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(54) INVERTER DEVICE

(57) An inverter device includes: a step-up circuit for
stepping up a DC input voltage value of DC power out-
putted from a DC power supply; an inverter circuit for
converting power from the step-up circuit to AC power;
a control unit for controlling the step-up circuit and the
inverter circuit; and a reactor provided on an electric path
for outputting the converted AC power to an AC system.
An output current target value is calculated based on an
input power value of the DC power and a voltage value

of the AC system, and a current target value and a voltage
target value for the inverter circuit are calculated based
on the output current target value, to control the inverter
circuit. A current target value for the step-up circuit is
calculated based on a current target value and a voltage
target value that are common with the inverter circuit,
and on the DC input voltage value, to control the step-up
circuit. Thereby, output of the AC power is controlled.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an inverter device for converting DC power from a DC power supply such as
photovoltaic generation to AC power.

BACKGROUND ART

[0002] Conventionally, inverter devices have been used which have a system interconnection function for converting
input power from a DC power supply such as a solar battery or a storage battery to AC power and superimposing the
converted AC power onto an AC system such as commercial power.
[0003] Such an inverter device includes a step-up circuit for stepping up voltage of input power, and an inverter circuit
for converting output of a step-up circuit to AC power.
[0004] As such an inverter device, the following inverter device is proposed. Of a period in which AC power is outputted,
the step-up circuit is caused to perform switching operation only during a period in which voltage of the input power
supply is lower than an absolute value of AC system voltage, and switching operation of the step-up circuit is stopped
during the other period, whereby loss due to switching in the inverter circuit and the step-up circuit is reduced and power
can be outputted with increased efficiency (see, for example, Patent Literature 1).

CITATION LIST

[PATENT LITERATURE]

[0005] PATENT LITERATURE 1: Japanese Laid-Open Patent Publication No. 2000-152651

SUMMARY OF INVENTION

[TECHNICAL PROBLEM]

[0006] In such an inverter device as described above, the absolute value of the AC system voltage and input voltage
are compared with each other, and at a moment when they coincide with each other, a period of high-frequency switching
is switched between the step-up circuit and the inverter circuit. However, if the high-frequency switching operation is
thus switched from the step-up circuit to the inverter circuit at a moment when the absolute value of the AC system
voltage coincides with the input voltage, input voltage to the inverter circuit may become insufficient and distortion may
occur in output current.
[0007] In the case where output voltage of the inverter circuit is controlled to be synchronized with the system voltage,
even if the period of high-frequency switching is switched between the step-up circuit and the inverter circuit at a moment
when the absolute value of the AC system voltage and the input voltage coincide with each other, a period in which the
input voltage to the inverter circuit is insufficient does not occur, and therefore distortion does not occur in the output
current. However, at this time, voltage between both ends of an AC reactor is in phase with the AC voltage, and the
phase of current flowing in the AC reactor lags the voltage phase of the AC system by 90 degrees. Therefore, the phase
of current of AC power outputted via the AC reactor and superimposed onto the AC system lags the AC system voltage
by 90 degrees. As a result, it may be impossible to output power compliant with a standard of system interconnection.
[0008] In the above inverter device, a step-up reference wave for performing waveform shaping for output current of
the step-up circuit or current of a DC reactor so as to have a predetermined waveform and a predetermined magnitude
is a squared sine wave obtained by multiplying an inverter reference wave by a ratio between the absolute value of the
system voltage and the input voltage. That is, a phase shift of the AC voltage due to the AC reactor, and a current
component flowing in an intermediate capacitor (a capacitor provided between the step-up circuit and the inverter circuit)
are not taken into consideration. Therefore, in order to output current synchronized with the system voltage and having
little distortion, it is necessary to combine complex controls in which the squared sine wave which is the step-up reference
wave is outputted in a preceding manner with its phase leading the phase of a sine wave which is the inverter reference
wave, and the preceding amount is changed depending on the magnitude of output current.
[0009] In the above inverter device, the step-up reference wave which is the squared sine wave and whose magnitude
is controlled in accordance with a result of monitoring of the step-up current or the DC reactor current is directly compared
with a triangle wave to obtain a gate signal for controlling an ON time of a step-up switching element. However, this
method cannot provide output current having a desired waveform and a desired magnitude.
[0010] In the above inverter device, since the output current of the step-up circuit is greatly varied within a half cycle
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of system power, even if the capacitance of a smoothing capacitor connected to an input side is considerably increased,
input current does not become perfect DC current, and it is inevitable that the input current becomes pulsating current
on which a variation component is superimposed. Therefore, in the case of connecting a power supply, such as a solar
battery, which has an optimum operating point at which output power is maximized at a specific current value, it is difficult
to perform control at the optimum operating point of the solar battery.
[0011] The present invention has been made in view of the above circumstances, and an object of the present invention
is to provide an inverter device having periods in which high-frequency switching operations of a step-up circuit and an
inverter circuit are each partially stopped, and also having a period in which high-frequency switching is performed while
a step-up ratio and a step-down ratio are suppressed to minimum necessary levels, thereby reducing switching loss of
a power semiconductor element and iron loss of a reactor to realize high conversion efficiency, and allowing for output
of AC current with reduced distortion and an increased power factor in synchronization with system voltage, irrespective
of output.

[SOLUTION TO PROBLEM]

[0012] The present invention is an inverter device connected to an AC system via a reactor and including: a conversion
unit configured to convert DC power outputted from a power supply, to AC power, and output the converted AC power
to the AC system via the reactor; and a control unit configured to control the conversion unit. The conversion unit includes:
a step-up circuit configured to step up a DC input voltage value of the DC power; and an inverter circuit configured to
convert power given from the step-up circuit, to AC power. The control unit calculates an output current target value
based on an input power value of the DC power and a voltage value of the AC system, and calculates a current target
value and a voltage target value for the inverter circuit based on the output current target value, to control the inverter
circuit; also calculates a current target value for the step-up circuit based on a current target value and a voltage target
value that are common with the inverter circuit, and on the DC input voltage value, to control the step-up circuit; and
thereby controls output of the AC power.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0013] The inverter device of the present invention can output AC current with high conversion efficiency and reduced
distortion in synchronization with an AC system.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

[FIG. 1] FIG. 1 is a block diagram showing an example of a system including an inverter device according to the
first embodiment.
[FIG. 2] FIG. 2 is an example of a circuit diagram of the inverter device.
[FIG. 3] FIG. 3 is a block diagram of a control unit.
[FIG. 4] FIG. 4 is a graph showing an example of a simulation result of temporal variations in a DC input voltage
detection value (the vertical axis indicates [V]) and a step-up circuit current detection value (the vertical axis indicates
[A]).
[FIG. 5] FIG. 5 is a diagram showing a manner in which an averaging processing unit averages a DC input voltage
detection value Vg.
[FIG. 6] FIG. 6 is a control block diagram for explaining a control process by a control processing unit.
[FIG. 7] FIG. 7 is a flowchart showing a control process for a step-up circuit and an inverter circuit.
[FIG. 8] FIG. 8 is graphs in which (a) shows an example of a simulation result of a step-up circuit current command
value calculated in a feedback control by the control processing unit, and a step-up circuit current detection value
obtained when control is performed in accordance with the step-up circuit current command value, and (b) shows
an example of a simulation result of a step-up circuit voltage target value calculated in the feedback control by the
control processing unit, and a step-up circuit voltage detection value obtained when control is performed in accord-
ance with the step-up circuit voltage target value (the vertical axis for voltage indicates [V], and the vertical axis for
current indicates [A]).
[FIG. 9] FIG. 9 is a diagram showing an example of an inverter output voltage command value (the vertical axis
indicates [V]).
[FIG. 10] FIG. 10 is graphs in which (a) shows comparison between a step-up circuit carrier wave and a step-up
circuit reference wave, and (b) shows a drive waveform for driving a switching element Qb, generated by a step-up
circuit control unit.
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[FIG. 11] FIG. 11 is graphs in which (a) shows comparison between an inverter circuit carrier wave and an inverter
circuit reference wave, (b) shows a drive waveform for driving a switching element Q1, generated by an inverter
circuit control unit, and (c) shows a drive waveform for driving a switching element Q3, generated by the inverter
circuit control unit.
[FIG. 12] FIG. 12 is a diagram showing examples of reference waves and drive waveforms for switching elements,
and an example of a current waveform of AC power outputted from the inverter device (the vertical axis for voltage
indicates [V], and the vertical axis for current indicates [A]).
[FIG. 13] FIG. 13 is graphs in which (a) shows voltage waveforms of AC voltage outputted from the inverter circuit,
a commercial power system, and voltage between both ends of an AC reactor, and (b) shows a waveform of current
flowing in the AC reactor.
[FIG. 14] FIG. 14 is an example of a circuit diagram of an inverter device according to the second embodiment.
[FIG. 15] FIG. 15 is a graph showing comparison between an inverter circuit carrier wave in the second embodiment
and a reference wave.
[FIG. 16] FIG. 16 is a diagram showing examples of reference waves and drive waveforms for switching elements
Qb and Q1 to Q4, and an example of a current waveform (the vertical axis indicates [A]) of AC power outputted
from the inverter device, in the second embodiment.
[FIG. 17] FIG. 17 is an example of a circuit diagram of an inverter device 1 according to the third embodiment.
[FIG. 18] FIG. 18 is a diagram showing examples of reference waves and drive waveforms for switching elements,
and an example of a current waveform of AC power outputted from the inverter device, in the third embodiment (the
vertical axis for voltage indicates [V], and the vertical axis for current indicates [A]).

DESCRIPTION OF EMBODIMENTS

<<Summary of embodiments>>

[0015] Summary of the embodiments of the present invention includes at least the following.

(1) An inverter device connected to an AC system via a reactor includes: a conversion unit configured to convert
DC power outputted from a power supply, to AC power, and output the converted AC power to the AC system via
the reactor; and a control unit configured to control the conversion unit. The conversion unit includes: a step-up
circuit configured to step up a DC input voltage value of the DC power; and an inverter circuit configured to convert
power given from the step-up circuit, to AC power. The control unit calculates an output current target value (Ia*)
based on an input power value of the DC power and a voltage value of the AC system, and calculates a current
target value (Iinv*) and a voltage target value (Vinv*) for the inverter circuit based on the output current target value,
to control the inverter circuit; also calculates a current target value (Iin*) for the step-up circuit based on a current
target value (Iinv*) and a voltage target value (Vinv*) that are common with the inverter circuit, and on the DC input
voltage value (Vg), to control the step-up circuit; and thereby controls output of the AC power.
The conversion unit controlled by the control unit of the inverter device configured as described above can constantly
provide output based on the current target value and the voltage target value for the inverter circuit, to the reactor.
The control unit determines target values on an inverter device side without directly depending on a voltage value
of the AC system, and can cause the step-up circuit and the inverter circuit to perform desired operations, based
on the target values. Therefore, the control unit can control the conversion unit to cause the conversion unit to output
AC power having a voltage phase leading the voltage phase of the AC system by several degrees.
That is, since the voltage phase of AC power outputted from the conversion unit is caused to lead the voltage phase
of the AC system by several degrees, the phase of voltage between both ends of the reactor can be caused to lead
the voltage phase of the AC system by 90 degrees. Since the current phase of the reactor lags the voltage phase
thereof by 90 degrees, the current phase of AC power outputted through the reactor is synchronized with the current
phase of the AC system.
As a result, AC power having the same current phase as the AC system can be outputted, whereby reduction in a
power factor of the AC power can be suppressed.
The inverter device of the above (1) may have specific aspects described in the following (2) to (9), for example.
(2) For example, in the inverter device of the above (1), a smoothing capacitor may be provided between the step-
up circuit and the inverter circuit, and the current target value for the step-up circuit may be calculated based on the
DC input voltage value and on a value obtained by adding reactive power passing through the smoothing capacitor
to a power target value that is based on the current target value and the voltage target value for the inverter circuit.
In this case, it is possible to determine the current target value for the step-up circuit more accurately in consideration
of reactive power as well as the power target value for the inverter circuit.
(3) In the inverter device of the above (1), a smoothing capacitor may be provided between the step-up circuit and
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the inverter circuit, and the current target value for the step-up circuit may be calculated based on the DC input
voltage value and on a value obtained by adding reactive power passing through the smoothing capacitor and power
loss in the inverter circuit to a power target value that is based on the current target value and the voltage target
value for the inverter circuit.
In this case, it is possible to determine the current target value for the step-up circuit more strictly in consideration
of reactive power and power loss as well as the power target value for the inverter circuit.
(4) In the inverter device of the above (1), for example, an output smoothing capacitor may be provided at a stage
subsequent to the reactor, and in the case where the current target value for the step-up circuit is Iin*, the current
target value and the voltage target value for the inverter circuit are Iinv* and Vinv*, respectively, an electrostatic
capacitance of the output smoothing capacitor is Ca, the voltage value of the AC system is Va, and the DC input
voltage value is Vg, the following expressions may be satisfied: 

In this case, it is possible to determine the current target value for the inverter circuit and the current target value
for the step-up circuit in consideration of current flowing through the output smoothing capacitor.
(5) In the inverter device of the above (1), for example, an output smoothing capacitor may be provided at a stage
subsequent to the reactor, and in the case where the current target value for the step-up circuit is Iin*, the current
target value and the voltage target value for the inverter circuit are Iinv* and Vinv*, respectively, the voltage value
of the AC system is Va, the DC input voltage value is Vg, and current flowing through the output smoothing capacitor
is Ica, the following expressions may be satisfied: 

In this case, it is possible to determine the current target value for the inverter circuit and the current target value
for the step-up circuit in consideration of current flowing through the output smoothing capacitor.
(6) In the inverter device of the above (2), for example, in the case where the current target value for the step-up
circuit is Iin*, the current target value and the voltage target value for the inverter circuit are Iinv* and Vinv*, respec-
tively, an electrostatic capacitance of the smoothing capacitor is C, a voltage target value for the step-up circuit is
Vo*, and the DC input voltage value is Vg, the following expression may be satisfied: 

(7) In the inverter device of the above (2), for example, in the case where the current target value for the step-up
circuit is Iin*, the current target value and the voltage target value for the inverter circuit are Iinv* and Vinv*, respec-
tively, a voltage target value for the step-up circuit is Vo*, the DC input voltage value is Vg, and current flowing
through the smoothing capacitor is Ic, the following expression may be satisfied: 

(8) In the inverter device of the above (3), for example, in the case where the current target value for the step-up
circuit is Iin*, the current target value and the voltage target value for the inverter circuit are Iinv* and Vinv*, respec-
tively, an electrostatic capacitance of the smoothing capacitor is C, a voltage target value for the step-up circuit is
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Vo*, the DC input voltage value is Vg, and power loss of the inverter device is PLOSS, the following expression may
be satisfied: 

(9) In the inverter device of the above (3), for example, in the case where the current target value for the step-up
circuit is Iin*, the current target value and the voltage target value for the inverter circuit are Iinv* and Vinv*, respec-
tively, a voltage target value for the step-up circuit is Vo*, the DC input voltage value is Vg, current flowing through
the smoothing capacitor is Ic, and power loss of the inverter device is PLOSS, the following expression may be satisfied: 

(10) In the inverter device of any one of the above (4) to (9), the control unit may select, as the voltage target value
for the step-up circuit, the larger one of the DC input voltage value and an absolute value of the voltage target value
for the inverter circuit, and in the case where an inductance of the reactor is La, the voltage target value Vinv* for
the inverter circuit may be calculated by the following expression: 

In the case of (10), the control unit performs control so that the step-up circuit is operated in the case of outputting
voltage corresponding to the part where the absolute value of the voltage target value for the inverter circuit is higher
than the DC input voltage value, and the inverter circuit is operated in the case of outputting voltage corresponding
to the part where the absolute value of the voltage target value for the inverter circuit is lower than the DC input
voltage value. Therefore, a potential difference in power stepped down by the inverter circuit can be reduced, and
loss due to switching of the step-up circuit is reduced, whereby AC power can be outputted with increased efficiency.
Further, since both the step-up circuit and the inverter circuit operate based on the voltage target value set by the
control unit, occurrence of phase-deviation or distortion in AC current outputted from the inverter device can be
suppressed even if operation is performed so as to alternately switch the high-frequency switching period between
the two circuits.
(11) In the inverter device of any one of the above (1) to (10), preferably, the control unit may perform maximum
power point tracking control for the power supply, based on average values of the DC input voltage value and a DC
input current value of the DC power given from the power supply, the average values being respectively calculated
from results of plural measurements of the DC input voltage value and the DC input current value.
In this case, even if DC power from the power supply varies to be unstable, the control unit can accurately obtain
the DC input voltage value and the DC input current value as average values. As a result, the power supply can be
appropriately controlled, and reduction in efficiency of the inverter device can be effectively suppressed.
(12) In the case where voltage or current of DC power outputted from the power supply to the conversion unit varies
due to variation in impedance of the conversion unit or the like, the variation cycle coincides with a half cycle of the
AC system.
Therefore, in the inverter device of the above (11), preferably, the average values of the DC input voltage value and
the DC input current value may be respectively obtained from results of plural measurements of the DC input voltage
value and the DC input current value performed at time intervals shorter than a half cycle of the AC system during
a period that is an integer multiple of the half cycle of the AC system. In this case, even if the DC input voltage value
and the DC input current value vary periodically, the DC input voltage value and the DC input current value can be
accurately calculated.
(13) In the inverter device of the above (1) to (12), DC power may also be outputted from the AC system to the
power supply. That is, if the phase of the current target value (Iinv*) and the phase of the voltage target value (Vinv*)
for the inverter circuit are shifted from each other by 180 degrees, it is also possible to perform output in a reverse
direction from the AC system to the power supply, through the same control of the current target value (Iin*).

<<Details of embodiments>>

[0016] Hereinafter, embodiments of the present invention will be described with reference to the drawings.
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[1. First embodiment]

[1.1 Overall configuration]

[0017] FIG. 1 is a block diagram showing an example of a system including an inverter device according to the first
embodiment. In FIG. 1, a photovoltaic panel 2 as a DC power supply is connected to an input end of an inverter device
1, and an AC commercial power system 3 is connected to an output end of the inverter device 1. This system performs
interconnection operation to convert DC power generated by the photovoltaic panel 2 to AC power and output the AC
power to the commercial power system 3.
[0018] The inverter device 1 includes a step-up circuit 10 which receives DC power outputted from the photovoltaic
panel 2, an inverter circuit 11 which converts power given from the step-up circuit 10 to AC power and outputs the AC
power to the commercial power system 3, and a control unit 12 which controls operations of these circuits 10 and 11.
[0019] FIG. 2 is an example of a circuit diagram of the inverter device 1.
[0020] The step-up circuit 10 includes a DC reactor 15, a diode 16, and a switching element Qb composed of an
Insulated Gate Bipolar Transistor (IGBT) or the like, to form a step-up chopper circuit.
[0021] On an input side of the step-up circuit 10, a first voltage sensor 17, a first current sensor 18, and a capacitor
26 for smoothing are provided.
[0022] The first voltage sensor 17 detects a DC input voltage detection value Vg (DC input voltage value) of DC power
outputted from the photovoltaic panel 2 and then inputted to the step-up circuit 10, and outputs the DC input voltage
detection value Vg to the control unit 12. The first current sensor 18 detects a step-up circuit current detection value Iin
(DC input current value) of current flowing in the DC reactor 15, and outputs the step-up circuit current detection value
Iin to the control unit 12. In order to detect a DC input current detection value Ig, a current sensor may be further provided
at a stage preceding the capacitor 26.
[0023] The control unit 12 has a function of calculating input power Pin from the DC input voltage detection value Vg
and the step-up circuit current detection value Iin and performing maximum power point tracking (MPPT) control for the
photovoltaic panel 2.
[0024] The switching element Qb of the step-up circuit 10 is controlled so that a period in which switching operation
is performed is alternately switched between the step-up circuit 10 and the inverter circuit 11 as described later. Therefore,
during a period in which switching operation is performed in the step-up circuit 10, the step-up circuit 10 outputs stepped-
up power to the inverter circuit 11, and during a period in which the switching operation is stopped, the step-up circuit
10 outputs, to the inverter circuit 11, DC power outputted from the photovoltaic panel 2 and then inputted to the step-up
circuit 10, without stepping up the DC input voltage value thereof.
[0025] A capacitor 19 (smoothing capacitor) for smoothing is connected between the step-up circuit 10 and the inverter
circuit 11.
[0026] The inverter circuit 11 includes switching elements Q1 to Q4 each composed of a Field Effect Transistor (FET).
The switching elements Q1 to Q4 form a full-bridge circuit.
[0027] The switching elements Q1 to Q4 are connected to the control unit 12, and can be controlled by the control
unit 12. The control unit 12 performs PWM control of operations of the switching elements Q1 to Q4. Thereby, the inverter
circuit 11 converts power given from the step-up circuit 10 to AC power.
[0028] The inverter device 1 includes a filter circuit 21 between the inverter circuit 11 and the commercial power system
3.
[0029] The filter circuit 21 is composed of two AC reactors 22 and a capacitor 23 (output smoothing capacitor) provided
at a stage subsequent to the AC reactors 22. The filter circuit 21 has a function to remove a high-frequency component
contained in AC power outputted from the inverter circuit 11. The AC power from which the high-frequency component
has been removed by the filter circuit 21 is given to the commercial power system 3.
[0030] Thus, the step-up circuit 10 and the inverter circuit 11 form a conversion unit which converts DC power outputted
from the photovoltaic panel 2 to AC power and outputs the converted AC power to the commercial power system 3 via
the filter circuit 21.
[0031] A second current sensor 24 for detecting an inverter current detection value Iinv (current flowing in the AC
reactor 22) which is a current value of output of the inverter circuit 11 is connected to the filter circuit 21. A second voltage
sensor 25 for detecting a voltage value (system voltage detection value Va) on the commercial power system 3 side is
connected between the filter circuit 21 and the commercial power system 3.
[0032] The second current sensor 24 and the second voltage sensor 25 respectively output the detected inverter
current detection value Iinv and the detected system voltage detection value Va (the voltage value of the AC system)
to the control unit 12. Although the second current sensor 24 is provided at a stage preceding the capacitor 23 in FIG.
2, the second current sensor 24 may be provided at a stage subsequent to the capacitor 23.
[0033] The control unit 12 controls the step-up circuit 10 and the inverter circuit 11 based on the system voltage
detection value Va, the inverter current detection value Iinv, the DC input voltage detection value Vg, and the step-up
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circuit current detection value Iin.

[1.2 Control unit]

[0034] FIG. 3 is a block diagram of the control unit 12. As shown in FIG. 3, the control unit 12 functionally has a control
processing unit 30, a step-up circuit control unit 32, an inverter circuit control unit 33, and an averaging processing unit 34.
[0035] Some or all of the functions of the control unit 12 may be configured as a hardware circuit, or may be realized
by software (computer program) executed by a computer. Such software (computer program) for realizing a function of
the control unit 12 is stored in a storage device (not shown) of the computer.
[0036] The step-up circuit control unit 32 controls the switching element Qb of the step-up circuit 10 based on a
command value and a detection value given from the control processing unit 30, thereby causing the step-up circuit 10
to output power having current corresponding to the command value.
[0037] The inverter circuit control unit 33 controls the switching elements Q1 to Q4 of the inverter circuit 11 based on
a command value and a detection value given from the control processing unit 30, thereby causing the inverter circuit
11 to output power having current corresponding to the command value.
[0038] The control processing unit 30 receives the DC input voltage detection value Vg, the step-up circuit current
detection value Iin, the system voltage detection value Va, and the inverter current detection value Iinv.
[0039] The control processing unit 30 calculates the input power Pin and an average value <Pin> thereof from the DC
input voltage detection value Vg and the step-up circuit current detection value Iin.
[0040] The control processing unit 30 has a function to set a DC input current command value Ig* (which will be
described later) based on the input power average value <Pin> and perform MPPT control for the photovoltaic panel 2,
and to perform feedback control for the step-up circuit 10 and the inverter circuit 11.
[0041] The DC input voltage detection value Vg and the step-up circuit current detection value Iin are given to the
averaging processing unit 34 and the control processing unit 30.
[0042] The averaging processing unit 34 has a function to sample, at predetermined time intervals, the DC input
voltage detection value Vg and the step-up circuit current detection value Iin given from the first voltage sensor 17 and
the first current sensor 18, calculate their respective average values, and give the averaged DC input voltage detection
value Vg and the averaged step-up circuit current detection value Iin to the control processing unit 30.
[0043] FIG. 4 is a graph showing an example of a simulation result of temporal changes in the DC input voltage
detection value Vg and the step-up circuit current detection value Iin.
[0044] The DC input current detection value Ig is a current value detected on an input side relative to the capacitor 26.
[0045] As shown in FIG. 4, it is found that the DC input voltage detection value Vg, the step-up circuit current detection
value Iin, and the DC input current detection value Ig vary in a half cycle of the system voltage.
[0046] The reason why the DC input voltage detection value Vg and the DC input current detection value Ig vary
periodically as shown in FIG. 4 is as follows. That is, the step-up circuit current detection value Iin greatly varies between
almost 0A and a peak value in a half cycle of the AC cycle in accordance with operations of the step-up circuit 10 and
the inverter circuit 11. Therefore, the variation component cannot be fully removed by the capacitor 26, and the DC input
current detection value Ig is detected as pulsating current containing a component that varies in a half cycle of the AC
cycle. On the other hand, output voltage of the photovoltaic panel varies depending on output current.
[0047] Therefore, the cycle of the periodic variation occurring in the DC input voltage detection value Vg is half the
cycle of AC power outputted from the inverter device 1.
[0048] The averaging processing unit 34 averages the DC input voltage detection value Vg and the step-up circuit
current detection value Iin in order to suppress an influence of the above periodic variations.
[0049] FIG. 5 is a diagram showing a manner in which the averaging processing unit 34 averages the DC input voltage
detection value Vg.
[0050] The averaging processing unit 34 samples the given DC input voltage detection value Vg a plurality of times
(at timings indicated by solid dots in FIG. 5) at predetermined time intervals Δt during a period L from a timing t1 to a
timing t2, and calculates an average value of the plurality of DC input voltage detection values Vg that have been obtained.
[0051] Here, the averaging processing unit 34 sets the period L to half the length of the cycle of the commercial power
system 3. In addition, the averaging processing unit 34 sets the time interval Δt to be sufficiently shorter than half the
length of the cycle of the commercial power system 3.
[0052] Thus, the averaging processing unit 34 can accurately obtain the average value of the DC input voltage detection
value Vg which periodically varies in synchronization with the cycle of the commercial power system 3, using as short
a sampling period as possible.
[0053] The time interval Δt of sampling may be set at, for example, 1/100 to 1/1000 of the cycle of the commercial
power system 3, or 20 microseconds to 200 microseconds.
[0054] The averaging processing unit 34 may store the period L in advance, or may acquire the system voltage
detection value Va from the second voltage sensor 25 and set the period L based on the cycle of the commercial power
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system 3.
[0055] Here, the period L is set to half the length of the cycle of the commercial power system 3. The average value
of the DC input voltage detection value Vg can be accurately calculated at least if the period L is set to half the cycle of
the commercial power system 3. This is because the DC input voltage detection value Vg periodically varies in a half
cycle of the commercial power system 3 in accordance with operations of the step-up circuit 10 and the inverter circuit
11 as described above.
[0056] Therefore, if it is required to set the period L to be longer, the period L may be set to an integer multiple of a
half cycle of the commercial power system 3, e.g., three or four times of a half cycle of the commercial power system
3. Thus, the voltage variation can be grasped on a cycle basis.
[0057] As described above, the step-up circuit current detection value Iin also periodically varies in a half cycle of the
commercial power system 3, as in the DC input voltage detection value Vg.
[0058] Therefore, the averaging processing unit 34 also calculates an average value of the step-up circuit current
detection value Iin by the same method as in the DC input voltage detection value Vg shown in FIG. 5.
[0059] The control processing unit 30 sequentially calculates an average value of the DC input voltage detection value
Vg and an average value of the step-up circuit current detection value Iin per the period L.
[0060] The averaging processing unit 34 gives the calculated average value of the DC input voltage detection value
Vg and the calculated average value of the step-up circuit current detection value Iin to the control processing unit 30.
[0061] In the present embodiment, as described above, the averaging processing unit 34 calculates an average value
(DC input voltage average value <Vg>) of the DC input voltage detection value Vg and an average value (step-up circuit
current average value <Iin>) of the step-up circuit current detection value Iin, and using these values, the control process-
ing unit 30 controls the step-up circuit 10 and the inverter circuit 11 while performing MPPT control for the photovoltaic
panel 2. Therefore, even if DC current from the photovoltaic panel 2 varies to be unstable, the control unit 12 can
accurately obtain output of the photovoltaic panel 2 as the DC input voltage average value <Vg> and the step-up circuit
current average value <Iin> in which a variation component due to operation of the inverter device 1 has been removed.
As a result, it becomes possible to appropriately perform MPPT control and effectively suppress reduction in power
generation efficiency of the photovoltaic panel 2.
[0062] As described above, in the case where voltage (DC input voltage detection value Vg) or current (step-up circuit
current detection value Iin) of DC power outputted from the photovoltaic panel 2 varies due to operation of the inverter
device 1, the cycle of the variation coincides with a half cycle (a half cycle of the commercial power system 3) of AC
power outputted from the inverter circuit 11.
[0063] In this regard, in the present embodiment, the DC input voltage detection value Vg and the step-up circuit
current detection value Iin are each sampled a plurality of times at the time intervals Δt which are shorter than a half
cycle of the AC system, during the period L which is set to half the length of the cycle of the commercial power system
3, and the DC input voltage average value <Vg> and the step-up circuit current average value <Iin> are calculated from
a result of the sampling. Therefore, even if voltage and current of the DC current vary periodically, the DC input voltage
average value <Vg> and the step-up circuit current average value <Iin> can be accurately calculated, with the sampling
period shortened as much as possible.
[0064] The control processing unit 30 sets the DC input current command value Ig* based on the above input power
average value <Pin>, and calculates respective command values for the step-up circuit 10 and the inverter circuit 11
based on the set DC input current command value Ig* and the above values.
[0065] The control processing unit 30 has a function of giving the calculated command values to the step-up circuit
control unit 32 and the inverter circuit control unit 33 and performing feedback control for the step-up circuit 10 and the
inverter circuit 11.
[0066] FIG. 6 is a control block diagram for explaining the feedback control for the step-up circuit 10 and the inverter
circuit 11 by the control processing unit 30.
[0067] The control processing unit 30 includes, as function sections for controlling the inverter circuit 11, a first calcu-
lation section 41, a first adder 42, a compensator 43, and a second adder 44.
[0068] In addition, the control processing unit 30 includes, as a function section for controlling the step-up circuit 10,
a second calculation section 51, a third adder 52, a compensator 53, and a fourth adder 54.
[0069] FIG. 7 is a flowchart showing a control process for the step-up circuit 10 and the inverter circuit 11. The function
sections shown in FIG. 6 control the step-up circuit 10 and the inverter circuit 11 by executing the process shown in the
flowchart in FIG. 7.
[0070] Hereinafter, the control process for the step-up circuit 10 and the inverter circuit 11 will be described with
reference to FIG. 7.
[0071] First, the control processing unit 30 calculates the present input power average value <Pin> (step S9), and
compares the present input power average value <Pin> with the input power average value <Pin> that has been previously
calculated, to set the DC input current command value Ig* (step S1). The input power average value <Pin> is calculated
based on the following expression (1). 
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[0072] In expression (1), Iin is the step-up circuit current detection value, and Vg is the DC input voltage detection
value (DC input voltage value). For these values, the DC input voltage average value <Vg> and the step-up circuit current
average value <Iin> which are the values averaged by the averaging processing unit 34 are used.
[0073] In each expression other than expression (1) and relevant to the control shown below, instantaneous values
which are not averaged are used for the step-up circuit current detection value Iin and the DC input voltage detection
value Vg.
[0074] A notation "< >" indicates an average value of a value in the brackets. The same applies hereinafter.
[0075] The control processing unit 30 gives the set DC input current command value Ig* to the first calculation section 41.
[0076] As well as the DC input current command value Ig*, the DC input voltage detection value Vg and the system
voltage detection value Va are given to the first calculation section 41.
[0077] The first calculation section 41 calculates an average value <Ia*> of an output current command value for the
inverter device 1, based on the following expression (2). 

[0078] Further, the first calculation section 41 calculates an output current command value Ia* (output current target
value) based on the following expression (3) (step S2).
[0079] Here, the first calculation section 41 calculates an output current command value Ia* as a sine wave having
the same phase as the system voltage detection value Va. 

[0080] As described above, the first calculation section 41 calculates the output current command value Ia* based on
the input power average value <Pin> (an input power value of DC power) and the system voltage detection value Va.
[0081] Next, the first calculation section 41 calculates an inverter current command value Iinv* (a current target value
for the inverter circuit) which is a current target value for controlling the inverter circuit 11, as shown by the following
expression (4) (step S3). 

[0082] In expression (4), Ca is an electrostatic capacitance of the capacitor 23 (output smoothing capacitor), and s is
the Laplace operator.
[0083] The above expression (4) is represented as follows, using a derivative with respect to time t. 

[0084] If current flowing through the capacitor 23 is detected and the detected current is denoted by Ica, the following
expression is obtained. 

[0085] In expressions (4), (4a), and (4b), the second term on the right-hand side is a value added in consideration of
current flowing through the capacitor 23 of the filter circuit 21.
[0086] The output current command value Ia* is calculated as a sine wave having the same phase as the system
voltage detection value Va, as shown by the above expression (3). That is, the control processing unit 30 controls the
inverter circuit 11 so that current Ia (output current) of AC power outputted from the inverter device 1 has the same
phase as the system voltage (system voltage detection value Va).
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[0087] After calculating the inverter current command value Iinv*, the first calculation section 41 gives the inverter
current command value Iinv* to the first adder 42.
[0088] The inverter circuit 11 is subjected to feedback control based on the inverter current command value Iinv*.
[0089] As well as the inverter current command value Iinv*, the present inverter current detection value Iinv is given
to the first adder 42.
[0090] The first adder 42 calculates a difference between the inverter current command value Iinv* and the present
inverter current detection value Iinv, and gives a result of the calculation to the compensator 43.
[0091] When the difference is given, the compensator 43 calculates, based on a proportionality coefficient or the like,
an inverter voltage reference value Vinv# that allows the difference to converge so that the inverter current detection
value Iinv becomes the inverter current command value Iinv*. The compensator 43 gives the inverter voltage reference
value Vinv# to the inverter circuit control unit 33, thereby causing the inverter circuit 11 to output power with voltage Vinv
according to the inverter voltage reference value Vinv#.
[0092] The power outputted from the inverter circuit 11, from which the system voltage detection value Va is subtracted
by the second adder 44, is given to the AC reactor 22, and then fed back as a new inverter current detection value Iinv.
Then, a difference between the inverter current command value Iinv* and the inverter current detection value Iinv is
calculated again by the first adder 42, and the inverter circuit 11 is controlled based on the difference as described above.
[0093] As described above, the inverter circuit 11 is subjected to feedback control based on the inverter current
command value Iinv* and the inverter current detection value Iinv (step S4).
[0094] On the other hand, the inverter current command value Iinv* calculated by the first calculation section 41, as
well as the DC input voltage detection value Vg and the system voltage detection value Va, is given to the second
calculation section 51.
[0095] The second calculation section 51 calculates an inverter output voltage command value Vinv* (a voltage target
value for the inverter circuit) based on the following expression (5) (step S5). 

[0096] In expression (5), La is an inductance of the AC reactor, and s is the Laplace operator.
[0097] The above expression (5) is represented as follows, using a derivative with respect to time t. 

[0098] In expressions (5) and (5a), the second term on the right-hand side is a value added in consideration of voltage
generated between both ends of the AC reactor 22.
[0099] Thus, in the present embodiment, the inverter output voltage command value Vinv* (voltage target value) is
set based on the inverter current command value Iinv* which is the current target value for controlling the inverter circuit
11 so that current of AC power outputted from the inverter circuit 11 has the same phase as the system voltage detection
value Va.
[0100] After calculating the inverter output voltage command value Vinv*, the second calculation section 51 compares
the DC input voltage detection value Vg with an absolute value of the inverter output voltage command value Vinv* and
determines the greater one to be the step-up circuit voltage target value Vo* as shown by the following expression (6)
(step S6). 

[0101] Further, the second calculation section 51 calculates a step-up circuit current command value Iin* based on
the following expression (7) (step S7). 

[0102] In expression (7), C is an electrostatic capacitance of the capacitor 19 (smoothing capacitor), and s is the
Laplace operator.
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[0103] The above expression (7) is represented as follows, using a derivative with respect to time t. 

[0104] If current flowing through the capacitor 19 is detected and the detected current is denoted by Ic, the following
expression is obtained. 

[0105] In expressions (7), (7a), and (7b), a term added to an absolute value of a product of the inverter current command
value Iinv* and the inverter output voltage command value Vinv* is a value added in consideration of reactive power
passing through the capacitor 19. That is, consideration of the reactive power in addition to the power target value for
the inverter circuit 11 allows for more accurate calculation of the value of Iin*.
[0106] Further, if power loss PLOSS of the inverter device 1 is measured in advance, the above expression (7a) can
be represented as follows. 

[0107] Similarly, the above expression (7b) can be represented as follows. 

[0108] In this case, consideration of the reactive power and the power loss PLOSS in addition to the power target value
of the inverter circuit 11 allows for more strict calculation of the value of Iin*.
[0109] If the electrostatic capacitance C and the power loss PLOSS of the capacitor 19 are sufficiently smaller than
(Iinv* x Vinv*), the following expression (8) is obtained. Using the expression (8) simplifies calculation processing and
shortens calculation time. 

[0110] After calculating the step-up circuit current command value Iin*, the second calculation section 51 gives the
step-up circuit current command value Iin* to the third adder 52.
[0111] The step-up circuit 10 is subjected to feedback control based on the step-up circuit current command value Iin*.
[0112] As well as the step-up circuit current command value Iin*, the present step-up circuit current detection value
Iin is given to the third adder 52.
[0113] The third adder 52 calculates a difference between the step-up circuit current command value Iin* and the
present step-up circuit current detection value Iin, and gives a result of the calculation to the compensator 53.
[0114] When the above difference is given, the compensator 53 calculates, based on a proportionality coefficient or
the like, a step-up circuit voltage reference value Vbc# that allows the difference to converge so that the step-up circuit
current detection value Iin becomes the step-up circuit current command value Iin*. The compensator 53 gives the step-
up circuit voltage reference value Vbc# to the step-up circuit control unit 32, thereby causing the step-up circuit 10 to
output power with voltage Vo according to the step-up circuit voltage reference value Vbc#.
[0115] The power outputted from the step-up circuit 10, from which the DC input voltage detection value Vg is subtracted
by the fourth adder 54, is given to the DC reactor 15, and then fed back as a new step-up circuit current detection value
Iin. Then, a difference between the step-up circuit current command value Iin* and the step-up circuit current detection
value Iin is calculated again by the third adder 52, and the step-up circuit 10 is controlled based on the difference as
described above.
[0116] As described above, the step-up circuit 10 is subjected to feedback control based on the step-up circuit current
command value Iin* and the step-up circuit current detection value Iin (step S8).
[0117] After the above step S8, the control processing unit 30 calculates the present input power average value <Pin>
based on the above expression (1) (step S9).
[0118] Based on comparison with the input power average value <Pin> that has been previously calculated, the control
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processing unit 30 sets the DC input current command value Ig* so that the input power average value <Pin> becomes
a maximum value (follows the maximum power point).
[0119] Thus, the control processing unit 30 controls the step-up circuit 10 and the inverter circuit 11 while performing
MPPT control for the photovoltaic panel 2.
[0120] As described above, the control processing unit 30 performs feedback control for the inverter circuit 11 and the
step-up circuit 10 by the current command values.
[0121] FIG. 8 is graphs in which (a) shows an example of a simulation result of the step-up circuit current command
value Iin* calculated in the above feedback control by the control processing unit 30, and the step-up circuit current
detection value Iin obtained when control is performed in accordance with the step-up circuit current command value
Iin*, and (b) shows an example of a simulation result of the step-up circuit voltage target value Vo* calculated in the
above feedback control by the control processing unit 30, and the step-up circuit voltage detection value Vo obtained
when control is performed in accordance with the step-up circuit voltage target value Vo*.
[0122] As shown in (a) of FIG. 8, it is found that the step-up circuit current detection value Iin is controlled along the
step-up circuit current command value Iin* by the control processing unit 30.
[0123] As shown in (b) of FIG. 8, since the step-up circuit voltage target value Vo* is calculated by the above expression
(6), the step-up circuit voltage target value Vo* varies so as to follow an absolute value of the inverter output voltage
command value Vinv* during a period in which the absolute value of the inverter output voltage command value Vinv*
is generally equal to or greater than the DC input voltage detection value Vg, and follow the DC input voltage detection
value Vg during the other period.
[0124] It is found that the step-up circuit voltage detection value Vo is controlled along the step-up circuit voltage target
value Vo* by the control processing unit 30.
[0125] FIG. 9 is a diagram showing an example of the inverter output voltage command value Vinv*. In FIG. 9, the
vertical axis indicates voltage and the horizontal axis indicates time. A broken line indicates a voltage waveform of the
commercial power system 3, and a solid line indicates a waveform of the inverter output voltage command value Vinv*.
[0126] The inverter device 1 outputs power, using the inverter output voltage command value Vinv* shown in FIG. 9
as a voltage target value, through the control according to the flowchart in FIG. 7.
[0127] Therefore, the inverter device 1 outputs power having voltage according to the waveform of the inverter output
voltage command value Vinv* shown in FIG. 9.
[0128] As shown in FIG. 9, the two waveforms have almost the same voltage value and the same frequency, but the
phase of the inverter output voltage command value Vinv* leads the phase of voltage of the commercial power system
3 by several degrees.
[0129] The control processing unit 30 of the present embodiment causes the phase of the inverter output voltage
command value Vinv* to lead the phase of voltage of the commercial power system 3 by about three degrees while
executing the feedback control for the step-up circuit 10 and the inverter circuit 11, as described above.
[0130] The degree of angle by which the phase of the inverter output voltage command value Vinv* is caused to lead
the phase of voltage of the commercial power system 3 may be several degrees, and as described later, the degree of
angle is set within such a range that the phase of a voltage waveform of a difference from a voltage waveform of the
commercial power system 3 leads the phase of the voltage waveform of the commercial power system 3 by 90 degrees.
For example, the degree of the phase leading angle is set to be greater than 0 degrees and smaller than 10 degrees.
[0131] The degree of the phase leading angle is determined by the system voltage detection value Va, the inductance
La of the AC reactor 22, and the inverter current command value Iinv* as shown by the above expression (5). Of these
values, the system voltage detection value Va and the inductance La of the AC reactor 22 are fixed values that are not
control targets. Therefore, the degree of the phase leading angle is determined by the inverter current command value
Iinv*.
[0132] The inverter current command value Iinv* is determined by the output current command value Ia* as shown by
the above expression (4). As the output current command value Ia* increases, a phase leading component of the inverter
current command value Iinv* increases, and a leading angle (phase leading angle) of the inverter output voltage command
value Vinv* increases.
[0133] Since the output current command value Ia* is calculated by the above expression (2), the phase leading angle
is adjusted by the DC input current command value Ig*.
[0134] The control processing unit 30 of the present embodiment sets the DC input current command value Ig* so
that the phase of the inverter output voltage command value Vinv* leads the phase of voltage of the commercial power
system 3 by about three degrees, as described above.

[1.3 Control for step-up circuit and inverter circuit]

[0135] The step-up circuit control unit 32 controls the switching element Qb of the step-up circuit 10. The inverter
circuit control unit 33 controls the switching elements Q1 to Q4 of the inverter circuit 11.
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[0136] The step-up circuit control unit 32 and the inverter circuit control unit 33 respectively generate a step-up circuit
carrier wave and an inverter circuit carrier wave, and respectively modulate these carrier waves with the step-up circuit
voltage reference value Vbc# and the inverter voltage reference value Vinv# which are command values given from the
control processing unit 30, to generate drive waveforms for driving each switching element.
[0137] The step-up circuit control unit 32 and the inverter circuit control unit 33 control each switching element based
on the drive waveforms, thereby causing the step-up circuit 10 and the inverter circuit 11 to output AC powers having
current waveforms approximate to the step-up circuit current command value Iin* and the inverter current command
value Iinv*, respectively.
[0138] In FIG. 10, (a) is a graph showing comparison between the step-up circuit carrier wave and a waveform of the
step-up circuit voltage reference value Vbc#. In (a) of FIG. 10, the vertical axis indicates voltage and the horizontal axis
indicates time. In (a) of FIG. 10, for facilitating the understanding, the wavelength of the step-up circuit carrier wave is
elongated as compared to the actual wavelength.
[0139] The step-up circuit carrier wave generated by the step-up circuit control unit 32 is a triangle wave having a
minimum value of "0", and has an amplitude A1 set at the step-up circuit voltage target value Vo* given from the control
processing unit 30.
[0140] The frequency of the step-up circuit carrier wave is set by the step-up circuit control unit 32 in accordance with
a control command from the control processing unit 30, so as to realize a predetermined duty cycle.
[0141] As described above, the step-up circuit voltage target value Vo* varies so as to follow an absolute value of the
inverter output voltage command value Vinv* during a period W1 in which the absolute value of the inverter output
voltage command value Vinv* is generally equal to or greater than the DC input voltage detection value Vg, and follow
the DC input voltage detection value Vg during the other period. Therefore, the amplitude A1 of the step-up circuit carrier
wave also varies in accordance with the step-up circuit voltage target value Vo*.
[0142] In the present embodiment, the DC input voltage detection value Vg is 250 volts, and the amplitude of voltage
of the commercial power system 3 is 288 volts.
[0143] A waveform (hereinafter, may be referred to as a step-up circuit reference wave Vbc#) of the step-up circuit
voltage reference value Vbc# corresponds to a value calculated based on the step-up circuit current command value
Iin* by the control processing unit 30, and has a positive value during the period W1 in which the absolute value of the
inverter output voltage command value Vinv* is greater than the DC input voltage detection value Vg. During the period
W, the step-up circuit reference wave Vbc# has a waveform approximate to the shape of a waveform created by the
step-up circuit voltage target value Vo*, and crosses the step-up circuit carrier wave.
[0144] The step-up circuit control unit 32 compares the step-up circuit carrier wave with the step-up circuit reference
wave Vbc#, and generates a drive waveform for driving the switching element Qb so as to be turned on during a period
in which the step-up circuit reference wave Vbc# which is a target value for voltage between both ends of the DC reactor
15 is equal to or greater than the step-up circuit carrier wave, and to be turned off during a period in which the step-up
circuit reference wave Vbc# is equal to or smaller than the carrier wave.
[0145] In FIG. 10, (b) shows the drive waveform for driving the switching element Qb, generated by the step-up circuit
control unit 32. In (b) of FIG. 10, the vertical axis indicates voltage and the horizontal axis indicates time. The horizontal
axis in (b) of FIG. 10 coincides with that in (a) of FIG. 10.
[0146] The drive waveform indicates switching operation of the switching element Qb. When the drive waveform is
given to the switching element Qb, the switching element Qb is caused to perform switching operation in accordance
with the drive waveform. The drive waveform forms a control command to turn off the switching element when the voltage
is 0 volts and turn on the switching element when the voltage is a plus voltage.
[0147] The step-up circuit control unit 32 generates the drive waveform so that the switching operation is performed
during the period W1 in which the absolute value of the inverter output voltage command value Vinv* is equal to or
greater than the DC input voltage detection value Vg. Therefore, in a range in which the absolute value is equal to or
smaller than the DC input voltage detection value Vg, the switching element Qb is controlled to stop the switching
operation.
[0148] Each pulse width is determined by an intercept of the step-up circuit carrier wave which is a triangle wave.
Therefore, the pulse width is greater at a part where voltage is higher.
[0149] As described above, the step-up circuit control unit 32 modulates the step-up circuit carrier wave with the step-
up circuit reference wave Vbc#, to generate the drive waveform representing pulse widths for switching. The step-up
circuit control unit 32 performs PWM control for the switching element Qb of the step-up circuit 10, based on the generated
drive waveform.
[0150] In the case where a switching element Qbu that conducts current in a forward direction of the diode 16 is
provided in parallel with the diode 16, a drive waveform inverted from the drive waveform for the switching element Qb
is used for the switching element Qbu. In order to prevent the switching element Qb and the switching element Qbu
from conducting currents at the same time, a dead time of about 1 microsecond is provided at a part where a drive pulse
for the switching element Qbu shifts from OFF to ON.
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[0151] In FIG. 11, (a) is a graph showing comparison between the inverter circuit carrier wave and a waveform of the
inverter voltage reference value Vinv#. In (a) of FIG. 11, the vertical axis indicates voltage and the horizontal axis indicates
time. Also in (a) of FIG. 11, for facilitating the understanding, the wavelength of the inverter circuit carrier wave is elongated
as compared to the actual wavelength.
[0152] The inverter circuit carrier wave generated by the inverter circuit control unit 33 is a triangle wave having an
amplitude center at 0 volts, and a one-side amplitude thereof is set at the step-up circuit voltage target value Vo* (a
voltage target value for the capacitor 23). Therefore, the inverter circuit carrier wave has a period in which an amplitude
A2 thereof is twice (500 volts) as great as the DC input voltage detection value Vg and a period in which the amplitude
A2 is twice (576 volts at maximum) as great as voltage of the commercial power system 3.
[0153] The frequency thereof is set by the inverter circuit control unit 33 in accordance with a control command from
the control processing unit 30, or the like, so as to realize a predetermined duty cycle.
[0154] As described above, the step-up circuit voltage target value Vo* varies to follow an absolute value of the inverter
output voltage command value Vinv* during the period W1 in which the absolute value of the inverter output voltage
command value Vinv* is generally equal to or greater than the DC input voltage detection value Vg, and follow the DC
input voltage detection value Vg during the other period, i.e., a period W2. Therefore, the amplitude A2 of the inverter
circuit carrier wave also varies in accordance with the step-up circuit voltage target value Vo*.
[0155] A waveform (hereinafter, may be referred to as an inverter circuit reference wave Vinv#) of the inverter voltage
reference value Vinv# corresponds to a value calculated based on the inverter current command value Iinv* by the
control processing unit 30, and is set to have generally the same amplitude as the voltage amplitude (288 volts) of the
commercial power system 3. Therefore, the inverter circuit reference wave Vinv# crosses the step-up circuit carrier wave
in a range where the voltage value is between -Vg and +Vg.
[0156] The inverter circuit control unit 33 compares the inverter circuit carrier wave with the inverter circuit reference
wave Vinv#, and generates drive waveforms for driving the switching elements Q1 to Q4 so as to be turned on during
a period in which the inverter circuit reference wave Vinv# which is a voltage target value is equal to or greater than the
inverter circuit carrier wave, and to be turned off during a period in which the inverter circuit reference wave Vinv# is
equal to or smaller than the carrier wave.
[0157] In FIG. 11, (b) shows the drive waveform for driving the switching element Q1, generated by the inverter circuit
control unit 33. In (b) of FIG. 11, the vertical axis indicates voltage and the horizontal axis indicates time. The horizontal
axis in (b) of FIG. 11 coincides with that in (a) of FIG. 11.
[0158] The inverter circuit control unit 33 generates the drive waveform so that the switching operation is performed
in the range W2 in which voltage of the inverter circuit reference wave Vinv# is between -Vg and +Vg. Therefore, in the
other range, the switching element Q1 is controlled to stop the switching operation.
[0159] In FIG. 11, (c) shows the drive waveform for driving the switching element Q3, generated by the inverter circuit
control unit 33. In (c) of FIG. 11, the vertical axis indicates voltage and the horizontal axis indicates time.
[0160] The inverter circuit control unit 33 compares the carrier wave with a waveform indicated by a broken line in (a)
of FIG. 11, which is inverted from the inverter circuit reference wave Vinv#, to generate the drive waveform for the
switching element Q3.
[0161] Also in this case, the inverter circuit control unit 33 generates the drive waveform so that the switching operation
is performed in the range W2 in which voltage of (a waveform inverted from) the inverter circuit reference wave Vinv#
is between -Vg and +Vg. Therefore, in the other range, the switching element Q3 is controlled to stop the switching
operation.
[0162] The inverter circuit control unit 33 generates, as the drive waveform for the switching element Q2, a waveform
inverted from the drive waveform for the switching element Q1, and generates, as the drive waveform for the switching
element Q4, a waveform inverted from the drive waveform for the switching element Q3.
[0163] As described above, the inverter circuit control unit 33 modulates the inverter circuit carrier wave with the
inverter circuit reference wave Vinv#, to generate the drive waveforms representing pulse widths for switching. The
inverter circuit control unit 33 performs PWM control for the switching elements Q1 to Q4 of the inverter circuit 11, based
on the generated drive waveforms.
[0164] The step-up circuit control unit 32 of the present embodiment causes the step-up circuit 10 to output power so
that current flowing in the DC reactor 15 coincides with the step-up circuit current command value Iin*. As a result, the
step-up circuit 10 is caused to perform switching operation during the period W1 (FIG. 10) in which an absolute value
of the inverter output voltage command value Vinv* is generally equal to or greater than the DC input voltage detection
value Vg. The step-up circuit 10 outputs power having voltage equal to or greater than the DC input voltage detection
value Vg and approximate to the absolute value of the inverter output voltage command value Vinv*, during the period
W1. On the other hand, during the period in which the absolute value of the inverter output voltage command value
Vinv* is generally equal to or smaller than the DC input voltage detection value Vg, the step-up circuit control unit 32
stops the switching operation of the step-up circuit 10. Therefore, during the period in which the absolute value is equal
to or smaller than the DC input voltage detection value Vg, the step-up circuit 10 outputs, to the inverter circuit 11, DC
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power outputted from the photovoltaic panel 2 without stepping up the DC input voltage value thereof.
[0165] The inverter circuit control unit 33 of the present embodiment causes the inverter circuit 11 to output power so
that current flowing in the AC reactor 22 coincides with the inverter current command value Iinv*. As a result, the inverter
circuit 11 is caused to perform switching operation during the period W2 (FIG. 11) in which the inverter output voltage
command value Vinv* is generally between -Vg and +Vg. That is, the inverter circuit 11 is caused to perform switching
operation during a period in which an absolute value of the inverter output voltage command value Vinv* is equal to or
smaller than the DC input voltage detection value Vg.
[0166] Therefore, while switching operation of the step-up circuit 10 is stopped, the inverter circuit 11 performs switching
operation to output AC power approximate to the inverter output voltage command value Vinv*.
[0167] Since the inverter circuit reference wave Vinv# and the inverter output voltage command value Vinv* are
approximate to each other, they overlap each other in (a) of FIG. 11.
[0168] On the other hand, in the period other than the period W2 in which voltage of the inverter output voltage
command value Vinv* is generally between -Vg and +Vg, the inverter circuit control unit 33 stops the switching operation
of the inverter circuit 11. During this period, power stepped up by the step-up circuit 10 is given to the inverter circuit 11.
Therefore, the inverter circuit 11 whose switching operation is stopped outputs the power given from the step-up circuit
10, without stepping down the voltage thereof.
[0169] That is, the inverter device 1 of the present embodiment causes the step-up circuit 10 and the inverter circuit
11 to perform switching operations so as to be alternately switched therebetween, and superimposes their respective
output powers on each other, thereby outputting AC power having a voltage waveform approximate to the inverter output
voltage command value Vinv*.
[0170] Thus, in the present embodiment, control is performed so that the step-up circuit 10 is operated in the case of
outputting voltage corresponding to the part where the absolute value of the inverter output voltage command value
Vinv* is higher than the DC input voltage detection value Vg, and the inverter circuit 11 is operated in the case of outputting
voltage corresponding to the part where the absolute value of the inverter output voltage command value Vinv* is lower
than the DC input voltage detection value Vg. Therefore, since the inverter circuit 11 does not step down the power that
has been stepped up by the step-up circuit 10, a potential difference in stepping down of the voltage can be reduced,
whereby loss due to switching of the step-up circuit is reduced and AC power can be outputted with increased efficiency.
[0171] Further, since both the step-up circuit 10 and the inverter circuit 11 operate based on the inverter output voltage
command value Vinv* (voltage target value) set by the control unit 12, occurrence of deviation or distortion between
power of the step-up circuit and power of the inverter circuit which are outputted so as to be alternately switched can
be suppressed.
[0172] FIG. 12 is a diagram showing examples of the reference waves and the drive waveforms for the switching
elements, and an example of a current waveform of AC power outputted from the inverter device 1.
[0173] FIG. 12 shows graphs of, from the uppermost side, the reference wave Vinv# and the carrier wave for the
inverter circuit, the drive waveform for the switching element Q1, the reference wave Vbc# and the carrier wave for the
step-up circuit, the drive waveform for the switching element Qb, and the command value and an actual measured value
of a current waveform of AC power outputted from the inverter device 1. The horizontal axes of these graphs indicate
time, and coincide with each other.
[0174] As shown in FIG. 12, it is found that output current is controlled so that an actual measured value Ia thereof
coincides with a command value Ia*.
[0175] In addition, it is found that the period in which the switching element Qb of the step-up circuit 10 performs
switching operation and the period in which the switching elements Q1 to Q4 of the inverter circuit 11 perform switching
operations are controlled so as to be generally alternately switched therebetween.
[0176] In the present embodiment, as shown in (a) of FIG. 8, the step-up circuit is controlled so that current flowing
in the DC reactor 15 coincides with the current command value Iin* calculated based on the above expression (7). As
a result, voltages of the step-up circuit and the inverter circuit have waveforms as shown in (b) of FIG. 8, and it becomes
possible to perform such an operation that high-frequency switching operations of the step-up circuit 10 and the inverter
circuit 11 have respective stop periods and the switching operations are performed generally alternately.

[1.4 Current phase of outputted AC power]

[0177] The step-up circuit 10 and the inverter circuit 11 of the present embodiment output AC power having a voltage
waveform approximate to the inverter output voltage command value Vinv*, to the filter circuit 21 connected at the
subsequent stage, through the control by the control unit 12. The inverter device 1 outputs AC power to the commercial
power system 3 via the filter circuit 21.
[0178] Here, the inverter output voltage command value Vinv* is generated by the control processing unit 30 so as to
have a voltage phase leading the voltage phase of the commercial power system 3 by several degrees as described above.
[0179] Therefore, AC voltage outputted by the step-up circuit 10 and the inverter circuit 11 also has a voltage phase
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leading the voltage phase of the commercial power system 3 by several degrees.
[0180] As a result, the AC voltage from the step-up circuit 10 and the inverter circuit 11 is applied to one end of the
AC reactor 22 (FIG. 2) of the filter circuit 21, and voltage of the commercial power system 3 is applied to the other end.
Thus, voltages having phases shifted from each other by several degrees are applied to the respective ends of the AC
reactor 22.
[0181] In FIG. 13, (a) is a graph showing voltage waveforms of AC voltage outputted from the inverter circuit 11, the
commercial power system 3, and voltage between both ends of the AC reactor 22. In (a) of FIG. 13, the vertical axis
indicates voltage and the horizontal axis indicates time.
[0182] As shown in (a) of FIG. 13, when voltages having phases shifted from each other by several degrees are applied
to the respective ends of the AC reactor 22, the voltage between both ends of the AC reactor 22 is equal to a difference
between the voltages applied to the respective ends of the AC reactor 22 and having phases shifted from each other
by several degrees.
[0183] Therefore, as shown in (a) of FIG. 13, the phase of voltage between both ends of the AC reactor 22 leads the
phase of voltage of the commercial power system 3 by 90 degrees.
[0184] In FIG. 13, (b) is a graph showing a waveform of current flowing in the AC reactor 22. In (b) of FIG. 13, the
vertical axis indicates voltage and the horizontal axis indicates time. The horizontal axis in (b) of FIG. 13 coincides with
that in (a) of FIG. 13.
[0185] The current phase of the AC reactor 22 lags the voltage phase thereof by 90 degrees. Therefore, as shown in
(b) of FIG. 13, the current phase of AC power outputted through the AC reactor 22 is synchronized with the current
phase of the commercial power system 3.
[0186] Therefore, although the phase of voltage outputted from the inverter circuit 11 leads the phase of the commercial
power system 3 by several degrees, the phase of current outputted from the inverter circuit 11 coincides with the phase
of current of the commercial power system 3.
[0187] Therefore, as shown in the lowermost graph in FIG. 12, the phase of a current waveform outputted from the
inverter device 1 coincides with the voltage phase of the commercial power system 3.
[0188] As a result, AC current in phase with voltage of the commercial power system 3 can be outputted, whereby
reduction in a power factor of the AC power can be suppressed.

[2. Second embodiment]

[0189] FIG. 14 is an example of a circuit diagram of an inverter device 1 according to the second embodiment.
[0190] A difference between the present embodiment and the first embodiment is that IGBTs are used as the switching
elements Q1 to Q4 of the inverter circuit 11. The other configuration is the same as in the first embodiment.
[0191] In the present embodiment, the inverter circuit control unit 33 uses a carrier wave different from the inverter
circuit carrier wave used in the above first embodiment.
[0192] FIG. 15 is a graph showing comparison between an inverter circuit carrier wave in the second embodiment
and a reference wave. In FIG. 15, the vertical axis indicates voltage and the horizontal axis indicates time.
[0193] The reference wave and a step-up circuit carrier wave are the same as those in the first embodiment.
[0194] On the other hand, the inverter circuit carrier wave of the present embodiment is a triangle wave having a lower
limit value set at 0 volts and an upper limit value set at the step-up circuit voltage target value Vo*.
[0195] In this case, the inverter circuit control unit 33 generates a drive waveform for the switching element Q1 based
on comparison between the inverter circuit reference wave Vinv# and the inverter circuit carrier wave, and generates a
drive waveform for the switching element Q3 based on comparison between a wave inverted from the inverter circuit
reference wave Vinv#, and the inverter circuit carrier wave.
[0196] Also in the present embodiment, the inverter circuit control unit 33 (step-up circuit control unit 32) compares
the inverter circuit carrier wave (step-up circuit carrier wave) with the inverter circuit reference wave Vinv#, and generates
drive waveforms for driving the switching elements so as to be turned on during a period in which the inverter circuit
reference wave Vinv# (or a wave inverted therefrom) which is a voltage target value is equal to or greater than the
inverter circuit carrier wave (step-up circuit carrier wave), and to be turned off during a period in which the inverter circuit
reference wave Vinv# (or a wave inverted therefrom) is equal to or smaller than the carrier wave.
[0197] FIG. 16 is a diagram showing examples of the drive waveforms for the switching elements Qb and Q1 to Q4,
and an example of a current waveform of AC power outputted from the inverter device 1, in the second embodiment.
[0198] FIG. 16 shows graphs of, from the uppermost side, the drive waveform for the switching element Q1, the drive
waveform for the switching element Q4, the drive waveform for the switching element Q3, the drive waveform for the
switching element Q2, the drive waveform for the switching element Qb, and a current waveform of AC power outputted
from the inverter device 1. The horizontal axes of these graphs indicate time, and coincide with each other.
[0199] In the present embodiment, the switching element Q1 and the switching element Q3 are controlled to perform
switching in a range where voltage of the inverter circuit reference wave Vinv# is between -Vg and +Vg.
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[0200] Also in the present embodiment, as shown in FIG. 16, it is found that the period in which the switching element
Qb of the step-up circuit 10 performs switching operation and the period in which the switching elements Q1 to Q4 of
the inverter circuit 11 perform switching operations are controlled so as to be alternately switched therebetween.
[0201] The phase of a current waveform of AC power outputted from the inverter device 1 of the present embodiment
coincides with the voltage phase of the commercial power system 3, as shown in FIG. 16. Therefore, as in the above
first embodiment, AC power having the same current phase as the commercial power system 3 can be outputted,
whereby reduction in a power factor of the AC power can be suppressed.

[3. Third embodiment]

[0202] FIG. 17 shows an example of a circuit diagram of an inverter device 1 according to the third embodiment.
[0203] A difference between the present embodiment and the first embodiment is that a third voltage sensor 27 for
detecting intermediate voltage between the step-up circuit 10 and the inverter circuit 11 is provided. The other configu-
ration is the same as in the first embodiment.
[0204] In the above first embodiment, the step-up circuit voltage target value Vo* (a target value of the intermediate
voltage) is used as the amplitude of the carrier wave, but in the present embodiment, the voltage detection value Vo
detected by the third voltage sensor 27 is used as the amplitude of the carrier wave.
[0205] FIG. 18 is a diagram showing examples of the reference waves and the drive waveforms for the switching
elements, and an example of a current waveform of AC power outputted from the inverter device 1, in the third embodiment.
[0206] FIG. 18 shows graphs of, from the uppermost side, the reference wave Vinv# and the carrier wave for the
inverter circuit, the drive waveform for the switching element Q1, the reference wave Vbc# and the carrier wave for the
step-up circuit, the drive waveform for the switching element Qb, and the command value Ia* and the actual measured
value Ia of a current waveform of AC power outputted from the inverter device 1. The horizontal axes of these graphs
indicate time, and coincide with each other.
[0207] As shown in FIG. 18, also in the present embodiment, it is found that output current is controlled so that the
actual measured value Ia thereof coincides with the command value Ia*.
[0208] In addition, it is found that the period in which the switching element Qb of the step-up circuit 10 performs
switching operation and the period in which the switching element Q1 of the inverter circuit 11 performs switching
operation are controlled so as to be generally alternately switched therebetween.
[0209] As in the present embodiment, if the voltage detection value Vo is used as the amplitude of the carrier wave,
response to variation in voltage of the photovoltaic panel 2 or the commercial power system 3 becomes fast, and output
current of the inverter device 1 can be stabilized.

[4. Supplementary note]

[0210] It has been verified that the same result as in each simulation in the above embodiments can be obtained using
an actual machine.
[0211] It is noted that the embodiments disclosed herein are merely illustrative in all aspects and should not be
recognized as being restrictive. The scope of the present invention is defined by the scope of the claims rather than the
meaning described above, and is intended to include meaning equivalent to the scope of the claims and all modifications
within the scope.

REFERENCE SIGNS LIST

[0212]

1 inverter device
2 photovoltaic panel
3 commercial power system
10 step-up circuit
11 inverter circuit
12 control unit
15 DC reactor
16 diode
17 first voltage sensor
18 first current sensor
19 capacitor (smoothing capacitor)
21 filter circuit
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22 AC reactor
23 capacitor (output smoothing capacitor)
24 second current sensor
25 second voltage sensor
26 capacitor
27 voltage sensor
30 control processing unit
32 step-up circuit control unit
33 inverter circuit control unit
34 averaging processing unit
41 first calculation section
42 first adder
43 compensator
44 second adder
51 second calculation section
52 third adder
53 compensator
54 fourth adder
Q1 to Q4, Qb switching element

Claims

1. An inverter device connected to an AC system via a reactor, the inverter device comprising:

a conversion unit configured to convert DC power outputted from a power supply, to AC power, and output the
converted AC power to the AC system via the reactor; and
a control unit configured to control the conversion unit, wherein
the conversion unit includes:

a step-up circuit configured to step up a DC input voltage value of the DC power; and
an inverter circuit configured to convert power given from the step-up circuit, to AC power, and

the control unit

calculates an output current target value based on an input power value of the DC power and a voltage
value of the AC system, and calculates a current target value and a voltage target value for the inverter
circuit based on the output current target value, to control the inverter circuit, and
calculates a current target value for the step-up circuit based on a current target value and a voltage target
value that are common with the inverter circuit, and on the DC input voltage value, to control the step-up
circuit, and
thereby controls output of the AC power.

2. The inverter device according to claim 1, wherein
a smoothing capacitor is provided between the step-up circuit and the inverter circuit, and
the current target value for the step-up circuit is calculated based on the DC input voltage value and on a value
obtained by adding reactive power passing through the smoothing capacitor to a power target value that is based
on the current target value and the voltage target value for the inverter circuit.

3. The inverter device according to claim 1, wherein
a smoothing capacitor is provided between the step-up circuit and the inverter circuit, and
the current target value for the step-up circuit is calculated based on the DC input voltage value and on a value
obtained by adding reactive power passing through the smoothing capacitor and power loss in the inverter device
to a power target value that is based on the current target value and the voltage target value for the inverter circuit.

4. The inverter device according to claim 1, wherein
an output smoothing capacitor is provided at a stage subsequent to the reactor, and
in the case where the current target value for the step-up circuit is Iin*, the current target value and the voltage target
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value for the inverter circuit are Iinv* and Vinv*, respectively, an electrostatic capacitance of the output smoothing
capacitor is Ca, the voltage value of the AC system is Va, and the DC input voltage value is Vg, the following
expressions are satisfied: 

5. The inverter device according to claim 1, wherein
an output smoothing capacitor is provided at a stage subsequent to the reactor, and
in the case where the current target value for the step-up circuit is Iin*, the current target value and the voltage target
value for the inverter circuit are Iinv* and Vinv*, respectively, the voltage value of the AC system is Va, the DC input
voltage value is Vg, and current flowing through the output smoothing capacitor is Ica, the following expressions
are satisfied: 

6. The inverter device according to claim 2, wherein
in the case where the current target value for the step-up circuit is Iin*, the current target value and the voltage target
value for the inverter circuit are Iinv* and Vinv*, respectively, an electrostatic capacitance of the smoothing capacitor
is C, a voltage target value for the step-up circuit is Vo*, and the DC input voltage value is Vg, the following expression
is satisfied: 

7. The inverter device according to claim 2, wherein
in the case where the current target value for the step-up circuit is Iin*, the current target value and the voltage target
value for the inverter circuit are Iinv* and Vinv*, respectively, a voltage target value for the step-up circuit is Vo*, the
DC input voltage value is Vg, and current flowing through the smoothing capacitor is Ic, the following expression is
satisfied: 

8. The inverter device according to claim 3, wherein
in the case where the current target value for the step-up circuit is Iin*, the current target value and the voltage target
value for the inverter circuit are Iinv* and Vinv*, respectively, an electrostatic capacitance of the smoothing capacitor
is C, a voltage target value for the step-up circuit is Vo*, the DC input voltage value is Vg, and power loss of the
inverter device is PLOSS, the following expression is satisfied: 

9. The inverter device according to claim 3, wherein
in the case where the current target value for the step-up circuit is Iin*, the current target value and the voltage target
value for the inverter circuit are Iinv* and Vinv*, respectively, a voltage target value for the step-up circuit is Vo*, the
DC input voltage value is Vg, current flowing through the smoothing capacitor is Ic, and power loss of the inverter
device is PLOSS, the following expression is satisfied: 
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10. The inverter device according to any one of claims 4 to 9, wherein
the control unit selects, as the voltage target value for the step-up circuit, the larger one of the DC input voltage
value and an absolute value of the voltage target value for the inverter circuit, and
in the case where an inductance of the reactor is La, the voltage target value Vinv* for the inverter circuit is calculated
by the following expression: 

11. The inverter device according to any one of claims 1 to 10, wherein
the control unit performs maximum power point tracking control for the power supply, based on average values of
the DC input voltage value and a DC input current value of the DC power given from the power supply, the average
values being respectively calculated from results of plural measurements of the DC input voltage value and the DC
input current value.

12. The inverter device according to claim 11, wherein
the average values of the DC input voltage value and the DC input current value are respectively obtained from
results of plural measurements of the DC input voltage value and the DC input current value performed at time
intervals shorter than a half cycle of the AC system during a period that is an integer multiple of the half cycle of the
AC system.

13. The inverter device according to any one of claims 1 to 12, wherein DC power is outputted from the AC system to
the power supply.
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