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TITLE OF THE INVENTION
CURRENT COMMAND TYPE PWM INVERTER APPARATUS WITH
LOGIC CIRCUIT FOR GENERATING SWITCHING COMMAND SIGNALS AT

PERICODICAL TIMINGS

BACKGROUND OF THE INVENTION
1. field of the Invention

The present invention relates to a current
command type PWM (Pulse Width Modulation) inverter
apparatus for driving and controlling a three-phase motor,
and in particular, to a current command type PWM {(Pulse
Width Modulation) inverter apparatus comprising a logic
circuit for generating switching command signals at
periodical timings.

2. Description of the Prior Art

In recent years, current command type PWM
inverters are extensively used in driving and controlling
three-phase motors such as an induction motors, synchronous
motors, reluctance motors, or the like.

In comparison with a voltage command type PWM
inverter which commands a voltage to be applied to a motor
and applies the voltage conforming to the command, to the
motor, the current command type PWM inverter, which
commands a current to be flown into a motor and
compulsorily flows the current conforming to the command

through the motor, is advantageous in responsibility and



controllability. In particular, for controlling an AC
servomotor and the like, the current command type PWM
inverter is adopted in almost all the cases.

A construction of a generic current command type
PWM inverter system will be described here with reference
to Fig. 11.

Referring to Fig. 11, first of all, a fundamental
frequency £ and an effective current value ip of a three-
phase AC {Alternating Current) current waveform to be
supplied to a three-phase motor 1 are set in a current
command generator 7, and based on these information, the
current command generator 7 internally generates current
command signals to be flown into the three-phase-motcr 1,
and the generated command signals as a first line current
command signal iTU, a second line current command signal
iTV and a third line current command signal iTW.

Then, a motor current detector circuit 8 detects
two line currents of the three-phase motor 1, obtains the
remaining one line current by obtaining the sum of the
detected two line currents and inverting the sign of the
sum value, and outputs the resulting detected currents as a
first detected line current iFU, a second detected line
current iFV and a third detected line current iFW. It is
to be noted that the motor current detector circuit 9 may
detect the three line currents of the three-phase motor 1,

and then output the first detected line current iFU, the



second detected line current iFV and the third detected
line current iFW.

Then, a current controller 106 receives the first
line current command signal iTU, the second line current
command signal iTV, the third line current command signal
iTW, the first detected line current iFU, the second
detected line current iFV and the third detected line
current iFW, and generates a first switching command signal
PU, a second switching command signal PV and a thﬁrd -
switching command signal PW so that the first line current
command signal iTU, the second line current command signal
iTV and the third line current command signal iTW are made
to respectively coincide with the first detected line
current iFU, the second detected line current iFV and the
third detected line curxrent iFW as far as possible.

Further, a main circuit power contrcller 8

comprises:

(a) a logic inverter circuit 5 comprising three
inverters; '

(b) a base driving circuit 4 comprising six base
drivers;

{(c) & main circuit DC (Direct Current) power

source 3; and

{d) a main circuit power device circuit 2 having
a three-phase bridge connection, wherein the main circuit

power device circuit 2 comprises:



{d-1) a first main circuit switching power device
Q1 which is connected to a positive electrode of the main
circuit DC power source 3 and supplies a first line current
IU to the three-phase motor 1;

(d-2) a second main circuit switching power
device Q2 which is connected to the positive electrode of
the main circuit DC power source 3 and supplies a second
line current IV to the three-phase motor 1;

{d-3) a third main circuit switching péwer device
Q3 which is connected to the positive electrode of the main
circuit DC power source 3 and supplies a third line current
IW to the three-phase motor 1;

{d-4) a fourth main circuit switching power
device Q4 which is connected to a negative electrode of the
main circuit DC power source 3 and supplies the first line
current IU to the three-phase motor 1;

(d-5) a fifth main circuit switching power device
Q5 which is connected to the negative electrode of the main
circuit DC power source 3 and supplies the second line
current IV to the three-phase motor 1;

(d-6) a sixth main circuit switching power device
Q6 which is connected to the negative electrode of the main
circuit DC power source 3 and supplies the third line
current IW to the three-phase motor 1; and |

{d-7) six reflux diodes each connected in

parallel between the collector ana the emitter of each of



the main circuit switching power devices Ql, Q2, Q3, Q4, QS
and Qs.

The main circuit power device circuit 2 operates
to turn on either the first main circuit switching power
device Q1 or the fourth main circuit switching power device
Q4 in accordance with the first switching command signal
PU, turn on either the second main circuit switching power
device Q2 or the fifth main circuit switching power device
Q5 in accordance with the second switching command signal
PV, and turn on either the third mgin circuit switching
power device Q3 or the sixth main circuit switching power
device Q6 in accordance with the third switching command
signal PW.

In this case, when the first switching command
signal PU becomes a High level (referred to as an H-level
hereinafter), the first main circuit switching power device
Q1 is turned on. On the other hand, when the first
switching command signal PU becomes a Low level (referred
to as an L-level hereinafter), the fourth main circuit
switching power device Q4 is turned on. When the second
switching command signal PV becomes the H-level, the second
main circuit switching power device Q2 is turned on. On
the other hand, when the second switching command signal PV
becomes the L-level, the fifth main circuit switching power
device Q5 is turned on. When the third switching command

signal PW becomes the H-level, the third main circuit



switching power device Q3 is turned on. On the other hand,
when the third switching command signal PW becomes the L-
level, the sixth main circuit switching power device Q6 is
turned on.

As above is described the structure and operation
of the generic current command type PWM inverter system.

A structure of a prior art current command type
PWM inverter will be described with reference to Fig. 12.

Fig. 12 shows a structure of the prior.art
current controller 106 of the current command type PWM
inverter system shown in Fig. 11.

Figs. 13A through 13E show an operation of the
inverter system shown in Fig. 12.

First of all, the first, second and third line
current command signals iTU, iTV and iTW and the first,
second and third detected line currents iFU, iFV and iFW
are subjected to a subtraction process respectively in
subtracters 117, 118 and 119 to obtain the first, second
and third line current error signals iEU, iEV and i1EW.

Then first, second and third current error amplifiers 120,
121 and 122 receive the respective first, second and third
line current error signals iEU, iEV and iEW, respectively,
and then, output amplified voltage command signals VU, VV
and VW, respectively. Each of the current error amplifiers
120, 121 and 122 is generally implemented by a proportion

and integration type amplifier as shown in Fig. 14, and a



gain characteristic thereof can be represented by ﬁhe

Equation (1):

G(s) = R2 x (R3 xCl xs) / [Rl x {{R2 + R3) x C1 x & + 1]
(1),

where s = jw is a variable of Laplacian
conversion.

The reference numeral 139 denotes a three-phase
PWM signal generator comprised of first, second and third
comparators 123, 124 and 125 and a triangular waﬁe
generator 126. The first, second and third comparators
123, 124 and 125 compare a triangular wave signal SC |
outputted from the triangular wave generator 126 with the
respective voltage command signals VU, VV and VW,
respectively, and then, output the first, second and third
switching command signals PU, PV and PW, respectively.

In the present case, each of the first, second
and third comparators 123, 124 and 125 outputs the H-level
when each of the voltage command signals VU, VV and VW.is
greater than the triangular wave signal SC, while each of
the first, second and third comparators 123, 124 and 125
outputs the L—ievel when each of the voltage command
signals VU, VV and VW is smaller than the triangular wave
signal ScC.

Figs. 13A through 13E show an operation of the

current controller 106 shown in Fig. 12, when the first,



second and third line current command signals iTU, iTV and
iTW are three-phase sine waves, respectively.

Considering the gains of the current error
amplifiers 120, 121 and 122 shown in Figs. 12 and 13A
through 13E, it can be understood that each line current
error can be reduced by increasing the gains of the current
error amplifiers 120, 121 and 122 as a consequence of
approach of the detected line currents to the respective
line current command signals, and the responsibiiity of the
detected line currents to the respective line current
command signals is improved.

However, according to the structure of the above-
mentioned prior art, owing to a phase delay due fo an
electric time constant of the three-phase motor 1, phase
delays of the current error amplifiers 120, 121 and 122, a
waste time delay of the three-phase PWM signal generator
and the like, an oscillation phenomenon will occur when the
current error amplifier gain is made too great. Therefore,
the gain of each of the current error amplifiers 120, 121
and 122 is generally set to a value which is as great as
possible and falls within a range in which no oscillation
occurs. The gain of each of the current error amplifiers
120, 121 and 122 is determined in the designing stage by
examining'a loop transfer function of the current control
loop from the characteristics of the three-phase motor 1,

the motor current detector circuit 9, the current



controller 106, and the main circuit power controller 8.
In the present case, considering the manufacturing-
dependent variation of the characteristics and temperature
characteristics, it is required to reduce the gain to a
level at which no oscillation phenomenon occurs at worst.
The work for determining the gain requires much labor of
the operators engaging in the designing, and even a current
command.type PWM inverter having the same structure
requires gain adjustment depending on different ﬁotors to
which the inverter is to be comnected, incurring such a
problem that much labor is required for the control of the
manufacturing process.

Furthermore, when the specifications of the
three-phase motor 1 to be connected to the current command
type PWM inverter have not yet determined in the designing
stage {e.g., in the case of a general use inverter, a
general use AC servo driver or the like), it is required to
adjust the gain in accordance with the specifications of
the three-phase motor 1 upon determining and installing the
three-phase motor 1 to which the inverter is to be
connected, and there is such a problem that this gain
adjustment work is a bottleneck.

Furthermore, the offset and drift of the
triangular wave generator and the current error amplifiers
120, 121 and 122 themselves deteriorate the current control

error and narrow the dynamic ranges of the amplified error
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signals. Therefore, an operational amplifier having a
small offset and drift is required as a component of them,
and depending on the cases, an offset adjusting work is
required in the manufacturing stage, incurring the problem
of cost increase.

Fig. 12 shows a prior art example of the current
controller 106 implemented by an analog circuit, however,
there exists a current controller implementing a similar
structure by a digital circuit such as a microcoﬁputer
which subjects the first, second and third detected line
currents iFU, iFV and iFW to an analcg to digital
conversion process by means of an A/D converter. In such a
case, the gain of the current error amplifier is required
to be determined by examining the loop transfer function of
-the current control loop from the characteristics of the
three-phase motor 1, the motor current detector circuit 89,
the current controller 106, and the main circuit powex
controller 8, and their problems are the same as those of
the current controller implemented by the analog circuit.

Furthermore, when the current error amplifier is
implemented by a digital circuit such as a microcomputer or
the like, the offset and drift of the current erxror
amplifier itself can be éliminated because they are
achieved by digital calculation. However, as the
calculation processing time increases, the phase delay

increases and the circuit tends to oscillate. This
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consequently means that the gain cannot be increased unless
the processing time is reduced, and therefore, a
microcomputer having a very high speed calculation
processing capability or the like must be used, incurring
the problem of cost increase.

Furthermore, the phase delay of the A/D converter
for converting the first, second and third detected line
currents 1iFU, iFV and iFW into digital data becomes greater
as the time for conversion increases and tends td
oscillate. This consequently means that the gain cannot be
increased unless the conversion time is reduced, and
therefore, an A/D converter having a very high speed
conversion capability must be used, incurring the problem
of cost increase. Furthermore, the offset and drift of the
A/D converter consequently deteriorate the current control
error and narrow its dynamic fange. Therefore, it is
required to select an A/D converter having smaller offset
and drift, incurring the problem of cost increase.

Furthermore, the three-phase PWM command signal
generator implemented by a digital circuit has such
problems that the three-phase PWM command signal generator
has a complicated structure and costs much as shown in the
digital three-phase PWM wave generating apparatus disclosed
in the Japanese Patent Laid-Open Publication No. 4-312360.

SUMMARY OF THE INVENTION
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An essential object of the present invention is
therefore to provide a current command type PWM inverter
apparatus which costs less and requires no gain adjustment.

Another object of the present invention is to
provide a current command type PWM inverter apparatus
capable of exhibiting a more excellent responsibility of
driving line currents for line current command signals, as
compared with the prior art apparatus.

In order to achieve the above-mentioned
objective, according to one aspect of the present
invention, there is provided a current command type PWM
inverter apparatus comprising:

motor current detecting means for detecting line
currents flowing'from respective lines of said PWM inverter
apparatus into a three-phase motor and outputting a first
detected line current, a second detected line current and a
third detected line current;

current command génerating means for generating
and outputting a first line current command signal, a
second line current command signal and a third line current
command signal for commanding the line currents to be flown
from said respective lines into the three-phase motor;

first comparing means for comparing the first
line current command signal with the first detected line
current, outputting a first line current comparison signal

having a first level when the first detected line current
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is equal to or greater than the first line current command
signal, and outputting the first line current comparison
signal having a second level when the first detected line
current is smaller than the first line current command
signal;

second comparing means for comparing the second
line current command signal with the second detecfed line
current, outputting a second line current comparison signal
having a first level when the second detected line current
is equal to or greater than the second line current command
signal, and outputting the second line current comparison
signal having a second level when the second detected line
current is smaller than the second line current command
signal;

third comparing means for comparing the third
line current command signal with the third detected line
current, outputting a third line current comparison signal
having a first level when the third detected line current
is equal to or greater than the third line current command
signal, and outputting the third line current comparison
signal having a second ievel when the third detected line
current is smaller than the third line current command
signal;

a main circuit DC power source;

main circuit power device circuit having a three-

phase bridge connection and comprising first, second,
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third, fourth, fifth and sixth main circuit switching power
devices, and six reflux diodes respectively connected in
parallel with said first, second, third, fourth, fifth and
sixth main circuit switching power devices;

a logic circuit for receiving the first line
current comparison signal, the second line current
comparison signal and the third line current comparison
signal, and generating and outputting first, second, third,
fourth, fifth and sixth switching command signalé for
turning on or off said first, second, third, fourth, fifth
and sixth main circuit switching power devices, to said
first, second, third, fourth, fifth and sixth main circuit
switching power devices, respectively; and |

timing generating means for generating and
outputting a periodical state updating first timing to said
logic circuit,

wherein said first main circuit switching power
device is connected to a positive electrode of said main
circuit DC power source and supplies a first line current
to said three-phase motor from said main circuit DC power
source based on the first switching command signal,

wherein said second main circuit switching power
device is connected to the positive electrode of said wmain
circuit DC power source and supplies a second line current
to said three-phase motor from said main circuit DC power

source based on the second switching command signal,
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wherein said third main circuit switching power
device is connected to the positive electrode of said main
circuit DC power source and supplies a third line current
to said three-phase motor from said main circuit DC power
source based on the third switching command signal,

wherein said fourth main circuit switching power
device is comnnected to a negative electrode of said main
circuit DC power source and supplies the first line current
to said three-phase motor from said main circuit DC power
source based on the fourth switchigg command signal,

wherein said fifth main circuit switching power
device is connected to the negative electrode ¢of said main
circuit DC power source and supplies the second line
current to said three-phase motor from said main circuit DC
power source based on the fifth switching command signal,

wherein said sixth main circuit switching power
device is connected to the negative electrode of said main
circuit DC power source and supplies the third line current
to said three-phase motor from saild main circuit DC power
source based on the sixth switching command signal,

wherein, at the state updating first timing, and
at least one second timing when any one of the first,
second and third comparison signals change after the state
updating first timing, said logic circuit generates and
outputs the first, second, third, fourth, fifth and sixth

switching commend signals.
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In the above-mentioned current command type PWM
inverter ap?aratus, said logic circuit preferably generates
and outputs the first, second, third, fourth, fifth and
sixth switching commend signals so as to minimize an error
between the first line current command signal and the first
detected line current, an error between the second line
current command signal and the second detected line
current, and an error between the third line current
command signal and the third detected line current.

In the above-mentioned current command type PWM
inverter apparatus, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the second, third and fourth switching command
signals for respectively turning off the second, third and
fourth main circuit switching power devices, and further
generates and outputs the first, fifth and sixth switching
command signals for respectively turning on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic circuit generates and outputs the

fifth switching command signal for turning off the fifth
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main circuit switching power device and further generates
and outputs the second switching command signal for turning
on the second main circuit switching powexr device, and

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the sixth
switching command signal for turning off the sixth main
circuit switching power device and further generates and
outputs the third switching command signal for turning on
the third main circuit switching power device,

wherein, when the first line cuxrrent comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the first, third and fifth switching command
signals for respectively turning off the first, third and
- £ifth main circuit switching power devices, and further
genexrates and 6utputs the second, fourth and sixth
switching command signals fof respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
first line current comparison signal changes from the first

level to the second level to the next state updating first
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timing, said logic circuit generates and outputs the fourth
switching command signal for turning off the fourth main
circuit switching power device and further generates and
outputs the first switching command signal for turning on
the first main circuit switching power device, and

for a time interxrval from a second timing when the
third line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the sixth
switching command signal for turning off the sixth main
circuit switching power device and further generates and
outputs the third switching command signal for turning on
the third main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching power devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third,
fourth and fifth main circuit switching power devices,

for a time interval from a second timing when the

first line current comparison signal changes from the first
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level to the second level to the next state updating first
timing, said logic circuit generates and outputs the fourth
switching command signal for turning off the fourth main
circuit switching power device and further generates and
outputs the first switching command signal for turning on
the first main circuit switching power device, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic circuit generates and outputs the
fifth switching command signal for turning off the fifth
main circuit switching power device and further generates
and outputs the second switching command signal for turning
on the second main circuit switchihg power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, fifth and
sixth main circuit switching power devices, and further
generates and outputs the second, third and fourth
switching command signals for respectively turning on the
second, third and fourth main circuit switching power

devices,
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for a time interval from a second timing when the
second line current comparisoﬁ signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
second switching command signal for turning off the second
main circuit switching power device and further generates
and outputs the fifth switching command signal for turning
on the fifth main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
third switching command signal for turning off thé third
main circuit switching power device and further generates
and outputs the sixth switching command signal for turning
on the sixth main circuit switching power device,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates anad
outputs the second, fourth and sixth switching command
signals for respectively turning off the second, fourth and
sixth main circuit switching power devices, and further

generates and outputs the first, third and fifth switching
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command signals for respectively turning on the first,
third and fifth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching command signal for turning
on the fourth main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
third sWitching command signal for turning off the third
main circuit switching power device and further generates
and outputs the sixth switching command signal for turning
on the sixth main circuit switching power device,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the third, fourth and fifth switching command
signals for respectively turning off the third, fourth and

fifth main circuit switching power devices, and further
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generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching command signal for turning
on the fourth main circuit switching power device, and

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
second switching command signal for turning off the second
main circuit switching power device and further generates
and outputs the fifth switching command signal for turning
on the fifth main circuit switching power device.

In the above-mentioned current command type PWM
inverter apparatus, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and

outputs the second, third and fourth switching command
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signals for respectively turning off the second, third and
fourth main circuit switching power devices, and further
generates and outputs the first, fifth and sixth switching
command signals for respectively turning on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line curfent comparison signal changes from the
first level to the second level before the third line
current comparison signal changes from the first level to
the second level, to a further timing when the third line
cuxrent comﬁarison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fifth switching command signal for turning off the
fifth main circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth

switching command signals for respectively turning on the



fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level before the second line current
comparison signal changes from the first level to the
second level, to a further timing when the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the sixth switching command signal for turning off the
sixth main circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and further, for a further time interval frxrom the
further timing when the second line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching pcower devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison

signal has the first level, the second line current
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comparison signal has the second level and the third line
current comparison signél has the first level at the state
updating first timing, said logic circuit generates and
outputs the first, third and fifth switching command
signals for respectively turning off the first, third and
fifth main circuit switching power devices, and further
generates and outputs the second, fourth and sixth
switching command signals for respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level before the first line current
comparison signal changes from the first level to the
second level, to a further timing when the first line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the sixth switching command signal for turning off the
sixth main circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit

generates and outputs the first, second and third switching
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command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the first
level to the second level before the thirxrd line current
comparison signal changes from the first level to the
second level, to a further timing when the third line
current comparison signal changes from the first level to
the second level, said logic circuit generates aﬁd outputs
the fourth switching command signal for turning off the
fourth main circuit switching power device and further
genexrates and outputs the first switching command signal
for turning on the first main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the first lewvel to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth

switching command signals for respectively turning on the
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fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching power devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third,
fourth and fifth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the first
level to the second level before the second line current
comparison signal changes from the first level to the
second level, to a further timing when the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fourth switching command signal for turning off the
fourth main circuit switching power device and further
generates and outputs the first switching command signal
for turning on the first main circuit switching power
device, and further, for a further time interval from the

further timing when the second line current comparison
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signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power dévices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level before the first line
current comparison signal changes from the first level to
the second level, to a further timing when the first line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
'the fifth switching command signal for turning off the
fifth main circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching

command signals for respectively tufning off the first,
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second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, fifth and
sixth main circuit switching power devices, and further
generates and outputs the second, third and fourth
switching command signals for respectively turning on the
second, third and fourth main circuit switching power
devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level before the third line
current comparison signal changes from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the second switching command signal for turning off the

second main circuit switching powexr device and further
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generates and outputs the fifth switching command signal
for turning on the fifth main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level before the second line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to
the first level, 'said logic circuit generates and outputs
the third switching command signal for turning off the
third main circuit switching power device and furtherx
generates and outputs the sixth switching command signal
for turning on the sixth main circuit switching power
device, and further, for a further time interval from the

further timing when the second line current comparison
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rom tzs s2cond level to the first level, to

rh

signal changes

the next state updai:=c Iirst timing, said logic circuit

generates and outputsz iz fourth, fifth and sixth switching
command signals for rsszecttively turning off the fourth,
fifth and sixth main czirzuit switching power devices and
further generates and cuztputs the first, second and third

switching command sizzz’=z for respectively turning on the
first, second and thizZ zzin circuit switching power
devices,

wherein, wxzsx tZe first line current comparison
signal has the seconc¢ l=v=1, the second line current
comparison signal has tz= first level and the third line
current comparison sizmz” has the second level at the state

updating first timing, sz:d logic circuit generates and
outputs the second, fzurc> and sixth switching command
signals for respectivslyv zurning off the second, fourth and
sixth main circuit swizcXing power devices, and further
generates and outputs ziks Zirst, third and fifth switching
command signals for rsscsctively turning on the first,
third and fifth main cirz:it switching power devices,

for a time imtszval from a second timing when the

third line current compzrison signal changes from the

second level to the first level before the first line

current comparison sicna’ changes from the second level to
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the first level, said logic circuit generates and outputs
the third switching command signal for turning off the
third main circuit switching power device and further
generates and outputs the sixth switching command signal
for turning on the sixth main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes frém the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level before the third line
current comparison signal cﬁanges from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first lewvel, said logic circuit generates and ocutputs
the first switching command signal for turning off the
first main circuit switching power device and further

generates and outputs the fourth switching command signal
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for turning on the fourth main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the third, fourth and fifth switching command
signals for respectively turning off the third, fourth and
f£ifth main circui; switching power devices. and further
generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the

second level to the first level béfore the first line
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current comparison signal changes from the seccad level to
the first level, to a further timing when the first line
current comparison signal changes from the saczond level to
the first level, said logic circuit generates and outputs
the second switching command signal for turning off the
second main circuit switching power device and Zurther
generates and outputs the fifth switching command signal
for turning on the fifth main circuit switching power
device, and further, for a further time interwval from the
further timing when the first line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level before the second line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to

the first level, said logic circuit generates and outputs



- 35 -

the first switching command signal for turning off the
first main circuit switching power device and further
generates and outputs the fourth switching command signal
for turning on the fourth main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices.

In the above-mentioned current command type PWM
inverter apparatus, said first comparing means periodically
compares the first line current command signal with the
first detected line current, generates and outputs the
first line current comparison signal having the first level
when the first detected line current is equal to or greater
than the first line current command signal at least two
consecutive times, and generates and outputs the first line
current comparison signal having the second lewvel when the
first detected line current is smaller than the first line

current command signal at least two consecutive times,
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wherein said second comparing means periodically
compares the second line current command signal with the
second detected line current, generates and outputs the
second line current comparison signal having the first
level when the second detected line current is equal to or
greater than the second line current command signal at
least two consecutive times, and generates and outputs the
second line current comparison signal having the second
level when the second detected line current is smaller than
the second line current command signal at least two
consecutive times,

wherein said third comparing means periodically
compares the third line current command signal with the
third detected line current, generates and,outpﬁts the
third line current comparison signal having the first level
when the third detected line current is equal to or greater
than the third line current command signal at least two
consecutive times, and generates and outputs the third line
current comparison signal having the second level when the
third detected line current is smaller than the third line
current command signal at least two consecutive times.

The above-mentioned current command type PWM
inverter apparatus further comprises:

delaying means for, at a timing when any one of
the first, second and third line current comparison signals

changes, respectively delaying the first, second, third,
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fourth, fifth and sixth switching command signals cutputtad
from said logic circuit, by a predetermined delay time, and
outputting a delayed first, second, third, fourth, Fifth
and sixth switching command signals to said first, second,
third, fourth, fifth and sixth main circuit switching powexr
devices.

According to another aspect of the present
invention, there is provided a current command type PWM
inverter apparatus comprising:

motor current detecting means for detecting line
currents flowing from respective lines of said PWM inverter
apparatus into a three-phase motor and outputting a first
detected line current, a second detected line current and a
third detected line cuxrrent;

current command generating means for generating
and outputting a first line current command signal, a
second line current command signal and a third line current
command signal for commanding the line currents to be flown
from said respective lines into the three-phase. motor;

first comparing means for comparing the first
line current command signal with the first detected line
current, outputting a first line current comparison signal
having a first level when the first detected line current
is gréater than the first line current command signal, and
outputting the first line current comparison signal having

a second level when the first detected line current is
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signal;

second comparing means for comparing the second
line current command signal with the second Zszszted line
current, outputting a second line current ccmzarison signal
having a first level when the second detecteZ line current
is greater than the second line current commanzc¢ signal, and
outputting the second line current comparison signal having
a second level when the second detected line cuxrrent is
equal to or smaller than the second line current command
signal;

' third comparing means for comparing the third
line current command signal with the third detectéd line
current, outputting a third line current comparison signal
having a first level when the third detected line current
is greater than the third line current command signal, and
outputting the third line current comparison signal having
a second level when the third detected line current is
equal to or smaller than the third line curreant command
signal;

a méin circuit DC power source;

main circuit power device circuit having a three-
phase bridge connection and comprising first, second,
third, fourth, fifth and sixth main circuit switching power

devices, and six reflux diodes respectively connected in
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parallel with said first, second, third, fourth, fifth and
sixth main circuit switching power devices;

a logic circuit for receiving the first line
current comparison signal, the second line current
comparison signal and the third line current comparison
signal, and generating and outputting first, second, third,
fourth, f£ifth and sixth switching command signals for
turning on or off said first, second, third, fourth, f£ifth
and sixth main circuit switching power devices, to said
first, second, third, fourth, fifth and sixth main circuit
switching power devices, respectively; and

timing generating means for generating and
outputting a periodical state updating first timing to said
logic circuit,

wherein said first main circuit switching power
device is connected to a positive electrode of said main
circuit DC power source and supplies a first line current
to said three-phase motor from said main circuit DC powexr
source based on the first switching command signal,

wherein said second main circuit switching power
device is connected to the positive electrode of said main
circuit DC power source and supplies a second line current
to said three-phase moéor from said main circuit DC power
source bassd on the second switching command signal,

wherein said third main circuit switching power

device is connected to the positive electrode of said main
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circuit DC power source and supplies a third line current
to said three-phase motor from said main circuit DC power
source based on the third switching command signal,

wherein said fourth main circuit switching power
device is connected to a negative electrode of said main
circuit DC power source and supplies the first line current
to said three-phase motor from said main circuit DC power
source based on the fourth switching command signal,

wherein said fifth main circuit switching power
device is connected to the negative electrode of said main
circuit DC power source and supplies the second line
current to said three-phase motor from said main circuit DC
power source based on the fifth switching command signal,

wherein said sixth main circuit switching power
device is connected to the negative electrode of said main
circuit DC power source and supplies the third line curxrent
to said three-phase motor from said main circuit DC power
source based on the sixth switching command signal,

wherein, at the state updating first timing, and
at least one second timing when any one of the first,
second and third comparison signals change after the state
updating first timing, said logic circuit generates and
outputs the first, second, third, fourth, fifth and sixth
switching commend signals.

In the above-mentioned current command type PWM

inverter apparatus, said logic circuit generates and
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outputs the first, second, third, fourth, fifth and sixth
switching commend signals so as to minimize an error
between the first line current command signal and the first
detected line current, an error.between the second line
current command signal and the second detected line
current, and an error between the third line current
command signal and the third detected line current.

In the above-mentioned current command type PWM
inverter apparatus, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the second, third and fourth switching command
signals for respectively turning off the second, third and
fourth main circuit switching power devices, and further
generates and outputs the first, fifth and sixth switching
command signals for respectively turning on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic circuit generates and outputs the
fifth switching command signal for turning off the fifth

main circuit switching power device and further generates
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and outputs the second switching command signal for turning
on the second main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the sixth
switching command signal for turning off the sixth main
circuit switching power device and further generates and
outputs the third switching command signal for turning on
the third main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the first,ithird and fifth switching command
signals for respectively turning off the first, third and
fifth main circuit switching power devices, and further
generates and outputs the second, fourth and sixth
switching command signals for respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
first line current comparison signal changes from the first
level to the second level to the next state updating first

timing, said logic circuit generates and outputs the fourth
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switching command signal for turning off the fourth main
circuit switching power device and further generates and
outputs the first switching command signal for turning on
the first main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the sixth
switching command signal for turning off the sixth main
circuit switcbing power device and further generates and
outputs the third switching command signal for turning on
the third main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching power devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third,
fourth and fifth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the first

level to the second level to the next state updating first



timing, said logic circuit generates and outputs the fourth
switching command signal for turning off the fourth main
circuit switching power device and further generates and
outputs the first switching command signal for turning on
the first main circuit switching power device, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic cifcuit generates and outputs the
fifth switching command signal for turning off the fifth
main circuit switching power device and further generates
and outputs the second switching command signal for turning
on the second main circuit switching power devicé,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, fifth and
sixth main circuit switching power devices, and further
generates and outputs the second, third and fourtﬁ
switching command signals for respectively turning on the

second, third and fourth main circuit switching power

devices,
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for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
second switching command signal for turning off the second
main circuit switching power device and further generates
and outputs the fifth switching command signal for turning
on the fifth main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
third switching command signal for turning off the third
main circuit switching power device and further generates
and outputs the sixth switching command signal for turning
on the sixth main circuit switching power device,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the .state
updating first timing, said logic circuit generates and
outputs the second, fourth and sixth switching command
signals for respectively turning off the second, fourth and
sixth main cixrcuit switching power devices, and further

generates and outputs the first, third and fifth switching
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command signals for respectively turning on the first,
third and fifth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching command signal for turning
on the fourth main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
third switching command signal for turning off the third
main circuit switching power device and further generates
and outputs the sixth switching command signal for turning
on the sixth main circuit switching power device,

wherein, when the first line current comparison
signal has the second level, .the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the third, fourth and fifth switching command
signals for respectively turning off the third, fourth and

fifth main circuit switching power devices, and further
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generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching command signal for turning
on the fourth main circuit switching power device, and

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
second switching command signal for turning off the second
main circuit switching power device and further generates
énd outputs the fifth switching command signal for turning
on the fifth main circuit switching power device.

In the above-mentioned current command type PWM
inverter apparatus, wherein, when the first line current
comparison signal has the second level, the second line
current comparison signal has the first level and the third
line current comparison signal has the first level at the
state updating first timing, said logic circuit generates

and outputs the second, third and fourth switching command
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signals for respectively turning off the second, third and
fourth main circuit switching power devices, and further
generates and outputs the first, fifth and sixth switching
command signals for respectively turning on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level before the third line
current comparison signal changes from the first level to
the second level, to a further timing when the third line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fifth switching command signal for turning off the
fifth main circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power
device, and further, for a further time intexrval from the
further timing when the third line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth

switching command signals for respectively turning on the
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fourth, fifth and sixth main circuit switching power -
devices, and

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level before the second line current
comparison signal changes from the first level to the
second level, to a further timing when the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the sixth switching command signal for turning off the
sixth main circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparisop
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison

signal has the first level, the second line current
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comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the first, third and fifth switching command
signals for respectively turning off the first, third and
fifth main circuit switching power devices, and further
generates and outputs the second, fourth and sixth
switching command signals for respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level before the first line cﬁrrent
comparison signal changes from the first level to the
second level, to a further timing when the first line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the sixth switching command signal for turning off the
sixth wmain circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and fuxrther, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit

generates and outputs the first, second and third switching
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command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the first
level to the second level before the third line current
comparison signal changes from the first level to the
second level, to a further timing when the third line
current comparison signal changes from the first level to
the second level, said logic circuit generates aﬁd outputs
the fourth switching command signal for turning off the
fourth main circuit switching power device and further
generates and outputs the first switching command signal
for turning on the first main circuit switching power
device, and further, for a further time intexval from the
further timing when the third line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth

switching command signals for respectively turning on the
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fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching power devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third,
fourth and fifth main circuit switching power devices,

for a time interval from a second timing when the
first line current:comparison signal changes from the first
level to the second level before the second line current
comparison signal changes from the first level to the
second level, to a further timing when the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fourth switching command signal for turning off the
fourth main circuit switching power device and further
generates and outputs the first switching command signal
for tﬁrning on the first main circuit switching power
device, and further, for a further time interval from the

further timing when the second line current comparison
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signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
deﬁices, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level before the first line
current comparison signal changes from the first level to
the second level, to a further timing when the first line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fifth switching command signal for turning off the
fifth main circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power.
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching

command signals for respectively turning off the first,
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second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, £ifth and
sixth main circuit switching power devices, and further
generates and outputs the second, third and fourth
switching command signals for respectively turning on the
second, third and fourth main circuit switching power
devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level before the third line
current comparison signal changes from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the second switching command signal for turning off the

second main circuit switching power device and further
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generates and outputs the fifth switching command signal
for turning on the fifth main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interxrval from a second timing when the
third line current comparison signal changes from the
second level to the first level before the second line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the third switching command signal for turning off the
third main circuit switching power device and further
generates and outputs the sixth switching command signal
for turning on the sixth main circﬁit switching powexr
device, and further, for a further time interval from the

further timing when the second line current comparison
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signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching powexr
devices,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
‘outputs the second, fourth and sixth switching command
signals for respectively turning off the second, fourth and
sixth main circuit switching power devices, and further
generates and outputs the first, third and fifth switching
command signals for respectively turning on the first,
third and fifth main circuit switching power devices,

for a time interval from a second timing when the
third line current compafison signal changes fxrom the
second level to the first level before the first line
current comparison signal changes from the second level to
the first level, to a further timing when the first line

current comparison signal changes from the second level to
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the first level, said logic circuit generates and outputs
the third switching command signal for turning off the
third main circuit switching power device and further
generates and outputs the sixth switching command signal
for turning on the sixth main circuit switching power
device, and further, for a further time interval from the
further'timing when the first line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second énd thixrd
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level before the third line
current cémparison signal changes from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the first switching command signal for turning off the
first main circuit switching power device and further

generates and outputs the fourth switching command signal
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for turning on the fourth main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for réspectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
swit;hing commandisignals for respectively turning on the
first, second and third main circuit switching power
devices,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the thirxd, fourth and fifth switching command
signals for respectively turning off the third, fourth and
fifth main circuit switching power devices, and further
generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the

second level to the first level before the first line
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current comparison signal changes from the second level to
the first level, to a further timing when the first line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the second switching command signal for turning off the
second main circuit switching power device and further
generates and outputs the fifth switching command signal
for turning on the fifth main circuit switching powex
device, and further, for a further time interval f£rom the
further timing when the first line curxrent comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third wmain circuit switching powexr
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level before the second line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to

the first level, said logic circuit generates and outputs
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the first switching command signal for turning off the
first main circuit switching power device and further
generates and outputs the fourth switching command signal
for turning on the fourth main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third wmain circuit switching power
devices. .

In the above-mentioned current command type PWM
inverter apparatus, said first comparing means periodically
compares the first line current command signal with the
first detected line current, generates and outputs the
first line current comparison signal having the first level
when the first detected line current is greater than the
first line current command signal at least two consecutive
times, and generates and outputs the first line current
comparison signal having the second level when the first
detected line current is equal to or smaller than the first

line current command signal at least two consecutive times,
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wherein said second comparing means periodically
compares the second line current command signal with the
second detected line current, generates and outputs the
second line current comparison signal having the first
level when the second detected line current is greater than
the second line current command signal at least two
consecutive times, and generates and outputs the second
line current comparison signal having the second level when
the second detected line current is equal to or smaller
than the second line current command signal at least two
consecutive times,

wherein said third comparing means periodically
compares the third line current command signal with the
third detected line current, generates and outputs the
third line current comparison signal having the first level
when the third detected line current is greater than the
third line current command signal at least two consecutive
times, and generates and outputs the third line current
comparison signal having the second level when the third
detected line current is equal to or smaller than the third
line current command signal at least two consecutive times.

The above-mentioned current command type PWM
inverter apparatus preferably further comprises:

delaying means for, at a timing when any one of
the first, second and third line current comparison signals

changes, respectively delaying the first, second, third,
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fourth, fifth and sixth switching command signals outputted
from said logic circuit, by a predetermined delay time, and
outputting a delayed first, second, third, fourth, fifth
and sixth switching command signals to said first, second,
third, fourth, fifth and sixth main circuit switching power
devices.

With the above-mentioned arrangement, according
to the current command type PWM inverter apparatus of the
present invention, the simple operation of deciding whether
each of the first, second, third, fourth, fifth and sixth
main circuit switching power devices is turned on or off in
a direction in which the difference between the line
current command signal and the detected line current is
reduced in accordance with a state updating timing and a
timing at which the first, second and third line current
comparison signals or comparison result signals change is
repeated, so that the line currents of the three-phase
motor approach the respective line current command signals,
proving the fact that each line current error can be
reduced.

The current command type PWM inverter apparatus
of the present invention has no current error amplifier,
and therefore, the problems concerning the gain adjustment
of the current error amplifier can be substantially solved,

consequently requiring no gain adjustment.
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Furthermore, even when the characteristics and
the specifications of the three-phase motor, the motor
current detector circuit, the current controller, and the
main circuit power controllexr change, the inverter
apparatus operates so as to consistently minimize each line
current error.

Furthermore, the inverter apparatus operates to
consistently minimize each line current error even when a
manufacturing-dependent variation of characteristics,
temperature characteristics and the like exist, and
therefore, it has a more excellent current control
responsibility as compared with the prior art apparatus,
and causes no oscillation phenomenon. |

Furthermore, the current controller of the
current command type PWM inverter apparatus of the present
invention can be implemented by a simple digital circuit
except for the first, second and third comparing means.
Therefore, the part implemented by the digital circuit
causes neither offset nor drift and costs less.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the
present invention will become clear from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings throughout which like parts are designated by like

reference numerals, and in which:
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Fig. 1 is a block diagram of a current controller
of a first preferred embodiment according to the present
invention;

Fig. 2 1is a block diagram of a logic circuit
shown in Fig. 1;

Figs. 3A, 3B and 3C are timing charts showing an
operation of the first preferred embodiment, wherein Fig.
3A shows first, second and third line current command
signals iTU, iTV énd iTW and first, second and third
detected iFU, iFV and iFW, Fig. 3B shows respective signals
in an operation of the logic circuit 10 when enlarging a
dotted line portion of Fig. 3A, and Fig. 3C shows ON/OFF of
main circuit switching power devices based on switching
command signals PU, PV and PW;

Fig. 4 is a timing chart of respective clocks
generated by a timing signal generator of the logic circuit
shown in Fig. 1;

Fig. 5 is a block diagram of a logic circuit of a
second preferred embodiment according to the present
invention; |

Fig. 6 is a block diagram of a current controller
of a third preferred embodimént according to the present
invention;

Fig. 7 is a block diagram of a current command
type PWM inverter system of the preferred embodiments

according to the present invention;
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Fig. 8 is a block diagram of a twice-read logic
circuit shown in Fig. 6;

Fig. 9 is a block diagram of a logic circuit of a
fourth preferred embodiment according to the present
invention;

Figs. 10A, 10B and 10C are timing charts showing
operations of a current controller and a switching command
signal delay circuit of the fourth preferred embodiment
according to the present invention, wherein Fig. 10A shows
first, second and third line current command signals iTU,
iTV and iT™W and first, second and third detected iFU, iFV
and iFW, Fig. 10B shows respective signals in an operation
of the logic circuit 10 when enlarging a dotted line
portion of Fig. 10A, and Fig. 10C shows ON/OFF of main
circuit switching power devices based on switching command
signals PU, PV and PW;

Fig. 11 is a block diagram of a generic prior art
current command type PWM inverter system;

Fig. 12 is a block diagram of a prior art current
controller shown in Fig. 11;

Figs. 13A, 13B, 13C, 13D and 13E are timing
charts showing an operation of the prior art current
controller shown in Fig. 12, wherein Fig. 13A shows first,
second and third line current command signals iTU, iTV and
iTW, and first, second and third detected line currents

iFU, iFV and iFW, Fig. 13B shows voltage command signals
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VU, VV and VW, and a triangular wave signal S, Fig. 13C
shows a first switching command signal PU, Fig. 13D shows a
second switching command signal PV, and Fig. 13E shows a
third switching command signal PW; and

Fig. 14 is a circuit diagram of a prior art
current error amplifier shown in Fig. 12.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present
invention will be described below with reference to the
attached drawings.

First preferred embodiment

A first preferred embodiment according to the
present invention will be described below with reference to
the accompanying drawings.

Fig. 7 shows a structure of a current command
type PWM invertexr system of the first preferred embodiment
according to the present invention.

Referring to Fig. 7, first of all, a fundamental
frequency f and an effective current value ip of a three-
phase AC current waveform to be supplied to a three-phase
motor 1 are set in a current command generator 7, and based
on the information, the current command generator 7
internally generates current command signals to be flown
into the three-phase motor 1, and then outputs a first line
current command signal iTU, a second line current command

signal iTV and a third line current command signal iTW.
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Then, a motor current detector circuit 9 detects
two line currents of the three-phase motor 1, obtains the
remaining one line current by obtaining the sum of the
detected two line currents and inverting the sign of the
sum value, and outputs the resulting three line currents as
a first detected line current iFU, a second detected line
current iFV and a third detected line current iFW. It is
to be noted that the motor current detector circuit 9 may
detect the three line currents of the three-phase motor 1
and then output the first detected line current iFU, the
second detected line current iFV and the third detected
line current iFW.

Then, a current controller 6 receives the first
line current command signal iTU, the second line current
command signal iTV, the third line current command signal
iTW, the first detected line current iFU, the second
detected line current iFV and the third detected line.
current iFW, and then, generates a first switching command
signal PU, a second switching command signal PV and a third
switching command signal PW.

An operation of the current controller 6 will be
described in detail later.

Further, a main circuit power controller 8
comprises a logic inverter circuit S comprising threg
inverters, a base driving circuit 4 comprising six base

drivers, a main circuit DC power source 3, and a main
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circuit power device circuit 2 having a three-phase bridge
connection. The main circuit power device circuit 2
comprises:

(a) a first main circuit switching power device
Q1 which is connected to a positive electrode of the main
circuit DC power source 3 and supplies a first line current
IU to the three-phase motor 1i;

(b) a second main circuit switching power device
Q2 which is connected to the positive electrode of the main
circuit DC power source 3 and supplies a second line
current IV to ﬁhe three-phase motor-l;

(¢) a third main circuit switching power device
Q3 which is connected to the positive electrode of the main
circuit DC power source 3 and supplies a third line current
IW to the three-phase motor 1;

(d) a fourth main circuit switching power device
Q4 which is connected to a negative electrode of the main
circuit DC power source 3 and supplies the first line

curxent IU to the three-phase motor 1;

(e) a fifth main circuit switching power device
Q5 which is connected to the negative electrode of the main
circuit DC power source 3 and supplies the second line
current IV to the three-phase motor 1;

(f) a sixth main circuit switching power device

Q6 which is connected to the negative electrode of the main
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circuit DC power source 3 and supplies the third line
current IW to the three-phase motor 1; and

(g} six reflux diodes each connected in parallel
between the collector and the emitter of each of the main
circuit switching power devices Q1, Q2, 03, Q4, Q5 and Q5.

The circuit comprised of the logic inverter
circuit S5 and the base driving circuit 4 opexrates to turn
on either the first main circuit switching power device Q1
or the fourth main circuit switching power device Q4 in
accordance with the first switching command signal PU, to
turn on either the second main circuit switching power
device Q2 or the fifth main circuit switching power device
QS.in accordance with the second switching commaﬁd signal
PV, and to turn on either the third main circuit switching
power device Q3 or the sixth main circuit switching power
device Q6 in accordance with the third switching command
signal PW.

In the preferred embodiment, when the first
switching command signal PU becomes the H-level, the first
main circuit switching power device Q1 is turned on. On
the other hand, when the first switching command signal PU
becomes the L-level, the fourth main circuit switching
power device Q4 is turned on. When the second switching
command signal PV becomes the H-level, the second main
circuit switching power device Q2 is turned on. On the

other hand, when the second switching command signal PV
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becomes the L-level, the fifth main circuit switching power
devige QS is turned on. When the third switching command
signal PW becomes the H-level, the third main circuit
switching power device Q3 is turned on. On the other hand,
when the third switching command signal PW becomes the L-
level, the sixth main circuit switching power device Q6 is
turned on.

As above is described the structure of the
current éommand type PWM inverter system of the first
preferred embodiment according to the present invention.

| The current controller 6 of the current command
type PWM inverter system of the first preferred embodiment
according to the present invention shown in Fig. 7 has a
construction as shown in Fig. 1.

Referring to Fig. 1, first, second and third
comparators 17, 18 and 19 receive the command signals iTU,
iTV and iTW at their respective inverted input terminals,
respectively, and receive the first, second and thixd
detected line currents iFU, iFV and iFW at their respective
non-invertedlinput terminals, respectively. Then, the
comparators 17, 18 and 19 output first, second and third
line current comparison signals or comparison result
signals HU, HV and HW, respectively.

For the sake of convenience of the following
explanation, in the preferred embodiments, each of the

comparison signals HU, HV and HW becomes the H-level when
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the detected line current 1is equal to or greater than the
value of the line current command signal, while each of the
comparison signals HU, HV and HW becomes the L-level when
the detected line current is smaller than the value of the
line current command signal. However, the present
invention is not limited to this. In an alternate example,
each of the comparison signals HU, HV and HW may become the
H-level when the detected line current is greater than the
value of the line current command signal, while each of the
comparison signals HU, HV and HW may become the L-level
when the detected line current is equal to or smaller than
the value of the line current command signal.

Then, a logic circuit 10 receives the first,
second and third line current comparison signals HU, HV and
HW as well as a periodical state updating timing signal
CLK10 periodically generated by a timing generator 11, and
then, outputs first, second and third switching command
signals PU, PV and PW for commanding the turning-on and
turning-off of the main circuit switching power devices Qi,
Q2, Q3, Q4, Q5 and Q6.

First of all, the logic circuit 10 effects state
switching based on the signal levels of the first, second
and third line current comparison signals HU, HV and HW in
accordance with the timing of the leading edge of the state
updating timing signal CLK10, outputs the first, second and

third switching command signals PU, PV and PW, and then
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updates the first, second and third switching command
signals PU, PV and PW based on the switching of the signal
levels of the first, second and third line current
comparison signals HU, HV and HW.

The truth table of the logic circuit 10 is shown

here in Table 1.
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How to read Table 1 is as follows.

In Table 1, the state No. (A00, AX1l, AX2, A00,
AYl, AY2, BOO, BX1l, etc.) represents the input and output
state of the logic circuit 10, the symbol * of the state
updating timing signal represents the leading edge of the
state updating timing signal CLK10, and the symbol +
represents the stable state of the H-level or the L-level.

Furthermore, the symbol * of the line current
comparison signal represents "DON‘T CARE", i.e., the
operation does not depend on whether the state is at the H-
level or the L-level. Regarding the others, H represents
the H-level, and L represents the L-level.

A reset signal RESET is an input signal for
initializing the logic circuit 10, and the reset signal
RESET normally has the L-level. The logic circuit 10 is
immediately initialized when the reset signal becomes the
H-lewvel.

An operation of the logic circuit 10 will be
descfibed below according to Table 1. First of all, when
the state updating timing signal CLK10 rises {(when its
leading edge is inputted), the system state shifts to any
one of eight state Nos. A00, B0O, C00, D00, E00, F0O, GOO
and HOO in accordance with the levels of the first, second
and third line current comparison signals HU, HV and HW at
the timing. In this case, paying attention to the first

character of the state numbers, a state is branched into
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eight states of A through H. For the sake of convenience
of explanation, it is assumed that the three-figure
alphabetical and numerical symbols of each state No. are
referred to as the first figure, the second figure and the
third figure, sequentially from the left hand end figure
thereof.

First of all, exﬁlanation will be made to a case
whexre the system state shifts to any one of the state Nos.
AQO, BOO, C0O0, B0O, EOb and F0O.

When the system state shifts to any one of these
states, attention is paid to two signals having an
identical signal level among the first, second and third
line current comparison signals HU, HV and HW at the timing
of the leading edge of the state updating timing signal
CLK10. Depending on which of the two signals switches
first, the subsequent operation will be different. Paying
attention to the second figure of each state No., a state
is branched into two of X and Y.

For example, in the case of the state No. A0C0,
the system state shifts to the state No. AX1l when the
second line current comparison signal HV changes first ox
shifts to the state No. AYl1 when the third line current
comparison signal HW changes first.

Subsequently, between the two signals having an
identical signal level out of the first, second and third

line current comparison signals HU, HV and HW at the'timing
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of the leading edge of the state updating timing signal
CLK10, when the signal other than the signal that has
changed first switches, the state shifts so that the third
figure of each state No. having the same first and second
figures becomes two.

For example, in the case of No. AX1l, the state
shifts from No. AX1 to No. AX2. In the case of No. AY1,
the state shifts from No. AY1l to No. AY2.

Subsequently, the state is maintained until the
timing of the next leading edge of the state updating
timing signal CLK10.

Finally, explanation will be made to a case where
the system state shifts to the state No. G00 or HQO at the
timing of the leading edge of the state updating timing
signal CLK10. In any one of these cases, the state is
maintained until the next leading edge of the state
updating timing signal CLK10 is inputted. Therefore, the
first, second and third switching command signals PU, PV
and PW are maintained so as to output the levels thereof.

The above-mentioned explanation is how to read
Table 1. An operation of the logic circuit 10 will be
described below based on the truth table of Table 1.

First of all, explanation will be made to the
operation at the timing of the leading edge of the state

updating timing signal CLK10.
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The logic circuit 10 reads the signal levels of

- the first, second and third line current comparison signals
HU, HV and HW at the timing of the leading edge of the
state updating timing signal CLK10, and the signal levels
of the output signals PU, PV and PW of the logic circuit 10
are determined so that changes are made in a direction in
which the first, second and third detected line currents
iFU, iFV and iFW at the timing are made to approach the
first, second and third line current command signals iTU,
iTV and iTW, i.e., the detected line currents iFU, iFV and
iFW are made to correspond to the respective line current
command signals. Consequently, the output signals PU, PV
and PW become signal levels obtained by inverting those of
the comparison signals HU, HV and HW, respectively. For
example, when the comparison signal HU is the H-level, the
output signal PU is determined to have the L-level. When
the comparison signal HU has the L-level, the output signal
PU is determined to have the H-level. The output signals
PV and PW are determined in a manner similar to the above-

mentioned manner.

Next, explanation will be made to the operation
of the logic circuit 10 for a time interval from the timing
of a leading edge of the state updating timing signal CLK10
to the timing of the next leading edge of the state

updating timing signal CLK10.
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The operation for the time interval depends on
the levels of the three comparison signals HU, HV and HW at
the timing of each leading edge of the state updating
timing signal CLK10.

In the present case, paying attention to the
signal levels of the three comparison signals HU, HV and
HW, references will be made below to the operation
separately in a case where one signal level out of the
three signal levels is different, i.e., when

(HU, HV, HW) = (L, H, H}

or = (H, L, H)

or = {H, H, L)
or = {H, L, L)
or = (L, H, L)
or = (L, L, H)
and in another case where all the three signal levels are
an identical level, i.e., when '

(HU, HV, HW) = (H, H, H)

or = (L; L, L).

First of all, explanation will be made to the
operation in the case where one signal level out of the
three signal levels of the comparison signals HU, HV and HW
is different from the others at the timing of the leading
edge of the state updating timing signal CLK10.

In regard to the line currents of the three-phase

motor 1, it is axiomatic that a value obtained by inverting
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the polarity of the sum of two line currents out of three
line currents is the remaining line current. Therefore, in
the logic circuit 10 of the first preferred embodiment
according to the present invention, paying attention to two
. signals having an identical level out of the three
comparison signals HU, HV and HW at the timing of the
leading edge of the state updating timing signal CLK10, the
levels of the switching command signals PU, PV and PW are
determined so as to control the turning-on and turning-off
of the main circuit switching power devices which supply
the line currents relevant to the two signals.

That is, first of all, with regaxrd to the
turning-on and turning-off of the main circuit switching
power device which supélies the line current relevant to
the signal whose level is inverted first of all out of the
two signals having the identical level, the level of the
corresponding switching command signal is inverted in such
a manner that, in the case of the on-state it is switched
from the on-state to off-state, while in the case of off-
state it is switched from off-state to the on-state.
Subsequently, when the level of the remaining one signal
out of the two signals having the identical level is
inverted, the level of the corresponding switching command
signal is inverted so that the main circuit switching power

device which supplies the line current relevant to the
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signal whose level is inverxted is switched between the on-
state and off-state in a similar manner.

In this timing, the three signals of the first,
second and third switching command signals PU, PV and PW
outputted from the logic circuit 10 have an identical
level, so that the signal levels coincide with the level of
the signal having the level different from the others of
the three comparison signals HU, HV and HW at the timing of
the leadihg edge of the state updating timing signal CLK10.
Until the timing of the next leading edge of the state
updating timing signal CLK10, the output signals PU, PV and
PW are maintained to have their levels, respectively.

After the timing of the next leading edge of the state
updating timing signal CLK10, a similar operation will be
repetitively executed.

Next, explanation will be made to the operation
in the case where all the three signals HU, HV and HW have
an identical level at the timing of the leading edge of the
state updating timing signal CLX10.

When all the three comparison signals HU, HV and
HW have an identical level, the signal levels of the output
signals PU, PV and PW determined at the timing of the
leading edge of the state updating timing signal CLK10 are
maintained until the timing of the next leading edge of the

state updating timing signal CLK10.
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As above is described the explanation of the
structure of the current controller 6 of the current
command type PWM inverter system of the first preferred
embodiment according to the present invention. The
structure of the logic circuit 10 of the current controller
6 of the current command type PWM inverter in the first
preferred embodiment according to the present inwvention
will be described below in more detail.

The inner structure of the logic circuit 10 will
be described with referxence to Fig. 2.

Referring to Fig. 2, first of all, an operation
of the constituent components thereof will be described.

First of all, each of first, second, Ehird,
fourth, fifth and sixth data selectors 36, 37, 38, 39, 40
and 41 operates to output the level of an input terminal B
at an output terminal Y whern an input terminal SEL is at
the H-level, and output the level of an input terminal A at
the output terminal Y when the input terminal SEL is at the
L-level.

The reference numerals 26, 27 and 28 respectively
denote first, second and third reset-preferential RS £flip-
flops, each of which is reset when an input terminal R is
at the H-level and an input terminal S is at the L-level so
that the level at an output terminal Q is changed to the L-
level, each of which is set when the input terminal R is at

the L-level and the input terminal S is at the H-level so
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that the level at the output terminal Q is changed to the
H-level, and each of which is reset when the input terminal
R is at the H-level and the input terminal S is at the H-
level with the priority given to the reset so that the
level at the output terminal Q is switched to the L-level.

The reference numerals 29, 30, 31, 12, 13 and 14
respectively denote first, second, third, fourth, f£ifth and
sixth delay type latches (referred to as D-latches
hereinafter), each of which latches the level of an input
terminal D at the timing of the leading edge of the signal
inputted to an input terminal CK, and then outputs the
latched level to an output terminal Q. It is to be noted
that an input terminal PR is a terminal for receiving a
preset signal, and each of the D-latches is preset with the
most priority when the H-level is inputted thereto, and
then outputs the H-level at the output terminal Q.

The reference numerals 23, 24, 25, 127, 128, 129,
130, 131 and 132 respectively denote first, second, third,
fourth, fifth, sixth, seventh, eighth and ninth invertor
gates, each of which operates to output the L-level at its
output terminal when the H-level is inputted to its input
terminal, and operates to output the H-le#el at its output
terminal when the L-level is inputted to the input
terminal.

‘The reference numeral 22 denotes a data decoder

having input terminals A, B and C and an ocutput terminal Y,



and the truth table thereof is shown in Table 2. It is to
be noted that the truth table of Table 2 can be easily

implemented by AND gates, OR gates and inverter gates.

Table 2
INPUT OUTPUT
AlBlc|Y = ABC+ABC+ABCG+ABC
LlL (L L
L L |H H
L {H L H
L |H [H L
E|L L H
H|L (8 L
H ¥ |L L
H B |H H

A timing signal generator 35 receives a
periocdical system clock CLK1l, which is periodically
generated in synchronization with the system clock CLK10
with a frequency being a plurality of times the frequency
of the state updating timing signal CLK10, and the state
updating timing signal CLK10, and then, outputs a state
updating timing delay signal CLK1l.

The explanation of relationships among the clock
signals CLK1l, CLK10 and CLK1l is provided hexe with

reference to Fig. 4.

First of all, it is assumed that the cycle of the

state updating timing signal CLK10 is sufficiently greater
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than the cycle of the system clock CLK1l, and the state
updating timing signal CLK10 changes in synchronization
with a trailing edge of the system clock CLKl. It is
further assumed that the state updating timing delay signal
CLK1l is a signal obtained by delaying the state updating
timing signal CLK10 by about half the time interval between
the leading edge and the trailing edge of the system clock
CLKL.

As above is described the explanation of the
operations of the constituent components. Explanation will
be then made to the operation of the logic circuit 10
according to the flow of signals.

In the present case, for the sake of simplicity
of explanation, the first, second and third data selectors
36, 37 and 38 are collectively referred to as a first data
selector circuit 20, while the fourth, fifth and sixth data
selectors 39, 40 and 41 are collectively referred to as a
second data selector 21. Further, the fourth, fifth and
sixth D-latches 12, 13 and 14 are collectively referred to
as a first data latch circuit 34, while the first, second
and third D-latches 29, 30 and 31 are collectively referred
to as a second data latch circuit 15.

The input terminals A of the first, second and
third data selectors 36, 37 and 38 are made to serve
respectively as input terminals 1A, 2A and 3A of the first

data selector circuit 20, and their input terminals B are
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made to serve respectively as input terminals 1B, 2B and 3B
of the first data selector circuit 20. Their input
terminals SEL are commonly connected with each other to
serve as an input terminal SEL of the first data selector
circuit 20. The input terminals A of the fourth, fifth and
sixth data selectors 39, 40 and 41 are made to serve
respectively as input terminals 1A, 2A and 3A of the second
data selector circuit 21, and their input terminals B are
made to serve respectively as input terminals 1B, 2B and 3B
of the second data selector circuit 21. Their input
terminals SEL are commonly connected with each other teo
serve as an input terminal SEL of the second data selector
circuit 21. The input'terminals D of the fourth, fifth and
sixth D-latches 12, 13 and 14 are made to serve as input
terminals 1D, 2D and 3D of the first data latch circuit 34,
and their input terminals CK are commonly connected with
each other to serve as an input terminal CK of the first
data latch circuit 34. Their input terminals PR are
commonly connected with each other to serve as an input
terminal PR of the first data latch circuit 34, and their
output terminals Q are made to sexrve respectively as output
terminals 1Q, 2Q and 3Q of the first data latch circuit 34.
The input terminals D of the first, sécond and third D-
latches 29, 30 and 31 are made to serve as input terminals
1D, 2D and 3D of the second data latch circuit 15, and

their input terminals CK are commonly connected with each
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other to serve as an input terminal CK of the second data
latch circuit 15. Their input terminals PR are commonly
connected with each other to serve as an input terminal PR
of the second data latch circuit 15, and their output
terminals Q are made to serve respectively as output
terminals 1Q, 2Q and 3Q of the second data latch circuit
15.

Furthermore, the output signals of the first data
selector ciréuit 20 are referred to as first selection
output signals Y1U, Y1V and Y1W, while the output signals
of the second data selector circuit 21 are referred to as
second selection output signals Y2U, Y2V and Y2W.

First of all, the first, second and third line
current comparison signals HU, HV and HW are inputted to
the input terminals 1D, 2D and 3D of the first data latch
circuit 34, are inputted to the input terminals 1B, 2B and
3B of the first data selector circuit 20, and are further
inputted to the input terminals 1A, 2A and 3A via the
first, second and third invertor gates 23, 24 and 25.

Reference is made here to a state in which the
state updating timing signal CLK10 changes from the L-level
to the H-level, i.e., just after its leading edge is
inputted, namely, a timing T1 shown in Fig. 4. First of
all, the input levels at the input terminals 1D, 2D énd 3D
of the first data latch circuit 34 are latched to be held

by the first data latch circuit 34, and then, are outputted
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to the output terminals 1Q, 2Q and 3Q. This state of the
first data latch circuit 34 does not change until the next
leading edge of the state updating timing signal CLK10 is
inputted. Then, the output signals outputted from the
output terminals 1Q, 2Q and 3Q of the first data latch
circuit 34 are inputted to the data decoder 22, so that the
output terminél Y is made to have the H-level or the L-
level according to the truth table shown in Table 2. The
signal outputted from the output terminal Y is referred to
as a mode signal ¥YM.

In the present case, the mode signal YM is
inputted to the input terminals SEL of the first data
selector circuit 20, and the first data selector-circuit 20
outputs the first selection output signals YiU, Y1V and Y1W
in accordance with the mode signal ¥YM.

Then, the state updating timing delay signal
CLX11 changes from the L-level to the H-level, i.e., its
leading edge is inputted. A state just after the above-
mentioned timing T2 shown in Fig. 4 will be described.

First of all, the state updating timing delav
signal CLK1l is inputted to the input terminals S of the
first, second and third RS flip-flops 26, 27 and 28, and
the flip-flops are set when the signal CLK11 is at the H-
level. However, as described hereinbefore, each of the
first, second and third RS flip-flops 26, 27 and 28 is a

reset-preferential RS flip-flop, énd therefore, the
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priority is given to the reset when the input terminal R is
at the H-level. Therefore, among the first, second and
third RS flip-flops 26, 27 and 28, any RS flip-flop having
the L-level at the input texrminal R is only set
consequently when the state updating timing delay signal
CLK11 is at the H-level.

The output signals of the first, second and third
RS flip-flops 26, 27 and 28 are inputted to the input
terminals 1A, 2A and 3A of the second data selector circuit
21, and are inputted to their inpu; terminals 1B, 2B and 3B
via the fouxth, fifth and sixth inverter gates 127, 128 and
129. To the input terminals SEL of the second data
selector circuit 21 is inputted the mode signal YM.
Therefore, in accordance with the mode signal YM, the
second data selector circuit 21 outputs the second
selection output signals Y2U, Y2V and Y2W.

Then, the system clock CLK1 changes from the L-
level to the H-level, i.e., its leading edge is inputted.

A state just after the above-mentioned timing T3 as shown
in Fig. 4 will be described.

First of all, when the leading edge of the system
clock CLK1l is inputted to the input terminals CK of the
second data latch circuit 15, the second data latch circuit
15 receives the second selection output signals Y2U, Y2V
and Y2W from its input terminals 1D, 2D and 3D and latches

the same. The second data latch circuit 15 outputs at its
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output terminals 1Q, 2Q and 3Q the latched input signals
obtained from the input terminals 1D, 2D and 3D. Each of
the output signals is maintained until the timing of the
next leading edge of the state updating timing signal
CLK10. The output signals outputted from the output
terminals 1Q, 2Q and 3Q of the second data latch circuit 15
are made to serve as the first, second and third switching
command signals PU, PV and PW via the seventh, eighth ang
ninth inverter gates 130, 131 and 132.

In the present case, the first, Second.and third
switching command signals PU, PV and PW are updated in
accordance with the timing at which the leading edge of the
system clock CLK1l is inputted to the input terminals CK of
the second data latch circuit 15. Therefore, the first,
second and third switching command signals PU, PV and PW do
not change at the timing T1 and the timing T2.

As above is described the explanation of the
cperations {a) at the timing Ti at which the state updating
timing signal CLK10 changes from the L-level to the H-
level, (b) at the timing T2 at which the state updating
timing delay signal CLK1l switches from the L-level to the
H-level, and {c) at the timing T3 at which the system clock
CLK1l switches from the L-level to the H-level.

As above is described the explanation of the
operations at which the state updating timing signal CLK10

rises (its leading edge is inputted), describing'the state
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shift to the eight state Nos. A0Q0, B0O, C00, D00, E00, F00,
GO0 and HOO in Table 1.

Next, explanation will be made to the subsequent
operation, i.e., the operation for a time interval until
the timing at which the next leading edge of the state
updating timing signal CLK10 is inputted.

Here, first of all, explanation will be made to a
case where the system state shifts to any one of the state
Nos. A00, BOO, C00, D00, EO00 and F00 in Table 1, i.e.,
there are two signals having an identical signal level
among the first, second and third line current comparison
signals HU, HV and HW at the timing of the leading edge of
the state updating timing signal CLK10. The explanation
will be provided here taking the state No. A00 in Table 1
as an examplé.

In the state of the state No. A00, the line
current comparison signal HU is at the L-level, the line
current signal HV is at the H-level, the line current
signal HW is at the H-level, the mode signal YM is at the
L-level, the output signals Y1U, Y1V and Y1W from the first
data selector circuit 20 are respectively at the H-level,
the L-level and the L-level, the first RS flip-flop 26 is
in reset state, the second RS flip-flop 27 is in set state,

and the third RS flip-flop 28 is in set state.



- 91 -

Further, the output signals Y2U, Y2V and Y2W from
the second data selector circuit 21 are respectively at the
L-level, the H-level and the H-level.

Here, we first of all consider an operation in
the case where the second line current comparison signal HV
changes from the H-level to the L-level, i.e., an operation
of the state shift from the state No. A00 to the state No.
A¥X1 in Table 1.

When the second line current comparison signal HV
changes from the H-level to the L-level, the level of the
first selection output signal Y1V changes from the L-level
to the H-lewvel, thereby resetting the second RS flip-flop
-27. Therefore, the second selection output signal Y2V is
changed from the H-level to the L-level.

Therefore, the switching command signals PU; PV
and PW become

{PU, PV, PW) = (H, H, L)
at the timing of the next leading edge of the system clock
CLK1. In accordance with the first; second and third
switching command signals PU, PV and PW, the main circuit
power controller 8 at the next stage operates.

Next, we consider an operation when the third
line current comparison signal HW subsequently changes from
the H-level to the L-level, i.e., an operation of the state
shift from the state No. AX1l to the state No. AX2 in Table

1.
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When the third line current comparison signal HW
changes from the H-level to the L-level, the level of the
first selection output signal Y1W changes from the L-level
to the H-level, thereby resetting the third RS flip-flop
28. Therefore, the second selection output signal Y2W is
changed from the H-level to the L-level.

Therefore, the switching command signals PU, PV
and PW become

{PU, PV, PW) = (H, H, H)
at the timing of the next leading edge of the system clock
CLK1. In accordance with the first, second and third
switching command signals PU, PV and PW, the main circuit
power controller 8 at the next stage operates.

This state, i.e.,

({PU, PV, PW) = {H, H, H)
is maintained until the timing of the leading edge of the
system clock CLK1l subsequent to the timing of the next
leading edge of the state updating timing signal CLKiO.

As above is described the explanation of the
operations in the case where the system state shifts to any
one of the state Nos. A00, B0O, C00, DOQ, E00 and F0O0 at
the timing of the leading edge of the state updating timing
signal CLK10, i.e., there are two signals having an
identical signal level out of the first, second and third
line current comparison signals HU, HV and HW at the timing

of the leading edge of the state updating timing signal
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CLK10. Next, explanation will be made to a case where the
system state shifts to either one of the state Nos. GO0 and
HOO in Table 1, i.e., all the first, second and third line
current comparison signals HU, HV and HW are at an
identical signal level at the timing of the leading edge of
the state updating timing signal CLK10.

The explanation will be provided here taking the
state No. GO0 in Table 1 as an example.

In the state of the state No. G00, the line
current comparison signal HU is at the H-level, the line
current comparison signal HV is at the H-level, the line
current comparison signal HW is at the H-level, the mode
signal ¥YM is at the H-level, the output signals flU, Yiv
and Y1iW from the first data selector circuit 20 are
respectively at the H-level, the H-level and the H-level,
and all the first, second and third RS flip-flops 26, 27
and 28 are in the reset state.

Consequently, the output signals Y2U, Y2V and Y2W
from the second data selector circuit 21 are respecﬁively
at the H-level, the H-level and the H-level. Therefore,
the switching command signals PU, PV and PW become the L-
level, the L-level and the L-level, respectively, at the
timing of the next leading edge of the system clock CLK1.
In accordance with these switching command signals PU, PV

and PW, the main circuit power controller 8 at the next

stage operates.
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This state, i.e.,

(PU, PV, PW) = (L, L, L}
is maintained until the timing of the leading edge of the
system clock CLK1 subsequent to the timing Of'the next
leading edge of the state updating timing signal CLK10.

As above is described the explanation of the
operations in the case where the system state shifts from
the state No. A00 to the state No. AX1 and then further
from the state No. AX1 to the state No. AX2 in Table 1 and
the operations in the case where the system state shifts to
the state No. GO0 at the timing of the leading edge of the
state updating timing signal CLK10. From the explanation
provided above, the other state shift cases in Table 1 can
be considered similarly, and therefore, no explanation is

provided therefor.

As above is described the concrete explanation of
the operation of the logic circuit 10 in the current
controller 6 of the current command type PWM inverter
system of the first preferred embodiment according to the
present invention. Explanation will be then made to line
current control of the three-phase motor 1 by means of the
current command type PWM inverter system of the first
preferred embodiment according to the present invention
with reference to Figs. 3A through 3C.

Referring to Figs. 3A through 3C, Fig. 3A is a

timing chart of the first, second and third line current
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command signals iTU, iTV and iTW and the first, second and
third detected line currents iFU, iFV and iFW. Fig. 3B is
an enlarged timing chart showing the operation of the logic
circuit 10 in the region enclosed by dotted lines of Fig.
3A. Fig. 3C is a timing chart showing the turning-on and
turning-off operations of the first, second, third, fourth,
fifth and sixth main circuit switching power devices Q1,
Q2, Q3, Q4, Q5 and Q6 based on the ocutput levels of the
first, second and third switching command signals PU, PV
and PW outputted from the logic circuit 10.

First of all, explanation will be made to a
timing at which a timing t = tl1, i.e., the timing of the
leading edge of the state updating timing signal CLK1O0.

At the timing t = t1 when the signals iTU, iTV
and iTW and iFU, iFV and iFW at the timing of the leading
edge of the state updating timing signal CLX10 have the
following magnitude relationships:

iTU > iFU,

iTV < iFV, and

1TW < iFW,

then the first, second and third line current
comparison signals HU, HV and HW become the following
states: |

(HU, HV, HW)} = (L, H, H).

The above-mentioned states correspond to the

state No. AO0O in the truth table of Table 1, and the
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switching command signals PU, PV and PW outputted from the
logic circuit 10 become the following states:

(PU, PV, PW) = (H, L, L)
and then, the switching command signals PU, PV and PW are
transmitted to the main circuit power controller 8.

Then, the main circuit switching power devices
Q1, Q2, Q3, Q4, Q5 and Q6 are respectively turned on, off,
off, off, on and on, so that the detected line currents
iFU, iFV and 1FW approach the line current command signals
iTU, iTV and iTW according to the electric time constant of
the three-phase motor 1.

As above is described the exélanation of the
operations of the current command type PWM inverter at the
timing of the leading edge of the state updating timing
signal CLK10 at the timing t = tl.

Next, explanation will be made to the operation
in the case where iTV > 1FV and a state shift takes place
at the timing (timing t = t11) from

(HU, HV, HW) (L, H, H} to

]

(HU, HV, HW) (*, L, H),

1]

Since the level of the comparison signal HU is
ignored, it is assumed that the comparison signal HU = *
means DON’T CARE for the convenience of explanation, and
the symbol "** means DON'T CARE hereinafter.

The logic circuit 10 receives the first, second

and third line current comparison signals HU, HV and HW,
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switches the first, second and third switching command
signals PU, PV and PW from

{pU, PV, PW) = (H, L, L} to

(PU, PV, PW} = (H, H, L}
and then turns the main circuit switching power devices Q2
and Q5 on and off, respectively. Then the state shifts to
the state No. AX1.

As above is described the explanation of the
operation at timing t = tii,.

Next, explanation will be made to the operation
in the case where iTW > iFW and a state shift takes place
at the timing {(timing t = t12) from

(HU, HV, HW) (*, L, H) to

(HU, HV, HW) (*, H, H).

The logic circuit 10 receives the first, second
and third line current comparison signals HU, HV and HW,
switches the first, second and third switching command

signals PU, PV and PW from

[

(PU, PV, PW) (H, H, L) to

(PU, PV, PW) = (H, H, H)
and turns the main circuit switching power devices Q3 and
Q6 on and off, respectively. Then the state shifts to the
state No. AX2).

As above is described the explanation of the
operation at timing t = tl12.

Then, the state of
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(PU, PV, PW} = (H, H, H)
is maintained until the timing of the next leading edge of
the state updating timing signal CLK10.

Further, by executing a similar operation after
the timing of the next leading edge of the state updating
timing signal CLK10, the line currents of the three-phase
motor 1 are controlled so that the line currents thereof
conform to the first, second and third line current command
signals iTU, iTV and iTW.

As above is described the explanation of the line
current control of the three-phase motor 1 with the current
command type PWM inverter system of the first preferred
embodiment according to the present invention.

In Fig. 1, the first, second and third
comparators 17, 18 and 19 can be made to have hysteresis,
when noises superimposed on the first, second and third
line current command signals iTU, iTV and iTW as well as
the first, second and third detected line currents iFU, iFV
and iFW can be of course reduced.

Referring to Fig. 7, in the base driving circuit
4 which controls the main circuit switching power devices
QL, Q2, Q3, 04, QS and Q6 based on the output levels of the
outputs PU, PV and PW of the current controller 6, it may
be acceptable to provide a delay for a predetermined timing
when each of the main circuit switching power devices QI,

Q2, Q3, Q4, Q5 and Q6 shifts from the off-state to the on-
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state to assure speedy shift from the on-state to the off-
state. This arrangement means as follows. For example,
when the state when the power device Q1 is in the on-state
and the power device Q4 is in the off-state is shifted to
the state when the power device Q1 is in the off-state and
the power device Q4 is in the on-state, first of all, the
power device Q1 is turnéd off, and after the power device
Q1 is surely turned off, the power device Q4 is turned on.
With this arrangement, the power devices Ql and Q4 are
momentarily turned on simultaneously in accordance with the
timing at which the power devices Ql and Q4 are switched,
so that a great current can be prevented from flowing
through the main circuit switching power devices Ql to Q6.

Further, the output levels of the base drivers of
the base driving circuit 4 may be made to the L-levels,
respectively, so that all the power devices are turned off,
for example, when it is desired to effect a current cutoff
for protecting the current command type PWM inverter in the
case of overload, a free-run operation of the motor or the
like.

According to Ehe first preferred embodiment of
the present invention, due to the structure without any
current error amplifier, the problems concerning the gain
control of the current error amplifiers can be
substantially solved, thereby totally obviating the need of

the gain control.
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Furthermore, even when the characteristics and
specifications of the three-phase motor 1, the motor
current detector circuit 9, the current controller 6 and
the main circuit power controller 8 change, the inverter
system of the present preferred embodiment operates so that
each line current error is consistently minimized.
Furthermore, even when there are manufacturing-dependent
variation of characteristics, temperature characteristics
and the like, the inverter system of the present preferred
embodiment operates so that each line current erroxr is
consistently minimized, thereby assuring a better current
control responsibility and preventing the possible
occurrence of an oscillation phenomenon.

Furthermore, the current controller 6 of the
current command type PWM invérter system according to the
present invention can be implemented by a simple digital
circuit except for the first, second and third comparators,
and therefore, the part constituted by the digital circuit
does not cause any offset and drift and costs less.

Therefore, the present invention is made free
from the gain adjustment work and the offset adjustment
work of the current error amplifiers 120, 121 and 122, so
that a better curxrent control responsibility can be assured
to allow an inexpensive current command type PWM inverter

system to be provided.

Second preferred embodiment
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A second preferred embodiment according to the
present invention will be described below with reference to
the accompanying drawings.

According to the second preferred embodiment of
the present invention, in the current controller 6 of the
current command type PWM inverter shown in Fig. 7, the
internal structure of the logic circuit 10a provided for
the current controller 6 having the structure shown in Fig.
1 is made to be different from that of the first preferred
embodiment as shown in Fig. 5.

The structure of the other part except for the
internal structure of the logic circuit 10a are quite the
same as those of the first preferred embodiment.

Therefore, no detailed explanation is provided for the
structure of the current controller 6 shown in Fig. 1
provided with the logic circuit 10a of the second preferred
embodiment and the structure of the current command type
PWM inverter system as shown in Fig. 7 provided with the
current controller 6. The structure and operation of the
logic circﬁit 10a will be described below.

First of all, prior to the explanation of the
logic circuit 10, the truth table of the logic circuit 10

is shown in Table 3.
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How to read Table 3 is quite the same as that of
the truth table (Table 1) of the logic circuit 10a of the
first preferred embodiment, and therefore, no explanation
is provided for how to read Table 3.

In regard to the operation of the logic circuit
10a based on the truth table of Table 3, no explanation is
provided for the same parts of operation as those of the
logic circuit 10 of the first preferred embodiment.

The logic circuit 10a receives the first, second
and third line current comparison §ignals HU, HV and HW at
the timing of the leading edge of the state updating timing
signal CLK10, and based on these comparison signals HU, HV
and HW, the signal levels of the switching command signals
PU, PV and PW are determined quite in the same mannexr as in
the logic circuit 10a of the first preferred embodiment.

Next, explanation will be made below to the
operation of the logic circuit 10a until the timing of the
next leading edge of the state updating timing signal CLK10
separately in the case where one signal level is different
from the others among the three signal levels, i.e., when

(HU, HV, HW)

(L, H, H)
or = (H, L, H)
or = (Hl ¢ L)

, L)

H

or = (H, L, L)
or = {L, H
L

oxr = (L: ’ H)
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and in another case where the three signal levels are all
at an identical level, i.e., when

(HU, HV, HW) (H, H, H)

[}

or (L, L, L}

in a manner similar to that of the explanation of the
operation of the logic circuit 10 of the first preferred
embodiment.

First of all, explanation will be made to the
operation in the case where one signal level is different’
from the othexrs among the three signal levels of the
comparison signals HU, HV and HW at the timing of the
leading edge of the state updating timing signal CLK10.

First of all, with regard to the operation in the
case where one signal level is different from the others
among the three signal levels of the comparison signals HU,
HV and HW at the timing of the leading edge of the state
updating timing signal CLK10, the level of the
corresponding switching command signal is inverted so that
the main circuit switching power device which supplies the
line current relevant to the signal that has been inverted
before out of thé two signals having an identical level is
controlled to be turned on when the power device is in the
off-state, and is controlled to be turned off when the
power device is in the on-state quite in the same manner as
in the operation of the logic circuit 10 of the first

preferred embodiment. However, the logic circuit of the
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present preferred embodiment operates in a manner different
from that of the logic circuit 10 of the first preferred
embodiment in that, when the level of the other one of the
two signals that have had the identical level is inverted,
the on-state or the off-state of the main circuit switching
power device which supplies the line current relevant to
the signal that has been inverted is not switched
subsequently, and the level of only one signal of the other
two switching command signals is inverted again.

At this timing, the three switching command
signals PU, PV and PW outputted from the logic circuit 10a
have an identical level. However, the levels of the three
switching command signals PU, PV and PW become such a
relationship that their signal levels are inverted from the
signal levels in the first preferred embodiment,
respectively, i.e., the levels of the three switching
command signals PU, PV and PW become the levels obtained by
inverting the level of one signal having the level
different from those of the others among the three
comparison signals HU, HV and HW at the timing of the
leading edge of the state updating timing signal CLX10.

The levels of the switching command signals PU, PV and PW
are maintained until the timing of the next leading edge of
the state updating timing signal CLK10. Then, after the |

timing of the next leading edge of the state updating
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timing signal CLK10, the similar operation will be
repeated.

Then, the similar operation is executed when all
the levels of the three comparison signals HU, HV and HW
are at an identical level at the timing of the leading edge
of the state updating timing signal CLK10, and therefore,
no explanation is provided therefor.

As above is described the explanation of the
structure of the current controller 6 in the current
command type PWM inverter system o§ the second preﬁerred -
embodiment according to the present invention. The
structure of the logic circuit 10a of the current
controller 6 in the current command type PWM invérter
system of the second preferred embodiment according to the
present invention will be described below in more detail.

The internal structure of the logic circuit 10a
will be described with reference to Fig. 5 in regard to a
point different from that of the first preferred
embodiment .

Referring to Fig. 5, first of all, explanation
will be made to the operation of constituent components
newly provided for the logic circuit 10 of the first
preferred embodiment.

The reference numerals 135 and 136 denote first
and second AND circuits. When the H-level is inputted to

all the three input terminals of the first AND circuit 135
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or to all the two input terminals of the second AND circuit
136, the signal having the H-level is outputted from each
output terminal thereof. When at least one of the input
terminals is at the L-level, the signal having the L-level
is outputted from each output terminal thereof.

There are newly provided a seventh data selector
42, a seventh D-latch 16, and tenth and eleventh inverter
gates 133 and 134 as other constituent components.
Operations of these constituent components are quite the
same as those of the first preferred embodiment, and
therefore no explanation is provided therefor.

With the above-mentioned constituent components,
the output terminal Y of the data decoder 22 is connected
to the input terminal A of the seventh data selector 42 via
the tenth inverter gate 133, and is directly connected to
the input terminal B. The output terminal Y of the seventh
data selector 42 is connected to the input terminal SEL of
the second data selector circuit 21. The input terminal
SEL of the seventh data selector 42 is connected to the
output terminal Q of the seventh D-latch 16. The input
terminal D of the seventh D-latch 16 is grounded to always
have the L-level. The input terminal CK of the seventh D-
latch 16 is connected to the output terminal of the first
AND circuit 135, while the input terminal PR of the seventh
D-latch 16 is connected to the output terminal of the

second AND circuit 136.
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The three input terminals of the first AND
circuit 135 are connected to the output terminals Q of the
first, second and third RS flip-flops 26, 27 and 28 via the
fourth, fifth and sixth inverter gates 127, 128 and 129,
respectively. To one of the two input terminals of the
second AND circuit 136 is inputted the state updating
timing delay signal CLK1l via the eleventh inverter gate
134, while the state updating timing signal CLK10 is
inputted to the other input terminal.

With the above-mentioned‘arrangement, in the
seventh data selector 42, the level inputted to the input
terminal B is outputted to thé output terminal Y when the
seventh D-latch 16 is preset to yield the H-level at the
output terminal Q, and when the input terminal CK of the
seventh D-latch 16 is switched from the L-level to the H-
level, the output terminal Q becomes the L-level, so that
the level inputted to the input terminal A is outputted to
the output terminal Y of the seventh data selector 42.

The seventh D-latch 16 is preset when the state
updating timing delay signal CLK1ll is at the L-level and
the state updating timing signal CLK10 is at the H-level.
The input terminal CK switches from the L-level to the H-
level when all the first, second and third RS flip-flops
26, 27 and 28 are reset.

An operation of the logic circuit 10a having the

above-mentioned structure will be-described below.
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Referring to Fig. 4, the state updating timing
signal CLK10 has the H-level and the state updating timing
delay signal CLK1l has the L-level before the leading edge
of the state updating timing delay signal CLK11l, so that
the seventh D-latch 16 is preset. Therefore, a signal
having a level identical to the mode signal ¥YM of the data
decoder 22 is inputted to the input terminal SEL of the
second data selector circuit 21.

On the other hand, the input terminal SEL of the
second data selector circuit 21 is_not inverted until all-
the first, second and third RS flip-flops 26, 27 and 28 are
reset. In other words, when all the first, second and
third RS flip-flops 26, 27 and 28 are reset, the output
terminal Q thereof becomes the L-level, and then, the
output level of the AND gate 135 becomes the H-level, the
output terminal Q of the D-latch 16 becomes the L-level,
then the input terminal SEL of the second data selector
circuit 21 is inverted.

Therefore, when the system state shifts to any
one of the state Nos. AQ0, B00, C00, D00, ECO0 and F0O in
Table 3, i.e., when there are two signals having an
identical signal level among the first, second and third
line current comparison signals HU, HV and HW at the timing
of the leading edge of the state updating timing signal
CLK10, quite the same coperation as that of the first

preferred embodiment takes place until the occurrence of
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such a shift that the level of any one of the three
switching command signals PU, PV and PW is inverted from
the levels of the switching command signals PU, PV and PW
determined at the timing of the leading edge of the state
updating timing signal CLK10.

Subsequently, when the remaining one of the
comparison signals HU, HV and HW is inverted, all the
first, second and third RS flip-flops 26, 27 and 28 are
reset, and the level ét the input terminal SEL of the
second data selector circuit 21 is.inverted, so that there
occurs a states switching to the levels as indicated by the
state Nos. AX2, AY2, BX2 and BY2 in Table 3, i.e., to the
levels reverse to the corresponding states in Fig. Table 1.

Each switched level is maintained until the'
timing of the leading edge of the system clock CLK1
subsequent to the timing of the next leading edge of the
state updating timing signal CLK10 in a manner similar to
that of the first preferred embodiment.

Next, explanation will be made to the case where
the system state éhifts to eithexr one of the state Nos. GO0
and HOCQ in Table 1, i.e., when all the first, second and
third line current comparison signals HU, HV and HW are at
an identical level at the timing of the leading edge of the
state updating timing signal CLK10.

Referring to Fig. 4, all the first, second and

third RS flip-flops 26, 27 and 28 are reset at the timing
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of the leading edge of the state updating timing signal
CLK10. However, the seventh D-latch is in the preset state
and the level of the input terminal SEL of the second data
selector circuit 21 does not switch until the timing of the
leading edge of the state updating timing delay signal
CLK11. Therefore, the operation in this case is quite the
same as that of the first preferred embodiment as shown in
the truth table of Table 3.

As above is described the concrete explanation of
the operation of the logic circuit 10a in the current
controller 6 of the current command type PWM inverter
system of the éecond preferred embodiment according to the
present invention. Comparing Table 1 of the first
preferred embodiment with Table 3 of the second preferred
embodiment, the present preferred embodiment differs oniy
in the point that the levels of the switching command
signals PU, PV and PW at an identical level obtained as a
consequence of the final shift of the second preferred
embodiment are reverse to the levels of the switching
command signals PU, PV and PW of the first preferred
embodiment only when the level of one signal out of the
three comparison signals HU, HV and HW is different from
the others at the timing of the leading edge of the state
updating timing signal CLK10.

In regard to the levels of the switching command

signals PU, PV and PW, the line voltage of each phase of
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the three-phase motor 1 becomes zero when the switching
command signals PU, PV and PW are identical to each other.
Therefore, when the switching command signals PU, PV and PW
have either the levels of H, H and H or the levels of L, L
and L, there is no change in the line voltage of each phase
until the timing of the next leading edge of the state
updating timing signal CLK10. Therefore, the second
preferred embodiment can control the line currents of the
three-phase motor 1 equivalently in a manner similar to
that of the first preferred embodigent.

It may be also acceptable to make the switching
command signals PU, PV and PW have the levels of H, H and H
in the state No. G00 and make the switching command signals
PU, PV and PW have the levels of L, L and I in the state

No. HOO in Table 3.

Third preferred embodiment
A third preferred embodiment according to the

present invention will be described below with reference to
the accompanying drawings.

According to the third preferred embodiment of
the present invention, the internal structure of the
current controller 6 of the current command type PWM
inverter system shown in Fig. 7 is made to be different
from that of the first preferred embodiment or the second

preferred embodiment. Fig. 6 shows the internal structure
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of the current controller 6 of the third preferred
embodiment according to the present invention.

The third preferred embodiment according to the
present invention has quite the same structure as that of
the first preferred embodiment or the second preferred
embodiment except for first, second and third twice-read
logic circuits 48, 49 and 50 provided as constituent
components of the current controller 6 shown in Fig. 6.

Since the first, second and third twice-read
logic circuits 48, 49 and S50 have guite the same
structures, the structure of the first twice-read logic
circuit 48 will be described below with reference to Fig.
8. |

Referring to Fig. 8 for explaining the operation
of each constituent component of the first twice-read logic
circuit 48, first of all, eighth and ninth D-latches 51 and
52 latch the lewvels at their input terminals D at the
timing of the leading edge of the signal inputted to their
input terminals CK, and then, output the levels at the
input terminals D to their output terminals Q. It is to be
noted that their input terminals PR are terminals for
receiving the input of a preset signal, and the D-latches
51 and 52 are preset with first priority when the H-level
is inputted thereto, when the output terminals Q thereof

become the H-level.
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Further, the input terminals CK and the input
terminals PR of the eighth and ninth D-latches 51 and 52
are commonly connected to each other.

| The reference numerals 137 and 138 denote twelfth
and thirteenth inverter gates, each of which outputs the L-
level at their output terminals when the H-level is
inputted to their input terminals, and each of which
outputs the H-level at the output terminals when the L-
level is inputted to the input terminals.

The reference numeral 53‘denotes a fourth RS
flip-flop which is reset when its input terminal R is at
the H-level and its input terminal S is at the L-level so
as to switch the level at its output terminal Q to the L-
level, and is set when the input terminal R is at the L-
level and the input terminal S is at the H-level so as to
switch the level at the output terminal Q to the H-level.

The reference numerals 5S4 and 55 denote third and
fourth AND-circuits 54 and 55, each of which outputs the H-
level output signals when an the H-level signal is inputted
to all input terminals, and each of which outputs the L-
level output signals in any other case.

As above is described the explanation of the
operation of the constituent components of the first twice-
read logic circuit 48. An operation of the first twice-
read logic circuit 48 will be described below with regard

to the flow of signals.
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First of all, at the timing of the leading edge
of the system clock CLK2, the level of the first line
current comparison signal HU inputted to an input terminal
SI of the first twice-read logic circuit 48 is latched ang
held in the eighth D-latch 51 and is outputted at its
output terminal Q. It is to be noted that the system clock
CLK2 is synchronization with the system clock CLK1l, and has
a frequency which is a plurality of times the frequency of
the system clock CLK1.

Then, at the timing of the next leading edge of
the system clock CLK2, the level at the output terminal Q
of the eighth D-latch 51 is latched and held in the ninth
D-latch 52 and is outputted at its output terminal Q. The
level of the comparison signal HU at this timing is latched
and held in the eighth D-latch 51 and is outputted at its
output terminal Q.

Further, the output levels at the output
terminals Q of the eighth and ninth D-latches 51 and 52 are
transmitted to the fourth AND-circuit 55, and are
transmitted to the third AND-circuit 54 via the twelfth and
thirteenth inverter gates 137 and 138. Then, the output
signal from the third AND-circuit 54 is transmitted to the
input terminal R of the fourth RS flip-flop 53, while the
output signal from the fourth AND-circuit 55 is transmitted
to the input terminal S of the fourth RS flip-flop 53.

Then, the output terminal Q of the fourth RS flip-flop 53



- 116 -

outputs the signal HUl as an output signal of the first
twice-read logic circuit 48.

As is apparent from above, it is understood that
the first twice-read logic circuit 48 checks or detected
the input signal HU at the timing of every leading edge of
the system clock CLK2, then operates to switch the output
signal HULl to the H-level when two consecutive H-levels are
detected, and operates to switch the output signal HU1l to
the L-level when two consecutive L-levels are detected.

As above is described the explanation of the
internal operation of the first twice-read logic circuit
48, and the second and third twice-read logic circuits 49
and 50 operate in a manner similar to that of the first
twice-read logic circuit 48.

Therefore, the first, second and third twice-read
logic circuits 48, 49 and 50 can generate the comparison
signals HUl, HV1 and HW1l freed from the signals attributed
to very short-term noises included in the comparison
signals HU, HV and HW, i.e., freed from the following
signal change:

the H-level -» the L-level » the H-level or
the L-level - the H-level - the L-level.

It is to be noted that the number of times for
reading the timing of the leading edge of the system clock

CLK2 can be set to be equal to or greater than three by
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providing three or more D-latches and ANDing the output
levels of the D-latches.

According to the third preferred embodiment of
the present invention as described above, by providing the
first, second and third twice-read logic circuits 48, 49
and 50 and transmitting the output comparison signals HU,
HV and HW of the first, second and third comparators 17, 18
and 19 of the current controller 6 to the logic circuit 10a
via the first, second and third twice-read logic circuits
48, 49 and 50, the noises superimpqsed on the output
signals from the first, second and third comparators 17, 18
and 19 can be removed. Even under the condition that
noises tend to take place, the line currents of the three-
phase motor 1 can be controlled so that the line currents
thereof correctly coincide with the first, second and third
line current command signals iTU, iTV and iTW.

The first, second and third twice-read logic
circuits 48, 49 and 50 may be incorporated into each of the
first preferred embodiment and the second preferxred
embodiment. It is to be noted that the same effect can be
of course obtained when the first, second and third twice-
read logic circuits 48, 49 and 50 are incorporated into
each of the first preferred embodiment and the second

preferred embodiment.

Fourth preferred embodiment



- 118 -

A fourth preferred embodiment according to the
present invention will be described with reference to the
accompanying drawings.

Fig. 9 shows an internal structure of the logic
circuit 10b of the current controller 6 of the current
command type PWM inverter system shown in Fig. 7 according
to the fourth preferred embodiment of the present
invention.

Comparing the internal structure (Fig. 9) of the
logic circuit 10b of the fourth prgferred embodiment with-
the internal structure (Fig. 2) of the logic circuit 10 of
the above-mentioned first preferred embodiment, the logic
circuit 10b of the present preferred embodiment has quite
the same structure exéept that the output signals PU1, PV1
and PW1 from the seventh, eighth and ninth inverter gates
130, 131 and 132 are inputted to first, second and third
switching command signal delay circuits 56, 57 and 58, and
the output signals from the delay circuits 56, 57 and 58
are transmitted_as the first, second and third switching
command signals PU, PV and PW to the main circuit power
controller 8.

Explanation will be made here to the operations
of the first, second and third switching command signal
delay circuits 56, 57 and 58.

The first, second and third switching command

signal delay circuits 56, 57 and 58 respectively receive
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the output signals PUl, PVl and PWl1 of the seventh, eighth
and ninth inverter gates 130, 131 and 132, and transmit
signals obtained by delaying the input signals by a
predetermined timing according to a predetermined rule as
the first, second and third switching command signals PU,
PV and PW to the main circuit power controller 8. That is,
in Table 1 and Table 3, the delay time is made to be zero
only when the system state shifts to any one of the state
Nos. A00, BOO, C00, D0OO, EOO, F0O, GO0 and HOO, namely, at
the leading edge of the system clogk CLK10. When the
system states shifts to any other state, the first, second
and third switching command signals PU, PV and PW are
ocutputted by being delayed by the predetermined time such
as several micro seconds.

Control of the line curxrents of the three-phase
motor 1 by the thus constructed current command type PWM
inverter system of the fourth preferred embodiment
according to the present invention will be described with
reference to Figs.. 10A through 10C and Table 1.

Referring to Figs. 10A through 10C, Fig. 10A is a
timing chart of the first, second and third line current
command signals iTU, iTV and iTW and the first, second and
third detected line currents iFU, iFV and iFW. Fig. 10B is
an enlarged timing chart showing an operation of the logic
circuit 10b provided with the first, second and third

switching command signal delay circuits 56, 57 and 58 in
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the region enclosed by dotted lines of Fig. 10A. Fig. 10C
is a timing chart showing turning-on and turning-off
operations of the main circuit switching power devices Qi,
02, Q3, Q4, Q5 and Q6 based on the output levels of the
first, second and third switching command signals PU, PV
and PW outputted from the first, second and third switching
command signal delay circuits 56, 57 and 58.

First of all, explanation will be made to the
operation at the timing t = t1, i.e., at the timing of the
leading edge of the state updating.timing signal CLK10 {in
the case of the timing T3 in Fig. 4).

At the timing t = tl when the signals iTU, iTV
and iTW and iFU, iFV and iFW at the timing of the leading
edge of the state updating timing signal CLK10 have tpe
following magnitude relatiomships:

iTU > iFU,

iTV < iFV, and

iTW < 1FW,
then, the first, second and third line current comparison
signals HU, BV and HW become the following states:

({HU, HV, HW) = (L, H, H}.

The above-mentioned states correspond to the

state No. A00 in the truth table of Table 1, and since
(HU, HV, HW) = (L, H, H),
the switching command signals PUl, PVl and PWl1 become the

following states:
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(PUL, PV1, PW1l} = (H, L, L}.

In the present case, the first, second and third
switching command signal delay circuits 56, 57 and S8
output the switched signal levels of the signals PU1l, PVl
and PW1l as PU, PV and PW without any level change, and the
signals PU, PV and PW are transmitted to the main circuit
power controller 8.

Then, the main circuit switching power devices
Q1, Q2, Q3, Q4, Q5 and Q6 are respectively turned on, off,
off, off, on and on, so that the f;rst, second and third
detected line currents 1FU, iFV and iFW approach the first,
second and third line current command signals iTU, iTV and
iTW according to the electric time constant of the three-
phase motor 1. . -

As above is described the explanation of the
operation of the state shift to the state No. A00 at the
timing of the leading edge of the state updating timing
signal CLK10 at the timing t = tl.

Next, explanation will be made to the operation
in the case where iTV > iFV and the system state shifts
from |

{HU, HV, HW) (L, H, H) to

(KU, HV, HW) {*, L, H)
at the timing {timing t = tll).
The logic circuit 10b receives these signals, and

switches the signals PU1l, PVl and PWl from
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(PU1, PV1, PW1l) = (H, L, L) to

(PUL, PV1, PW1l) = (H, H, L).

The second switching command signal delay circuit
57 effects the switching of the L-level signal PV1 to the

H-level from

(PU, PV, PW) (H, L, L} to

fl

L}

{PU, PV, PW) (H, H, L)

at the timing t = tlll after the elapse of a predetermined
delay time TD, and turns the main circuit switching power
devices Q2 and Q5 on and off, respgctively.

Through the above-mentioned operation, the
reduction of the second detected line current iFV is
suppressed after the elapse of a predetermined time TD from
the timing when the second detected line current iFV
crosses the second line current command signal iTV, and
then, the system state shifts to the state No. AX1.

As above is described the explanation of the
operation at the timing t = tl1.

Next, explanation will be made to the operation
in the case whexre iTW > iFW and the system state shifts
from

(HU, HV, HW) (#*, L, H) to

(HU, HV, HW) (*, L, L)
at the timing f{timing t = tl1l2).
The logic circuit 10b receives these input

signals and switches the signals PU1, PV1 and PW1 from
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(PU1, PV1, PW1) {H, H, L) to

]

(PUL, PV1, PW1} {H, H, H}.
The third switching command signal delay circuit
58 effects the switching of the L-level signal PW1l to the

H-level from

(PU, PV, PW) (H, H, L) to

{PU, PV, PW) (H, H, H)

at the timing t = t112 after the elapse of the
_predetermined delay time TD, and turns the main circuit
switching power devices Q3 and Q6 on and off, respectively.

Through the above-mentiocned operation, the
reduction of the third detected line current iFW is
suppressed after the elapse of a predetermined time TD from
the timing when the third detected line current iFW crosses
the third line current command signal iTW, and then, the
system state shifts to the state No. AX2.

As above is described explanation of the
operation at the timing t = ti12.

Then, the state:

{PU, PV, PW) = (H, H, H)
is maintained until the timing of the next leading edge of
the state updating timing signal CLK10.

By executing a similar operation after the timing
of the next leading edge of the state updating timing
signal CLK10, the line currents of the three-phase motor 1

are controlled so that the line currents thereof conform to
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the first, second and third line current command signals
iTU, iTV and iTW.

As above is described the explanation of the line
current control of the three-phase motor 1 by means of the
current command type PWM inverter system of the fourth
preferred embodiment according to the present invention.

As described above, according to the fourth
preferred embodiment of the present invention, the logic
circuit 10b is provided with the first, second and third
switching command signal delay cirguits 56, 57 and 58, and
the output signals from the seventh, eighth and ninth
inverter gates 130, 131 and 132 are ‘transmitted to the main
circuit power controller 8 wvia the first, second.and thirgd
switching command signal delay circuit 56, 57 and 58. With
this arrangement, the first, second and third switching
command signal delay circuit 56, 57 and 58 make the delay
time zero only when the system state shifts to any one of
the state Nos. A00, BOO, C00, DOO, E00, F00, GO0 and HOO in
Table 1 and Table 3, namely, at the leading edge of the
system clock CLK10. When the system state shifts to any
other state, the first, second and third switching command
signals PU, PV and PW are transmitted to the main circuit
power controller 8 by being delayed by the predetermined
time by the first, second and third switching command

signal delay circuit 56, 57 and 58.
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With this arrangement, the line currents of the
three-phase motor 1 can be made to very successfully
coincide with the line current command signals.

It is to be noted that the present preferred
embodiment is provided by incorporating the first, second
and third switching command signal delay circuits 56, 57
and 58 into the first preferred embodiment. The first,
second and thifd switching command signal delay circuits
56, 57 and 58 may be incorporated intoc the second preferred
embodiment. The same effect can bg of course obtained by
incorporating the first, second and third switching command
signal delay circuits 56, 57 and 58 into the second
preferred embodiment.

The current command type PWM inverter system
according to the present invention has a structure
including no current error amplifier, and therefore, the
problems of the gain adjustment of the current error
amplifiers can be substantially solved, requiring no gain
adjustment.

Furthermore, even when the characteristics and
specifications of the motor, the motor current detector
circuit, the current controller 6 and the main circuit
power controller 8 change, the inverter system operates so
that each line current error is consistently minimized.
Furthermore, even when there are manufacturing-dependent

variation of characteristics, temperature characteristics
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and the like, the inverter system operates so that each
line current error is consistently minimized, thereby
assuring a better current control responsibility and
preventing the possible occurrence of an oscillation
phenomenon.

Furthermore, the current controller 6 of the
current command type PWM inverter system according to the
present invention can be entirely implemented by simple
digital circuits except for the first, second and third
comparators 17, 18 and 19, so that.the part constituted by
the digital circuits are free from offset and drift and
inexpensive.

Therefore, the present invention is free from the
gain adjustment work and the offset adjustment work of the
current error amplifiers while assuring a better current
control responsibility and allowing an inexpensive current
command type PWM inverter system to be provided.

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that wvarious changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope according to the present invention as defined by the

appended claims unless they depart therefrom.
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WHAT IS CLAIMED IS:

1. A current command type PWM inverter apparatus
comprising:

motor current detecting means for detecting line
currents flowing from respective lines of said PWM inverter
apparatus into a three-phase motor and outputting a first
detected line current, a second detected line current and a
third detected line current;

current command generating means for generating
and outputting a first line current command signal, a
second line current command signal and a third line current
command signal for commanding the line currents to be flown
from said respective lines into the three-phase motor;

first comparing means for comparing the first
line current command signal with the first detected line
current, outputting a first line current comparison signal
having a first level when the first detected line current
is equal to or greater than the first line current command
signal, and outputting the first line current comparison
signal having a second level when the first detected line
current is smaller than the first line current command
signal;

second comparing means for comparing the second
line current command signal with the second detected line
current, outputting a second line current comparison signal

having a first level when the second detected line current
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is equal to or greater than the second line current command
signal, and outputting the second line current comparison
signal having a second level when the second detected line
current is smaller than the second line current command
signal;

third'comparing means for comparing the thirad
line current command signal with the third detected line
current, outputting a third line current comparison signal
having a first level when the third detected line current
is equal to or greater than the third line current command
signal, and outputting the third line current comparison
signal having a second level when the third detected line
current is sﬁaller than the third line current command
signal;

a main circuit DC power source;

main circuit power device circuit having a three-
phase bridge connection and comprising first, second,
third, fourth, fifth and sixth main circuit switching power
devices, and six reflux diodes respectively connected in
parallel with said first, second, third, fourth, fifth and
sixth main circuit switching power devices;

a logic circuit for receiving the first line
current comparison signal, the second line current
comparison signal and the third line current comparison
signal, and generating and outputting first, second, third,

fourth, fifth and sixth switching command signals for
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turning on or off said first, second, third, fourth, fifth
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and sixth main circuit switching power devices, to said
first, second, third, fourth, fifth and sixth main circuit
switching power devices, respectively; and

timing generating means for generating and
outputting a periodical state updating first timing to said
logic circuit,

wherein said first main circuit switching power
device is connected to a positive electrode of said main
circuit DC power source and suppligs a first line current-
te said three-phase motor from said main circuit DC power
source based on the first switching command signal,

wherein said second main circuit switching power
device is connected to the positive electrocde of said main
circuit DC power source and supplies a second line current
to said, three-phase motor from said main circuit DC power
s;urce based on the second switching command signal,

wherein said third main circuit switching power
device is connected to the positive electrode of said main
circuit DC power source and supplies a third line current
to said three-phase motor from said main circuit DC power
source based on the third switching command signal,

wherein said fourth main circuit switching power
device is connected to a negative electrode of said main,

circuit DC power source and supplies the first line current
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to said three-phase motor from said main circuit DC power
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source based on the fourth switching command signal,

wherein said fifth main circuit switching power
device is connected to the negative electrode of said main
circuit DC power source and supplies the second line
current to said three-phase motor from said main circuit DC
power source based on the fifth switching command signal,

wherein said sixth main circuit switching power
device is connected to the negative electrode of said main
circuit DC power source and supplies the third line current
to said three-phase motor from said main circuit DC power
source based on the sixth switching command signal,

wherein, at the state updating first tiﬁing, and
at least one second timing when any one of the first,
second and third comparison signals change after the state
updating first timing, said logic circuit generates and
outputs the first, second, third, fourth, £ifth and sixth
switching commend signals.

2. The current command type PWM inverter
apparatus as claimed in Claim 1,

wherein said logic circuit generates and outputs
the first, second, third, fourth, fifth and sixth switching
commend signals so as to minimize an error between the
first line current command signal and the first detected
line current, an error between the second line current

command signal and the second detected line current, and an
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error between the third line current command signal and the
third detected line current.

3. The current command type PWM inverter
apparatus as claimed in Claim 2,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the second, third and fouth switching command
signals for respectively turning off the second, third and
fourth main circuit switching power devices, and further
generates and outputs the first, fifth and sixth switching
command signals for respectively turning on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic circuit generates and outputs the
fifth switching command signal for turning off the fifth
main circuit switching power device and further generates
and outputs the second switching command signal forx turning.
on the second main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the first

level to the second level to the next state updating first
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timing, said logic circuit generates and outputs the sixth

132

switching command signal for turning off the sixth main
circuit switching power device and further generates ang
outputs the third switching command signal for turning on
the third main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic gircuit generates and
outputs the first, third and fifth switching command
signals for respectively turning off the first, third and
fifth main circuit switching power devices, and further
generates and outputs the second, fourth and sixth
switching command signals for respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
first line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the fourth
switching command signal for turning off the fourth main
circuit switching power device and further generates and
outputs the first switching command signal for turning on

the first main circuit switching power device, and
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for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the sixth
switching command signal for turning off the sixth main
circuit switching power device and further generates and
outputs the third switching command signal for turning on
the third main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching power devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third, |
fourth and fifth main circuit switching power devices,

for a time ihterval from a second timing when the
first line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the fourth
switching command signal for turning off the fourth main

circuit switching power device and further generates and
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outputs the first switching command signal for turning on
the first main circuit switching power device, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic circuit generates and outputs the
fifth switching command signal for turning off the fifth
main circuit switching power device and further generates
and outputs the second switching command signal for turning
on the second main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal 'has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, fifth and
sixth main circuit switching power devices, and further
generates and outputs the second, third and fourth
switching command signals for respectively turning on the
second, third and fourth main circuit switching power
devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level to the next state updating

first timing, said logic circuit generates and outputs the
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second switching command signal for turning off the second
main circuit switching power device and further generates
and outputs the fifth switching command signal for turning
on the fifth main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
third switching command signal for turning off the third
main circuit switching power devicg and further generates
and outputs the sixth switching command signal for turning
on the sixth main circuit switching power device,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level ét the state
updating first timing, said logic circuit generates and
outputs the second, fourth and sixth switching command
signals for respectively turning off the second, fourth and
sixth main circuit switching power devices, and furtherx
generates and outputs the first, third and fifth switching
command signals for respectively turning on the first,
third and fifth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the

second level to the first level to the next state updating
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first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching command signal for turning
on the fourth main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level to the next state updating
first timing, sa;d logic circuit generates and outputs the
third switching command sighal for turning off the third -
main circuit switching power device and further generates
and outputs the sixth switching command signal for turning
on the sixth main circuit switching power device;

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the third, fourth and fifth switching command
signals for respectively turning off the third, fourth and
fifth main circuit switching power devices, and further
generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time interval from a second timing when the

first line current comparison sighal changes from the
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second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching command signal for turning
on the fourth main circuit switching power device, angd

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
second switching command signal for turning off the second
main circuit switching power device and further generates
and outputs the fifth switching command signal for turning
on the fifth main circuit switching power device.

4. The current command type PWM inverter
apparatus as claimed in Claim 2,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first ievel and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the second, third and fourth switching command
signals for respectively turning off the second, third and
fourth main circuit switchiné power devices, and further

generates and outputs the first, fifth and sixth switching
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command signals for respectively turning on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level before the third line
current comparison signal changes from the first level to
the second level, to a further timing when the third line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fifth switching command signal‘for turning off the
fifth main circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching bower devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main cifcuit switching power
devices, and

for a time interval from a second timing when the

third line current comparison sighal changes from the first



A O A

level to the second level before the second line current

comparison signal changes from the first level to the
second level, to a further timing when the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
thé sixth switching command signal for turning off the
sixth wain circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and further, for a further‘time interval from the
further timing when the second line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and ocutputs the fourth, f£fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching powexr
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the thixd line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and

outputs the first, third and fifth switching command
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signals for respectively turning off the first, third and
fifth wmain circuit switching power devices, and further
generates and outputs the second, fourth and sixth
switching command signals for respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level before the first line current
comparison signal changes from the_first level to the
second level, to a further timing when the first line
current comparison signal changes from the first level to
the second level, said logic circuit generates and ocutputs
the sixth switching command signal for turning off the
sixth main circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, f£ifth and sixth

switching command signals for reséectively turning on the



R A

- 141 -

fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the first
level to the second level before the third line current
comparison signal changes from the first level to the
second level, to a further timing when the third line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fourth switching command signa; for turning off the
fourth main circuit switching power device and further
generates and outputs the first switching command signal
for turning on the first main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison

signal has the first level, the second line current
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comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching power devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third,
fourth and fifth main circuit switching power devices,

for a time interwval from.a second timing when the
first line current comparison signal changes from the Ffirst
level to the second level before the second line current
comparison signal changes from the first level té the
second level, to a further timing when the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fourth switching command signal for turning off the
fourth main circuit switching power device and further
generates and outputs the first switching command signal
for turning on the first main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching

command signals for respectively éurning off the first,
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second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level before the first line
current comparison signal changes from the first level to
the second level, to a further tim%ng when the first line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fifth switching command signal for turning off the
fifth main circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth

switching command signals for respectively turning on the
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fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, fifth and
sixth main circuit switching power_devices, and further
generates and outputs the second, third and fourth
switching command signals for respectively turning on the
second, third and fourth main circuit switching power
devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level before the third line
current comparison signal changes from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the second switching command signal for turning off the
second main circuit switching power device and further
generates and outputs the fifth switching command signal
for turning on the fifth main circuit switching power

device, and further, for a further time interval from the
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further timing when the third line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time intexrval from a second timing when the
third line current compérison signal changes from the
second level to the first level before the secopd line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the third switching command signal for turning off the
third main circuit switching power device and further
generates and outputs the sixth switching command signal
for turning on the sixth main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit

generates and outputs the fourth, fifth and sixth switching
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command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third.main circuit switching power
devices,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the gecond level at the state
updating first timing, said logic circuit generates and
outputs the second, fourth and sixth switching command
signals for respectively turning off the second, fourth and
sixth main circuit switching power devices, and further
generates and outputs the first, third and fifth switching
command signals for respectively turning on the first,
third and fifth main circuit switching power devices,

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level before the first line
current comparison signal changes from the second level to
the first level, to a further timing when the first line
current comparison signal changes from.the second level to
the first level, said logic circuit generates and outputs
the third switching command signal for turning off the

third main circuit switching power device and further
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generates and outputs the sixth switching command signal
for turning on the sixth main circuit switching power
device, and further, for a further time intexrval from the
further timing when the first line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the ?irst, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level before the third line
current comparison signal changes from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the first switching command signal for turning off the
first main circuit switching power device and further
generates and outputs the fourth switching command signal
for turning on the fourth main circuit switching power
device, and further, for a further time interval from the

further timing when the third line current comparison
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signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power ”
devices,

wherein, when the first }ine current comparison
signal has the second level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at ﬁhe state
updating first timing, said logic circuit generates and
outputs the third, fourth and fifth switching command
signals for respectively turning off the third, fourth and
fifth main circuit switching power devices, and further
generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level before the first line
current comparison signal changes from the second level to
the first level, to a further timing when the first line

current comparison signal changes from the second level to
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the first level, said logic circuit generates and outputs
the second switching command signal for turning off the
second main circuit switching power device and further
generates and outputs the fifth switching command signal
for turning on the fifth main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level before the second line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the first switching command signal for turning off the
first main circuit switching power device and further

generates and outputs the fourth switching command signal
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for turning on the fourth main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices.

5. The current command type PWM inverter
apparatus as claimed in Claim 3 or 4,

wherein said first comparing means periodically
compares the first line current command signal with the
first detected line current, generates and outputs the
first line current comparison signal having the first level
when the first detected line current is equal to oxr greater
than the first line current command signal at least two
consecutive times, and generates and outputs the first line
current comparison signal having the second level when the
first detected line current is smaller than the first line
current command signal at least two consecutive times,

wherein said second comparing means periodically

compares the second line current conmand signal with the
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second detected line current, generates and ocutputs the
second line current comparison signal having the first
level when the second detected line current is equal to or
greater than the second line current command signal at
least two consecutive times, and generates and outputs the
second line current comparison signal having the second
level when the second detected line current is smaller than
the second line current command signal at least two
consecutive times,

wherein said third compa;ing means periodically
compares the third line current command signal with the
third detected line current, generates and outputs the
third line current comparison signal having the first level
when the third detected line current is equal to or greater
than the third line current command signal at least two
consecutive times, and generates and outputs the third line
current comparison signal having the second level when the
third detected line current is smaller than the third line
current command signal at least two consecutive times.

6. The current command type PWM inverter
apparatus as claimed in Claim 3, 4 or 5, further
comprising:

delaying means for, at a timing when any one of
the first, second and third line current comparison signals
changes, respectively delaying the first, second, third,

fourth, fifth and sixth switching command signals outputted
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from said logic circuit, by a predetermined delay time, and
outputting a delayed first, second, third, fourth, fifth
and sixth switching command signals to said first, second,
third, fourth, fifth and sixth main circuit switching power
devices.

7. A current command type PWM inverter apparatus
comprising:

motor current detecting means for detecting line
currents flowing from respective lines of said PWM inverter
apparatus into a three-phase motor.and ocutputting a first
detected line current, a second detected line current and a
third detected line current;

current command generating means for generating
and outputting a first line current command signal, a
second line current command signal and a third line current
command signal for commanding the line éurrents to be flown
from said respective lines into the three-phase motor;

first comparing means for comparing the first
line current command signal with the first detected line
current, outputting a first line current comparison signal
having a first level when the first detected line current
is greater than the first line current command signal, and
outputting the first line current comparison signal having
a second level when the first detected line current is
equal to or smaller than the first line current c§mmand

signal;
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second comparing means for comparing the second
line current command signal with the second detected line
current, outputting a second line current comparison signal
having a first level when the second detected line current
is greater than the second line current command signal, and
outputting the second line current comparison signal having
a second level when the second detected line current is
equal to or smaller than the second line current command
signal;

third comparing means fo; comparing the third
line current command sigmal with the third detected line
current, outputting a third line current comparison signal
having a first level when the third detected line current
is greater than the third line current command signal, and
outputting the third line current comparison signal having
a second level when the third detected line current is
equal to or smaller than the third line current command
signal;

a main circuit DC power source;

main circuit power device circuit having a three-
phase bridge connection and comprising first, second,
third, fourth, fifth and sixth main circuit switching power
devices, and six reflux diodes respectively connected in
parallel with said first, second, third, fourth, fifth and

sixth main circuit switching power devices;
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a logic circuit for receiving the first line
current comparison signal, the second line current
comparison signal and the third line current comparison
signal, and generating and outputting first, second, third,
fourth, fifth and sixth switching command signals for
turning on or off said first, second, third, fourth, fifth
and sixth main circuit switching power devices, to said
first, second, third, fourth, fifth and sixth main circuit
switching power devices, respectively; and

timing generating means gor generating and
outputting a periodical state updating first timing to said
logic circuit,

wherein said first main circuit switching power
device is connected to a positive electrode of said main
circuit DC power source and supplies a first line current
to said three-phase motor from said main circuit DC power
source based on the first switching command signal,

wherein said second main circuit switching power
device is connected to the positive electrode of said main
circuit DC power source and supplies a second line current
to said three-phase motor from said main circuit DC power
source based on the second'switching command signal,

wherein said third main circuit switching power
device is connected to the positive electrode of said main

circuit DC power source and supplies a third line current
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source based on the third switching command signal,

wherein said fourth main circuit switching power
device is connected to a negative electrode of said main
circuit DC power source and supplies the first line current
to said three-phase motor from said main circuit DC power
gource based on the fourth switching command signal,

wherein said fifth main circuit switching power
device is connected to the negative electrode of said main
circuit DC power source and suppligs the second line
current to said three-phase motor from said main circuit DC
power source based on the fifth switching command signal,

wherein said sixth main circuit switching power
device is connected to the negative electrode of said main
.circuit DC power source and supplies the third line current
to said three-phase motor from said main circuit DC power
source based on the sixth switching command signal,

wherein, at the state updating first timing, and
at least one second timing when any one of the first,
second and third comparison signals change after the state
updating first timing, said logic circuit generates and
outputs the first, second, third, fourth, fifth and sixth
switching commend signals.

8. The current command type PWM inverter

apparatus as claimed in Claim 7,
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wherein said logic circuit generates and outputs
the first, second, third, fourth, fifth and sixth switching
commend signals so as to minimize an error between the
first line current command signal and the first detected
line current, an error between the second line current
command signal and the second detected line current, and an
error between the third line current command signal and the
third detected line current.

9. The current command type PWM inverter
apparatus as claimed in Claim 8,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the second, third and fourth switching command
signals for respectively turning off the second, third and
fourth main circuit switching power devices, and further
generates and outputs the first, fifth and sixth switching
command signals for respectively turﬁing on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic circuit generates and outputs the

fifth switching command signal for turning off the fifth
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main circuit switching power device and further generates
and outputs the second switching command signal for turning
on the second main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the sixth
switching command signal for turning off the sixth main
circuit switching power device and further generates and
outputs the third switching comman@ signal for turning on
the third main circuit switching power device,

wherein, when the first line current compariscon
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the first, third and fifth switching command
signals for respectively turning off the first, third and
fifth main circuit switching power devices, and further
generates and outputs the second, fourth and sixth
switching command signals for respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
first line current comparison signal changes from the first

level to the second level to the next state updating first
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timing, said logic circuit generates and outputs the fourth
switching command signal for tﬁrning off the fourth main
circuit switching power device and further generates and
outputs the first switching command signal for turning on
the first main circuit switching power device, and

Ifor a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level to the next state updating first
timing, said logic circuit generates and outputs the sixth
switching command signal for turning off the sixth main
circuit switching power device and further generates and
outputs the third switching command signal for turning on
the third main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching powexr devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third,
fourth and fifth main circuit switching power devices,

for a time interval from a second timing when the

first line current comparison sighal changes from the first
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level to the second level to the next state updating first
timing, said logic circuit generates and outputs the fourth
switching command signal for turning off the fourth main
circuit switching power device and further generates and
outputs the first switching command signal for turning on
the first main circuit switching power device, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level to the next state updating
first timing, said logic circuit generates and outputs the
fifth switching command signal for turning off the fifth
main circuit switching power device and further generates
and outputs the second switching command signal for turning
on the second main circuit switching power device,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, fifth and
sixth main circuit switching power devices, and further
generates and outputs the second, third and fourth
switching command signals for respectively turning on the

second, third and fourth main circuit switching power

devices,
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second line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circﬁit generates and outputs the
second switching command signal for turning off the second
main circuit switching power device and further generates
and outputs the fifth switching command signal for turning
on the fifth main circuit switching power device, and

for a time interval from a second timing when the
third line curxrent comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
third switching command signal for turning off the third
main circuit switching power device and further generates
and outputs the sixth switching command signal for turning
on the sixth main circuit switching power device,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the second, fourth and sixth switching command
signals for respectively turning off the second, fourth and
sixth main circuit switching power devices, and further

generates and outputs the first, third and fifth switching
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command signals for respectively turning on the first,
third and fifth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching command signal for turning
on the fourth main circuit switching power device, and

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
third switching command signal for turning off the third
main circuit switching power device and further generates
and outputs the sixth switching command signal for turning
on the sgixth main circuit switching power device,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the third, fourth and fifth switching command
signals for respectively turning off the third, fourth and

fifth main circuit switching powef devices, and further
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generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level to the next state updating
first timing, said logic circuit generates and outputs the
first switching command signal for turning off the first
main circuit switching power device and further generates
and outputs the fourth switching cgmmand signal for turning
on the fourth main circuit switching power device, and

for a time interval from a second timing when the
second line current comparison signal changes frdm the
second level to the first level to the next state upd;ting
first timing, said logic circuit generates and outputs the
second switching command signal for turning off the second
main circuit switching power device and further generates
and outputs the fifth switching command signal for turning
on the fifth main circuit switching power device.

10. The current command type PWM inverter
apparatus as claimed in Claim 8,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the first level at the state

updating first timing, said logic'circuit generates and
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outputs the second, third and fourth switching command
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signals for respectively turning off the second, third and
fourth main circuit switching power devices, and further
generates and outputs the first, fifth and sixth switching
command signals for respectively turning on the first,
fifth and sixth main circuit switching power devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level before the third line
current comparison signai changes from the first level to
the second level, to a further timing when the third line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fifth switching command signal for turning off tbe
fifth main circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power
device, and further, for a further time intexrval from the
further timing when the third line current comparison
signal changeé from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth

switching command signals for respectively turning on the
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devices, and

for a time interval from a second timing when the
third line current comparison signal changes frxrom the first
level to the second level before the second line current
comparison signal changes from the first level to the
second level, to a further timing when the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the si#th switching command signal.for turning off the
sixth main circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison

signal has the first level, the second line current
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comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the first, third and fifth switching command
signals for respectively turning off the first, third and
fifth main circuit switching power devices, and further
generates and outputs the second, fourth and sixth
switching command signals for respectively turning on the
second, fourth and sixth main circuit switching power
devices,

for a time interval from a second timing when the
third line current comparison signal changes from the first
level to the second level before the first line current
comparison signal changes from the first level to the
second level, to a further timing when the first line
current comparison signal changes from the first lewvel to
the second level, said logic circuit generates apd outputs
the sixth switching command signal for turning off the
sixth main circuit switching power device and further
generates and outputs the third switching command signal
for turning on the third main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit

generates and outputs the first, second and third switching
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command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signai changes from the first
level to the second level before the third line current
comparison signal changes from the.first level to the
second level, to a further timing when the third line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fourth switching command signal for turning off the
fourth main circuit switching power device and further
generates and outputs the first switching command signal
for turning on the first main circuit switching power
device, and further, for a further time interval from the
further timing when ﬁhe third line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectively turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth

switching command signals for reséectively turning on the
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fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
ocutputs the first, second and sixth switching command
signals for respectively turning off the first, second and
sixth main circuit switching power devices, and further
generates and outputs the third, fourth and fifth switching
command signals for respectively turning on the third,
fourth and fifth méin circuit switching power devices,

for a time interval from a second timing when the
first line current comparison signal changes from the first
level to the second level before the second line current
comparison signal changes fxrom the first level to the
second level, to a further timing when .the second line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fourth switching command signal for turning off the
fourth main circuit switching power device and further
generates and outputs the first switching command signal
for turning on the first main circuit switching power
device, and further, for a further time interval from the

further timing when the second line current comparison
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signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching
command signals for respectiﬁely turning off the first,
second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices, and

for a time interval from a second timing when the
second line current comparison signal changes from the
first level to the second level before the first line
current comparison signal changes from the first level to
the second level, to a further timing when the first line
current comparison signal changes from the first level to
the second level, said logic circuit generates and outputs
the fifth switching command signal for turning off the
fifth wain circuit switching power device and further
generates and outputs the second switching command signal
for turning on the second main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the first level to the second level, to
the next state updating first timing, said logic circuit
generates and outputs the first, second and third switching

command signals for respectively ﬁurning off the first,
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second and third main circuit switching power devices and
further generates and outputs the fourth, fifth and sixth
switching command signals for respectively turning on the
fourth, fifth and sixth main circuit switching power
devices,

wherein, when the first line current comparison
signal has the first level, the second line current
comparison signal has the second level and the third line
current comparison signal has the second level at the state
updating first timing, said logic qircuit generates and
outputs the first, fifth and sixth switching command
signals for respectively turning off the first, fifth and
sixth main circuit switching power devices, and further
generates and outputs the second, third and fourth
switching command signals for respectively turning on the
second, third and fourth main circuit switching power
devices,

for a time interval from a second timing when the
second line current comparison signal changes from the
second level to the first level before the third line
current comparison signal changes from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the second switching command signal for turning off the

second main circuit switching power device and further
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generates and outputs the fifth switching command signal
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for turning on the fifth main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the girst, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second -timing whgn the
third line current comparison signal changes from the
second level to the first level before the second line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the third switching command signal for turning off the
third main circuit switching power device and further
generates and outputs the sixth switching command signal
for turning on the sixth main circuit switching power
device, and further, for a further time interval from the

further timing when the second line current comparison
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signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching powexr devices and
further generates and outputs the first, second and thirgd
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices,

wherein, when the first ;ine current comparison
signal has the second level, the second line current
comparison signal has the first level and the third line
current comparison signal has the second level at the state
updating first timing, said logic circuit generates and
outputs the second, fourth and sixth switching command
signals for respectively turning off the second, fourth and
sixth main circuit switching power devices, and further
generates and outputs the first, third and fifth switching
command signals for respectively turning on the first,
third and fifth main circuit switching power devices,

for a time interval from a second timing when the
third line current comparison signal changes from the
second level to the first level before the first line
current comparison signal changes from the second level to
the first level, to a further timing when the first line

current comparison signal changes from the second level to
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the third switching command signal for turning off the
third main circuit switching power device and further
generates and outputs the sixth switching command signal
for turning on the sixth main circuit switching power
device, and further, for a further time interval from the
further timing when the first line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, gifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power
devices, and

for a time interval from a second timing when the
first line current comparison signal changes from the
second level to the first level before the third line
current comparison signal changes from the second level to
the first level, to a further timing when the third line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the first switching command signal for turning off the
first main circuit switching power device and further

generates and outputs the fourth éwitching command signal
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for turning on the fourth main circuit switching power
device, and further, for a further time interval from the
further timing when the third line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respgctively turning on the
first, second and third main circuit switching power
devices,

wherein, when the first line current comparison
signal has the second level, the second line current
comparison signal has the second level and the third line
current comparison signal has the first level at the state
updating first timing, said logic circuit generates and
outputs the third, fourth and fifth switching command
signals for respectively turning off the third, fourth and
fifth main circuit switching power devices, and further
generates and outputs the first, second and sixth switching
command signals for respectively turning on the first,
second and sixth main circuit switching power devices,

for a time intexrval from a second timing when the
second line current comparison signal changes from the

second level to the first level before the first line
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current comparison signal changes from the second level to
the first level, to a further timing when the first line
current comparison signal changes from the second level to
the first level, said logic circuit generates and outputs
the second switching command signal for turning off the
second main circuit switching power device and further
generates and outputs the fifth switching command signal
for turning on the fifth main circuit switching power
device, and further, for a further time interval from the
further timing when the first line‘current comparison
signal changes from the second level to the first level, to
the next state updating first timing,.said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively turning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
first, second and third main circuit switching power

devices, and

for a time interval from a second timing when the
first line curxent comparison signal changes from the
second level to the first level before the second line
current comparison signal changes from the second level to
the first level, to a further timing when the second line
current comparison signal changes from the second level to

the first level, said logic circuit generates and outputs
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the first switching command signal for turning off the
first main circuit switching power device and further
generates and outputs the fourth switching command signal
for turning on the fourth main circuit switching power
device, and further, for a further time interval from the
further timing when the second line current comparison
signal changes from the second level to the first level, to
the next state updating first timing, said logic circuit
generates and outputs the fourth, fifth and sixth switching
command signals for respectively tgrning off the fourth,
fifth and sixth main circuit switching power devices and
further generates and outputs the first, second and third
switching command signals for respectively turning on the
firs£, second and third main circuit switching power
devices.

11. The current command type PWM invertex
apparatus as claimed in Claim 9 or 10,

wherein said first compariné means periodically
compares the first line current command signal with the
first detected line current, generates and outputs the
first line current comparison signal having the first level
when the first detected line current is greater than the
first line current command signal at least two consecutive
times, and generates and outputs the first line current

comparison signal having the second level when the first
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detected line current is equal to or smaller than the first
line current command signal at least two consecutive times,

wherein said second comparing means periodically
compares the second line current command signal with the
second detected line current, generates and outputs the
second line current comparison signal having the first
level when the second detected line current is greater than
the second line current command signal at least two
consecutive times, and generates and outputs the second
line current comparison signal hav@ng the second level when
the second detected line current is equal to or smaller
‘ than the second line current command signal at least two
consecutive times,

wherein said third comparing means periodically
compares the third line current command signal with the
third detected line current, generates and outputs the
third line current comparison signal having the first level
when the third detected line current is greater than the
third line current command signal at least two consecutive
times, and generates and outputs the third line current
comparison signal having the second level when the third
detected line current is equal to or smaller than the third
line current command signal at least two consecutive times.

12. The current command type PWM inverter
apparatus as claimed in Claim 9, 10 or 11, fuxther

comprising:
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delaying means for, at a timing when any one of
the first, second and third line current comparison signals
changes, respectively delaying the first, second, third,
fourth, fifth and sixth switching command signals outputted
from said logic circuit, by a predetermined delay time, and
outputting a delayed first, second, third, fourth, fifth
and sixth switching command signals to said first, second,

third, fourth, fifth and sixth main circuit switching power

devices.



