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[Title of Invention]
POWER CONVERSION SYSTEM
[Field]

[0001]

Embodiments described herein relate generally to a
power conversion system.

[Background Art]

[0002]

There is a power conversion system controlling a power
flow between a direct current circuit, an alternating current
circuit, and an electrical storage part (e.g., see Patent
Literature 1 and 2). For example, the power conversion
system is used in an electric railway power system, a solar
power generation system, or the like.

[0003]

For example, in an electric railway power system,
alternating current power of an alternating current power
system is converted into direct current power, and direct
current power is supplied to a direct current feed system. Also,
when a vehicle regenerates, the regenerative power is stored in
an electrical storage part; when the vehicle is being powered,
the direct current power that is stored in the electrical storage
part is supplied to the direct current feed system. Thereby, the
effective use of the regenerative power can be realized, the
reverse power flow into the alternating current power system
can be prevented, and voltage fluctuation and the like can be
suppressed.

[0004]

For example, in a solar power generation system, the
direct current power that is generated by a solar cell is
converted into alternating current power, and the alternating
current power is supplied to an alternating current power
system and/or an alternating current load. Also, the excess
direct current power is stored in an electrical storage part, and
when the demand of the alternating current load increases, etc.,
the direct current power that is stored in the electrical storage
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part is converted into alternating current power and supplied to
the alternating current load or the like. Thereby, the
unbalance between the generated power and the demand power
can be suppressed while maximizing the generated power
amount.

[0005]

A conventional power conversion system includes
multiple power converters including a power converter
controlling the power flow between the direct current circuit and
the alternating current circuit, a power converter controlling the
power flow between the direct current circuit and the electrical
storage part, or a power converter controlling the power flow
between the alternating current circuit and the electrical
storage part. For example, a power conversion system
according to Patent Literature 1 and 2 includes the multiple
power converters of a power converter controlling the power
flow between the direct current circuit and the alternating
current circuit and a power converter controlling the power flow
between the direct current circuit and the electrical storage
part; to control the power flow between the alternating current
circuit and the electrical storage part, it is necessary to go
through the multiple power converters. Thus, to control the
power flow between the direct current circuit, the alternating
current circuit, and the electrical storage part in three directions,
it is necessary to include multiple power converters, which may
cause a larger size of the device and a cost increase.
Therefore, in the power conversion system, it is desirable to use
a simpler configuration and to suppress the size increase of the
device and the cost increase.

[Prior Art Documents]

[Patent Documents]

[0006]

[Patent Document 1]

Japanese Patent No. 5398433

[Patent Document 2]

Japanese Patent No. 3934518



[Summary of Invention]
[Problem to be Solved by the Invention]

[0007]

An embodiment of the invention provides a power conversion system having
a simple configuration.

[Means for Solving the Problem]

[0008]

According to an embodiment of the invention, a power conversion system
including a main circuit and a control circuit is provided. The main circuit includes
a power converter and an electrical storage part. The power converter includes a
pair of direct current terminals connected to a direct current circuit, multiple
alternating current terminals connected to an alternating current circuit, multiple
switching elements having a full-bridge connection, and multiple rectifying
elements connected in anti-parallel respectively to the multiple switching elements.
The electrical storage part is connected to each of the multiple alternating current
terminals via multiple reactors and is connected to one of the pair of direct current
terminals. The control circuit controls, by an ON/OFF of the multiple switching
elements, a power flow in three directions between the direct current circuit, the
alternating current circuit, and the electrical storage part. The control circuit is
configured to control the power flow in the three directions between the direct
current circuit, the alternating current circuit, and the electrical storage part by
controlling an alternating current terminal voltage of the power converter to
independently track target values of each of a direct current power of the electrical
storage part and a positive-phase power of the alternating current circuit.

[Effects of the Invention]

[0009]

According to an embodiment of the invention, a power conversion system
that has a simple configuration is provided.

[Brief Description of Drawings]

[0010]

[Fig. 1]

FIG. 1 is a block diagram schematically illustrating a power conversion

system according to a first embodiment.
[Fig. 2]
FIG. 2 is a block diagram schematically illustrating an example of the control

circuit according to the first embodiment.
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[Fig. 3]

FIG. 3A to FIG. 3D are graphs schematically illustrating
an example of simulation results of the power conversion
system according to the first embodiment.

[Fig. 4]

FIG. 4A to FIG. 4E are graphs schematically illustrating
an example of simulation results of the power conversion
system according to the first embodiment.

[Fig. 5]

FIG. 5 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

[Fig. 6]

FIG. 6 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

[Fig. 7]

FIG. 7 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

[Fig. 8]

FIG. 8 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

[Fig. 9]

FIG. 9 is a block diagram schematically illustrating a
power conversion system according to a second embodiment.
[Fig. 10]

FIG. 10 is a block diagram schematically illustrating a
power conversion system according to a third embodiment.
[Description of Embodiments]

[0011]

Embodiments will now be described with reference to the
drawings.

In the specification and drawings, components similar to
those described previously or illustrated in an antecedent
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drawing are marked with the same reference numerals, and a
detailed description is omitted as appropriate.

[0012]

(First embodiment)

FIG. 1 is a block diagram schematically illustrating a
power conversion system according to a first embodiment.

As illustrated in FIG. 1, the power conversion system 10
includes a main circuit 12 and a control circuit 14. The main
circuit 12 includes a power converter 20 and an electrical
storage part 22.

[0013]

The power converter 20 includes a pair of direct current
terminals 20a and 20b and multiple alternating current
terminals 20r, 20s, and 20t. The power converter 20 is
connected to a direct current circuit 2 via the direct current
terminals 20a and 20b. Also, the power converter 20 is
connected to an alternating current circuit 4 via the alternating
current terminals 20r, 20s, and 20t. In the example, the
power converter 20 is connected to the alternating current
circuit 4 via a transformer 24. The transformer 24 is provided
between the power converter 20 and the alternating current
circuit 4. Here, for simplification, the transformation ratio of
the transformer 24 is taken to be 1. Although the transformer
24 may be provided as necessary, the transformer 24 may be
replaced with an alternating current reactor.

[0014]

The direct current circuit 2 is, for example, a direct
current power system such as a direct current feed system used
in an electric railway, etc., a direct current power generation
component such as a solar cell system, etc. The direct current
terminal 20a is connected to the high potential side of the direct
current circuit 2. The direct current terminal 20b is connected
to the low potential side of the direct current circuit 2. In other
words, the direct current terminal 20a is a high-potential direct
current terminal; in other words, the direct current terminal 20b
is a low-potential direct current terminal.
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[0015]

The alternating current circuit 4 is, for example, an
alternating current power system. The alternating current
circuit 4 may be, for example, an alternating current load such
as an induction motor, etc. In the example, the alternating
current power of the alternating current circuit 4 is three-phase
alternating current power. Accordingly, the power converter 20
includes the three alternating current terminals 20r, 20s, and
20t. The alternating current power of the alternating current
circuit 4 may be single-phase alternating current power. In
such a case, there may be two alternating current terminals
provided in the power converter 20.

[0016]

The electrical storage part 22 includes a positive pole 22a
and a negative pole 22b. The positive pole 22a of the electrical
storage part 22 is connected to the alternating current
terminals 20r, 20s, and 20t via reactors 26r, 26s, and 26t. The
negative pole 22b of the electrical storage part 22 is connected
to the direct current terminal 20b at the low potential side of
the power converter 20. For example, a secondary cell, a
capacitor, etc., are used in the electrical storage part 22.

[0017]

The power converter 20 includes the multiple switching
elements 30u, 30v, 30w, 30x, 30y, and 30z having a full-bridge
connection, and multiple rectifying elements 32u, 32v, 32w, 32X,
32y, and 32z connected in anti-parallel respectively to the
switching elements 30u, 30v, 30w, 30x, 30y, and 30z.

[0018]

In the example, the power converter 20 includes the six
switching elements 30u, 30v, 30w, 30x, 30y, and 30z having a
three-phase bridge connection, and the six rectifying elements
32u, 32v, 32w, 32x, 32y, and 32z. In the example, the power
converter 20 is a so-called three-phase inverter.

[0019]

The switching elements 30u, 30v, 30w, 30x, 30y, and
30z each include a pair of major terminals and a control
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terminal. The switching elements 30u, 30v, 30w, 30x, 30y,
and 30z each control a current flowing between the major
terminals due to a signal (a voltage) input to the control
terminal. In other words, an ON-state in which a current flows
between the major terminals and an OFF-state in which a
current substantially does not flow between the major terminals
are switched. The control terminal is a so-called gate terminal.

[0020]

For example, self arc-extinguishing type switching
elements are used as the switching elements 30u, 30v, 30w,
30x, 30y, and 30z. The switching elements 30u, 30v, 30w, 30x,
30y, and 30z are, for example, IGBTs (Insulated Gate Bipolar
Transistors). The switching elements 30u, 30v, 30w, 30x, 30y,
and 30z may be other self arc-extinguishing type switching
elements.

[0021]

For example, diodes are used as the rectifying elements
32u, 32v, 32w, 32x, 32y, and 32z. The rectifying elements
32u, 32v, 32w, 32X, 32y, and 32z are so-called reflux diodes.

[0022]

For example, the power converter 20 generates
three-phase balanced alternating current voltage and transfers
the electrical power to the alternating current circuit 4. Also,
the power converter 20 causes each of the alternating current
terminals 20r, 20s, and 20t to generate direct current voltages
having substantially equal magnitudes, and transfers the direct
current power to the electrical storage part 22. When viewed
from the three-phase alternating current system (the
alternating current circuit 4), the direct current power is
zero-phase power. Also, the direct current voltage that is
generated by the power converter 20 is a zero-phase
component and does not affect the alternating current circuit 4
when the transformer 24 is interposed.

[0023]

In the main circuit 12 thus configured, the power flow
between the direct current circuit 2 and the alternating current
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circuit 4 and the power flow between the direct current circuit 2
and the electrical storage part 22 can be controlled
independently in two directions by independently controlling the
positive-phase power and the direct current power by the
ON/OFF of the switching elements 30u, 30v, 30w, 30x, 30y, and
30z. Accordingly, by appropriately adjusting the distribution of
the power flows, the power flow between the direct current
circuit 2, the alternating current circuit 4, and the electrical
storage part 22 can be controlled in three directions by one set
of the power converter 20.

[0024]

The main circuit 12 further includes a voltage sensor 40,
a current sensor 41, voltage sensors 42r, 42s, and 42t, current
sensors 43r, 43s, and 43t, a voltage sensor 44, and a current
sensor 45.

[0025]

The voltage sensor 40 detects a direct current voltage Vd
of the direct current circuit 2 and inputs the detection result to
the control circuit 14. In other words, the voltage sensor 40
detects the direct current voltage between the direct current
terminals 20a and 20b.

[0026]

The current sensor 41 detects a direct current Id of the
direct current circuit 2 and inputs the detection result to the
control circuit 14. In other words, the current sensor 41
detects the direct current flowing between the direct current
terminals 20a and 20b.

[0027]

The voltage sensors 42r, 42s, and 42t detect an
alternating current voltage Va of the alternating current circuit
4 and input the detection result to the control circuit 14. More
specifically, the phase voltages of the phases of the alternating
current circuit 4 are detected. In other words, the voltage
sensors 42r, 42s, and 42t indirectly detect the voltages of the
alternating current terminals 20r, 20s, and 20t.

[0028]
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The current sensors 43r, 43s, and 43t detect an
alternating current Ia of the alternating current circuit 4 and
input the detection result to the control circuit 14. More
specifically, the phase currents of the phases of the alternating
current circuit 4 are detected. In other words, the current
sensors 43r, 43s, and 43t indirectly detect the current flowing
in the alternating current terminals 20r, 20s, and 20t.

[0029]

In the example, the voltage sensors 42r, 42s, and 42t
and the current sensors 43r, 43s, and 43t are provided at the
alternating current circuit 4 side of the transformer 24. The
current sensors 43r, 43s, and 43t may be provided at the power
converter 20 side of the transformer 24.

[0030]

The voltage sensor 44 detects a direct current voltage Vb
of the electrical storage part 22 and inputs the detection result
to the control circuit 14. The current sensor 45 detects a direct
current Ib flowing in the electrical storage part 22 and inputs
the detection result to the control circuit 14.

[0031]

The control circuit 14 is connected to the control
terminals of the switching elements 30u, 30v, 30w, 30x, 30y,
and 30z via not-illustrated signal lines. The control circuit 14
controls the ON/OFF of the switching elements 30u, 30v, 30w,
30x, 30y, and 30z based on the detection results of the voltage
sensors 40, 42r, 42s, 42t, and 44 and the current sensors 41,
43r, 43s, 43t, and 45. Thereby, as described above, the
control circuit 14 arbitrarily controls the power flow in the three
directions between the direct current circuit 2, the alternating
current circuit 4, and the electrical storage part 22.

[0032]

FIG. 2 is a block diagram schematically illustrating an
example of the control circuit according to the first
embodiment.

As illustrated in FIG. 2, the control circuit 14 includes an
electrical storage part power detection circuit 50, a power
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control circuit (APR) 51, an adder 52, an alternating current
positive-phase power detection circuit 53, a power control
circuit (APR) 54, a dq reverse conversion circuit (dgq?') 55,
adders 56 and 57, and a three-phase PWM controller 58.

[0033]

The detected value of the direct current voltage Vb of the
electrical storage part 22 detected by the voltage sensor 44 and
the detected value of the direct current Ib of the electrical
storage part 22 detected by the current sensor 45 are input to
the electrical storage part power detection circuit 50. The
electrical storage part power detection circuit 50 calculates a
direct current power Pb of the electrical storage part 22 based
on the detected values that are input and inputs the calculation
result to the power control circuit 51.

[0034]

The three-phase sum of the instantaneous value of a
current Ir flowing in the reactors 26r, 26s, and 26t is
substantially equal to the direct current Ib. Accordingly, the
direct current power Pb may be calculated from the direct
current voltage Vb and the three-phase sum of the
instantaneous value of the current Ir of the reactors 26r, 26s,
and 26t. Also, the three-phase sum of the instantaneous value
of an alternating current output current Ic of the power
converter 20 is substantially equal to the direct current Ib.
Accordingly, the direct current power Pb may be calculated from
the direct current voltage Vb and the three-phase sum of the
instantaneous value of the alternating current output current Ic
of the power converter 20. Also, the direct current power Pb
may be calculated by calculating the direct current circuit power
from the direct current voltage Vd and the direct current Id and
by subtracting the alternating current positive-phase active
power detected value from the direct current circuit power.

[0035]

The calculation result of the direct current power Pb of
the electrical storage part 22 is input to the power control
circuit 51, and an electrical storage part direct current power
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target value Pbref is input to the power control circuit 51.
Based on the direct current power Pb and the electrical storage
part direct current power target value Pbref that are input, the
power control circuit 51 calculates direct current-portion
correction values of the alternating current terminal voltages of
the power converter 20 for causing the direct current power Pb
to approach the electrical storage part direct current power
target value Pbref, and inputs the calculation result to the adder
52.

[0036]

The direct current-portion correction values of the
alternating current terminal voltages of the power converter 20
is input to the adder 52, and the detected value of the direct
current voltage Vb is input to the adder 52. By adding the
correction value to the detected value of the direct current
voltage Vb, the adder 52 generates a direct current voltage
control signal and inputs the generated direct current voltage
control signal to the adder 57.

[0037]

The detected value of the alternating current voltage Va
of the phases detected by the voltage sensors 42r, 42s, and 42t
and the detected value of the alternating current Ia of the
phases detected by the current sensors 43r, 43s, and 43t are
input to the alternating current positive-phase power detection
circuit 53. Based on the detected value of the alternating
current voltage Va of the phases and the detected value of the
alternating current Ia of the phases that are input, the
alternating current positive-phase power detection circuit 53
calculates a reactive power Qa and an active power Pa of the
positive-phase power of the alternating current circuit 4 and
inputs the calculation result to the power control circuit 54.

[0038]

The alternating current Ia may be an alternating current
winding current or may be a direct current winding current of
the transformer. Also, for example, the reactive power Qa and
the active power Pa of the positive-phase power of the
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alternating current circuit 4 may be calculated based on the
alternating current output current Ic of the power converter 20
and the alternating current voltage Va of the phases. Although
the direct current is superimposed onto the alternating current
output current Ic, the direct current can be removed by the
alternating current positive-phase power detection circuit 53.

[0039]

The active power Pa and the reactive power Qa that are
calculated are input to the power control circuit 54, and a
reactive power target value Qaref and an active power target
value Paref of the alternating current positive-phase power of
the alternating current circuit 4 are input to the power control
circuit 54.

[0040]

Based on the active power Pa and the active power
target value Paref that are input, the power control circuit 54
calculates a g-axis voltage component correction value for
causing the active power Pa to approach the active power target
value Paref, and inputs the calculated correction value to the dq
reverse conversion circuit 55.

[0041]

Similarly, based on the reactive power Qa and the
reactive power target value Qaref that are input, the power
control circuit 54 calculates a d-axis voltage component
correction value for causing the reactive power Qa to approach
the reactive power target value Qaref, and inputs the calculated
correction value to the dq reverse conversion circuit 55.

[0042]

The correction values are input to the dq reverse
conversion circuit 55, and the phase information of the phases
of the alternating current voltage Va is input to the dq reverse
conversion circuit 55. Based on the correction values and the
phase information that are input, the dg reverse conversion
circuit 55 calculates alternating current-portion correction
values of the alternating current terminal voltages of the power
converter 20 for causing the active power and the reactive
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power to approach the target values, and inputs the calculated
correction values to the adder 56.

[0043]

The alternating current-portion correction values of the
alternating current terminal voltages of the power converter 20
are input to the adder 56, and the detected value of the
alternating current voltage Va of the phases detected by the
voltage sensors 42r, 42s, and 42t is input to the adder 56. By
adding the correction values of the phases corresponding
respectively to the detected value of the alternating current
voltage Va of the phases, the adder 56 generates a three-phase
alternating current voltage control signal and inputs the
generated three-phase alternating current voltage control signal
to an adder 57.

[0044]

The adder 57 adds the direct current voltage control
signal to the three-phase alternating current voltage control
signal and inputs the voltage control signals of the phases after
the addition to the three-phase PWM controller 58.

[0045]

From the input voltage control signals, the three-phase
PWM controller 58 generates the control signals of the switching
elements 30u, 30v, 30w, 30x, 30y, and 30z of the power
converter 20 and inputs the generated control signals to the
control terminals of the switching elements 30u, 30v, 30w, 30x,
30y, and 30z. Thereby, the control circuit 14 controls the
ON/OFF of the switching elements 30u, 30v, 30w, 30x, 30y, and
30z.

[0046]

Thus, the control circuit 14 controls the alternating
current terminal voltages of the power converter 20 to cause
the direct current power Pb of the electrical storage part 22 and
the positive-phase power of the alternating current circuit 4 to
independently track their target values. Here, the alternating
current-side direct current power of the power converter 20 is a
zero-phase portion for the alternating current circuit 4 and is a
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power flow between the electrical storage part 22 without
substantially affecting the alternating current circuit 4. On the
other hand, the alternating current-side positive-phase power of
the power converter 20 is a power flow between the alternating
current circuit 4 without substantially affecting the electrical
storage part 22 used as a zero-phase circuit. Accordingly, by
one set of the power converter 20, it is possible to
independently control the power flow between the alternating
current circuit 4 and the power flow between the electrical
storage part 22. The sum of the direct current power Pb of the
electrical storage part 22 and the positive-phase power of the
alternating current circuit 4 is substantially equal to the direct
current power of the direct current circuit 2. Accordingly, by
appropriately adjusting the distribution between the direct
current power Pb of the electrical storage part 22 and the
positive-phase power of the alternating current circuit 4, the
power flow between the direct current circuit 2, the alternating
current circuit 4, and the electrical storage part 22 can be
arbitrarily controlled in three directions. The configuration of
the control circuit 14 is not limited to the configuration recited
above, and it is sufficient to be appropriately selected according
to the configuration of the main circuit 12, etc.

[0047]

FIG. 3A to FIG. 3D and FIG. 4A to FIG. 4E are graphs
schematically illustrating an example of simulation results of the
power conversion system according to the first embodiment.

The vertical axis of FIG. 3A is the alternating current
voltage Va of the phases of the alternating current circuit 4.
The vertical axis of FIG. 3B is the alternating current Ia of the
phases of the alternating current circuit 4.

The vertical axis of FIG. 3C is the current Ir of the
reactors 26r, 26s, and 26t.

The vertical axis of FIG. 3D is the alternating current
output current Ic of the power converter 20.

The vertical axis of FIG. 4A is the direct current Ib of the
electrical storage part 22 and the direct current Id of the direct
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current circuit 2.

The vertical axis of FIG. 4B is the direct current voltage
Vb of the electrical storage part 22 and the direct current
voltage Vd of the direct current circuit 2.

The vertical axis of FIG. 4C is the alternating current
positive-phase power.

The vertical axis of FIG. 4D is the direct current power of
the electrical storage part 22.

The vertical axis of FIG. 4E is the direct current power of
the direct current circuit 2.

In each of FIG. 3A to FIG. 3D and FIG. 4A to FIG. 4E, the
horizontal axis is time.

Also, the polarities of the current and the voltage in the
simulation are according to FIG. 1.

[0048]

In the simulation, in the period of 1.2 seconds to 1.3
seconds, 250 kW is discharged from the electrical storage part
22, and 250 kW is output to the alternating current circuit 4
side. The electrical power of the direct current circuit 2 is
substantially zero in this period.

Also, in the period of 1.4 seconds to 1.5 seconds, 500 kW
is input from the direct current circuit 2, 250 kW is charged to
the electrical storage part 22, and 250 kW is output to the
alternating current circuit 4.

Also, in the period of 1.6 seconds to 1.7 seconds, 250 kW
is input from the alternating current circuit 4, and 250 kW is
charged to the electrical storage part 22. The electrical power
of the direct current circuit 2 is substantially zero in this period.
Then, in the period of 1.8 seconds to 1.9 seconds, 250 kW is
input from the alternating current circuit 4, 250 kW is
discharged from the electrical storage part 22, and 500 kW is
output to the direct current circuit 2.

[0049]

In the simulation as illustrated in FIG. 3A to FIG. 3D and
FIG. 4A to FIG. 4E, it can be seen that the alternating current
positive-phase power and the direct current power of the
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electrical storage part 22 independently track their target
values, and the power flow between the direct current circuit 2,
the alternating current circuit 4, and the electrical storage part
22 can be controlled in three directions.

[0050]

Thus, by one set of the power converter 20 in the power
conversion system 10 according to the embodiment, the power
flow between the direct current circuit 2, the alternating current
circuit 4, and the electrical storage part 22 can be controlled in
three directions. Accordingly, in the power conversion system
10, for example, compared to the case where two sets of
converters are used, one set of the converters can be omitted,
and the configuration can be simple. In the power conversion
system 10, for example, compared to the case where two sets
of converters are used, the device can be downsized. In the
power conversion system 10, for example, the manufacturing
cost can be reduced.

[0051]

FIG. 5 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

In the power conversion system 10a as illustrated in FIG.
5, the power converter 20 includes two alternating current
terminals 20c and 20d, four switching elements 30a to 30d, and
four rectifying elements 32a to 32d. Only the main circuit 12 is
illustrated for convenience in FIG. 5. Also, components that
are substantially the same functionally and configurationally as
those of the embodiments recited above are marked with the
same reference numerals, and a detailed description is omitted.

[0052]

The switching elements 30a to 30d have a full-bridge
connection. The rectifying elements 32a to 32d are connected
in anti-parallel to the switching elements 30a to 30d. Also, in
the power converter 20, the connection point of the switching
elements 30a and 30c connected in series is one alternating
current terminal 20c; the connection point of the switching
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elements 30b and 30d connected in series is the other
alternating current terminal 20d. In other words, in the
example, the power converter 20 is a so-called single-phase
inverter. In the example, the alternating current power of the
alternating current circuit 4 is single-phase alternating current
power. Thus, the alternating current power of the alternating
current circuit 4 and the power converter 20 may be
single-phase alternating current power.

[0053]

FIG. 6 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

In the power conversion system 10b as illustrated in FIG.
6, the main circuit 12 includes the multiple power converters 20
and the multiple electrical storage parts 22. The electrical
storage parts 22 are connected to the alternating current
terminals 20r, 20s, and 20t of each of the power converters 20
via the reactors 26r, 26s, and 26t. Also, in the power
conversion system 10b, the transformer 24 provides a parallel
multiple connection of the power converters 20 to the
alternating current circuit 4.

[0054]

Thus, the multiple power converters 20 and the multiple
electrical storage parts 22 may be provided, and the power
converters 20 may have a parallel multiple connection to the
alternating current circuit 4. Thereby, for example, the output
of the power conversion system 10b can be increased while
reducing the rated voltage or the rated current of the switching
elements. Also, the harmonics outflowing to the alternating
current circuit 4 can be reduced by improving the equivalent
switching frequency.

[0055]

In the example, by using a three-phase three-winding
transformer as the transformer 24, the power converters 20
have a parallel multiple connection to the alternating current
circuit 4. This is not limited thereto; for example, the power
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converters 20 may have a parallel multiple connection to the
alternating current circuit 4 by using two sets of three-phase
two-winding transformers as the three-phase three-winding
transformer. The configuration of the transformer 24 may be
any configuration capable of providing a parallel multiple
connection of the power converters 20 to the alternating current
circuit 4.

[0056]

FIG. 7 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

In the power conversion system 10c as illustrated in FIG.
7, the transformer 24 provides a series multiple connection of
the power converters 20 to the alternating current circuit 4.
Thus, when the multiple power converters 20 and the multiple
electrical storage parts 22 are provided, the power converters
20 may have a series multiple connection to the alternating
current circuit 4. In such a case, the configuration of the
transformer 24 may be any configuration capable of providing a
series multiple connection of the power converters 20 to the
alternating current circuit 4.

[0057]

In the power conversion system 10b and the power
conversion system 10c, two sets of the power converters 20
have a multiple connection to the alternating current circuit 4.
The number of the power converters 20 having the multiple
connection to the alternating current circuit 4 is not limited to
two and may be three or more.

[0058]

In the power conversion system 10b and the power
conversion system 10c, the power converters 20 are connected
to one direct current circuit 2. In other words, the direct
current terminals 20a and 20b of the power converters 20 are
connected in parallel. This is not limited thereto; for example,
multiple direct current circuits 2 may be connected to each of
the multiple power converters 20. In the power conversion
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system 10b and the power conversion system 10c, the power
flow between the multiple direct current circuits 2, the
alternating current circuit 4, and the multiple electrical storage
parts 22 may be able to be controlled arbitrarily.

[0059]

FIG. 8 is a block diagram schematically illustrating a
modification of the power conversion system according to the
first embodiment.

In the power conversion system 10d as illustrated in FIG.
8, the negative pole 22b of the electrical storage part 22 is
connected to the alternating current terminals 20r, 20s, and 20t
via the reactors 26r, 26s, and 26t. Also, the positive pole 22a
of the electrical storage part 22 is connected to the direct
current terminal 20a at the high potential side of the power
converter 20.

[0060]

Thus, the electrical storage part 22 may be connected
between the alternating current terminals 20r, 20s, and 20t and
the direct current terminal 20a at the high potential side of the
power converter 20, or may be connected between the
alternating current terminals 20r, 20s, and 20t and the direct
current terminal 20b at the low potential side of the power
converter 20.

[0061]

(Second embodiment)

FIG. 9 is a block diagram schematically illustrating a
power conversion system according to a second embodiment.

In the power conversion system 100 as illustrated in FIG.
9, the transformer 24 includes three primary windings 24r, 24s,
and 24t corresponding to the phases of the alternating current
circuit 4, and includes three secondary windings 24u, 24v, and
24w magnetically coupled respectively with the primary
windings 24r, 24s, and 24t. In the example, transformer 24 is
a so-called three-phase transformer. In FIG. 9, the control
circuit 14, etc., are not illustrated for convenience.

[0062]
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The power converter 20 includes the three alternating
current terminals 20r, 20s, and 20t corresponding to the phases
of the alternating current circuit 4. The transformer 24 is
provided between the power converter 20 and the alternating
current circuit 4. One end of each of primary windings 24r, 24s,
and 24t is connected respectively to the alternating current
terminals 20r, 20s, and 20t. The other end of each of the
primary windings 24r, 24s, and 24t is connected to the positive
pole 22a of the electrical storage part 22. In other words, in
the transformer 24 of the example, the primary windings 24r,
24s, and 24t have a Y-connection, and are connected
respectively to the alternating current terminals 20r, 20s, and
20t; the neutral point of the primary windings 24r, 24s, and 24t
is connected to the positive pole 22a of the electrical storage
part 22.

[0063]

The secondary windings 24u, 24v, and 24w have a
A-connection and are connected to the alternating current
circuit 4. The connection points of the secondary windings 24u,
24v, and 24w having the A-connection are connected to the
phases of the alternating current circuit 4.

[0064]

Thus, in the power conversion system 100 according to
the embodiment, the primary windings 24r, 24s, and 24t of the
transformer 24 having the Y-connection are used as the
reactors. Thereby, in the power conversion system 100, the
reactors 26r, 26s, and 26t can be omitted, and the
configuration can be simpler compared to the power conversion
system 10 of the first embodiment recited above. For example,
the device can be smaller, and the manufacturing cost can be
reduced further.

[0065]

A parallel multiple configuration or a series multiple
configuration of the multiple power converters 20 and the
multiple electrical storage parts 22 also is possible in the
configuration of the power conversion system 100.



10

15

20

25

30

35

21

[0066]

(Third embodiment)

FIG. 10 is a block diagram schematically illustrating a
power conversion system according to a third embodiment.

In the power conversion system 110 as illustrated in FIG.
10, the main circuit 12 further includes a core 28. The control
circuit 14, etc., are not illustrated for convenience in FIG. 10.

[0067]

The core 28 is used commonly in the reactors 26r, 26s,
and 26t. The reactors 26r, 26s, and 26t each are wound
around the core 28. For example, a magnetic material such as
iron or the like is used as the core 28. The core 28 is a
so-called iron core. In other words, in the example, the
reactors 26r, 26s, and 26t are iron-core three-phase reactors.

[0068]

Thus, the power conversion system 110 according to the
embodiment has a three-phase configuration in which the core
of the three reactors 26r, 26s, and 26t is shared. Thereby, the
positive-phase impedance can be greater than the zero-phase
impedance for the reactors 26r, 26s, and 26t. It is favorable
for the positive-phase impedance to be, for example, about 10
times (not less than 5 times and not more than 20 times) the
zero-phase impedance for the reactors 26r, 26s, and 26t.

[0069]

A thee-phase alternating current (a reactive power
component) flows in the reactors 26r, 26s, and 26t because the
power converter 20 outputs a three-phase alternating current
voltage. On the other hand, the current of the electrical
storage part 22 is the zero-phase component. For example, by
setting the zero-phase impedance of the reactors 26r, 26s, and
26t having the three-phase configuration to the same value as
the power conversion system 10 of the first embodiment and by
setting the positive-phase impedance to 10 times the
zero-phase impedance, the alternating current of the reactors
26r, 26s, and 26t can be reduced to 1/10 of that of the first
embodiment while maintaining the direct current of the
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electrical storage part 22 at substantially the same value as
that of the first embodiment. The reactive power output of the
power converter 20 can be suppressed thereby, and the device
capacity can be reduced.

[0070]

It is possible to provide a parallel multiple configuration
or a series multiple configuration of the multiple power
converters 20 and the multiple electrical storage parts 22 in the
configuration of the power conversion system 110 as well. Also,
in the configuration of the power conversion system 110, the
alternating current power of the alternating current circuit 4
may be single-phase alternating current power. The power
converter 20 may be a single-phase inverter.

[0071]

According to the embodiments, a power conversion
system that has a simple configuration is provided.

[0072]

Hereinabove, embodiments of the invention are described
with reference to specific examples. However, the
embodiments of the invention are not limited to these specific
examples. For example, one skilled in the art may similarly
practice the invention by appropriately selecting specific
configurations of components such as the main circuit, the
control circuit, the power converter, the electrical storage part,
the direct current terminal, the alternating current terminal, the
switching element, the rectifying element, the reactor, the
positive pole, the negative pole, the transformer, the primary
winding, the secondary winding, the core, etc., included in the
power conversion system from known art; and such practice is
within the scope of the invention to the extent that similar
effects can be obtained.

Also, combinations of any two or more components of the
specific examples within the extent of technical feasibility also
are within the scope of the invention to the extent that the
spirit of the invention is included.

[0073]
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Furthermore, all power conversion systems practicable by
an appropriate design modification by one skilled in the art
based on the power conversion systems described above as
embodiments of the invention also are within the scope of the
invention to the extent that the spirit of the invention is
included.

[0074]

Moreover, various modifications and alterations within
the spirit of the invention will be readily apparent to those
skilled in the art, and all such modifications and alterations
should be seen as being within the scope of the invention.

[0075]

While certain embodiments have been described, these
embodiments have been presented by way of example only, and
are not intended to limit the scope of the inventions. Indeed,
the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions,
substitutions and changes in the form of the embodiments
described herein may be made without departing from the spirit
of the inventions. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall within the scope and spirit of the invention.
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CLAIMS

[Claim 1]

A power conversion system, comprising:

a main circuit including

a power converter including a pair of direct current
terminals, a plurality of alternating current terminals, a plurality
of switching elements having a full-bridge connection, and a
plurality of rectifying elements connected in anti-parallel
respectively to the plurality of switching elements, the pair of
direct current terminals being connected to a direct current circuit,
the plurality of alternating current terminals being connected to
an alternating current circuit, and
an electrical storage part connected to each of the

plurality of alternating current terminals via a plurality of reactors
and connected to one of the pair of direct current terminals; and

a control circuit controlling, by an ON/OFF of the plurality
of switching elements, a power flow in three directions between
the direct current circuit, the alternating current circuit, and the
electrical storage part,

the control circuit being configured to control the power
flow in the three directions between the direct current circuit, the
alternating current circuit, and the electrical storage part by
controlling an alternating current terminal voltage of the power
converter to independently track target values of each of a direct
current power of the electrical storage part and a positive-phase
power of the alternating current circuit.

[Claim 2]
The power conversion system according to claim 1,
wherein
the main circuit includes:
a plurality of the power converters;
a plurality of the electrical storage parts connected
to the plurality of alternating current terminals of each of the
plurality of power converters via the plurality of reactors; and
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a transformer providing a parallel multiple
connection of the plurality of power converters to the alternating
current circuit.

[Claim 3]

The power conversion system according to claim 1,
wherein

the main circuit includes:

a plurality of the power converters;

a plurality of the electrical storage parts connected
to the plurality of alternating current terminals of each of the
plurality of power converters via the plurality of reactors; and

a transformer providing a series multiple
connection of the plurality of power converters to the alternating
current circuit.

[Claim 4]

The power conversion system according to claim 1,
wherein

an alternating current power of the alternating current
circuit is three-phase alternating current power,

the power converter includes three of the alternating
current terminals corresponding to the phases,

the main circuit includes a transformer provided between
the power converter and the alternating current circuit,

the transformer includes:

three primary windings provided to correspond to
the phases and connected respectively to the three alternating
current terminals; and
three secondary windings magnetically coupled

respectively with the three primary windings and connected to
the alternating current circuit,

the three primary windings have a Y-connection, and

the electrical storage part is connected to a neutral point
of the three primary windings having the Y-connection and uses
the three primary windings as the plurality of reactors.
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[Claim 5]

The power conversion system according to claim 1,
wherein the main circuit further includes a core having each of
the plurality of reactors wound around the core.

[Claim 6]

The power conversion system according to claim 1,
wherein the electrical storage part includes a positive pole
connected to each of the plurality of alternating current terminals
via the plurality of reactors, and a negative pole connected to the
direct current terminal of the pair of direct current terminals on
a low potential side.

[Claim 7]

The power conversion system according to claim 1,
wherein the electrical storage part includes a negative pole
connected to each of the plurality of alternating current terminals
via the plurality of reactors, and a positive pole connected to the
direct current terminal of the pair of direct current terminals on
a high potential side.
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