Office de la Propriete Canadian CA 2850452 A1 2013/04/04

Intellectuelle Intellectual Property
du Canada Office (21) 2 850 452
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2011/09/30 (51) ClLInt./Int.Cl. HO2P 27/06 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2013/04/04 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2014/03/238 MITSUBISHI ELECTRIC CORPORATION, JP

o ST . 1D (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: JP 2011/072645 YOKOZUTSUMI RYO. JP

(87) N° publication PCT/PCT Publication No.: 2013/046462 OKADA. YURUKI, JP: |

YAMASAKI, HISANORI, JP;
KATO, SHO, JP

(74) Agent: MARKS & CLERK

(54) Titre : DISPOSITIF DE COMMANDE DE TRANSFORMATION DE PUISSANCE, PROCEDE DE COMMANDE DE
TRANSFORMATION DE PUISSANCE, MOTEUR ELECTRIQUE ET SYSTEME D'ENTRAINEMENT DE VEHICULE

54) Title: POWER CONVERSION CONTROL DEVICE, POWER CONVERSION CONTROL METHOD, ELECTRIC
MOTOR, AND VEHICLE DRIVING SYSTEM

[Bd1]

il
ot A

R o
>

Y4
EFG—> ?é?ppgfz " LR o H g5
[V —>| BEEER » £ RLED " |SWU'8Wv*SWw

. m%i;gi& Cau,Oav,Caw
)

AC electric motor

Power conversion unit

DC power source

Percentage of modulation calculation unit
Carrier wave generation unit

Modulated wave generation unit
Comparison unit

~SN oW -

(57) Abréegée/Abstract:

The power conversion control device according to the present invention controls a power conversion unit (2) for converting DC
power to AC power, on the basis of modulated waves and carrier waves, and Is provided with: a modulated wave generation unit
(6) which generates modulated waves on the basis of an output voltage phase angle command and a percentage of modulation; a
carrier wave generation unit (5) which, If there i1s not an over-modulated state, generates, as carrier waves, trilangular waves or
sawtooth waves, and If there Is an over-modulated state, generates, as carrier waves, a signal fixed to -1 In a first section which Is a
specific region centered on a timing corresponding to the peak position of a modulated wave, a signal fixed to +1 In a second
section which Is the first section having been shifted by half a cycle of the modulated wave, and triangular waves or sawtooth waves

In the remaining third section; and a comparison unit (/) which compares the carrier waves and the modulated waves, and
generates a switching signal.
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ABSTRACT

A power conversion control device 1ncludes a
modulation-wave generating unit generating a modulation
wave based on output voltage phase angle command and
modulation factor, a carrier-wave generating unit that, in
a case of non-overmodulation state, generates a triangular
wave or saw-tooth wave as the carrier wave, and, 1n a case

of overmodulation state, generates, as the carrler wave, a

signal fixed to -1 in a first section that 1s a
predetermined range centering on timing corresponding to a
peak position of the modulation wave, generates, as the
carrier wave, a signal fixed to +1 in a second section

obtained by shifting the first section by a half cycle of

the modulation wave, and generates, as the carrler wave, a
triangular wave or saw-tooth wave 1n remaining third
section, and a comparing unit that compares the carrier

wave and the modulation wave and generates a switching

signal.
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DESCRIPTION

POWER CONV!

L*]

L*]

RSION CONTROL DEVICE, POWER CONVERSION CONTROL

p A

METHOD, ELECTRIC MOTOR, AND VEHICLE DRIVING SYSTEM

Field

(0001] The present invention relates to a power

conversion control device for controlling a power

conversion device that drives a three-phase alternating-

10 current electric motor and the like.

Background

0002 ] There is Patent Literature 1 as a literature 1in
which power conversion control 1n the past 1s described.

15 Patent Literature 1 explains a technology for solving
various problems that occur when a control mode of an

inverter i1s switched, specifically, a problem in which a

switching frequency becomes discontinuous and a tone change

of magnetic noise caused due to the discontinuous switching

20 frequency is harsh on the ears and a problem 1in which

fluctuation occurs 1n generated torque of an electric motor.

According to the technology described i1n Patent Literature
l, 1t 1s also possible to solve a problem i1in which the

number of generated pulses becomes unstable 1n a section

25 where crossing of a carrier wave and a modulation wave

frequently occurs (near a zero-cross of the modulation

wave) 1n an operation in an overmodulation state, in which
the modulation factor exceeds 100%, and an asynchronous PWM
mode (a state in which the modulation wave and the carrier

30 wave are not synchronous with each other).

Citation List

Patent Literature
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2
[0003] Patent Literature 1: Japanese Patent No. 3455788
summary
Technical Problem
[0004] In the case of the overmodulation state, there 1is

a section where the crossing of the modulation wave and the
carrier wave does not occur and extremely narrow pulses are
generated near the section. The influence of the extremely
narrow pulses on an output voltage of an 1nverter 1s small.
Even 1f the pulses are absent, the output voltage hardly

changes. On the other hand, the number of times of

switching of a switching element configuring the i1nverter

depends on only the number of pulses. Therefore, when

pulses hardly affecting the inverter output (the extremely
narrow pulses) are present, there 1s a problem 1in that a
switching loss unnecessarily 1lncreases.

[0005] The present invention has been devised in view of
the above and it 1s an object of the present invention to
obtain a power conversion control device, a power
conversion control method, an electric motor, and a vehicle
driving system capable of reducing a switching loss related

to a power converting operation.

Solution to Problem

[0006] In order to solve the above problems and achieve
the object, the present i1nvention 1s a power conversion
control device that controls, based on a modulation wave
and a carrier wave, a power conversion device that converts
direct-current power into alternating-current power,
including a modulation-wave generating unit that generates
a modulation wave based on an output voltage phase angle
command, a direct-current voltage supplied to the power

conversion device, and a modulation factor calculated based
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on an output voltage command; a carrier-wave generatlng
unit that, in a case of a non-overmodulation state,
generates a triangular wave or a saw-tooth wave as the
carrier wave, and, in a case of an overmodulation state,

generates, as the carrier wave, a signal fixed to -1 1n a

first section that is a predetermined range centering on a
timing corresponding to a peak position of the modulation
wave, generates, as the carrier wave, a signal fixed to +1
in a second section obtained by shifting the first section

by a half cycle of the modulation wave, and generates, as

the carrier wave, a triangular wave or a saw-tooth wave 1n

a remalning third section; and a switching-signal
generating unit that compares the carrier wave and the
modulation wave and generates a switching signal for

controlling the power conversion device.

Advantageous Effects of Invention

(0007] According to the present invention, 1t 1S
possible to prevent a narrow pulse from being included 1n a
switching signal and suppress the number of times of

switching in a power conversion device. That 1s, there 1is

an effect that it is possible to realize a power conversion
control device capable of performing control for reducing a

switching loss while preventing a modulation accuracy from

being deteriorated.

Brief Description of Drawings

[0008] FIG. 1 1is a diagram of a configuration example of
a power conversion control device according to the present

invention.

FIG. 2 1s a diagram of a configuration example of a
carrier-wave generating unit.

FIG. 3 1s a diagram of an example of carrilier waves
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by a candidate-carrier-wave generating unit.

4 is a diagram of an example of carrier waves

by a candidate-carrier-wave generating unit.

5 1s a diagram of an example o:

- the carrier waves

by the candidate-carrier-wave generating unit.

6 is a diagram of an example of switching signals

using the carrier waves shown 1n FIG. 4.

7 1s a diagram of an example of carrier waves

by a power conversion control device 1n the past.

P

8 1s a diagram of an example o:

using the carrier waves 1n the

f switching signals

past.

P

- a relation

O is a diagram of an example o:

modulation factor and a switching stop section.

10 is a diagram of a configuration example of a

vehicle driving system.

Description of Embodiments

[0009]

a power conversion control method,

Embodiments of a power conversion control device,

an electric motor, and a

vehicle driving system according to the present invention

are explained in detail below based on the drawings. Note

that the present invention 1s not limited by the

embodiments.

[0010]
FIG.

First Embodiment.

1 is a diagram of a configuration example of a

power conversion control device according to the present

invention.

FIG. 1 shows, as an example,

a powclk conversion

control device of a form for controlling a power conversion

unit 2 that supplies three-phase alternating-current power

to an alternating-current electric motor 1. Note that the

power conversion unit 2 includes a plurality of switching

elements.

The power conversion unit 2 1s a power

conversion device that controls the switching elements
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according to an instruction (a switching signal) received
from the power conversion control device having a below-
mentioned configuration to thereby convert direct-current
power supplied from a direct-current power source 3 into
three-phase alternating-current power.

(0011] As shown in FIG. 1, the power conversion control
device in the present embodiment includes a modulation-
factor calculating unit 4, a carrier-wave generating unit 5,
a modulation-wave generating unit 6, and a comparing unit 7.
(0012] The modulation-factor calculating unit 4
calculates a modulation factor (PMF) based on an
intermediate direct-current voltage (EFC) and an output

P

voltage command (]V*|). The EFC is a voltage of direct-

current power supplied from the direct-current power source
3 to the power conversion unit 2. The modulation-factor

calculating unit 4 calculates the PMF according to the

following formula:

PMF=2-|V* | /EFC (1)
[0013] The carrier-wave generating unit 5 generates
carrier waves (Cay, Cav, and Cay) of a U phase, a V phase,
and a W phase based on an output voltage phase angle
command (0*) and the modulation factor (PMF) calculated by

the modulation-factor calculating unit 4. Details of the

internal configuration of the carrier-wave generating unit

5 and a carrier wave generating operation are explailned

below.

[0014] The modulation-wave generating unit 6 generates

modulation waves (0u, Ov, and oyw) of the U phase, the V

phase, and the W phase based on the output voltage phase

angle command (0*) and the modulation factor (PMF)

calculated by the modulation-factor calculating unit 4.

When 0* corresponds to the U phase, the modulation-wave
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generating unit 6 generates modulation waves of the

respective phases according to the following formula:
Ay=PMF-s1n (0)
0v=PMF-sin (0-21/3)

ow=PMF-sin (0-4m/3) (2)

[0015] The comparing unit 7 operating as a switching-

signal generating unit compares, for each of in-phases, the

modulation waves (ou, Ov, and doy) generated by the

modulation-wave generating unit © and the carrier waves

(Cauy, Cav, and Cay) generated by the carrier-wave generating
unit 5 and generates switching signals (SWy, SWy, and SWy),
which are control signals for the power conversion unit 2,
based on the comparison result. The power conversion
control device 1n the présent embodiment controls the power
conversion unit 2 in a synchronous PWM mode 1n which a
carrier wave and a modulation wave used for the generation
of the switching signal are synchronized with each other.

10016] Details of the carrier-wave generating unit 5 are

explained. FIG. 2 is a diagram of a configuration example
of the carrier-wave generating unit 5. As shown 1n the

figure, the carrier-wave generating unit 5 1ncludes

candidate—-carrier—-wave generating units 50a and 50b and a
carrier-wave selecting unit 51. The candidate-carrier—-wave

generating unit 50a generates a first candidate carrier

wave based on the output voltage phase angle command (0*).

The candidate-carrier-wave generating unit 50b generates a

second candidate carrier wave based on the output voltage

phase angle command (0*) and the modulation factor (PMF)
calculated by the modulation-factor calculating unit 4.
Note that the candidate-carrier-wave generating units 50a
and 50b respectively generate candidate carrier waves of

the U phase, the V phase, and the W phase. The carrier-



10

15

20

23

30

modulation waves 1n the case of

CA 02850452 2014-03-28

wave selecting unit 51 selects, based on the modulation

factor (PMF), the carrier waves (first candidate carrier

waves of the U, V, and W phases) generated by the

candidate-carrier-wave generating unit 50a or the carrier

waves (second candidate carrier waves of the U, V, and W
phases) generated by the candidate-carrier-wave generating
unit 50b and outputs the carrier waves to the comparing

unit 7 as the carrier waves Cay, Cay, and Cay of the

respective phases. In the case of an overmodulation state
(in the case of PMF>1), the carrier-wave selecting unit 51
selects the carrier waves selected by the candidate-
carrier-wave generating unit 50b. In the case of a non-
overmodulation state, the carrier-wave selecting unit 51
selects the carrier waves generated by the candidate-
carrier—-wave generating unit 50a.

[0017] The carrier waves (the first candidate carrier
waves) generated by the candidate-carrier-wave generating
unit 50a and the carrier waves (the second candidate
carrier waves) generated by the candidate-carrier-wave
generating unit 50b are explained.

P

[(0018] FIG. 3 1s a diagram of an example of the carrier

waves generated by the candidate-carrier-wave generating
unit 50a. The candidate-carrier-wave generating unit 50a
generates, as the carrier waves, triangular waves shown 1n

P

the figure. Note that, for convenience of explanation,

PMF=0.5 are also described.

The modulation waves are indicated by chain lines. In FIG.

3, a phase angle of a U-phase modulation wave 1s shown on

the abscissa. As shown 1n the figure, the candidate-
carrier-wave generating unit 50a generates carrier waves
same as carrier waves 1n the past (e.g., carrier waves

shown 1n FIGS. o and 7 of Patent Literature 1). The

candidate-carrier-wave generating unit 50a can generate
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saw—tooth waves rather than the triangular waves.

(0019] FIG. 4 and FIG. 5 are diagrams of examples otf the

carrier waves generated by the candidate-carrier-wave

generating unit 50b. FIG. 4 shows an example of carrier

waves generated 1n the case of PMF=1.1. FIG. 5 shows an

example of carrier waves generated in the case of PMF=1.5.

As shown in FIG. 4 and FIG. 5, the candidate-carrier-wave

generating unit 50b generates, as the carrier waves of the
U, V, and W phases, signals that have a value fixed to -1
(or fixed to +1) in fixed sections (two a b sections)
centering on a peak position of modulation waves
corresponding to the carrier waves (or positions shifted by
a half cycle from the peak position) and are triangular
waves same as the carrier waves 1n the past 1n other

sections. For example, the carrier wave of the U phase 1is

fixed to -1 in a section of 90xa b [deg] and fixed to +1 1in

a section of 270xa b [deg]. The carrier waves may be saw-
tooth waves instead of the triangular waves. The a b
sections are shown only for the carrier wave 1n the U phase.
However, in the V phase and the W phase, values are fixed

to +1 or -1 in the same sections. The sections where the

values are fixed fluctuate according to the modulation

factor PMF. The carrier waves of the respective phases are

set such that the triangular waves and the fixed waves (the
signals fixed to +1 or -1) continuously connected. To put
it differently, the carrier waves generated by the
candidate—-carrier-wave generating unit 50b can be
considered as signals that are fixed to +1 or -1 1in
sections where the magnitudes (absolute wvalues) of the

modulation waves are larger than a predetermined threshold

P

(a value smaller than the amplitude of the triangular

waves; equivalent to oatn shown in FIG. 4) and are
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triangular waves in other sections.

[0020] FIG. 6 is a diagram of an example of switching

signals (switching patterns) generated by the comparing

unit 7 in the case of PMF=1l.1, that is, when the carrier

waves shown in FIG. 4 are used. FIG. 7 1s a diagram of an

example of carrier waves generated by a power conversion

control device in the past. Modulation waves in the case

of PMF=1.1 are also described. As shown in the figure, 1n

the overmodulation state, the power conversion control
device in the past generates carrier waves same as carrier

waves generated in a non-overmodulation state (a state of

PMF<1.0). When the carrier waves in the past shown 1in FIG.

7 are used, if PMF=1.1, switching patterns shown in FIG. 8

are obtalined.

[0021] When FIG. 6 showing the switching patterns by the
power conversion control device 1n the present embodiment
and FIG. 8 showing the switching patterns in the past are
compared, 1t 1s seen that the number of times of switching
is smaller when the control by the power conversion control
device in the present embodiment is applied than in the
past. For example, concerning the U phase, 1in FIG. 6,

switching near 60 degrees (deg), near 120 degrees, near 240

degrees, and near 300 degrees, which occurs in FIG. 8, 1S
avoilded.

[0022] As explained above, the power conversion control
device in the present embodiment 1s configured such that
the candidate-carrier-wave generating unit 50b generates
the carrier waves explained above and, during the
overmodulation, the comparing unit 7 generates the
switching signals using the carrier waves. Therefore, 1n a
power conversion control operation durilng the

overmodulation, a narrow pulse is not included in the

switching signals. It 1s possible to suppress the number
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10
of times of switching. The influence of the narrow pulse
on the modulation accuracy 1is small. Therefore, by

avoliding generation of the narrow pulse, 1t 1s possible to
reduce a switching loss while preventing the modulation

accuracy from being degraded. Note that the modulation

accuracy 1s information 1ndicating an error between a

voltage (an i1ndicated voltage) indicated by an output

voltage command and an actually output voltage. Because
synchronous PWM control (control 1n a synchronous PWM mode)
1s performed, 1t 1s possible to prevent the numbers of
times of switching of three phases from becoming unbalanced
near a boundary between a non-crossing section where a
carrier wave and a modulation wave do not cross each other
during the overmodulation and a crossing occurrence section
where the crossing occurs. It 1s possible to prevent
pulsation of a load current (a beat phenomenon) from

occurring. That 1s, 1t 1s possible to stabilize the number

of generated pulses and prevent occurrence of i1mbalance of

the numbers of times of switching without performing

difficult control for solving the problem 1n that the

number of generated pulses becomes unstable, which needs to

be performed in the power conversion control in the past

that performs a control in the asynchronous PWM mode during

the overmodulation.

[0023] The carrier waves generated by the candidate-
carrier—-wave generating unit 50b are explained more in
detail. The carrier wave of the U phase is explained with
reference to FIG. 4. The carrier waves of the V phase and
the W phase are different from the carrier wave of the U

phase only 1n a phase and are the same as the carrilier wave

of the U phase i1n a waveform. Therefore, explanation of

the carrier waves of the V phase and the W phase is omitted.

(0024 ] Compared with the carrier wave that 1s generated
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by the candidate-carrier-wave generating unit 50a and is
the same as the carrier waves 1n the past, the carrier wave

generated by the candidate-carrier-wave generating unit 50b

1s fixed to +1 or -1 so that a switching operation does not

5 occur 1n a section represented by Formula (3a) and Formula

(3b) below.
n/2-a b<b<n/2+a b (3a)
3n/2-a b<B<3m/2+a b (3b)
[0025] The carrier wave 1s fixed to +1 in the section of

10 Formula (3a) and fixed to -1 1in the section of Formula (3b).
Note that the section width a b used in Formulas (3a) and

(3b) 1s determined as explained below with attention

directed to 8<m/2. An angle width equivalent to a carrier

wave half cycle 1s represented as X. X satisfies the

15 following Formula (4):
a b'=a b+X (4)
[0026] To determine a switching timing condition O=mn/2-

a b' closest to n/2 in the section of 0<B<mn/2, a threshold

Oth 1S gilven as a condition for the magnitude of the U-

20 phase modulation wave at thilis timing and is defined as

Formula (5). In the formula, otn relates to an allowable

minimum pulse width and 1s set, for example, between 0.5

and 1.0.

|PMFsin (n/2-a b') |=0Ctn (5)

25 [0027] Formula (5) can be transformed into the following

Formula (o) :

[0028]
a i
a b = —sin th)-+—— (6)
— \ PMF 2
[0029] When otp=0.95 1s set in Formula (6), the

30 characteristic of a b' with respect to the modulation

factor PMF 1s as shown 1n FIG. 9. FIG. 9 indicates that,
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as the modulation factor PMF is larger, a section where a

modulation wave exceeds 1 increases and the width (a bx2)
of a section where switching is stopped (a carrier wave 1S

fixed to +1 or -1) and a b' obtailned by adding a half cycle

of the carrier wave to a b expand.
[0030] As explained above, the candidate-carrier-wave

generating unit 50b sets, according to the characteristic

curve shown in FIG. 9, the switching stop sections (a b and

a b') corresponding to the modulation factor PMF and

generates carrier waves having the waveforms shown in FIG.

4 and FIG. 5.

[0031] Note that the configuration of the carrier-wave

generating unit 5 is not limited to the configuration shown

in FIG. 2. The candidate-carrier-wave generating unit 50b

may generate, when the modulation factor PMF 1s equal to or

smaller than 1, carrier waves same as the carrier waves 1n

the past and generate, when the modulation factor PMF
exceeds 1, carrier waves having a fixed value (+1 or -1) in
a section corresponding to a value of PMF and output the
carrier waves to the comparing unit 7.

[0032] As explained above, the power conversion control
device 1in the present embodiment uses the synchronous PWM

control for controlling the power conversion device 1n the

synchronous PWM mode. The power conversion control device

includes the carrier-wave generating unit that outputs, in

the case of the overmodulation state, a fixed wvalue (-1 or
+1) in first sections ({(the non-crossing sections explained

above and near the non-crossing sections) centering on a

gh—

peak position of a modulation signal and a position shifted

by a half cycle from the peak position and having a length
corresponding to a modulation factor and that outputs
triangular waves 1in the remaining second sections. The

power conversion control device generates, using the
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carrier waves generated by the carrier-wave generating unit,

PWM control signals (switching signals) for contrclling a
power conversion circuilt. Accordingly, 1t 1s possible to
prevent a narrow pulse from being included in the PWM

control signals; therefore, it 1s possible to suppress the

P

number of times of switching and reduce a switching loss.

In addition, 1t 1s possible to prevent the numbers of times

of switching of the three phases from becoming unbalanced.
It 1s possible to prevent unnecessary pulsation from

occurring 1in a load current.

[0033] The first sections are determined using the

modulation factor and the magnitude of the modulation waves

(equivalent to otn explalined above). Therefore, 1t 1is

possible to guantitatively set a suppressing effect for the

numbers of times of switching.

[0034] The first sections are set such that the carrier

waves 1n the sections and the carrier waves in the second
sections are continuously connected, that 1s, the
continulty of the carrier waves 1s mailntained 1in boundary

portions between the first sections and the second sections.

Therefore, 1t 1s possible to surely avoid occurrence of
unnecessary switching.

10035] Further, a voltage i1nput to an electric motor can
be set higher by applying the power conversion control
device 1n the present embodiment. Therefore, an input
current can be suppressed and thus a Joule loss (mainly, a
copper loss) due to an electric current decreases. That 1is,
a loss of the electric motor decreases and thus the cooling
performance can be suppressed. Therefore, 1t 1s possible
to reduce the size and the weight of the electric motor by

reviewlng a cooling fin shape and a cooling air passage.

1)

[0036] Note that, in order to maintain the continuity o:

the carrier waves, the carrier waves 1in sections of the
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second sections other than the boundary portions between

the second sections and the first sections are also

generated 1n synchronization with the modulation waves.

This 1s more preferable because 1t 1s possible to easily

realize the configuration of the carrier-wave generating
unit.

[0037] Note that, i1n the above explanation, the power
conversion device that converts direct-current power 1into
three-phase alternating-current power 1s controlled.
However, the power conversion control device can also be

F
p——-

applied to control of a power conversion device that

converts the direct-current power 1nto single-phase

alternating-current power and a switching loss can be

reduced.

(00381 Second Embodiment.

-

n the present embodiment, a vehicle driving system

applied with the power conversion control device explained

1n the first embodiment 1s explained.

[0039] FIG. 10 1s a diagram of a configuration example
1n which the power conversion control device 1s applied to
a rallway vehicle as a vehicle driving system. The vehicle
driving system 1ncludes the alternating-current electric
motor 1, the power conversion unit 2, a control unit 8, and
an i1nput circuit 12. The alternating-current electric
motor 1 1s the same as the alternating-—-current electric
motor 1 shown in FIG. 1 and 1s mounted on the railway
vehicle. The power conversion unit 2 is the same as the

power conversion unit 2 shown in FIG. 1. The power

conversion unit 2 converts the direct-current power

supplied from the input circuit 12 into alternating-current
power and drives the alternating-current electric motor 1.
The control unit 8 is equivalent to the power conversion

control device explained 1n the first embodiment. That is,
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the control unit 8 1s configured to include the modulation-
factor calculating unit 4, the carrier-wave generating unit

5, the modulation-wave generating unit 6, and the comparing

unit 7 explained in the first embodiment. The control unit

8 generates the switching signals (SWu, SWv, and SWw) for

controlling the power conversion unit 2.

[0040] Although not shown in the figure, the input

circult 12 1s configured to include a switch, a filter

capacitor, a filter reactor, and the like. One end of the

input circult 12 is connected to an overhead line 10 via a

current collector 11. The other end of the i1nput circuit

12 is connected to a rail 14, which i1s ground potential,

-

via a wheel 13. The input circulit 12 receives supply of

P
p—

T YoIu

the direct-current power or alternating-current power

the overhead line 10 and generates direct-current power

supplied to the power conversion unit 2.

[0041] By applying the power conversion control device
in the present embodiment to the vehicle driving system 1in
this way, 1t 1s possible to realize a reduction in a loss

and a reduction in the size of the entire system.

Industrial Applicability

[0042] As explained above, the present invention is

useful as the power conversion control device that performs
control capable of reducing a switching loss during power

conversion.

Reference Signs List

[0043] 1 alternating—-current electric motor
2 power conversion unit
3 direct-current power source
4 modulation-factor calculating unit
D

carrier-wave generating unit
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6 modulation-wave generating unit

7 comparing unit

50a, 50b candidate-carrier-wave generating unit
51 carrier-wave selecting unit

8 control unit

10 overhead line

11 current collector

12 1nput circuit

13 wheel

14 rail
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The embodiments of the invention 1n which an exclusive

property or privilege is claimed are defined as follows:

1. A power conversion control device that controls, based
on a modulation wave and a carrier wave, a power conversion
device that converts direct-current power into alternating-
current power, the device comprising:

a modulation-wave generating unit that generates a
modulation wave based on an output voltage phase angle
command, a direct-current voltage supplied to the power
conversion device, and a modulation factor calculated based

on an output voltage command;

a carrier-wave generating unit that, in a case of a

non-overmodulation state, generates a triangular wave or a
saw—-tooth wave as the carrier wave, and, 1n a case of an
overmodulation state, generates, as the carrier wave, a
signal fixed to -1 in a first section that 1is a
predetermined range centering on a timing corresponding to a

peak position of the modulation wave, generates, as the

carrier wave, a signal fixed to +1 in a second section
obtained by shifting the first section by a half cycle of
the modulation wave, and generates, as the carrier wave, a
triangular wave or a saw-tooth wave in a remalning third
section; and

a switching-signal generating unit that compares the
carrier wave and the modulation wave and generates a

switching signal for controlling the power conversion device.
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2. The power conversion control device according to claim

1, wherein the carrier-wave generating unit generates a

carrier wave synchronizing with a modulation wave.

3. The power conversion control device according to clailm

1 or 2, wherein
the carrier-wave generating unit includes

a first candidate-carrier-wave generating unit

that generates, based on an output voltage phase angle

P

command, a carrier wave used 1n a case of a non-

overmodulation state as a first candidate carrier wave,

a second candidate-carrier-wave generating unit
that generates, based on an output voltage phase angle
command and a modulation factor, a carrier wave used 1n a

case of an overmodulation state as a second candidate

carrier wave, and

a carrier-wave selecting unit that selects the

first candidate carrier wave and outputs the first candidate

carrlier wave as the carrier wave 1n a case of a non-
overmodulation state and selects the second candidate

carrier wave and outputs the second candidate carrier wave

as the carrier wave 1n a case of an overmodulation state.

4, The power conversion control device according to claim

1 or 2, wherein the carrier-wave generating unilit sets the

first section based on a modulation factor.
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5. The power conversion control device according to claim
1 or 2, wherein the carrier-wave generating unit generates a
carrier wave in which a continuity is maintained 1in a

boundary between the first section or the second section and

the third section.

0. A power conversion control method in controlling, based
on a modulation wave and a carrier wave, a pOwer conversion
device that converts direct-current power into alternating-
current power, the method comprising:

a modulation-wave generating step of generating a

modulation wave based on an output voltage phase angle
command, a direct-current voltage supplied to the power
conversion device, and a modulation factor calculated based
on an output voltage command;

a carrier-wave generating step of, in a case 0of a non-
overmodulation state, generating a triangular wave oOor a saw-
tooth wave as the carrier wave, and, 1n a case of an
overmodulation state, generating, as the carrier wave, a
signal fixed to -1 in a first section that is a

predetermined range centering on a timing corresponding to a

peak position of the modulation wave, generating, as the
carrier wave, a signal fixed to +1 in a second section
obtained by shifting the first section by a half cycle of
the modulation wave, and generating, as the carrier wave, a

triangular wave or a saw-tooth wave in a remaining third

section; and
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a switching-signal generating step of comparing the
carrier wave and the modulation wave and generating a

switching signal for controlling the power conversion device.

7. An electric motor driven by a power conversion device

controlled by the power conversion control device according

to any one of claims 1 to 5.

8. A vehicle driving system comprising:

the power conversion control device according to any
one of claims 1 to 5;

a power conversion device controlled by the power

conversion control device;
an input circuit that generates direct-current power
input to the power conversion device; and

an electric motor driven by the power conversion device.
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