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(54) Railway vehicle traction system

(57) A typical traction system that does not have a
storage battery device for a direct-current power unit of
a main circuit cannot ensure exciting energy necessary
upon activation of an induction generator. Thus, there is
a problem that the typical traction system cannot use a
small, inexpensive, and highly reliable induction gener-
ator as a power generator.

A railway vehicle traction system includes an induc-
tion generator to be driven by an engine, a first power
converter for converting alternating-current power output
from the induction generator into direct-current power, a
smoothing capacitor for smoothing the direct-current
power output from the first power converter, a second
power converter for converting the direct-current power
output from the smoothing capacitor serving as a direct-
current voltage source into alternating-current power and
driving an electric motor, storage battery means for sup-
plying power to an on-vehicle control device, and a con-
tactor that is connected between the storage battery
means and the smoothing capacitor. By closing the con-
tactor, the smoothing capacitor is charged by the storage
battery means, and whereby a current is supplied to the
induction generator in order to start an operation of
generating power using power charged in the smoothing
capacitor.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a railway vehi-
cle traction system that uses, as a power source, an in-
duction generator that is driven by an engine.

2. Description of the Related Art

[0002] For a railway vehicle that travels on non-elec-
trified lines, a railway vehicle traction system is generally
used which generates alternating-current power by caus-
ing an internal-combustion engine such as a diesel en-
gine to drive a power generator, causes a rectifier or a
power converter to convert the alternating-current power
into direct-current power, and causes a power inverter
to drive an alternating-current motor. As power genera-
tors, a separately-excited alternator (synchronous gen-
erator) is widely used while recently a permanent magnet
generator is used in many cases. The separately-excited
alternator can generate voltage by rotating. The perma-
nent magnet generator is advantageous since the asso-
ciated electric motor is reduced in size and weight and
achieves higher efficiency.
[0003] For example, JP-2008-49811-A discloses a hy-
brid traction system that has an engine, an induction gen-
erator, a power converter for converting an alternating
current output from the induction generator into a direct
current, a power inverter for converting the direct current
into an alternating current to be used to drive a railway
vehicle, and a storage battery device connected to a di-
rect-current power unit of a main circuit and can effec-
tively use regenerative electric power for braking. In ad-
dition, JP-2008-49811-A discloses that the engine is
started by driving the induction generator as an electric
motor using power stored in the storage battery device
connected to the direct-current power unit of the main
circuit.
[0004] In addition, the induction generator is smaller
and more inexpensive than synchronous motors and has
a simpler structure than synchronous motors. The induc-
tion generator does not need a contactor such as a slip
ring, and thus has an advantage that its reliability is high-
er.

SUMMARY OF THE INVENTION

[0005] A typical traction system does not have a stor-
age battery device for a direct-current power unit of a
main circuit; therefore such a traction system cannot ac-
quire exciting energy necessary upon activation of an
induction generator, unlike the hybrid traction system de-
scribed in JP-2008-49811-A. As a result, the typical trac-
tion system must use a synchronous generator. Thus,
there is a problem that the typical traction system cannot

use a small, inexpensive, and highly reliable induction
generator as a power generator.
[0006] An object of the invention is to allow even a trac-
tion system, which does not have a storage battery device
for a direct-current power unit of the traction system, to
use an induction generator as a power generator.
[0007] In order to address the aforementioned prob-
lems, according to the invention, a railway vehicle traction
system includes an engine; an induction generator that
is driven by the engine; a first power converter that con-
verts alternating-current power output from the induction
generator into direct-current power; a smoothing capac-
itor that smoothes the direct-current power output from
the first power converter; a second power converter that
converts the direct-current power output from the
smoothing capacitor serving as a direct-current voltage
source into alternating-current power and drives an elec-
tric motor; storage battery means for supplying power to
an on-vehicle control device; and a contactor that is con-
nected between the storage battery means and the
smoothing capacitor. In the railway vehicle traction sys-
tem, the contactor is closed, the smoothing capacitor is
charged by the storage  battery means, and a current is
supplied to the induction generator in order to start an
operation of generating power using power charged in
the smoothing capacitor.
[0008] In the traction system that uses, as a power
source, the induction generator mechanically coupled
with the engine but does not include a large-capacity stor-
age battery device that is used for a hybrid traction sys-
tem or the like, the induction generator can be used as
a power generator. Thus, the traction system that is small,
inexpensive and highly reliable can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other objects and advantages of the invention
will become apparent from the following description of
embodiments with reference to the accompanying draw-
ings in which:

Fig. 1 is a diagram illustrating a configuration accord-
ing to a first embodiment of the invention;
Fig. 2 is a diagram illustrating operations according
to the first embodiment of the invention;
Fig. 3 is a diagram illustrating a configuration accord-
ing to a second embodiment of the invention; and
Fig. 4 is a diagram illustrating a configuration accord-
ing to a third embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] A railway vehicle has a low-voltage storage bat-
tery for supplying power to on-vehicle control devices.
For example, a voltage of 24V, 72V, 100V, or 110V is
often used for such on-vehicle control devices. An
amount of voltage is stored in a direct-current power unit
of a main circuit by supplying the power from the storage
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battery to the direct-current power unit, and an induction
generator is activated by the voltage. In this case, the
power sufficient to drive the induction generator in con-
sideration of a loss of a power converter is supplied to
the direct-current power unit of the main circuit. After
completion of the supply of the power to the direct-current
power unit of the main circuit, the storage battery is sep-
arated from the direct-current power unit of the main cir-
cuit by opening a contactor. Thus, after the induction gen-
erator starts generating power, insulation is ensured be-
tween the main circuit whose direct-current power unit is
subject to voltages as high as several thousand volts and
a power supply circuit provided with the storage battery
for supplying a relatively low voltage of several ten volts
to one hundred volts to the on-vehicle control devices.
[0011] After the activation of the induction generator,
the power supplied from the induction generator enables
the voltage of the direct-current power unit of the main
circuit to be maintained and enables power to be supplied
to an electric motor for driving the railway vehicle through
a power inverter.
[0012] Therefore, a railway vehicle traction system in-
cluding the induction generator that is small, inexpensive,
and highly reliable and used as a power generator can
be provided in a manner that is simple in circuit configu-
ration.
[0013] Hereinafter, embodiments of the invention are
described with reference to the accompanying drawings.

First Embodiment

[0014] Fig. 1 is a diagram illustrating a railway vehicle
traction system according to the first embodiment of the
invention.
[0015] The railway vehicle traction system illustrated
in Fig. 1 includes an engine 1, an induction generator
(IG) 2, a power converter 3, a power inverter 4, a smooth-
ing capacitor (FC) 5, and an electric motor 15. The in-
duction generator 2 is driven by the engine 1. The power
converter 3 converts alternating-current power output
from the induction generator 2 into direct-current power.
The smoothing capacitor 5 (FC) smoothes the direct-cur-
rent power output from the power converter 3. The power
inverter 4 converts, into alternating-current power, the
direct-current power output from the smoothing capacitor
5  serving as a direct-current voltage supply source. The
electric motor 15 is driven by the power inverter 4. In the
railway vehicle traction system, a direct-current power
unit of a main circuit is arranged between the power con-
verter 3 and the power inverter 4 and connected through
a contactor 7 and a current reducing element 16 to a low-
voltage storage voltage 6 (of 110 V in this example) for
supplying power to an on-vehicle control device, and
power can be supplied from the low-voltage storage bat-
tery 6 to the smoothing capacitor 5. The current-reducing
element 16 is a resistor or the like. The on-vehicle control
device includes at least any of a control circuit for the
power converter 3 and power inverter 4, an on-vehicle

signal device such as an on-vehicle automatic train con-
trol (ATC) device, a driver’s board, a central control unit
for communicating with devices within the traction sys-
tem, and a brake control device.
[0016] Next, operations of the railway vehicle traction
system illustrated in Fig. 1 are described with reference
to Fig. 2. In Fig. 2, the abscissa indicates time and the
operations are illustrated with respect to the number of
revolutions of the engine per unit time, a voltage of the
filter capacitor (FC), an exciting current of the induction
generator, a torque current of the induction generator,
and an activation state of the power inverter.

(1) The engine 1 starts, and the number of revolu-
tions of the engine 1 per unit time is gradually stabi-
lized.
(2) When the number of revolutions of the engine 1
per unit time is stabilized, the contactor 7 is closed
and the smoothing capacitor 5 is charged by the stor-
age battery 6 through the current-reducing element
16.
(3) When the voltage of the smoothing capacitor 5
reaches or becomes higher than a voltage sufficient
to excite the induction generator, or when energy
stored in the smoothing capacitor 5 reaches or be-
comes higher than power necessary to generate an
exciting current Id and a torque current Iq that are
necessary for the induction generator 2 to start to
generate power through the power converter 3, the
contactor 7 is opened and insulation between the
main circuit and a control power source is ensured.
(4) The power converter 3 converts the voltage of
the smoothing capacitor 5 into an alternating current
and causes the exciting current Id to flow in the in-
duction generator 2.
(5) The power converter 3 causes the torque current
Iq to rise and starts constant voltage control. As a
result, the induction generator 2 starts an operation
of generating power. After that, the voltage of the
smoothing  capacitor 5 is increased to a predeter-
mined voltage (B[V]) by the power generated by the
induction generator 2.
(6) When the voltage of the smoothing capacitor 5
is increased to the predetermined voltage (B[V]), the
torque current Iq is maintained at a certain level by
the constant voltage control of the power converter
3, and the voltage of the smoothing capacitor 5 is
maintained at the voltage (B[V]).
(7) The power inverter 4 is activated.

[0017] Fig. 2 explains (1) the start of the engine and
(2) the start of charging of the smoothing capacitor 5 by
the storage battery 6, in that sequence, that is (1) to (2).
However, the starts (1) and (2) can be simultaneous or
reverse, that is (2) to (1). In any of these cases, power
generation can be started with no problem.
[0018] In addition, (5) the rise of the torque current Iq
and (4) the rise of the exciting current Id can be simulta-
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neous. Also, (5) the rise of the torque current Iq can be
at the time when the exciting current Id starts to flow after
(4) the rise of the exciting current Id, or at the time when
the exciting current Id rises to a value C[A] and is stabi-
lized at the value C[A]. Further, (7) the activation of the
power inverter 4 can be performed between the rises (5)
and (6) with no problem.
[0019] A power-supply voltage of approximately 100V
is used for the on-vehicle control device, whereas the
voltage of the main circuit is higher than the power-supply
voltage of the on-vehicle control device. When a high
voltage is applied to a power supply of the control device,
the control device may be adversely affected. Thus, it is
preferable that (3) the opening of the contactor 7 be per-
formed at least before (5) the induction generator 2 starts
the operation of generating power.
[0020] According to the first embodiment, the railway
vehicle traction system including the induction generator
that is small, inexpensive, and highly reliable can be pro-
vided with a simple circuit configuration.

Second Embodiment

[0021] Fig. 3 is a diagram illustrating a railway vehicle
traction system according to the second embodiment of
the invention. The railway vehicle traction system accord-
ing to the second embodiment includes a second power
inverter 9, a transformer 10, and a rectifier 8. The second
power inverter 9 is arranged between the direct-current
power unit of the main circuit and the contactor 7 and
converts a direct-current voltage of the storage battery 6
into an alternating current. The transformer 10 transforms
an alternating-current voltage output from the second
power  inverter 9. The rectifier 8 converts a secondary
voltage of the transformer 10 into a direct current. The
smoothing capacitor 5 is charged by the storage battery
6 through the second power inverter 9, the transformer
10, and the rectifier 8. Other parts are the same as the
traction system illustrated in Fig. 1 and constituent ele-
ments that have the same functions as those of the trac-
tion system illustrated in Fig. 1 are indicated by the same
reference numerals and symbols. Regarding the opera-
tions to be executed for the start of the induction gener-
ator 2, the operation of charging the smoothing capacitor
5 by the storage battery 6 through the current-reducing
element 16 is replaced with an operating of charging the
smoothing capacitor 5 by the storage battery 6 through
the second power inverter 9, the transformer 10, and the
rectifier 8. Other operations and configurations are the
same as the first embodiment.
[0022] In the second embodiment illustrated in Fig. 3,
since the smoothing capacitor 5 is charged by the storage
battery 6 through the transformer 10, the storage battery
6 can be insulated from the main circuit during the charg-
ing of the smoothing capacitor 5. Specifically, there is an
advantage that even if the contactor 7 fails due to a short
circuit, it is possible to prevent a high voltage of the main
circuit from being applied to the control power source

and therefore prevent the control device from being ad-
versely affected.
[0023] In addition, by setting the ratio of the number of
turns of a coil on a secondary side (side of the main circuit)
to the number of turns of a coil on a primary side (side
of the storage battery 6) in the transformer 10 to 1 or
larger, the smoothing capacitor 5 can be charged to a
higher voltage than the voltage of the storage battery 6.
Thus, the induction generator 2 can be stably activated.
Since energy stored in the smoothing capacitor 5 is C 3
V2/2 (C is capacitance of the smoothing capacitor 5, and
V is the charged voltage), the charged voltage V is equal
to or lower than the voltage of the storage battery 6. In
order to activate the induction generator 2, it is necessary
that the capacitance C of the smoothing capacitor 5 be
sufficiently large in the first embodiment illustrated in Fig.
1. In the second embodiment illustrated in Fig. 3, on the
other hand, the charged voltage V of the smoothing ca-
pacitor 5 can be freely set. Thus, even if the capacitance
C of the smoothing capacitor 5 is small, energy that is
sufficient to activate the induction generator 2 can be
stored in the smoothing capacitor 5.
[0024] In the circuit of the second embodiment illus-
trated in Fig. 2, the higher the ratio of the numbers of
turns of the coils in the transformer 10, the higher energy
can be  stored in the smoothing capacitor 5. When the
smoothing capacitor 5 is charged so that the energy
stored in the smoothing capacitor 5 is equal to or higher
than the sum of energy necessary to activate the engine
1 and energy necessary to activate the induction gener-
ator 2, the induction generator 2 can be driven by the
smoothing capacitor 5 during stop of the engine 1, and
the engine can be activated. As a result, a starter motor
for activating the engine 1 is not required. Thus, the sys-
tem can be simplified, and the traction system that is
reliable can be provided.

Third Embodiment

[0025] Fig. 4 is a diagram illustrating a railway vehicle
traction system according to the third embodiment of the
invention.
[0026] In the traction system illustrated in Fig. 4, an
output of the transformer 10 is connected to an alternat-
ing-current input end of the power converter 3. The power
converter 3 has a rectifying function that rectifies the out-
put of the transformer 10 and achieves the charging of
the smoothing capacitor 5. Thus, the rectifier 8 that is
required in the second embodiment illustrated in Fig. 3
can be omitted.
[0027] During the charging of the smoothing capacitor
5 by the storage battery 6, a contactor 17 is open and a
contactor 18 is closed. During a time period other than
the charging, the contactor 17 is closed and the contactor
18 is open. The sequence of the charging is the same
as the second embodiment illustrated in Fig. 3 except for
the operations of the contactors 17 and 18. According to
the third embodiment, since the rectifier 8 can be omitted,
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the traction system can be provided, which is smaller,
lighter, and more reliable than the second embodiment
illustrated in Fig. 2.

Claims

1. A railway vehicle traction system comprising:

an engine;
an induction generator that is driven by the en-
gine;
a first power converter that converts alternating-
current power output from the induction gener-
ator into direct-current power;
a smoothing capacitor that smoothes the direct-
current power output from the first power con-
verter;
a second power converter that converts the di-
rect-current power output from the smoothing
capacitor serving as a direct-current voltage
source into alternating-current power and drives
an electric motor;
storage battery means for supplying power to
an on-vehicle control device; and
a contactor that is connected between the stor-
age battery means and the smoothing capacitor,
wherein the contactor is closed, the smoothing
capacitor is charged by the storage battery
means, and a current is supplied to the induction
generator in order to start an operation of gen-
erating power using power charged in the
smoothing capacitor.

2. The railway vehicle traction system according to
claim 1, further comprising:

a third power converter that is connected be-
tween the smoothing capacitor and the storage
battery means, the converter converting a volt-
age of the storage battery means into an alter-
nating-current voltage;
a transformer that receives the alternating-cur-
rent voltage from the third power converter on a
primary side; and
a rectifier that rectifies an alternating-current
voltage of the transformer on a secondary side
and supplies the alternating-current voltage to
the smoothing capacitor,
wherein the smoothing capacitor is charged by
the storage battery means through the third pow-
er converter, the transformer, and the rectifier.

3. The railway vehicle traction system according to
claim 2,
wherein the number of turns of a coil on the second-
ary side is larger than that on the primary side in the
transformer.

4. The railway vehicle traction system according to
claim 2 or 3,
wherein the engine is activated by causing the first
power converter to drive the induction generator us-
ing the power charged in the smoothing capacitor.

5. The railway vehicle traction system according to
claim 1, further comprising:

a third power converter that converts a voltage
of the storage battery means into an alternating-
current voltage; and
a transformer that receives the alternating-cur-
rent voltage output from the third power convert-
er on a primary side,
wherein a secondary-side output of the trans-
former is connected to an alternating-current in-
put end of the first converter, an alternating-cur-
rent voltage output from the transformer is rec-
tified by the first power converter, and the
smoothing capacitor is charged by the storage
battery means.

6. The railway vehicle traction system according to
claim 5,
wherein the number of turns of a coil on the second-
ary side is larger than that on the primary side in the
transformer.

7. The railway vehicle traction system according to
claim 5 or 6,
wherein the engine is activated by causing the first
power converter to drive the induction generator us-
ing the power charged in the smoothing capacitor.

8. A railway vehicle having the traction system accord-
ing to any one of the previous claims.
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