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(57) Abstract: A motor control system (100) include an inverter (30) configured to convert boosted direct-current electric power
output from a boost converter (20) to alternating-current electric power and supply the alternating-current electric power to an altern-
ating current motor (40), and a control unit (60) configured to adjust boosted voltage of the boost converter (20). The control unit
(60) includes an optimal boosted voltage map (67) which defines optimal boosted voltage for operating the alternating current motor
(40) with a required number of revolutions and required torque, and a boosted voltage changing program (68) that sets boosted
voltage (direct-current high voltage VH) of the boost converter (20) to a voltage which is higher than an optimal boosted voltage
VHs when the carrier frequency Fc is a predetermined threshold value Fe¢, or lower.
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DESCRIPTION

TITLE OF INVENTION
MOTOR CONTROL SYSTEM

TECHNICAL FIELD
The present invention relates to a motor control system designed to convert direct-
current electric power, which is boosted, to alternating-current electric power for driving a

motor.

BACKGROUND

Motor control systems designed to convert direct-current electric power supplied
from a direct-current power source, such as a battery, to alternating-current electric power
by an inverter for driving a motor, such as a three-phase synchronous electric machine, are
in wide use. An inverter turns a plurality of switching elements on/off at a predetermined
carrier frequency, thereby converting direct-current electric power to three-phase
alternating-current electric power. When the carrier frequency is high and the on/off
operations are performed with a high frequency, the waveform of the output three-phase
alternating-current electric power is smooth, which makes control for the motor stabilized;
however, the temperature of the switching'elementé increases due to a large amount of heat
generated by the switching elements. On the other hand, when the carrier frequency is
low and the on/off operations are performed with a low frequency, the waveform of the
output three-phase alternating-current electric power includes fluctuation components,
which deteriorate stability of motor control; however, the temperature rise in the switching
elements is reduced, as the amount of heat generated by the switching elements is not so
great. Therefore, in general, high carrier frequencies are used when the number of
revolutions of a motor is high, whereas low carrier frequencies are used when the number

of revolutions of a motor is low. Further, when the output torque of a motor is large, the
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amount of heat generated by the switching elements is large, as a great amount of electric
current flows therein, whereas when the output torque of a motor is small, the amount of
heat generated by the switching elements is also small, as a small amount of electric
current flows therein. Accordingly, there is proposed a control method for controlling the
carrier frequency to a low level when the motor has a low number of revolutions and a
large torque, in order to suppress heat generation and temperature rise of the switching
elements, and controlling the carrier frequency to a high level when the motor has a high -
number of revolutions, in order to ensure stability of control (see Patent Document 1, for

example).

PRIOR ART DOCUMENTS

PATENT LITERATURE
Patent Document 1: JP 2002-010668 A

SUMMARY OF INVENTION
TECHNICAL PROBLEM

However, the operation of an inverter at a low carrier frequency when the motor
has a low number of revolutions and a large torque would result in driving the motor with a
large alternating current containing fluctuation components, which increases fluctuation of
the torque of the motor, causing significant variations in a counterelectromotive force from
the motor. This may induce fluctuations of voltage of the inverter.

On the other hand, in order to operate the motor with the number of revolutions
and torque in a wider range, recently, there has widely been used a method for boosting the
voltage of the battery by a boost converter and converting the boosted direct-current
electric power to alternating-current electric power by an inverter, thereby driving a motor.
If the inverter is operated at a low carrier frequency to drive the motor with a low number
of revolutions and great torque in a motor control apparatus which performs such boosting,

fluctuations in the counterelectromotive force of the motor increase, to thereby
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significantly fluctuate the boosted voltage, which may lead to degradation in the control
performance of the boost converter.

The present invention is aimed at suppressing fluctuations of the boosted voltage
in a motor control system, when an inverter is driven at a low carrier frequency for

operating a motor with a low number of revolutions and large torque.

SOLUTION TO PROBLEM

In accordance with an aspect of the invention, there is provided a motor control
system including a boost converter configured to turn a plurality of first switching
elements on/off at a predetermined carrier frequency to boost voltage of a battery and
obtain boosted direct-current electric power, an inverter configured to turn a plurality of
second switching elements on/off at a predetermined carrier frequency to convert the
boosted direct-current electric power output from the boost converter to alternating-current
electric power and supply the alternating-current electric power to a motor, and a control
unit configured to adjust boosted voltage of the boost converter. The control unit
includes an optimal boosted voltage map that defines optimal boosted voltage for operating
the motor with a required number of revolutions and required torque, and boosted voltage
changing means configured, when the carrier frequency is equal to or lower than a
predetermined threshold value, to set the boosted voltage of the boost converter to a
voltage which is higher than the optimal boosted voltage defined by the optimal boosted
voltage map.

Preferably, in the motor control system according to the present invention, the
boosted voltage changing means sets the boosted voltage of the boost converter to a system
maximum voltage when the carrier frequency is equal to or lower than the predetermined
threshold value.

Preferably, in the motor control system according to the present invention, the
boosted voltage changing means sets the boosted voltage of the boost converter to a higher

voltage as the torque of the motor is larger, when the carrier frequency is equal to or lower
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than the predetermined threshold value.

In accordance with another aspect of the invention, there is provided a motor
control system including a boost converter configured to turn a plurality of first switching
elements on/off at a predetermined carrier frequency to boost voltage of a battery and
obtain boosted direct-current electric power, an inverter configured to turn a plurality of
second switching elements on/off at a predetermined carrier frequency to convert the
boosted direct-current electric power output from the boost converter to alternating-current
electric power, the inverter supplying the alternating-current electric power to a motor, and
a control unit inclﬁding a CPU and configured to adjust boosted voltage of the boost
converter. The control unit includes an optimal boosted voltage map that defines optimal
boosted voltage for operating the motor with a required number of revolutions and required
torque, and causes the CPU to execute a boosted voltage changing program for setting,
when the carrier frequency is equal to or lower than a predetermined threshold value, the
boosted voltage of the boost converter to a voltage which is higher than the optimal

boosted voltage defined by the optimal boosted voltage map.

ADVANTAGEOUS EFFECTS OF INVENTION
The present invention can achieve an advantage that fluctuations of the boosted
voltage can be suppressed in a motor control system, when the inverter is driven at a low

carrier frequency to operate the motor with a low number of revolutions and large torque.

BRIEF DESCRIPTION OF DRAWINGS
Preferred embodiments of the present invention will be described in detail by
reference to the following figures, wherein:
FIG. 1 is a system diagram illustrating a structure of a motor control system
according to an embodiment of the present invention;
FIG. 2A is a map of the optimal boosted voltage with respect to the number of

revolutions stored in a control unit of the motor control system according to the
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embodiment of the present invention;

FIG. 2B is a map of the carrier frequency with respect to the number of
revolutions stored in the control unit of the motor control system according to the
embodiment of the present invention; and

FIG. 3 1s a graph showing the boosted voltage (direct-current high voltage VH)
with respect to the motor torque of the motor control system according to the embodiment

of the present invention.

DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention will be described in detail with
reference to the accompanying drawings. As illustrated in FIG.1, the motor control
system according to the present embodiment includes a battery 10, which is a chargeable
secondary battery, a boost converter 20 connected to the battery 10, an inverter 30
connected to the boost converter 20, an alternating current motor 40 connected to the
inverter 30, and a control unit 60 for controlling the boost converter 20 and the inverter 30.
A battery voltage sensor 51 that detects battery voltage VB is mounted to the battery 10,
and a resolver 41 that detects the number of revolutions and the rotation angle is mounted
to the alternating current motor 40.

As illustrated in FIG. 1, the boost converter 20 includes a negative side electric
path 17 connected to a negative side of the battery 10, a low voltage electric path 18
connected to a positive side of the battery 10, and a high voltage electric path 19 at a
positive side output terminal of the boost converter 20. The boost converter 20 includes
an upper arm switching element (first switching element) 13 disposed between the low
voltage electric path 18 and the high voltage electric path 19, a lower arm switching
element (first switching element) 14 disposed between the negative side electric path 17
and the low voltage electric path 18, a reactor 12 disposed in series with the low voltage
electric path 18, a filter capacitor 11 disposed between the low voltage electric path 18 and

the negative side electric path 17, and a low voltage sensor 52 that detects direct-current
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low voltage VL across the filter capacitor 11. Each of the switching elements 13 and 14
includes a diode 15, 16 connected antiparallel thereto. The boost converter 20, after
turning the lower arm switching element 14 on and turning the upper arm switching
element 13 off at a predetermined carrier frequency Fc to store the electric energy from the
battery 10 in the reactor 12, turns the lower arm switching element 14 off and turns the
upper arm switching element 13 on, to boost the Voltage by the electric energy stored in the
réactor 12 and supplies direct-current high voltage VH, which is boosted voltage, to the
high voltage electric path 19. The on/off time ratio of the upper arm switching element
13 and the on/off time ratio of the lower arm switching element 14 are determined
according to a ratio between the direct-current low voltage VL and the direct-current high
voltage VH.

The inverter 30 includes a common high voltage electric path 22 connected to the
high voltage electric path 19 of the boost converter 20, and a common negative side
electric path 21 connected to the negative side electric path 17 of the boost converter 20.
A smoothing capacitor 23 is connected between the high voltage electric path 22 and the
negative side electric path 21 in order to smooth the direct current supplied from the boost
converter 20. The direct-current high voltage VH, which is boosted voltage supplied to
the inverter 30 is detected by a high voltage sensor 53 that detects the voltage at both ends
of the smoothing capacitor 23. Accordingly, the direct-current high Vbltage VH detected
by the high voltage sensor 53 is actual boosted voltage (actual boosted voltage VHr). The
inverter 30 converts the direct-current electric power supplied from the boost converter 20
to three-phase alternating-current electric power, which is then supplied to the alternating
current motor 40.

The inverter 30 includes therein a total of six switching elements, including an
upper arm switching element 31 and a lower arm switching element 32, which are second
switching elements, for each of U, V, and W phases. A diode 33, 34 is connected
antiparallel with each switching element 31, 32. (Note that FIG. 1 illustrates only upper

and lower switching elements 31 and 32 for one phase and associated diodes 33 and 34,

-6-



10

15

20

25

WO 2015/125591 PCT/JP2015/052782

and does not illustrate switching elements and didoes for other phases). In the inverter
30, between the upper arm switching element and the lower arm switching element for
each of U, V, and W phases, an output line 35, 36, 37 for outputting electric current of
each of U, V, and W phases is mounted, and each output line 35, 36, 37 is connected to an
input terminal for each of U, V, and W phases of the alternating current motor 40.
According to the present embodiment, current sensors 42 and 43 are provided to the output
lines 36 and 37 for V phase and W phase, respectively, for detecting the respective electric
currents. While the current sensor is not provided to thé output line 35 of U phase, the
electric current value of U phase can be obtained by calculation of the electric current
values of V phase and W phase, because a sum of the electric currents of U, V, and W
phases is zero in three-phase alternating current.

As illustrated in F IG. 1, the control unit 60 is a computer including a CPU 61 that
performs operation processing, a storage unit 62, and a device/sensor interface 63, and the
CPU 61 that performs operation processing is connected to the storage unit 62 and the
device/sensor interface 63 via a data bus 64. The storage unit ‘62 stores therein a control
program 65 and control data 66 for the alternating current motor, and an optimal boosted
voltage map 67 and a boosted voltage changing program 68 which will be described
below. Each of the switching elements 13 and 14 of the boost converter 20 and the
switching elements 31 and 32 of the inverter 30, which have been described above, is
connected to the control unit 60 through the device/sensor interface 63 and is configured to
operate under command from the control unit 60. Further, each sensor output from the
battery voltage sensor 51, the low voltage sensor 52, the high voltage sensor 53, and the
resolver 41 is input to the control unit 60 through the device/sensor interface 63.

By reference to to FIG. 2A, the optimal boosted voltage map 67 stored in the
storage unit 62 will be described. The optimal boosted voltage map 67 illustrated in FIG.
2A shows, in a map, the optimal values of the direct-current high voltage VH (optimal
boosted voltage VHs) supplied to the inverter 30 by the boost converter 20 for operating

the alternating current motor 40 with a requested number of revolutions and requested
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torque. In FIG. 2A, a solid line (a) shows the optimal boosted voltage VHs in a case
where the alternating current motor 40 has large torque T (T = T1); a dashed and single-
dotted line (b) shows the optimal boosted voltage VHs in a case where the alternating
current motor 40 has intermediate torque T (T = T2 < T1); and a dashed line (c) shows the
optimal boosted voltage VHs in a case where the alternating current motor 40 has small
torque T (T=T3<T2<Th).

As shown by the solid line (a) in FIG. 2A, in a case where the torque T of the
alternating current motor 40 is Tj (when the torque T is large), when the number of
revolutions R of the alternating current motor 40 is between 0 and N, the optimal boosted
voltage VHs is VHs;, which is about 75% of the system maximum voltage VHmax. . Here,
the system maximum voltage VHmax is the maximum voltage that can be continuously
applied to each of the alternating current motor 40, the boost converter 20, and the inverter
30. When the number. of revolutions R of the alternating current motor 40 exceeds Nj,
the optimal boosted voltage VHs drops from VHs; to a volfage which is slightly higher
than the system minimum voltage VHsg (e.g, battery voltage VB) that is the minimum
voltage which can be continuously applied to each of the alternating current motor 40, the
boost converter 20, and the inverter 30. When the number of revolutions R of the
alternating current motor 40 exceeds Nz and continues to increase, the optimal boosted
voltage VHs increases with the increase of the number of revolutions R, and reaches the
system maximum voltage VHmax when the number of revolutions R of the alternating
current motor 40 is Ng, and remainé at the system maximum voltage VHmax when number
of revolutions R of the alternating current motor 40 is Ng or greater.

Further, as shown by the dashed and single-dotted line (b) in FIG. 2A, in the case
where the torque T of the alternating current mbtor 40 is T2 (when the torque T is
intermediate), as with the case of the large torque T describéd above, the optimal boosted
voltage VHs is VHsi, when the number of revolutions R of the alternating current motor 40
is 0 to Ni.  When the number of revolutions R of the alternating current motor 40 exceeds

N, the optimal boosted voltage VHs decreases from VHs; to a voltage which is slightly
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higher than the system minimum voltage VHso, and when the number of revolutions R of
the alternating current motor 40 increases after exceeding N2, the optimal boosted voltage
VHs also increases. The optimal boosted voltage VHs then reaches the system maximum
VHmax when the number of revolutions R of the alternating current motor 40 R is N7,
which is higher than Ng, and remains at VHmax when the number of revolutions R of the
alternating current motor 40 is N7 or greater.

In the case where the torque T of the alternating current motor 40 is T; (when the
torque T is small) as shown by the dashed line (¢) in FIG. 2A, when the number of
revolutions R of the alternating current motor 40 is 0 to Nj, the optimal boosted voltage
VHs is VHs3 which is about 30% of the system maximum voltage VHmax (VHs3 < VHS[).
When the number of revolutions R of the alternating current motor 40 exceeds Ny, the
optimal boosted voltage VHs lowers from VHs; to a voltage slightly higher than the
system minimum voltage VHso, and when the number of revolutions R of the alternating
current motor 40 increases after exceeding Na, the optimal boosted voltage VHs increases
as the number of revolutions R increases and reaches the system maximum voltage
VHmax when the number of revolutions R of the alternating current motor 40 is Ng which
is higher than N¢ and N7. The optimal boosted voltage VHs remains the at system
maximum voltage VHmax when the number of revolutions R of the alternating current
motor 40 is Ng or greater.

As described above, when the number of revolutions of the alternating current
motor 40 is lower than Ny, the optimal boosted voltage VHs is as follows: when the torque
T of the alternating current motor 40 is large or intermediate, the optimal boosted voltage
VHs is VHsi, which is about 75% of the system maximum voltage VHmax, and when the
torque T of the alternating current motor 40 is small, the optimal boosted voltage VHs is
VHsj3, which is about 30% of the system maximum voltage VHmax. When the number of
revolutions of the alternating current motor 40 is between N and N, the optimal boosted
voltage VHs is slightly higher than the system minimum voltage VHso. When the

number of revolutions of the alternating current motor 40 exceeds N», the optimal boosted
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voltage VHs increases with an increasing ratio in accordance with the torque T as the
number of revolutions R increases. Then, the optimal boosted voltage VHs reaches the
system maximum voltage VHmax with the number of revolutions R of Ng or greater when
the torque T of the alternating current motor 40 is large; the optimal boosted voltage VHs
reaches the system maximum voltage VHmax with the number of revolutions R of N,
which is greater than Ne, or greater, when the torque T is intermediate; and the optimal
boosted voltage VHs reaches the system maximum voltage VHmax with the number of
revolutions R of Ng, which is greater than Ng and N, or greater when the torque T is small.

The control unit 60 stores, in the control data 66 in the storage unit 62, a carrier
frequency map that defines the carrier frequency Fc with respect to the number of
revolutions R of the alternating current motor 40, as shown in FIG. 2B.  As shown in FIG.
2B, the carrier frequency Fc is defined such that it increases in four steps as the number of
revolutions R increases: the carrier frequency Fc is the lowest, at Fc;, when the number of
revolutions R of the alternating current motor 40 is between 0 and N; the carrier frequency
Fc is rather high, at Fcz, when the number of revolutions R is between N; and Ns; the
carrier frequency Fc is a further little higher, at Fc3, when the number of revolutions R is
between N3 and Na; and the carrier frequency Fc is the highest, at Fcs, when the number of
revolutions R is Ny or greater

Accordingly, as shown in FIG. 2A, with the number of revolutions R of the
alternating current motor 40 of N1 and Ni2, between 0 and N1, when the torque T of the
alternating current motor 40 is intermediate or greater, the boost converter 20 operates at
operating points Pyi, Pi2, P21, and P such that the boosted voltage (direct-current high
voltage VH) is VHs) when the carrier frequency Fc is the lowest, at Fc), and when the
torque T of the alternating current motor 40 is small, the boost converter 20 operates at
operating points P13 and P23 such that the boosted voltage (direct-current high voltage VH)
is VHs3 which is about 30% of the system maximum voltage VHmax, when the carrier
frequency Fc is the lowest, at Fc;. |

When the carrier frequency Fc is equal to or less than the predetermined
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threshold, the boosted voItage changing program 68 (boosted voltage changing means) of
the motor control system 100 according to the present embodiment adjusts the boosted
voltage (direct-current high voltage VH) of the boost converter 20 to a voltage which is
higher than the optimal boosted voltage VHs defined by the optimal boosted voltage map
67.

Specifically, as shown in FIG. 2B, upon execution of the boosted voltage
changing program 68, when the number of revolutions R of the alternating current motor
40 is Nii, and the carrier frequency Fc is Fcp, which is lower than the predetermined
threshold value Fco, the control unit 60 sets the boosted voltage (direct-current high voltage
VH) of the boost converter 20 to the system maximum voltage VHmax, which is greater
than the optimal boosted voltage VHs. Consequently, as shown in FIG. 2A, the operating
points of the boost converter 20 are shifted frém the operating points Pii, P12, and Pi3
obtained before execution of the boosted voltage changing program 68 to Pyo, so that the
boost converter 20 supplies the boosted voltage, which is the system maximum voltage
VHmax, to the inverter 30.

The electric energy Pc stored in the smoothing capacitor 23 having direct-current
high voltage VH (boosted voltage) applied to the respective ends is represented by the
following Formula 1, wherein C is a capacitance of the smoothing capacitor 23:

Pc =(1/2) x C x VH? (Formula 1)

Here, the energyAPci required for a change of the direct-current high voltage VH by an
amount of AVH when the direct-current high voltage VH is VHs; and the energy APcmax
required for a change of the direct-current high voltage VH by an amount of AVH when
the direct-current high voltage VH is VHmax are represented by the following formulas
(Formula 2) and (Formula 3), respectively:
APc1=(1/2) x C x [(VHs; + AVH)?- VHs;?] |
=(1/2) x C x [AVH?+ (2 x VHs; x AVH)] -- (Formula 2)
APcmax = (1/2) x C x [(VHmax + AVH)? - VHmax?)
=(1/2) x C x [AVH?+ (2 x VHmax x AVH)] -- (Formula 3)

-11 -



10

15

20

25

WO 2015/125591 PCT/JP2015/052782

The difference between APcmax and APc is as follows:
APcmax - APci=(1/2) x C x 2 x AVH x (VHmax - VHs)
=Cx AVH x (VHmax - VHs1)  ----- (Formula 4)

As described above, as VHs; is about 75% of VHmax, and VHmax is larger than
VHs: (VHmax > VHs), (APcmax - APcr) in Formula 4 is positive, and APcmax is larger
than APc;. Accordingly, a greater energy is required for changing the direct-current high
voltage VH by an amount AVH when the direct-current high voltage VH is high than when
the direct-current high voltage VH is low. In other words, when the direct-current high
voltage VH is high, it is necessary to input greater energy than when the direct-current high
voltage VH low in order to change the voltage by an amount of AVH. When the energy
of the same level is input, a ﬂucfuation width of the voltage is smaller when the direct-
current high voltage VH is high than when the direct-current high voltage VH is low.

Accordingly, when the operating points of the boost converter 20 are shifted from
the operating points P11, P12, and P13 obtained before execution of the boosted voltage
changing program 68 to the operating point Pio obtained at the time of execution of the
boosted voltage changing program 68, and the direct-current high voltage increases from
VHs; or VHs; to VHmax as shown in FIG. 2A, the voltage fluctuation of the direct-current
high voltage VH becomes smaller.

As described above, by using the boosted voltage changing program 68 to
increase the boosted voltage to the system maximum voltage VHmax, even when the
inverter 30 is driven with the carrier frequency Fc, which is lower than the predetermined
threshold value Fcgp, so that the alternating current motor 40 is driven with alternating
current containing a large amount of fluctuation components and therefore the torque
fluctuations of the alternating current motor 40 and the fluctuations of the
counterelectromotive force of the alternating current motor 40 are large, it is possible to
suppress the voltage fluctuations of the direct-current high voltage VH supplied from the
boost converter 20 to the inverter 30, thereby preventihg deterioration of controllability of

the boost converter 20. The suppression of fluctuations of VH can also prevent
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deterioration of control responsiveness of the alternating current motor 40.

While in the above example, the optimal boosted voltage map shows in a map the
optimal value of the direct-current high voltage VH (optimal boosted voltage VHs) which
is supplied from the boost converter 20 to the inverter 30 for operating the alternating
current motor 40 with the required number of revolutions and the required torque, as
shown in FIG. 2A, the optimal boosted voltage map is not limited to this example and may
be maps of various forms. Another example optimal boosted voltage map is a required
lower limit voltage map which defines the lower limit voltage for operating the alternating
current motor 40 with the required number of revolutions and the required torque and
shows the voltage which allows operation of the alternating current motor 40 with the
required number of revolutions and the required torque, while minimizing (optimizing) the
boost loss of the boost converter 20. In this case, according to the boosted voltage
changing program 68, when the carrier frequency Fc is lower than the predetermined
threshold value Fcp, the boosted voltage may be increased to the lower limit voltage
defined in the required lower limit voltage map or greater; e.g., to the system maximum
voltage VHmax.

Another operation of the motor control system 100 according to the present
embodiment will be described. In the above description concerning the operation with
reference to FIG. 2A, when the torque of the alternating current motor 40 is between T
and T and the number of revolutions R of the alternating current motor 40 is between 0
and Ni, the optimal boosted voltage VHs is set to VHs; according to the optimal boosted
voltage map 67. Further, when the carrier frequency Fc is lower than the predetermined
threshold value Fco, the boosted voltage (direct-current high voltage VH) is increased to
the system maximum voltage VHmax according to the boosted voltage changing program
68. However, the boosted voltage (direct-current high voltage VH) may be increased to a
voltage lower than the system maximum voltage VHmax, so long as the voltage
fluctuations of the direct-current high voltage VH can be suppressed.

For example, as the torque T of the alternating current motor 40 is larger, a larger
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amount of electric current flows in the alternating current motor 40. Therefore, when the
torque fluctuations occur in the alternating current motor 40, a counterelectromotive force
with larger fluctuations is generated and large fluctuation energy is input to the smoothing
capacitor 23.  When the torque T is small, as a small amount of electric current flows in
the alternating current motor 40, the counterelectromotive force generated at the time of
the torque fluctuations is not very large. Accordingly, when the torque T of the
alternating current motor 40 is small, even if the boosted voltage (direct-current high
voltage VH) is set to a voltage lower than VHmax, it is possible to suppress the voltage
fluctuations of the boosted voltage (direct-current high voltage VH).

The boosted voltage changing program 68 stores therein a map of the boosted
voltage (direct-current high voltage VH) with respect to the torque T of the alternating
current motor 40 as shown in FIG. 3. As shown by the solid line (d) in FIG. 3, when the
torque T of the alternating current motor 40 is T, which is intermediate, the boosted
voltage (direct-current high voltage VH) is VHs, similar to the case of the optimal boosted
voltage map shown in FIG. 2A, and when the torque T is between T, and T (T2 < T)), the
boosted voltage (direct-current high voltage VH) increases as the torque T increases and
reaches the system maximum voltage VHmax when the torque T exceeds T;.

When the map shown in FIG. 3 is used, when the number of revolutions R of the
alternating current motor 40 is N1z and the carrier frequency Fc is Fci which is lower than
the predetermined threshold value Fcg as shown in FIG. 2B, and when the torque of the
alternating current motor 40 is T3 which is between T2 and T}, the control unit 60 sets the
boosted voltage (direct-current high voltage VH) to VHss which is higher than VHs; and
lower than VHmax. With this setting, the operating point of the boost converter 20 is
shifted from the operating point P»| obtained prior to execution of the boosted voltage
changing program 68 to the operating point P»s obtained by execution of the boosted
voltage changing program 68, and the boost converter 20 supplies the boosted voltage
(direct-current high voltage VH) of VHss to the inverter 30. When the torque of the

alternating current motor 40 is T4 which is between T, and T, and larger than T3, the
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control unit 60 sets the boosted voltage (direct-current high voltage VH) to VHss which is
higher than VHs; and VHss and lower than VHmax. ~ With this setting, the operating point
of the boost converter 20 is shifted from the operating point P22 obtained prior to execution
of the boosted voltage changing program 68 to the operating poiﬁt P24 obtained by
execution of the boosted voltage changing program 68, and the boost converter 20 supplies
the boosted voltage (direct-current high voltage VH) of VHss to the inverter 30.
Similarly, when the torque T of the alternating current motor 40 is T, which is
intermediate, the boost converter 20 supplies the boosted voltage (direct-current high
voltage VH) of VHs to the inverter 30, and when the torque T of the alternating current
motor 40 exceeds T\, the boost converter 20 supplies the boosted voltage (direct-current
high voltage VH) of VHmax to the inverter 30.

With this operation, similar to the operation of the above described example, it is
possible to suppress the fluctuations of the boosted voltage (direct-current high voltage
VH) generated when the inverter 30 is driven with the low carrier frequency Fc and the
alternating current motor 40 is driven with the low number of revolutions and large torque.
Also, as the boosted voltage (direct-current high voltage VH) is not increased to VHmax

but is increased only to a voltage lower than VHmax in accordance with the torque T of the

‘alternating current motor 40, it is possible to suppress the fluctuations of the boosted

voltage (direct-current high voltage VH) while suppressing the increase iﬁ the loss of the
boost converter 20.

The map shown in FIG. 3 can include a plurality of lines. When the capacitance
of the smoothing capacitor 23 is large, for example, as the fluctuations of the boosted
voltage (direct-current high voltage VH) are small, the boosted voltage (direct-current high
voltage VH) is maintained at VHs; until the torque T of the alternating current motor 40
reaches T>", which is larger than T, and the boosted voltage (direct-current high voltage
VH) is increased as the torque T increases with the torque T being between T;'and T:’,
which is larger than Ti, and then reaches the system maximum voltage VHmax with the

torque T exceeding Ti’, which is larger than Ti, as shown by the dashed line (e) in FIG. 3,
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so that the boosted voltage (direct-current high voltage VH) may be increased to a voltage
which is lower than that in the case of the solid line (d) under the condition that the torque
T is the same.

In the case of executing the boosted voltage changing program 68 with the use of
the relationship indicated by the dashed line (e) in FIG. 3, the boosted voltage (direct-
current high voltage VH) is lower than when executing the boosted voltage changing
program 68 with the use of the relationship indicated by the solid line (d) in FIG. 3, when
the torque T is the same. It is therefore possible to suppress the fluctuations of the
boosted voltage (direct-current high voltage VH) more efficiently while suppressing the
increase in the loss of the boost converter 20, as compared to the case of using the
relationship shown by the solid line (d).

The present invention is not limited to each embodiment described above and may
include all changes and corrections which do not depart from the technical scope or giét of

the present invention defined by the appended claims.

REFERENCE SIGNS LIST

10 battery, 11 filter capacitor, 12 reactor, 13, 31 upper arm switching elerhent, 14,
32 lower arm Switching element, 15, 16, 33, 34 diode, 17, 21 negative side electric path, 18
low voltage electric' path, 19, 22 high voltage electric path, 20 boost converter, 23
smoothing capacitor, 30 inverter, 35, 36, 37 output line, 40 alternating current motor, 41
resolver, 42, 43 current sensor, 51 battery voltage sensor, 52 low voltage sensor, 53 high
voltage sensor, 60 control unit, 61 CPU, 62 storage unit, 63 device/sensor interface, 64
data bus, 65 control program, 66 control data, 67 optimal boosted voltage map, 68 boosted

voltage changing program, 100 motor control system.
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CLAIMS

1. A motor control system comprising:

a boost converter configured to turn a plurality of first switching elements on/off
at a predetermined carrier frequency to boost voltage of a battery and obtain boosted
direct-current electric power;,

an inverter configured to turn a plurality of second switching elements on/off at a
predetermined carrier frequency to convert the boosted direct-current electric power output
from the boost converter to alternating-current electric power, the inverter supplying the
alternating-current electric power to a motor; and

a control unit configured to adjust boosted voltage of the boost converter,

the control unit including: |

an dptimal boosted voltage map that defines optimal boosted voltage for operating
the motor with a required number of revolutions and required torque; and

boosted voltage changing means configured, when the carrier frequency is equal
to or lower than a predetermined threshold value, to set the boosted voltage of the boost
converter to a voltage which is higher than the optimal boosted voltage defined by the

optimal boosted voltage map.

2. The motor control system according to claim 1, wherein
the boosted voltage changing means sets the boosted voltage of the boost
converter to a system maximum voltage when the carrier frequency is equal to or lower

than the predetermined threshold value.

3. The motor control system according to claim 1, wherein
the boosted voltage changing means sets the boosted voltage of the boost
converter to a higher voltage as the torque of the motor is larger, when the carrier

frequency is equal to or lower than the predetermined threshold value.
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4. A motor control system comprising:

a boost converter configured to turn a plurality of first switching elements on/off
at a predetermined carrier frequency to boost voltage of a battery and obtain boosted
direct-current electric power;

an inverter configured to turn a plurality of second switching elements on/off at a
predetermined carrier frequency to convert the boosted direct-current electric power output
from the boost converter to alternating-current electric power, the inverter supplying the
alternating-current electric power to a motor; and

a control unit including a CPU and configured to adjust boosted voltage of the
boost converter,

the control unit including an optimal boosted voltage map that defines optimal
boosted voltage for operating the motor with a required number of revolutions and required
torque, and

the control unit causing the CPU to execute a boosted voltage changing program
for setting, when the carrier frequency is equal to or lower than a predetermined threshold
value, the boosted voltage of the boost converter to a voltage which is higher than the

optimal boosted voltage defined by the optimal boosted voltage map.
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