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(57) Abstract: A power conversion device comprises: a conversion device (100) for each phase, said conversion device converting a 
DC voltage input from a DC power supply (5) to an AC waveform voltage to be output to each phase with respect to the neutral 
point of three-phase alternating currents; and a control unit (3) for controlling each conversion device (100). Each conversion device 
(100) has a DC/DC converter (10) including an insulating transformer (12) and a capacitor (14) and comprises: a first conversion 
unit (1) and a second conversion unit (2). The first conversion unit (1) converts an input DC voltage to a voltage including a pulsat - 
ing waveform by controlling the DC/DC converter (10) by the control unit (3), said pulsating waveform corresponding to the abso­
lute value of the voltage obtained by superimposing a third-harmonic wave onto a fundamental wave as an AC waveform to be out­
put. The second conversion unit (2) is provided at the stage next to the first conversion unit (1), has a full-bridge inverter (21), and 
converts the voltage including the pulsating waveform to an AC waveform voltage by inverting the polarity thereof on a per cycle 
basis by controlling the full-bridge inverter (21) by the control unit (3).

(57)
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DESCRIPTION

TITLE OF INVENTION

POWER CONVERSION DEVICE AND THREE-PHASE AC POWER SUPPLY

DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a three-phase AC power supply device for 

generating three-phase AC power from DC power, and to a power conversion device used 

therefor.

BACKGROUND ART

[0002]

Power conversion devices that step up DC voltage inputted from a DC power

supply by a DC/DC converter, convert the resultant voltage to AC voltage by an inverter, and 

output the AC voltage, are often used for a stand-alone power supply, a UPS (Uninterruptible 

Power Supply), and the like. In such a power conversion device, the DC/DC converter 

constantly performs switching operation, and the inverter also constantly performs switching 

operation.

Also, by using a three-phase inverter, voltage of the DC power supply can be 

converted to three-phase AC voltage (for example, see Patent Literature 1 (FIG. 7)).

[0003]

FIG. 25 is an example of a circuit diagram of a power conversion device used in a 

case of supplying power from a DC power supply to a three-phase AC load. In FIG. 25, a 

power conversion device 200 generates AC power on the basis of DC power received from a DC
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power supply 201, and supplies the power to a three-phase AC load 220.

The power conversion device 200 includes: a capacitor 202; for example, three 

step-up circuits 203; a smoothing circuit 205 for smoothing voltage of a DC bus 204; a three- 

phase inverter circuit 207; and three pairs of AC reactors 208 to 210 and capacitors 211 to 213. 

The smoothing circuit 205 is formed by connecting two capacitors 206 in series for the purpose 

of obtaining the withstand voltage property and connecting six sets of such two capacitors 206 in 

parallel for the purpose of obtaining the capacitance. The capacitance of the smoothing circuit 

as a whole is several mF, for example.

[0004]

The step-up circuit 203 steps up voltage which has been caused to have a high 

frequency through switching, by an isolation transformer 203t, and then rectifies the stepped-up 

voltage. The three step-up circuits 203 are connected in parallel to the common DC bus 204. 

The outputs of the three step-up circuits 203 are smoothed by the smoothing circuit 205 having a 

large capacitance, to become the voltage of the DC bus 204. This voltage is subjected to 

switching by the three-phase inverter circuit 207, thereby generating three-phase AC voltage 

including a high-frequency component. The high-frequency component is removed by the AC 

reactors 208 to 210 and the capacitors 211 to 213, whereby three-phase AC voltage (power) that 

can be provided to the three-phase AC load 220 is obtained. The line-to-line voltage of the 

three-phase AC load 220 is 400V.

[0005]

Here, the voltage of the DC bus 204 is required to be equal to or higher than the 

wave crest value of AC 400V, which is 400 x (21/2), i.e., about 566V, but is set at 600V, 

considering some margin. In a case where the voltage of the DC bus 204 is 600V, when a 

switching element in the three-phase inverter circuit 207 is turned off, due to resonance by a 

floating inductance and the capacitance of the switching element, voltage that greatly exceeds
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18 600V is applied to the switching element. Therefore, in order to reliably prevent insulation 

breakdown of the switching element, for example, withstand voltage property of 1200V which is 

twice as high as the voltage of the DC bus is required. In addition, the withstand voltage 

property of 1200V is also required for the smoothing circuit 205, and in the configuration in 

FIG. 25, withstand voltage property of 600V is required for each capacitor.

CITATION LIST

[PATENT LITERATURE]

[0006]

PATENT LITERATURE 1: Japanese Patent No. 5260092

SUMMARY OF INVENTION

[0007]

In the conventional power conversion device as described above, further 

improvement in the conversion efficiency is required. In order to improve the conversion 

efficiency, it is effective to reduce switching loss. In general, the higher the voltage of the DC 

bus is, the greater the switching loss and the like are. Therefore, how to reduce the voltage of 

the DC bus is a problem. In addition, it is desired to reduce the switching loss and other power 

losses also by means other than the reduction in the voltage.

[0008]

In view of the above problems, there is a need to reduce power loss due to 

conversion in a three-phase AC power supply device for converting DC voltage inputted from a 

DC power supply to three-phase AC voltage, and in a power conversion device used therefor.

[0008a]

It is an object of the present invention to meet this need or to substantially 

overcome, or at least ameliorate, one or more disadvantages of existing arrangements.

[0008b]

One aspect of the present disclosure provides a power conversion device for 

converting DC voltage inputted from a DC power supply, to three-phase AC voltage, the power 

conversion device comprising: a first-phase conversion device configured to convert the DC

21889975 1
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18 voltage inputted from the DC power supply, to voltage having an AC waveform to be outputted 

to a first phase with respect to a neutral point of three-phase AC; a second-phase conversion 

device configured to convert the DC voltage inputted from the DC power supply, to voltage 

having an AC waveform to be outputted to a second phase with respect to the neutral point; a 

third-phase conversion device configured to convert the DC voltage inputted from the DC 

power supply, to voltage having an AC waveform to be outputted to a third phase with respect 

to the neutral point; and a control unit configured to control the first-phase conversion device, 

the second-phase conversion device, and the third-phase conversion device, wherein each of the 

first-phase conversion device, the second-phase conversion device, and the third-phase 

conversion device includes: a first conversion unit having a DC/DC converter including an 

isolation transformer, and a smoothing capacitor, the first conversion unit being configured to, 

by the control unit controlling the DC/DC converter, convert the inputted DC voltage to a first 

voltage waveform containing a waveform corresponding to an absolute value of voltage 

obtained by superimposing a third-order harmonic on a fundamental wave of every half cycle of 

the AC waveform; and a second conversion unit provided at a stage subsequent to the first 

conversion unit and having a full-bridge inverter, the second conversion unit being configured 

to, by the control unit controlling the full-bridge inverter, invert a polarity of the first voltage 

waveform, per one cycle, thereby converting the first voltage waveform to a second voltage 

waveform having the AC waveform, wherein during a period in which the voltage outputted 

from the first conversion unit is equal to or lower than a predetermined proportion of a wave 

crest value of the first voltage waveform, the control unit causes the full-bridge inverter to 

perform inverter operation at a high frequency, thereby generating voltage having the AC 

waveform in the period.

[0009]

Another aspect of the present disclosure provides a power conversion device for 

converting DC voltage inputted from a DC power supply, to three-phase AC voltage, the power 

conversion device including: a first-phase conversion device configured to convert the DC 

voltage inputted from the DC power supply, to voltage having an AC waveform to be outputted 

to a first phase with respect to a neutral point of three-phase AC; a second-phase conversion 

device configured to convert the DC voltage inputted from the DC power supply, to voltage 

having an AC waveform to be outputted to a second phase with respect to the neutral point; a 

third-phase conversion device configured to convert the DC voltage inputted from the DC 

power supply, to voltage having an AC waveform to be outputted to a third phase with respect to

21889975 1
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18 the neutral point; and a control unit configured to control the first-phase conversion device, the 

second-phase conversion device, and the third-phase conversion device, wherein

each of the first-phase conversion device, the second-phase conversion device, and the third- 

phase conversion device includes: a first conversion unit having a DC/DC converter including 

an isolation transformer, and a smoothing capacitor, the first conversion unit being configured 

to, by the control unit controlling the DC/DC converter, convert the inputted DC voltage to 

voltage containing a pulsating-current waveform corresponding to an absolute value of voltage 

obtained by superimposing a third-order harmonic on a fundamental wave as the AC waveform 

to be outputted; and a second conversion unit provided at a stage subsequent to the first 

conversion unit and having a full-bridge inverter, the second conversion unit being configured 

to, by the control unit controlling the full-bridge inverter, invert a polarity of the voltage 

containing the pulsating-current waveform, per one cycle, thereby converting the voltage to 

voltage having the AC waveform.

[0010]

In addition, another aspect of the present disclosure provides a three-phase AC 

power supply device including: a DC power supply; a first-phase conversion device configured 

to convert DC voltage inputted from the DC power supply, to voltage having an AC waveform 

to be outputted to a first phase with respect to a neutral point of three-phase AC; a second-phase 

conversion device configured to convert DC voltage inputted from the DC power supply, to 

voltage having an AC waveform to be outputted to a second phase with respect to the neutral 

point; a third-phase conversion device configured to convert DC voltage inputted from the DC 

power supply, to voltage having an AC waveform to be outputted to a third phase with respect to 

the neutral point; and a control unit configured to control the first-phase conversion device, the 

second-phase conversion device, and the third-phase conversion device, wherein

each of the first-phase conversion device, the second-phase conversion device, 

and the third-phase conversion device includes: a first conversion unit having a DC/DC 

converter including an isolation transformer, and a smoothing capacitor, the first conversion unit 

being configured to, by the control unit controlling the DC/DC converter, convert the inputted 

DC voltage to voltage containing a pulsating-current waveform corresponding to an absolute 

value of voltage obtained by superimposing a third-order harmonic on a fundamental wave as 

the AC waveform to be outputted; and a second conversion unit provided at a stage subsequent 

to the first conversion unit and having a full-bridge inverter, the second conversion unit being

21889975 1
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18 configured to, by the control unit controlling the full-bridge inverter, invert a polarity of the 

voltage containing the pulsating-current waveform, per one cycle, thereby converting the 

voltage to voltage having the AC waveform.

[0011]

21889975 1
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The power conversion device and the three-phase AC power supply device of the 

present invention enable reduction in power loss due to conversion.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[FIG. 1] FIG. 1 is a circuit diagram showing a three-phase AC power supply 

device according to the first embodiment.

[FIG. 2] FIG. 2 is a diagram showing in more detail an internal circuit of a 

conversion device for one phase in FIG. 1.

[FIG. 3] FIG. 3 is a diagram showing a gate drive pulse for a full-bridge circuit.

[FIG. 4] FIG. 4 is a diagram showing an example of the way of generating the 

gate drive pulse.

[FIG. 5] FIG. 5 is graphs showing the way of generating a command value for an 

output waveform in a first conversion unit.

[FIG. 6] FIG. 6 shows four cycles of the command value (ideal value) for the 

output waveform of the first conversion unit, and four cycles of an output waveform that is 

actually outputted.

[FIG. 7] FIG. 7 shows gate drive pulses for switching elements composing a full­

bridge inverter of a second conversion unit.

[FIG. 8] FIG. 8 is graphs showing outputted AC voltage Vac in which (a) shows 

target voltage (ideal value), and (b) shows AC voltage Vac actually detected by a voltage sensor.

[FIG. 9] FIG. 9 is a waveform diagram in which (a) shows phase voltages for U, 

V, W outputted from the power conversion device, and (b) shows line-to-line voltages for U-V, 

V-W, W-U applied to a three-phase AC load.

[FIG. 10] FIG. 10 is a diagram showing a gate drive pulse for the full-bridge 
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circuit.

[FIG. 11] FIG. 11 is graphs showing another example of the way of generating a 

command value for an output waveform in the first conversion unit, in which the horizontal axis 

indicates time and the vertical axis indicates voltage.

[FIG. 12] FIG. 12 is graphs in which (a) shows four cycles of the command value 

(ideal value) for the output waveform of the first conversion unit, and (b) shows four cycles of an 

output waveform that is actually outputted.

[FIG. 13] FIG. 13 is graphs showing outputted AC voltage Vac in which (a) 

shows target voltage (ideal value), and (b) shows AC voltage Vac actually detected by the 

voltage sensor.

[FIG. 14] FIG. 14 is a waveform diagram in which (a) shows phase voltages for 

U, V, W outputted from the power conversion device, and (b) shows line-to-line voltages for U-V, 

V-W, W-U applied to the three-phase AC load.

[FIG. 15] FIG. 15 is a circuit diagram showing a three-phase AC power supply 

device according to the second embodiment.

[FIG. 16] FIG. 16 is a diagram showing in more detail an internal circuit of a 

conversion device for one phase in FIG. 15.

[FIG. 17] FIG. 17 is a diagram showing a gate drive pulse for a full-bridge circuit.

[FIG. 18] FIG. 18 is graphs in which (a) shows a command value (ideal value) 

for the output waveform of a first conversion unit to be obtained by the gate drive pulse in FIG. 

17, and (b) shows voltage of a pulsating-current waveform that actually arises between both ends 

of a capacitor.

[FIG. 19] FIG. 19 is graphs in which (a) shows a graph obtained by additionally 

depicting the waveform of target voltage in the vicinity of zero cross by dot lines on the same 

graph as (b) in FIG. 18, and (b) and (c) show gate drive pulses for switching elements composing
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a full-bridge inverter of a second conversion unit.

[FIG. 20] FIG. 20 is a graph showing AC voltage Vac outputted from the second 

conversion unit via a filter circuit composed of an AC reactor and a capacitor.

[FIG. 21] FIG. 21 is a diagram showing a gate drive pulse for the full-bridge 

circuit.

[FIG. 22] FIG. 22 is graphs in which (a) shows another example of the command 

value (ideal value) for the output waveform of the first conversion unit to be obtained by the gate 

drive pulse in FIG. 17, and (b) shows voltage of a pulsating-current waveform that actually arises 

between both ends of the capacitor.

[FIG. 23] FIG. 23 is a graph showing AC voltage Vac outputted from the second 

conversion unit via the filter circuit composed of an AC reactor and a capacitor.

[FIG. 24] FIG. 24 is a circuit diagram of a conversion device for one phase in a 

three-phase AC power supply device and a power conversion device according to the third 

embodiment.

[FIG. 25] FIG. 25 is an example of a circuit diagram of a conventional power 

conversion device used in a case of supplying power from a DC power supply to a three-phase 

AC load.

DESCRIPTION OF EMBODIMENTS

[0013]

[Summary of embodiments]

Summary of the embodiments of the present invention includes at least the 

following.

[0014]

(1) This is a power conversion device for converting DC voltage inputted from a
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DC power supply, to three-phase AC voltage, the power conversion device including: a first- 

phase conversion device configured to convert the DC voltage inputted from the DC power 

supply, to voltage having an AC waveform to be outputted to a first phase with respect to a 

neutral point of three-phase AC; a second-phase conversion device configured to convert the DC 

voltage inputted from the DC power supply, to voltage having an AC waveform to be outputted 

to a second phase with respect to the neutral point; a third-phase conversion device configured to 

convert the DC voltage inputted from the DC power supply, to voltage having an AC waveform 

to be outputted to a third phase with respect to the neutral point; and a control unit configured to 

control the first-phase conversion device, the second-phase conversion device, and the third- 

phase conversion device, wherein

each of the first-phase conversion device, the second-phase conversion device, 

and the third-phase conversion device includes: a first conversion unit having a DC/DC 

converter including an isolation transformer, and a smoothing capacitor, the first conversion unit 

being configured to, by the control unit controlling the DC/DC converter, convert the inputted 

DC voltage to voltage containing a pulsating-current waveform corresponding to an absolute 

value of voltage obtained by superimposing a third-order harmonic on a fundamental wave as the 

AC waveform to be outputted; and a second conversion unit provided at a stage subsequent to 

the first conversion unit and having a full-bridge inverter, the second conversion unit being 

configured to, by the control unit controlling the full-bridge inverter, invert a polarity of the 

voltage containing the pulsating-current waveform, per one cycle, thereby converting the voltage 

to voltage having the AC waveform.

[0015]

In the power conversion device of the above (1), since the conversion devices 

(first phase, second phase, third phase) are provided for the respective phases and output the 

phase voltages, voltage Vac (effective value) to be outputted from each conversion device is



P246780 11862480 1 .DOC

10

1 /71/(3 ) of the line-to-line voltage of the three-phase AC. For voltage Vb of a DC bus, the wave 

crest value of the voltage Vac is sufficient, i.e., VB = (2 )-Vac· As a result, the voltage of the 

DC bus is reduced as compared to a case where the line-to-line voltage is supplied by a single 

three-phase inverter. In addition, owing to the effect of reducing the wave crest value by 

superimposition of the third-order harmonic, the voltage of the DC bus is further reduced.

[0016]

Owing to voltage reduction in the DC bus, switching loss in the switching 

elements is reduced. In addition, even in a case where a reactor is provided in the device, iron 

loss thereof is reduced. Further, for the switching elements and the smoothing capacitor 

connected to the DC bus, even the ones having low withstand voltage properties can be used. 

Since a switching element having a lower withstand voltage property has a lower ON resistance, 

conduction loss can be reduced.

[0017]

In the power conversion device as described above, although the hardware 

configuration of the first conversion unit is a DC/DC converter, the DC voltage is converted to, 

not mere DC voltage, but voltage containing a pulsating-current waveform corresponding to the 

absolute value of the AC waveform. Thus, a waveform as a base of the AC waveform is 

generated by the first conversion unit. Then, the second conversion unit inverts the polarity of 

the voltage containing the pulsating-current waveform, per one cycle, thereby converting the 

voltage to the target voltage of the AC waveform. The number of times of switching in the full­

bridge inverter of the second conversion unit in this case is dramatically decreased as compared 

to that in the conventional inverter operation, and voltage at the time of the switching is low. 

Therefore, switching loss in the second conversion unit is greatly reduced. Even in a case 

where a reactor is provided in the second conversion unit, iron loss thereof is reduced. Further, 

the capacitor of the first conversion unit smooths only high-frequency voltage variation but does 
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not smooth the pulsating-current waveform having a low frequency. Therefore, it is possible to 

use a capacitor with a low capacitance.

[0018]

(2) In the power conversion device of (1), the first conversion unit may convert 

the DC voltage to voltage having the pulsating-current waveform consecutively.

In this case, the waveform with a half cycle as a base of the AC waveform is 

entirely generated by the first conversion unit, and the second conversion unit only performs 

polarity inversion at a frequency twice as high as the frequency of the AC waveform to be 

outputted. That is, the second conversion unit does not perform inverter operation accompanied 

by high-frequency switching. Therefore, an AC reactor is not needed on the output side of the 

second conversion unit, and thus loss due to the AC reactor can be eliminated.

[0019]

(3) In the power conversion device of (1), during a period in which the voltage 

outputted from the first conversion unit is equal to or lower than a predetermined proportion of a 

wave crest value of the pulsating-current waveform, the control unit may cause the full-bridge 

inverter to perform inverter operation at a high frequency, thereby generating voltage having the 

AC waveform in the period.

[0020]

The period during which the voltage is equal to or lower than a predetermined 

proportion of the wave crest value of the pulsating-current waveform means the vicinity of zero 

cross of the target voltage. That is, in this case, in the vicinity of zero cross of the target voltage, 

the second conversion unit contributes to generation of the AC waveform, and in the other region, 

the first conversion unit contributes to generation of the AC waveform. In a case where a 

pulsating-current waveform in the entire region is generated by only the first conversion unit, the 

waveform in the vicinity of zero cross might be distorted. However, by locally using inverter 
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operation of the second conversion unit, such distortion of the waveform is prevented, and output 

of a smoother AC waveform can be obtained. Since the period during which the second 

conversion unit is caused to perform inverter operation is short, loss is smaller than in the 

conventional inverter operation. In addition, loss due to the AC reactor is also smaller.

[0021]

(4) The predetermined proportion in (3) is preferably 18% to 35%.

In this case, it is possible to prevent distortion of the waveform in the vicinity of 

zero cross, and sufficiently obtain the effect of loss reduction. For example, if the 

“predetermined proportion” is lower than 18%, there is a possibility that slight distortion is left 

in the vicinity of zero cross. If the “predetermined proportion” is higher than 35%, the period 

during which the second conversion unit 2 performs high-frequency inverter operation is 

prolonged, and the effect of loss reduction is reduced by an amount corresponding to the 

prolonged period.

[0022]

(5) In the power conversion device of any one of (1) to (4), preferably, the 

capacitor has such a capacitance that allows high-frequency voltage variation due to switching in 

the first conversion unit to be smoothed but does not allow the pulsating-current waveform to be 

smoothed.

In this case, it is possible to obtain a desired pulsating-current waveform while 

eliminating high-frequency voltage variation due to switching.

[0023]

(6) On the other hand, a three-phase AC power supply device includes: a DC 

power supply; a first-phase conversion device configured to convert DC voltage inputted from 

the DC power supply, to voltage having an AC waveform to be outputted to a first phase with 

respect to a neutral point of three-phase AC; a second-phase conversion device configured to
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convert DC voltage inputted from the DC power supply, to voltage having an AC waveform to 

be outputted to a second phase with respect to the neutral point; a third-phase conversion device 

configured to convert DC voltage inputted from the DC power supply, to voltage having an AC 

waveform to be outputted to a third phase with respect to the neutral point; and a control unit 

configured to control the first-phase conversion device, the second-phase conversion device, and 

the third-phase conversion device, wherein

each of the first-phase conversion device, the second-phase conversion device, 

and the third-phase conversion device includes: a first conversion unit having a DC/DC 

converter including an isolation transformer, and a smoothing capacitor, the first conversion unit 

being configured to, by the control unit controlling the DC/DC converter, convert the inputted 

DC voltage to voltage containing a pulsating-current waveform corresponding to an absolute 

value of voltage obtained by superimposing a third-order harmonic on a fundamental wave as the 

AC waveform to be outputted; and a second conversion unit provided at a stage subsequent to 

the first conversion unit and having a full-bridge inverter, the second conversion unit being 

configured to, by the control unit controlling the full-bridge inverter, invert a polarity of the 

voltage containing the pulsating-current waveform, per one cycle, thereby converting the voltage 

to voltage having the AC waveform.

Also in this case, the same operation and effect as in the power conversion device 

of (1) are provided.

[0024]

[Details of embodiments]

Hereinafter, embodiments of the present invention will be described in detail with 

reference to the drawings.

[0025]

«First embodiment of three-phase AC power supply device/power conversion
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device»

(Three-phase circuit diagram)

FIG. 1 is a circuit diagram showing a three-phase AC power supply device 500 

according to the first embodiment. The three-phase AC power supply device 500 includes a 

power conversion device 100P, and a DC power supply 5 composed of, for example, a storage 

battery, and is connected to a three-phase AC load 6.

[0026]

The power conversion device 100P is composed of three conversion devices (first 

conversion device, second conversion device, third conversion device) 100 provided for the 

respective phases of the three-phase AC. The conversion device 100 converts DC power 

inputted from the DC power supply 5, to AC power, and supplies the AC power to the three- 

phase AC load 6. The three conversion devices 100 each supply AC power with the phase 

voltage with respect to a neutral point N of the three-phase AC, and the three conversion devices 

100 as a whole supply AC power with line-to-line voltage to respective phase loads 6p (first 

phase (u), second phase (v), third phase (w)).

[0027]

In a case where the line-to-line voltage of the three-phase AC load 6 is 400V, the 

phase voltage is about 23IV (400V / (3 )). Each conversion device 100 that outputs the phase 

voltage requires about 327V ((400V / (31/2)) x (21/2)) as the voltage of a DC bus LB. This means 

that the voltage of the DC bus LB is reduced (from 566V to 327V) as compared to a case where 

the line-to-line voltage (400V) to the three-phase AC load 6 is supplied by a single three-phase 

inverter. Therefore, the withstand voltage properties of switching elements and other electronic 

devices do not require 1200V, but about 600V is sufficient.

[0028]

(Single-phase circuit diagram)
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FIG. 2 is a diagram showing in more detail an internal circuit of the conversion 

device 100 for one phase in FIG. 1.

The conversion device 100 converts inputted DC voltage Vdc to AC voltage Vac 

corresponding to target voltage for the AC waveform, and outputs the AC voltage Vac· 

Although the conversion device 100 is also capable of conversion from AC to DC, here, the 

description will be given mainly focusing on conversion from DC to AC (the same applies also 

in the second embodiment and the third embodiment).

[0029]

In FIG. 2, the conversion device 100 includes, as main components, a first 

conversion unit 1, a second conversion unit 2, and a control unit 3. The first conversion unit 1 

receives the DC voltage VDc via a smoothing capacitor 4. The DC voltage VDc is detected by a 

voltage sensor 5s, and information about the detected voltage is sent to the control unit 3. The 

AC voltage Vac which is output voltage of the second conversion unit 2 is detected by a voltage 

sensor 6s, and information about the detected voltage is sent to the control unit 3.

[0030]

The first conversion unit 1 includes a DC/DC converter 10 and a smoothing 

capacitor 14.

The DC/DC converter 10 includes, from the input side: a full-bridge circuit 11 

composed of four switching elements QI, Q2, Q3, Q4; an isolation transformer 12; and a 

rectification circuit 13 composed of four switching elements Q5, Q6, Q7, Q8, and these are 

connected as shown in FIG. 2.

[0031]

The second conversion unit 2 includes: a full-bridge inverter 21 composed of four 

switching elements Q9, Q10, QI 1, Q12; and a capacitor 22. Output of the second conversion 

unit 2 becomes the AC voltage Vac having a desired AC waveform.
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The switching elements QI to Q12 are controlled by the control unit 3. As the 

switching elements QI to Q12, for example, IGBTs (Insulated Gate Bipolar Transistors) or FETs 

(Field Effect Transistors) may be used.

[0032]

As described above, the voltage of the DC bus EB is reduced as compared to a 

case where the line-to-line voltage (400V) to the three-phase AC load 6 is supplied by a single 

three-phase inverter. Therefore, switching loss in the switching elements Q5 to Q12 in the 

conversion device 100 is reduced. In addition, iron loss in the isolation transformer 12 is also 

reduced.

Further, for the switching elements Q5 to Q12 and the smoothing capacitor 14 

connected to the DC bus EB, even the ones having low withstand voltage properties can be used. 

Since a switching element having a lower withstand voltage property has a lower ON resistance, 

conduction loss can be reduced.

[0033]

(Operation of conversion device)

(First example of waveform)

Next, operation of the conversion device 100 will be described. First, the control 

unit 3 performs PWM control for the full-bridge circuit 11 (switching elements QI to Q4) of the 

first conversion unit 1.

FIG. 3 is a diagram showing a gate drive pulse for the full-bridge circuit 11. In 

FIG. 3, a waveform indicated by a two-dot dashed line is AC voltage Vac corresponding to the 

target voltage. It is noted that, as described later, this waveform is not a normal sine wave. 

Since the frequency of the gate drive pulse is much higher (for example, 20kHz) than the 

frequency (50 or 60 Hz) of the AC voltage Vac, each pulse cannot be depicted, but the pulse 

width becomes the broadest at the peak of the absolute value of the AC waveform, and becomes 
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narrower as the absolute value approaches zero.

[0034]

FIG. 4 is a diagram showing an example of the way of generating the gate drive 

pulse. The upper graph shows a high-frequency carrier wave and the absolute value of a sine 

wave of an AC waveform as a reference wave. Since the horizontal axis indicates very short 

times in an enlarged manner, the reference wave appears to be a straight line, but actually is a 

part rising from zero toward π/2, for example. As for the carrier wave, two waveforms (thick 

line and thin line) are shown in an overlapped manner, and they are two trapezoidal waveforms 

temporally shifted from each other by half cycle. That is, in one cycle of each trapezoidal 

waveform, the waveform obliquely rises and keeps the level one during a certain period, and 

then sharply falls to zero. Such a waveform arises consecutively, and two sets of such 

waveforms are shifted from each other by half cycle.

[0035]

By comparing the carrier wave and the reference wave as described above, a pulse 

corresponding to an interval where the absolute value of the sine wave is greater than the carrier 

wave is generated, whereby a gate drive pulse subjected to PWM control is obtained as shown in 

the lower graph. Regarding the gate drive pulse, a pulse for turning on the switching elements 

QI and Q4 and a pulse for turning on the switching elements Q2 and Q3 are alternately outputted. 

Thus, positive voltage and negative voltage are alternately and equally applied to the primary 

winding of the isolation transformer 12. In the vicinity of zero cross of the reference wave 

(sine wave), a pulse width hardly arises, and therefore, as shown in FIG. 3, the vicinity of zero 

cross is substantially a region where no gate drive pulse is outputted.

[0036]

The output of the full-bridge circuit 11 driven by the above gate drive pulse is 

transformed at a predetermined turn ratio by the isolation transformer 12, and thereafter, rectified 
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by the rectification circuit 13 and smoothed by the capacitor 14. The smoothing acts to the 

extent that eliminates the trace of the high-frequency switching, but cannot smooth a low- 

frequency wave such as a commercial frequency. That is, the capacitance of the capacitor 14 is 

selected to be a proper value so as to obtain such a result. If the capacitance is much greater 

than the proper value, the low-frequency wave such as the commercial frequency is also 

smoothed, whereby the shape of the waveform is made vague. By selecting the proper value, it 

becomes possible to obtain a desired pulsating-current waveform while eliminating high- 

frequency voltage variation due to switching.

[0037]

Even if the gate drive pulse is not given to the rectification circuit 13 from the 

control unit 3 (even if the switching elements Q5 to Q8 are all OFF), the rectification circuit 13 

can perform rectification by diodes provided in the elements, but if the gate drive pulse is given, 

the rectification circuit 13 can perform synchronous rectification. That is, at the timing when 

current flows in each diode in a case of performing diode rectification, the gate drive pulses are 

given to the switching elements Q5 to Q8 from the control unit 3. This realizes synchronous 

rectification, and current flows through the semiconductor elements, whereby power loss in the 

rectification circuit 13 as a whole can be reduced.

[0038]

FIG. 5 is graphs showing the way of generating a command value for the output 

waveform in the first conversion unit 1. The horizontal axis indicates time and the vertical axis 

indicates voltage. The waveform of the command value is obtained by using, as a fundamental 

wave, a sine wave having a wave crest value of 327V and a commercial frequency (50Hz, 0.02 

sec per cycle) as shown in (a), and superimposing, on the fundamental wave, a third-order 

harmonic having a frequency three times as high as that of the fundamental wave. The 

amplitude of the third-order harmonic is, for example, 10% of the amplitude of the fundamental
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wave. By superimposing the two waveforms, an AC waveform containing a third-order 

harmonic as shown in (b) is obtained. The peak value (wave crest value) of this AC wave 

becomes, due to its waveform, lower than that of the fundamental wave shown in (a), i.e., 

becomes 327*(31/2)/2 = 283 [V], Then, the waveform of (c) which is the absolute value of the 

waveform of (b) becomes a command value for the output waveform of the first conversion unit 

1.

[0039]

In FIG. 6, (a) shows four cycles of the command value (ideal value) for the output 

waveform of the first conversion unit 1, set as described above. The horizontal axis indicates 

time and the vertical axis indicates voltage. That is, this is approximate to a pulsating-current 

waveform obtained by full-wave rectifying the AC waveform of the AC voltage Vac, but 

because the third-order harmonic is contained, the wave crest value is reduced from 327V to 

283V.

[0040]

In FIG. 6, (b) shows voltage of a pulsating-current waveform that actually arises 

between both ends of the capacitor 14. As is obvious from comparison with (a), a pulsating- 

current waveform almost as indicated by the command value can be obtained.

[0041]

FIG. 7 shows gate drive pulses for the switching elements Q9 to Q12 composing 

the full-bridge inverter of the second conversion unit 2. In FIG. 7, (a) shows a gate drive pulse 

for the switching element Q9, Q12, and (b) shows a gate drive pulse for the switching element 

Q10, Qll. As shown in the graphs, values 1 and 0 arise alternately, whereby the polarity of the 

pulsating-current waveform in FIG. 6 is inverted per one cycle of the pulsating current.

[0042]

FIG. 8 is graphs showing one cycle of the AC voltage Vac outputted as described
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above, in which (a) is target voltage (ideal value) and (b) is the AC voltage Vac actually detected 

by the voltage sensor 6s. Although there is slight distortion in the vicinity of zero cross, an AC 

waveform almost as indicated by the target is obtained.

[0043]

(Summary)

As described above, in the conversion device 100, although the hardware 

configuration of the first conversion unit lisa DC/DC converter, the DC voltage is converted to, 

not mere DC voltage, but a pulsating-current waveform corresponding to the absolute value of 

the AC waveform containing a third-order harmonic. Thus, a waveform as a base of the AC 

waveform is generated by the first conversion unit 1. Then, the second conversion unit 2 

inverts the polarity of the voltage containing the pulsating-current waveform, per one cycle, 

thereby converting the voltage to the target voltage of the AC waveform.

By outputting each phase voltage as described above, as compared to a case where 

the line-to-line voltage (400V) to the three-phase AC load 6 is supplied by a single three-phase 

inverter, the voltage of the DC bus LB is reduced and further the effect of reducing the wave crest 

value by superimposition of the third-order harmonic is obtained, whereby switching loss in the 

switching elements Q5 to Q12 in the conversion device 100 is reduced. In addition, iron loss in 

the isolation transformer 12 is also reduced.

[0044]

In addition, the number of times of switching in the full-bridge inverter of the 

second conversion unit 2 is dramatically decreased as compared to that in the conventional 

inverter operation. That is, the number of times of switching is dramatically decreased (1/200) 

from a high frequency of, for example, about 20kHz, to 100Hz (for example, twice per one cycle 

of AC at 50Hz). Since the second conversion unit 2 performs switching at the timing of zero 

cross, voltage at the time of switching is extremely low (ideally, 0V). Therefore, switching loss
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in the second conversion unit 2 is greatly reduced. Since the second conversion unit 2 does not 

perform inverter operation accompanied by high-frequency switching, an AC reactor is not 

needed on the output side of the second conversion unit 2, and thus power loss due to the AC 

reactor can be eliminated.

[0045]

Owing to reduction in power loss as described above, the conversion efficiency of 

the conversion device 100 can be improved.

The capacitor 14 of the first conversion unit 1 only needs to smooth high- 

frequency voltage variation, but does not smooth the low-frequency pulsating-current waveform. 

Therefore, a capacitor with a low capacitance (for example, 10pF or 22pF) can be used. 

[0046]

(Three-phase waveform)

FIG. 9 is a waveform diagram in which (a) shows phase voltages for U, V, W 

outputted from the power conversion device 100P, and (b) shows line-to-line voltages for U-V, 

V-W, W-U applied to the three-phase AC load.

The control unit 3 controls the conversion device (first conversion device, second 

conversion device, third conversion device) 100 for each phase so that the phases of the AC 

waveforms outputted therefrom are shifted from each other by (2/3)π. Even though each phase 

voltage contains the third-order harmonic, the third-order harmonics are cancelled in the line-to- 

line voltage, and thus three-phase line-to-line voltages having phases shifted from each other by 

(2/3)π and having a wave crest value of 566V (= 400 x (2 ) = 283 x 2) are obtained as in a case 

of phase voltages of normal sine waves.

Thus, the power conversion device 100P can apply three-phase AC voltage to the 

three-phase AC load 6 and supply AC power thereto.

[0047]
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(Second example of waveform)

FIG. 10 is a diagram showing a gate drive pulse for the full-bridge circuit 11. In 

FIG. 10, a waveform indicated by a two-dot dashed line is AC voltage Vac corresponding to the 

target voltage. It is noted that this waveform is not a normal sine wave. Since the frequency 

of the gate drive pulse is much higher (for example, 20kHz) than the frequency (50 or 60 Hz) of 

the AC voltage Vac, each pulse cannot be depicted, but the pulse width becomes the broadest at 

the peak of the absolute value of the AC waveform, and becomes narrower as the absolute value 

approaches zero.

[0048]

FIG. 11 is graphs showing another example of the way of generating a command 

value for the output waveform in the first conversion unit 1. The horizontal axis indicates time 

and the vertical axis indicates voltage. The waveform of the command value is obtained by 

using, as a fundamental wave, a sine wave having a wave crest value of 327V and a commercial 

frequency (50Hz, 0.02 sec per cycle) as shown in (a), and superimposing, on the fundamental 

wave, a third-order harmonic having a frequency three times as high as that of the fundamental 

wave. The amplitude of the third-order harmonic is, for example, 20% of the amplitude of the 

fundamental wave. By superimposing the two waveforms, an AC waveform containing a third- 

order harmonic as shown in (b) is obtained. The peak value (wave crest value) of this AC wave 

becomes, due to its waveform, lower than that of the fundamental wave shown in (a), i.e, 

becomes 327*(31/2)/2 = 283 [V], Then, the waveform of (c) which is the absolute value of the 

waveform of (b) becomes a command value for the output waveform of the first conversion unit 

1.

[0049]

In FIG. 12, (a) shows four cycles of the command value (ideal value) for the 

output waveform of the first conversion unit 1, set as described above. The horizontal axis
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indicates time and the vertical axis indicates voltage. That is, this is approximate to a pulsating- 

current waveform obtained by full-wave rectifying the AC waveform of the AC voltage Vac, but 

because the third-order harmonic is contained, the wave crest value is reduced from 327V to 

283V.

In FIG. 12, (b) shows voltage of a pulsating-current waveform that actually arises 

between both ends of the capacitor 14. As is obvious from comparison with (a), a pulsating- 

current waveform almost as indicated by the command value can be obtained.

[0050]

The switching elements Q9 to Q12 composing the full-bridge inverter 21 of the 

second conversion unit 2 are driven by the gate drive pulse as shown in FIG. 7, as in the first 

example. As a result, the polarity of the pulsating-current waveform in FIG. 12 is inverted per 

one cycle of the pulsating current.

[0051]

FIG. 13 is graphs showing one cycle of the AC voltage Vac outputted as described 

above, in which (a) is target voltage (ideal value) and (b) is the AC voltage Vac actually detected 

by the voltage sensor 6s. Although there is slight distortion in the vicinity of zero cross, an AC 

waveform almost as indicated by the target is obtained.

[0052]

(Summary)

As described above, in the conversion device 100, although the hardware 

configuration of the first conversion unit lisa DC/DC converter, the DC voltage is converted to, 

not mere DC voltage, but a pulsating-current waveform corresponding to the absolute value of 

the AC waveform containing a third-order harmonic. Thus, a waveform as a base of the AC 

waveform is generated by the first conversion unit 1. Then, the second conversion unit 2 

inverts the polarity of the voltage containing the pulsating-current waveform, per one cycle,
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thereby converting the voltage to the target voltage of the AC waveform.

By outputting each phase voltage as described above, as compared to a case where 

the line-to-line voltage (400V) to the three-phase AC load 6 is supplied by a single three-phase 

inverter, the voltage of the DC bus LB is reduced and further the effect of reducing the wave crest 

value by superimposition of the third-order harmonic is obtained, whereby switching loss in the 

switching elements Q5 to Q12 in the conversion device 100 is reduced. In addition, iron loss in 

the isolation transformer 12 is also reduced.

[0053]

In addition, the number of times of switching in the full-bridge inverter of the 

second conversion unit 2 is dramatically decreased as compared to that in the conventional 

inverter operation. That is, the number of times of switching is dramatically decreased (1/200) 

from a high frequency of, for example, about 20kHz, to 100Hz (for example, twice per one cycle 

of AC at 50Hz). Since the second conversion unit 2 performs switching at the timing of zero 

cross, voltage at the time of switching is extremely low (ideally, 0V). Therefore, switching loss 

in the second conversion unit 2 is greatly reduced. Since the second conversion unit 2 does not 

perform inverter operation accompanied by high-frequency switching, an AC reactor is not 

needed on the output side of the second conversion unit 2, and thus power loss due to the AC 

reactor can be eliminated.

[0054]

Owing to reduction in power loss as described above, the conversion efficiency of 

the conversion device 100 can be improved.

The capacitor 14 of the first conversion unit 1 only needs to smooth high- 

frequency voltage variation, but does not smooth the low-frequency pulsating-current waveform. 

Therefore, a capacitor with a low capacitance (for example, 10pF or 22pF) can be used.

[0055]
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(Three-phase waveform)

FIG. 14 is a waveform diagram in which (a) shows phase voltages for U, V, W 

outputted from the power conversion device 100P, and (b) shows line-to-line voltages for U-V, 

V-W, W-U applied to the three-phase AC load.

The control unit 3 controls the conversion device (first conversion device, second 

conversion device, third conversion device) 100 for each phase so that the phases of the AC 

waveforms outputted therefrom are shifted from each other by (2/3)π. Even though each phase 

voltage contains the third-order harmonic, the third-order harmonics are cancelled in the line-to- 

line voltage, and thus three-phase line-to-line voltages having phases shifted from each other by 

(2/3)π and having a wave crest value of 566V (= 400 x (2 ) = 283 x 2) are obtained as in a case 

of phase voltages of normal sine waves.

Thus, the power conversion device 100P can apply three-phase AC voltage to the 

three-phase AC load 6 and supply AC power thereto.

[0056]

(Supplement)

As described above, the conversion device 100 can be used also for conversion 

from AC to DC. However, in this case, it is preferable that an AC reactor (which is the same as 

an AC reactor 23 (FIG. 16) in the second embodiment described later) is interposed on an electric 

path from the mutual connection point between the switching elements Q9 and Q10 to the 

capacitor 22.

In this case, the AC reactor and the capacitor 22 form a filter circuit (low-pass 

filter). In FIG. 2, in a case of feeding power from the AC side, the second conversion unit 2 

serves as a “rectification circuit”, and the rectification circuit 13 of the first conversion unit 1 

serves as an “inverter”. A high-frequency component generated by the “inverter” is prevented 

from leaking to the AC side, owing to the presence of the filter circuit.
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[0057]

The full-bridge circuit 11 in this case serves as a “rectification circuit”. The 

control unit 3 turns on the switching elements Q5 and Q8 and the switching elements Q6 and Q7 

alternately at such an appropriate switching frequency that does not magnetically saturate the 

isolation transformer 12, thus sending power to the isolation transformer 12. Output of the 

isolation transformer 12 is rectified by the full-bridge circuit 11 serving as a “rectification 

circuit”, to become DC voltage.

[0058]

«Second embodiment of three-phase AC power supply device/power conversion 

device»

(Three-phase circuit diagram)

FIG. 15 is a circuit diagram showing a three-phase AC power supply device 500 

according to the second embodiment. The three-phase AC power supply device 500 includes 

the power conversion device 100P, and the DC power supply 5 composed of, for example, a 

storage battery, and is connected to the three-phase AC load 6.

FIG. 16 is a diagram showing in more detail an internal circuit of the conversion 

device 100 for one phase in FIG. 15.

[0059]

(Single-phase circuit diagram)

FIG. 16 is different from FIG. 2 in that, in FIG. 16, an AC reactor 23 is provided on 

the output side of the full-bridge inverter 21 in the second conversion unit 2, and a voltage sensor 

9 for detecting output voltage of the first conversion unit 1 is provided. The other hardware 

configuration is the same. The AC reactor 23 and the capacitor 22 compose a filter circuit 

(low-pass filter) for removing a high-frequency component contained in output of the second 

conversion unit 2. Information about the voltage detected by the voltage sensor 9 is sent to the
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control unit 3.

[0060]

(Operation of conversion device)

(First example of waveform)

FIG. 17 is a diagram showing a gate drive pulse for the full-bridge circuit 11. In 

FIG. 17, a waveform indicated by a two-dot dashed line is AC voltage Vac corresponding to the 

target voltage. It is noted that this waveform is not a normal sine wave. Since the frequency 

of the gate drive pulse is much higher (for example, 20kHz) than the frequency (50 or 60 Hz) of 

the AC voltage Vac, each pulse cannot be depicted, but the pulse width becomes the broadest at 

the peak of the absolute value of the AC waveform, and becomes narrower as the absolute value 

approaches zero. A difference from FIG. 3 is that, in the vicinity of zero cross of the AC 

waveform, no gate drive pulse is outputted in a region wider than that in FIG. 3.

[0061]

In FIG. 18, (a) shows four cycles of a command value (ideal value) for the output 

waveform of the first conversion unit 1 to be obtained by the gate drive pulse in FIG. 17. The 

horizontal axis indicates time, and the vertical axis indicates voltage. That is, this is a 

waveform obtained by, as described above, superimposing a third-order harmonic with an 

amplitude ratio of 10% onto a pulsating-current waveform (which has, however, such a shape 

that the lower limit part is cut) like a waveform obtained by full-wave rectifying the AC 

waveform of the AC voltage Vac· In this case, the frequency of the AC voltage Vac 

corresponding to the target voltage is, for example, 50Hz. Therefore, one cycle of the 

pulsating-current waveform is half of (1/50) seconds = 0.02 seconds, i.e., 0.01 seconds. In this 

example, the wave crest value is 283V (200*(21/2)).

[0062]

In FIG. 18, (b) shows voltage of a pulsating-current waveform that actually arises
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between both ends of the capacitor 14. As is obvious from comparison with (a), a pulsating- 

current waveform almost as indicated by the command value can be obtained, but the waveform 

is slightly distorted in a period during which the voltage thereof is equal to or lower than a 

predetermined proportion of the wave crest value of the target voltage, for example, equal to or 

lower than 100V.

[0063]

In FIG. 19, (a) is a graph obtained by additionally depicting the waveform of the 

target voltage in the vicinity of zero cross by dot lines on the same graph as (b) in FIG. 18. In 

FIG. 19, (b) and (c) show gate drive pulses for the switching elements Q9 to Q12 composing the 

full-bridge inverter of the second conversion unit 2. That is, (b) shows the gate drive pulse for 

the switching element Q9, Q12, and (c) shows the gate drive pulse for the switching element 

Q10, QI 1. In the region in which thin lines along the vertical direction are depicted in the 

graphs, PWM control is performed through high-frequency switching.

[0064]

As shown in FIG. 19, the gate drive pulses in (b) and (c) take values 1 and 0 

alternately. Thus, the pulsating-current waveform in (a) is inverted per one cycle of the 

pulsating current. Regarding control in (b), i.e., control for the switching elements Q9 and Q12, 

when the voltage shown in (a) outputted from the first conversion unit 1 is equal to or lower than, 

for example, 100V, the control unit 3 causes the switching elements Q9 and Q12 to perform 

high-frequency switching, to perform inverter operation. Thus, voltage is outputted from the 

second conversion unit 2 so as to approach the target voltage in the vicinity of zero cross. Also 

in (c), similarly, when the voltage outputted from the first conversion unit 1 is equal to or lower 

than, for example, 100V, the control unit 3 causes the switching elements Q10 and Qll to 

perform high-frequency switching, to perform inverter operation. Thus, voltage is outputted 

from the second conversion unit 2 so as to approach the target voltage in the vicinity of zero
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cross.

[0065]

FIG. 20 is a graph showing the AC voltage Vac outputted from the second 

conversion unit 2 via the filter circuit composed of the AC reactor 23 and the capacitor 22. As 

shown in FIG. 20, an almost ideal AC waveform as indicated by the target voltage is obtained 

without distortion in the vicinity of zero cross.

[0066]

It is noted that, preferably, the predetermined proportion for causing the second 

conversion unit 2 to perform inverter operation is 18% to 35%.

In this case, it is possible to prevent distortion of the waveform in the vicinity of 

zero cross, and also, sufficiently obtain the effect of loss reduction. For example, if the 

“predetermined proportion” is lower than 18%, there is a possibility that slight distortion is left 

in the vicinity of zero cross. If the “predetermined proportion” is higher than 35%, the period 

during which the second conversion unit 2 performs high-frequency inverter operation is 

prolonged, and the effect of loss reduction is decreased by an amount corresponding to the 

prolonged period.

[0067] (Three-phase waveform)

The generation of the three-phase waveform is the same as in FIG. 9, and thus the 

description thereof is omitted here.

[0068]

(Second example of waveform)

FIG. 21 is a diagram showing a gate drive pulse for the full-bridge circuit 11. In 

FIG. 21, a waveform indicated by a two-dot dashed line is AC voltage Vac corresponding to the 

target voltage. It is noted that this waveform is not a normal sine wave. Since the frequency 

of the gate drive pulse is much higher (for example, 20kHz) than the frequency (50 or 60 Hz) of 
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the AC voltage Vac, each pulse cannot be depicted, but the pulse width becomes the broadest at 

the peak of the absolute value of the AC waveform, and becomes narrower as the absolute value 

approaches zero. A difference from FIG. 10 is that, in the vicinity of zero cross of the AC 

waveform, no gate drive pulse is outputted in a region wider than that in FIG. 10.

[0069]

In FIG. 22, (a) shows another example of a command value (ideal value) for the 

output waveform of the first conversion unit 1 to be obtained by the gate drive pulse in FIG. 21. 

The horizontal axis indicates time, and the vertical axis indicates voltage. That is, this is a 

waveform obtained by, as described above, superimposing a third-order harmonic with an 

amplitude ratio of 20% onto a pulsating-current waveform (which has, however, such a shape 

that the lower limit part is cut) like a waveform obtained by full-wave rectifying the AC 

waveform of the AC voltage Vac· In this case, the frequency of the AC voltage Vac 

corresponding to the target voltage is, for example, 50Hz. Therefore, one cycle of the 

pulsating-current waveform is half of (1/50) seconds = 0.02 seconds, i.e., 0.01 seconds. In this 

example, the wave crest value is 283V (200*(21/2)).

[0070]

In FIG. 22, (b) shows voltage of a pulsating-current waveform that actually arises 

between both ends of the capacitor 14. As is obvious from comparison with (a), a pulsating- 

current waveform almost as indicated by the command value can be obtained, but the waveform 

is slightly distorted in a period during which the voltage thereof is equal to or lower than a 

predetermined proportion of the wave crest value of the target voltage, for example, equal to or 

lower than 100V.

[0071] Accordingly, the same processing as in FIG. 19 is performed, and when the

voltage is equal to or lower than, for example, 100V, the switching elements Q9, Q12 and the 

switching elements Q10, Qll are caused to perform high-frequency switching, to perform
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inverter operation. Thus, voltage is outputted from the second conversion unit 2 so as to 

approach the target voltage in the vicinity of zero cross.

[0072] FIG. 23 is a graph showing the AC voltage Vac outputted from the second

conversion unit 2 via the filter circuit composed of the AC reactor 23 and the capacitor 22. As 

shown in FIG. 23, an almost ideal AC waveform as indicated by the target voltage is obtained 

without distortion in the vicinity of zero cross.

[0073] (Three-phase waveform)

The generation of the three-phase waveform is the same as in FIG. 14, and thus the 

description thereof is omitted here.

[0074] (Summary)

As described above, in the conversion device 100 of the second embodiment, 

although the hardware configuration of the first conversion unit lisa DC/DC converter, the DC 

voltage is converted to, not mere DC voltage, but a pulsating-current waveform (except for the 

vicinity of zero cross) corresponding to the absolute value of the AC waveform containing a 

third-order harmonic. Thus, a waveform as a base of the AC waveform is mainly generated by 

the first conversion unit 1. In addition, the second conversion unit 2 inverts the polarity of the 

voltage containing the pulsating-current waveform outputted from the first conversion unit 1, per 

one cycle, thereby converting the voltage to the target voltage of the AC waveform. Further, 

the second conversion unit 2 performs inverter operation only for the vicinity of zero cross, to 

generate an AC waveform in the vicinity of zero cross, which is not generated by the first 

conversion unit 1, and outputs the AC waveform.

[0075] By outputting each phase voltage as described above, as compared to a case where

the line-to-line voltage (400V) to the three-phase AC load 6 is supplied by a single three-phase 

inverter, the voltage of the DC bus LB is reduced and further the effect of reducing the wave crest 

value by superimposition of the third-order harmonic is obtained, whereby switching loss in the 
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switching elements Q5 to Q12 in the conversion device 100 is reduced. In addition, iron loss in 

the isolation transformer 12 is also reduced.

[0076] In addition, in the vicinity of zero cross of the target voltage, the second

conversion unit 2 contributes to generation of the AC waveform, and in the other region, the first 

conversion unit 1 contributes to generation of the AC waveform. In a case where a pulsating- 

current waveform in the entire region is generated by only the first conversion unit 1, the 

waveform in the vicinity of zero cross might be distorted. However, by locally using inverter 

operation of the second conversion unit 2, such distortion of the waveform is prevented, and 

output of a smoother AC waveform can be obtained.

[0077] Since the period during which the second conversion unit 2 is caused to perform

inverter operation is short, loss is much smaller than in the conventional inverter operation. In 

addition, loss due to the AC reactor 23 is also smaller than in the conventional inverter operation. 

Further, the feature that the voltage during the period in the vicinity of zero cross in which 

inverter operation is performed is comparatively low, also contributes to reduction in loss due to 

switching and loss due to the AC reactor.

Owing to the reduction in loss as described above, the conversion efficiency of the 

conversion device 100 can be improved, and in addition, output of a smoother AC waveform can 

be obtained.

[0078] It is noted that the criterion for determining the period during which the second

conversion unit 2 is caused to perform inverter operation at a high frequency is the same as in the 

first example.

[0079]

«Third embodiment of three-phase AC power supply device/power conversion 

device»

FIG. 24 is a circuit diagram of a conversion device 100 for one phase in a three- 
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phase AC power supply device and a power conversion device according to the third 

embodiment. Here, a diagram corresponding to FIG. 15 is omitted. That is, the three-phase 

AC power supply device and the power conversion device according to the third embodiment are 

obtained by replacing the conversion devices 100 in FIG. 15 with the conversion devices 100 in 

FIG. 24.

[0080]

In FIG. 24, a difference from FIG. 16 (second embodiment) is that a winding 12p 

on the primary side (left side in FIG. 24) of the isolation transformer 12 is provided with a center 

tap, and a part corresponding to the full-bridge circuit 11 in FIG. 16 is a push-pull circuit 11A 

using the center tap. The push-pull circuit 11A includes a DC reactor 15 and switching 

elements Qa and Qb, which are connected as shown in FIG. 24. The switching elements Qa and 

Qb are subjected to PWM control by the control unit 3, and during operation of the push-pull 

circuit 11 A, when one of the switching elements Qa and Qb is ON, the other one is OFF.

[0081]

In FIG. 24, current due to the DC voltage Vdc passes from the DC reactor 15 

through one of the switching elements Qa and Qb that is turned on, and then flows into the 

isolation transformer 12 and flows out from the center tap. By repeatedly turning on and off the 

switching elements Qa and Qb alternately, the isolation transformer 12 can perform voltage 

transformation. By performing PWM control of the gate drive pulses for the switching 

elements Qa and Qb, the same function as that of the first conversion unit 1 in the second 

embodiment can be achieved.

[0082]

That is, a command value (ideal value) for the output waveform of the first 

conversion unit 1 in the third embodiment is shown in (a) of FIG. 18 as in the second 

embodiment.
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In addition, the gate drive pulse for the switching element Q9, Q12 composing the 

full-bridge inverter 21 of the second conversion unit 2, and the gate drive pulse for the switching 

element Q10, Qll composing the full-bridge inverter 21 of the second conversion unit 2, are 

respectively shown in (b) and (c) of FIG. 19 as in the second embodiment.

Thus, as in the second embodiment, an AC waveform almost as indicated by the 

target voltage is obtained as shown in FIG. 20.

[0083]

As described above, the conversion device 100 of the third embodiment can 

realize the same function as in the second embodiment, and can obtain output of a smooth AC 

waveform. In the push-pull circuit 11 A, the number of switching elements is decreased as 

compared to that in the full-bridge circuit 11 (FIG. 16) of the second embodiment, and therefore, 

switching loss is reduced by an amount corresponding to the decrease in the number of switching 

elements.

[0084]

«Others»

In the above embodiments, a case where the power conversion device 100P is 

connected to the three-phase AC load 6 has been described. However, the power conversion 

device 100P may be connected to a single-phase load or a power grid.

[0085]

The conversion devices 100 of the first to third embodiments can be widely used 

for a power supply system (mainly for business purpose), a stand-alone power supply, a UPS, 

and the like for supplying AC power from a DC power supply such as a storage battery.

In FIG. 1 or FIG. 15, the configuration in which DC voltage is inputted from the 

common DC power supply 5 to the three conversion devices 100 has been shown. Such a 

feature that a common DC power supply can be used is also an advantage of the conversion 
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device 100 using the isolation transformer 12. However, without limitation to usage of a 

common DC power supply, DC power supplies may be provided for the plurality of conversion 

devices individually.

[0086]

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 and is intended to include meaning equivalent to the scope of 

the claims and all modifications within the scope.

REFERENCE SIGNS LIST

[0087]

1 first conversion unit

2 second conversion unit

3 control unit

4 capacitor

5 DC power supply

5 s voltage sensor

6 three-phase AC load

6p phase load

6s voltage sensor

9 voltage sensor

10 DC/DC converter

11 full-bridge circuit

11A push-pull circuit

12 isolation transformer
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12p primary-side winding

13 rectification circuit

14 capacitor

15 DC reactor

21 full-bridge inverter

22 capacitor

23 AC reactor

100 conversion device

100P power conversion device

200 power conversion device

201 DC power supply

202 capacitor

203 step-up circuit

203t isolation transformer

204 DC bus

205 smoothing circuit

206 capacitor

207 three-phase inverter circuit

208 to 210 ACreactor

211 to 213 capacitor

220 three-phase AC load

500 three-phase AC power supply device

Lb DC bus

N neutral point

QI to QI2, Qa, Qb switching element
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CLAIMS

1. A power conversion device for converting DC voltage inputted from a DC power supply, 

to three-phase AC voltage, the power conversion device comprising:

a first-phase conversion device configured to convert the DC voltage inputted from the 

DC power supply, to voltage having an AC waveform to be outputted to a first phase with 

respect to a neutral point of three-phase AC;

a second-phase conversion device configured to convert the DC voltage inputted from the 

DC power supply, to voltage having an AC waveform to be outputted to a second phase with 

respect to the neutral point;

a third-phase conversion device configured to convert the DC voltage inputted from the 

DC power supply, to voltage having an AC waveform to be outputted to a third phase with 

respect to the neutral point; and

a control unit configured to control the first-phase conversion device, the second-phase 

conversion device, and the third-phase conversion device, wherein

each of the first-phase conversion device, the second-phase conversion device, and the 

third-phase conversion device includes:

a first conversion unit having a DC/DC converter including an isolation 

transformer, and a smoothing capacitor, the first conversion unit being configured to, by the 

control unit controlling the DC/DC converter, convert the inputted DC voltage to a first voltage 

waveform containing a waveform corresponding to an absolute value of voltage obtained by 

superimposing a third-order harmonic on a fundamental wave of every half cycle of the AC 

waveform; and

a second conversion unit provided at a stage subsequent to the first conversion 

unit and having a full-bridge inverter, the second conversion unit being configured to, by the 

control unit controlling the full-bridge inverter, invert a polarity of the first voltage waveform, 

per one cycle, thereby converting the first voltage waveform to a second voltage waveform 

having the AC waveform, wherein

during a period in which the voltage outputted from the first conversion unit is 

equal to or lower than a predetermined proportion of a wave crest value of the first voltage 

waveform, the control unit causes the full-bridge inverter to perform inverter operation at a high 

frequency, thereby generating voltage having the AC waveform in the period.

2. The power conversion device according to claim 1, wherein

the predetermined proportion is 18% to 35%.

21889975 1
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18 3. The power conversion device according to claim 1 or claim 2, wherein

the smoothing capacitor has such a capacitance that allows high-frequency voltage 

variation due to switching in the first conversion unit to be smoothed but does not allow the first 

voltage waveform to be smoothed.

4. A three-phase AC power supply device including the power conversion device according 

to claim 1, further comprising the DC power supply.

Sumitomo Electric Industries, Ltd.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

21889975 1
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