiter range defined by an 5 

upper limit torque value calculated by a predetermined 
calculation formula for upper limit torque command 
value calculation and a lower limit torque value 
obtained by multiplying the upper limit torque value by 
a predetermined negative coefficient or zero; 10 

a flux command generation module configured to generate 
a stator flux command value in accordance with a 
fundamental wave output frequency of output from the 
power convertor; and 

15 
an output voltage command module configured to: 

calculate an output voltage command value of the 
power convertor based on the second torque com
mand value and the stator flux command value; 

generate a pulse width modulation signal based on the 20 

output voltage command value; and 
transmit the pulse width modulation signal, 

wherein the torque command limit module calculates the 
upper limit torque value to be smaller as the funda
mental wave output frequency increases at least in a 25 

speed region equal to or higher than a field weakening 
starting point. 

2. The controller for a power convertor according to claim 
1, wherein 

32 
a torque command value calculation module configured to 

calculate a torque command value to a power convertor 
based on a speed command value of a motor driven by 
the power convertor; 

a voltage command value calculation module configured 
to calculate a voltage command value to the power 
convertor based on the torque command value calcu
lated by the torque command value calculation module; 

a flux estimation module configured to calculate estimated 
values of the stator flux and rotor flux of the motor in 
a subsequent control period based on the voltage com
mand value to the power convertor and a measured 
stator current of the motor; 

a motor speed estimation module configured to calculate 
an estimated value of a speed of the motor in a 
subsequent control period based on the estimated value 
of the rotor flux calculated by the flux estimation 
module; and 

an inverter controller configured to: 

generate a pulse width modulation signal based on at 
least one of the torque command value, the voltage 
command value, the estimated values of the stator 
flux, or the speed of the motor in a subsequent 
control period; and 

transmit the pulse width modulation signal. 

8. The controller for a power convertor according to claim 
7, further comprising a switching module provided between 
the flux estimation module and the motor speed estimation 
module and configured to selectively transmit one of the 
estimated values of the stator flux and rotor flux of the motor 

the torque command limit module includes a first block 30 

configured to calculate the upper limit torque value in 
accordance with a predetermined first calculation for
mula for upper limit torque command value calculation 
when the fundamental wave output frequency belongs 

35 
to the motor speed estimation module. to a first speed region between the field weakening 

starting point and a boundary speed predetermined to 
be higher than the field weakening starting point, and 

the first calculation formula is a second-order polynomial 
including a second-order term and a first-order term of 
the stator flux command value. 

3. The controller for a power convertor according to claim 
2, wherein the first block determines the torque limiter range 
in a normal speed region lower than the field weakening 
starting point. 

40 

4. The controller for a power convertor according to claim 45 

2, wherein 
the torque command limit module includes a second block 

configured to calculate the upper limit torque value in 
accordance with a predetermined second calculation 
formula for upper limit torque command value calcu- 50 

lation when the fundamental wave output frequency 
belongs to a second speed region equal to or higher than 
the boundary speed predetermined to be higher than the 
field weakening starting point, and 

the second calculation formula is a monomial obtained by 55 

multiplying the second-order term of the stator flux 
command value by a predetermined coefficient. 

5. The controller for a power convertor according to claim 
1, wherein the flux command generation module limits the 
magnitude of the stator flux command value to be equal to 60 

or smaller than a predetermined upper limiter flux value. 
6. A motor driving system comprising: 
a power convertor configured to drive a motor; and 
the controller according to claim 1 configured to control 

the power convertor. 
7. A controller for a power convertor, the controller 

comprising: 

65 

9. A motor driving system comprising: 

a power convertor configured to drive a motor; and 

the controller according to claim 7 configured to control 
the power convertor. 

10. The controller for a power convertor according to 
claim 1, wherein: 

a first field weakening region and a second field weak
ening region are set; 

the upper limit torque value is calculated according to a 
first calculation formula in the first field weakening 
region, and 

the upper limit limiter torque value is further calculated 
according to a second calculation formula, different 
from the first calculation formula, in the second field 
weakening region. 

11. The controller for a power convertor according to 
claim 1, wherein: 

a first arithmetic expression calculates the upper limit 
torque value based on both a current limit and a voltage 
limit of the power converter, and 

a second arithmetic expression calculates the upper limit 
torque value based on only the voltage limit. 

12. The controller for a power convertor according to 
claim 11, wherein: 

the first arithmetic expression differs from the second 
arithmetic expression based on the difference between 
a first torque command value and a second torque 
command value; 
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the first torque command value is defined as 

3 P L~ 

22 (l-<T 2)L;L, 

and the second torque command value is defined as 10 

3 P L~ 2 

4 2 <TL; 4 -',_opt· 

13. The controller for a power convertor according to 
claim 10, wherein: 

15 

the first field weakening region and the second field 
weakening region are set so that in a graph having A eds 20 
and Aeqs as axes, the intersection point between an 
ellipse, representing an inverter current, and a circle, 
representing and inverter voltage, is the second field 
weakening region in a region existing below the line of 
Aeds and Aeqs_ 

25 

* * * * * 
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