DESCRIPTION

POWER CONVERSION DEVICE, CONTROL METHOD THEREOF, ROTATION
SENSORLESS CONTROL DEVICE, AND CONTROL METHOD THEREOF

FIELD

[0001] Embodiments of the present invention relate to a
power conversion device, a control method thereof, a
rotation sensorless control device, and a control method

thereof.

BACKGROUND

[0002] A PWM power conversion device has been disclosed
in Patent Literature 1 which changes the frequency of a
carrier with respect to time for reducing an
electromagnetic noise of the PWM power conversion device.
In addition, in Patent Literature 2, a technology for
reducing an electromagnetic noise caused by PWM harmonics
by distributing harmonic components of the PWM by changing
the carrier frequency in accordance with a random number
has been disclosed. Furthermore, in Patent Literature 3, a
technology has been disclosed which determines the
occurrence probability of each carrier frequency such that
the frequency distribution characteristic of harmonics is
flat when a plurality of carrier frequencies are changed.
[0003] In addition, in a permanent magnet synchronous
motor (PMSM) rotation sensorless control process in which a
PMSM is controlled without using a rotation sensor, in a
low-speed area in which an induced voltage is low, in order
to estimate a rotation angle using motor core saliency, a
system detecting a current response by overlapping high-
frequency voltages is widely used.

However, it 1is known that an electromagnetic noise



occurs according to the overlapping high-frequency voltages,
and, in order to reduce the occurring electromagnetic noise,
a technology for switching (changing) the frequency of the
overlapping high-frequency voltages with respect to time

has been proposed (for example, see Patent Literature 4).
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0005] However, it has been disclosed through an
inventor's experiment and the like that a component of an
average of frequencies before and after the switch (change)
is generated when the carrier frequency is switched
(changed) .

Thus, in order to reduce the influence of the carrier
frequency of a PWM signal used for a PWM power conversion,
in a case where a plurality of carrier frequencies are used
in a switched manner, as the number of times of the
switching increases, the component of the average frequency
increases, and thus, a desired frequency spectrum
distribution is not realized, and it is difficult to avoid
mechanical resonance, whereby there is a concern that an

electromagnetic noise occurs.



In addition, in a case where a plurality of
overlapping high~frequencies are used in a switched manner
so as to reduce the influence of overlapping high-
frequencies overlapping a PWM signal used for a PWM power
conversion, as the number of times of the switching
increases, the component of the average frequency increases,
and there is a concern that it is difficult to realize a
flat frequency spectrum distribution. Particularly,
generally, there is a restriction on the range of the
overlapping high-frequencies that can be selected. Thus,
due to a selection made only in a narrow range, the
component of the average frequency increases, and there is
a concern that an electromagnetic noise occurs.

The present invention is made in consideration of the
description presented above, and an object thereof is to
provide a power conversion device, a control method thereof,
a rotation sensorless control device, a control method
thereof, and a control program capable of reducing an

electromagnetic noise in a PWM control process.

Means for Solving Problem

[0006] A setting unit of a power conversion device
according to an embodiment sets a continuation time to be
random and sets one carrier frequency among a plurality of
mutually-different carrier frequencies as a set carrier
frequency.

Accordingly, a carrier generating unit generates a
carrier of the particular set carrier frequency during a
certain continuation time.

Then, a PWM signal generating unit generates a PWM
signal based on the carrier generated by the carrier
generating unit, and a power conversion unit executes a

power conversion based on the generated PWM signal and



supplies converted power to a load.

[0007] In addition, a setting unit of a rotation
sensorless control device according to an embodiment sets
one overlapping high-frequency among a plurality of
mutually-different overlapping high-frequencies that are
fregquencies higher than a fundamental wave frequency in PWM
control and sets a continuation time of a voltage having
the set overlapping high-frequency or a current having the
set overlapping high-frequency to be random.

[0008] Accordingly, a generation unit generates the
voltage or the current having the overlapping high-
frequency during the continuation time, and an estimation
unit estimates a rotor electrode position and a rotation
speed of a permanent magnet synchronous motor by applying
the generated voltage having the overlapping high-frequency
to the permanent magnet synchronous motor or supplying the
generated current having the overlapping high-frequency to

the permanent magnet synchronous motor.

BRIEF DESCRIPTION OF DRAWINGS
[0009] FIG. 1 is an outline configuration block diagram
of a PWM power conversion device according to a first
embodiment.

FIG. 2 1s an outline configuration block diagram of a
continuation determining unit.

FIG. 3 is a timing diagram in the first embodiment.

FIG. 4 is an explanatory diagram of a switching state
of a carrier frequency.

FIG. 5 i1s an explanatory diagram of a relation between
a carrier frequency and a harmonic component.

FIG. 6 1s an explanatory diagram of a modified example
in the first embodiment.

FIG. 7 is an outline configuration block diagram of a



PWM power conversion device according to a second
embodiment.

FIG. 8 is a timing diagram in the second embodiment.

FIG. 9 is an explanatory diagram of the operation in
the second embodiment.

FIG. 10 is an explanatory diagram of effects in the
second embodiment.

FIG. 11 is an outline configuration block diagram of a
PWM power conversion device according to a third embodiment.

FIG. 12 is an explanatory diagram of an example of a
current flowing through a load in a mechanical
characteristic determination.

FIG. 13 is an explanatory diagram of a noise
characteristic of the load in the mechanical characteristic
determination.

FIG. 14 is an explanatory diagram of a relation
between a mechanical characteristic and a set carrier
frequency.

FIG. 15 is an explanatory diagram of another relation
between a mechanical characteristic and a set carrier
frequency.

FIG. 16 is an outline configuration explanatory
diagram in a first modified example.

FIG. 17 is an outline configuration block diagram of a
PMSM rotation sensorless control system according to a
fourth embodiment.

FIG. 18 is an outline configuration block diagram of a
continuation determining unit.

FIG. 19 is a timing diagram in the fourth embodiment.

FIG. 20 is an explanatory diagram of a switching state
of an overlapping high-frequency.

FIG. 21 is an explanatory diagram of a relation

between an overlapping high-frequency and a harmonic



component.

FIG. 22 is an outline configuration block diagram of a
high-frequency voltage instruction generating unit.

FIG. 23 is an explanatory timing diagram of the
operation in a modified example.

FIG. 24 is an outline configuration block diagram of
another high-frequency voltage instruction generating unit.

FIG. 25 1s an outline configuration block diagram of a
PMSM rotation sensorless control system according to a
fifth embodiment.

FIG. 26 is an explanatory diagram of the operation in
the fifth embodiment.

FIG. 27 1s an explanatory diagram of effects in the
fifth embodiment.

FIG. 28 is an outline configuration block diagram of a
PMSM rotation sensorless control system according to a
sixth embodiment.

FIG. 29 is a timing diagram in the sixth embodiment.

FIG. 30 is an explanatory diagram of a modified

example in the sixth embodiment.

DETATILED DESCRIPTION
[0010] Next, embodiments will be described in detail
with reference to the drawings.
[1] First Embodiment
FIG. 1 is an outline configuration block diagram of a
PWM power conversion device according to a first embodiment.
a PWM power conversion device 10, when being largely
divided, includes: a step-down chopper 13 serving as a
power conversion unit that drops an input DC voltage from a
DC power supply 11 and outputs a resultant voltage to a
load 12 as a drive voltage; a carrier frequency calculating

unit 14 that calculates a carrier frequency and outputs a



carrier frequency signal; a carrier signal generating unit
15 that generates a carrier signal having a carrier
frequency corresponding to the carrier frequency signal; an
output voltage instruction generating unit 16 that
generates and outputs an output voltage instruction signal;
and a PWM signal generating unit 17 that outputs a PUWM
signal to the step-down chopper 13 based on an input
carrier signal and an output voltage instruction signal.

In the configuration described above, the carrier
frequency calculating unit 14, the carrier signal
generating unit 15, the output voltage instruction
generating unit 16, and the PWM signal generating unit 17
configure a control unit 18 that controls a PWM power
conversion.

[0011] The carrier frequency calculating unit 14
includes: a random number generating unit 21 that generates
a random number; a continuation period determining unit 22
that determines a continuation period (continuation time)
based on the value of an input random number and outputs
continuation period data (continuation time data); a
continuation determining unit 23 that executes a
continuation determination based on input continuation
period data and outputs a frequency selection signal; and a
frequency selecting unit 24 that outputs one of a maximal
carrier frequency fmax that is a highest frequency among
frequencies settable as a carrier frequency and a minimal
carrier frequency fmin that is a lowest frequency among the
frequencies settable as a carrier frequency as a carrier
frequency signal based on the frequency selection signal.
[0012] FIG. 2 1s an outline configuration block diagram
of the continuation determining unit.

The continuation determining unit 23 includes: a

comparator 31 that has continuation period data and count



data being input thereto, determines whether or not the
value of the continuation period data and the value of the
count data match each other, and outputs a comparison
result signal; a counter 32 that 1s reset in a case where
the comparison result signal represents matching, increases
the count value in a no matching state of the comparison
result signal, and outputs a resultant count value as count
data; and an inversion processor 33 that has a comparison
result signal and a frequency selection signal being input
thereto and inverts the frequency selection signal in a
case where the comparison result signal and the frequency
selection signal do not match each other.

[0013] Next, an operation according to the first
embodiment will be described.

First, the random number generating unit 21 of the
carrier frequency calculating unit 14 generates a random
number value and outputs the generated random number value
to the continuation period determining unit 22. Here, the
random number generating unit 21 calculates a pseudo random
number and outputs the pseudo random number as a random
number value or outputs a random number value by referring
to a random number table.

[0014] As a result, the continuation period determining
unit 22 determines the continuation period of the selected
carrier frequency based on the input random number and
outputs the determined continuation period as continuation
period data. More specifically, the continuation period is
calculated using one period of the carrier as the reference
by using Eguation (1).

continuation period = one period of carrier x random
number value (1)
[0015] The continuation determining unit 23 executes a

continuation determination based on the input continuation



period data and outputs a frequency selection signal. In
this first embodiment, since the carrier frequency is one
of the maximal carrier frequency fmax and the minimal
carrier frequency fmin of two kinds, the frequency
selection signal is binary data having one value of "0" and
"1". Accordingly, a frequency selection signal
corresponding to one of the maximal carrier frequency fmax
and the minimal carrier frequency fmin is output to the
frequency selecting unit 24 in accordance with the value of
the continuation period data.

[0016] The frequency selecting unit 24 outputs the
carrier frequency that is one of the maximal carrier
frequency fmax and the minimal carrier frequency fmin based
on the frequency selection signal exclusively as a carrier
frequency signal.

[0017] As a result, the carrier signal generating unit
15 generates a carrier signal of a frequency (in this first
embodiment, one of the maximal carrier frequency fmax and
the minimal carrier frequency fmin) corresponding to the
carrier frequency signal and outputs the generated carrier
signal to the PWM signal generating unit 17.

[0018] Meanwhile, the output voltage instruction
generating unit 16 generates an output voltage instruction
signal (= corresponding to a fundamental wave in the PWM
control process) corresponding to the output voltage of the
step-down chopper 13 and outputs the generated output
voltage instruction signal to the PWM signal generating
unit 17.

[0019] As a result, the PWM signal generating unit 17
outputs a PWM signal to the step-down chopper 13 based on
the input carrier signal and the output voltage instruction
signal.

The step-down chopper 13 drops an input DC voltage
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input from the DC power supply 11 based on the PWM signal
and outputs a resultant voltage to the load 12 as a drive
voltage, whereby the load 12 is driven.

[0020] Next, a specific operation will be described.

FIG. 3 is a timing diagram in the first embodiment.

As illustrated in FIG. 3, when the DC power supply
voltage of the PWM signal generating unit 17 is vde [V],
the carrier signal SC that is generated by the carrier
signal generating unit 15 is a triangular wave transiting
between two voltage levels of zero [V] and the DC power
supply voltage Vdc [V].

On the other hand, the voltage of the output voltage
instruction signal SB is constant.

As a result, the PWM signal SP generated by the PWM
signal generating unit 17 is at the "H" level in a case
where the carrier signal SC < the output voltage
instruction signal SB and is at the "L" level in a case
where the carrier signal SC = the output voltage
instruction signal SB.

[0021] FIG. 4 1s an explanatory diagram of a switching
state of the carrier frequency.

As illustrated in FIG. 4, according to this first
embodiment, based on the random number generated by the
random number generating unit 20, the continuation period
in case where the frequency (set carrier frequency) of the
carrier signal SC reaches the maximal carrier frequency
fmax and the continuation period in case where the
frequency (set carrier frequency) of the carrier signal SC
reaches the minimal carrier frequency fmin are randomly
changed.

[0022] According to this first embodiment, since the
continuation period of the carrier wave of the same

frequency changes each time, the component of the average
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frequency in the carrier frequency selection range can be
decreased.

In addition, according to this first embodiment, by
changing the continuation period in accordance with a
random number value, there is no regularity of a change of
the continuation period of the carrier of the same
frequency, and accordingly, there is no occurrence of
audible sense of incongruity accompanied with the change of
the continuation period.

[0023] In the description presented above, while a
random number is generated by the random number generating
unit 21, and the continuation period is changed in
accordance with the random number, for example, by changing
the continuation period in accordance with a sinusoidal
wave, the component of the average freguency in the carrier
frequency selection range can be reduced.

In the frequency spectrum distribution of harmonics
generated according to the carrier, the peak of a harmonic
component generated according to each carrier frequency
appears within the carrier frequency selection range.

[0024] Regarding the selection range of the carrier
frequency, the upper limit frequency fmax is limited by the
control calculation processing time of a microcomputer, and
the lower limit frequency fmin is limited by the
degradation of the controllability according to a control
delay. Accordingly, a wide fregquency band from the upper
limit frequency fmax to the lower limit frequency fmin
cannot be taken.

[0025] FIG. 5 is an explanatory diagram of a relation
between the carrier frequency and a harmonic component.

In other words, as illustrated in FIG. 5, a peak 71 of
a harmonic component'according to the minimal carrier

frequency fmin that is the lower limit carrier frequency,
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and a peak 72 of a harmonic component according to the
maximal carrier frequency fmax that is the upper limit
carrier frequency, and a peak 73 of a harmonic component
accompanied with the transition of the frequency overlap
each other. Thus, in the carrier frequency selection range,
in order to the expand the range of the dispersion as much
as possible, it is more preferable to select two
frequencies that are the minimal carrier frequency fmin at
the lower limit of the carrier frequency selection range
and the maximal carrier frequency fmax at the upper limit
thereof as the carrier frequency and change the
continuation period for the dispersion.

[0026] In addition, it is preferable that the
continuation period is an integer number of times of the
half period of the carrier period in a case where the
carrier is a triangular wave and is an integer number of
times of one period of the carrier in a case where the
carrier 1s a saw-tooth wave such that, as possibly as can
be, the update timing of the carrier frequency is a peak
portion or a valley portion of the carrier wave. In such a
case, the premise of the PWM that an average of the output
voltage between the peak portion and the valley portion of
the carrier wave is the voltage value of an output voltage
instruction 1s maintained, and an occurrence of an error in
the output voltage according to a change in the carrier
frequency can be prevented.

[0027] FIG. 6 is an explanatory diagram of a modified
example of the first embodiment.

In this first embodiment, while the control of the
load 12 using the step-down chopper 13 has been illustrated,
for example, as illustrated in FIG. 6, in a case where an
AC motor 12A is controlled using an inverter 13A or the

like, in the case of a PWM power conversion device,
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similarly, the effect of the distribution of the harmonic
components can be acquired, whereby an occurrence of
mechanical resonance and the like can be suppressed.
[0028] [2] Second Embodiment

FIG. 7 is an outline configuration block diagram of a
PWM power conversion device according to a second
embodiment.

In FIG. 7, the same reference numeral is attached to
each same portion as that of the first embodiment
illustrated in FIG. 1.

In this second embodiment, there is a difference from
the first embodiment that, while the continuation period in
which the carrier of the same frequency is continuously
used for the generation of a PWM signal is set simply based
on a random number value in the first embodiment, in this
second embodiment, a carrier frequency calculating unit is
included which checks whether or not a random value
satisfies a transition condition based on a transition
probability value by using the random number value and the
transition probability value. 1In such a case, by using a
plurality of transition probability values, it is
determined whether or not a transition from a certain
carrier frequency to another carrier frequency is made, and
accordingly, the carrier frequency can be changed more
uniformly, whereby the frequencies of the acquired harmonic
components can be uniformly dispersed.

[0029] A carrier frequency calculating unit 14A of the
PWM power conversion device 10, when being largely divided,
as illustrated in FIG. 7 includes: a random number
generating unit 21 that generates a random number; a
transition probability selecting unit 41 that selects one
of a plurality of transition probability values set in

advance based on a frequency selection signal and outputs
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the selected transition probability value; a transition
determining unit 42 that executes a transition
determination of whether or not a frequency transition is
made based on an input random number value and an input
transition probability value and outputs a transition
instruction signal; a frequency selection instructing unit
43 that outputs a frequency selection signal based on the
input transition instruction signal; and a frequency
selecting unit 24 that exclusively outputs one of a maximal
carrier frequency fmax and a minimal carrier frequency fmin,
which is the carrier frequency, as a carrier frequency
signal based on the frequency selection signal.

[0030] In this second embodiment, since used carrier
frequencies are the maximal carrier frequency fmax and the
minimal carrier frequency fmin of two kinds, two transition
probability values are used which include a transition
probability value Phl that is a probability value for a
transition of the carrier frequency from the maximal
carrier frequency fmax to the minimal carrier frequency
fmin and a transition probability value Plh that is a
probability value for a transition of the carrier frequency
from the minimal carrier fregquency fmin to the maximal
carrier frequency fmax.

[0031] Next, the operation according to the second
embodiment will be described.

First, the random number generating unit 21 of the
carrier frequency calculating unit 14A generates a random
number value and outputs the generated random number value
to the transition determining unit 42. Here, the random
number generating unit 21, similarly to the first
embodiment, calculates a pseudo random number and outputs
the pseudo random number as a random number value or

outputs a random number value to the transition determining
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unit 42 by referring to a random number table.
[0032] In parallel with this, the transition probability
selecting unit 41 selects one of a plurality of the
transition probability values Phl and Plh set in advance
based on the frequency selection signal output by the
frequency selection instructing unit 43 and outputs the
selected transition probability value to the transition
determining unit 42.
[0033] More specifically, in a case where the frequency
selection signal output by the frequency selection
instructing unit 43 corresponds to the maximal carrier
frequency fmax, the transition probability wvalue Phl that
is a probability value for a transition of the carrier
frequency from the maximal carrier frequency fmax to the
minimal carrier frequency fmin 1s output to the transition
determining unit 42.
[0034] On the other hand, in a case where the frequency
selection signal output by the frequency selection
instructing unit 43 corresponds to the minimal carrier
frequency fmin, the transition probability value Plh that
is a probability value for a transition of the carrier
frequency from the minimal carrier frequency fmin to the
maximal carrier frequency fmax is output to the transition
determining unit 42.
[0035] As a result, the transition determining unit 42
executes a transition determination of whether or not a
frequency transition is made based on the random number
value and the transition probability value that have been
input and outputs a transition instruction signal to the
frequency selection instructing unit 43.

More specifically, for example, in a case where the
input random number value input with the random number

value being set to be in the range of "0" to "1" is a
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transition probability value (for example, a transition
probability value Phl = 0.45) or less, a transition
instruction signal for a transition to a carrier frequency
other than the current carrier frequency 1is output to the
frequency selection instructing unit 43.

[0036] The frequency selection instructing unit 43
outputs a frequency selection signal to the frequency
selecting unit 24 based on the input transition instruction
signal.

As a result, the frequency selecting unit 24 outputs
one of the maximal carrier freguency fmax and the minimal
carrier frequency fmin to the carrier signal generating
unit 15 as a carrier frequency signal based on the input
frequency selection signal.

The carrier signal generating unit 15 generates a
carrier signal of a frequency (in this second embodiment,
one of the maximal carrier frequency fmax and the minimal
carrier frequency fmin) corresponding to the carrier
frequency signal and outputs the generated carrier signal
to the PWM sighal generating unit 17.

[0037] Meanwhile, the output voltage instruction
generating unit 16 generates an output voltage instruction
signal (= corresponding to a fundamental wave in the PWM
control process) corresponding to the output voltage of the
step-down chopper 13 and outputs the generated output
voltage instruction signal to the PWM signal generating
unit 17.

As a result, the PWM signal generating unit 17 outputs
a PWM signal to the step-down chopper 13 based on the input
carrier signal and the output voltage instruction signal.

The step-down chopper 13 drops an input DC voltage
input from the DC power supply 11 based on the PWM signal

and outputs a resultant voltage to the lcocad 12 as a drive
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voltage, whereby the load 12 is driven.
[0038] FIG. 8 is a timing diagram of the second
embodiment.

According to the configuration described above, the
carrier frequency calculating unit 14A, similarly to the
first embodiment, outputs a carrier signal SCl in which the
continuation period of the maximal carrier frequency fmax
or the minimal carrier frequency fmin is randomly changed,
and a PWM signal SP1 as illustrated in FIG. 8 is output by
the PWM signal generating unit 17.

[0039] In addition, in this second embodiment, in
addition to the effects of the first embodiment, by using
an appropriate transition probability wvalue, the transition
state of the carrier frequency can be adjusted, and
accordingly, a desired frequency spectrum distribution of
harmonics can be easily generated.

[0040] Here, the adjustment of the frequency spectrum
distribution of harmonics based on a transition probability
value will be described.

In this second embodiment, there are only four
operation modes.

(1) Continuation of Minimal Carrier Frequency fmin

(2) Continuation of Maximal Carrier Frequency fmax

(3) Transition from Minimal Carrier Frequency fmin to
Maximal Carrier Frequency fmax

(4) Transition from Maximal Carrier Frequency fmax to
Minimal Carrier Freguency fmin

[0041] FIG. 9 is an explanatory diagram of the operation
according to the second embodiment.

In this case, as frequency spectrum distributions of
generated harmonics, as illustrated in FIG. 9, there are
three kinds of freguency spectrum distributions. Since

both (3) a transition from the minimal carrier frequency



18

fmin to the maximal carrier frequency fmax and (4) a
transition from the maximal carrier frequency fmax to the
minimal carrier freguency fmin correspond to 73, the
description thereof will be commonly presented.
[0042] Thus, these three kinds of frequency spectrum
distributions will be used for the description.

The amplitudes of harmonic components at the peaks of
the frequency spectrum distributions can be represented in

Equations (2) to (4).

[0043]
f B Al - P
Amplitude of Harmonic of f,, Component = X% A i) C
fmin f:'ninRZh + fmaxPhl
(2)
[0044]
f . P.(1 - P
Amplitude of Harmonic of f,,, Component = —%&t 2L~ By) c
fmax fminPJh + fmaxphl
(3)
[0045]
: : meinfmax
Amplitude of Harmonic of Component
fmin + fmax
2 (4)
— (fmin + fmax) PblPJ.h C
2fminf:'nax fminPlh + fmaxPhl
[0046] Here, while a constant C changes according to a

modulation rate, a dispersion range, and the like, the
constant C is common to three dispersions.

Based on the description presented above, in this
second embodiment, the frequency spectrum distributions of
harmonics are adijusted.

[0047] For example, in a case where the harmonic
component of the minimal carrier frequency fmin is desired
to be increased, the transition probability value Phl for a
transition of the cafrier frequency from the maximal

carrier frequency fmax to the minimal carrier frequency
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fmin may be increased, or the transition probability value
Plh for a transition of the carrier frequency from the
minimal carrier frequency fmin to the maximal carrier
frequency fmax may be decreased.
[0048] In addition, in a case where the harmonic
component of the maximal carrier frequency fmax is desired
to be increased, the transition probability value Phl for a
transition of the carrier frequency from the maximal
carrier frequency fmax to the minimal carrier frequency
fmin may be decreased, or the transition probability value
Plh for a transition of the carrier frequency from the
minimal carrier frequency fmin to the maximal carrier
frequency fmax may be increased.
[0049] Furthermore, in a case where a harmonic component
generated according to a transition from the minimal
carrier frequency fmin to the maximal carrier frequency
fmax or a transition from the maximal carrier frequency
fmax to the minimal carrier frequency fmin is desired to be
increased, the transition probability wvalue Phl for a
transition of the carrier frequency from the maximal
carrier frequency fmax to the minimal carrier frequency
fmin or the transition probability wvalue Plh for a
transition of the carrier frequency from the minimal
carrier frequency fmin to the maximal carrier frequency
fmax may be increased. In this way, any kind of frequency
spectrum distribution can be generated.
[0050] However, as also described in the first
embodiment, generally, a wide selection range of the
carrier frequency cannot be taken.

Thus, as illustrated in FIG. 5, a peak 71 of a
harmonic component according to the minimal carrier
frequency fmin that is the lower limit carrier frequency of

the carrier frequency selection range, and a peak 72 of a
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harmonic component according to the maximal carrier
frequency fmax that is the upper limit carrier frequency of
the carrier frequency selection range, and a peak 73 of a
harmonic component resulted from a transition of the
carrier freqguency overlap each other.
[0051] FIG. 10 is an explanatory diagram of effects of
the second embodiment. |

Thus, by configuring the peak 73 resulted from a
transition of the carrier frequency to be smaller than the
peak 71 of the harmonic component according to the minimal
carrier frequency fmin and the peak 72 of the harmonic
component according to the maximal carrier frequency fmax,
as illustrated in FIG. 10, the harmonic can be formed to be
flat as possibly as can within the selection range of the
carrier frequency.
[0052] Also in this second embodiment, similarly to the
first embodiment, the component of the average frequency in
the carrier frequency selection range can be decreased, for
example, by executing a transition determination based on
not a random number but a sinusoidal wave. In addition,
also in this second embodiment, similarly to the first
embodiment, while the control process of the load 12 that
is executed by using the step-down chopper 13 has been
illustrated, the effect of the distribution of the harmonic
components can be similarly acquired in the case of a PWM
power conversion device.
[0053] In addition, the change of the carrier frequency
may be made only at the peak position or the bottom
position such that the update timing of the carrier
frequency is at the peak (crest) or the bottom (valley) of
the carrier as possibly as can be. In such a case, the
premise of the PWM that an average of the output voltage

between the peak and the bottom of the carrier wave is an
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output voltage instruction is maintained, and an occurrence
of an error in the output voltage according to a change in
the carrier frequency can be prevented.
[0054] [3] Third Embodiment

In this third embodiment, there is a difference from
the second embodiment described above that a transition
probability/carrier frequency determining unit that
determines a transition probability value and a carrier
frequency based on the mechanical characteristics of the
load is included.

FIG. 11 is an outline configuration block diagram of a
PWM power conversion device according to a third embodiment.

In FIG. 11, the same reference numeral is attached to
each same portion as that of the second embodiment
illustrated in FIG. 7.
[0055] A carrier frequency calculating unit 14B of the
PWM power conversion device 10, when being largely divided,
as 1llustrated in FIG. 11 includes: a random number
generating unit 21 that generates a random number; a
transition probability/carrier frequency determining unit
51 that determines transition probability wvalues Phl and
Plh and the maximal carrier frequency fmax and the minimal
carrier frequency fmin based on an input mechanical
characteristic of a load; a transition probability
selecting unit 41 that selects one of a plurality of
transition probability values set by the transition
probability/carrier frequency determining unit 51 based on
a frequency selection signal and outputs the selected
transition probability value; a transition determining unit
42 that executes a transition determination of whether or
not a frequency transition is made based on an input random
value and an input transition probability value and outputs

a transition instruction signal; a frequency selection
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instructing unit 43 that outputs a frequency selection
signal based on the input transition instruction signal;
and a frequency selecting unit 24 that outputs one of the
maximal carrier frequency fmax and the minimal carrier
frequency fmin, which are set by the transition
probability/carrier frequency determining unit 51, as a
carrier frequency signal based on the frequency selection
signal.

[0056] FIG. 12 is an explanatory diagram of an example
of a current flowing through a load in a mechanical
characteristic determination.

FIG. 13 is an explanatory diagram of a noise
characteristic of the load in the mechanical characteristic
determination.

In the configuration of the PWM power conversion
device 10 according to the third embodiment described above,
the mechanical characteristic, for example, is a noise
characteristic of the locad illustrated in FIG. 13 in a case
where a current close to a white noise as illustrated in
FIG. 12 is flown through the load or is simply the
frequencies (for example, 3.4 kHz and 3.9 kHz in the case
illustrated in FIG. 13) of the mechanical resonance points
of the load.

[0057] FIG. 14 is an explanatory diagram of a relation
between a mechanical characteristic and a set carrier
frequency.

The transition probability/carrier frequency
determining unit 51 determines the maximal carrier
frequency fmax and the minimal carrier frequency fmin based
on an input mechanical characteristic such that, for
example, as illustrated in FIG. 14, the mechanical

resonance point included in a mechanical characteristic 82

coincides with an average frequency [= 2-fmin x fmax/(fmax
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+ fmin) »~ (fmax + fmin)/2] of the maximal carrier frequency
fmax and the minimal carrier frequency fmin. In addition,
by decreasing the transition probability wvalues Phl and Plh,
the number of times of executing a transition of the
carrier frequency is suppressed, and an occurrence of a
peak of harmonics at the average frequency is suppressed,
whereby a frequency spectrum distribution 81 avoiding
mechanical resonance 1s acquired.

[0058] FIG. 15 is an explanatory diagram of another
relation between a mechanical characteristic and a set
carrier frequency.

For example, as illustrated in FIG. 15, in the case of
a mechanical characteristic 84 having a large noise at the
maximal carrier frequency fmax, by configuring the
transition probability value Plh for a transition of the
carrier frequency from the minimal carrier frequency fmin
to the maximal carrier frequency fmax to be smaller than
the transition probability value Phl for a transition of
the carrier frequency from the maximal carrier frequency
fmax to the minimal carrier frequency fmin, the peak of the
harmonic of the minimal carrier frequency fmin is larger
than the peak of the harmonic of the maximal carrier
frequency fmax, whereby a frequency spectrum distribution
83 avoilding mechanical resonance is acquired.

[0059] According to this third embodiment configured as
described above, the mechanical resonance can be avoided,
and the electromagnetic noise can be reduced.

Also in this third embodiment, similarly to the first
and second embodiments, the component of the average
frequency in the carrier frequency selection range can be
decreased, for example, by executing a transition
determination based on not a random number but a sinusoidal

wave.
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[0060] In addition, also in this third embodiment,
similarly to the first and second embodiments, while the
control process of the load 12 that 1s executed by using
the step-down chopper 13 has been illustrated, the effect
of the distribution of the harmonic components can be
similarly acquired in the case of a PWM power conversion
device.

[0061] Also in this third embodiment, similarly to the
first and second embodiments, the mechanical resonance can
be avoided, for example, by executing a transition ‘
determination based on not a random number but a sinusocidal
wave.

In addition, also in the third embodiment, similarly
to the first and second embodiments, while the control
process of the load 12 that is executed by the step-down
chopper 13 has been illustrated, for example, an inverter
controlling the AC motor 12A serving as the load 12 can
similarly acquire the effect of decreasing the
electromagnetic noise by employing the present invention in
accordance with the mechanical characteristic of the AC
motor 1Z2A.

[0062] [4] Modified Examples of First Embodiment to
Third Embodiment]
[4.1] First Modified Example

FIG. 16 is an outline configuration explanatory
diagram of a first modified example of the first to third
embodiments.

In each embodiment described above, while a
configuration has been employed in which the mechanical
characteristic of the load is additionally input (setting),
as illustrated in FIG. 16, it may be configured such that a
microphone 91 used for detecting a noise is arranged near

the load, an FFT analyzer 92 analyzing the output of the
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microphone 91 through a fast Fourier transform (FFT) is
arranged, and the maximal carrier frequency fmax, the
minimal carrier frequency fmin, and the carrier
continuation period are determined based on a result of the
FFT analysis.
[0063] [4.2] Second Mcdified Example

It may be configured such that, similarly to the first
modified example of the first to third embodiments, an FFT
analyzer is arranged, and the transition probability wvalue
Phl and the transition probability value Plh used in the
second embodiment are determined based on a result of the
FFT analysis.
[0064] [4.3] Third Modified Example

In the third embodiment described above, while the
configuration including the transition probability/carrier
frequency determining unit 51 has been employed, in the
configuration of the second embodiment, the transition
probability values Phl and Plh and the carrier frequencies
fmax and fmin may be calculated in advance so as to avoid
mechanical resonance and be set as such.
[0065] [4.4] Fourth Modified Example

The control unit of the PWM power conversion device
according to each of the first to third embodiments
includes a control device such as a CPU, a storage device
such as a read only memory (ROM) or a RAM, an external
storage device such as an HDD or a CD drive device, a
display device such as a display apparatus, and an input
device such as a keyboard or a mouse and can be configured
by employing a hardware configuration using a general
computer.
[0066] [4.5] Fifth Modified Example

The control program executed by the control unit of

the PWM power conversion device according to each of the
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first to third embodiments may be provided in an
installable form or an executable form with being recorded
on a computer-readable recording medium such as a CD-ROM, a
flexible disk (FD), a CD-R, or a digital versatile disk
(DVD) .

[0067] [4.6] Sixth Modified Example

In addition, the control program executed by the
control unit of the PWM power conversion device according
to each of the first to third embodiments may be configured
to be provided by being stored on a computer connected to a
network such as the Internet and downloaded through the
network. Furthermore, the control program executed by the
PWM power conversion device according to this embodiment
may be configured to be provided or distributed through a
network such as the Internet.

[0068] [4.7] Seventh Modified Example

The control program executed by the control unit of
the PWM power conversion device according to each of the
first to third embodiments may be configured to be built in
a ROM or the like in advance and 1is provided.

[0069] [5] Fourth Embodiment

FIG. 17 is an outline configuration block diagram of a
PMSM rotation sensorless control system according to a
fourth embodiment.

A PMSM rotation sensorless control system 110, when
being largely divided, includes: an inverter 111 that
executes a power conversion; a PMSM 112 that is driven to
rotate by the inverter 111; an overlapping high-frequency
calculating unit 13 that is used for calculating the
frequency of a high-frequency voltage overlapping for
estimating the rotation angle of the PMSM 112 using motor
core saliency and setting the calculated frequency; and an

inverter control unit 114 that controls the inverter 111
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while allowing a high-frequency signal having the frequency
set by the overlapping high-frequency calculating unit 113
to overlap a control signal. At this time, the overlapping
high-frequency calculating unit 113 may be arranged inside
or outside the inverter control unit 114.
[0070] The overlapping high-frequency calculating unit
113 includes: a random number generating unit 121 that
generates a random number; a continuation period
determining unit 122 that determines a continuation period
based on the value of an input random number and outputs
continuation period data; a continuation determining unit
123 that executes a continuation determination based on
input continuation period data, which will be described
later, and outputs a frequency selection signal; and a
freqguency selecting unit 124 that outputs one of a maximal
overlapping high-frequency f'max that i1s a highest
frequency among frequencies settable as an overlapping
high-frequency and a minimal overlapping high-freguency
f'min that is a lowest frequency among the frequencies
settable as an overlapping high-frequency as an overlapping
high-frequency signal based on the frequency selection
signal.
[0071] FIG. 18 is an outline configuration block diagram
of the continuation determining unit.

The continuation determining unit 123 includes: a
comparator 161; a counter 162; an inversion processor 163.

The comparator 161 has continuation period data and
count data being input thereto, determines whether or not
the value of the continuation period data and the value of
the count data match each other, and outputs a comparison
result signal.
[0072] The counter 162 includes an internal memory, and

a count value is stored in the memory. For example, the
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initial value of the count value is zero. A certain value
(for example, one) is added to the count value for every
control period, whereby the count value stored inside of
the memory is updated.

[0073] A comparison result signal is input to the
counter 162, and the count value 1s reset to the initial
value in a case where the comparison result signal
corresponds to matching. ©On the other hand, in a case
where the comparison result signal corresponds to no-
matching, the certain value is continuously added to the
count value of the counter 162 for every control period,
and a resultant value i1s output as a count value.

The inversion processor 163 has a comparison result
signal and a freguency selection signal being input thereto
and inverts the frequency selection signal in a case where
the comparison result signal and the frequency selection
signal do not match each other.

A series of processes described above forms a
continuation determination.

[0074] The inverter control unit 114 includes a high-
frequency voltage instruction generating unit 131 that
outputs an overlapping voltage instruction signal vdch*
used for giving an instruction for the frequency of a high-
frequency voltage for overlapping based on an overlapping
high-frequency signal output from the frequency selecting
unit 124. In addition, the inverter control unit 114
includes a rotation phase angle estimating unit 132 that
estimates a rotation phase angle of the PMSM 12 based on an
input overlapping voltage instruction signal vdch* and a g-
axial current detection signal igc and outputs the
estimated phase angle Oest.

[0075] In addition, the inverter control unit 114

includes: a current control unit 133 that generates
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fundamental wave voltage instruction signals vdcf* and
vgcf* used for current control based on a d-axial current
instruction signal idc* and a g-axial current instruction
signal igc* input from the outside such as an operation
room or the like and a d-axial current detection signal idc
and a g-axial current detection signal igc calculated based
on the detection value of a current detection unit 137 and
outputs the fundamental wave voltage instruction signals;
and a high-frequency voltage overlapping unit 134 that
outputs the d-axial voltage instruction signal vdc* and the
g-axial voltage instruction signal vgc* based on the
fundamental wave voltage instruction signals vdcf* and
vgcf* and the overlapping voltage instruction signal wvdch*.
[0076] Furthermore, the inverter control unit 114
includes: a first coordinate transformation unit 135 that
executes a coordinate transformation of the d-axial voltage
instruction signal vdc* and the g-axial voltage instruction
signal vqgc* that have been input and outputs a U-phase
voltage instruction signal vu*, a V-phase voltage
instruction signal vv*, and a W-phase voltage instruction
signal vw*; and a PWM modulation unit 136 that executes PWM
modulation by comparing the input voltage instruction
signals vu*, vv*, and vw* with a triangular wave or a saw-
tooth wave that i1s a carrier and outputs a gate signal that
is an on/off instruction for each phase switching device of
the inverter 11.

[0077] In addition, the inverter control unit 114
includes: a current detection unit 137 that detects current
response values of a plurality of phases (in the example
illustrated in FIG. 17, two phases including a U phase and
a W phase) among three-phase AC current flowing through the
PMSM 12 and outputs current detection signals (in the

example illustrated in FIG. 17, a U-phase current detection
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signal i1u and a W-phase current detection signal iw); and a
second coordinate transformation unit 138 that executes a
coordinate transformation (UVW/dcgc transformation) of
current detection signals (in the example represented in
FIG. 17, the U-phase current detection signal iu and the W-
phase current detection signal iw) output by the current
detection unit 137 and outputs a d-axial current detection
signal idc and a g-axial current detection signal igc.
[0078] Next, an operation according to the fourth
embodiment will be described.

First, the random number generating unit 121 of the
overlapping high-frequency calculating unit 113 generates a
random number value and outputs the generated random number
value to the continuation period determining unit 122.
Here, the random number generating unit 121 calculates a
pseudo random number and outputs the pseudo random number
as a random number value or outputs a random number value
by referring to a random number table.

[0079] As a result, the continuation period determining
unit 122 determines the continuation period of the
overlapping high-frequency based on the input random number
value and outputs the determined continuation period as
continuation period data. More specifically, the
continuation period is calculated using one period of the
overlapping high-frequency as the reference by using
Equation (5).

continuation period = one period of overlapping high-
frequency x random number value (5)
[0080] The continuation determining unit 123 executes a
continuation determination based on the input continuation
period data and outputs a frequency selection signal. In
this fourth embodiment, since the frequency of the

overlapping high-frequency voltage is one of the maximal
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overlapping high-frequency f'max and the minimal
overlapping high-frequency f'min of two kinds, the
frequency selection signal i1s binary data having one wvalue
of "O" and "1". Accordingly, a frequency selection signal
corresponding to one of the maximal overlapping high-
frequency f'max and the minimal overlapping high-frequency
f'min is output to the frequency selecting unit 124 in
accordance with the value of the continuation period data
[0081] The frequency selecting unit 124 outputs one of
the maximal overlapping high-frequency f'max and the
minimal overlapping high-frequency f'min based on the
frequency selection signal to the high-frequency voltage
instruction generating unit 131 as an overlapping high-
frequency signal.

[0082] The high-frequency voltage instruction generating
unit 131 of the inverter control unit 114 outputs the
overlapping voltage instruction signal vdch* used for
giving an instruction for the frequency of the high-
frequency voltage for overlapping to the rotation phase
angle estimating unit 132 and the high-frequency voltage
overlapping unit 134 based on an input overlapping high-
frequency signal.

[0083] Meanwhile, in order to execute current control,
the current control unit 133 generates fundamental wave
voltage instruction signals vdcf* and vgcf* based on the d-
axial current instruction signal idc*, the g-axial current
instruction signal igc*, the d-axial current detection
signal idc, and the g-axial current detection signal igc
that have been input and outputs the generated fundamental
wave voltage instruction signals to the high-frequency
voltage overlapping unit 134.

[0084] As a result, the high-frequency voltage

overlapping unit 134 generates a d-axial voltage
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instruction signal vdc* based on the fundamental wave
voltage instruction signal vdcf* and the overlapping
voltage instruction signal vdch* and generates a g-axial
voltage instruction signal vgc* based on the fundamental
wave voltage instruction signal vgcf* and the overlapping
voltage instruction signal vdch* and outputs the d-axial
voltage instruction signal vdc* and the g-axial voltage
instruction signal vgc* that have been generated to the
first coordinate transformation unit 135.

[0085] The first coordinate transformation unit 135
executes a coordinate transformation of the d-axial voltage
instruction signal vdc* and the g-axial voltage instruction
signal vgc* that have been input and outputs a U-phase
voltage instruction signal vu*, a V-phase voltage
instruction signal vv*, and a W-phase voltage instruction
signal vw* to the PWM modulation unit 136.

[0086] The PWM modulation unit 136 executes PWM
modulation by comparing the input voltage instruction
signals vu*, vv*, and vw* with a triangular wave or a saw-
tooth wave that 1s a carrier and outputs a gate signal that
is an on/off instruction for each phase switching device of
the inverter 111 to the inverter 11.

As a result, from the inverter 111 to the PMSM 112,
the U-phase current, the V-phase current, and the W-phase
current flow in a synchronized state, whereby a rotor,
which is not illustrated in the figure, of the PMSM 112
rotates.

[0087] In parallel with this, the current detection unit
137 detects current response values of a plurality of
phases (in the example illustrated in FIG. 17, two phases
including the U phase and the W phase) among three-phase AC
currents flowing through the PMSM 112 and outputs current

detection signals (in the example illustrated in FIG. 17,
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the U-phase current detection signal iu and the W-phase
current detection signal iw) to the second coordinate
transformation unit 138.

[0088] The second coordinate transformation unit 138
executes a coordinate transformation (UVW/dcgc
transformation) of the current detection signals (in the
example illustrated in FIG. 17, the U-phase current
detection signal iu and the W-phase current detection
signal iw) output by the current detection unit 137,
outputs a d-axial current detection signal idc to the
current control unit 133, and outputs a g-axial current
detection signal igc to the rotation phase angle estimating
unit 132 and the current control unit 133.

[0089] As a result, the rotation phase angle estimating
unit 132 estimates the rotation phase angle of the PMSM 112
based on the overlapping voltage instruction signal vdch*

and the g-axial current detection signal igc that have been

input and outputs an estimated phase angle Best to the
first coordinate transformation unit 135 and the second
coordinate transformation unit 138.
[0090] As a result of the operation described above, the
first coordinate transformation unit 135 outputs the
voltage instruction signals vu*, vv*, and vw* that are
optimal to the rotation state of the PMSM 112 corresponding
to the estimated phase angle Best to the PWM modulation
unit 136, and accordingly, the inverter 111 executes
rotation driving in accordance with the rotation state of
the PMSM 112 while suppressing the noise.
[0091] Next, a specific operation will be described.
FIG. 19 is a timing diagram of the fourth embodiment.
As illustrated in FIG. 19, when the DC power supply
voltage of the PWM modulation unit 136 is Vdc [V], the

carrier signal SC that is generated by the carrier signal
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generating unit is a triangular wave transiting between two
voltage levels of zero [V] and the DC power supply voltage
Vdec [V].

[0092] In addition, the overlapping voltage instruction
signal vdch* output by the high-frequency voltage
instruction generating unit 131, as illustrated in FIG. 19,
is a rectangular wave of which the period has a frequency
corresponding to the overlapping high-frequency (the
maximal overlapping high-frequency f'max or the minimal
overlapping high-frequency f'min).

More specifically, in FIG. 19, in a period from time
tl to time t2 and a period from time t3 to time t4, since
the overlapping high-frequency = the minimal overlapping
high-frequency f'min, the overlapping voltage instruction
signal vdch* is a rectangular wave having a relatively low
frequency.

[0093] On the other hand, in FIG. 19, in a period from
time t2 to time t3 and a period after time t4, since the
overlapping high-frequency = the maximal overlapping high-
frequency f'max, the overlapping voltage instruction signal
vdch* is a rectangular wave having a relatively high
frequency.

[0094] FIG. 20 is an explanatory diagram of a switching
state of the overlapping high-frequency.

Here, FIG. 20 is a diagram acquired by representing
FIG. 19{(a) in the time axis of a long period.

As illustrated in FIG. 20, according to this fourth
embodiment, based on a random number value generated by the
random number generating unit 121, the overlapping high-
frequency is configured such that a continuation period of
the maximal overlapping high-frequency f'max or the minimal
overlapping high-frequency f'min is randomly changed.

[0085] Thus, according to this fourth embodiment, since
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the continuation period in which the overlapping high-
frequency of the same frequency is applied is different for
each time, the component of the average frequency in the
overlapping high-frequency selection range can be decreased.

In addition, according to this fourth embodiment, by
changing the continuation period in accordance with a
random number value, there i1s no regularity of a change of
the continuation period of the overlapping high-frequency
of the same frequency, and accordingly, there is no
occurrence of audible sense of incongruity accompanied with
the change of the continuation period.

[0096] According to this fourth embodiment, since the
continuation period of the overlapping high-frequency is
different for each time, the component of the average
frequency of the overlapping high-frequency selection range
can be decreased.

In addition, according to this fourth embodiment, the
continuation period is changed in accordance with a random
number value, and accordingly, there is no regularity of a
change of the continuation period in which the same
overlapping high-freguency is maintained and continued,
whereby an occurrence of audible sense of incongruity
accompanied with the change of the continuation period can
be suppressed.

[0097] Regarding the selection range of the carrier
frequency, the upper limit frequency f'max is limited by
the control calculation processing time of a microcomputer,
and the lower limit frequency f'min is limited by the
degradation of the controllability according to a control
delay. Accordingly, a wide frequency band from the upper
limit frequency f'max to the lower limit frequency f'min
cannot be taken.

[0098] FIG. 21 1s an explanatory diagram of a relation
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between the overlapping high-frequency and a harmonic
component.

In other words, as illustrated in FIG. 21, a peak 171
of a harmonic component according to the minimal
overlapping high-freguency f'min that is the lower limit
frequency, and a peak 172 of a harmonic component according
to the maximal overlapping high-frequency f'max that is the
upper limit fregquency, and a peak 173 of a harmonic
component accompanied with a transition of the frequency
overlap each other. Thus, in the overlapping high-
frequency selection range, in order to expand the range of
the dispersion as much as possible, it is more preferable
to select two frequencies that are the minimal overlapping
high-frequency f'min that is a frequency of the lower limit
of the overlapping high-frequency selection range and the
maximal overlapping high-freguency f'max that is a
frequency of the upper limit therecf as the overlapping
high-frequency and change the continuation period for the
dispersion.

[0099] In addition, it is preferable that the
continuation period is an integer number of times of the
half period of the carrier period in a case where the
carrier 1s a triangular wave and is an integer number of
times of one period of the carrier in a case where the
carrier is a saw-tooth wave such that, as possibly as can
be, the update timing of the overlapping high-frequency is
a peak portion or a valley portion of the carrier wave. In
such a case, the premise of the PWM that an average of the
output voltage between the peak portion and the valley
portion of the carrier wave is the voltage value of an
output voltage instruction is maintained, and an occurrence
of an error in the output voltage according to a change in

the carrier frequency can be prevented.
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[0100] [5.1] Modified Example of Fourth Embodiment
[5.1.1] First Modified Example

In the configuration described above, it may be
configured such that the continuation period in which the
overlapping high-frequency is maintained is integer times
of a half of the period of the overlapping high-frequency,
and the frequency of the overlapping high-frequency is
changed at timing when the high-frequency current becomes
zero.

[0101] In such a case, a more stable transformation can
be realized.

In addition, by configuring the continuation period to
be integer times of one period of the overlapping high-
frequency, the rotation phase angle can be estimated
through the calculation of the Fourier series of one period

of the high frequency, in other words, the estimated phase

angle Best can be accurately calculated.
[0102] [5.1.2] Second Modified Example.

In the fourth embodiment described above, while a
method of overlapping the high-frequency voltage has been
illustrated, the same effect can be acquired by using a
method of overlapping a high-frequency current.

In addition, in the fourth embodiment described above,
while an example has been illustrated in which a
rectangular wave overlaps the overlapping high-frequency
voltage at the d axis, the same effect can be acquired also
in the case of overlapping the voltage at both the d axis
and the g axis or at only the g axis or overlapping a
sinusoidal wave.

[0103] [5.1.3] Third Modified Example

FIG. 22 is an outline configuration block diagram of

the high-frequency voltage instruction generating unit.

[0104] The high-frequency voltage instruction generating
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unit 131 includes: an overlapping high-frequency voltage
amplitude instruction generating unit 301 that outputs a
value acquired by dividing the overlapping high-frequency
(f'max or f'min) input from an overlapping high-frequency
setting unit 13X by a center overlapping high-frequency
fh ¢ represented in Equation (6) or Equation (7) and
multiplying a resultant value by a first overlapping high-
frequency voltage amplitude instruction value Vdh* as a
second overlapping high-frequency voltage amplitude
instruction value Vdh**; and a rectangular wave generating
unit 302 that generates an overlapping voltage instruction
signal vdch* by setting the overlapping high-frequency
voltage amplitude of the input overlapping high-frequency
(f'max or f'min) to a value corresponding to the second
overlapping high-frequency voltage amplitude instruction

value Vdh**,

[0105]
2fF! F!
fh . — - max mln' ( 6)
B fmin + fmax
[0106]
! + £
fh . — max min (7 )
- 2
[0107] FIG. 23 1is an explanatory timing diagram of the

operation in the third modified example.

As a result of the configuration described above, as
illustrated in FIG. 23, in a period from time tl to time t2
and a period from time t3 to time t4, the overlapping high-
frequency = f£'min (< f'max). In a case where the
overlapping high-frequency is the amplitude of the
overlapping voltage instruction signal wvdch* at the center
overlapping high-frequency fy . = vh [V], the value of the
overlapping voltage instruction signal vdch* in this period

is the amplitude vhf'min (< vh) of the overlapping voltage
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instruction signal vdch* at the overlapping high-frequency
= f'min.

[0108] In addition, as illustrated in FIG. 23, in a
period from time t2 to time t3 and a period after time t4,
the overlapping high-frequency = f'max, and, in a case
where the overlapping high-frequency is the amplitude of
the overlapping voltage instruction signal vdch* at the
center overlapping high-frequency fy . = vh [V], the value
of the overlapping voltage instruction signal vdch* in this
period is the amplitude vhf'max (> vh) of the overlapping
voltage instruction signal vdch* at the overlapping high-
frequency = f'max.

[0109] The amplitude Ih of the high-frequency current
idch can be approximated as in the following equation by
using the amplitude vh of the overlapping voltage
instruction signal vdch*, the overlapping high-freguency fh,
and the inductance L.

Ih ~ vh/ (4-fh x L)

Accordingly, as a result of the configuration
described above, vh/fh is constant, and thus, as
illustrated in FIG. 23, the amplitude of the high-frequency
current idch generated by the overlapping high-frequency
voltage 1s constant regardless of the value (f'min or
f'max) of the overlapping high-frequency, whereby the SN
ratio can be maintained to be constant.

By configuring as such, also in a case where the
estimation accuracy for the rotor magnetic pole position
decreases as the overlapping high-frequency is configured
to be changeable so as to reduce the noise, controi can be
executed in accordance with the voltage amplitude of the
overlapping high-frequency, and accordingly, estimation
accuracy that is similar to a case where the overlapping

high-frequency is constant can be maintained.
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[0110] FIG. 24 is an outline configuration block diagram
of another high-frequency voltage instruction generating
unit.

In the configuration illustrated in FIG. 24, a
frequency selection signal is transmitted from the
continuation determining unit 123 illustrated in FIG. 17 to
the high-frequency voltage instruction generating unit 131.

The high-frequency voltage instruction generating unit
131 includes: a voltage amplitude selecting unit 303 that
outputs one of the overlapping high-frequency voltage
amplitude vhf'max corresponding to the overlapping high-
frequency f'max and the overlapping high-frequency voltage
amplitude vhf'min corresponding to the overlapping high-
frequency f'min based on the frequency selection signal
input from the continuation determining unit 123; and a
rectangular wave generating unit 302 that sets the
overlapping voltage instruction signal vdch* based on the
input overlapping high~frequency (f'max or f'min) and the
input overlapping high-frequency voltage amplitude (vhf'max
or vhf'min).

According to this configuration, the amplitude of the
high~frequency current idch generated by the overlapping
high-frequency voltage 1s constant regardless of the value
of the overlapping high-frequency voltage frequency, and
accordingly, the SN ratio can be maintained to be constant.

By combining the high-frequency voltage instruction
generating unit 131 illustrated in FIG. 24 with the
overlapping high-frequency calculating unit 113 according
to the fourth embodiment, as illustrated in FIG. 24, the
overlapping high-frequency voltage amplitude instruction
Vdh* can be selected only by a switching operation executed
by a switch like the voltage amplitude selecting unit 303

by using the frequency selection signal generated by the
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overlapping high-frequency calculating unit 113, whereby
the program can be simplified.
[0111] [6] Fifth Embodiment

FIG. 25 is an outline configuration block diagram of a
PMSM rotation sensorless control system according to a
fifth embodiment.

In FIG. 25, the same reference numeral 1s attached to
each same portion as that of the fourth embodiment
illustrated in FIG. 17.

[0112] In the fifth embodiment, a difference from the
fourth embodiment is that, while the continuation period of
the same overlapping high-frequency that is continuously
used is set simply based on the random number value in the
fourth embodiment, an overlapping high-frequency
calculating unit that determines whether or not a random
number value satisfies a condition for a transition based
on a transition probability value by using the random
number value and the transition probability value is
included in the second embodiment. In this case, by using
a plurality of transition probability wvalues, it is
determined whether or not a transition is made from a
certain overlapping high-frequency to a different
overlapping high-freguency. Accordingly, by controlling
generated high-frequency components, the overlapping high-
frequency can be switched to be further more uniformly,
whereby the acquired harmonic components can be uniformly
dispersed.

[0113] A overlapping high-frequency calculating unit
113A of a PMSM rotation sensorless control system 110A,
when being largely divided, as illustrated in FIG. 25,
includes: a random number generating unit 121 that
generates a random number; a transition probability

selecting unit 141 that selects and outputs one of a
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plurality of transition probability values set in advance
based on the frequency selection signal; a transition
determining unit 142 that executes a determination of
whether or not a frequency transition is made based on the
input random number value and the input transition
probability value and outputs a transition instruction
signal; a frequency selection instructing unit 143 that
outputs a frequency selection signal based on the input
transition instruction signal; and a frequency selecting
unit 124 that exclusively outputs cone of a maximal
overlapping high-frequency f'max and a minimal overlapping
high-frequency f'min based on the frequency selection
signal as an overlapping high-frequency signal.

[0114] In this fifth embodiment, since used overlapping
high-frequencies are the maximal overlapping high-frequency
f'max and the minimal overlapping high-frequency f'min of
two kinds, two transition probability wvalues are used which
include ‘a transition probability value P'hl that is a
probability value for a transition of the overlapping high-
freguency from the maximal overlapping high~freqguency f'max
to the minimal overlapping high-frequency f'min and a
transition probability value P'lh that is a probability
value for a transition of the overlapping high-frequency
from the minimal overlapping high-frequency f'min to the
maximal overlapping high-frequency f'max.

[0115] Next, the operation according to the fifth
embodiment will be described.

First, the random number generating unit 121 of the
overlapping high-frequency calculating unit 113A generates
a random number value and outputs the generated random
number value to the transition determining unit 142. Here,
the random number generating unit 121, similarly to the

first embodiment, calculates a pseudo random number and



43

outputs the pseudo random number as a random number value
or outputs a random number value to the transition
determining unit 142 by referring to a random number table.
[0116] In parallel with this, the transition probability
selecting unit 141 selects one of a plurality of the
transition probability wvalues P'hl and P'lh set in advance
based on the frequency selection signal output by the
freguency selection instructing unit 143 and outputs the
selected transition probability value to the transition
determining unit 142.

[0117] More specifically, in a case where a frequency
selection signal corresponding to the maximal overlapping
high-freguency f'max is input to the transition probability
selecting unit 141 from the frequency selection instructing
unit 143, the transition probability value P'hl that is a
probability value for a transition of the overlapping high-
frequency from the maximal overlapping high-frequency f'max
to the minimal overlapping high-frequency f'min is output
to the transition determining unit 142.

[0118] On the other hand, in a case where a frequency
selection signal corresponding to the minimal overlapping
high-frequency f'min is input to the transition probability
selecting unit 141 from the frequency selection instructing
unit 143, the transition probability wvalue P'lh that is a
probability value for a transition of the overlapping high-
frequency from the minimal overlapping high-frequency f'min
to the maximal overlapping high-frequency f'max is output
to the transition determining unit 142.

[0119] As a result, the transition determining unit 142
executes a transition determination of whether or not a
frequency transition is made based on the random number
value and the transition probability wvalue that have been

input. Thereafter, the transition determining unit 142
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outputs a transition instruction signal corresponding to a
result of the executed transition determination to the
frequency selection instructing unit 143.

More specifically, for example, in a case where the
input random number value that is input with the random
number value being set to be in the range of “0” to “1” is
a transition probability (for example, a transition
probability value P'hl = 0.45) or less, a transition
instruction signal for a transition to an overlapping high-
frequency other than the current overlapping high-frequency
is output to the frequency selection instructing unit 143.
[0120] The frequency selection instructing unit 143
outputs a frequency selection signal to the frequency
selecting unit 124 based on the input transition
instruction signal.

As a result, the frequency selecting unit 124 outputs
one of the maximal overlapping high-frequency f'max and the
minimal overlapping high-fregquency f'min to the high-
frequency voltage instruction generating unit 131 based on
the input frequency selection signal as an overlapping
high-frequency signal. The high-frequency voltage
instruction generating unit 131 generates an overlapping
voltage instruction signal vdch* corresponding to a
frequency (in this second embodiment, one of the maximal
overlapping high-frequency f'max and the minimal
overlapping high-frequency f'min) corresponding to the
overlapping high-frequency signal. In addition, the high-
frequency voltage instruction generating unit 131 outputs
the generated overlapping voltage instruction signal vdch*
to the rotation phase angle estimating unit 132 and the
high~frequency voltage overlapping unit 134.

[0121] Meanwhile, in order to execute current control,

the current control unit 133 generates fundamental wave
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voltage instruction signals vdcf* and vqgcf* based on the d-
axial current instruction signal idc*, the g-axial current
instruction signal igc*, the d-axial current detection
signal idc, and the g-axial current detection signal igc
that have been input and outputs the generated fundamental
wave voltage instruction signals to the high-frequency
voltage overlapping unit 134.

[0122] As a result, the high-frequency voltage
overlapping unit 134 generates a d-axial voltage
instruction signal vdc* based on the fundamental wave
voltage instruction signal vdcf* and the overlapping
voltage instruction signal vdch* and generates a g-axial
voltage instruction signal vgc* based on the fundamental
wave voltage instruction signal vgcf* and the overlapping
voltage instruction signal vgch*. Then, fhe high-frequency
voltage overlapping unit 134 outputs the d-axial voltage
instruction signal vdc* and the g-axial voltage instruction
signal vgc* that have been generated to the first
coordinate transformation unit 135.

[0123] The first coordinate transformation unit 135
executes a coordinate transformation of the d-axial voltage
instruction signal vdc* and the g-axial voltage instruction
signal vgc* that have been input and generates a U-phase
voltage instruction signal vu*, a V-phase voltage
instruction signal vv*, and a W-phase voltage instruction
signal vw*. Then, the first coordinate transformation unit
135 outputs the U-phase voltage instruction signal wvu*, the
V-phase voltage instruction'signal vv*, and the W-phase
voltage instruction signal vw* that have been generated to
the PWM modulation unit 136.

[0124] The PWM modulation unit 136 executes PWM
modulation by comparing the input voltage instruction

signals vu*, vv*, and vw* with a triangular wave or a saw-
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tooth wave that is a carrier and outputs a gate signal that
is an on/off instruction for each phase switching device of
the inverter 111 to the PMSM 112.

As a result, through the PMSM 112, the U-phase current,
the V-phase current, and the W-phase current flow in a
synchronized state, whereby a rotor, which is not
illustrated in the figure, of the PMSM 112 rotates.
[0125] In parallel with this, the current detection unit
137 detects current response values of a plurality of
phases (in the example illustrated in FIG. 25, two phases
including the U phase and the W phase) among three-phase AC
currents flowing through the PMSM 112 and outputs current
detection signals (in the example illustrated in FIG. 25,
the U-phase current detection signal iu and the W-phase
current detection signal iw) to the second coordinate
transformation unit 138.
[0126] The second coordinate transformation unit 138
executes a coordinate transformation (UVW/dcgc
transformation) of the current detection signals (in the
example illustrated in FIG. 25, the U-phase current
detection signal iu and the W-phase current detection
signal iw) output by the current detection unit 137,
outputs a d-axial current detection signal idc to the
current control unit 133, and outputs a g-axial current
detection signal igc to the rotation phase angle estimating
unit 132 and the current control unit 133.
[0127] As a result, the rotation phase angle estimating
unit 132 estimates the rotation phase angle of the PMSM 12
based on the overlapping voltage instruction signal vdch*

and the g-axial current detection signal igc that have been
input and outputs an estimated phase angle Oest to the
first coordinate transformation unit 135 and the second

coordinate transformation unit 138.
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[0128] As a result of the operation described above, the
first coordinate transformation unit 135 outputs the
voltage instruction signals vu*, vv*, and vw* that are
optimal to the rotation state of the PMSM 12 corresponding
to the estimated phase angle Oest to the PWM modulation
unit 136, and accordingly, the inverter 111 executes
rotation driving in accordance with the rotation state of
the PMSM 112 while suppressing the noise.
[0129] In addition, in this fifth embodiment, in
addition to the effects of the fourth embodiment, by using
an appropriate transition probability wvalue, the transition
state of the overlapping high-frequency can be adjusted,
and accordingly, a desired frequency spectrum distribution
of harmonics can be easily generated.
[0130] Here, the adijustment of the frequency spectrum
distribution of harmonics according to the transition
probability value will be described.

In this fifth embodiment, there are only four
operation modes as below.
(1) Continuation of Minimal Overlapping high-frequency
f'min
(2) Continuation of Maximal Overlapping high~frequency
f'max
(3) Transition from Minimal Overlapping high-frequency
f'min to Maximal Overlapping high-frequency f'max
(4) Transition from Maximal Overlapping high-frequency
f'max to Minimal Overlapping high-frequency f'min
[0131] FIG. 26 is an explanatory diagram of the
operation according to the fifth embodiment.

In this case, as frequency spectrum distributions of
generated harmonics, as illustrated in FIG. 26, there are
three kinds of frequency spectrum distributions.

In other words, (1) a frequency spectrum distribution
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171 at the time of continuation of the minimal overlapping
high~frequency f'min, (2} a frequency spectrum distribution
172 at the time of continuation of the maximal overlapping
high~-frequency f'max, and (3) a frequency spectrum
distribution 173 both at the time of a transition from the
minimal overlapping high-frequency f'min to the maximal
overlapping high-frequency f'max and at the time of a
transition from the maximal overlapping high-frequency
f'max to the minimal overlapping high-frequency f'min,
which will be commonly described.

Thus, these three kinds of frequency spectrum
distributions will be used for the description.

The amplitudes of harmonic components at the peaks of
the freqguency spectfum distributions can be represented in

Equations (8) to (10).

[0132]
, r! E.(1~-F
Amplitude of Harmonic of f,, Component = =—2&% l i)
fn’un féin]%lh + fr:xaxP}gl
(8)
[0133]
. , £ P1-F
Amplitude of Harmonic of f, . Component = —Ho anl 1)
fmax frr,zinpl,h + f;ax'lDlil
(9)
[0134]
. : Zf-'r,ﬁwfrr:ax
Amplitude of Harmonic of f’hﬂ b Component
min + max
' 1 2 (AN (10)
- (fmin + fmax) PhlPlh
2fr:\infn,\ax fn’dnpi’h + fn:zaxpiil
[0135] Here, while a constant C changes according to a

modulation rate, a dispersion range, and the like, the
constant C is common to three dispersions.

Based on the description presented above, in this
fifth embodiment, the frequency spectrum distributions of

harmonics are adjusted.
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[0136] For example, in a case where the harmonic
component of the minimal overlapping high-frequency f'min
is desired to be increased, the transition probability
value P'hl for a transition of the overlapping high-
frequency from the maximal overlapping high-frequency f'max
to the minimal overlapping high-frequency f'min may be
increased, or the transition probability value P'lh for a
transition of the overlapping high-frequency from the
minimal overlapping high-frequency f'min to the maximal
overlapping high-frequency f'max may be decreased.

[0137] In addition, in a case where the harmonic
component of the maximal overlapping high-frequency f'max
is desired to be increased, the transition probability
value P'hl for a transition of the overlapping high-
frequency from the maximal overlapping high-frequency f'max
to the minimal overlapping high-frequency f'min may be
decreased, or the transition probability value P'lh for a
transition of the overlapping high-frequency from the
minimal overlapping high-frequency f'min to the maximal
overlapping high-frequency f'max may be increased.

[0138] Furthermore, in a case where a harmonic component
generated according to a transition from the minimal
overlapping high-frequency f'min to the maximal overlapping
high-frequency f'max or a transition from the maximal
overlapping high-frequency f'max to the minimal overlapping
high-frequency f'min is desired to be increased, the
transition probability value P'hl for a transition of the
overlapping high~-frequency from the maximal overlapping
high-frequency f'max to the minimal overlapping high-
frequency f'min or the transition probability value P'lh
for a transition of the overlapping high-frequency from the
minimal overlapping high-frequency f'min to the maximal

overlapping high~frequency f'max may be increased. In this
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way, any kind of frequency spectrum distribution can be
generated.

[0139] However, as also described in the fourth
embodiment, generally, a wide selection range of the
overlapping high-frequency cannot be taken.

In other words, as illustrated in FIG. 21, the
frequency spectrum distribution 171 of a harmonic component
according to the minimal overlapping high-frequency f'min
that is the lower limit, the frequency spectrum
distribution 172 of a harmonic component according to the
maximal overlapping high-frequency f'max, and the freqguency
spectrum distribution 173 of a harmonic component resulted
from a transition of the overlapping high-frequency overlap
each other.

[0140] FIG. 27 1s an explanatory diagram of effects in
the fifth embodiment.

In FIG. 27, when the frequency spectrum distribution
173 resulted from a transition of the overlapping high-
frequency overlaps the frequency spectrum distribution 171
of the harmonic component according to the minimal
overlapping high-frequency f'min and the frequency spectrum
distribution 172 of the harmonic component according to the
maximal overlapping high-frequency f'max, a sum of the
spectrums becomes flat. In order to form the sum of the
spectrums to be flat, by setting the transition
probabilities P'hl and P'lh such that the freguency
spectrum distribution 173 is lower than the frequency
spectrum distribution 171 and the frequency spectrum
distribution 172, as illustrated in FIG. 27, the sum of the
spectrums can be formed to be flat within the selection
range of the overlapping high-frequency as possibly as can
be.

[0141] Also in this fifth embodiment, similarly to the
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fourth embodiment, the component of the average frequency
of the overlapping high-frequency selection range can be
decreased, for example, by executing a transition
determination based on not a random number but a sinusoidal
wave.

[0142] In addition, the change of the overlapping high-
frequency may be made only at a peak position or a bottom
position such that the update timing of the overlapping
high-frequency is at the peak of the frequency spectrum
distribution of the carrier or the bottom of the frequency
spectrum distribution. In such a case, the premise of the
PWM that an average of the output voltage between the peak
and the bottom of the carrier wave is an output voltage
instruction is maintained, and an occurrence of an error in
the output voltage according to a change in the overlapping
high-frequency can be prevented.

[0143] [7] Sixth Embodiment

FIG. 28 1is an outline configuration block diagram of a
PMSM rotation sensorless contrcl system according to a
sixth embodiment.

In FIG. 28, the same reference numeral is attached to
each same portion as that of the fourth embodiment
illustrated in FIG. 17.

[0144] In this sixth embodiment, there is a difference
from the fourth embodiment that, instead of the overlapping
high~frequency calculating unit 113, in a PMSM rotation
sensorless control system 110B, a carrier frequency
calculating unit 151 that determines the carrier frequency
(in the case illustrated in FIG. 28, one of the maximal
carrier frequency f'maxl and the minimal carrier freguency
f'minl) used by the PWM modulation unit 136 is used, a
carrier generating unit 52 that generates a carrier SC

having the carrier frequency determined by the carrier
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frequency calculating unit 151 and outputs the generated
carrier to the PWM modulation unit 136 is provided, and a
high-frequency voltage instruction generating unit 131A
that outputs an overlapping voltage instruction signal
vdch* used for giving an instruction for the frequency of
the high-frequency voltage for overlapping based on the
carrier frequency signal is provided.

[0145] Next, an operation according to the sixth
embodiment will be described.

First, the random number generating unit 121 of the
carrier frequency calculating unit 151 generates a random
number value and outputs the generated random number value
to the continuation period determining unit 122. Here, the
random number generating unit 121 calculates a pseudo
random number and outputs the pseudc random number as a
random number value or outputs a random number value by
referring to a random number table.

[0146] As a result, the continuation period determining
unit 122 determines the continuation period of the
overlapping high-frequency based on the input random number
and outputs the determined continuation period as
continuation period data. More specifically, the
continuation period is calculated using one period of the
overlapping high-frequency as the reference by using
Equation (1) described above in the first embodiment.

[0147] The continuation determining unit 123 executes a
continuation determination based on the input continuation
period data and outputs a frequency selection signal. 1In
the third embodiment, since the carrier frequency is one of
the maximal carrier frequency f'maxl and the minimal
carrier frequency f'minl of two kinds, the frequency
selection signal is binary data having one value of "0" and

"1". Accordingly, a frequency selection signal
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corresponding to one of the maximal carrier frequency
f'maxl and the minimal carrier frequency f'minl is output
to the frequency selecting unit 124 in accordance with the
continuation determination.

[0148] The fregquency selecting unit 124 outputs one of
the maximal carrier frequency f'maxl and the minimal
carrier frequency f'minl as the carrier frequency signal to
the high~frequency voltage instruction generating unit 131A
and the carrier generating unit 152 based on the frequency
selection signal.

[0149] As a result, the high-freguency voltage
instruction generating unit 131A outputs an overlapping
voltage instruction signal vdch* used for giving an
instruction for the frequency of the high-frequency voltage
for overlapping to the rotation phase angle estimating unit
132 and the high~frequency voltage overlapping unit 134
based on the input carrier frequency signal.

[0150] Meanwhile, the carrier generating unit 152
generates a carrier signal SC of a frequency (in the third
embodiment, one of the maximal carrier freguency f'maxl and
the minimal carrier frequency f'minl) corresponding to the
carrier frequency signal and outputs the generated carrier
signal SC to the PWM modulation unit 136.

[0151] FIG. 29 is a timing diagram in the sixth
embodiment.

According to the configuration described above, the
carrier frequency calculating unit 151 according to the
third embodiment generates a carrier frequency in which the
continuation period of the maximal carrier frequency f'maxl
or the minimal carrier frequency f'minl is randomly changed.
The carrier frequency is output from the carrier frequency
calculating unit 151 to the carrier generating unit 152.

The carrier generating unit 152 outputs the carrier signal
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SC to the PWM modulation unit 136 by using the input
carrier frequency.

[0152] According to this sixth embodiment, by
synchronizing the overlapping high-frequency with the
carrier, both an electromagnetic noise according to a
frequency of the overlapping high-freguency and an
electromagnetic noise according to the overlapping high-
frequency can be reduced at the same time.

In the description presented above, while the
frequency of the overlapping high-fregquency voltage is
configured to be the same as the carrier frequency, for
example, the carrier frequency may be a half, one third, or
the like of the overlapping high-frequency as long as the
frequencies are synchronized with each other.

[0153] FIG. 30 is an explanatory diagram of a modified
example of the sixth embodiment.

In this sixth embodiment, while the carrier frequency
calculating unit 151 uses the same calculation method as
that of the overlapping high-frequency calculating unit 13
according to the first embodiment, in the modified example
of this sixth embodiment, in a PMSM rotation sensorless
control system 110C, as illustrated in FIG. 30, the
configuration of a carrier frequency calculating unit 151A
using the same calculation method as that of the
overlapping high-frequency calculating unit 113A according
to the fifth embodiment may be employed.

[0154] Also in this sixth embodiment, similarly to the
fourth and fifth embodiments, the component of the average
frequency in the overlapping high-frequency selection range
can be decreased, for example, by executing a transition
determination based on not a random number value but a
sinusoidal wave.

In addition, also in this sixth embodiment, similarly
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to the fourth and fifth embodiments, the same effect can be
acquired by using a method of overlapping a high-frequency
current. In addition, the same effect can be acquired also
in the case of overlapping the voltage at both the d axis
and the g axis or at only the g axis or overlapping a
sinusoidal wave.
[0155] [8] Modified Example of Fourth to Sixth
Embodiments
[8.1] First Modified Example

The rotation sensorless control device according to
the fourth to sixth embodiments includes a control device
such as a CPU, a storage device such as a read only memory
(ROM) or a RAM, an external storage device such as an HDD
or a CD drive device, a display device such as a display
apparatus, and an input device such as a keyboard or a
mouse and can be configured by employing a hardware
configuration using a general computer.
[0156] [8.2] Second Modified Example

The control program executed by the rotation
sensorless control device according to the fourth to sixth
embodiments may be provided in an installable form or an
executable form with being recorded on a computer-readable
recording medium such as a CD-ROM, a flexible disk (FD), a
CD~R, or a digital wversatile disk (DVD).
[0157] [8.3] Third Modified Example

In addition, the control program executed by the
rotation sensorless control device according to the fourth
to sixth embodiments may be configured to be provided by
being stored on a computer connected to a network such as
the Internet and downloaded through the network.
Furthermore, the control program executed by the control
unit of the rotation sensorless control device according to

the fourth to sixth embodiments may be configured to be
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provided or distributed through a network such as the
Internet.
[0158] [8.4] Fourth Modified Example

The control program executed by the rotation
sensorless control device according to the fourth to sixth
embodiments may be configured to be built in a ROM or the
like in advance and is provided.
[0159] As above, while several embodiments of the
present invention have been described, such embodiments are
presented as examples and are not for the purpose of
limiting the scope of the invention. Such novel
embodiments may be executed in other various forms, and
various omissions, substitution, and changes can be made
therein in a range not departing from the concept of the
invention. These embodiments and modifications thereof
belong to the scope and the concept of the invention and
are included in the invention described in claims and an

equivalent range thereof.
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CLAIMS
1. A power conversion device comprising:

a carrier generating unit that generates a carrier of
a particular set carrier frequency during a certain
continuation time;

a setting unit that sets the continuation time to be
random and sets one carrier frequency among a plurality of
mutually-different carrier frequencies as the set carrier
frequency;

a PWM signal generating unit that generates a PWM
signal based on the carrier generated by the carrier
generating unit; and

a power conversion unit that executes a power
conversion based on the PWM signal and supplies converted

power to a load.

2. The power conversion device according to claim 1,
wherein the setting unit includes:

a random number generating unit that generates a
random number; and

a continuation time determining unit that determines

the continuation time based on the generated random number.

3. The power conversion device according to claim 1,

wherein the setting unit includes:

a random number generating unit that generates a
random number; and

a transition determining unit that determines whether
or not the currently set carrier frequency is caused to
transit to a different carrier frequency based on the
generated random number and a particular set transition

probability value, and

wherein, in a case where a result of the determination
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made by the transition determining unit is a transition,
the setting unit sets the set carrier frequency to a
different carrier frequency and sets one transition
probability value among a plurality of mutually-different
transition probability values as the set transition

probability value.

4. The power conversion device according to claim 3,
further comprising a value determining unit, to which a
mechanical resonance characteristic of the load is input,
and which determines at least one side of the plurality of
carrier frequencies and the plurality of transition
probability values based on the input mechanical resonance

characteristic.

5. A power conversion device control method executed by a
power conversion device including a power conversion unit
that executes a power conversion based on a PWM signal and
supplies converted power to a load, the power conversion
device control method comprising:

generating a carrier of a particular set carrier
frequency during a certain continuation time;

setting the continuation time to be random and setting
one carrier frequency among a plurality of mutually-
different carrier frequencies as the set carrier frequency;
and

generating the PWM signal based on the carrier

generated in the generating the carrier.

6. A rotation sensorless control device comprising:
a setting unit that sets one overlapping high-
frequency among a plurality of mutually-different

overlapping high-frequencies that are frequencies higher
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than a fundamental wave frequency in PWM control and sets a
continuation time of a voltage having the set overlapping
high-frequency or a current having the set overlapping
high-frequency to be random;

a generation unit that generates the voltage or the
current having the overlapping high-frequency during the
continuation time; and

an estimation unit that estimates a rotor magnetic
pole position and a rotation speed of a permanent magnet
synchronous motor by applying the generated voltage having
the overlapping high-frequency to the permanent magnet
synchronous motor or supplying the generated current having
the overlapping high-frequency to the permanent magnet

synchronous motor.

7. The rotation sensorless control device according to
claim 6, wherein the setting unit includes:

a random number generating unit that generates a
random number; and

a continuation time determining unit that determines

the continuation time based on the generated random number.

8. The rotation sensorless control device according to
claim 6,

wherein the setting unit includes:

a random number generating unit that generates a
random number; and

a transition determining unit that determines whether
or not the currently set overlapping high-frequency is
caused to transit to a different overlapping high~frequency
based on the generated random number and a particular set
transition probability value, and

wherein, in a case where a result of the determination
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made by the transition determining unit is a transition,
the setting unit sets the set overlapping high-frequency to
a different overlapping high-frequency and sets one
transition probability value among a plurality of mutually-
different transition probability values as the set

transition probability wvalue.

9. A rotation sensorless control device comprising:

a setting unit that sets one overlapping high-
frequency among a plurality of mutually-different
overlapping high-frequencies that are frequencies higher
than a fundamental wave frequency in PWM control and sets a
continuation time of a voltage having the set overlapping
high-frequency to be random;

a generation unit that generates the voltage having
the overlapping high-frequency during the continuation
time;

an estimation unit that estimates a rotor magnetic
pole position and a rotation speed of a permanent magnet
synchronous motor by applying the generated voltage having
the overlapping high-frequency to the permanent magnet
synchronous motor; and

a high-frequency voltage instruction generating unit
that determines an amplitude of the voltage having the
overlapping high-frequency in accordance with the

overlapping high~frequency.

10. The rotation sensorless control device according to
claim 7 or 9, wherein the setting unit alternately sets two

overlapping high-frequencies.

11. A rotation sensorless control device comprising:

a first setting unit that is capable of changeably
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setting an overlapping high-frequency that is a frequency
higher than a fundamental wave frequency in PWM control;

a second setting unit that sets a continuation time of
a voltage having the set overlapping high-frequency or a
current having the set overlapping high-frequency to be
random;

an amplitude determining unit that determines an
amplitude in accordance with the overlapping high-frequency
set by the setting unit;

an instruction generating unit that generates an
overlapping high-frequency voltage instruction based on the
set overlapping high-frequency and the amplitude; and

an estimation unit that estimates a rotor magnetic
pole position and a rotation speed of a permanent magnet
synchronous motor by applying a voltage having the
overlapping high-frequency and the amplitude to the
permanent magnet synchronous motor or supplying a generated
current having the overlapping high-frequency to the

permanent magnet synchronous motor.

12. The rotation sensorless control device according to
any one of claims 6, 9, and 11, wherein the setting unit
synchronizes the carrier frequency in the PWM control and

the overlapping high-frequency with each other.

13. A rotation sensorless control device control method
executed by a rotation sensorless control device executing
rotation sensorless control when PWM control of a permanent
magnet synchronous motor is executed, the rotation
sensorless control device control method comprising:
setting one overlapping high-frequency among a
plurality of mutually-different overlapping high-

frequencies that are frequencies higher than a fundamental
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wave frequency in the PWM control and setting a
continuation time of a voltage having the set overlapping
high-frequency or a current having the set overlapping
high~frequency tc be random;

generating the voltage or the current having the
overlapping high-frequency during the continuation time;
and

estimating a rotor magnetic pole position and a
rotation speed of a permanent magnet synchronous motor by
applying the generated voltage having the overlapping high-
frequency to the permanent magnet synchronous motor or
supplying the generated current having the overlapping

high-frequency to the permanent magnet synchronous motor.

14. A rotation sensorless control device control method
executed by a rotation sensorless control device executing
rotation sensorless control when PWM control of a permanent
magnet synchronous motor is executed, the rotation
sensorless control device control method comprising:

setting one overlapping high-frequency among a
plurality of mutually-different overlapping high-
frequencies that are frequencies higher than a fundamental
wave frequency in PWM control and setting a continuation
time of a voltage having the set overlapping high-frequency
to be random;

generating the voltage having the overlapping high-
frequency during the continuation time;

estimating a rotor magnetic pole position and a
rotation speed of a permanent magnet synchronous motor by
applying the generated voltage having the overlapping high-
frequency to the permanent magnet synchronous motor; and

executing control such that an amplitude of a high-

frequency current generated by the voltage having the
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overlapping high-frequency 1is constant.

15. A rotation sensorless control device comprising:

an overlapping high-frequency setting that changeably
sets an overlapping high-frequency that is a freqguency
higher than a fundamental wave frequency in PWM control;

an overlapping high-frequency amplitude determining
unit that determines an amplitude in accordance with the
overlapping high-frequency;

a high-frequency voltage instruction generating unit
that generates an overlapping high-frequency voltage
instruction based on the overlapping high-frequency and the
overlapping high~frequency amplitude; and

an estimation unit that estimates a rotor magnetic
pole position and a rotation speed of a permanent magnet
synchronous motor by applying a generated voltage having
the overlapping high-frequency to the permanent magnet

synchronous motor.



