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(57) Abrégée/Abstract:

[IPROBLEMS] To propose an AC rotating machine controller for suppressing a great variation of the amplitude of an AC phase
current even a variation of the temperature of an AC rotating machine and capable of stable starting the AC rotating machine.
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(57) Abrege(suite)/Abstract(continued):

IMEANS FOR SOLVING PROBLEMS] Control means makes control including start control of an AC rotating machine. The
control means computes during the start control a resistance drop component corresponding to the resistance drop of the AC
rotating machine from a detection current, regulates the angular frequency of the AC output voltage according to the remainder of
the subtraction of resistance drop signal from the voltage command, and regulates during the start control the amplitude of the AC
output voltage so that the amplitude of the AC phase current may vary according to a predetermined function.
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ABSTRACT

[Problem] A control apparatus for an AC rotary machine, in which
even under the temperature change of the AC rotary machine, a
large change in the amplitude of an AC phase current 1s
suppressed, and the AC rotary machine can be stably started,
is proposed.

[Means for Resolution] Control means 1is configure@ so as to
perform controls including a start control for an AC rotary
machine, the control means operates in the start control to
calculate a resistance drop component corresponding to the
resistance drop of the AC rotary machine on the basis of a
detection current, and to adjust the angular' frequency of the
AC output voltage on the basis of a subtraction value obtained
by sﬁbtraéting the resistance drop signal from the voltage
command, and simultaneously, the control means operates in the
start control to adjust the amplitude of the AC output voltage

so that the amplitude of an AC phase current may change 1in

conformity with a predetermined function.
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DESCRIPTION
CONTROL APPARATUS FOR AC ROTARY MACHINE
Technical Field
[0001)

This invention relates to a control apparatus for an AC
rotary machine wherein the AC rotary machine 1s controlled by
employing a power inverter, and more particularly to a control
apparatus for an AC rotary machine wherein a start control for
starting the AC rotary machine in a free-run state or the like
is performed.

Background Art
[0002]

In a control apparatus for an AC rdtary machine wherein
the variable speed control of-the AC rotary machine is performed
by a power inverter without employing any rotational angular
velociiﬁy detector for the AC rotary machine, a cost and wiring

which are required for the rotational angular velocity detector

can be omitted. Since, however, the rotational angular
velocity detector is not employed, the rotational velocity of
the AC rotary machine cannot be known when the AC rotary machine
starts in a free-run state, that is, in a state where the power
inverter stops a power inversion operation and where the AC
rotary machine is rotating at any desired rotational velocity,
so that a stable start 1s difficult to be performed without

generating large fluctuations 1n the torque and rotational
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velocity of the AC rotary machine.
[0003]

A start method wherein an induction motor 1s started
without employing any rotational angqular velocity detector 1is
disclosed in JP 63-77397A (Patent Document 1). In Patent
Document 1, the instantaneous magnetic flux vector signal and
instantaneous generation torque signal of the motor are
calculated using switch state signals for commanding the
respective phase output voltages of a power 1inverter, the
voltage detection value of a DC voltage source and the current
detection value of the motor, and three control flags are
genéfatéd uéing 'the' instahtaneous magnetic flux vector signal
and instantaneous generation torque signal of themotor. Owing
to the combination of the three control flags, the switching
state of the power inverter is designated so as to generate a
voltage vector optimizing a-torque response, the generation
torque of the motor is controlled so as to follow up a command
value, “é'n'd a magnetic flux vector is controlled so as to depict
an approximate circular locus, so that the induction motor 1is
started from a free-'-r‘u’n state. Ih the start control, the
angular frequency of an AC voltage in the power inverter is set
higher than the highest angular frequency which arises in a
normal operation, and a switch 4 on the DC input side of the
power inverter is thereafter closed to pull in the motor.

[0004)]
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Patent Document 1l: JP 63-77397A
Disclosure of the Invention

Problems that the Invention 1s to Solve
[0005]

In Patent Document 1, the instantaneous magnetic flux
vector signal of the induction motor is calculated on the basis
of a primary terminal voltage vector value, a primary terminal
current vector and a primary winding resistance in the induction
motor, and a voltage command for the power inverter is corrected
so that this instantaneous magnetic flux vector signal may hold
a desired value. However, in a case where the induction motor
1s arranged, for example, outdoors, its temperature fluctuates
greatly, and by way of example, it is below the freezing point
in midwinter and exceeds 100°C in the overload continuous
operation of the inductionmotor. A control apparatus in Patent
 Document 1 starts the induction motor by correcting the voltage
command for the power 1inverter so that thé instantaneous
magnetic vector signal of the induction motor may hold the
desired Vélue under the température change of the induction
motoru With the temperature change of the induction motor,
however, a large chang'e' arises also in the amplitude of an AC
phase current flowing through the induction motor, to incur the
drawback that the AC phase current enlarges at the time of the
start. In the worst case, a situation where a protective

function is actuated occurs to bring about a situation where
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the start of the induction motor cannot be effected. Moreover,
in the control apparatus in Patent Document 1, the voltage
command for the power inverter is corrected so that the
instantaneous magnetic flux vector signal may hold the desired
value, and hence, the disorder of the output torque of the
induction motor arises at the time of the start on account otf
the delay of the correction, to incur the drawback that a shock
and a rotation number fluctuation take place.
[0006]

This invention consists in proposing a control apparatus
for an AC rotary machine as improves such drawbacks and as can

effect a stable start.

Means for Solving the Problems
[0007]

3 56ntrdl apparatus for an AC rotary machine according
to this invention including: control means for generating a

voltage command on the basis of a current command, and for

generating a switching command on the basis of the voltage
command; a power inverter which generates an AC output voltage
that has its amplitude and its angular frequency controlled on
the basis'of the switching command; at least one AC rotary
machine which is connected to sald power inverter; and a current
detector which outputs a detection current on the basis of an

AC phase current that flows from said power inverter to said

AC rotary machine;
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wherein: said control means 1s configured so as to perform
controls including a start control for said AC rotary machine;
said control means operates 1n the start control to calculate
a resistance drop component corresponding to a resistance drop
of said AC rotary machine on the basis of the detection current,
and to adjust the angular frequency of the AC output voltage
on the basis of a subtraction output obtained by subtracting
the resistance drop signal from the voltage command; and said
control means simultaneously operates in the start control to
adjust an amplitude of the AC output voltage so that an amplitude
of ;tx';hé Aé phase current may change in conformity with a
predetermined function.

Advantages of the Invention

[0008]

In the control apparatus for the AC rotary machine
according to this invention, the control means operates in the
start éontr_o.l. to calculate the resistance drop component
corresponding t.o the resistance drop of the AC rotary machine
on the basis of the detection current, and to adjust the angular
frequency of the AC output voltage on the basis of the
subtraction output obtained by subtracting the resistance drop
signal from the voltage command, so that the angular frequency
of the AC output command of the. power 1nverter can be adjusted
without involving a delay as in a prior-art control apparatus

wherein a voltage command for a power inverter is corrected so
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that an instantaneous magnetic flux vector signal may hold a
desired value, and simultaneously, the amplitude of the AC
output voltage of the power inverter 1s adjusted so that the
amplitude of the AC phase current flowing from the power
inverter to the AC rotary machine may change in conformity with
the predetermined function, so that even under the temperature
change o.f."th:e' AC rotary machine, the large change of the
amplitude of the AC phase current is suppressed, and the AC
rotary machine can be Stably started.

Brief Description of the Drawings

[0009)]

[FIG. 1] It 1s a block diagram showing Embodiment 1 of a control
apparatus for an AC rotary machine according to this invention.
[FIGs. 2A,2B] They are waveform diagrams showing the output
waveforms of a function generator and a band-pass filter in
Embodiment 1.

[FIG. 3] It 1s a block diagr;am showing Embodiment 3 of a control
apparatus for an AC rotary machine according to this invention.
[FIG. 4] It is a block diagram showing Embodiment 4 of a control
appérétus for an AC rbtéry machine according to this invention.
[FIG. 5] It 1s a block diagram showing Embodiment 5 of a control
apparatus for an AC rotary machine according to this invention.
[FIG. 6] It 1s a block diagram showing Embodiment 6 of a control
apparatus for an AC rotary machine according to this invention.

[FIG. 7] It 1s a block diagram showing Embodiment 7 of a control
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apparatus for an AC rotary machine according to this invention.
Best Mode for Carrying Out the Invention

100107

Now, several embodiments of this invention will be
described with reference to the drawings.

[0011]
EMBODIMENT 1:

FIG. 1 is a block diagram showing Embodiment 1 of a control
appérétﬁi for an AC rofary machine according to this invention.
The control apparatus for the AC rotary machine in Embodiment
1 includes a power inverter 1, the AC rotary machine 2, current
detector 3, and a control circuit 10. The power inverter 1 1is,
for example, a three-phase power inverter, which performs the
power inversion between a DC power and a three phase AC power.
The pov?ér inverter 1 includes three-phase inversion circuilts
U, V and W ﬁvhich are connected to a DC power source 1in parallel

with one another. As is well known, each of the inversion

circuits U, V and W includes a pair of switches on a plus side
and a minus side, and AC power feed lines lu, lv and 1lw of the
three phases are connected between the pairs of éwitches of the
respective 1inversion circuits;
[0012]

The power inverter 1 is concretely configured as a

three-phase power inverter of varliable-voltage and

varlable-frequency type. This power inverter 1 receilves
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switching commands Su®, Sv* and Sw®™ from the control circuit

10, and when it inverts the DC power into the three-phase AC
power, it generates the three-phase AC power having controlled

output voltage and controlled angular frequency, on the basis

of the switching commands Su®, Sv* and Sw*. The switching

commands Su®, Sv* and sw* are respectively fed to the inversion

circuits of the U-phase, V-pha‘se and W-phase, and they turn ON
and OFF the pairs of switches of the respective inversion
circults in controlled phases.
[0013]

~ In E'mb‘dqdimérit'l',' the AC rotary machine 2 is an AC induction
machine 2I, concretely an induction motor of the three phases,
and it is connected to the power inverter 1 through the AC power
feed lines 1lu, 1lv and 1lw of the three phases; The current
detector 3 i1s arranged 1n, for example, the AC power feed lines
lu and 1v, and it generates a detection current idet on the basis
of'AC 'pha.se c'u_rrents flowj.ng from the power inverter 1 to the
AC inductiéh .méchine 2I, that 1s, a U-phase current iu and a
V-phase current 1v.  The detection current idet contains a
U-phase detection Current iudet and a V-phase current component
ivdet. The U-phase current component iudet corresponds to the

U-phase current iu flowing through the U-phasé AC power feed

line 1lu, while the V-phase current component i1vdet corresponds

to the V-phase current iv flowing through the V-phase AC power

feed line 1v. In Embodiment 1, the AC rotary machine 2 1s the
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AC.induction.machine 21, and hence, AC phase currents 1iu, 1V
and iw which flow from the power inverter 1 to the AC i1induction
machine 2I in the start period of the AC rotary machine become
excitation currents for the AC induction machine 2I.
[0014]

.P:eThew'eontrol circuit 10 includes voltage command
generation means 11, coordinate transformers 31 and 32, and

phase signal generation means 40. The voltage command

generation means 11 generates a voltage command v*© on rotating

two-axis coordinates which include a d-axis and a g-axis

intersecting orthogonally. The voltage command v* contains a

d-axis voltage command vd* and a g-axis voltage command vqg*.

The'v‘oltag—e‘comrnand generation means 11 includes start current
command means 12, post-start current command means 15,
changeover means 18, and a current controller 20.

(0015 ]

The star_t current command means 12 is used when the start

control of the AC induction machine 2I is performed by the
control circuit 10. At the time when the power 1nverter 1 stops
a power invereion operation and when the AC induction machine
21 is 1n a free-run staﬁe, the start control is used for starting
the power inverter 1 and beginning the power inversion operation
thereof, so as to start the AC induction machine 2I by the power

inverter 1. This start control is executed in that period of

the start period SP before an armature magnetic flux ¢ rises
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in the AC induction machine 2I. The start period SP 1is
concretely several tens milliseconds to several hundred
milliseconds, and it is set at, for example, 100 milliseconds,

namely 100 (msec) in Embodiment 1. The start current command

means 12 generates a start current command il* in the start

period SP.
[0016]

The start current command means 12 includes a function
gehéf;’tc‘;fii;rida band-~pass filter 14, and 1t generates the
start current command il*. The start current command il*
contains a d-axis start' Current command idl™ and a g-axis start
current command igl®*. The band-pass filter 14 1s connected to
the function generator 13, and it generates the d-axis start
current command idl1*. The g-axis start current command iql
* is made, for example, zero in Embodiment 1, and iql* = 0 holds.

The g-axis start current command igql™ =0 is given from outside.
10017]

The post-start current command means 15 is used instead
of the start current command means 12 by changing-over the
changeover means 18 after the completion of the start. The

post-start current command means 15 generates a post-start

current command i2*. The post-start current command i2*
contains a d-axis current command id2* and a g-axis current

command iq2*. The post-start current command circuit 15 has

a d-axls current command unit 16 and a proportional gain

10
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multiplier 17. The d-axis current command unit 16 generates

the post-start d-axis current command id2*. The proportional
gain multiplier 17 receives a torque command t*, and it

* by a proportional gain K,

multiplies the torque command T
thereby to generate the g-axis current command Ig2* . That 1is,
ig2* = v* x K holds.

[0018]

The changeover means 18 performs changeover from the
start current command means 12 to the post-start 'cﬁrrent command
means 15 after the lapse of the start period SP. In the start
period SP}_the changeover means 18 feeds the start current
command il* as a current command I* from the start current

command means 12 to the current controller 20, and after the

lapse of the start period SP, it feeds the current command i2

* as the current command I* from the post-start current command

means 15 to the current controller 20. The changeover means

18 includes a d-axis changeover switch 18d and a g-axis
changéoifér switch 18g. The d-axis changeover switch 18d

performs the changeover between the d-axis start current

command idl1* and the post-start d-axis current command id2*.

The g-axlis changeover switch 18 performs the changeover

between the g-axis start current command qul * and the

post-start g-axis current command ig2 *. The changeover

switches 18d and 18q are changed-over in interlocking with each

other. 1In the start period SP, the changeover switch 18d

11
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selects the d-axis start‘current command idl* and feeds this
d-axis start current command idl* to the current controller 20
as a d-axis current command id*, while the changeover switch
18q selects the g-axis start current command iql* and feeds this
g-axis start current command iql* to the current controller 20
as a q-axis current command ig*. After the start period SP has
lap-séd,' both the charigéover switches 18d and 18q are
changed-over, and the changeover switch 18d selects the
post-start d-axis currerit command id2* and feeds this d-axis
current command id2* to the current controller 20 as the d-axis
current command id*, while the changeovér switch 18g selects
the post-start g-axis current command ig2* and feeds this
q-axis éurrent command ig2* to the current controller 20 as the
g-axis current command ig¥*.

(00197

FIG. 2A shows a stepped function command is™® which is

outputted from the function generator 13 of the start current

command means 12, while FIG. 2B exemplifies a filter function

command if* which is outputted from the band-pass filter 14 on
the basis of the stepped function command is*. In Embodiment
1, the filter function command if* is outputted as the d-axis

start current command idl*. In FIGs. 2A and 2B, the axes of

abscissas are a common time axis. The stepped function command

is™ from the function generator 13 is in a stepped waveformwhich

rises at a time of 0.1 (second), but the filter function command

12
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if* which is outputted from the 'band-pass filter 14 decreases

with the lapse of time. In Embodiment 1, the control range of
the angular frequency of the AC induction machine 2I has been
set at 1 to 60 (Hz), and also the pass bandwidth of the band-pass
filter 14 has been set at 1 to 60 (Hz) in conformity therewith.
[0020]

In an apparatus in which the band-pass filter 14 is not

used, the stepped function command is* from the function

generator 13 is fed to the current controller 20 as the d-axis

start current command idl*. However, in a case, for example,

where the AC rotary machine 2 is the AC induction machine 2I
and where this inductive induction machine 2I is started, it
suffices to command a voltage and a current which contain the
rotational angular frequency component of the AC induction
machine 2I,.and the AC induction machine 2I can be started
without feeding any frequéncy compOnent other than the

frequency necessary for the commands. With the stepped

function command is™® from the function generator 13 as shown

in FIG. 2A, an amplitude becomes equal for all frequency bands,

but the filter function command if* which is outputted from the

band-pass filter 14 extracts only the frequency bandwidth
necessary for the start, so that the current amplitude of the

power inverter 1 can be suppressed smaller than in the apparatus

in which the stepped function command is* from the function

generator 13 is used as the d-axis start current command 1d1l

13
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[0021]
In such a case where the current bearing capacity
characteristic of the power inverter 1 is tolerant against a

current generated in a short time, the d-axis start current

command idl* of larger magnitude can be given by setting the
filter function command if* from the band-pass filter 14 as the
d-axis start current command idl*, than by setting the stepped
function command is™ from the function generator 13 as the

d-axis start current command idl1*, whereby the precision of the

detection current idet to be obtained from the AC rotary machine

2 1s enhanced more, and the precision of the calculation of the

angular frequency o by the phase signal generation circuit 40
can be enhanced more. In this manner, the band-pass filter 14
generates the filter function command if* with the unnecessary
signal components cut, so that the AC rotary machine 2 can be
efficiently started without feeding any wasteful current
command component unnecessary for the start, in the start period
SP.
(00227

Inc idéntally, although the function generator 13 has been
described as generating the stepped function command is™, an
M-series signal or a pseudo-noise signal utilizing a random

number table can also be generated instead of the stepped

function command is*. Also in this case, the band-pass filter

14



CA 02654432 2008-12-04

14 passes only the frequency component necessary for the start
and generates the filter function command if*, so that the start
can be efficiently effected without feeding any wasteful
current component for the start.
[0023]

The coordinate transformer 31 is a coordinate transformer
from the rotating two-axis coordinates which include the d-axis

and g~axis intersecting orthcgcnally, into the three-phase time

coordinates, and it receives the voltage command v * and
generates the switching commands Su™, Sv* and Sw*. The

switching commands Su™, Sv* and Sw* are fed to the power

inverter 1. The coordinate transformer 32 is a coordinate
transformer from the three-phase time coordinates into the
rotating two-axis coordinates which include the d-axis and
d-axis intersecting orthogonally, and it receives the detection
current 1det from the cu'rrent detector 3 and transforms them
into detection current i on the rotating two-axis coordinates
which include the d-axis and g-axis intersecting orthogonally.
The detection current i on the rotating two-axis coordinates
contains a d-axis detection current id and a g-axis detection

current 1iq.
[0024]

Both the d-axis detection current id and the g-axis
detection current 1q are fed to the current controller 20 of

the voltage command generation means 11. The current

15
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controller 20 receives the d-axis detection current id and

g-axis detection current iq together with the d-axis current

command Ia* and g-axis current command ig*, and it generates
the d-axis voltage command vd* and g-axis voltage command vg
* so as to equalize the d-axis detection current id to the d-axis

current command id* and to equalize the g-axis detection

current ig to the g-axis current command ig*.

[0025]
As stated before, 1in the start period SP, the control

means 10 uses the start current command means 12, it generates

the voltage command v* on the basis of the start current command
id* of the start current command means 12, and it generates the
switching commands Su * , Sv* and Sw*® by the coordinate

transformer 31 on the basis of the voltage command v*, so as

to start the power inverter 1. In this start period SP, the
AC phase currents iu, iv and iwwhich flow frOm thé power inverter
1 to the AC induction machine 21 become the excitation currents
for the AC induction machine 2I, and the amplitude of the AC

phase currents iu, iv and iw is determined by the start current

command i1*. 1In the start current command il1* , the d-axis start

current command idl* is set as the filter function command if
* outputted from the band-pass filter 14, and the g-axis current
command iql™ is set at zero.

(0026 ]

Letting “1a” denote the amplitude of the AC phase currents

16
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iu, iv and iw, the amplitude ia 1s expressed by the following
formula (1):

ia = a x {(id*)2 + (ig*)%1¥? ... (1)

Here, "a” denotes a constant.

In the start period SP, idl* = id* holdS, and igl™* = igqg
* = 0 holds, so that the amplitude ia becomes the following
formula (2):

ia = a x id1® .;. (2)

10027]

In other words, the amplitude of the AC phase currents
1u, 1v and iw 1s determined by the d-axis start current command
iql* as indicated by Formula (2). Ina case where the AC rotary
machine 2 such as the AC induction machine 2I 1s arranged, for
example, outdoors, 1ts temperature fluctuates greatly, and by
way of example, it is below the freezing point in midwinter and

exceeds 100°C in the overload continuous operation of the AC

rotary machine 2, so that the armature resistance R of the AC
rotary machine 2 fluctuates greatly with the change of the
temperature. In Embodiment 1, however, the amplitude of the

AC phase currents iu, iv and iw 1s determined by the d-axi1s start

current command idl* in the start period SP, thereby to perform

a current control by the current controller 20, so that the
temperature change of the AC rotary machine 2 is not influential.
In the start period SP, accordingly, the amplitude of the AC

phase currents 1u, 1v and iw does not change greatly with the

17
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temperature change of the AC rotary machine 2, a situation where
a protective function operates does not occur, and the AC rotary
machine 2 can be stably started.

([0028]

Next, the phase signal generation means 40 will be
described. This phase signal generation means 40 includes
means 41 for calculating the resistance drop of the AC rotary
machine 2, subtraction means 43, an intégratof 45, a divider
46, and an 1integrator 47. Theresistancedropcalculationmeans
41 includes a d-axis resistance drop calculator 41d, and a
g~axls resistance drop calculator 41g. The d-axis resistance
drop calculator 41d is fed with the d-axis detection current
id from the coordinate transformer 32, and it multiplies this
d-~axis detection current id by the axfmatur_e resistance R of the
AC rotary machine 2, thereby to output a d-axié resistance drop

compo_nent '(R x 1d). The g~-axis resistance drop calculator 41q

is fed with the gq-axis detection current 'iq from the coordinate
transformer 32, and it multiplies this g-axis detection current

1q by the armature resistance R of the AC rotary machine 2,

thereby to output a g-axis resistance drop component (R x iq).

(0029}
The subtraction means 43 1ncludes a d-axis subtractor 43d,

and a g-axis subtractor 43g. The d-axis subtractor 43d is fed

with the d-axis voltage command vd* from the current controller

20, and with the d-axis resistance drop component (R x id) from
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the d-axis resistance drop calculator 41d. This d-axis

subtractor 43d subtracts the d-axis resistance drop component
(R x 1id) from the d-axis voltage command vd™, thereby to deliver

the subtraction output (vd* - R x id) between them. The g-axis

subtractor 43q is fed with the g-axis voltage command vq® from

the current controller 20, and with the g-axis resistance drop

component (R x iqg) from the g-axis resistance drop calculator

41q. This g-axis subtractor 43q subtracts the g-axis

resistance drop component (R x ig) from the d-axis voltage

command vq*, thereby to deliver the subtraction output (vq® -

R x 1igq) between them.
[0030]

The integrator 45 1is fed With the subtraction output (vd
¥ 'R X id) from the d-axis subtractor 43d. The integrator 45
integrates this subtraction output (vd* - R x id), and delivers
an integral output ¢d. This integral output ¢d corresponds to
a d-axis component ¢d at the time when the armature magnetic

flux ¢ of the AC rotary machine 2 is decomposed into the d-axis

component ¢d and a g-axis component ¢gq on the rotating two-axis

coordinates which include the d-axis and g-axis intersecting

orthogohally, and when the g-axis component ¢gq 1is made zero.

The divider 46 is fed with the subtraction output (vg* - R X

iqg) from the g-axis subtractor 43q, and with the integral output

¢d from the 1integrator 45. The divider 46 divides the

subtraction output (vgq® - R x iqg) by the integral output ¢d,
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thereby to generate a division output w. That is, the division
output o is expressed by the following formula (3):
o = (vq© - R x 1q)/¢d
= (vgq* - R x iq)/f(vd* - R x id) ... (3)

This division output w corresponds to the angular
frequeney w of the AC output voltage which is outputted from
the power inverter 1 when the g-axis component ¢q of the armature
magnetic flux ¢ of the AC rotary machine 2 1is made zero.
[0031] ‘

The integrator 47 is fed with the division output w from
the divider 46, and it integrates this division output o,
thereby to generate a phase signal 6. This division output
corresponds to the phase 6 of the AC output voltage which 1is
outpﬁfted:ffem t”he pewer -i'nverter 1 when the g-axis component
¢q of the armature magnetic flux ¢ of the AC rotary machine 2
is made zero. This phase signal 0 is fed to the coordinate

transformers 31 and 32. Using the phase signal 6, the

coordinate transformer 31 transforms the voltage command v* on

the rotating two-axis coordinates which include the d- and
g-axes 'in'tersecting orthogonally, into the switching commands
su*, sv* and Sw* on the three-phase time coordinates, and using

the phase signal 6, the coordinate transformer 32 transforms

the detection currents iudet and ivdet on the three-phase time

axis, into the detection currents id and iq on the d- and g-axes

of the rotating two-axis coordinates which include the d- and
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g-axes intersecting orthogonally.
[0032]

In this manner, in the phase signal generation means 40,

the d-axis resistance drop component (R x 1id) and g-axis

resistance drop component (R x iq) of the AC rotary machine 2

are calculated on the basis of the detection current 1idet
detected by the current detector 3, the d-axis resistance drop
component (R x id) and g-axis resistance drop component (R X
iq) are respectively subtracted from the d-axis voltage command
vd® and'q-—axis voltage' command vg*, and the angular frequency
wof the .AC phase currents iu, iv and iw flowing to the AC rotary
machine 2 is calculated on the basis of the subtraction outputs
(vd* - R x id) and (vg™ - R x iqg), so that the angular frequency
of the AC output voltage to be outputted from the power inverter
1 can be adjusted so as to agree with the angular frequency of
the AC phase currents iu, iv and iw flowing to the AC rotary
machine.

(0033 ]

The angular frequency o which is calculated by the phase

signal generation means 40 will be further described. 1In a case

where the rotating two-axis coordinates which include the

d-axis and g-axis intersecting orthogonally are rotating at any

desired angular frequency w, the d-axis component ¢d and g-axis

component ¢gq of the armature magnetic flux ¢ of the AC rotary

machine 2 are expressed by the following formulas (4) and (5):
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¢d = f(vd* - R x id + o x ¢g)dt ... (4)

oq = f(vg¥ - R x igq - o x ¢d)dt ... (5)

Here, “vd*” and “vq™” denote the voltage commands on the
rotating two-axis coordinates as are generated by the current
controller 20 of the voltage command generation means 11, and
“1d” and “iq” denote the detection currents obtained in such
a way that the detection currents 1iudet and 1ivdet which
correspond to the AC phase currents 1u and iv flowing to the
AC rotary machine 2 are transformed onto the rotating two-axis

coordinates by the coordinate transformer 32.

10034 ]

Besides, the output torque wm of the AC rotary machine

2 1s expressed by the fbllowing formula (6):

Tm = Pm x (¢d x 1q - ¢q x id) ... (6)

Here, ”“Pm” denotes the number of pair poles of the AC
rotary machine 2.
[0035]

In a case where the d-axis direction of the rotating
two-axis coordinates and the direction of the armature magnetic

flux ¢ are 1in agreement, the g-axis component ¢gq of the armature

magnetic flux ¢ becomes zero, and ¢q = 0 holds. When ¢q = 0

1s therefore substituted into Formulas (4) and (5),
respectively, the following formulas (7), (8) and (9) are

obtalned:

¢d = [(vd* - R x id)dt ... (7)
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vgr - Rx ig - o x ¢d = 0 ... (8)

w = (vq® - R x iq) + ¢d ... (9)

In other words, when the rotating two-axis coordinates
which include the d- and g-axes intersecting orthogonally are
rotated in synchronism with the angular frequency w calculated
in conformity with Formulas (7), (8) and (9), the d-axis

direction of the rotating two-axis coordinates and the

direction of the armature magnetic flux ¢ can be brought into
agreement, and the g-axis component ¢q of the armature magnetic

flux ¢ can be made zero, that is, ¢g = 0 can be held.

10036 ]

The phase signal generation means 40 calculates the

angular frequency w in conformity with Formulas (7), (8) and

(9). The d-axis subtractor 43d calculates (vd* - R x id) 1n

Formula (7), and the integrator 45 calculates the d-axis

component ¢d of the armature magnetic flux ¢ as is expressed

by Formula (7). The g-axis subtractor 43q calculates (vq -

R x iq) in Formula (9), and the divider 47 calculates the angular
frequency m expressed by Formula (9). The phase signal 0 1s

calculated on the basis of the angular frequency o, and it

controls the coordinate transforms of the coordinate
transformers 31 and 32. As a result, therefore, the rotating
two-axis coordinates which include the d- and (g-axes

intersecting orthogonally are rotated in synchronism with the

angular frequency w calculated in conformity with Formula (9),
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the d-axis direction of the rotating two-axis coordinates and

the direction of the armature magnetic flux ¢ can be brought
into agreement, and the g-axis component ¢q of the armature

magnetic flux ¢ can be made zero, that is, ¢g = 0 can be held.

The angulaf frequency of the AC output voltage to be outputted
from the power inverter 1 is controlled so as to equalize to
the rotational angular frequency of the rotating two-axis
cobrdinatés, in correspondence with the rotational angular
frequency w of the rotating two-axis coordihates, so that the
angular frequency of the AC output voltage to be outputted from
the power inverter 1 is adjusted so as to agree with the angular
frequency of the AC phase currents iu, iv and iw flowing to the
AC rotary machine.
[0037)]

In addition, in Embodiment 1, simultaneously with the
control of the angular frequency of the AC output voltage to

be oui:putted from the power inverter 1, the start current

command circuit 12 feeds the g-axis start current command iql

* = 0 to the current controller 20 as the g-axis current command

ig® in the start period SP. In the start period SP, accordingly,

the command ig* is also made zero together with the component
¢q. That is, ig™ =0 holds, and ¢g=0 holds. Inthestart period
SP, therefore, (¢d x 1q - ¢q x id) in Formula (6) becomes zero,

and the output torque tm of the AC rotary machine 2 becomes zero,

that 1s, Tm = 0 is held.
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(00387

As described above, 1n Embodiment 1, the angular

frequency w of the rotating two-axis coordinates 1s controlled

by the phase signal 6 for the coordinate transformers 31 and

32, so that the angular frequency of the AC output voltage to
be outputted from the power inverter 1 can be brought into
agréément w.ith the a-n'gular frequency of the AC phase currents
iu, 1v and 1w flowing to the AC rotary machine 2, without any

delay. Simultaneously, in the start period SP, the output

torque ™m of the AC rotary machine 2 1s made zero, and the AC

rotary machine 2 1in a free-run state is started, whereby the
output torque of the AC rotary machine 2 1s prevented from
fluctuating in the start period SP, and the occurrences of a
shock and a rotation number fluctuation in the AC rotary machine
2 can be suppressed. In the prior-art control apparatus
disclosed in Patent Document 1, the angular frequency of the

output voltage of the power inverter is corrected on the basis

of the angular frequency w, and hence, a shaft deviation arises

due to the delay of the correction. In contrast, in Embodiment
1, the shaft deviation ascribable to the delay of the correction

1s eliminated, and the AC rotary machine 2 can be started with
the shock and the rotation number fluctuation suppressed.
[0039]

Besides, 1n Embodiment 1, the start current command 1il*

to be fed to the current controller 20 is afforded from the start
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current command circuit 12 irrespective of the armature
resistance R of the AC rotary machine 2, so as to determine the
amplitude of the AC phase currents iu, iv and 1w. Accordingly,
even when the armature resistance R of the AC rotary machine
2 has changed depending upon the temperature condition of the
AC rotary machine 2, the start current command il* is not
influenced by the armature resistance R. Accordingly, even
when the armature resistance R of the AC rotary machine 2 has
changec"::l‘With the temperature condition of the AC rotary machine
2 in the start period SP; the amplitude of the AC currents flowing
to the AC rotary machine 2 does not fluctuate, with the result
that the situation where the protective function for
overcurrent protection or the like operates can be avoided 1n
the start period SP, to effect a stable start.

[0040]

~ Besides, in Embodiment 1, the start is effected in such

a way that the g-axis start current command igl™ in the start

period SP is held at zero by the start current command circuilt

12, and that the initial value of the g-axis voltage command

vg* in the start period SP as is generated by the current

controller 20 is made zero. In this case, at the start time

point of the start period SP, igl* = 0 and vq® = 0 hold. At

the start time point of the start period'SP, accordingly, also

the subtraction output (vgq® - R x iq) of the g-axis subtractor

43q becomes zero, and also the division output w of the divider
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46 becomes zero. In other words, the angqular frequency w

becomes zero at the start time point of the start period SP,
and this angular frequency w rises with the lapse of the start
period SP.

[0041]

In the control apparatus disclosed in Patent Document 1,
at the start time point of ‘the start period, the angular
frequency of the power inverter is set to be higher than the
highest angular frequency which arises in thé normal operation
of the power inverter. At the start time point of the start
period, therefore, the angular frequency of the power inverter
needé to be set at the frequency higher than the highest angular
frequency after it is set to be either plus or minus, with the
result that a start response becomes different in accordance
with the rotating direction of the AC rotary machine. 1In

Embodiment 1, the start is performed by making the angular

frequency w of the power inverter 1 zero at the start time point

of the start period SP, so that the stable start can be always
effected irrespective of the rotatingdirection of the AC rotary

machine 2.

[0042)

Incidentally, although the g-axis start current iql™ is

held at zero in the start period SP in Embodiment 1, a similar

advantage can be obtained even when the g-axis start current

command igl* is held at a predetermined value other than zero
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in the start period SP. 1In this case, the d-axis component ¢d
of the armature magnetic flux ¢ enlarges from zero with the
increase of the d-axis start current command idl*, and the
output torque wm of the AC rotary machine 2 enlarges with the
increase of the d-axis component ¢d of the armature magnetic
flux. Inthestart period SP, however, the d-axis start current
command idl*¥ enlarges from zero, with the result that also the
outpui: térqué ™m of the AC rotary ma'chirié 2 enlarges from zero,
and the AC rotary machine 2 can be stably started with a large

shock and a sudden rotation number fluctuation suppressed.

[0043]
EMBODIMENT 2:

Embodiment 1 consists in starting the AC rotary machine
2 when the.: AC rotary machine 2 is in i1ts free-run state, whereas
Embodiment 2 consists in starting the AC rotary machine 2 when
whether the AC rotary machine 2 is in its free-run state or its

stop state cannot be discriminated. The control circuit 10 has

the same configuration as in Embodiment 1, and it starts the
power inverter 1 so as to start the AC rotary machine 2. A start
control at the time when the AC rotary machine 2 1is 1in the

freé—run state 1s thé.same as 1in Embodiment 1, and also 1in a
case where the AC rotary machine 2 1s 1n the stop state, a stable
start can be effected in the same manner as in Embodiment 1.
[0044]

When the AC rotary machine 2 i1s 1n the stop state, the
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rotational angular frequency of the AC rotary machine 2 is zero
at the start time point of the start period SP, and also the

angular frequency w calculated by the phase signal generation

circuit 40 becomes zero, but with the start of the power inverter
1, the armature magnetic flux ¢ of the AC rotary machine 2 rises
gradually, and the stable start can be effécted.

[0045]

EMBODIMENT 3:

FIG. 3 is a block diagram showing Embodj_ment 2 of acontrol
apparatus for an AC rotary machine according to this invention.
Embodiment 3 is such that the control means 10 in Embodiment
1 1s replééed with control means 10A, in which the start current
command means 12 in Embodiment 1 is replaced with start current
command means 12A. In this start current command means 12A,
a band-pass filter 14 is removed, and a stepped function command

is* is fed from the function generator 13 to the current

controller 20 through the d-axis changeover switch 18d of

changeover means 18 as the d-axis start current command 1idl

*  The others are the same in configuration as in Embodiment

1 or 2.

10046 )

In Embodiment 3, the wasteful component of the start

current command Id1* cannot be cut by the band-pass filter 14,

but the same advantages as in Embodiment 1 or 2 can be obtained

as to the others.
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[0047]
EMBODIMENT 4:

FIG. 4 is a block diagram showing Embodiment 4 of a control
apparatus for an AC rotary machine according to this invention.
In Embodiment 4, a synchronous machine 2S 1s used as the AC rotary
machine 2. This synchronous machine 2S 1s concretely a
three-phase synchronous motor by way of example.

[0048]

Even when the AC rotary machine 2 1s the synchronous
machine 2S, Formula (1) to Formula (9) hold similarly, so that
the”ééinén st"ar-t; c‘ontrol 'as in Embodiment 1 can be basically
performed also in Embodiment 4. In Embodiment 4, with the use
of the synchronous machine 2S, the ‘control means 10 1in
Embodiment 1 is replaced with control means 10B, in which the
start current command means 12 in Embodiment 1 is replaced with
start cgrrent command means 12B. 1In this start current command

means 12B, the g-axis start current command igl*® is made zero,

and also the d-axis start current command idl* is made zero,

that is, idl1* = 0 holds, and this command idl1™ = 0 is fed to

the current controller 20 through the d-axis changeover switch

18d of changeover means 18. The g-axis start current command

igl® = 0 is fed to the current controller 20 through the g-axis

changeover switch 18q of the changeover means 1n the same manner

as in Embodiment 1. The others are the same in configuration

as in Embodiment 1.
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[0049]

The AC rotary machine 2 is the induction machine 2I 1in
Embodiment 1, and for starting the induction machine 2I which
is in the free-run state, it is necessary to feed the voltage
and current of the rotational angular velocity component to the
induction machine 2I. In case of starting the synchronous
machine 2S in its free-run state, however, an induced voltage
caused by a rotor is generated in the synchronous machine 28,:
and hehCe;hﬁhe vOltagé and current of the rotational angular
velocity component need not be fed from the power inverter 1,
so that the d-axis start current command id1* is held at zero.
In starting the synchronous machine 2S5, at the start time point
of the start period SP thereof, AC phase currents iu, 1iv and
iw flow so as to cancel out the induced voltage generated in
the syn‘chronous machirie 2S, in a very short time. In the same

manner as in Embodiment 1, therefore, phase signal generation

means 40 calculates the angular frequency o on the basis of

the AC phase currents iu, iv and iw, and the angular frequency

of the AC output voltage of the power inverter 1 is controlled

on the basis of the angular frequency w. 1In Embodiment 4, the

d-axis start current command idl* is made zero, whereby the

synchronous machine 2S can be efficiently started without
feeding any wasteful current to the synchronous machine 2S.

Incidentally, although the g-axis start current command 1ql

* is made zero in the same manner as in Embodiment 1, it can
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also be made a predetermined value other than zero.
[0050]
EMBODIMENT 5:

FIG. 5 is a block diagram showing Embodiment 5 of a control
apparatus for an AC rotary machine according to this invention.
Also Embodiment 5 uses a synchronous machine 2S as the AC rotary
machine 2, likewise to Embodiment 4.

[0051]

In Embodiment 5, the control means 10B in Embodiment 4
is replaced with control means 10C, in which the start current
command means 12B in Embodiment 4 is replaced with start current
command means 12C. In the start current command means 12C, a

d-axis start current command unit 19 is used, and the d-axis

start current command id1* is fed from this d-axis start current

command idl1* to the current controller 20 through the d-axis

changeover switch 18d of changeover means 18. This d-axis start
current command unit 19 is fed with an external command io =
0 fc'>jr'" establlshlng the.d-a.x'is start current command idl1* = 0,
and an anqular frequency w from the divider 46 of phase signal

generation means 40. The others are the same in configuration

as in Embodiment 4.
[0052]

In a case where the absolute value of the angular

frequency w from the divider 46 is smaller than a predetermined

value wBASE, the d-axis start current command unit 19 brings
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the d-axis start current command id1l* to' zero on the basis of
the external command io, that is, it establishes idl™ = 0.
Besides, in a case where the absolute value of the angular
frequency w from the divider 46 is equal to or larger than the
predetermined value wBASE, the d-axis start current command
unit 13A brings the d-axis start current command id1l* to (A -
B/w) on the basis of the external command io.

These are expreséed by the following formulas (10):

id1* = 0 (for |w| < ®wBASE)

idl1* = A - B/w (for |w| = wBASE) ... (10)

Here, “A” and “B” denote constants; ahd mBASE = B/A holds.
[0053]

Owing to the use of this d-axis start current command unit

19, when the absolute value of the anqular frequency w is smaller

than wBASE, the synchronous machine 2S is efficiently started

without feeding any wasteful current to the synchronous machine

2S in order to start this synchronous machine 2S, and when the

absolute value of the angular frequency w is equal to or larger
than wBASE, a magnetic flux weakening control is performed by
setting (A - .B/(‘ﬁﬁ) at a -negative value, whereby the voltage
saturation of a power inverter 1 canbe prevented. Incidentally,
although the g-axis start current command igl* is made zero 1in

the same manner as in Embodiment 1, it can also be made a

predetermined value other than zero.

10054 ]
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EMBODIMENT 6:

FIG. 6 is a block diagram showing Embodiment 6 of a control
apparatus for an AC rotary machine according to this invention.
Embodiment 6 is such that two AC rotary machines, concretely
two induction machines 2I1 and 212 are connected to a power
inverter 1 in parallel with each other. The induction machines
2I1 and 2I2 are three-phase induction motors whose ratings are
equal to each other, and they are cafried on, for example, an
electric car so as to drive the electric car.

[0055]

The induction machines 2I1 and 2I2 have armature
resistances R which are equal to each other. Since these
induction machines 2I1 and 2I2 are connected to the power
inverter 1 in parallel to each other, the combined armature
resistance thereof as seen from the power 1nverter 1 becomes
(R/Z); JaIn: 'Emb'odiment 6, the control means 10 in Embodiment 1
is replaced with control means 10D, in which the phase signal
generation means 40 infEmbodiment 1 is replaced with phase
signal generation means 40D. This phase signal generation
means 40D has a resistance drop calculation circuit 41D, which

has a d-axis resistance drop calculator 411d and a g-axis

resistance drop calculator 411qg. The others are the same in

configuration as in Embodiment 1.
[0056]

The d-axis resistance drop calculator 411d is fed with
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the d‘-axi‘sdgtection current 1d from the coordinate transformer
32, and it multiplies this d-axis detection current id by (R/2)
so as to output a d-axis resistance drop {(R/2) x id}. The
g-axls resistance drop calculator 41iq is fed with the g-axis
detection current iq from the coordinate transformer 32, and
it multiplies this g-axis detection current iq by (R/2) so as
to output a g-axis resistance drOp {(R/2) x ig}. On the basis
of the d-éxis resistance drop and the g-axis resistance drop,
the d-axis subtractor 43d delivers a subtraction output {vd
* - (R/2) x id}, and the g-axis subtractor 43q delivers a
subtraction output {vq® - (R/2) x ig}. Besides, the int'egrator
45 delivers an integral output f[{vd® - (R/2) x id}dt, so that
the division output w of a divider 46 in Embodiment 6 becomes
the following formula (11):

. .w-.#-f{'vd* - (R/2) x id}dt + {vgq™ - (R/2) x iqg} ... (11)
[0057]

The phase signal generation means 40D in Embodiment 6

calculates the anqular frequency w in conformity with Formula

(11), and the angular frequency of the AC output voltage of the

power inverter 1 is controlled so as to become equal to this

angular frequency w. Also in Embodiment 6, the two induction

machines 2I1 and 2I2 in free-run states can be stably started
in the same manner as in Embodiment 1. In a case where three
or more 1nduction machines are connected to the power inverter

1 in parallel, themultiplication coefficient in the resistance
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drop calculation circuit 41D is adjusted in accordance with the
number of the connected machines, whereby the three or more
induction machines in free-run states can be stably started
similarly.

[0058]

EMBODIMENT 7:

FIG. 7 1s a block diagram showing Embodiment 7 of a control
apparatus for an AC rotary machine according to this invention.
Embodiment 7 is such that two AC rotary machines, concretely
two synchronous machines 2S1 and 2S2 are connected to a power
inverter 1 in parallel with each other. The synchronous
machines 2S1 and 2S2 are, for example, three-phase synchronous
motors whose ratings are equal to each other. With the use of
the synchronous machines 2S1 and 2S2, the control means 10D in
Embodiment 6 i1s replaced with control means 10E, in which the
start current command means 12 of the control means 10D 1is
repléCed'With'Start current command means 12B. This start
current command means 12B 1s the same as in Embodiment 4. The

others are the same in configuration as in Embodiment 6.

[0059]

When, 1n starting the synchronous machines 2S1 and 2S2
which are in free-run states, the magnetic pole positions of
the synchronous machines 2S1 and 2S2 have agreed, any
circulating current does not flow between these synchronous

machines 2S1 and 2S2. If the synchronous machines 2S1 and 2S2
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have no load in the case of starting the synchronous machines
2S1 and 2S2 which are in the free-run states, a state where the
circulating current does not flow between these synchronous
machines 2S1 and 2S2 is a stable state, and the synchronous
machines 2S1 and 2S2 are started in this stable state. 1In this
case, a combined armature resistance seen from the power
inverter 1 becomes (R/2), and hence, the .two synchronous
machines 2S1 and 2S2 being in the free-run states can be stably
started iﬂthe same manner as in Embodiment 4, by employing the
same phase signal generation means 40 as in Embodiment 6. 1In
a case where three or more synchronous machines are connected
to the power inverter 1 in parallel, the multiplication
coefficient in the resistance drop calculation circuit 41D is
adjusted in accordance with the number of the connected machines,
whereby the three or more synchronous machines in free-run
staféé can be stably-stérted similarly.
Industrial Applicability
[0060]

A control apparatus for an AC rotary machine according
to this invention is applied -‘to a control apparatus for the AC
rotary machine such as an induction machine or a synchronous

machine.
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CLAIMS
[1] A control apparatus for an AC rotary machine, including:
control means for generating a voltage command on the
basis of a current command, and for generating a switching
command on the basis of the voltage command;

a power inverter which generates an AC output voltage that
has its amplitude and its angular frequency controlled on the
basis of the switching COmmand;

at least one AC rotary machine which is connected to said
power 1inverter; and

a current detector which outputs a detection current on
the basis of an AC phase current that flows from said power
inverter to said AC rotary machiné;
wherein:

said control means is configured so as to performcontrols
including a start control for said AC rotary machine;

said control means operates in the start control to
calculate a resistance drop component corresponding to a
resistance drop of said AC rotary machine on the basis of the
detection current, and to adjust the angular frequency of the
AC output voltage on the basis of a subtraction output obtained
by subtracting the resistance drop signal from the voltage

command; and

said control means simultaneously operates in the start

control to adjust an amplitude of the AC output voltage so that
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an amplitude of the AC phase current may change in conformity
with a predetermined function.

[ 2] The control apparatus for the AC rotary machine as defined
in claim 1, wherein sald control means operates in the start
control to control the anqular frequency of the AC output
voltage to zero at a start time point of a start period.
[3] The control apparatus for the AC rotary machine as defingd
in claim 1, wherein said control means 0perates in the start

control to adjust an output torque of said AC rotary machine

on the basis of the current command.

[4]  The contfol apparatus for the AC rotary machine as defined
in claim 3, wherein said control means operates in the start
control to adjust the oﬂtput torque of said AC rotary machine
to zero.

[5] The control apparatus for the AC rotary machine as defined
in claim 1, wherein said control means performs the start
contrc_)l“v&hen which of a stop state and a free-run state said
AC rotary machine is 1in cannot be discriminated.

[6] The control apparatus for the AC rotary machine as defined
in claim 1, wherein said control méans performs the start
control when said AC rotary machine is in a free-run state.
[ 7] The control apparatus for the AC rotary machine as defined
in claim 1, wherein, when the voltage command contains a d-axis
voltage command and a g-axis voltage command on orthogonal

two-axis rotating coordinates which include a d-axis and a
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g—-ax1s that rotate in synchronism with the angular frequency
of the AC output voltage, said control means operates in the
start contrbl to generate a d-axils resistance drop component
and a g-axils resistance drop component corresponding to the
resistance drop of said AC rotary machine on the basis of the
detection current, and to adjust the anqular frequency of the
AC output voltage on the basis of a d-axis subtraction output
obtained by subtracting the d-axis resistance drop component
from the d-axis voltage command, and a g-axis subtraction output
obtained by subtracting the g-axis resistance component from
the g-axis voltage command.

[8] The control apparatus for the AC rotary machine as defined
in claim 7, wherein said control means operates in the start
control to calculate a magnetic flux amplitude of said AC rotary
machine on the basis of the d-axis subtraction output, to divide
the q—a'jt“is sujb'traction output by the magnetic flux amplitude,
and to adjust the angular 'frequency of the AC output voltage
on the basis of an output of the division.

[9] The control apparatus for the AC rotary machine as defined
inclaim 1, wherein said contrbl means has a function generator,
and a band-pass filter which extracts only a frequency bandwidth
requiréd for the start, from a start current command from said
function generator, that it outputs a predetermined function
command from said band-pass filter as the current command, and

that it adjusts the amplitude of the AC output voltage on the
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basis of the function command.

110] The control apparatus for the AC rotary machine as defined
in claim 1, wherein said control means operates in the start
control to adjust the amplitude of the AC output voltage so that
the amplitude of the AC phase current may be made zero.

111] The control apparatus for the AC rotary machine as defined
in claim 1, wherein said control means operates 1n the start
control to adjust the amplituée of the AC output voltage so that
the amplitude of the AC phase current may be made zero, in a
case where the angular frequency of the AC output voltage is
equal to or lower than a predetermined value, and to adjust the
amplitude of the AC output voltage so that the amplitude of the
AC phase current may be made a predetermined magnitude other
than zero, in a case where the angular frequency of the AC output
voltage exceeds the predetermined value.

(12] The control apparatus for the AC rotary machine as defined
in.¢1aimhi,:wheréin-said'AC rotary machine is an induction
machine.

[13] The control apparatus for the AC rotary machine as defined
in claim 1, wherein said AC rotary machine is a synchronous
machine.

[14] The control apparatus for the AC rotary machine as defined
in claim 1, wherein a plurality of AC rotary machines connected

in parallel are connected to said power 1inverter.
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