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Description

TECHNICAL FIELD

[0001] The present invention relates to a power converter for railway vehicles, and, more particularly to an electric
vehicle controller including an AC motor.

BACKGROUND ART

[0002] As described on pages 99 to 134 in Nonpatent Document 1, for example, conventional electric vehicle controllers
generally perform so-called vector control. In the vector control, an AC vector flowing in an AC motor is managed and
controlled by dividing the AC vector into a magnetic flux component and a torque component in a rotating coordinate
system.
[0003] Generally, an induced voltage of an AC motor is proportional to a product of a rotating speed of the AC motor
and a magnetic flux thereof. The induced voltage becomes uncontrollable when it exceeds the maximum voltage that
the controller can output. To ensure that the induced voltage does not become uncontrollable, it is common to perform
a control in AC motors to weaken the magnetic flux than a rated magnetic flux in a high speed area. In electric vehicle
controllers, following is control is performed for decreasing a switching loss in a power converter of a control device.
That is, a one-pulse mode in which only switching is performed twice in 360 degrees in electrical angle of an AC-voltage
command fundamental wave to output a rectangular wave voltage fixed to a maximum voltage that the control device
can output is used for a high speed area. As described in Patent Document 1, for example, a secondary-magnetic-flux
command value is obtained by an arithmetic operation and the obtained value is used for the control so that magnetic
flux control and toque control are stably achieved during the one-pulse mode.
[0004] Patent Document 1 specifically describes an operating relationship between a magnetic-flux command value
Φ2*2 and a voltage |V|. That is, in a speed area where a rated magnetic flux can be output, the magnetic flux command
value is set to be a magnetic flux command of a constant rated value, so that the voltage |V| rises along with the rotating
speed. When the voltage |V| reaches an output-controllable maximum voltage, the one-pulse mode is activated. While
the voltage is fixed at the maximum value, the magnetic-flux command value is controlled to be small according to the
rotating speed by Equation (6) in Patent Document 1.
[0005] Meanwhile, Patent Document 2 describes a method to minimize a total sum of a primary copper loss, a secondary
copper loss, and a primary iron loss of an induction motor. In this method, a magnetic-flux command value is calculated
relative to a torque command value and the induction motor is controlled based on the calculated magnetic-flux command
value.
[0006]

Patent Document 1: Japanese Patent Application Laid-open No. H11-285299
Patent Document 2: Japanese Patent Application Laid-open No. H7-322700
Nonpatent Literature 1: "Theory and Designing Practice of AC Servo System", written/edited by Hidehiko SUGIM-
OTO, Sogo Denshi Publishing.

[0007] Document US5659235 describes a drive controller for electric vehicles, that permits a reduction of losses in
the included induction motor and the voltage source inverter through corrections according to the charge state of the
power source of the inverter, thereby achieving operation of the drive unit always at the most efficient operating point,
and improving the efficiency within the capacity range of the drive unit and the power source. A magnetic flux correcting
unit calculates a magnetic flux correction value for correcting the magnetic flux command according to the torque com-
mand, and a magnetic flux rotating speed correcting unit calculates a coefficient for correcting the magnetic flux correction
value according to the rotating speed of the induction motor.
[0008] Document US2004012203 describes a possibility for enlarging the inverter voltage output by applying infinitely
many odd-numbered harmonic oscillation portions which, after Fourier analysis, yields a rectangular function of the
converter output voltages. Such a rectangular function supplies the maximum possible increase of voltage.
[0009] Document JP8322300 describes a drive controller for maximum efficiency of an inverter-fed induction motor
drive system. The total loss of the motor and the inverter is expressed by a formula using a torque command, a speed
value and an exciting current. In a current command calculator, the excitation current, which minimizes the total loss at
the arbitrary load and speed, is obtained. A torque current is obtained in accordance with the excitation current. The
current control is performed in accordance with the excitation current and the torque current. The excitation current
commands, which are input to a current control unit, are corrected by a magnetic flux model or by a magnetic flux
estimated by a minimum dimensional magnetic flux observer to realize the high speed magnetic flux response. Further,
the excitation current commands are supplied to the current control unit through a limiter to limit the output current of
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an inverter.

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0010] However, the conventional electric vehicle controller has the following problem. Reduction of the switching loss
of a main circuit is prioritized and the one-pulse mode is used aggressively. Thus, a substantially constant fixed voltage
is applied to an AC motor irrespective of an actual load state of the AC motor. As a result, the AC motor is not necessarily
driven at its maximum efficiency, thereby reducing the maximum efficiency of the entire electric vehicle controller.
[0011] On the other hand, when prioritizing driving in which the loss of the AC motor is minimized, it is necessary to
set a pulse mode of a main circuit to a pulse mode other than the one-pulse mode to manipulate a fundamental wave
amplitude of the voltage command value.
In this case, it is possible to select a three-pulse mode, for example. The problem in this case is that, in the case of the
three-pulse mode, switching is performed six times in 360 degrees in electrical angle. Therefore, as compared to the
one-pulse mode, the switching loss of the main circuit increases in the three-pulse mode.
[0012] When using, as a main circuit, a multilevel inverter having three or more levels of gradation, it is possible to
select a non-one-pulse mode using a 3-level inverter, for example. In this case, a pulse width modulation is enabled
without changing the switching count of a switching unit configuring the main circuit. However, the dimension, weight,
number of components, and cost of the main circuit may be increased, and thus there remains a problem that this method
can not be applied to all electric vehicles.
[0013] Further, even in a configuration of a conventional electric vehicle controller in which voltage of a DC-power
source unit is controlled by a converter control unit and a converter main circuit from an AC-power source unit, the
voltage of the DC-power source unit is basically controlled so as to be constant, which, similarly after all, necessitates
application of voltage independent of the actual load state of the AC motor to the AC motor. This leads to a problem that
an optimally efficient driving is not possible and the efficiency of the entire electric vehicle controller cannot reach
maximum.
[0014] The present invention has been achieved in view of the above problems, and an object of the invention is to
provide an electric vehicle controller having a reduced total loss of the AC motor and the main circuit.

MEANS FOR SOLVING PROBLEM

[0015] These objects are solved by the features of claims 1 and 5. The dependent claims recite advantageous em-
bodiments of the invention.

EFFECT OF THE INVENTION

[0016] According to the present invention, when a magnetic-flux command value is calculated and selected according
to a torque command value, and the selected value is output to the vector control unit, the total sum of a loss of an AC
motor and a loss of a main circuit is suppressed, and thus the efficiency of the entire electric vehicle controller can be
improved.

BRIEF DESCRIPTION OF DRAWINGS

[0017]

[Fig. 1] Fig. 1 is a configuration diagram of an electric vehicle controller according to a first embodiment of the present
invention.
[Fig. 2] Fig. 2 is a conceptual diagram of loss characteristics of an induction motor.
[Fig. 3] Fig. 3 is a conceptual diagram of speed-dependence characteristics of a terminal voltage of the induction
motor.
[Fig. 4] Fig. 4 is a configuration diagram of an internal configuration of a vector-control-command-value calculating
unit according to the first embodiment.
[Fig. 5] Fig. 5 is a configuration diagram of a vector-control-command-value calculating unit that outputs a command
value by using a notch command NC.
[Fig. 6] Fig. 6 is a configuration diagram of an internal configuration of a vector-control-command-value calculating
unit according to a second embodiment of the present invention.
[Fig. 7] Fig. 7 is a configuration diagram of an electric vehicle controller according to a third embodiment of the
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present invention.
[Fig. 8] Fig. 8 is a configuration diagram of an internal configuration of a vector-control-command-value calculating
unit according to the third embodiment.
[Fig. 9-1] Fig. 9-1 depicts a voltage waveform in a one-pulse mode.
[Fig. 9-2] Fig. 9-2 depicts a voltage waveform in a three-pulse mode.
[Fig. 9-3] Fig. 9-3 depicts a voltage waveform when a 3-level inverter is used.

EXPLANATIONS OF LETTERS OR NUMERALS

[0018]

1 AC motor
2 AC-power source unit
3 DC-power source unit
4 DC-voltage detecting unit
5 first main circuit
6 converter control unit
7 second main circuit
8 vector control unit
9 speed detecting unit
10 torque-command-value generating unit
11 vector-control-command-value calculating unit
12 AC-power-source-state-amount detecting unit

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0019] Exemplary embodiments of an electric vehicle controller according to the present invention will be explained
below in detail with reference to the accompanying drawings. The present invention is not limited to the embodiments.

First embodiment.

[0020] Fig. 1 is a configuration diagram of an electric vehicle controller according to the present embodiment. As
shown in Fig. 1, the present embodiment includes an AC motor 1 that generates torque that powers an electric vehicle
and a speed detecting unit 9 that measures a rotating speed of the AC motor 1. The AC motor 1 is an induction motor
or a synchronous motor, for example.
[0021] Moreover, the present embodiment includes a torque-command-value generating unit 10. The torque-com-
mand-value generating unit 10 receives control command information, such as steering wheel maneuver performed by
a driver via an operation unit operated by a driver of the electric vehicle, coverts the control command information into
a command value T* of torque generated in the AC motor 1 (hereinafter, "torque command value T*"), and outputs the
torque command value T*. Furthermore, the present embodiment includes a vector-control-command-value calculating
unit 11a that is arranged downstream of the torque-command-value generating unit 10. The vector-control-command-
value calculating unit 11a calculates and selects a DC-voltage command value EFCR and a magnetic-flux command
value F2R based on input such as the torque command value T* from the torque-command-value generating unit 10,
and which outputs the same. Moreover, the present embodiment includes a converter control unit 6 that receives the
DC-voltage command value EFCR that is one of the outputs of the vector-control-command-value calculating unit 11a.
Furthermore, the present embodiment includes a vector control unit 6 that receives the magnetic-flux command value
F2R that is the other output of the vector-control-command-value calculating unit 11a. Note that a value marked with "*"
(as in the torque command value T*) represents a command value.
[0022] In the present embodiment, an AC power is supplied from an AC-power source unit 2 configured by an overhead
contact wire, a pantograph or the like. The present embodiment further includes an AC-power-source-state-amount
detecting unit 12 that detects a voltage and a current of the AC-power source unit 2; a first main circuit 5 that converts
the AC power output from the AC-power source unit 2 into a DC power under control of the converter control unit 6 and
that outputs the DC power; a DC-power source unit 3a that is configured by a condenser or the like, and that has a
function of suppressing a pulsation of, and partially storing, the DC power output from the first main circuit 5 and any
other similar function; a DC-voltage detecting unit 4 that detects the DC voltage value EFC of the DC-power source unit
3a; a second main circuit 7 that receives the DC power from the DC-power source unit 3a, converts the DC power into
an AC power under control of the vector control unit 8, and supplies the resultant power to the AC motor 1; and an AC-
motor-current detecting unit 13 that detects an amount of alternating current that is output from the second main circuit
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7 and that is supplied to the AC motor 1. An internal configuration of the vector-control-command-value calculating unit
11a is described later.
[0023] An operation of the present embodiment is described next. First, a power supplying operation from the AC-
power source unit 2 to the DC-power source unit 3a and the AC motor 1 is described. The AC-power source unit 2
supplies an AC power to the first main circuit 5. The first main circuit 5 temporarily converts the AC power into a DC
power and supplies the DC power to the second main circuit 7. The DC-power source unit 3a, which is located between
the first main circuit 5 and the second main circuit 7, suppresses a pulsation of the DC power and partially stores the
DC power, for example. The power conversion control from the AC power to the DC power is controlled by the converter
control unit 6. That is, in order that the DC voltage value EFC or the voltage of the DC-power source unit 3a detected
by the DC-voltage detecting unit 4 follows the DC-voltage command value EFCR output from the vector-command-value
calculating unit 11a or a power factor relationship between a current Is and the voltage of the AC-power source unit 2
detected by the AC-power-source-state-amount detecting unit 12 reaches one, a main-circuit switching signal Sw_c* is
calculated on a control side, and the main-circuit switching signal Sw_c* is output from the converter control unit 6 to
the first main circuit 5. Accordingly, the voltage of the DC-power source unit 3a and the current of the AC-power source
unit 2 are controlled, thereby converting the AC power into the DC power.
[0024] The DC-power source unit 3a supplies the DC power to the second main circuit 7. The second main circuit 7
converts the DC power into an AC power having a variable voltage and a variable frequency, and supplies the resultant
power to the AC motor 1 to drive the AC motor 1. The vector control unit 8, which performs the power conversion control,
performs control by outputting the main-circuit switching signal Sw_i* calculated on the control side to the second main
circuit 7 so that an actual torque T output by the AC motor 1 follows the torque command value T* input from the torque-
command-value generating unit 10, based on a rotation frequency FM of the AC motor 1 detected by the speed detecting
unit 9 and 3-phase currents Iu, Iv, and Iw of the AC motor detected by the AC-motor-current detecting unit 13, thereby
enabling acceleration and deceleration control of the electric vehicle.
[0025] While a flow of the power has been mainly described above, a process content and a control method inside
the vector-control-command-value calculating unit 11a and the vector control unit 8 are described below in detail. Par-
ticularly, in this specification, it is assumed that an induction motor is used as the AC motor 1. However, the present
invention is not limited thereto, and it can be similarly applied to a case where a synchronous motor or the like is used
as the AC motor 1.
[0026] The vector control unit 8 receives the torque command value T* from the torque-command-value generating
unit 10 and the magnetic-flux command value F2R from the vector-control-command-value calculating unit 11a. The
vector control unit 8 also receives a rotating angle speed Wm of the motor detected in the speed detecting unit 9, and
alternating currents Iu, Iv, and Iw detected in the AC-motor-current detecting unit 13.
[0027] In so-called vector control, which is normally used in electric vehicles from the late 1990s as a method of torque
control of an induction motor, a d-q axis or two-axis orthogonal coordinate system rotating in synchronism with a magnetic
flux vector of the induction motor is introduced, and a vector of a current flowing to the induction motor is managed and
controlled by dividing it into a magnetic flux component and a torque component.
That is, the vector control unit 8 calculates a magnetic-flux equivalent current command I1DR, a torque-equivalent current
command I1QR, a slip frequency command Ws of the induction motor, and an inverter frequency command Winv.
[0028]

[0029] Constants in Equations (1) to (4) represents various constants of an induction machine described below, and
each value to the induction motor used is set within the vector control unit 8.
[0030]
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R1: primary resistance of the induction motor
R2: secondary resistance of the induction motor
M: mutual inductance of the induction motor
L1: primary self inductance of the induction motor
L2: secondary self inductance of the induction motor
pm: number of pole pairs of the induction motor

[0031] The alternating currents Iu, Iv, and Iw of the motor 1 detected in the AC-motor-current detecting unit 13 are
converted into a magnetic-flux-equivalent current I1D and a torque-equivalent current I1Q by Equation (5):
[0032]

where θ is a control phase angle, which is to be calculated by Equation (6) :
[0033]

[0034] Next, in order that the magnetic-flux equivalent current command value I1DR and the magnetic-flux equivalent
current I1D, calculated by using Equations (1) to (6), are matched, or in order that the torque equivalent current command
value I1QR and the torque equivalent current I1Q are matched, the vector control unit 8 generates a voltage command
value that should be output by the so-called vector control to the induction motor 1. When the vector control is ideally
performed, voltage commands for a d axis and a q axis are as shown with Equations (7) and (8), respectively.
[0035]

where σ=1-M·M/(L1·L2) is a leakage coefficient. Particularly, when the voltage command is converted into an amplitude
|V| and a phase angle θv, and when the latter is considered in terms of a relationship with the control phase angle of
Equation (6), Equations (9) and (10) can be obtained:
[0036]
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[0037] Voltage command values obtained by using Equations (9) and (10) are subjected to pulse-width modulation
to calculate the main-circuit switching signal Sw_i*, which is output to the second main circuit 7. When the resultant
signal is controlled, it becomes possible to control the torque of the AC motor 1 according to the torque command value T*.
[0038] The voltage amplitude |V| in Equation (9) reaches the maximum during the one-pulse mode. A value |V| max
at this time is decided by the DC voltage value EFC detected by the DC-voltage detecting unit 4. During the one-pulse
mode, as shown in Fig. 9-1, switching is performed only twice in 360 degrees in electrical angle of the AC-voltage
command fundamental wave, and the rectangular wave voltage is output.
[0039]

[0040] The present embodiment is characterized such that for the purposes of enhancing the efficiency of the entire
electric vehicle controller, according to the torque command value T*, the vector-control-command-value calculating unit
11a calculates and selects the (secondary) magnetic-flux command value F2R and outputs it to the vector control unit
8, and also calculates and selects the DC-voltage command value EFCR and outputs it to the converter control unit 6.
The detail is described below.
[0041] Fig. 2 is a conceptual diagram of a loss characteristic of the induction motor 1. In Fig. 2, the rotating speed of
the induction motor 1 is a constant rated speed, and loss curves when ratings of the torque are 25, 50, 75, 100, and 125
[%], respectively, are represented where a horizontal axis is the magnetic flux (magnetic flux equivalent current command)
[%] and a vertical axis is loss [W] of the induction motor. With respect to the magnetic flux (magnetic flux equivalent
current command), a relative amount relative to a magnetic-flux upper limit value is indicated by %, where the magnetic
flux (magnetic-flux upper limit value) during the one-pulse mode is 100%. It is shown in Fig. 2 that when the magnetic
flux is manipulated, the loss changes and at one point the loss is minimum. That is, when the torque is used as a rating
(torque 100%), a magnetic flux with which the loss of the induction motor is minimum is equal to the magnetic-flux upper
limit value or magnetic flux during the one-pulse mode, and when the torque is made smaller than the rating (torque
less than 100%), a magnetic flux with which the loss of the induction motor is minimum is present in a range smaller
than the magnetic-flux upper limit value. When the torque is made smaller, so is the magnetic flux with which the loss
of the induction motor is minimum. In Fig. 2, locations at which a loss minimum condition (efficiency maximum condition)
is satisfied are assigned with a star on each loss curve. The loss represents a circuit loss of the induction motor 1.
[0042] The circuit loss of the induction motor 1 mainly includes a primary copper loss and a secondary copper loss in
a circuit resistance on each of a primary side and a secondary side, and an iron loss in an iron core. In terms of physics,
there is a following relationship.
[0043] The primary copper loss: product of a primary-side current squared and a primary resistance R1 (substantially
proportional to a sum of squares of I1D and I1Q)
The secondary copper loss: product of a second-side current squared and a secondary resistance R2 (substantially
proportional to I1Q squared)
The iron loss: value in which a primary-side magnetic excitation equivalent current and an iron loss resistance are related
(changes depending on I1D)
[0044] Accordingly, when the torque command T* is calculated by using Equations (1) and (2) in the vector control,
the magnetic-flux command value F2R (or the magnetic flux equivalent current command I1DR) is manipulated, a balance
between the magnetic-flux equivalent current I1D and the torque equivalent current I1Q, that is, a circuit loss balance,
can be manipulated. When the loss minimum condition in Fig. 2 is stabilized based on the relationship or converted into
table data, the magnetic flux equivalent current command I1DR can be calculated and obtained according to the torque
command T*.
[0045] On the other hand, Fig. 3 is a conceptual diagram of a speed dependence characteristic of a terminal voltage
of the induction motor 1. A horizontal axis is a (rotating) speed and a vertical axis is an output voltage of the second
main circuit (or the vector control unit). In Fig. 3, (1) represents a voltage characteristic according to the method described
in Patent Document 1 and (2) represents a voltage characteristic when the speed is changed under the loss minimum
condition (efficiency maximum condition), used in the first embodiment, shown in Fig. 2. The same torque condition
applies to both (1) and (2). In Fig. 3, the voltage command value amplitude |V| according to the technique described in
Patent Document 1 is in the one-pulse mode in the high speed area, and is fixed to a value dependent on the DC voltage
value EFC, that is, √6·EFC/π or conversion value thereof (region parallel to the horizontal axis of (1)). To control the
voltage amplitude of the induction motor in this region, methods (A) and (B) described below are available. There are
restraints to each of the methods.
[0046]
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Method (A): By control through the converter control unit 6, the DC voltage value EFC is increased or decreased.
Method (B): During a switching mode selection of the vector control unit 8, any mode other than the one-pulse mode
is selected.

[0047] In the method (A), a manipulation range of the DC voltage value EFC is restraint to a range of an upper limit
value EFC_max decided from an insulation or withstand voltage property of the first main circuit 5 and a lower limit value
EFC_min decided by a voltage condition of the AC-power source unit 2 (AC-voltage-amplitude) and a circuit configuration
of the first main circuit 5.
[0048] In the method (B), the control range of the voltage command value amplitude |V| of the induction motor 1 is
restraint only to a direction equal to or less than √6/π·EFC. Besides, there is the following demerit. In a case of a generally
configured 2-level inverter in the second main circuit 7 used in the electric vehicle, as shown in Figs. 9-1 and 9-2, when
the switching count reaches an operation other than the one-pulse mode which is minimum, the switching count is
inevitably increased, and this leads to an increase of the loss of the second main circuit 7. In this case, Fig. 9-2 depicts
a three-pulse mode, in which the switching count is six in 360 degrees in electrical angle.
[0049] Based on the above descriptions, in the present embodiment, the vector-control-command-value calculating
unit 11a is configured as in Fig. 4 to realize functions described below. As shown in Fig. 4, the vector-control-command-
value calculating unit 11a includes a magnetic-flux-command calculating unit 21, a maximum-efficiency characteristic-
function unit 22, a command-value selecting unit 23a, and an F2R1-condition-loss estimating unit 24. The magnetic-
flux-command calculating unit 21 calculates all the time a magnetic-flux command value F2R1 for the conventional one-
pulse mode, according to the input to the vector-control-command-value calculating unit 11a, that is, the DC voltage
value EFC, the torque command T*, and the rotation frequency FM. The magnetic-flux-command calculating unit 21 is
realized by a secondary magnetic-flux-command calculating unit described in Patent Document 1, for example. The
F2R1-condition-loss estimating unit 24 calculates a loss Loss1 of the induction motor 1 when driven in the one-pulse
mode from a relationship of characteristics shown in Fig. 2, based on the torque command T* and the magnetic-flux
command value F2R1 for a one-pulse mode output by the magnetic-flux-command calculating unit 21. The maximum-
efficiency characteristic-function unit 22 receives the torque command T* and the rotation frequency FM. The maximum-
efficiency characteristic-function unit 22 outputs, according to the torque command T*, the magnetic-flux command value
F2R2 that maximizes the efficiency of the induction motor 1 from the characteristics shown in Fig. 2. At the same time,
a loss Loss2 of the induction motor 1 during the efficiency maximum condition is output from the characteristics in Fig.
2, and further, from Equations (12) to (15), a terminal-voltage amplitude |V|2 of the induction motor 1 during the efficiency
maximum condition is calculated:
[0050]

[0051] In these equations, Winv2, Vd2*, and Vq2* are equivalent to Equations (4), (7), and (8), respectively, and
calculated relative to the magnetic-flux command value F2R2.
[0052] Two types of magnetic-flux command values F2R1 and F2R2, the losses Loss1 and Loss2 of the induction
motor 1 under the corresponding condition, and the terminal-voltage amplitude |V| 2 of the induction motor 1 during the
efficiency maximum condition are input to the command-value selecting unit 23a. Based on these input values, the
command-value selecting unit 23a decides the magnetic-flux command value F2R output to the vector control unit 8
and the DC-voltage command value EFCR output to the converter control unit 6 according to the conditions of the
terminal-voltage amplitude |V| 2 as described below. Regions corresponding to Conditions (i), (ii), and (iii) are also
described in Fig. 3.
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(i) Region where √6/π·EFC_max<|V| 2 is established

[0053] In this region, the terminal-voltage amplitude |V| 2 that provides the efficiency maximum condition of the induction
motor 1 exceeds an upper limit of voltage that the second main circuit 7 can output, and thus the efficiency maximum
condition cannot be selected. However, in order that the loss is minimized within a selectable range according to the
characteristics in Fig. 2, EFCR=EFC max and F2R=F2R1 are selected.

(ii) Region where √6/π·EFC_min≤|V|2≤√6/π·EFC_max is established

[0054] In this region, the efficiency maximum condition of the induction motor 1 requires the second main circuit 7 to
drive in a one-pulse mode, and this can be achieved by controlling the DC voltage value EFC. Thus, EFCR=π/√6·|V| 2
and F2R=F2R2 are selected. In this case, F2R=F2R1=F2R2 is established.

(iii) Region where |V| 2<√6/π·EFC_min is established

[0055] In this region, the efficiency maximum condition of the induction motor 1 is any mode other than the one-pulse
mode. Accordingly, while the loss increase of the second main circuit 7 is taken into consideration, a command value
is selected. When the switching loss of the second main circuit 7 during the one-pulse mode is LossP1 and the switching
loss of the second main circuit 7 during a non-one-pulse mode is LossPn1, a total of the loss of the induction motor 1
and the loss of the second main circuit 7 is as follows.
[0056]

When driven in a one-pulse mode according to Patent Document 1: Loss1+LossP1
When driven at a loss minimum point of the induction motor: Loss2+LossPn1

[0057] In this case, to reduce the loss of the entire electric vehicle controller, data of LossP1 and LossPn1 are previously
provided to the command-value selecting unit 23a. In this state, selected are as follows:
[0058]

when (iii-a): Loss1+LossP1>Loss2+LossPn1, EFCR=EFC_min and F2R=F2R2, and
when (iii-b): Loss1+LossP1≤Loss2+LossPn1, EFCR=EFC_min and F2R=F2R1.

[0059] When using a multilevel inverter having three or more levels of gradation (for example, a 3-level inverter. Fig.
9-3 depicts a voltage waveform when the 3-level inverter is used) as the second main circuit 7, the pulse width modulation
is enabled without particularly changing the switching count of the switching unit configuring the main circuit. In this case,
LossP1=LossPn1, and thus (iii-a) is established all the time in the region (iii). As a result, the F2R2 for the maximum
efficiency control can be selected as the magnetic flux command F2R.
[0060] As described above, in the command-value selecting unit 23a, the vector-control-command-value unit 11a that
determines as follows: (i), (ii), (iii-a), and (iii-b) is configured, and the DC-voltage command value EFCR and the magnetic-
flux command value F2R are calculated and selected. Thus, the loss of the entire electric vehicle controller can be reduced.
[0061] As described above, according to the first embodiment shown in Figs. 1 to 4, it is possible to obtain an effect
that when the magnetic-flux command value F2R to the vector control unit 8 is selected and manipulated based on the
torque command T*, a total sum of the losses of the AC motor 1 and the second main circuit 7 is minimized according
to the driving condition and the efficiency of the entire electric vehicle controller can be improved.
[0062] Further, in addition to the effect that when the DC-voltage command value EFCR to the converter control unit
6 is selected based on the torque command T*, the loss of the AC motor 1 can be minimized, an effect that the switching
loss of the second main circuit 7 is reduced can also be obtained, thereby obtaining an effect that the efficiency of the
entire electric vehicle controller can be further improved.
[0063] In the present embodiment, as shown in Fig. 4, the mode in which the maximum efficiency condition of the
induction motor 1 is mounted as a function has been described. However, in some railway vehicles, there is a case that
a speed characteristic is previously decided in the torque command T* from the operation unit for each steering wheel
input stage (so-called notch command NC), and thus the speed characteristic of the maximum efficiency condition of
the induction motor 1 can be previously calculated for each notch command NC. Accordingly, as shown in Fig. 1, in the
present embodiment, the torque-command-value generating unit 10 is configured to generate, along with the torque
command T*, the notch command NC received from the operation unit. As a result, as shown in Fig. 5, by providing a
maximum-efficiency magnetic-flux characteristic table 25 on which the maximum-efficiency magnetic-flux command
value F2R2 is previously registered for each notch and a maximum-efficiency-DC-voltage characteristic table 26 on
which the maximum-efficiency DC-voltage command value EFC2 is registered for each notch, the vector-control-com-
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mand-value calculating unit 11a can be made to output and select the DC-voltage command value EFCR and the
magnetic-flux command value F2R according to the notch command NC.
[0064] By virtue of such a configuration, based on the notch command NC received from the operation unit, the
magnetic-flux command value F2R that maximizes the efficiency of the entire controller is selected, and output to the
vector control unit 8, thereby providing an effect that the efficiency of the controller can be improved with a simpler
configuration. Moreover, based on the notch command NC received from the operation unit, the DC-voltage command
value EFCR that maximizes the efficiency of the entire controller can be selected and output to the converter control
unit 6, thereby providing an effect that the efficiency of the controller can be improved with a simpler configuration.

Second embodiment.

[0065] Fig. 6 is a configuration diagram of an internal configuration of a vector-control-command-value calculating unit
according to a second embodiment of the electric vehicle controller of the present invention. In the present embodiment,
the vector-control-command-value calculating unit 11a according to the first embodiment is replaced by a vector-control-
command-value calculating unit 11b shown in Fig. 6. According to an operation range of the torque command in the
electric vehicle controller, the optimal design for the motor, a specification of an operation range of the DC-power source
unit 3a, a rail track along which, a condition under which, the electric vehicle actually travels or the like, the proportion
of (i), (ii), and (iii) in Fig. 3 is changed. Particularly, in a case of an electric vehicle designed such that the region (iii) is
smaller than any other region, and thus it is determined that there is a small contribution to a highly efficient driving, the
determination of (iii-a) and (iii-b) in which the loss of the second main circuit 7 is taken into consideration in the configuration
of the vector-control-command-value calculating unit 11a is omitted, and the high efficiency of the device can be imple-
mented only by the manipulation of the DC voltage EFC value EFC while the one-pulse mode operation is prioritized as
described below.
[0066]

Region (i): EFCR=EFC_max and F2R=F2R1
Region (ii): EFRC=π/√6·|V| 2 and F2R=F2R2 (=F2R1)
Region (iii): EFCR=EFC_min and F2R=F2R1

[0067] Fig. 5 depicts the configuration of the vector-control-command-value calculating unit 11b that performs such
a determination. The vector-control-command-value calculating unit 11b includes the magnetic-flux-command calculating
unit 21, a maximum-efficiency characteristic-function unit 22b, and a command-value selecting unit 23b. The magnetic-
flux-command calculating unit 21, similarly to the first embodiment, receives the DC voltage value EFC, the torque
command T*, and the rotation frequency FM, and calculates all the time the magnetic-flux command value F2R1 for the
conventional one-pulse mode. The magnetic-flux command value F2R1 is output, as the magnetic-flux command value
F2R, all the time to the vector control unit 8. The maximum-efficiency characteristic-function unit 22b receives the torque
command T* and the rotation frequency FM to calculate the terminal voltage amplitude |V| 2 of the induction motor 1
under the efficiency maximum condition, and outputs the same to the command-value selecting unit 23b. The command-
value selecting unit 23b selects the DC-voltage command value EFCR depending on the regions (i), (ii), and (iii), and
outputs the same to the converter control unit 6. In the present embodiment, the one-pulse mode is prioritized all the
time, and thus, in the region (iii), the loss minimization of the entire device cannot be strictly achieved. However, a
process for selecting the magnetic-flux command value F2R while comparing the loss values becomes unnecessary
and an amount of arithmetic operation of a microcomputer is reduced. Accordingly, the mounting of the vector-control-
command-value calculating unit 11b in practice can be performed more simply. Remaining configuration of the present
embodiment is identical to that in the first embodiment.
[0068] As described above, by the electric vehicle controller according to the second embodiment shown in Figs. 1
and 6, when the DC-voltage command value EFCR to the DC-power source unit 3a is manipulated based on the torque
command T*, a value of the magnetic flux command F2R to the vector control unit 8 is indirectly manipulated, and
according to the driving condition, a total sum of losses of the AC motor 1 and the second main circuit 7 is minimized,
thereby providing an effect that the efficiency of the entire electric vehicle controller can be improved.

Third embodiment.

[0069] Fig. 7 is a configuration diagram of an electric vehicle controller according to a third embodiment of the present
invention. Fig. 8 is a configuration diagram of an internal configuration of a vector-control-command-value calculating
unit according to the third embodiment. While the first embodiment describes the configuration of a so-called AC electric
vehicle in which power is supplied from an AC overhead contact wire, the third embodiment describes a configuration
of a so-called DC electric vehicle in which power is supplied from a DC overhead contact wire. That is, as shown in Fig.
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7, the power is supplied from a DC-power source unit 3b configured by an overhead contact wire, a pantograph, a filter
condenser or the like, through the second main circuit 7 controlled by the vector control unit 8 to the AC motor 1. The
AC motor 1 generates the torque, which powers the electric vehicle. The relationship between which the torque-command-
value generating unit 10 outputs the torque command T*, and the toque control of the AC motor 1 is achieved by the
vector control through arrangement of a vector-control-command-value calculating unit 11c, the vector control unit 8,
the DC-voltage detecting unit 4, the second main circuit 7, the AC-motor-current detecting unit 13, and the speed detecting
unit 9 is similar to that in the first embodiment. Therefore, like reference numerals are denoted to like constituent elements
and explanations thereof will be omitted. Moreover, a feature that, based on the notch input signal, the configuration in
which the vector control of the AC motor 1 is performed is enabled is identical to that in the first embodiment.
[0070] Unlike the first embodiment, the present embodiment is a mode in which the DC-power source unit 3b is directly
supplied with the power by an overhead contact wire and control means of the DC-power source unit is not present.
Thus, the vector-control-command-value calculating unit 11c does not include means for outputting the DC-voltage
command value EFCR, and thus a configuration as shown in Fig. 8 is arranged. The selecting process of the magnetic-
flux command value F2R is implemented only in the following (iii-a)’ and (iii-b)’.
[0071]

When (iii-a)’: Loss1+LossP1>Loss2+LossPn1, F2R=F2R2

When (iii-b)’: Loss1+LossP1≤Loss2+LossPn1, F2R=F2R1

[0072] Similarly to the first embodiment, LossP1 is a switching loss during a one-pulse mode, and LossPn1 is a
switching loss during a non-one-pulse mode.
[0073] Accordingly, by selecting and manipulating the magnetic-flux command value F2R to the vector control unit 8
based on the torque command T* by the electric vehicle controller according to the third embodiment shown in Figs. 7
and 8, a total sum of the losses of the AC motor 1 and the second main circuit 7 is minimized depending on the driving
condition, and thus the efficiency of the entire the electric vehicle controller can be improved.

INDUSTRIAL APPLICABILITY

[0074] As described above, the electric vehicle controller according to the present invention is useful for efficiently
controlling an AC motor that generates torque for driving an electric vehicle.

Claims

1. An electric vehicle controller including an AC motor (1), the electric vehicle controller comprising:

a main circuit (7) configured to convert a DC power supplied from a DC power source into an AC power and
supply the AC power to the AC motor (1);
a vector control unit (8) configured to generate a switching command to instruct a switching operation of the
main circuit (7), thereby performing vector control of the AC motor (1);
a torque-command-value generating unit (10) configured to generate a torque command value that is a command
value of a torque that the AC motor (1) is caused to output; and
a vector-control-command-value calculating unit (11a; 11c) configured to
calculate, from the torque command value, a first magnetic-flux command value for which a loss of the AC motor
(1) is minimized, and a second magnetic-flux command value that is a magnetic-flux command value when the
AC motor (1) is controlled in a one-pulse mode,
calculate a first total sum of losses of the AC motor (1) and losses of the main circuit (7) when the AC motor
(1) is controlled by the first magnetic-flux command value and a second total sum of losses of the AC motor (1)
and losses of the main circuit (7) when the AC motor (1) is controlled by the second magnetic-flux command
value, wherein
the vector-control-command-value calculating unit (11a; 11c) is further configured to output the first magnetic-
flux command value to the vector control unit (8) when the first total sum is less than the second total sum, and
to output the second magnetic-flux command value to the vector control unit (8) when the first total sum is equal
to or more than the second total sum.

2. The electric vehicle controller according to claim 1, wherein the vector-control-command-value calculating unit (11a;
11b) calculates a magnetic-flux command value when the AC motor (1) is controlled in a one-pulse mode and outputs
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calculated magnetic-flux command value to the vector control unit (8).

3. The electric vehicle controller according to claim 1 comprising:

an AC-to-DC converter circuit configured to convert an AC power supplied from an AC power source into a DC
power;
a converter control unit (6) configured to generate a switching command to instruct a switching operation of the
AC-to-DC converter circuit (5);
a DC-power source unit (3a) to which a DC power output from the main AC-to-DC converter circuit (5) is inputted,
wherein the DC power source unit (3a) is the DC power source; and
a DC-voltage detecting unit that detects a voltage of the DC-power source unit (3a),
wherein a the vector-control-command-value calculating unit (11a) is further configured to:

calculate a terminal-voltage amplitude of the AC motor (1) when the AC motor (1) is controlled by the first
magnetic-flux command value,
set a lower limit value that is previously decided by a characteristic of the AC-to-DC converter circuit (5)
and that is related to an applied voltage of the DC-power source unit (3a) to a DC voltage command value
to command the voltage of the DC-power source unit (3a), and
output the DC-voltage command value to the vector control unit (8).

4. The electric vehicle controller according to claim 1, wherein the torque-command-value generating unit (10) config-
ured to generate a notch command value received from an operation unit operated by a driver of the electric vehicle,
the vector-control-command-value calculating unit (11 a) including a table registered with a magnetic-flux command
value corresponding to a total sum of smaller losses, previously calculated, according to the notch command value,
and the vector-control-command-value calculating unit (11a) selects from the table, according to the notch command
value, a magnetic-flux command value to be output to the vector control unit (8).

5. An electric vehicle controller including an AC motor (1), the electric vehicle controller comprising:

a first main circuit (5) configured to convert an AC power supplied from an AC power source into a DC power;
a converter control unit (6) configured to generate a switching command to instruct a switching operation of the
first main circuit (5);
a DC-power source unit (3a) configured to receive a DC power from the first main circuit (5);
a DC-voltage detecting unit configured to detect a voltage of the DC-power source unit (3a);
a second main circuit (7) configured to convert a DC power output from the DC-power source unit (3a) into an
AC power and supply the AC power to the AC motor (1);
a vector control unit (8) configured to generate a switching command to instruct a switching operation of the
second main circuit (7), thereby performing vector control of the AC motor (1);
a torque-command-value generating unit (10) configured to generate a notch command value received from
an operation unit of a driver of the electric vehicle and a torque command value that is a command value of a
torque that the AC motor (1) is caused to output; and
a vector-control-command-value calculating unit (11a) including a table registered with a DC voltage command
value that is used to command voltage of the DC-power source unit (3a) and that is previously calculated,
according to the notch command value, based on a terminal-voltage amplitude of the AC motor (1) when being
controlled by a magnetic-flux command value for which a loss of the AC motor (1) is minimized and an upper
limit value and a lower limit value that are previously decided by a characteristic of the first main circuit (5) and
that are related to an applied voltage of the DC-power source unit (3a), and output the DC-voltage command
value to the converter control unit (6), wherein
the terminal-voltage amplitude of the AC motor (1) is calculated from the torque command value, and the vector-
control-command-value calculating unit (11a) selects, according to the notch command value, the DC-voltage
command value to be output to the converter control unit (6) from the table.

6. The electric vehicle controller according to any one of claims 1, 3 to 4 and 6, wherein characteristics of the first main
circuit (5) include a voltage condition of the AC power source and a circuit configuration of the first main circuit (5),
and an insulating property and a withstand voltage property of the first main circuit (5).
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Patentansprüche

1. Elektrofahrzeugsteuereinrichtung mit einem AC-Motor (1), wobei die Elektrofahrzeugsteuereinrichtung umfasst:

einen Hauptschaltkreis (7), der dazu ausgelegt ist, eine DC-Energie, die von einer DC-Energiequelle geliefert
wird, in eine AC-Energie umzuwandeln und die AC-Energie an den AC-Motor (1) zu liefern;
eine Vektorsteuereinheit (8), die dazu ausgelegt ist, einen Schaltbefehl zu generieren, um einen Schaltvorgang
des Hauptschaltkreises (7) anzuweisen, wodurch eine Vektorsteuerung des AC-Motors (1) durchgeführt wird;
eine Drehmomentbefehlswertgenerierungseinheit (10), die dazu ausgelegt ist, einen Drehmomentbefehlswert
zu generieren, bei dem es sich um einen Befehlswert eines Drehmoments handelt, das der AC-Motor (1)
auszugeben veranlasst wird; und
eine Vektorsteuerbefehlswertberechnungseinheit (11a; 11c), die dazu ausgelegt ist,
aus dem Drehmomentbefehlswert einen ersten Magnetflussbefehlswert, bei dem ein Verlust des AC-Motors
(1) minimiert ist, und einen zweiten Magnetflussbefehlswert zu berechnen, bei dem es sich um einen Magnet-
flussbefehlswert handelt, wenn der AC-Motor (1) in einer Einpulsbetriebsart gesteuert wird,
eine erste Gesamtsumme von Verlusten des AC-Motors (1) und Verlusten des Hauptschaltkreises (7), wenn
der AC-Motor (1) durch den ersten Magnetflussbefehlswert gesteuert wird, und eine zweite Gesamtsumme von
Verlusten des AC-Motors (1) und Verlusten des Hauptschaltkreises (7) zu berechnen, wenn der AC-Motor (1)
durch den zweiten Magnetflussbefehlswert gesteuert wird, wobei
die Vektorsteuerbefehlswertberechnungseinheit (11a; 11c) darüber hinaus dazu ausgelegt ist, den ersten Ma-
gnetflussbefehlswert an die Vektorsteuereinheit (8) auszugeben, wenn die erste Gesamtsumme kleiner ist als
die zweite Gesamtsumme, und den zweiten Magnetflussbefehlswert an die Vektorsteuereinheit (8) auszugeben,
wenn die erste Gesamtsumme gleich der zweiten oder größer als die zweite Gesamtsumme ist.

2. Elektrofahrzeugsteuereinrichtung nach Anspruch 1, wobei die Vektorsteuerbefehlswertberechnungseinheit (11a;
11c) einen Magnetflussbefehlswert berechnet, wenn der AC-Motor (1) in einer Einpulsbetriebsart gesteuert wird,
und den berechneten Magnetflussbefehlswert an die Vektorsteuereinheit (8) ausgibt.

3. Elektrofahrzeugsteuereinrichtung nach Anspruch 1, umfassend:

eine AC/DC-Wandlerschaltung, die dazu ausgelegt ist, eine von einer AC-Energiequelle gelieferte AC-Energie
in eine DC-Energie umzuwandeln;
eine Wandlersteuereinheit (6), die dazu ausgelegt ist, einen Schaltbefehl zu generieren, um einen Schaltvorgang
der AC/DC-Wandlerschaltung (5) anzuweisen;
eine DC-Energiequelleneinheit (3a), in die eine von der AC/DC-Wandlerschaltung(5) ausgegebene DC-Energie
eingegeben wird, wobei es sich bei der DC-Energiequelleneinheit (3a) um die DC-Energiequelle handelt; und
eine DC-Spannungserfassungseinheit, die eine Spannung der DC-Energiequelleneinheit (3a) erfasst,
wobei die Vektorsteuerbefehlswertberechnungseinheit (11a) darüber hinaus dazu ausgelegt ist:

eine Klemmenspannungsamplitude des AC-Motors (1) zu berechnen, wenn der AC-Motor (1) durch den
ersten Magnetflussbefehlswert gesteuert wird,
einen unteren Grenzwert anzusetzen, der vorab durch ein charakteristisches Merkmal der AC/DC-Wand-
lerschaltung (5) bestimmt wird und sich auf eine angelegte Spannung der DC-Energiequelleneinheit (3a)
zu einem DC-Spannungsbefehlswert zum Steuern der Spannung der DC-Energiequelleneinheit (3a) be-
zieht, und
den DC-Spannungsbefehlswert an die Vektorsteuereinheit (8) auszugeben.

4. Elektrofahrzeugsteuereinrichtung nach Anspruch 1, wobei die Drehmomentbefehlswertgenerierungseinheit (10)
dazu ausgelegt ist, einen Schaltstellungsbefehlswert zu generieren, der von einer Betriebseinheit her empfangen
wird, die durch einen Fahrer des Elektrofahrzeugs betätigt wird,
wobei die Vektorsteuerbefehlsberechnungseinheit (11a) eine Tabelle umfasst, in die ein Magnetflussbefehlswert
eingeschrieben ist, der einer zuvor entsprechend dem Schaltstellungsbefehlswert berechneten Gesamtsumme klei-
nerer Verluste entspricht, und die Vektorsteuerbefehlswertberechnungseinheit (11a) aus der Tabelle entsprechend
dem Schaltstellungsbefehlswert einen an die Vektorsteuereinheit (8) auszugebenden Magnetflussbefehlswert aus-
wählt.

5. Elektrofahrzeugsteuereinrichtung mit einem AC-Motor (1), wobei die Elektrofahrzeugsteuereinrichtung umfasst:
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Einen ersten Hauptschaltkreis (5), der dazu ausgelegt ist, eine AC-Energie, die von einer AC-Energiequelle
geliefert wird, in eine DC-Energie umzuwandeln;
eine Wandlersteuereinheit (6), die dazu ausgelegt ist, einen Schaltbefehl zu generieren, um einen Schaltvorgang
des ersten Hauptschaltkreises (5) anzuweisen;
eine DC-Energiequelleneinheit (3a), die dazu ausgelegt ist, eine DC-Energie vom ersten Hauptschaltkreis (5)
zu empfangen;
eine DC-Spannungserfassungseinheit, die dazu ausgelegt ist, eine Spannung der DC-Energiequelleneinheit
(3a) zu erfassen;
einen zweiten Hauptschaltkreis (7), der dazu ausgelegt ist, eine von der DC-Energiequelleneinheit (3a) ausge-
gebene DC-Energie in eine AC-Energie umzuwandeln und die AC-Energie an den AC-Motor (1) zu liefern;
eine Vektorsteuereinheit (8), die dazu ausgelegt ist, einen Schaltbefehl zu generieren, um einen Schaltvorgang
des zweiten Hauptschaltkreises (7) anzuweisen, wodurch eine Vektorsteuerung des AC-Motors (1) durchgeführt
wird;
eine Drehmomentbefehlswertgenerierungseinheit (10), die dazu ausgelegt ist, einen Schaltstellungsbefehls-
wert, der von einer Betriebseinheit eines Fahrers des Elektrofahrzeugs her empfangen wird, und einen Dreh-
momentbefehlswert zu generieren, bei dem es sich um einen Befehlswert eines Drehmoments handelt, das
der AC-Motor (1) auszugeben veranlasst wird; und
eine Vektorsteuerbefehlswertberechnungseinheit (11a), die eine Tabelle umfasst, in die ein DC-Spannungsbe-
fehlswert eingeschrieben ist, der dazu verwendet wird, eine Spannung der DC-Energiequelleneinheit (3a) zu
steuern, und der vorab entsprechend dem Schaltstellungsbefehlswert beruhend auf einer Klemmenspannungs-
amplitude des AC-Motors (1), wenn dieser durch einen Magnetflussbefehlswert gesteuert wird, bei dem ein
Verlust des AC-Motors (1) minimiert ist, und einem oberen Grenzwert und einem unteren Grenzwert berechnet
wird, die zuvor durch ein charakteristisches Merkmal des ersten Hauptschaltkreises (5) bestimmt werden, und
die sich auf eine angelegte Spannung der DC-Energiequelleneinheit (3a) beziehen, und den DC-Spannungs-
befehlswert an die Wandlersteuereinheit (6) auszugeben, wobei
die Klemmenspannungsamplitude des AC-Motors (1) aus dem Drehmomentbefehlswert berechnet wird, und
die Vektorsteuerbefehlswertberechnungseinheit (11a) entsprechend dem Schaltstellungsbefehlswert den an
die Wandlersteuereinheit (6) auszugebenden DC-Spannungsbefehlswert aus der Tabelle auswählt.

6. Elektrofahrzeugsteuereinheit nach einem der Ansprüche 1, 3 bis 4 und 6, wobei charakteristische Merkmale des
ersten Hauptschaltkreises (5) einen Spannungszustand der AC-Energiequelle und einen Schaltkreisaufbau des
ersten Hauptschaltkreises (5) und eine Isolationseigenschaft und eine Stehspannungseigenschaft des ersten Haupt-
schaltkreises (5) umfassen.

Revendications

1. Dispositif de commande de véhicule électrique incluant un moteur CA (1), le dispositif de commande de véhicule
électrique comprenant :

un circuit principal (7) configuré pour convertir une puissance CC fournie à partir d’une source de puissance
CC en une puissance CA et fournir la puissance CA au moteur CA (1) ;
une unité de commande vectorielle (8) configurée pour générer une consigne de commutation afin de lancer
une manoeuvre de commutation du circuit principal (7), réalisant de ce fait la commande vectorielle du moteur
CA (1) ;
une unité génératrice de valeur de consigne de couple (10) configurée pour générer une valeur de consigne
de couple qui est une valeur de consigne d’un couple que le moteur CA (1) est amené à délivrer ; et
une unité de calcul de valeur de consigne de commande vectorielle (11a ; 11c) configurée pour
calculer, à partir de la valeur de consigne de couple, une première valeur de consigne de flux magnétique pour
laquelle une perte du moteur CA (1) est minimisée, et une deuxième valeur de consigne de flux magnétique
qui est une valeur de consigne de flux magnétique lorsque le moteur CA (1) est commandé en mode à impulsion
unique,
calculer une première somme totale de pertes du moteur CA (1) et de pertes du circuit principal (7) lorsque le
moteur CA (1) est commandé par la première valeur de consigne de flux magnétique et une deuxième somme
totale de pertes du moteur CA (1) et de pertes du circuit principal (7) lorsque le moteur CA (1) est commandé
par la deuxième valeur de consigne de flux magnétique, où
l’unité de calcul de valeur de consigne de commande vectorielle (11a ; 11c) est en outre configurée pour délivrer
la première valeur de consigne de flux magnétique à l’unité de commande vectorielle (8) lorsque la première
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somme totale est inférieure à la deuxième somme totale, et pour délivrer la deuxième valeur de consigne de
flux magnétique à l’unité de commande vectorielle (8) lorsque la première somme totale est égale ou supérieure
à la deuxième somme totale.

2. Le dispositif de commande de véhicule électrique selon la revendication 1, où l’unité de calcul de valeur de consigne
de commande vectorielle (11a ; 11c) calcule une valeur de consigne de flux magnétique lorsque le moteur CA (1)
est commandé dans un mode à impulsion unique et délivre la valeur de consigne de flux magnétique calculée à
l’unité de commande vectorielle (8).

3. Le dispositif de commande de véhicule électrique selon la revendication 1, comprenant :

un circuit convertisseur CA-CC configuré pour convertir une puissance CA fournie à partir d’une source de
puissance CA en une puissance CC ;
une unité de commande de convertisseur (6) configurée pour générer une consigne de commutation afin de
lancer une manoeuvre de commutation du circuit convertisseur CA-DC (5) ;
une unité source de puissance CC (3a) dans laquelle une sortie de puissance CC provenant du circuit conver-
tisseur CA-CC (5) est entrée, l’unité source de puissance CC (3a) étant la source de puissance CC ; et
une unité de détection de tension CC qui détecte une tension de l’unité source de puissance CC (3a),
l’unité de calcul de valeur de consigne de commande vectorielle (11a) étant en outre configurée pour :

calculer une amplitude de tension de borne du moteur CA (1) lorsque le moteur CA (1) est commandé par
la première valeur de consigne de flux magnétique,
définir une valeur limite inférieure qui est précédemment déterminée par une caractéristique du circuit
convertisseur CA-CC (5) et qui est associée à une tension appliquée de l’unité source de puissance CC
(3a) à une valeur de consigne de tension CC pour donner une consigne pour la tension de l’unité source
de puissance CC (3a), et
délivrer la valeur de consigne de tension CC à l’unité de commande vectorielle (8).

4. Le dispositif de commande de véhicule électrique selon la revendication 1, où l’unité génératrice de valeur de
consigne de couple (10) est configurée pour générer une valeur de consigne de créneau reçue depuis une unité
de manoeuvre manoeuvrée par un conducteur du véhicule électrique,
l’unité de calcul de valeur de consigne de commande vectorielle (11a) incluant un tableau référencé avec une valeur
de consigne de flux magnétique correspondant à une somme totale de pertes plus petites, précédemment calculées,
selon la valeur de consigne de créneau, et l’unité de calcul de valeur de consigne de commande vectorielle (11a)
sélectionne à partir du tableau, selon la valeur de consigne de créneau, une valeur de consigne de flux magnétique
à délivrer à l’unité de commande vectorielle (8).

5. Dispositif de commande de véhicule électrique incluant un moteur CA (1), le dispositif de commande de véhicule
électrique comprenant :

un premier circuit principal (7) configuré pour convertir une puissance CA fournie à partir d’une source de
puissance CA en une puissance CC ;
une unité de commande de convertisseur (6) configurée pour générer une consigne de commutation afin de
lancer une manoeuvre de commutation du premier circuit principal (5) ;
une unité source de puissance CC (3a) configurée pour recevoir une puissance CC du premier circuit principal
(5) ;
une unité de détection de tension CC configurée pour détecter une tension de l’unité source de puissance CC
(3a) ;
un deuxième circuit principal (7) configuré pour convertir une puissance CC délivrée à partir de l’unité source
de puissance CC (3a) en une puissance CA et pour fournir la puissance CA au moteur CA (1) ;
une unité de commande vectorielle (8) configurée pour générer une consigne de commutation afin de lancer
une manoeuvre de commutation du deuxième circuit principal (7), réalisant de ce fait la commande vectorielle
du moteur CA (1) ;
une unité génératrice de valeur de consigne de couple (10) configurée pour générer une valeur de consigne
de créneau reçue depuis une unité de manoeuvre d’un conducteur du véhicule électrique et une valeur de
consigne de couple qui est une valeur de consigne d’un couple que le moteur CA (1) est amené à délivrer ; et
une unité de calcul de valeur de consigne de commande vectorielle (11a) incluant un tableau référencé avec
une valeur de consigne de tension CC qui est utilisée pour donner une consigne pour la tension de l’unité source
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de puissance CC (3a) et qui est précédemment calculée, selon la valeur de consigne de créneau, sur la base
d’une amplitude de tension de borne du moteur CA (1) lorsque il est commandé par une valeur de consigne
de flux magnétique pour laquelle une perte du moteur CA (1) est minimisée et une valeur limite supérieure et
une valeur limite inférieure qui sont précédemment déterminées par une caractéristique du premier circuit
principal (5) et qui sont associées à une tension appliquée de l’unité source de puissance CC (3a), et délivrer
la valeur de consigne de tension CC à l’unité de commande de convertisseur (6), où
l’amplitude de tension de borne du moteur CA (1) est calculée à partir de la valeur de consigne de couple, et
l’unité de calcul de valeur de consigne de commande vectorielle (11a) sélectionne, selon la valeur de consigne
de créneau, la valeur de consigne de tension CC à délivrer à l’unité de commande de convertisseur (6) à partir
du tableau.

6. Le dispositif de commande de véhicule électrique selon l’une quelconque des revendications 1, 3 à 4 et 6, où des
caractéristiques du premier circuit principal (5) incluent un état de tension de la source de puissance CA et une
configuration de circuit du premier circuit principal (5), et une propriété isolante et une propriété de tension de tenue
du premier circuit principal (5).
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