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POWER CONVERSION DEVICE WITH
REDUCED NOISE SOURCE CURRENT,
REDUCED HIGH FREQUENCY CURRENT
AND REDUCED RESONANCE CURRENT

FIELD

The present mnvention relates to a power conversion device.

BACKGROUND

A technique has been known, 1n which a power conversion
device includes an 1nverter that receives power from a direct-
current power supply system and drives a motor as aload, a fin
as a cooling unit that cools down the inverter, a first core
including a through hole that allows passage of a high voltage
line that connects the direct-current power supply system and
the mverter and a ground line that grounds the iverter, a first
ground line that grounds the fin, a second ground line that
grounds the motor, and a second core including a through
hole. In this power conversion device, the first ground line 1s
connected to a ground line on the side of the direct-current
power supply system with respect to the first core, and a
resonance path that circulates the inverter, the fin, the first
ground line, a common ground point of the first ground line
and the second ground line, the motor, the second ground line,
and the 1nverter 1s arranged to pass through the through hole
of the second core, thereby increasing high frequency imped-
ance of the resonance path and suppressing a noise source
current 1n the power conversion device (see, for example,
Patent Literature 1).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. 2008-301555

SUMMARY
Technical Problem

According to the technique described 1n Patent Literature 1
mentioned above, the effects of suppressing a high frequency
current, a resonance current, and the like, as well as the noise
source current are obtained. However, 1n a state where a
switching frequency 1s shifted to a high frequency side with
respect to a switching element included 1n the power conver-
sion device, the noise source current, the high frequency
current, and the resonance current need to be further
decreased.

The present invention has been achieved i view of the
above, and an object of the present invention 1s to provide a
power conversion device that can further reduce a noise
source current, a high frequency current, and a resonance
current.

Solution to Problem

The present mvention 1s directed to a power conversion
device that achieves the object. The power conversion device
includes an 1nverter that receives power from a direct-current
power supply system and drives a motor as a load; a cooler
that cools down the iverter; a first core including a through
hole that allows passage of a positive side conductor that
connects the direct-current power supply system and the
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2

inverter and a negative side conductor that grounds the
iverter; a first ground conductor that 1s connected to the
negative side conductor on a side of the direct-current power
supply system with respect to the first core and grounds the
cooler; a second ground conductor that 1s connected to the
negative side conductor on the side of the direct-current
power supply system with respect to the first core and grounds
the motor 1n an alternate-current manner via a capacitive
clement; and a third ground conductor including one end that
1s connected to the negative side conductor on the side of the
direct-current power supply system or the first ground con-

ductor with respect to the first core and the other end that 1s
grounded.

Advantageous Effects of Invention

According to the present invention, a noise source current,
a high frequency current, and a resonance current can further
be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration example of an electric-vehicle
driving system including a power conversion device accord-
ing to an embodiment of the present invention.

FIG. 2 1s exemplary diagrams of a first noise path that can
be generated 1n the power conversion device according to the
present embodiment.

FIG. 3 1s exemplary diagrams of a second noise path that
can be generated 1n the power conversion device according to
the present embodiment.

FIG. 4 1s exemplary diagrams of a third noise path that can
be generated in the power conversion device according to the
present embodiment.

FIG. S1s exemplary diagrams of a fourth noise path that can
be generated 1n the power conversion device according to the
present embodiment.

FIG. 6 1s a perspective view of a general shape of a ring-
shaped ferrite core as an example of a first core and a second
core according to the present embodiment.

FIG. 7 1s an example of impedance characteristics that are
suitable for the first core and the second core according to the
present embodiment.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of a power conversion device
according to the present invention will be explained below 1n
detail with reference to the accompanying drawings. The
present invention 1s not limited to the embodiments.

Embodiments

FIG. 1 1s a configuration example of an electric-vehicle
driving system including a power conversion device accord-
ing to an embodiment of the present invention. The electric-
vehicle driving system according to the present embodiment
includes, as shown 1n FIG. 1, a pantograph 1, a reactor 2, a
power conversion unit 30, and a motor 6. The power conver-
s1on unit 30 includes a filter condenser 3 that receirves power
from a direct-current power supply system via the pantograph
1 and the reactor 2 and accumulates direct-current power, an
inverter 4 that converts a direct-current voltage of the filter
condenser 3 into an alternate-current voltage and drives the
motor 6 as aload, a first core 8 provided on an mnput side of the
inverter 4 as an element of impedance, a second core 9 pro-
vided on an output side of the inverter 4 as an element of
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impedance, a fin 5 as a cooler that cools down a semiconduc-
tor element 4A constituting the inverter 4, and a condenser 10
as a capacitive element for connecting ground potential on the
input side of the inverter 4 and ground potential of the motor
6 in an alternating-current manner.

A connection configuration of the power conversion unit
30 and external constituent elements and an internal connec-
tion configuration of the power conversion umt 30 are
described below.

First, two lines including a positive side conductor 21 that
connects the reactor 2 and the inverter 4 and a negative side
conductor 22 that grounds the mnverter 4 to a ground 7 are
provided on an input side of the power conversion unit 30 (the
side of the direct-current power supply system). The positive
side conductor 21 and the negative side conductor 22 are
arranged to pass through a through hole of the first core 8 and
connected to the iverter 4.

Meanwhile, load conductors 23 (23a, 235, and 23¢), which

connect the iverter 4 and the motor 6 as a load, are provided
on an output side of the power conversion unit 30 (the side of
the motor 6). These load conductors 23 are arranged to pass
through a through hole of the second core 9 and connected to
the motor 6. A ground 41 for grounding the motor 6 as a
device 1s provided in a peripheral portion of the motor 6, and
a motor yoke 6A, which 1s a part of a configuration that
constitutes the motor 6, and the ground 41 are electrically
connected to each other.

Regarding the inside of the power conversion unit 30, a
ground conductor 50, which 1s a first ground conductor (a
conductor such as a ground line or a bus bar), 1s connected to
the fin § and a connection point 27 that 1s an arbitrary point on
the negative side conductor 22 located on the side of the
direct-current power supply system with respect to the first
core 8. That 1s, the fin 5 1s grounded to the same potential
(equipotential) as the ground 7 via the ground conductor 50
and the negative side conductor 22. A ground conductor 59,
which 1s a second ground conductor, connects the motor yoke
6 A, which 1s grounded to the ground 41, to a connection point
28 on the negative side conductor 22 located on the side of the
direct-current power supply system with respect to the first

core 8 via the condenser 10. A ground conductor 61, which 1s
a third ground conductor, 1s connected between a connection
point 29, which 1s an arbitrary point on the ground conductor
50, and a ground 40 via a connection point 30B that i1s an
arbitrary point on a casing 30A of the power conversion unit
30. The connection points 27 and 28 can be connected to any
portion (even outside the casing 30A) so long as the points are
on the side of the direct-current power supply system with
respect to the core 8 in the power conversion unit 30.

Although an example 1n which the ground conductor 61 1s
connected to the connection point 29 that 1s an arbitrary point
on the ground conductor 50 i1s shown in FIG. 1, the ground
conductor 61 can be connected to an end portion of one side
of the ground conductor 50 or the fin 5 located near the end
portion of the one side of the ground conductor 50, or can be
connected to the connection point 27 that 1s an end portion of
the other side of the ground conductor 50 or in proximity of
the end portion of the other side of the ground conductor 50.
That 1s, the arbitrary point on the negative side conductor 22,
which 1s located on the side of the direct-current power supply
system with respect to the {in 5 or the first core 8, 1s grounded
to the same potential (equipotential) as the ground 40 via the
ground conductor 61.

The fin 5 can be directly connected to the casing 30A of the
power conversion umt 30. This configuration eliminates the
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4

necessity of mnsulating the fin 5 from the casing of the power
conversion unit 30, thereby enabling a simplification of the
manufacturing process.

Although an example 1n which the ground conductor 61 1s
connected to the arbitrary connection point 30B on the casing
30A, and the connection point 30B 1s connected to the ground
40 1s shown 1n FIG. 1, it 1s not necessary that the ground point
on the casing 30A 1s the connection point 30B, and the casing
30A can be grounded at any point other than the connection
point 30B. In this case, by connecting the ground conductor
61 to the casing 30A, an electrical grounding 1s obtained.

An effect of reducing the noise current, which 1s unique to
the power conversion device according to the present embodi-
ment configured as shown 1 FIG. 1, 1s described below with
reference to FIG. 2 to FIG. §.

FIG. 2 1s exemplary diagrams of a first noise path that can
be generated 1n the power conversion device according to the
present embodiment. More specifically, FIG. 2(a) depicts the
first noise path on the configuration diagram shown in FIG. 1,
and FI1G. 2(b) depicts an equivalent circuit of the noise path 1n
an electric-vehicle driving system.

The equivalent circuit shown 1n FI1G. 2(b) 1s described first.
In FIG. 2(b), a point A indicates the connection point 28 (or
the connection point 27), a point B indicates an output termi-
nal of the inverter 4, a point C indicates the fin 5 (or the
connection point 29), a point D indicates the connection point
30B on the casing 30 A, and a point E indicates the motor yoke
6A. A circuit unit 71 that simulates the impedance of the first
core 8, a circuit unit 72 that simulates the impedance of the
negative side conductor 22 located on the right side of the
connection point 28 (the side of the imnverter 4), and a noise
source 73 as a source of generating a common mode noise are
arranged between the point A and the point B. Similarly, a fin
stray capacitance 86 that 1s a stray capacitance of the fin 3 1s
arranged between the point B and the point C, a circuit unit 74
that simulates the impedance of the ground conductor 30 1s
arranged between the point A and the point C, a circuit unit 76
that simulates the impedance of the ground conductor 61 1s
arranged between the point C and the point D, a circuit unit 77
that simulates the impedance of a vehicle body 1s arranged
between the point D and the point E, a circuit unit 80 that
simulates the impedance of a line of the ground conductor 59
inside the casing, a capacitance 79 that 1s a capacitance value
ol the condenser 10, and a circuit unit 78 that simulates the
impedance of a cable of the ground conductor 59 outside the
vehicle are arranged between the point A and the point E, and
a circuit unit 81 that simulates the impedance of a conductor
of the load conductors 23 1nside the casing, a circuit unit 82
that stmulates the impedance of the second core 9, a circuit
unmit 83 that simulates the impedance of a cable of the load
conductors 23 outside the vehicle, a circuit unit 84 that simu-
lates the impedance of a motor winding of the motor 6, and a
motor stray capacitance 85 that is the stray capacitance of the
motor 6 are arranged between the point B and the point E.

As described above, the equivalent circuit of the electric-
vehicle driving system can be represented as the equivalent
circuit shown 1n FIG. 2(5), and a plurality of noise paths can
be generated 1n the electric-vehicle driving system. FIGS.
2(a) and 2(b) depict the first noise path among the plurality of
noise paths that can be generated 1n plural numbers. As indi-
cated by the thick dashed line 1n FIG. 2(a), the first noise path
1s a path of the mverter 4—the fin 5—the first core 8—the
inverter 4, with the mverter 4 as the start point and the end
point. In this first noise path, as shown in FIG. 2(b), a resis-
tance component, an inductance component, and a capaci-
tance component are included 1n the path, which constitutes a
resonance circuit. Thus the mmpedance 1s likely to be
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decreased at a specific frequency so that a noise current 1s
likely to be increased. On the other hand, 1n this first noise
path, the first core 8 has an impedance larger than impedances
of the other impedance elements 1n the path, and thus a
resonance frequency can be decreased so that it 1s possible to
suppress decrease of the impedance 1 a high frequency band.
As a result, a switching frequency 1s shifted to a high fre-
quency side with respect to a switching element included 1n
the power conversion device, and even under a condition that
the noise source current, the high frequency current, and the
resonance current are increased in a higher frequency region,
the 1increase of these currents can be suppressed.

FIG. 3 1s exemplary diagrams of a second noise path that
can be generated 1n the power conversion device according to
the present embodiment, and 1n the same manner as FIG. 2,
the path 1s shown on the configuration diagram and the
equivalent circuit diagram.

As indicated by the thick dashed line in FIG. 3(a), the
second noise path 1s a path of the inverter 4—the fin S—the
ground 40—the ground 41—=the motor yoke 6 A—the con-
denser 10—the first core 8 —the inverter 4, with the inverter 4
as the start point and the end point. In this second noise path
also, as shown 1 FIG. 3(b), aresistance component, an induc-
tance component, and a capacitance component are included
in the path, which constitute a resonance circuit, and thus the
impedance 1s likely to be decreased at a specific frequency so
that a noise current 1s likely to be increased. However, 1n the
second noise path also, the first core 8 has an impedance
larger than 1impedances of the other impedance elements 1n
the path, and thus a resonance frequency can be decreased so
that 1t 1s possible to suppress decrease of the impedance 1n a
high frequency band. As a result, a switching frequency 1s
shifted to a high frequency side with respect to a switching
clement included in the power conversion device, and even
under a condition that the noise source current, the high
frequency current, and the resonance current are increased 1n
a higher frequency region, the increase of these currents can
be suppressed. Although the second noise path shown 1n FIG.
3 1s a new noise path caused by the connection of the ground
conductor 61, the first core 8 exists in the second noise path as
described above and the first noise path shown 1n FIG. 2 has
a lower impedance, and thus there 1s practically no adverse
elfect due to the second noise path.

FI1G. 4 1s exemplary diagrams of a third noise path that can
be generated 1n the power conversion device according to the
present embodiment, and in the same manner as FIGS. 2 and
3, the path 1s shown on the configuration diagram and the
equivalent circuit diagram.

As indicated by the thick dashed line in FIG. 4(a), the third
noise path 1s a path of the inverter 4—the second core 9—the
motor 6—the motor yoke 6 A—the condenser 10—the first
core 8—the inverter 4, with the inverter 4 as the start point and
the end point. In this third noise path also, as shown 1n FIG.
4(b), a resistance component, an inductance component, and
a capacitance component are included in the path, which
constitute a resonance circuit, and thus the impedance 1is
likely to be decreased at a specific frequency so that a noise
current 1s likely to be increased. However, 1n the third noise
path, the first core 8 and the second core 9 have impedances
larger than impedances of the other impedance elements 1n
the path, and thus a resonance frequency can be decreased so
that 1t 1s possible to suppress decrease of the impedance 1n a
high frequency band. As a result, a switching frequency 1s
shifted to a high frequency side with respect to a switching
clement included in the power conversion device, and even
under a condition that the noise source current, the high
frequency current, and the resonance current are increased 1n
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a higher frequency region, the increase of these currents can
be suppressed. Furthermore, in the third noise path, the
impedance of the second core 9 1s added 1n series to the first
core 8, and thus the effect of suppressing the decrease of the
impedance in the high frequency band can be enhanced.

FIG. 51s exemplary diagrams of a fourth noise path that can
be generated 1n the power conversion device according to the
present embodiment, and in the same manner as FIGS. 2 to 4,
the path 1s shown on the configuration diagram and the
equivalent circuit diagram.

As indicated by the thick dashed line 1n FIG. 3(a), the
fourth noise path 1s a path of the inverter 4—the second core
9—the motor 6—the motor yoke 6 A—the ground 41—the
ground 40—the first core 8 —=the inverter 4, with the mverter
4 as the start point and the end point. In the fourth noise path
also, as shownin F1G. 4(5), aresistance component, an induc-
tance component, and a capacitance component are included
in the path, which constitute a resonance circuit, and thus the
impedance 1s likely to be decreased at a specific frequency so
that a noise current 1s likely to be increased. However, 1n the
fourth noise path also, similarly to the third noise path, both
the first core 8 and the second core 9 have impedances larger
than impedances of the other impedance elements 1n the path,
and thus a resonance frequency can be decreased so that 1t 1s
possible to suppress decrease of the impedance in a high
frequency band. As a result, a switching frequency 1s shitted
to a high frequency side with respect to a switching element
included 1n the power conversion device, and even under a
condition that the noise source current, the high frequency
current, and the resonance current are increased in a higher
frequency region, the increase of these currents can be sup-
pressed. Furthermore, in the fourth noise path also, similarly
to the third noise path, the impedance of the second core 9 1s
added 1n series to the first core 8, and thus the effect of
suppressing the decrease of the impedance 1n the high fre-
quency band can be enhanced.

The fourth noise path 1s a path generated by connecting the
ground conductor 61 between the connection point 29 on the
ground conductor 50 and the ground 40, which has a parallel
relationship with the third noise path, and thus there 1s a
concern that the impedance i1s decreased. However, as
described above, 1n the third and fourth paths, the motor stray
capacitance has a relatively large impedance 1n a low ire-
quency band while both the first core 8 and the second core 9
are arranged on the path, and thus such a concern can be
climinated.

Furthermore, because the third noise path 1s relatively
longer than the other noise paths, there 1s a concern that the
amount of noise emitted 1n proportion to the area of a loop
formed by the path 1s also relatively increased. However, the
connection of the ground conductor 61 between the connec-
tion point 29 on the ground conductor 50 and the ground 40
enables the potential of the point C of the fin 5 to be more
stabilized with respect to the point E of the motor yoke 6A,
and thus the current flowing through the third noise path 1s
reduced. Therefore, the noise amount emitted by the third
noise path can be reduced accordingly, and as a result, the
concern 1s eliminated. In addition, because 1t 1s not necessary
to secure the mnsulation between the fin 5 and the casing 30 A,
unlike with the conventional case, simplification of the
mechanical structure can also be achieved.

Impedances of the first core 8 and the second core 9 are
described below. FIG. 6 1s a perspective view of an overview
shape of a ring-shaped ferrite core as an example of the first
core 8 and the second core 9 according to the present embodi-
ment. This ring-shaped ferrite core 90 includes a through hole
92 as shown in the drawing. When the ring-shaped ferrite core
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90 1s used as the first core 8, the positive side conductor 21 and
the negative side Conductor 22 are 1inserted through the
through hole 92. Further, when the ring-shaped ferrite core 90
1s used as the second core 9, the load conductors 23 (234, 235,
and 23c¢) are 1nserted through the through hole 92.

It 1s known that the impedance of the nng-shaped ferrite
core 90 satisfies relationships represented by the following
Expressions (1) and (2).

Zloc(de/Le) (1)

Ae/Le=(H/27)-LN(R1/R2) (2)

Expressions (1)

The meaning of the symbols included in
and (2) 1s as follows.

|Z1: absolute value of impedance, Ae: effective cross sec-
tion area, Le: elffective magnetic path length, H: thickness,
R1: outer diameter, R2: inner diameter

As can be understood from ':xpressions (1) and (2), 1n
order to increase the 1mpedance of the ring- shaped ferrite core
90, 1t 1s effective to increase the ratio of the effective cross
section area Ae and the effective magnetic path length Le (the
ratio of the effective cross section areca Ae to the effective
magnetic path length Le). Specifically, 1t 1s sufficient to
reduce the inner diameter R2, to increase the thickness H, and
to 1ncrease the outer diameter R1.

As a switching element included 1in the inverter, a semicon-
ductor transistor element of silicon (S1) (heremafiter, “S1 ele-
ment”) 1s generally used.

On the other hand, in recent years, as a substitute for the S1
clement, semiconductor switching elements of silicon car-
bide (S1C) (herematter, “S1C element”) have been drawing
attention.

The reason why the S1C element can perform a high-speed
switching operation 1s because 1t can be used at a high tem-
perature, with its high heat resistance, so that the allowable
operating temperature ol a module including the S1C element
can be raised higher, and thus, even when the switching speed
1s increased by increasing a carrier frequency, 1t 1s possible to
suppress any increase 1n the size of the cooler.

However, the usage of the SiC element increases a high
frequency component of an output voltage of the inverter, and
thus a high frequency current generated by the high frequency
voltage works as a noise source, resulting 1n a concern that
malfunctioning of a signaler or the like may be caused. The
reason why the usage of the S1C element increases the high
frequency component of the output voltage imncludes the fol-
lowing two main points.

(1) Because the S1C 1s a wide-bandgap semiconductor, a
structure of a unipolar device can be adopted, so that an
accumulated carrier 1s substantially zero. Therefore, a loss at
the time of switching can be reduced while dv/dt and di/dt are
increased and noise 1s mcreased.

(2) Because the usage of the S1C element can reduce the
loss per switching, a switching frequency can be increased for
the purpose of improving controllability and reducing a
motor loss. As a result, the frequency of the switching per
second 1s increased, and thus the noise 1s increased accord-
ingly.

As described above, when the S1C element 1s used as the
switching element included 1n the inverter, the high frequency
current generated by the high frequency component of the
output voltage of the inverter works as a noise source, result-
ing in a concern that malfunctioning of an on-vehicle signaler,
a ground signaler, or the like may be caused.

Impedance characteristics of the first core 8 and the second
core 9, which can be suitably used even when the S1C element
mentioned above 1s used, are described. FIG. 7 1s an example
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8

of the impedance characteristics that are suitable for the first
core 8 and the second core 9 according to the present embodi-
ment. In FIG. 7, the wavelform of the solid line portion indi-
cates a frequency characteristic on a magnitude (an absolute
value) of the impedance, and the waveform of the dashed line
portion indicates a frequency characteristic on a phase of the
impedance.

The roles of the first core 8 and the second core 9 are to
increase the impedances of the first to fourth noise paths
described above, thus reducing the noise currents on these
paths. Regarding the impedance characteristics shown in
FIG. 7, the absolute value of the impedance 1s increased as the
frequency 1s increased, and the phase of the impedance
approaches zero (deg) as the frequency 1s increased. That is,
the characteristics shown 1n FIG. 7 represent, as the frequency
1s increased, characteristics that gradually change from an
inductance component to a resistance component and the
absolute value of the impedance 1s increased. As a main
component of the impedance approaches a resistance, a
damping eifect can be obtained, and as the absolute value of
the impedance 1s 1increased, the noise current can be
decreased. Therefore, 1t can be said that the ferrite core having
the characteristics as shown 1n FIG. 7 1s an impedance ele-
ment that 1s suitable when 1t 1s used as the first core 8 and the
second core 9 according to the present embodiment.

When the ferrite core as shown 1n FIG. 6 1s used as the first
core 8 and the second core 9, as can be understood from the
descriptions of FIG. 6, an increase of the impedance leads to
an increase of the volume. On the other hand, in the case ofthe
configuration according to the present embodiment, because
the configuration includes the first core 8 and the second core
9 as shown 1n FIG. 1 or the like, when there 1s a weight
restriction, a trade-off needs to be considered in the perfor-
mance, the weight, or the volume between the first core 8 and
the second core 9.

Considering operations of the first core 8 and the second
core 9, only the third and fourth noise paths pass through the
second core 9 while all the first to fourth noise paths described
above pass through the first core 8. Therefore, from a view-
point of reducing the overall noise current, 1t 1s more effective
to 1ncrease the impedance of the first core 8 than the imped-
ance of the second core 9. As 1n the above example, the
impedance of the ferrite core 1s increased as the volume 1s
increased. Therefore, when the same material 1s used, 1t 1s
more elffective to increase the weight or the volume of the first
core 8 than the weight or the volume of the second core 9.

Although a configuration of using both the first core 8 and
the second core 9 has been described 1n the present embodi-
ment, because the currents flowing through the third and
fourth noise paths described above are decreased depending
on the magnitude of the stray capacitance of the motor, the
second core 9 can be omitted 1n this case.

In the present embodiment, as the element for reducing the
noise source current, the high frequency current, and the
resonance current, for example, the ferrite core (a magnetic
core) as shown 1n FI1G. 6 1s used; however, as substitute for the
magnetic core, for example, an element such as a reactor and
a common-mode choke coil, that 1s, an impedance element
having an inductance component, can also be used. The point
1s that, so long as the resonance frequency at the time when

the noise source current, the high frequency current, and the
resonance current flow can be shifted to a frequency band that
does not affect an on-vehicle signaler, a ground signaler, or
the like, any type of impedance element can be used.
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INDUSTRIAL APPLICABILITY

As described above, the power conversion device accord-
ing to the present invention 1s useful 1n further reducing a
noise source current, a high frequency current, and a reso-
nance current.

REFERENCE SIGNS LIST

1 pantograph

2 reactor

3 filter condenser

4 inverter

4A semiconductor element

5 fin

6 motor

6A motor yoke

7, 40, 41 ground

8 first core

9 second core

10 condenser

21 positive side conductor

22 negative side conductor

23 load conductor

27, 28, 29, 30B connection point

30 power conversion unit

30A casing

50 ground conductor (first ground conductor)
59 ground conductor (second ground conductor)
61 ground conductor (third ground conductor)

The mvention claimed 1s:

1. A power conversion device comprising:

an inverter that recerves power from a power supply system
and drives a motor that 1s connected to a first ground;

a cooler that cools down the inverter:;

a first core including a through hole that allows passage of
a positive side conductor that connects the power supply
system and the inverter and a negative side conductor
that connects the iverter to a second ground;

a first ground conductor that 1s connected to the negative
side conductor on a side of the power supply system with
respect to the first core and connects the cooler to the
second ground; and

a third ground conductor connected between the negative
side conductor on the side of the power supply system
with respect to the first core or the first ground conductor
and a third ground such that the negative side conductor
on the side of the power supply system with respect to
the first core and the first ground conductor have a same
potential as that of the third ground.

2. The power conversion device according to claim 1,
wherein the first ground and the third ground are connected to
cach other.

3. The power conversion device according to claim 1,
wherein the first ground and the third ground are connected to
cach other via a vehicle body.

4. The power conversion device according to claim 1,
wherein the first core 1s arranged such that, when the inverter
works as a noise source, a current path through which a
current flows 1n and out the mverter through the cooler, the
first ground conductor, and the negative side conductor passes
through the first core.

5. The power conversion device according to claim 1, fur-
ther comprising:

a second ground conductor that 1s connected to the negative

side conductor on the side of the power supply system
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10

with respect to the first core and connects the motor to
the second ground 1n an alternating-current manner via a
capacitive element,

wherein the first core 1s arranged such that, when the
inverter works as a noise source, a current path through
which a current tlows 1n and out the inverter through the
cooler, the third ground conductor, the motor, the capaci-
tive element, the second ground conductor, and the nega-
tive side conductor passes through the first core.

6. The power conversion device according to claim 1, fur-
ther comprising a second core including a through hole that
allows passage of a load conductor that connects the imnverter
and the motor.

7. The power conversion device according to claim 1, fur-
ther comprising;:

a second ground conductor that 1s connected to the negative
side conductor on the side of the power supply system
with respect to the first core and connects the motor to
the second ground 1n an alternating-current manner via
the capacitive element; and

a second core including a through hole that allows passage
of a load conductor that connects the mnverter and the
moftor,

wherein the first core and the second core are arranged such
that, when the inverter works as a noise source, a current
path through which a current tlows 1n and out the inverter
through the load conductor, the motor, the capacitive
clement, the second ground conductor, and the negative
side conductor passes through the first core and the
second core.

8. The power conversion device according to claim 6,
wherein the first core and the second core are arranged such
that, when the inverter works as a noise source, a current path
through which a current flows 1n and out the inverter through
the load conductor, the motor, the third ground conductor, and
t
t

e negative side conductor passes through the first core and
ne second core.

9. The power conversion device according to claim 6,
wherein an impedance of the first core 1s larger than an 1imped-
ance of the second core.

10. The power conversion device according to claim 7,
wherein an impedance of the first core 1s larger than an 1imped-
ance of the second core.

11. The power conversion device according to claim 6,
wherein when a frequency of the noise source 1s equal to or
higher than 10 kHz, a phase of the impedance of each of the
first core and the second core 1s equal to or smaller than 80°.

12. The power conversion device according to claim 7,
wherein when a frequency of the noise source 1s equal to or
higher than 10 kHz, a phase of the impedance of each of the
first core and the second core 1s equal to or smaller than 80°.

13. The power conversion device according to claim 1,
wherein a casing that accommodates the inverter 1s connected
to the third ground;

and the third ground conductor 1s connected to the casing,

that 1s connected to the third ground.

14. The power conversion device according to claim 1,
wherein a switching device included 1n the imnverter 1s formed
ol a wide-bandgap semiconductor.

15. A power conversion device comprising:

an inverter that 1s arranged 1n a casing, receives power from
a power supply system, and drives a motor that 1s con-
nected to a first ground;

a cooler that cools down the inverter;

a first core including a through hole that allows passage of

a positive side conductor that connects the power supply
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system and the inverter and a negative side conductor
that connects the inverter to a second ground;

a first ground conductor that connects the negative side
conductor on a side of the power supply system with
respect to the first core and the cooler; and

a second ground conductor that connects the negative side
conductor on the side of the power supply system with
respect to the first core and the motor via a capacitive
element,

wherein the cooler 1s connected to a third ground such that
the cooler has a same potential as that of the third
ground.

16. The power conversion device according to claim 15,
wherein the casing 1s connected to the third ground, and the
cooler 1s connected to the casing.

17. The power conversion device according to claim 15,
wherein the first ground and the third ground are connected to
cach other.

18. The power conversion device according to claim 15,
wherein the first ground and the third ground are connected to
cach other via a vehicle body.

19. The power conversion device according to claim 15,
wherein a switching device included 1n the mverter 1s formed
of a wide-bandgap semiconductor.

20. The power conversion device according to claim 1,
wherein the third ground conductor includes one end that 1s
connected directly to the negative side conductor on the side
of the power supply system or directly to the first ground
conductor with respect to the first core, and another end that
1s connected to the third ground.
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