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DESCRIPTION
ELECTRIC-VEHICLE CONTROL APPARATUS

Technical Field
The present invention relates to an electric
vehicle control apparatus using a cooling unit.
Background Art
In general, a permanent-magnet synchronous motor
can efficiently utilize energy and generate less heat,
compared with an induction motor, and can therefore be
easily subjected to weight reduction. Therefore,

demands for a permanent-magnet synchronous motor have

‘been increasing in recent years.

Such a permanent-magnet synchronous motor needs to
be controlled by applying a voltage from a VVVFE
inverter in accordance with a rotation position of a
rotor of each permanent-magnet synchronous motor.
Therefore, individual control corresponding to each
permanent-magnet synchronous motor 1is required.
Accordingly, a special VVVFE inverter is provided for
each permanent~magnet synchronous motor, and a gate
control apparatus for controlling each VVVF inverter is
provided (for example, see Jpn. Pat. Applh. KOKAI
Publication No. 2004-143577).

Therefore, the number of control apparatuses

increases in a conventional system which controls
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individually each permanent-magnet synchronous motor.
Increase in size of the entire apparatus and increase
in costs have caused problems. Therefore, "trolley
control” of controlling a permanent-magnet synchronous
motor in control units of two motors is introduced, and
increase in size of the apparatus is reduced (for
example, Jpn. Pat. Appln. KOKAI Publication No. 2009~
72049) .

FIG. 9 is a circuit diagram of an electric-vehicle
control apparatus which introduces conventional trolley
control. Line power is supplied to a first main
circuit 200 and a second main circuit 300 through a
current collector (pantograph) 100, a high-speed
breaker 101, a charging-resistance shortcircuit switch
102, a charging resistor 103.

The first main circuit 200 comprises: a first
opening contact device 104; a first filter reactor 105;
an overvoltage limit circuilt comprising a first
overvoltage limit resistor 107 and a first overvoltage
limit resistor switch 108; a first and a second direct
voltage detector 109a, 108b; a first and a second
inverter filter capacitor 110a, 110b; a VVVFE inverter
11la, 11lb forming a 2-in~1 inverter unit 120a.

VVVF inverter 11la for the permanent-magnet
synchronous electric motor 1l5a converts a power-line
currerit as a direct current into an alternating

current. The converted alternating current 1is supplied
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as a drive force to a permanent-magnet synchronous
motor 115a through a current sensor 1l1l2Z2a connected to a
three-phase line, an electric-motor release contactor
113a, and an electric-motor internal voltage detector
114a. VVVFE inverter 11la and VVVF inverter 1llb are
configured in the same manner as each other, and are
connected in series with each other. The inverters
form a 2-in-1 inverter unit 120a and share one heat
radiator.

The second main circuit 300 is configured in the
same manner as the first main circuit 200. The 2-in-1
inverter unit 120a and 2-in-1 inverter unit 120b are
connected in parallel with each other. As a ground, a
wheel 116 is connected to each of the 2-in-1 inverter
unit 120a and the 2-in-1 inverter unit 120Db.

FIG. 10 is a block diagram showing a gate control
system of an electric-vehicle control apparatus shown
in FIG. 9. As shown in FIG. 10, the 2-in-1 inverter
unit 120a is provided with an overvoltage-limit
controller element 107 and a gate control apparatus 130
for controlling VVVF inverters 1lla and 111b. The
inverter unit 120b is also configured in the same
manner as above. In the figure, equal numerals
surrounded by circles indicate that connection is made
to each other. The power supply for the gate control
apparatus (common controller 131) is provided for each

set of 2-in-1 inverter units 120a and 120b.
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The gate control apparatus 130 controls, by
itself, VVVFE inverters 1lla and 111b and on/off of the
overvoltage-limit control element 108. Therefore,
output currents detected by current sensors CTUl, CTW1,
CTU2, and CTW2 for VVVF inverters 11la and 111b, and an
electric-motor internal voltage based on electric-motor
internal-voltage detectors 1ll4a and 11l4b are input to
the gate control apparatus 130.

The output of the 2-in-1 inverter unit 120a is
connected to each of the permanent magnet synchronous
motors 115a and 115b. Control units depend on
individual control methods. The release conductor 104
and filter reactor 105 are provided respectively for
VVVF inverters 120a and 120b, and control units each
are 2-in-1 inverter units for electric motors.

Disclosure of Invention

In a conventional electric-vehicle control
apparatus for a permanent-magnet synchronous motor
using a 2-in-1 inverter unit, a large number of
semiconductor elements need to be equipped. For each
2-in-1 inverter unit, a filter reactor, an overvoltage
limit resistor, and an overvoltage limit control
resistor switch are provided. Therefore, a large
number of components are used, which makes it difficult
to reduce the size of the entire apparatus.

One embodiment of the invention has an object of

providing an electric control apparatus capable of
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individually controlling a permanent-magnet synchronous
motor and reducing the size of the entire apparatus.

To achieve the object, an electric-vehicle control
apparatus includes: an inverter unit comprising a
plurality of inverters each configured by a U-phase
circuit, a V-phase circuit, and a W-phase circuit; and
a coolihg mechanism, the plurality of inverters (2la to
21d) provided on the cooling mechanism and sharing the
cooling mechanism, wherein the U-phase, V-phase, and W-
phase circuits each are configured as a semiconductor
device package (22) including two semiconductor
switching elements contained in one package and in
series.

Brief Description of Drawings

FIG. 1 shows a circuit configuration of the first
embodiment;

FIG. 2 is an eguivalent circuit diagram of a
semiconductor device package according to the first
embodiment;

FIG. 3 is a chart showing a voltage output and a
temperature increase of a semiconductor device package
according to the first embodiment;

FIG. 4 shows an exterior of the first embodiment;

FIG. 5 shows a circuit configuration of the third
embodiment;

FIG. 6 shows a circuit configuration of the third

embodiment;
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FIG. 7 is a U-phase circuit configuration of a 3~
level power conversion apparatus according to the
fourth embodiment;

FIG. 8 is an exterior view of the 3-level power
conversion apparatus according to the fourth
embodiment;

FIG. 9 shows a conventional circuilt configuration;
and

FIG. 10 shows a conventional control
configuration.

Mode for Carrying Out the Invention

Hereinafter, embodiments of the invention will be
described with reference to the drawings.

First Embodiment

The first embodiment of the invention will be
described with reference to the drawings.

FIG. 1 shows a circuit configuration of an
electric-vehicle control apparatus of the first
embodiment according to the present invention. FIG. 2
is an equivalent circuit diagram of a semiconductor
device package according to the first embodiment.

FIG. 3 is a chart showing a voltage output and a
temperature increase of a semiconductor device package
according to the first embodiment. YFIG. 4 is an
exterior view showing the first embodiment.

Configuration of 4-in-1 Inverter Unit

The circuit configuration of the electric-vehicle
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control apparatus according to the present embodiment
comprises a first 4-in-1 inverter unit 1, as shown in
FIG. 1. On a direct-current input side, a circuit of
the first 4-in-1 inverter unit 1 is configured by a
pantograph 4, a high~speed breaker 5, a charging-
resistor shortcircuit contactor 6, a charging resistor
7, a release contactor 8, a filter reactor 9, an
overvoltage limit resistor 10, an overvoltage-limit
switching element 11, a wheel 12, and a filter
capacitor 14. On an alternating-current-output-side, a
circuit is configured by permanent-magnet-synchronous
electric motors 2 (2a, 2b, 2c¢, and 2d), motor release
contactors 3 (3a, 3b, 3c, and 3d), and electric current
sensors 34 (34a, 34b, 34c, and 34d).

The pantograph 4 is connected to the high-speed
breaker 5, which is connected to the charging-resistor-
shortcircuit conductor 6. The charging-resistor-
shortcircuit conductor 6 is connected in parallel with
the charging resistor 7 and in series with the release
contactor 8. The release contactor 8 i1s connected to
the filter reactor 9. The filter reactor 9 is
connected to a positive direct-current terminal of the
first 4-in-1 inverter unit 1, and a negative direct~-
current terminal is connected to a wheel 12. An
overvoltage-limit serial circuit 19 configured by
serially connecting the overvoltage limit resistor 10

and the overvoltage-limit-control switching element 11
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is connected, at one terminal, to the filter reactor 9
and the positive direct-current terminal of the first
4-in-1 inverter unit 1, and is connected, at another
terminal, to the negative direct-current terminal of
the first 4-in-1 inverter unit 1 and the wheel 12. The
filter capacitor 14 and the direct-current voltage
sensor 15 each are connected in parallel on the direct
current side of the first 4-in-1 inverter unit 1. On
the alternating current side of the first 4-in-1
inverter unit 1, current sensors 34a, 34b, 34c, and 34d
are provided on two lines among output three-phase
lines. Connected to the alternating curreﬁt side are
four permanent-magnet synchronous motors 2a, 2b, 2c¢,
and 2d through the motor release contactors 3a, 3b, 3¢,
and 3d.

The first 4-in-1 inverter unit 1 is configured by
VVVFE inverters 2la to 21d, and VVVFE inverters 2la to
21d are connected in parallel with each other on the
direct current side.

VVVE inverter 2la is configured by a U-phase
semiconductor device package 22a, a V-phase-
semiconductor device package 22b, a W-phase-
semiconductor device package 22c, and an inverter
filter capacitor 13a. U-, V-, and W-phase
semiconductor device packages 22a to Z2c are connected
in parallel with each other on the direct current side,

and are connected in parallel with the inverter filter
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capacitor 13a. VVVF inverters 21b to 21d each are
configured in the same manner as VVVF inverter 2la.

The configuration of the control system is the
same as FIG. 10, and each inverter 111 is controlled
individually.

Configuration of Semiconductor Device Package

FIG. 2 is an equivalent circuit diagram of a
semiconductor device package 22. FIG. 3 shows a
switching state of a semiconductor device in the
semiconductor device package, and a temperature state
of the semiconductor device package by switching
thereof.

As shown in FIG. 2, the semiconductor device
package 22 is configured by a serial circuit of a
positive element 24a of an upper arm and a negative
element 24b of a lower arm. This serial circuit is
connected in parallel to the capacitor 13. The
positive element 24a of the upper arm is a parallel
connection circuit of a switching element Trl and a
diode D1. The negative element 24b of the lower arm is
an parallel connection circuit of a switching element
Tr2 and a diode D2. A connection point 26 between the
positive element 24a and the negative element 24b is
connected to an output terminal, and an output voltage
is thereby provided.

The switching element Trl of the positive element

24a is turned on, and the switching element Tr2 of the
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negative element 24b is turned off. Then, an output
current is made flow to a load through the switching
element Trl and output terminal from a power line.
Meanwhile, the switching element Trl of the positive
element 24a 1is turned off, and the switching element
Tr2 of the negative element 24b is turned on. Then, an
output current is made flow from a locad through the
switching element Trl and an output terminal to a
negative power-supply side. By repeating such
switching, the direct current power is converted into
an alternating power.

FIG. 3(a) shows a waveform of a switching voltage

(gate signal) waveform of the positive element 24a, and

FIG. 3(b) shows a switching voltage waveform of the
negative terminal 24b. FIG. 3(c) is an output voltage
waveform of a semiconductor device package 22.

FIG. 3(d) is a graph showing a temperature increase of
the positive element 24a. FIG. 3(e) is a graph showing
a temperature increase of the negative terminal 24b.

As shown in FIG. 3(d), the temperature of the
positive element 24a increases when the positive
element 24a shown in FIG. 3{(a) 1is on. The temperature
does not substantially change when the positive element
24a is off. Therefore, the temperature of the positive
element 24a gradually increases as switching operation
of on/off is repeated. As shown in FIG. 3(e), the

temperature of the negative element 24b gradually
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increases as switching operation of on/off is repeated.
Here, the on state of the positive element 24a and the
on state of the negative element 24b are alternately
repeated. Therefore, the ‘entire heat generation of the
semiconductor device package 22 is constant as shown in
FIG. 3(f).

The 4-in-1 inverter unit 1 is configured by
packaging, into a unit, the four VVVF inverters 2la to
21d which use the semiconductor device package 22 as
described for each phase. FIG. 4 shows an exterior of
the first 4-in-1 inverter unit 1 thereof.

As shown in FIG. 4, the first 4-in-1 inverter unit
1 is configured by providing four three-phase VVVF
inverters 2la to 21d on one cooling mechanism 23. VVVF
inverters 2la to 21d are attached to a flat surface of
a2 heat receiving plate 23a forming part of the cooling
mechanism 23. To a surface of the heat receiving plate
23a opposite to the flat surface to which VVVF
inverters 2la to 21d are attached, a heat radiator 23b
forming the other part of the cocling mechanism 23 is
connected.

Cperation

The operation of the electric-vehicle control
apparatus according to the present embodiment will be
described.

In FIG. 1, a direct current supplied from a power

line through the pantograph 4 is supplied to the filter
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capacitor 14 through the high-speed breaker 5 which is
normally on, the charging resistor 7, the release
contactor 8 which is also normally on, and the filter
reactor 9. A direct current flows through the
capacitors 13a to 13d of the inverters connected in
parallel with the filter capacitor 14, and sufficient
charges are stored. Then, the charging-resistor
shortcircuit contactor 6 turneson, and the direct
current from the power line is supplied to the first 4-
in-1 inverter unit 1 through the high-speed breaker 5,
charging-resistor shortcircuit contactor 6, release
contactor 8, and filter reactor 9.

When the inverter filter capacitor 13a-13d is
fully charged and when direct-current line power is
supplied to the first 4-in-1 inverter unit 1, a direct
current voltage is applied to semiconductor devices
included in UVW-phase semiconductor device packages 22a
to 22c in each of VVVF inverters 2la to 21d. The
supplied direct power is converted into alternating
current power by switching of the semiconductor
elements. The converted alternating-current power is
supplied to and started to drive the four permanent-
magnet synchronous motors 2.

In the present embodiment, for example, when the
first 4-in-1 inverter unit 1 is applied with a power-
line voltage of 1500 V, the same 1500 V is applied to

each of VVVF inverters 2la to 21d. The wvoltage of
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1500 V is applied to each of VVVF inverters 2la to 21d,
a corresponding current to the voltage flows through
the permanent-magnet synchronous motor 2, and drives
the permanent-magnet synchronous motor 2.

Thus, the permanent-magnet synchronous motor 2 is
driven by power conversion of converting direct-current
power of the first 4-in-1 inverter unit 1 into an
altenating-current power. However, power conversion
loss occurs at the time of electric power conversion.
The electric-power conversion loss 1s caused as heat
from a semiconductor device. Generated heat transfers
to the heat receiving plate 23a, then transfers from
the heat receiving plate 23a to the heat radiator 23b,
and 1s radiated out of the heat radiator 23b. That is,
the heat generated by power conversion loss does not
stay in the vehicle but is radiated to outside.

Further, 1f one VVVF inverter 21 malfunctions in
the first 4-in-1 inverter unit 1 during work of the
electric-vehicle control apparatus and if the control
apparatus (not shown) detects the malfunctioning, all
the four VVVF inverters 2la-21d are released by
releasing the high-speed breaker 5 (FIG. 1).

Further, if the direct-current power sensor 15
detects excess of the direct-current voltage supplied
to the first 4-in-1 inverter unit 1 by variation of the
power-line voltage during work of the electric-vehicle

control apparatus, the overvoltage-limit switching
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element 11 is turned on, thereby to consume the direct-
current power by the overvoltage limit resistor 10, and
to remove an excess of the voltage. Thus, the
overvoltage-limit switching element 11 is controlled to
turn on/off, based on an output of the direct-current
voltage sensor 15.

Effects

In the electric-vehicle control apparatus
configured in this manner, VVVE inverters 2la to 21d
each having UVW-phase semiconductor device packages 2Z2a
to 22c¢c share the heat radiator 23b. Therefore, a heat
generation amount of the first 4-in-1 inverter unit 1
which contains VVVF inverters 2la to 21d 1s equalized
over the entire unit, and can therefore be efficiently
cooled. Further, if éemiconductor elements are
individually set on a heat radiator as in the
conventional elements, a setting space for twenty four
semiconductor elements is required. In the present
embodiment, however, use efficiéncy of the cooler 23
improves and space saving can be performed, by using
the device package 22 which contains two semiconductor
devices so as to equalize the heat generation amounts
of respective semiconductor devices. As a result of
this, the 4-in-1 inverter unit in which twelve
semiconductor device packages 22 are attached to the
heat radiator 23 can be configured.

Further, the filter reactor 9, overvoltage limit
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resistor 10, overvoltage-limit switching element 11 are
shared in one apparatus. Accordingly, the number of
componénts is reduced, and the entire electric-vehicle
appafatus can be made smaller.

Further, the direct-current voltage sensor 15,
current sensors 34a to 34d, and motor release
contactors 3a to 3d can be contained in the 4-in-1
inverter unit 1. In this case, a further effect of
space saving is achieved, and wiring is simplified by
containing a great number of components in a housing.
Manufacture, placement, and maintenance of the entire
apparatus can be facilitated.

Second Embodiment

The second embodiment of the invention will be
described with reference to the drawings.

FIG. 5 shows a circuit configuration of the second
embodiment. The same components as those in FIGS. 1 to
4 are respectively denoted at the same reference signs,
and descriptions thereof will be omitted herefrom.

Configuration

The circuit configuration of the present
embodiment differs from the circuit configuration of
the first embodiment in that a different connection
method is employed for VVVF inverters 2la to 21d
forming the 4-in-1 inverter unit, and in that, on the
direct-current side of each inverter 21, the direct-

current voltage sensor 32 and inverter filter capacitor
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13 each are connected in parallel. 1In this respect,
descriptions will now be made below.

A second 4-in-1 inverter unit 30 is configured by
VVVF inverters 2la to 21d. VVVF inverters 21la and 21b
connected in series form a serial inverter circuit 33a.
VVVFEF inverters 21c and 21d form a serial inverter
circuit 33b. The serial inverter circuits 33a and 33b
are connected in parallel with each other.

On the direct-current side of VVVF inverter 21la,
the inverter filter capacitor 13a and the direct-
current voltage sensor 32a are connected in parallel.
VVVE inverters 21lc and 21d have the same configuration
as VVVF inverters 2la and 21b. The inverter filter
capacitors 13c and 13d and the direct-current voltage
sensors 32c and 32d are connected in parallel on the
direct-current side.

Operation

The operation of the electric-vehicle control
apparatus according to the present embodiment will be
described.

In FIG. 5, for example, when a second 4-in-1
inverter unit 30 is applied with a power-line voltage
of 1500 V, the voltage of 1500 V is applied to each of
the serial inverter circuits 33a and 33b. In each of
the serial inverter circuits 33a and 33b, the power-
line voltage of 1500 V is divided into two partial

voltages. A voltage of 750 V is applied to each of
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VVVFE inverters 2la to 21d, and a current corresponding
to the voltage flows through a permanent-magnet
synchronous motor 2, and drives the permanent-magnet
synchronous motor 2.

At this time, the direct-current voltage sensor
32a detects a direct-current-side voltage of VVVF
inverter unit 2la. Similarly, the direct-current
voltage sensors 32b to 32c respectively detect direct-
current-side voltages of VVVF inverter units 21b to
21d.

Effects

~An effect of the electric-vehicle control
apparatus according to the second embodiment is that
the voltage applied to each of VVVFE inverters 21 is a
voltage obtained by dividing the power-line voltage by
two. That is, switching of the semiconductor devices
is performed at a lower voltage than the first
embodiment. Therefore, heat generated as power
conversion loss can be reduced. Since heat generation
is reduced, the cooling mechanism can be made smaller,
and energy can be saved during driving of the
apparatus.

By detecting a direct-current-side voltage value
of each VVVF inverter 21 by using the direct-current
voltage sensor 32. The inverters can be controlled

more accurately.
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Third Embodiment

The third embodiment of the invention will be
described with reference to the drawings.

FIG. 6 shows a circuit configuration of the third
embodiment. The same components as those in FIGS. 1 to
4 are respectively denoted at the same reference signs,
and descriptions thereof will be omitted herefrom.

Configuration

The circuit configuration of the present
embodiment differs from the circuit configuration of
the first embodiment in that a different connection
method is employed for VVVE inverters 2la to 21d
forming a 4-in-1 inverter unit, and in that, on the
direct-current side of each inverter 21, a direct-
current voltage sensor 40 and a filter capacitor 41
each are provided. In this respect, descriptions will
be made below.

In FIG. 6, a third 4-in-1 inverter unit 42 is
configured by VVVF inverters 2la to 21d. VVVF
inverters 2la and 21b connected in series form a
parallel inverter circuit 43a. VVVF inverters 2lc and
21d form a parallel inverter circuit 43b.‘ The parallel
inverter circuits 43a and 43b are connected in parallel
with each other. On the direct-current side of VVVF
inverter 43a, the filter capacitor 4la and the direct-
current voltage sensor 40a are connected in parallel.

Similarly, the parallel inverter circuit 40b is
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connected to each of the filter capacitor 41b and the
direct-current voltage sensor 40b.

Operation

Next, operation of the present embodiment will be
described.

In the present embodiment, for example, when a
third 4-in-1 inverter unit 42 is applied with a power-
line voltage of 1500 V, a divided voltage of 750 V is
applied to each of the parallel inverter circuits 43a
and 43b. When the parallel inverter circuits 43a and
43b each are applied with the voltage 750 V, the
voltage of 750 V is applied to each of VVVF inverters
2la to 21d. A current corresponding to the voltage
flows through a permanent-magnet synchronous motor 2,
and drives the permanent-magnet synchronous motor 2.

Effects

The present embodiment can achieve the same
effects as the first embodiment. That is, the voltage
applied to each of VVVF inverters i1s a voltage obtained
by dividing twice the power-line voltage. That 1is,
switching of the semiconductor devices is performed at
a lower voltage than the first embodiment. Therefore,
heat generated as power conversion loss can be reduced.
Since heat generation is reduced, the cooling mechanism
can be made smaller, and energy can be saved during
driving of the apparatus.

Since the direct-current side of parallel inverter
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circuits 43a and 43b are detected by direct-current
voltage sensors 40a and 40b, the number of components
can be smaller than the second embodiment.

Fourth Embodiment

The fourth embodiment o¢f the invention will be
described with reference to the drawings.

FIG. 7 is a circuit diagram of one of U, V, and W
phases of 3-level power conversion apparatus according
to the fourth embodiment. Hereinafter, this phase is
referred to as a U-phase. FIG. 8 is an exterior view
showing the fourth embodiment. The same components as
those in FIGS. 1 to 4 are respectively denoted at the
same reference signs, and descriptions thereof will be
omitted herefrom.

Configuration

The fourth embodiment is a modification of a
semiconductor device package 22 (2-level output)
according to the first embodiment into a semiconductor
device package 22 of a 3-level output, and is applied
to the inverter unit. The modification will now be
described below.

FIG. 7 shows a circuit configuration of the U-
phase of the 3~-level power conversion apparatus
according to the present embodiment. This U-phase
circuit comprises a first element 65a, a second element
65b, a third element 65c¢, a fourth element 65d, and a

first clamp diode 6%a, and a second clump diode 69b.
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A serial U-phase circuit is configured by serially
connecting the first element 65a, second element 65b,
third element 65c¢, and fourth element 65d. The first
clump diode 6%z and second clump diode 69b are
connected in series. An anode of the first clump diode
69%9a 1s connected between the first element 65a and the
second element 65b. A cathode of the second clump
diode 69%b 1is connected between the third element 65c¢
and the fourth element 65d. The first element 65a and
the third element 65c are contained in the first U-
phase semiconductor device package 66a. The second
element 65b and fourth element 65d are contained in the
second U-phase semiconductor device package 66d.

FIG. 8 is an exterior view of a power conversion
apparatus according to the fourth embodiment.

In FIG. 8, a first V-phase semiconductor device
package 67a, a second V-phase semiconductor device
package 67b, and a third V-phase semiconductor device
package 67c of a V-phase circuit 67, a first W-phase
semiconductor device package 68a, a second W-phase
semiconductor device package 68b, and a third W-phase
semiconductor device package 68c of the W-phase circuit
68 are commonly configured in the same manner as the U-
phase circuit 66.

Next, the U~-phase circuilt 66, V-phase circuit 67,
and W-phase circuit 68 are set on a heat receiving

plate 23a of the cooling mechanism.
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As shown 'in FIG. 8, the U-phase circuit 66 and the
W-phase circuit 68 are provided on two sides ofAthe
heat receiving plate 23a. The V-phase circuit 67 is
provided between the U-phase circuit 66 and the W-phase
circuit 68. 1In the U-phase circuit 66, a first U-phase
semiconductor device package 66a, a second U~-phase
semiconductor device package 66b, and a third U-phase
semiconductor device packagé 66c are provided in this
order from upside. In the V-phase circuit 67, a first
V-phase semiconductor device package 67a, a second V-
phase semiconductor device package 67b, and a third V-
phase semiconductor device package 67c are provided in
this order from upside. In the W-phase circuit 68, a
first W-phase semiconductor device package 68a, a
second W-phase semiconductor device package 68b, and a
third W-phase semiconductor device package 68c are
provided in this order from upside.

Operation

In the U-phase circuit 66, when a semiconductor
element performs switching for power conversion,
inductances of the second element 65b and the third
element 65c are the greatest. That is, heat generation
from the second element 65b and third element 65c is
the greatest. Next, a heat generation amount from the
first element 65a and fourth element 65d is the
greatest. A heat generation amount from the first

clump diode 69a and the second clump diode 69b is the
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smallest. The same as described above also applies to
the V-phase circuit 67 and W-phase circuit 68.
Therefore, a heat generation amount generated from the
first semiconductor device‘package 66a (67a and 68a as
well) which contains the first element 65a and the
third element 65cbcombined with each other is equal to
a heat generation amount generated from the second
semiconductor device package 66b (67b and 68b as well).
A heat generation amount from the third semiconductor
device package 66c¢c (67c and 68c as well) which contains
a first clump diode 6%a and a second clump diode 69b
combined with each other is lower than a heat
generation amount generated from the first
semiconductor device packages 66a, 67a, and 68a and the
second semiconductor device packages 66b, 67b, and 68b.

Effects

The electric-vehicle control apparatus configured
as described above is arranged so as to sandwich the
third semiconductor device packages 66c, 67c, and 68c
between the first semiconductor device packages 66a,
67a, and 68a and the second semiconductor device
packages 66b, 67b, and 68b. In this manner, the heat
transferred to the heat receiving plate 23a is made
uniform throughout the entire heat receiving plate 23a,
and efficient cooling can be achieved by the cooling
mechanism 23. Further, the 3-level power conversion

apparatus having a greater number of semiconductor
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elements can be made even smaller than in a
conventional apparatus.

The semiconductor device package 22 can be applied
not only to a 4-in-1 inverter unit in which four VVVF
inverter units 21 are mounted on one cooling mechanism
as shown in the first to fourth embodiments but also to

a different configuration such as 2-in-1 inverter unit.
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CLAIMS

1. An electric-vehicle control apparatus comprising:

an inverter unit for driving a plurality of electric
motors having a permanent magnet, wherein the inverter unit
includes a plurality of inverters so that each of the
plurality of inverters drives one of the plurality of
electric motors, and each of the plurality of inverters has
a U-phase switching element package, a V-phase switching
element package, and a W-phase switching element package for
generating an AC power based on power supplied from a power
line; and

one heat receiving plate to which U-phase switching
element packages, V-phase switching element packages, and W-
phase switching element packages of the plurality of
inverters are attached,

wherein each of the U-phase switching element packages,
the V-phase switching element packages, and the W-phase
switching element packages includes a positive semiconductor
switching element and a negative semiconductor switching
element connected to each other in series.

2. The electric-vehicle control apparatus according to
claim 1, wherein the plurality of inverters are connected to
each other in parallel, and wherein the electric-vehicle
control apparatus further comprises:

a voltage sensor which detects a voltage of a direct

current side of the inverter unit; and
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a circuit which comprises an overvoltage suppression
resistor and an overvoltage suppression switching element
and is connected in parallel to the inverter unit at the
direct current side, wherein

the overvoltage suppression switching element is turned
on when the voltage sensor detects overvoltage of the direct
current side of the inverter unit.

3. The electric-vehicle control apparatus according to
claim 1, wherein the inverter unit comprises first to fourth
inverters corresponding to four electric motors,
regspectively, and wherein

a first inverter group is configured by the first
inverter and the second inverter connected in series to the
first inverter,

a second inverter group is configured by the third
inverter and the fourth inverter connected in series to the
third inverter, and

the first inverter group and the second inverter group
are connected in parallel to each other.

4. The electric-vehicle control apparatus according to
claim 1, wherein the inverter unit compriseg first to fourth
inverters corresponding to four electric motors,
respectively, and wherein

a first inverter group is configured by the first
inverter and the second inverter connected in parallel to

the first inverter,
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a second inverter group is configured by the third
inverter and the fourth inverter connected in parallel to
the third inverter, and

the first inverter group and the second inverter group
are connected in series to each other.

5. The electric-vehicle control apparatus according to
claim 1, wherein the U-phase, V-phase and W-phase sgwitching
element packages included in each of the plurality of
inverters are aligned on the heat receiving plate, and
wherein switching element packages of a same phase are
arranged next to each other.

6. The electric-vehicle control apparatus according to
claim 2, further comprising:

a first filter capacitor connected in parallel with
respect to the inverter unit and the circuit comprising the
voltage suppression resistor and the overvoltage suppression
switching element; and

a plurality of second filter capacitors connected in
parallel to the plurality of inverters included in the

inverter unit, respectively.



