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(54) Ac motor drive system and motor vehicle

(57) It is an object of the invention to realize minimi-
zation of the total loss from magnification relationships
among a fundamental wave loss generated by an AC
motor, a loss of an inverter that drives the motor, and a
loss generated by a harmonic of the inverter. Since the
fundamental wave loss is increased along with the in-
crease in load of the AC motor, a switching frequency of
the inverter is lowered to reduce the fundamental wave
loss, and the loss caused by fundamental wave current
is lowered, so that the efficiency of a system is improved.
In contrast, since the harmonic loss of the AC motor is
dominant in a light load area, the efficiency is maximized
by increasing the switching frequency of the inverter or
the number of pulses and reducing a harmonic current.
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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The present invention relates to an AC motor
or a drive system for an AC motor and, for example, to
a control device for a rotating machinery in electric rail-
road vehicles, electric cars, industrial inverters, wind
force power generation systems, and diesel motor sys-
tems.

2. Description of the Related Art

[0002] In conjunction with the worldwide trend in ener-
gy saving and global environmental protection, motors
driven by an inverter are applied to various products. In
particular, such motors are spread in the field of art in
which motors having a large capacity are used such as
electric railroad vehicles or wind force power generation
systems. In a motor drive system for electric railroad ve-
hicles, improvement of efficiency of a motor body for
achieving high efficiency or improvement of a convertor
that drives the motor are under way.
[0003] In order to reduce losses of the converter most
efficiently, lowering of an average value of a switching
frequency is necessary, and, for example, in the convert-
er having a large capacity, a switching operation of the
converter is performed at carrier frequencies not exceed-
ing several hundred Hz. There is also a report saying that
the efficiency is improved by employing a shot key barrier
diode using silicon carbide as a diode used in a switching
element.
[0004] The railroad vehicle is devised to control the
number of pulses at the time of PWM (pulse width mod-
ulation) so as to prevent the number of times of switching
from increasing in a high-speed area as described in JP-
A-2005-237194. In general, a "synchronous PWM" which
generates pulses by synchronizing a drive frequency of
an AC motor and the carrier frequency when performing
PWM is employed to prevent generation of excessive
harmonics and, simultaneously, suppress increase in
number of times of switching.
[0005] The rotating machineries are designed while
placing more importance to efficiency. In order to design
high-efficiency rotating machineries, the coil resistance
(a copper loss), which is one of electric constants, is min-
imized. The motor for the railroad vehicle is based on
variable speed driving using the inverter in principle, so
that a harmonic loss in association with the switching of
the inverter is generated. The harmonic loss of the motor
mainly includes an iron loss and a secondary copper loss.
These losses generally show complex characteristics
with respect to the harmonics.
[0006] Therefore, in order to achieve a maximum effi-
ciency in an entire drive system including the inverter and
the motor, control for a complex system is required.

[0007] JP-A-2012-120250 discloses a technology in
which the ratio of the harmonic loss of the motor is cal-
culated, and the number of times of switching of the in-
verter is adjusted correspondingly.
[0008] The loss in the drive system of the AC motor is
roughly classified into two types. One is a loss generated
by the AC motor, and the other one is a loss generated
by a power converter. Furthermore, the loss generated
by the AC motor is divided into a loss caused by a fun-
damental wave component (hereinafter referred to as a
fundamental wave loss) and a loss caused by the har-
monics generated by the inverter (hereinafter referred to
as a harmonic loss).
[0009] These losses vary depending on various caus-
es, such as a fundamental wave voltage, a fundamental
wave current, a phase factor, the switching frequency of
the inverter, a switching system, and the DC voltage of
the inverter, which indicate driving state of the AC motor.
Minimizing these losses independently cannot necessar-
ily achieve the minimization of the entire system. Al-
though maximization of the efficiency totally as an entire
system is required, such a method is not established as
it now stands.
[0010] It is an object of the invention to realize minimi-
zation of the total loss from magnification relationships
among a fundamental wave loss generated by an AC
motor, a loss of an inverter that drives the motor, and a
loss generated by a harmonic of the inverter. Since the
fundamental wave loss is increased with increase in load
of the AC motor, the switching frequency of the inverter
is lowered so as to lower the fundamental wave loss, and
the loss caused by the fundamental wave current is low-
ered, so that the efficiency of the system is improved. In
contrast, since the harmonic loss of the AC motor is dom-
inant in a light load area, the efficiency is maximized by
increasing the switching frequency of the inverter or the
number of pulses and reducing a harmonic current. In
this manner, the problem may be solved by changing the
switching frequency of the inverter or the number of puls-
es according to the load.
[0011] According to the drive system of the AC motor
of a preferred embodiment of the invention, control with
a maximum efficiency of the entire system according to
a drive frequency, a drive voltage, and a load state of the
AC motor is enabled.
[0012] Other objects and the characteristics of the in-
vention will be apparent by examples described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a block diagram illustrating a configuration
of an AC motor drive system according to a first em-
bodiment of the invention;
Fig. 2 is a graph illustrating a carrier frequency with
respect to a drive frequency when performing pulse
width modulation according to the first embodiment
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of the invention;
Fig. 3 is a graph illustrating a map of deriving the
number of pulses from the drive frequency and a
voltage modulation rate command when performing
the pulse width modulation according to the first em-
bodiment of the invention;
Figs. 4A to 4C are graphs illustrating system losses
at the time of three-pulse drive and nine-pulse drive
according to the first embodiment of the invention;
Figs. 5A to 5C are graphs illustrating system losses
at the time of one-pulse drive and three-pulse drive
according to the first embodiment of the invention;
Fig. 6 is a block diagram illustrating a configuration
of an AC motor drive system according to a second
embodiment;
Fig. 7 is a graph illustrating system losses at the time
of one-pulse drive and three-pulse drive according
to the second embodiment of the invention;
Fig. 8 is a block diagram illustrating a configuration
of a carrier frequency determiner according to a third
embodiment of the invention;
Fig. 9 is a block diagram illustrating a configuration
of a carrier frequency determiner according to a
fourth embodiment of the invention;
Fig. 10 is a block diagram illustrating a configuration
of a harmonic loss computing unit according to a fifth
embodiment of the invention;
Fig. 11 is a graph illustrating a relationship between
an evaluation function and a harmonic loss accord-
ing to the fifth embodiment of the invention;
Fig. 12 is a block diagram illustrating a configuration
of an AC motor drive system according to a sixth
embodiment of the invention; and
Fig. 13 is a block diagram illustrating a configuration
of an AC motor drive system used in a railroad ve-
hicle according to a seventh embodiment of the in-
vention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0014] Referring now to Fig. 1 to Fig. 13, embodiments
of the invention will be described.

First Embodiment

[0015] Fig. 1 illustrates a motor drive system config-
ured to drive an AC motor 5. Components illustrated in
Fig. 1 are composed of a command generator 1 config-
ured to generate a torque command Tm* of the AC motor
5, a controller 2 configured to perform control for gener-
ating a torque which matches the torque command Tm*,
an inverter 3 configured to drive the AC motor 5, and a
current sensor 4 configured to detect an electric current
flowing in the AC motor 5.
[0016] The inverter 3 includes a DC power source 31
configured to supply power to the inverter, an inverter
main circuit unit 32 including six switching elements Sup
to Swn, and a gate driver 33 configured to directly drive

the inverter main circuit unit 32.
[0017] The command generator 1 is a controller con-
figured to generate the torque command Tm* to the AC
motor and positioned on a higher level of the controller
2. The controller 2 controls a generated torque of the AC
motor 5 on the basis of a torque command from the com-
mand generator 1.
[0018] The controller 2 will be operated as follows.
Three-phase AC currents Iu, Iv, and Iw, which are AC
current detection values of the AC motor 5 are separated
into a torque current component (q axis current compo-
nent) and an excitation current component (d-axis current
component) by a vector computing unit 6 to control the
respective currents. As a result of the current control,
voltage commands Vd* and Vq* on a dq axis, which is a
rotational coordinate axis, are computed and are con-
verted into a voltage amplitude command V1 and a volt-
age phase command δ by a pole coordinate converter 7.
A drive frequency f1 of the AC motor is also computed
by the vector computing unit 6. The drive frequency f1 is
integrated by an integrator 9 to calculate a control phase
θd. Then, the voltage phase command δ is added by an
adder 11 to θd to obtain the three-phase AC voltage com-
mands Vu, Vv, and Vw by a three-phase coordinate con-
verter assuming that a voltage phase is θv.
[0019] A PWM pulse generator 10 generates a triangle
wave carrier on the basis of a carrier frequency fc, com-
pares the magnitude with the three-phase AC voltage
commands Vu, Vv, and Vw, whereby a pulse width mod-
ulation is performed. An ON/OFF control of the switching
element of the inverter 3 is performed by this pulse-width-
modulated signal.
[0020] The carrier frequency fc is calculated by a car-
rier frequency determiner 12. In the carrier frequency de-
terminer, the carrier frequency fc is determined on the
basis of the voltage amplitude command V1, the drive
frequency f1, and the three-phase AC currents Iu, Iv, and
Iw.
[0021] In the case of a system having a large capacity
as a drive system for a railroad vehicle, it is difficult to set
the carrier frequency to a high value, and is normally set
to a value on the order of the range from several hundred
Hz to 2 kHz. In contrast, since the drive frequency f1 is
also several hundred Hz, a synchronous PWM system
is employed in the high-speed range. The synchronous
PWM is configured to resolve problems such as a beat
phenomenon by setting the ratio of the carrier frequency
fc to the drive frequency f1 to integral multiple. However,
in order to achieve the three-phase AC current having a
symmetry waveform, conditions of synchronism have
limitations, and the number of pulses N(=fc/f1) has con-
ditions of being multiples of three, and odd numbers. Un-
der such conditions, N has values of 3, 9, 15, 21, ... (N=1,
which is a case of one pulse, is also possible). However,
since the probability of occurrence of the beat phenom-
enon is reduced with increase in value of N, the upper
limit of the synchronous PWM is on the order of N=15,
and in other cases, an asynchronous PWM in which the
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carrier frequency is fixed is employed.
[0022] Fig. 2 illustrates a relationship between the drive
frequency f1 and the carrier frequency fc (and the number
of pulses N). The number of pulses N is reduced with
increase of the drive frequency f1, and finally, a one-pulse
driving is performed. Actually, the number of pulses is
changed not only by the drive frequency f1, but also by
the voltage amplitude command V1. Fig. 3 is a graph
illustrating a relationship between the drive frequency f1,
a voltage modulation rate command (the ratio between
the voltage amplitude command V1 and a DC voltage
detection value VDC), and the number of pulses. In order
to increase an output voltage from the inverter 3, it is
necessary to reduce the number of pulses, and the one
pulse driving is necessary in order to output a maximum
voltage. Therefore, in order to obtain a high modulation
rate, it is necessary to switch the number of pulses sep-
arately from the drive frequency.
[0023] A map of the number of pulses illustrated in Fig.
3 is stored in a number of pulses determiner 13 in Fig.
1. Here, the number of pulses as a base at the time of
the PWM modulation is determined.
[0024] Subsequently, a number of pulses compensa-
tor 14 as a characteristic point of the invention will be
described. In the number of pulses compensator 14,
compensation of the number of pulses is performed on
the number of pulses N determined by the number of
pulses determiner 13 according to the operation condi-
tions of the AC motor 5. Here, in order to monitor the
operating state, a phase current of the AC motor 5 is
observed. Figs. 4A to 4C illustrate the load of the AC
motor driven at a constant frequency and the loss gen-
erated at that time. Fig. 4A illustrates a case of 9 pulses,
and Fig. 4B illustrates a case of 3 pulses. The losses may
be roughly divided into a harmonic loss and other losses
as a breakdown. The harmonic loss is a loss caused by
a harmonic voltage included in the inverter 3, and when
the AC motor is an induction motor, a harmonic second-
ary copper loss mainly becomes dominant. The harmonic
loss may be considered to be substantially constant ir-
respective of the load if the number of pulses and the
modulation rate are determined. This is because the har-
monic constantly flows into a secondary circuit of the in-
duction motor, and hence a slip with respect to compo-
nents having high frequencies becomes substantially "1".
In a case of a permanent magnet motor, although the
secondary copper loss does not occur, a significant har-
monic iron loss exits. The harmonic iron loss may also
be considered to be substantially constant irrespective
of the load.
[0025] Other than the loss caused by harmonics, a cop-
per loss caused by the fundamental wave current is sig-
nificant and may be considered to be substantially pro-
portional to the load. A conduction loss and a switching
loss of the inverter are also considered to be proportional
to the load.
[0026] As illustrated in Figs. 4A and 4B, the respective
breakdowns of the losses in 9 pulses and 3 pulses are

different. Although the harmonic is lowered by increasing
the number of pulses, the switching loss is increased
because the number of times of switching is increased.
It is understood that loss characteristics vary depending
on the load.
[0027] Therefore, as illustrated in Fig. 4C, it is under-
stood that the entire efficiency is improved by employing
9 pulses in the light load area and 3 pulses in the heavy
load area. In the same manner, Figs. 5A to 5C illustrate
the losses in 1 pulse and 3 pulses. In one pulse, since
the output voltage of the inverter 3 is maximized, the cur-
rent may be minimized when considering the output of
the same power. Therefore, the copper loss may be re-
duced by the reduction of the current, and the efficiency
in the heavy load area is improved. However, since the
harmonic of the one-pulse driving is significantly high,
the harmonic loss becomes dominant under low load
conditions, and the loss is reduced by increasing the
number of pulses to 3 pulses.
[0028] The number of pulses compensator 14 as the
characteristic point of the invention determines the load
state from the magnitude of the current, and operates so
as to change the pulse according to a change-over point
obtained in advance. Therefore, maximization of the ef-
ficiency according to the operating state may be realized.

Second Embodiment

[0029] Referring now to Fig. 6 and Fig. 7, a second
embodiment of the invention will be described.
[0030] In the first embodiment, the number of pulses
when performing the PWM control is normally deter-
mined based on the drive frequency and the drive volt-
age. In contrast, the second embodiment shows that the
motor drive system having a higher efficiency may be
realized by taking the load state of the motor into consid-
eration.
[0031] In the second embodiment, a method of deter-
mining the number of pulses using DC voltage informa-
tion of the inverter will be described.
[0032] Fig. 6 is a block diagram illustrating a configu-
ration of a second embodiment of the invention. Refer-
ence numerals 1 to 13, 31, 32, and 33 are the same
components as those in the first embodiment in Fig. 1.
In the second embodiment, a voltage sensor 34 config-
ured to detect the voltage of the DC voltage detection
value VDC is newly added, and a voltage detection value
thereof is input to a number of pulses compensator 14B.
[0033] The number of pulses compensator 14B is dif-
ferent from the number of pulses compensator 14 in Fig.
1, in that the number of pulses is compensated consid-
ering the voltage value of the DC power source 31 of the
inverter 3.
[0034] The DC power source 31 of the inverter may be
configured to be voltage variable by using a converter of
a pressor type (or depressor type). The efficiency of the
AC motor is significantly changed by the power source
voltage VDC of the inverter.
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[0035] For example, a constant torque driving to a high-
speed area is enabled and the drive current of the current
motor may be reduced by setting the voltage high (the
AC motor for the railroad vehicle (mainly the induction
motor) is operated by a constant output driving in the
high-speed area, and is driven in a state in which an
excitation current is reduced. Therefore, when the load
is increased, a torque current needs to be increased sig-
nificantly, and hence the efficiency is lowered.).
[0036] However, since a harmonic current is increased
when the DC voltage is set to be high, the harmonic loss
is increased. In contrast, if the DC voltage can be lowered
at the time of low-speed driving, the harmonic current
may be reduced, which contributes to loss reduction.
[0037] Fig. 7 illsutrates the change of the loss when
the DC voltage VDC is increased. When comparing the
one pulse system and the three pulse system, the loss
of the one pulse system is totally reduced by increasing
the VDC. The reason is that the copper loss is reduced
by the reduction of the fundamental wave current. There-
fore, when the DC voltage is increased, the loss is re-
duced in total by shifting the changeover point of the
number of pulses to the light-load side.
[0038] By performing the change of the change-over
point as described above according to the map preset
by the number of pulses compensator 14B, the motor
drive system having higher efficiency is realized.

Third Embodiment

[0039] Referring now to Fig. 8, a third embodiment of
the invention will be described.
[0040] The first and second embodiments disclose
systems in which the maximization of efficiency is ena-
bled by changing the number of pulses at the time of
PWM control according to the load state of the AC motor
or by considering the DC voltage value of the inverter. In
these configurations, determination of the number of
pulses is performed on the basis of a data table calculated
in advance, and hence depends on the accuracy of the
table or resolution.
[0041] In the third embodiment, loss calculation is per-
formed in real time and the AC motor driving always at
an optimal number of pulses is realized.
[0042] In the third embodiment illustrated in Fig. 8, a
carrier frequency determiner 12C is used instead of the
carrier frequency determiner 12 illustrated in Fig. 1 and
Fig. 6 in the first and seconds embodiments. The number
of pulses determiner 13 in Fig. 8 is the same one as those
illustrated in Fig. 1 and Fig. 6. Loss computing units 15a
to 15e (set from one number of pulses to another) are
units for computing the loss at the time when the PWM
is performed from the state quantity of the system on the
basis of the respective numbers of pulses. The respective
loss computing units computes losses Loss 1 to Loss 5,
and enters the computed losses to the number of pulses
compensator 14C. The number of pulses compensator
14C selects the number of pulses having the least loss

from a computed loss values, and determines the carrier
frequency fc on the basis of the computed loss value.
[0043] The interiors of the respective loss computing
units 15a to 15e each include a fundamental wave loss
computing unit 16a and a harmonic loss computing unit
17a, and loss computation is constantly performed. The
fundamental wave loss computing unit 16a calculates
the loss (mainly the copper loss) in association with the
fundamental wave current of the AC motor on the basis
of phase current information and the DC voltage. The
harmonic loss computing unit 17a computes the loss of
the harmonic loss on the basis of the DC voltage value
VDC, the drive frequency f1, and the voltage command
V1 of the inverter. The computations of the loss of the
fundamental wave and the harmonic are performed si-
multaneously, and the both values are added by an adder
11a so that the total loss is calculated.
[0044] According to the examples, since the loss com-
putation may be performed anytime with different number
of pulses according to the driving state of the AC motor
and the DC voltage value of the inverter, the real time
driving having a maximum efficiency is enabled. There-
fore, increase in efficiency of the motor drive system is
enabled.

Fourth Embodiment

[0045] Referring now to Fig. 9, a fourth embodiment of
the invention will be described.
[0046] In the fourth embodiment, loss calculation is
performed in real time and the AC motor driving always
at an optimal number of pulses is realized in the same
manner as the third embodiment described above. The
fourth embodiment is different from the third embodiment
in that the loss of the inverter is also considered.
[0047] In the fourth embodiment illustrated in Fig. 9, a
carrier frequency determiner 12D is used instead of the
carrier frequency determiner 12 according to the first and
second embodiments described above.
[0048] In Fig. 9, an inverter loss computing unit 18a is
newly added in the interior of a loss computing unit 15Da,
and this point is different from Fig. 8. Since the loss of
the inverter includes the conduction loss and the switch-
ing loss, the loss of the inverter may be calculated from
the magnitude of the phase current and the magnitude
of the DC voltage. This block is calculated from one
number of pulses to another to obtain the computed loss
values Loss 1 to Loss 5, and the number of pulses which
brings about the least loss is obtained by a number of
pulses compensator 14C, whereby the carrier frequency
is determined.
[0049] Consequently, the operation of minimizing the
loss including the inverter loss is enabled, and hence the
drive system with hither efficiency may be realized.

Fifth Embodiment

[0050] Referring now to Figs. 10 and 11, a fifth embod-
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iment of the invention will be described.
[0051] The fifth embodiment relates to the harmonic
loss computing unit of the third and fourth embodiments,
which is realized by using the embodiment illustrated in
Fig. 10 instead of the harmonic loss computing units 17a
illustrated in Figs. 8 and 9.
[0052] A harmonic loss computing unit 17E in Fig. 10
includes a harmonic voltage computing unit 171a config-
ured to calculate a harmonic voltage component by in-
putting the drive frequency f1, the voltage command V1,
and the DC voltage detection value VDC, a harmonic
current computing unit 172a configured to calculate the
harmonic current from the harmonic current voltage com-
ponent, an evaluation function computing unit 173a con-
figured to compute an evaluation function corresponding
to the harmonic loss further from this harmonic current
value, and a loss computing unit 174a configured to cal-
culate the harmonic loss on the basis of this value of the
evaluation function.
[0053] The harmonic voltage computing unit is config-
ured to obtain content percentages of the respective har-
monic orders with respect to the modulation rate
(V1/VDC) from one number of pulses to another in a ta-
ble, so that the content percentages may be obtained per
order of the harmonics, such as the amount of volts in-
cluded in a fifth component, for example, and outputs the
magnitude of voltage Vn per order n.
[0054] The harmonic current computing unit 172a cal-
culates values In corresponding to the currents of the
respective harmonic components (=Vn/n) by dividing the
harmonic voltage by the order. Although the current value
may be calculated roughly by using a harmonic frequency
and an inductance value instead of the order, it is also
possible to employ the division by the order for performing
the loss evaluation. Subsequently, the evaluation func-
tion computing unit 173a computes an evaluation func-
tion having a relative relation with the harmonic loss from
the values In corresponding to the harmonic current.
[0055] The evaluation function computed here is an
amount corresponding to the harmonic loss of the AC
motor. For example, the secondary copper loss of the
induction motor is a square of the current multiplied by
R, where R is a secondary resistance. However, it is said
that the harmonic loss is multiplied by x-th power of the
order n by the influence of a skin effect of a secondary
coil. The expression x = 0 means that the secondary re-
sistance does not depend on the frequency, and such a
case may occur depending on the structure of the rotating
machinery. When the skin effect is strong, a value on the
order of n = 0.5 to 2 is employed. This depends on the
characteristic of the motor, and when the motor changes,
the value of x also changes naturally. However, it was
confirmed that x ≈ 1 is established from the test using a
real machine.
[0056] In the embodiment illustrated in Fig. 10, the n-
th order current component In (=Vn/n) is squared and
then is multiplied by the x-th power of n as a weight, and
the sum of all the components is used as an evaluation

function H1. The relationship between the value of x and
the harmonic loss is illustrated in Fig. 11. For example,
it was confirmed in a certain AC motor that when the x =
1.0 (that is, the weight is n) was assumed, the harmonic
loss and the evaluation function assumed a linear shape.
In this manner, by introducing the evaluation function,
the computation of the harmonic loss is easily performed.
The loss computing unit 174a obtains the loss by multi-
plying the value of the evaluation function H1 by a coef-
ficient. As regards the coefficient, the relation with re-
spect to the loss may be obtained by actual measurement
once in advance.
[0057] According to the fifth embodiment, computation
of the loss with high degree of accuracy is enabled by
the introduction of the evaluation function, and hence the
AC motor drive system having a higher efficiency may
be realized.

Sixth Embodiment

[0058] Referring now to Fig. 12, a sixth embodiment
of the invention will be described.
[0059] The sixth embodiment illustrated in Fig. 12 has
substantially the same configuration as the second em-
bodiment. However, in the sixth embodiment an inverter
temperature sensor 35a is added to the inverter main
circuit unit 32 and a motor temperature sensor 35b is
added to the AC motor 5, and temperature information
of these sensors are introduced to a pulse compensator
14E as a new block. All of other components are the
same as those of the second embodiment.
[0060] The pulse compensator 14E performs the loss
computation according to the operating state as de-
scribed above so as to achieve the operation with the
number of pulses which brings about the least loss. In
this case, it is known that the inverter loss varies with the
temperature of the inverter element, and the loss of the
motor (especially the fundamental wave loss) changes
with the temperature of the motor. Therefore, the loss
computation with higher degree of accuracy may be re-
alized by mounting temperature sensor 35a and 35b on
the inverter and the AC motor, converting the values de-
pending on the respective temperature states, and per-
forming the loss computation. For example, the conduc-
tion loss is lowered along with the increase in temperature
in the inverter loss computation, while the copper loss is
increased along with the increase in temperature in the
fundamental wave loss of the AC motor. With applying
the compensation as described above, the loss compu-
tation with higher accuracy is enabled.
[0061] The compensation on the basis of the temper-
ature does not necessarily have to be performed both for
the inverter and the motor, and an effect may be expected
even by the compensation only for one of the inverter
and the motor. It is also possible to measure a value of
resistance by using a change of the current or the inverter
to read the temperature change indirectly without meas-
uring the temperature directly.
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Seventh Embodiment

[0062] Subsequently, a seventh embodiment of the in-
vention will be described.
[0063] A railroad vehicle using the AC motor drive sys-
tem of the invention is illustrated in Fig. 13.
[0064] In the railroad vehicle, the capacity of the motor
is as large as 100 kW or more, and hence the carrier
frequency cannot be set to a high value. Therefore, the
synchronous PWM system with several pulses is used
in the high-speed area. Since energy saving drive has to
be realized on that basis, the AC motor drive system ac-
cording to the invention is effective.
[0065] Fig. 13 illustrates a railroad vehicle system in
which the AC motor drive system of the embodiments
described above are mounted, and the induction motors
5a to 5b are driven as the AC motors. By the application
of the invention, the railroad vehicle system which allows
driving with the least loss of the system may be realized.
[0066] The embodiments of the invention have been
described thus far. For the sake of convenience of de-
scription, the induction motor has been mainly described
as the AC motor. However, other motors may be applied
in the same manner as long as they are the AC motors.
For example, a permanent magnet synchronous motor,
a coil-type synchronous motor, and a synchronous ma-
chine on the basis of a reluctance torque are also the
same. The invention is also applicable for controlling the
motor in the same manner.
[0067] As described above, the invention is an art re-
lated to the drive system for the AC motor drive having
a large capacity. This drive system may be applied mainly
to railroad vehicle driving, general industries, wind force
power generators, and diesel power generators, and is
effective for improving efficiency of the entire system and
energy saving.

Claims

1. An AC motor drive system comprising:

a three-phase AC motor;
an inverter configured to drive the three-phase
AC motor;
and
a controller configured to drive the inverter by
pulse width modulation, wherein
the three-phase AC motor is driven by reducing
number of pulses of the inverter along with an
increase in load of the tree-phase AC motor.

2. The AC motor drive system according to Claims 1,
wherein
the three-phase AC motor is driven by changing the
number of pulses of the inverter according to at least
one of a driving frequency of the three-phase AC
motor and a drive voltage, and a load state of the

three-phase AC motor.

3. The AC motor drive system according to Claims 1,
wherein
a unit configured to vary a DC power source voltage
of the inverter is provided, and
the three-phase AC motor is driven by changing the
number of pulses of the inverter according to at least
one of a driving frequency of the three-phase AC
motor, a drive voltage, and a DC voltage value of the
inverter, and a load state of the three-phase AC mo-
tor.

4. The AC motor drive system according to Claims 1,
wherein
a unit configured to compute a fundamental wave
loss of the three-phase AC motor and compute a
harmonic loss caused by the inverter is provided, and
the three-phase AC motor is driven by changing the
number of pulses of the inverter from the computed
loss value.

5. The AC motor drive system according to Claims 1,
wherein
a unit configured to compute a fundamental wave
loss of the three-phase AC motor, compute a har-
monic loss caused by the inverter, and compute a
loss caused by the inverter is provided, and
the three-phase AC motor is driven by changing the
number of pulses of the inverter from the computed
loss value.

6. The AC motor drive system according to Claims 4
or 5, wherein
when calculating the harmonic loss, a value obtained
by dividing a voltage component of the harmonic by
a harmonic frequency is squared for the respective
frequency components of the harmonic voltage gen-
erated by the inverter, the squared value is multiplied
by n-th order of the harmonic frequency, these val-
ues are computed for each of a plurality of the fre-
quency components to obtain a summation as an
evaluation index, and the harmonic loss caused by
the three-phase AC motor is obtained on the basis
of the evaluation index.

7. The AC motor drive system according to Claim 6,
wherein
when computing the harmonic loss, the value of N
falls within a range from 0 to 2.

8. The AC motor drive system according to any one of
Claims 1 through 7, wherein
conditions of changeover of the number of pulses
are compensated on the basis of temperature infor-
mation of at least one of the inverter or the three-
phase AC motor.
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9. A motor vehicle according to any one of Claims 1
through 8, further comprising a drive system of the
AC motor.

13 14 



EP 2 713 502 A1

9



EP 2 713 502 A1

10



EP 2 713 502 A1

11



EP 2 713 502 A1

12



EP 2 713 502 A1

13



EP 2 713 502 A1

14



EP 2 713 502 A1

15



EP 2 713 502 A1

16



EP 2 713 502 A1

17



EP 2 713 502 A1

18



EP 2 713 502 A1

19



EP 2 713 502 A1

20



EP 2 713 502 A1

21



EP 2 713 502 A1

22



EP 2 713 502 A1

23

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2005237194 A [0004] • JP 2012120250 A [0007]


	bibliography
	description
	claims
	drawings
	search report

