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(57) Abrege/Abstract:

An auxiliary power source device for a vehicle is incorporated in an electric vehicle and includes a three-phase inverter that converts
an Input DC voltage Iinto a desired three-phase AC voltage and applies the three-phase AC voltage to a load. The auxiliary power
source device further includes a filter reactor that iIs connected to respective output terminals of a three-phase Inverter, a filter
capacitor 6 that is connected in a Y-shape at an end on a load side of the filter reactor and is not grounded at a neutral point, and a
three-phase transformer that includes primary windings that are connected in a Y-shape at the end on the load side of the filter
reactor and Is grounded at a neutral point and secondary windings that are connected Iin a delta shape.
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ABSTRACT

An auxiliary power source device for a vehicle is i1ncorporated
in an electric vehicle and includes a three-phase inverter that
converts an input DC voltage into a desired three-phase AC voltage
and applies the three-phase AC voltage to a load. The auxililary
power source device further includes a filter reactor that 1is
connected to respective output terminals of a three-phase 1lnverter,
a filter capacitor 6 that is connected in a Y-shape at an end on a
load side of the filter reactor and is not grounded at a neutral
point, and a three-phase transformer that includes primary windings
that are connected in a Y-shape at the end on the load side of the

filter reactor and is grounded at a neutral point and secondary

windings that are connected in a delta shape.
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DESCRIPTION

AUXILIARY POWER SOURCE DEVICE FOR VEHICLE

Field

[0001] The present invention relates to an auxiliary
power source device for a vehicle that 1s 1ncorporated 1in
an electric vehicle and supplies desired power to a load

incorporated in the electric vehicle.

Background

[0002] As a conventional auxiliary power source device
for a vehicle, for example, in an auxlliary power source
device for a vehicle described in Patent Literature 1

mentioned below, there is disclosed a configuration 1in

N

which a PWM converter is connected to an output terminal of
a main transformer that transforms and outputs an
alternating current (AC) input from an AC overhead wire, a
three-phase inverter is connected to an output terminal of
the PWM converter, and a filter circuit for eliminating a
harmonic component included 1n an output voltage of the
three-phase inverter is included in an output terminal of

the three-phase 1nverter.

f0003] The filter circuit mentioned above 1is configured
to include three AC reactors that are respectively inserted
in three-phase output lines connecting the three-phase
inverter and a three-phase load such that one end 1is
connected to the output terminal of the three-phase
inverter and the other end is connected to the three-phase
load, and three filter capacitors that are respectively
drawn out from three-phase output lines positioned on the
other end side of the respective AC reactors and connected
to each other in a Y shape, and a connection point of each

of the other ends as a neutral point of the Y-connection 1is
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grounded.

Citation List
Patent Literature

10004] Patent Literature 1: Japanese Patent No. 4391339

Summary

Technical Problem

[0005] As described 1n Patent Literature 1, in a three-
phase power converter i1n which any three-phase transformer
1s not provided in an output stage of a three-phase
inverter (hereinafter, unless otherwise specified, "output
stage of three-phase 1nverter" 1s simply referred to as
"output stage"), when a three-phase load 1s connected
thereto as a load, in the filter capacitors, a current
corresponding to a current difference between currents of
respective phases in the three-phase load (hereinafter, the
current 1s referred to as "unbalanced current") is carried.
Therefore, when the three-phase load 1s assumed as a load,

the specifications required for the filter capacitors can

be satisfied as long as the maximum value of the unbalanced

current 1s assumed.

[C006] Meanwhile, 1n a case of an auxiliary power source
device for a vehicle, there is also a requirement of
connection of a single-phase load as well as that of a
three-phase load. In this connection, when a single-phase
load 1s connected between respective phases of three-phase
output lines (between U and N, V and N, and W and N), if a
three-phase neutral point of a filter capacitor is grounded,
all the current for the capacity of the single-phase load
1s flowed in the filter capacitor. That is, when the

single-phase load i1s connected to a load in a configuration

of grounding the three-phase neutral point of the filter
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capacitor, a property that 1s greater than the current

capacity originally required for a filtering function 1is
imposed on the filter capacitor that has a grounding
function of an output stage as well as a filtering function.
Therefore, problems such as cost increase and size 1ncrease
of the filter capacitor are 1incurred.

[0007] The present invention has been achieved in view
of the above problems, and an object of the present
invention is to provide an auxiliary power source device
for a vehicle that does not impose, on a filter capacitor
having a filtering function, a property that 1s greater
than the current capacity originally required for a filter

function.

Solution to Problem

[0008] The present invention i1s directed to an auxiliary
power source device for a vehicle that achieves the object.
The auxiliary power source device for a vehilcle 1is
incorporated in an electric vehicle and includes a three-
phase inverter that converts an input DC voltage 1nto a
desired three-phase AC voltage and applies the three-phase
AC voltage to a load; a filter reactor that 1s connected to
respective output terminals of the three-phase 1nverter; a
filter capacitor that is connected 1n a Y-shape at an end
on a load side of the filter reactor and 1s not grounded at
a neutral point; and a three-phase transformer that
includes primary windings that are connected 1n a Y-shape
at the end on the load side of the filter reactor and 1is

grounded at a neutral point and secondary windings that are

connected 1n a delta shape.

Advantageous Effects of Invention

[0009] According to the present invention, a property
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that is greater than the current capacity originally

required for a filter function is not imposed on a filter

capacitor having a filtering function.

5 Brief Description of Drawings

[0010] FIG. 1 is a configuration example of an auxiliary

power source device for a vehicle according to an
embodiment of the present invention.
FIG. 2 depicts a general connection structure
10 according to a conventional technique 1n a case where a
three-phase inverter 1s connected to a single-phase load.
FIG. 3 is an explanatory diagram of operations of the

auxiliary power source device for a vehilicle according to

the embodiment.

15 FIG. 4 is an example of a variation of an input

circuit (a case of an AC overhead wire).
FIG. 5 is an example of a variation of the input
circult that 1s different from the example of FIG. 4 (a
case of an AC overhead wire).
20 FIG. 6 1s an example of a wvariation of the input
circult that 1is différent from the examples of FIGS. 4 and

5 (a case of a direct current (DC) overhead wire).

Description of Embodiments
25 [0011] Exemplary embodiments of an auxiliary power
source device for a vehicle according to the present

invention will be explained below in detail with reference

to the accompanying drawings. The present invention 1s not
limited to the embodiments.
30 [0012] (Embodiment)

FIG. 1 1s a configuration example of an auxiliary
power source device for a vehicle according to an

embodiment of the present invention. An auxilliary power
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source device 1 for a vehicle according to the present

embodliment 1s i1ncorporated in an electric vehicle and 1t 1is

configured that an output terminal thereof 1s connectable

to a single-phase load 8. As shown 1n FIG. 1, the
auxiliary power source device 1 for a vehicle 1s configured
to include an input circuit 2, a three-phase inverter 3, a
filter reactor 5, a filter capacitor 6, and a three-phase
transformer 7. Although not shown in FIG. 1, a three-phase
load may be connected to the output terminal of the

auxilliary power source device 1 for a vehicle.

[0013] One end of the 1nput circuit 2 1s connected to an
overhead wire 10 via a power collector 11 and the other end
thereof i1s connected to a rail 12 via a wheel 13, where the
potential of the rail 12 1s at the same level as a ground
potential. DC power or AC power supplied from the overhead
wire 10 1s input to one end of the input circuit 2 via the
power collector 11, and power (a DC voltage) generated at
the output terminal of the input circuit 2 is input
(applied) to the three-phase inverter 3.

[0014] The three-phase i1nverter 3 1is provided at the
output terminal of the input circuit 2, and converts a DC
voltage applied from the input circuit 2 into an AC voltage
with an arbitrary frequency and an arbitrary voltage and

outputs the AC voltage.

(00157 The filter reactor 5 i1s configured to include

three reactors that are respectively inserted 1n three-
phase output lines 4 connecting the three-phase inverter 3
and the single-phase load 8, so that one ends are connected
to an output terminal of the three-phase inverter 3 and the

other ends are connected to the single-phase load 8. The

filter capacitor 6 1s configured to include three
capacitors 1n which respective ends are connected to each

other and the other ends are connected to any one of phases
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of the three-phase output lines 4 positioned on the other

end side (a load side) of the filter reactor 5 so as to be

connected in a Y-shape. The filter reactor 5 and the

filter capacitor 6 function as filter circuits due to
actions of both elements.

[00160] The three-phase transformer 7 1is configured to
include primary windings 7al to 7a3 and secondary windilngs
7bl1 to 7b3. Similarly to respective other ends of the
filter capacitor 6, respective one ends of the primary
windings 7al to 7a3 are connected to any one of phases of
the three-phase output lines 4 positioned on the other end
side of the filter reactor 5, and respective other ends of
the primary windings 7al to 7a3 are connected to each other
so as to be connected in a Y-shape. On the other hand, as

prrm

for the secondary windings 7bl to 7b3, adjacent ones of

connected in a delta shape. Accordingly, the three-phase
transformer 7 is a three-phase transformer configured 1in a
shape of so-called "Y-delta connection™.

[0017] Further, in the three-phase transformer 7, the
respective other ends of the primary windings 7al to 7a3

connected to each other in a Y-shape are grounded at a
ground potential. Similarly, a connection terminal (in the

example of FIG. 1, a connection terminal between one end of

the secondary winding 7bl and the other end of the
secondary winding 7b3) of any of two secondary windings
among the secondary windings 7bl to 7b3 that are connected
in a delta shape is also grounded at a ground potential via
a connecting wire 9. Note that these secondary windings
are grounded so that the potential of these secondary
windings is fixed. Accordingly, when the potential of the
secondary windings is stable in operation, it 1s not

necessary to ground the secondary windings at a ground
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7

potential via the connecting wire 9, and the secondary

windings can be in a floating state.

[0018] While operations of the auxliliary power source

device for a vehicle according to the present embodiment

are explained next, operations according to a conventional

technique are explained first as a comparison to the fact

that the auxiliary power source device for a vehicle
according to the present embodiment has remarkable effects.

[0019] FIG. 2 depicts a general connection structure

As described in Patent Literature 1 mentioned above, a

configuration shown in FIG. 2, in which the filter reactor

105 1s connected to an output side of the three-phase
inverter 3 and a Y-connection filter capacitor 107 in which

a neutral point is grounded is connected to an output side

of the filter reactor 105, is a general configuration of an

auxiliary power source device for a vehicle. When a

single-phase load 108 is connected to an auxillary power

source device for a vehicle with this configuration, one

end sides are connected to respective phases of three-phase
output lines 104, and other end sides are connected to each
Other and grounded at a ground potential via a connecting

wire 109. Note that the single-phase load 108 is grounded

to fix the potential of one end of the single-phase load

108 at a ground potential. By fixing the potential of the
one end of the single-phase load 108, designing of

insulation and pressure resistance of the single-phase load

108 1tself becomes very simple.

10020] In this example, in the auxlliary power source

device for a vehicle configured as shown in FIG. 2, a case

of carrying an unbalanced current 1n the single-phase load

108 1s assumed. As shown in FIG. 2, the unbalanced current
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is carried in the connecting wire 109 as a total single-

phase load current IA. Meanwhile, in the configuration of
FIG. 2, as for currents carried in respective capacitors of

the filter capacitor 107 that performs neutral grounding,

phases of these currents are different from each other, and

thus single-phase load currents (respective phase currents
between U and N, V and N, and W and N) are carried 1in the
filter capacitor 107 that performs neutral grounding. That
is, a current ICu that is carried 1n a capacitor connected
to a U-phase (hereinafter, "U-phase capacitor", the same
abbreviation also applies to capacitors of other phases) 1is
equal to a single-phase-load U-phase current, a current ICv
that is carried in a V-phase capacitor 1s equal to a
single-phase-load V-phase current, and a current ICw that
is carried in a W-phase capacitor is equal to a single-

rhase-load W-phase current.

[0021] In this manner, according to the configuration of

the conventional technique, as also described in the

section of "Solution to Problem", in a filter capacitor
that has a grounding function of an output stage, a
property that is greater than the current capacity
originally required for a filtering function 1s required,
and this requirement leads to cost increase and size
increase of the filter capacitor.

[0022] FIG. 3 is an explanatory diagram of operations of
the auxiliary power source device for a vehicle according

to the present embodiment, and depilicts currents and

voltages necessary for explaining the operations as these

g—

elements are added on the configuration diagram of FIG. 1.

In FIG. 3, similarly to the case of FIG. 2, the total

single-phase load current IA as an unbalanced current 1is
carried in a connecting wire 20. However, as 1n the

present embodiment, when the three-phase transformer 7 of
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Y-delta connection is arranged as a circult unit that has a
grounding function of an output stage, currents IzuZ, IzvZ,

and Izw2 carried in the respective secondary windings of

the delta-connected three-phase transformer 7 are closed

within the connection. Accordingly, all of the currents

Izu2, Izv2, and Izw2 become the same current with the same

p—

phase. As a result, all of currents Izul, Izvl, and Izwl

carried in the respective primary windings on the Y-

connected primary side also become the same current with

the same phase. Therefore, only a current with an amount
corresponding to the total single-phase load current IA 1s
carried in the three-phase transformer 7 that has a
grounding function of an output stage. As a result, the
remainder of the single-phase load current 1s carried 1n a

main circuit, that is, in the three-phase output lines 4.

As for the currents Izul, Izvl, and Izwl carried 1in the
respective primary windings on the Y-connected primary side,
the amount of these currents becomes one third of the total
single-phase load current IA as 1influences due to errors
and the like in manufacturing are eliminated.

[0023] As is obvious from the above explanations of

operations, as for the current capacity of the three-phase

transformer 7, it is only necessary to provide a capacity

that matches an assumed amount of an unbalanced current,
and therefore, as compared to conventional techniques,

downsizing and cost reduction can be achieved.

[0024] In the configuration of FIG. 1 (or of FIG. 3), as

the single-phase load 8, a load connected to all phases

(respective phases of U, V, and W) has been exemplified;

however, the single-phase load 8 can be a single-phase load

that is connected to only one or two of these phases.

[0025] FIGS. 4 to 6 are explanatory diagrams of a

variation of the input circuit 2, where FIGS. 4 and 5 are
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10

examples of a case of an AC overhead wire, and FIG. 6 1s an
example of a case of a DC overhead wire.
[0026] In the case of an AC overhead wire, as shown 1n

FIG. 4 as an example, an input circuit 2A can be configured

by a transformer 21 and a single-phase converter 22.
Further, when the voltage of the AC overhead wire 1s high,
as shown in FIG. 5 as an example, as an input circuit 2B 1is

configured by providing a transformer 23, a single-phase

converter 24, and a single-phase inverter 25 1in a front
stage of the transformer 21, the voltage can be stepped
down in a stepwise manner by the two single-phase
converters 22 and 24. In the case of a DC overhead wire,
as shown in FIG. 6 as an example, an input circuit 2C can
be configured by a single-phase inverter 26, a transformer
27, and a single-phase converter Z28.

(00271 While configurations of providing single-phase

converters are shown in FIGS. 4 to 6, it is also possible

to have a configuration in which rectification circults are
used instead of these single-phase converters.
[0028] As explained above, 1n the auxiliary power source

device for a vehicle according to the present embodiment,

there is provided a filter reactor that 1s connected to

respective output terminals of a three-phase i1nverter, a

filter capacitor that is connected 1n a Y-shape at an end

on a load side of the filter reactor and a neutral point 1s
not grounded, and a three-phase transformer including
primary windings that are connected in a Y-shape at the end
on the load side of the filter reactor and a neutral point
is grounded and secondary windings that are connected 1in a

delta shape. Therefore, even when a single-phase load 1s

connected as a load, 1t is possible to obtain an effect
that a filter capacitor having a filtering function 1s not

imposed to have a property that 1s greater than the current
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11

capacity originally required for a filter function.

F0029] In the configurations described above, 1t 1s
possible to stabilize the potential of secondary windings
as long as any one of connection terminals between

secondary windings connected in a delta shape 1s grounded.

Industrial Applicability
[0030] As described above, the present invention 1is

useful as an auxillary power source device for a vehicle

that does not 1mpose, on a filter capacitor having a
filtering function, a property that is greater than the

current capacity originally required for a filter function.

Reference Signs List
[0031] 1 auxiliary power source device for vehicle
2A, 2B, 2C 1nput circuilt

three—-phase i1nverter

2,
3
4 three-phase output line
5 filter reactor

© filter capacitor

7 three-phase transformer
7al to 7a3 primary winding
bl to 7b3 secondary winding
8 single-phase load

9, 20 connecting wire

10 overhead wire

11 power collector

12 rail

13 wheel

21, 23, 27 transformer

22, 24, 28 single-phase converter

25, 26 single-phase inverter
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The embodiments of the i1invention 1n which an exclusive

property or privilege is claimed are defined as follows:

1. An auxiliary power source device for a vehicle incorporated
in an electric vehicle, the auxiliary power source device
comprising:

a three-phase inverter that converts an input DC voltage

into a desired three-phase AC voltage and applies the three-phase

AC voltage to a load;

a filter reactor that is connected to respective output

terminals of the three-phase 1nverter;

a filter capacitor that 1s connected in a ¥Y-shape at an end

on a load side of the filter reactor and 1s not grounded at a

neutral point; and

a three-phase transformer that includes primary windings
that are connected 1n a Y-shape at the end on the load side of
the filter reactor and 1s grounded at a neutral point and

secondary windings that are connected 1in a delta shape.

2 . The auxiliary power source device for a vehicle according

to claim 1, further comprising connection terminals between the

secondary windings connected in the delta shape,

wherein any one of the connection terminals 1s grounded.

3. The auxiliary power source device for a vehicle according

to claim 1 or 2, wherein AC power from an AC overhead wire 1s

supplied to the electric vehicle.

4, The auxiliary power source device for a vehicle according

to claim 1 or 2, wherein DC power from a DC overhead wire 1s

supplied to the electric wvehicle.
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