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An Experimental Verification of a Simplified Five-Level PWM Rectifier with Twelve Switches 

for Use in High-Frequency Power Supply Systems 

Yuichi Noge㸨, Student Member, Jun-ichi Itoh㸨, Member 

 

In this paper evaluates a reduced switch count five-level PWM rectifier in a high frequency power supply system. The rectifier 

is combined a diode clump type topology with a flying capacitor type topology. Moreover, it uses only four switches per leg in 

spite of being a five-level converter. This paper describes the features of the proposed circuit topology and the corresponding 

methods of the high input frequency. Finally, the performance of the input current control of the proposed circuit is confirmed 

using the experimental setup. In addition, the operation of the proposed circuit at a high frequency of 800Hz is confirmed 

experimentally. 
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 ࡟ࡵࡌࡣ .1

㏆ᖺ㸪⯟✵ᶵ࡛ࡣᚑ᮶ࡢἜᅽᘧࡓ࠸⏝ࢆࢱ࣮࢚ࣗࢳࢡ࢔

㣕⾜ไᚚ࡟࣒ࢸࢫࢩ௦ࡾࢃ㸪ᑠᆺ㍍㔞໬࡞⬟ྍࡀ㟁Ẽᘧ࢔

࠸࡚ࡋቑ኱ࡀᐜ㔞ࡢ㸪㟁※タഛࡳ㐍ࡀ⏝᥇ࡢࢱ࣮࢚ࣗࢳࢡ

ኚືࡣฟຊ࿘ἼᩘࡢⓎ㟁ᶵࡓࢀࡉ⥆᥋᥋┤࡟ࣥࢪ࢚ࣥࠋࡿ

ᅾ⌧ࠋࡿ࠶ᚲせ࡛ࡀኚ᥮ჾࡿࡍ㐃⣔࡟⤫㸪ᶵෆ⣔ࡵࡓࡿࡍ

ᅇ㌿ᩘ࡛ࡢᐃ୍ࢆⓎ㟁ᶵ࡚࠸⏝ࢆẁ㝵ኚ㏿ᶵ↓࡞ᶵᲔⓗࡣ

㥑ືࡸ࣒ࢸࢫࢩࡿࡍ㸪⛣┦ኚᅽჾᩚࢻ࣮࢜࢖ࢲ࡜ὶჾࢆ⏝

ࢸࢫࢩࡓࡏࢃྜࡳ⤌ࢆࢱ࣮ࣂࣥ࢖࡜ὶᅇ㊰ᩚࢫࣝࣃከࡓ࠸

ࡀኚᅽჾࡸኚ㏿ᶵࡶࢀࡎ࠸㸪ࡋ࠿ࡋࠋ(1)ࡿ࠸࡚ࢀࡽ࠸⏝ࡀ࣒

኱ᆺ࡛㔜࠺࠸࡜࠸ḞⅬᩚࢻ࣮࢜࢖ࢲ࡟≉ࠋࡿ࠶ࡀὶჾࢆ⏝

㸪ࡵࡓࡿࡍ㐩ᡂࢆ㧗ㄪἼつไࡢ㸪ධຊ㟁ὶࡣ࡛࣒ࢸࢫࢩࡓ࠸

ฟຊ࡚ࡌᛂ࡟㈇Ⲵࡸධຊ㟁ᅽࡓࡲࠋࡿࡍ኱ᆺ໬ࡀࢱࣝ࢕ࣇ

㟁ᅽࡀኚືࡿࡍၥ㢟ࡽ࠿⏤⌮ࡢࡽࢀࡇࠋࡿ࠶ࡶᑠᆺ㍍㔞࡛

ධຊ㟁ὶ㧗ㄪἼࡀᑡᩚ࠸࡞ὶᅇ㊰ࡀᚲせࠋࡿ࠸࡚ࢀࡉ࡜ 

ධຊ㟁ὶ㧗ㄪἼࢆᢚไ࡛ᩚࡿࡁὶᅇ㊰࡚ࡋ࡜㸪ຊ⋡ᨵၿ

(PFC)ᩚὶჾࡾ࠶ࡀ㸪࡞ࡲࡊࡲࡉᅇ㊰ᵓᡂࡸ㐺⏝౛ࡀሗ࿌ࡉ

ࡶ୰࡛ࠋ(2-11)ࡿ࠸࡚ࢀ ࡢࣝ࣋2ࣞ PWMᩚὶჾࢳࢵ࢖ࢫࡣ⣲

Ꮚ࡛ᵓᡂࡵࡓࡿࢀࡉධຊ㟁ὶࡢไᚚᛶࡀ㧗ࡃ㸪ධຊ㟁ὶ㧗

ㄪἼᢚไ࡟ຠᯝⓗ࡛ࡽ࠿࡜ࡇࡿ࠶ᐇ⏝໬ࡀ㐍ࠋࡿ࠸࡛ࢇ 

PWMᩚὶჾࢆ⯟✵ᶵ㟁※࡟࣒ࢸࢫࢩ㐺⏝ࡿࡍሙྜ㸪࢚ࣥ

ࡀฟຊ࿘ἼᩘࡢⓎ㟁ᶵࡓࢀࡉ⥆᥋࡟ࣥࢪ 400~800Hz 㧗࡜

ࡿ࠸⏝࡟※㟁⏝ၟ࡞㸪୍⯡ⓗࡵࡓࡿࡍಖ☜ࢆ㸪ไᚚᛶࡃ

PWM ᩚὶჾ࡟ẚࢢࣥࢳࢵ࢖ࢫ࡚࡭࿘Ἴᩘࢆ㧗ࡃタᐃࡿࡍ

࡞ⓗ⯡୍ࡋ࠿ࡋࠋ࠸ࡋࡲᮃࡀ࡜ࡇ ࣝ࣋2ࣞ PWMᩚὶჾ࡛ࡣ

ୖྥࢆ࿘Ἴᩘࢢࣥࢳࢵ࢖ࢫ㸪ࡽ࠿ไ⣙ࡢ⣲Ꮚࢢࣥࢳࢵ࢖ࢫ

 ࠋࡿ࠶ᅔ㞴࡛ࡀࡢࡿࡏࡉ

࣐ࣝ㸪࡚ࡋ࡜⾡ᢏࡿࡍ⌧ᐇࢆࢢࣥࢳࢵ࢖ࢫ㧗࿘Ἴ࡛ࡇࡑ

༳ຍ㟁ࢳࢵ࢖ࢫᵓᡂ࡛ࣝ࣋nࣞࠋࡿࢀࡽ࠼⪄ࡀᵓᡂࣝ࣋ࣞࢳ

ᅽࢆ 1/(n-1)࡟పῶ࡛ࡵࡓࡿࡁ㸪ప⪏ᅽ࡛㧗㏿࡞MOSFETࡀ

౑⏝࡛ࡽ࠿࡜ࡇࡿࡁ㸪ࢢࣥࢳࢵ࢖ࢫ࿘Ἴᩘࡋୖྥࡀ㸪㐃⣔

ࡁ࡛⌧ᐇࡀపῶࡢධຊ㟁ὶ㧗ㄪἼࡸᑠᆺ໬ࡢࣝࢺࢡ࢔ࣜ

᪉ࣉࣥࣛࢡࢻ࣮࢜࢖ࢲࡿ࠸࡚ࢀࡉᥦ᱌ࡽ࠿ᚑ᮶ࡋ࠿ࡋࠋࡿ

ᘧࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇࡣࡓࡲ᪉ᘧࣝ࣋ࣞࢳ࣐ࣝ PWM ᩚ

ὶჾࢳࢵ࢖ࢫࡣ⣲Ꮚࡀከࡃ㸪ᅇ㊰ᵓᡂ࡜ไᚚ᪉ἲࡀ」㞧໬

 ࠋࡿ࠶ࡀၥ㢟ࡿࡍ

ᮏㄽᩥ࡛ࡣ㸪ⴭ⪅ࡀࡽᥦ᱌(12)ࢳࢵ࢖ࢫࡿ࠸࡚ࡋ⣲Ꮚᩘࢆ

༙ῶࡓࡋ᪂࡞ࡓ 㐺࡟㧗࿘Ἴ㟁※⏝㏵ࢆPWMᩚὶჾࣝ࣋5ࣞ

ࠋࡿࡍᥦ᱌ࢆᑐ⟇ἲࡢࡑ㸪ࡋ࡟࠿ࡽ᫂ࢆၥ㢟Ⅼࡢ㝿ࡿࡍ⏝

ࢆไᚚ≉ᛶࡢ㝿ࡓࡋ⏝㐺࡟㧗࿘Ἴ㟁※⏝㏵ࢆᥦ᱌ᅇ㊰ࡓࡲ

ᐇ㦂ࡾࡼ࡟᫂ࠋࡿࡍ࡟࠿ࡽᥦ᱌ࡿࡍ ࣝ࣋5ࣞ PWMᩚὶჾࡣ

⤌ࢆ᪉ᘧࣉࣥࣛࢡࢻ࣮࢜࢖ࢲ࡜᪉ᘧࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇ

ฟ࡟ࢻ࣮࢜࢖ࢲࣉࣥࣛࢡ㸪እഃࡕᣢࢆᅇ㊰ᵓᡂࡓࡏࢃྜࡳ

ຊ㟁ᅽ Vdcࡢ ๐ῶࢆ㏻㐣⣲Ꮚᩘࡢ㟁ὶ࡛࡜ࡇࡿࡏࡓᣢࢆ1/2

㸪ྠࡋ ᫬ࢳࢵ࢖ࢫ࡟⣲Ꮚࡢ༳ຍ㟁ᅽࢆ 1/4Vdc࡟ಖ࡛ࡀ࡜ࡇࡘ
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Fig. 2. Configuration of the proposed circuit 

Table 1. Switching patterns for the proposed circuit 

No. 
vin 

polarity 

Flying 

capacitor 

Output 

voltage 

On state 

switch 

1 

+ 

- +1/2Vdc S1, S2 

2 Discharge +1/4Vdc S1, S3 

3 Charge +1/4Vdc S2, S4 

4 - +0 S3, S4 

5 

- 

- -0 S1, S2 

6 Charge -1/4Vdc S1, S3 

7 Discharge -1/4Vdc S2, S4 

8 - -1/2Vdc S3, S4 

 

Table 2. Comparing of component device counts among the 

conventional circuits and proposed circuit 

  
Diode 

clamp 

Flying 

capacitor 

Proposed 

circuit 

Switch 24 24 12121212    

Diode 60 24 36 

Capacitor 4 30 13 

Voltage 

Control of C 
Impossible Possible Possible 

 

 

(a) Diode clamp                 (b) Flying capacitor 

Fig. 1. Configuration of the conventional circuit (single leg) 

ᮏㄽ࡛ࡎࡲࡣ㸪ᥦ᱌ᩚࡿࡍὶᅇ㊰ࡢ≉ᚩཬືࡧసࢆ⤂௓

ࡘ࡟ࡳࡎࡦἼᙧࡿ࡞࡜ၥ㢟࡚࠸࠾࡟㧗࿘Ἴධຊ࡟ḟࠋࡿࡍ

ࡍᐇᶵ᳨ドࢆ㸪ືస≉ᛶࡋㄝ᫂ࢆൾἲ⿵࡜㸪Ⓨ⏕ཎᅉ࡚࠸

㟁※࿘Ἴᩘࠋࡿ 800Hz ᫬ືࡢసࡋ♧ࢆ㸪㧗࿘Ἴ㟁※ࢸࢫࢩ

 ࠋࡍ♧ࢆ࡜ࡇࡿ࠶࡛⬟ྍ⏝㐺࡟࣒

2. ᥦ᱌ᅇ㊰ࡢᵓᡂ࡜ไᚚἲ 

 ᚑ᮶ᅇ㊰ ࠒ2㺃1ࠑ

Fig.1࡟ᚑ᮶ࡢ ࣝ࣋5ࣞ PWM ᩚὶჾ㸯┦ศࡢᅇ㊰ᵓᡂࢆ

ࡣ⣲Ꮚྛࡢᅇ㊰ᅗ୰ࠋࡍ♧ 1/4Vdcࢆᇶ‽ࠋࡿ࠸࡚ࡋ࡜Fig.1(a)

ࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇࡣᙧ㸪Fig.1(b)ࣉࣥࣛࢡࢻ࣮࢜࢖ࢲࡣ

ᙧ࡛㸪1/4Vdc⪏ᅽࡢ⣲Ꮚࡓ࠸⏝ࢆሙྜࡢᵓᡂ࡛ࢀࡎ࠸ࠋࡿ࠶

ࡣ⣲Ꮚ⪏ᅽࢳࢵ࢖ࢫࡶ Vdcࡢ 1/4 㸪1ࡀࡿ࡞࡜ ࡾࡓ࠶┦ 8 ಶ

「ࡀไᚚ⣔ࡸࣉࢵ࢔ࢺࢫࢥ㸪ࡾ࠶ᚲせ࡛ࡀ⣲Ꮚࢳࢵ࢖ࢫࡢ

㞧໬ࡿࡍḞⅬࠋࡿ࠶ࡀ 

 ᥦ᱌ᅇ㊰ ࠒ2㺃2ࠑ

Fig.2 ࣉࣥࣛࢡࢻ࣮࢜࢖ࢲࡣᥦ᱌ᅇ㊰ࠋࡍ♧ࢆᥦ᱌ᅇ㊰࡟

ᙧࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇ࡜ᙧࡓࡏࢃྜࡳ⤌࡜ᵓᡂ࡚ࡗ࡞࡟

ࢆ࣮ࣟࣇ࣮࣡ࣃ࡟ࡽࡉࠋࡿ࠸ AC-DC᪉ྥ࡟㝈ᐃ࡛࡜ࡇࡿࡍ

ᚑ᮶ᅇ㊰࡜ẚ㍑༙ࢆᩘࢳࢵ࢖ࢫ࡚ࡋศ࡟๐ῶࠋࡿࡍC1 ࣇࡣ

ࢳࢵ࢖ࢫ࡟࠺ࡼࡘಖࢆ㟁ᅽࡢ㸪1/4Vdc࡛ࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛ

C3ࠋࡿࡍ඘ᨺ㟁ไᚚ࡚࠼᭰ࡾษࢆ࣮ࣥࢱࣃࢢࣥ ࢲࡣ㟁఩ࡢ

ࢻ࣮࢜࢖ DR1㸪DS1㸪DT1ࢆ⤒࡚ฟຊᖹࢧࣥࢹࣥࢥ⁥ C2ࡢ୰

ᛶⅬ㟁఩ࢀࡉࣉࣥࣛࢡ࡟㸪C2ࡢ㟁఩ࢆไᚚࡤࢀࡍ C3ࣛࣂࡢ

 ࠋࡿ࠶୙せ࡛ࡣไᚚࢫࣥ

Table 1࡟ᥦ᱌ᅇ㊰ࡢኚ᥮ჾධຊ㟁ᅽࢱࣃࢢࣥࢳࢵ࢖ࢫ࡜

ࡣᥦ᱌ᅇ㊰ࠋࡍ♧ࢆ࣮ࣥ 2 ✀㢮ࡴྵࢆࣝ࣋ࣞࣟࢮࡢ 5 ࣋ࣞ

ࢆ㟁ᅽࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇࠋࡿࡁฟຊ࡛ࢆࣝ VC1=Vdc/4୍

ᐃ࡜ࡿࡍ࡜㸪No. 2࡜ 3㸪No. 6࡜ ࠋࡿ࡞࡜ࣝ࣋ࣞࡢ୍ྠࡀ7

ࡽࡀ࡞ࡕಖࢆࣝ࣋ࣞࡢ㸪ྠ୍ࡾࡲࡘ C1ࡢ඘㟁㸪ᨺ㟁࣮ࣔࢻ

ࡅศ࠸౑ࢆ࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫ㸪ࡵࡓࡿࢀࡽ࠼᭰ࡾษࢆ

ࡿࡼ࡟࡜ࡇࡿ C1ࡢ඘ᨺ㟁ไᚚࠋࡿ࡞࡜⬟ྍࡀ 

Table 2 ♧ࢆẚ㍑ࡢᅇ㊰⣲Ꮚᩘࡢᥦ᱌ᅇ㊰࡜ᚑ᮶ᅇ㊰࡟

ࡢᚑ᮶ᅇ㊰ࡀ⣲Ꮚᩘࢳࢵ࢖ࢫࡣ฼Ⅼࡢ኱᭱ࡢᥦ᱌ᅇ㊰ࠋࡍ

༙ศࣉࣥࣛࢡࢻ࣮࢜࢖ࢲࡓࡲࠋࡿ࠶࡛࡜ࡇࡿ࡞࡜ᙧࡶࡾࡼ

ࣥࢥࡶࡾࡼᙧࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇ㸪ࡃ࡞ᑡࡀࢻ࣮࢜࢖ࢲ

㟁ᅽࡢࢧࣥࢹࣥࢥ࡟ࡋ࡞㸪⿵ຓᅇ㊰ࡓࡲࠋ࠸࡞ᑡࡀࢧࣥࢹ

ࡢ௚ࡣᥦ᱌ᅇ㊰ࡽ࠿௨ୖࠋࡿ࠶ࡀᚩ≉ࡿࡁไᚚ࡛ࢆ 5 ࣋ࣞ

ࣝ PWMᩚὶჾࡶࡾࡼప࡛ࢺࢫࢥᐇ⌧࡛࠾࡞ࠋࡿࡁ㸪ᥦ᱌ᅇ

㊰ࡀ࣮ࣟࣇ࣮࣡ࣃࡣ஺ὶࡽ࠿┤ὶ୍ࡢ࡬᪉ྥࡀࡿ࡞࡜㸪⯟

✵ჾ㟁※⏝㏵ࡣ࡚࠸࠾࡟Ⓨ㟁ᶵ࡟ὶධࡣ࣮ࣟࣇ࣮࣡ࣃࡿࡍ

ᮃࡃ࡞ࡃࡋࡲ㸪ၥ㢟ࠋ࠸࡞ࡽ࡞ࡣ࡜ 
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Fig. 3. Control block diagram 

 

     (a) Equivalent circuit of the rectifier      (b) Input voltage vectors 

Fig. 4. Influence of the reactor voltage 

 

Fig. 5. Input voltage area of 5-level rectifier 

Fig. 6. Example of the switching sequence error 

 ไᚚ᪉ᘧ ࠒ2㺃3ࠑ

Fig.3 ࢡࢵࣟࣈไᚚࠋࡍ♧ࢆᅗࢡࢵࣟࣈไᚚࡢᥦ᱌ᅇ㊰࡟

ධຊ㟁ὶ┦୕ࠋࡿ࡞ࡽ࠿ฟຊ㟁ᅽไᚚ࡜㸪ධຊ㟁ὶไᚚࡣ

ᅇ㌿ᗙᶆኚ᥮࡚࠸⏝ࢆ㟁※ゅᗘࡓࡋฟ᳨ࡽ࠿ධຊ㟁ᅽࢆ

㸪d-qࡋ ㍈ୖ࡛ไᚚࠋࡿࡍd ㍈ࡀ᭷ຠ㟁ὶ㸪q ㍈ࡀ↓ຠ㟁ὶ

q㍈㟁ὶᣦ௧್ࠋࡍ⾲ࢆ Iq
ࢺࢡ࢔㸪㐃⣔࡛ࣜ࡜ࡇࡿࡍ࡜0=*

ࣝ㟁※ഃࡢධຊຊ⋡ࢆ ࡢ㟁ὶไᚚ⣔ࠋࡿࡍไᚚ࡟1 PIไᚚ

ჾ࡛ᚓࡓࢀࡽฟຊ㟁ᅽᣦ௧್ࢆα-βᗙᶆ࡟ኚ᥮ࡋ㸪✵㛫࣋

ࡾࡼ࡟ኚㄪࣝࢺࢡ PWM Table 1ࠋࡿࡍฟຊࢆ ࡿࢀࡉ♧࡟ 8

ಶࡽ࠿ࣝࢺࢡ࣋ࡢᣦ௧್࡟ᛂ࡚ࡌ 3✀㢮ࡢ㟁ᅽࣝࢺࢡ࣋V1㸪

V2㸪V3ࢆ㑅ᢥࡋ㸪ࡢࢀࡒࢀࡑ㟁ᅽࣝࢺࢡ࣋ฟຊ᫬㛫 T1㸪T2㸪

T3 ࡾࡼ࡟ẚ㍑࢔ࣜࣕ࢟㸪ࡋỴᐃࢆ PWM ✵ࠋࡿᚓࢆࢫࣝࣃ

㛫ࣝࢺࢡ࣋ኚㄪࡾࡼ࡟ィ⟬ࡓࢀࡉ㟁ᅽࣝࢺࢡ࣋ฟຊ᫬㛫࡟

ຍ࡚࠼㸪ධຊ㟁ᅽᴟᛶࡢࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇ࡜඘ᨺ㟁ࣔ

ࢀࡉ㑅ᢥࡀ࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫ࡚࠸⏝ࢆᐃ⤖ᯝุࢻ࣮

 ࠋࡿ

✵㛫ࣝࢺࢡ࣋ኚㄪ᪉ᘧࢆ᥇⏝ࡣ⏤⌮ࡓࡋ㸪(1)࢔ࣜࣕ࢟ኚ

ㄪ࡟ẚࢱࢩࣃࣕ࢟ࢢࣥ࢖ࣛࣇ࡚࡭ไᚚ࡟కࢢࣥࢳࢵ࢖ࢫ࠺

ࢳࢵ࢖ࢫࡢ඲య(2)ࠋࡵࡓࡿࡍ⡆༢໬ࢆ࠼᭰ࡾษࡢ࣮ࣥࢱࣃ

 ࠋࡿ࠶࡛ࡵࡓࡿࡍపῶࢆᅇᩘࢢࣥ

3. 㧗࿘Ἴ㟁※㐺⏝᫬ࡢၥ㢟Ⅼ࡜ᑐ⟇ 

 ၥ㢟Ⅼࠒ3㺃1ࠑ

ᥦ᱌ᅇ㊰ࢆᩘࢳࢵ࢖ࢫࡣ๐ῶ࡟ࡵࡓࡿࡍ㸪࣮ࣟࣇ࣮࣡ࣃ

ࢆ ACࡽ࠿ DC୍ࡢ᪉ྥ࡟㝈ᐃࡣࢀࡇࠋࡿ࠸࡚ࡋ⯟✵ᶵ࢚ࡢ

࡚ࢀࡉಖドࡀ࡜ࡇ࠸࡞ࡲ㎸ࡋὶࢆ࣮࣡ࣃ࡚ࡗ࠿ྥ࡟ࣥࢪࣥ

ࡇࡋ࠿ࡋࠋࡿ࠶ᛶ࡛≉࠸ࡼࡀ㒔ྜࡽ࠿ほⅬࡢ㸪ಖㆤୖࡾ࠾

ࡾࡼ࡟ࢀ 㐃ࡓࢀࡉ⥆᥋࡟ධຊࡣ┠ࡘ1ࠋࡿࡌ⏕ࡀၥ㢟ࡢࡘ2

⣔ࣜ࡟ࣝࢺࢡ࢔Ⓨ⏕ࡿࡍ㟁ᅽࡿࡼ࡟㸪ኚ᥮ჾධຊ㟁ᅽ࡜ධ

ຊ㟁ὶ఩┦ࡢㄗᕪ㸪2ࡣ┠ࡘไᚚჾࢢࣥࣜࣉࣥࢧࡢ㐜࡟ࢀ㉳

ᅉࡿࡍᴟᛶษࡢ࠼᭰ࡾ㐜࡟ࢀక࠺ㄗᕪ࡛ࠋࡿ࠶ 

(1)㐃⣔ࣜࡿࡼ࡟ࣝࢺࢡ࢔఩┦㐜ࢀ 

Fig.4 ♧ࢆᅗࣝࢺࢡ࣋㟁ᅽ࡜༢┦➼౯ᅇ㊰ᅗࡢ࣒ࢸࢫࢩ࡟

ࡣᥦ᱌ᅇ㊰࡛ࠋࡍ d-qᗙᶆࡢゅᗘ᝟ሗࢆ㟁※㟁ᅽ᳨ࡽ࠿ฟࡍ

ኚ᥮ჾධຊ㟁ᅽࡿࢀࡉฟຊ࡟ᐇ㝿ࡋ࠿ࡋࠋࡿ Vconvࡣ㸪㐃⣔

㟁ᅽࡿࢀࡉ༳ຍ࡟ࣝࢺࢡ࢔ࣜ VLࡿࡼ࡟఩┦ᕪ∆θࢆకࠋ࠺VL

㸪ධຊ㟁ᅽࡎࡏ៖⪄ࢆ Vin࡟ᇶ࡙࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫࡓ࠸

㑅ᢥ࠺⾜ࢆሙྜ㸪Vconvࡣ Vinྠ࡜఩┦࡟㏆࡙ࡁ࡜ࡢࡇࠋࡃධ

ຊ㟁ὶ Iinࡣ㸪Vin࡟ᑐ࡚ࡋ㐜ࢀ఩┦ࠋࡿ࡞࡜ 

Fig.5 ♧ࢆศ๭ࡢฟຊ㟁ᅽ㡿ᇦࢱ࣮ࣂࣥࢥ࡜ධຊ㟁ᅽ࡟

⋠ຊࡣᥦ᱌ᅇ㊰ࠋࡍ 1 ࡜㸪ධຊ㟁ᅽࡾ࠾࡚ࡋసື࡟๓ᥦࢆ

ධຊ㟁ὶྠࡣ఩┦࡛ࡣ࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫࡓࡲࠋࡿ࠶ධ

ຊ㟁ᅽࢆᇶ‽࡟㑅ᢥࠋࡿࡍVLࡢᙳ㡪࡛㟁ὶ఩┦ࡀ㐜࡜ࡿࢀ㸪

ᥦ᱌ᅇ㊰ࡢ࣮ࣟࣇ࣮࣡ࣃࡣไ㝈ࡾࡼ࡟↓ຠศࡢ㟁ὶࢆฟຊ

ᥦ᱌ࡣࢀࡇࠋࡿࡍ⏕Ⓨࡀࡳࡎࡦ࡟㸪ධຊ㟁ὶࡵࡓ࠸࡞ࡁ࡛

ᅇ㊰࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫࡢ(Table 1 No. 1, 4, 5, 8)࠸࠾࡟

࡚㸪㟁ὶ⤒㊰ࡀࢻ࣮࢜࢖ࢲࣉࣥࣛࢡ࡟Ꮡᅾࡽ࠿࡜ࡇࡿࡍ㸪

㟁ὶ᪉ྥࡀไ㝈ࠋࡿ࠶࡛ࡵࡓࡿࢀࡉ୰࡛ࡶ No. 4, 5ࡢ 0Vฟ

ຊࡣ࣮ࣥࢱࣃ㸪㟁ὶᴟᛶࡢ཯㌿࡚ࡏࢃྜ࡟ษࡿ࠼᭰ࡾᚲせ

 ࠋࡿࡅཷࡃࡁ኱ࢆᙳ㡪ࡢࢀ㸪㟁ὶ఩┦㐜ࡾ࠶ࡀ

(2)ᴟᛶษ࠼᭰ࡾ㐜ࢀ 

ᥦ᱌ᅇ㊰࡛ࡣධຊ㟁ὶᴟᛶ࣮ࢱࣃࢢࣥࢳࢵ࢖ࢫ࡚ࡗࡼ࡟

ࢱࣃᮇ࡛ྠ࢔ࣜࣕ࢟࡞ⓗ⯡୍ࠊࡾ࠶ࡀᚲせࡿ࠼᭰ࡾษࢆࣥ

⏝౑ࢆ㸧࠼᭰ࡾไᚚჾ㸦௨ୗྠᮇᴟᛶษࡿ࠼᭰ࡾษࢆ࣮ࣥ

㸪㐜࡛ࡢࡿ࠶ࡀ᫬㛫ࡕᚅ࡛ࡲࢢ࣑ࣥ࢖ࢱ࠼᭰ࡾ㸪ษ࡜ࡿࡍ
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Fig. 7. Reactor voltage compensator in Fig.3 

࿘Ἴࢢࣥࢳࢵ࢖ࢫ࡟ࡵࡓࡿࡍ⦰▷ࢆ᫬㛫ࢀ㐜ࠋࡿࡌ⏕ࡀࢀ

ኚ᥮ࡿࡼ࡟ቑຍࡢᦆኻࢢࣥࢳࢵ࢖ࢫࠊ࡜ࡿࡍタᐃࡃ㧗ࢆᩘ

ຠ⋡ࡢపୗࡸ㸪ไᚚჾࡢィ⟬㏿ᗘྥୖࡢ᪼ୖࢺࢫࢥࡿࡼ࡟

ၥ㢟ࠋࡿ࠶ࡀ 

Fig.6 ࣟࢡࣟࢮࡿࢃ᭰ࡾษ࡟ṇࡽ࠿㈇ࡀධຊ㟁ᅽ࡚࠸⏝ࢆ

࡟㡿ᇦϫࠋࡿࡍㄝ᫂ࢆၥ㢟Ⅼࡿࡅ࠾࡟Ⅼ(Fig.5㡿ᇦϭ~Ⅰ)ࢫ

0Vฟຊ+ࡍ♧࡟Table 1 No.5ࡣ࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫࡿࡅ࠾

ὶฟࡽ࠿୰ᛶⅬࡣ㸪ධຊ㟁ὶࡾ࠶㏻ᖖືస࡛ࡣ(a)ࠋࡿ࠶࡛

ᴟᛶ᳨ฟࡢⅬࡿࢃ᭰ࡾษ࡟ṇࡀධຊ㟁ᅽࠋࡿ࡞࡜᪉ྥࡿࡍ

ಖ࡟ែ≦ࡢ㡿ᇦϭࡣ࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫሙྜ㸪ࡓࢀ㐜ࡀ

ᣢࠋࡿࢀࡉධຊ㟁ὶ࡟ࢻ࣮࢜࢖ࢲࣉࣥࣛࢡࡣ㜼Ṇࢀࡉ୰ᛶ

Ⅼ࡟ὶࡎࢀ㸪(b)ࡢ⤒㊰ࢆ㏻1/2+ࡾVdc࡟᥋⥆ࡢࡇࠋࡿࢀࡉ⤖

ᯝ㸪ᮏ᮶0+ࡣV1/4+࡜Vdc࡛ࡁ࡭ࡍࢢࣥࢳࢵ࢖ࢫ Fig.5㡿ᇦⅠ

㛫+1/2Vdcࡢࢀ㐜ࡿࡼ࡟࿘ᮇ࢔ࣜࣕ࢟㸪ࡀฟຊ㟁ᅽࡢ ࡜

+1/4Vdcࡾ࡞࡜㸪ධຊ㟁ὶࠋࡿࡌ⏕ࢆࡳࡎࡦ࡟ 

ྠᮇᴟᛶษࡣ࡛࠼᭰ࡾ㸪ධຊ㟁ᅽᴟᛶ᳨ࡢฟࡀไᚚჾࡢ

๭ࡾ㎸ࡳⓎ⏕┤ᚋࡵࡓࡿ࡞࡜ࡳࡢ㸪࢔ࣜࣕ࢟࿘Ἴᩘࡀ

26.7kHz ࡛▷᭱ࡣሙྜ㸪㐜ᘏ᫬㛫ࡢ 1 ࿘ᮇ࢔ࣜࣕ࢟ 37.5µs

㸪᭱኱࡛ࡽ࠿ 2 ࿘ᮇศ 75.0µs ኚࡣ㐜ᘏ᫬㛫ࠋࡿࡍኚ໬࡛ࡲ

᥮ჾධຊ㟁ᅽㄗᕪࡾ࡞࡜㸪ධຊ㟁ὶࡇࠋࡿࡌ⏕ࢆࡳࡎࡦ࡟

㟁※࿘ᮇࡣኚ᥮ჾධຊ㟁ᅽㄗᕪࡢ 1/fin ࿘ᮇ࢔ࣜࣕ࢟࡜ 1/fc

ࢀ⌧࡚ࡋ࡜㟁ὶࢺ࣮ࣅࡢ㛗࿘ᮇࡿࡲỴࡽ࠿ᑠබಸᩘ᭱ࡢ

࿘Ἴᩘࡢ㟁ὶࢺ࣮ࣅࠋࡿ fbeat(1)ࡣᘧ࡛⾲ࠋࡿࢀࡉ 

}/1,/1{

1

cin

beat
ff

f =
 ......................................................... (1) 

㐃⣔ࡸ㸪Ⓨ㟁ᶵࡃపࡶࡾࡼ㟁※࿘Ἴᩘࡣ㟁ὶࢺ࣮ࣅࡢࡇ

 ࠋࡿࡌ⏕ࢆၥ㢟ࡢ࡝࡞᣺ືࡸ㦁㡢ࡢࣝࢺࢡ࢔ࣜ

 ൾ⿵ࡢ㟁ᅽࣝࢺࢡ࢔㐃⣔ࣜࠒ3㺃2ࠑ

㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ࡟㉳ᅉࢆࡳࡎࡦࡿࡍᨵၿࡵࡓࡿࡍ㸪

d-qᗙᶆࡢ఩┦ࢆ⿵ൾࠋࡿࡍFig.7࡟⿵ൾჾࡢᵓᡂࠋࡍ♧ࢆ㟁

※࿘Ἴᩘࢆ fin [Hz]࡜ࡿࡍ࡜㸪Vs࡜ Vconvࡢ఩┦ᕪ∆θ [rad](2)ࡣ

ᘧ࡛⾲ࠋࡿࢀࡉ 

][
21 rad
V

ILf
Tan

S

sininπ
θ

−
=∆ ............................................. (2) 

fin ࡣᖖ᫬ኚືࡀࡿࡍ㸪ไᚚჾෆࡢ d-q ᗙᶆᅇ㌿㏿ᗘࡽ࠿

᳨ฟྍ⬟࡛ࡢࡇࠋࡿ࠶∆θࢆ㟁※㟁ᅽ᳨ࡾࡼฟࡓࡋゅᗘ࡟ຍ

 ࠋࡿࡍ⟭

 పῶࢀ㐜ࢢࣥࣜࣉࣥࢧࡢ᫬࠼᭰ࡾᴟᛶษࠒ3㺃3ࠑ

ᴟᛶษࡾࢃ᭰ࡾ௜㏆ࡢ 0V ฟຊ࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫ

(Table 1 No.4,5)࢔ࣜࣕ࢟ࢆ࿘ᮇ࡜㠀ྠᮇ࡟ษࡿ࠼᭰ࡾ㸦௨ୗ

㠀ྠᮇᴟᛶษ࠼᭰ࡾ㸧࡛࡜ࡇ㸪ࢢࣥࢳࢵ࢖ࢫ࿘Ἴᩘ᪼ୖࢆ

࡟ධຊ㟁ᅽ᳨ฟᅇ㊰ࡣ࡟ලయⓗࠋࡿࡍపῶࢆࢀ㐜࡟ࡎࡏࡉ

௜㝶ࡓࡋ㟁ᅽᴟᛶุᐃᅇ㊰ࡢฟຊࢆ㸪FPGAෆ㒊ࢱࣥ࢘࢝ࡢ

ࢡࢵࣟࢡ 40MHz 㸪0Vࡋࢢࣥࣜࣉࣥࢧ࡛ ࢆᴟᛶࡢ࣮ࣥࢱࣃ

ሙྜ㸪ධࡢࡇࠋࡿ࠼᭰ࡾษ࡟㠀ྠᮇ࡛▐᫬࡜࿘ᮇ࢔ࣜࣕ࢟

ຊ㟁ᅽᴟᛶ཯㌿ࡽ࠿ 0V ࢀ㐜ࡢ࡛ࡲࡿࢃ᭰ࡾษࡀ࣮ࣥࢱࣃ

᫬㛫ࡣ㸪㟁ᅽᴟᛶ᳨ฟᅇ㊰ࡢ㐜ᘏࡀ࣒࢖ࢱࢻࢵࢹ࡜ᨭ㓄ⓗ

ࡣ㐜ᘏ᫬㛫ࡢ࠼᭰ࡾ㠀ྠᮇᴟᛶษࡣᐇ㦂࡛ࡢ௒ᅇࠋࡿ࡞࡜

15µs ࡀ࿘Ἴᩘ࢔ࣜࣕ࢟ࠋࡿ࡞࡜ 26.7kHz ࢔ࣜࣕ࢟ሙྜ㸪ࡢ

࿘ᮇࡢ 37.5µs ࡓࡲࠋࡿࢀࡉ⦰▷࡟኱ᖜࡀ᫬㛫ࢀ㐜࡚ࡋᑐ࡟

㠀ྠᮇᴟᛶษࡢࡘ୍࠺ࡶࡢ࠼᭰ࡾ฼Ⅼ࡚ࡋ࡜㸪ᴟᛶษ᭰ࡾ

ࡢࡿಖ࡚࡟ᐃ୍ࢆ㞳ᩓ໬ㄗᕪࡢ᫬㛫᪉ྥࡢࢢ࣑ࣥ࢖ࢱ࠼

࡛㸪(1)ᘧࢺ࣮ࣅࡢᡂศࢆᢚไ࡛ࠋࡿࡁ 

4. ᐇ㦂⤖ᯝ 

Table 3ࡍ♧࡟ᐇ㦂ࡾࡼ࡟ࢱ࣮࣓ࣛࣃ㸪ࢆࣉ࢖ࢱࢺࣟࣉస

ᡂࡋ㸪ᥦ᱌ᅇ㊰ືࡢసࢆᐇᶵᐇ㦂ࡾࡼ࡟☜ㄆࠋࡓࡋᐇ㦂ࡣ

௨ୗࡢ 3᮲௳࡛⾜ࠋࡓࡗ 

1. 㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾࡋ࡞㸪ྠᮇᴟᛶษ࠼᭰ࡾ 

2. 㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾࡾ࠶㸪ྠᮇᴟᛶษ࠼᭰ࡾ 

3. 㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾࡾ࠶㸪㠀ྠᮇᴟᛶษ࠼᭰ࡾ 

஺ὶ㟁※ࡣ㧗࿘ἼⓎ㟁ᶵࢆᶍᨃ࡟ࡵࡓࡿࡍ㟁※⎔ቃ࣑ࢩ

〇ࢡࢵࣟࣈ㸦NFᅇ㊰タィࢱ࣮ࣞࣗ 4400㸧ࢆ౑⏝ࡋ㸪࿘Ἴᩘ

ࡓࡋ᝿ᐃࢆ※ᶵ㟁✵⯟ࡣ 400~800Hz ࢱࢻࢵࢹࡓࡲࠋࡿࡍ࡜

࣒࢖ 500ns࡟࣮ࣥ࢜ࣥࢱࡢࢳࢵ࢖ࢫྛࢆ௜ຍࠋࡿࡍἼᙧࡑࡣ

ධຊ㟁ᅽ㸪ධຊ㟁ὶ㸪ኚ᥮ჾධຊ㟁ᅽ㸪┤ὶࡽ࠿ୖࢀࡒࢀ

ฟຊ㟁ᅽࠋࡍ♧ࢆ 

Fig.8(a)ࡢ㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾྠ࡜ᮇᴟᛶษࢆ࠼᭰ࡾ

౑⏝ࡿࡍሙྜ㸪㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽࡢᙳ㡪ࡾࡼ࡟㸪ᴟᛶษ

࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫࡢኚ᥮ჾ࡜௜㏆࡛ධຊ㟁ὶࡾࢃ᭰ࡾ

ᴟᛶࠊࡎࡏ⮴୍ࡀ㟁ὶἼᙧ࡟ࣟࢮࡀ೵ࡢࡑࠋࡿࡍ⁫⤖ᯝ㟁

ὶไᚚ⣔ࡢ㐣Ώᛂ⟅ࡌ⏕ࡀ㸪ධຊ㟁ὶἼᙧࡀ᣺ືⓗࠋࡿ࡞࡟

ࡣ⋠ࡳࡎࡦ඲㧗ㄪἼࡢධຊ㟁ὶࡁ࡜ࡢࡇ  ࠋࡿ࠶6.54%࡛

Fig.8(b)ࡢ㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾྠ࡜ᮇᴟᛶษࢆ࠼᭰ࡾ

ࠋࡿࡍῶᑡࡀ⁫㟁ὶ೵ࡢ௜㏆ࡾࢃ᭰ࡾ㸪ᴟᛶษࡣሙྜ࡛࠺⾜

ࡣ⋠ࡳࡎࡦ඲㧗ㄪἼࡢධຊ㟁ὶࡁ࡜ࡢࡇ ࢔㸪㐃⣔ࣜ࡜3.57%

࡚ࡋẚ㍑࡜ሙྜ࠸࡞ࢃ⾜ࢆ㟁ᅽ⿵ൾࣝࢺࢡ 45%పῶࠋࡿࡍ

ࡇ㸪ࡾ࠶ࡀሙྜࡴࡎࡦࡃࡁ௜㏆࡛኱ࡾࢃ᭰ࡾᴟᛶษࡋ࠿ࡋ

ࡍ⏕Ⓨ࡟ࡁ࡜ࡓฟࡃࡁ኱ࡀᙳ㡪ࡢࢀ㐜ࢢࣥࣜࣉࣥࢧࡣࢀ

┦௚ࡢ㸪3┦ᵓᡂࡣࡳࡎࡦࡢ⫪୧ࢡ࣮ࣆࡢ㟁ὶἼᙧࡓࡲࠋࡿ

 ࠋࡿ࠶ᙳ㡪࡛ࡢ

Fig.8(c)ࡢ㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾ࡜㸪ࢱࣃࢢࣥࢳࢵ࢖ࢫ

࣮ࣥ㠀ྠᮇษࡓࡋ⏝ేࢆ࠼᭰ࡾሙྜ࡛ࡣ㸪ධຊ㟁ὶࡢ඲㧗

ㄪἼࡣ⋠ࡳࡎࡦ ࡲࠋࡓࡗ࡞࡜್࠸పࡶ㸪3᪉ᘧ୰᭱࡜3.34%

ࡓ Fig.8(b)࡟ぢࡓࢀࡽධຊ㟁ὶᴟᛶษࡾࢃ᭰ࡾ௜㏆ࡳࡎࡦࡢ

 ࠋࡿ࠸࡚ࡋῶᑡࡀ

Fig.9(a)࡟㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾྠ࡜ᮇᴟᛶษࢆ࠼᭰ࡾ

ࡢሙྜࡓ࠸⏝ 800Hz ືసἼᙧࠋࡍ♧ࢆධຊ㟁ὶࡢ඲㧗ㄪἼ

ࡣ⋠ࡳࡎࡦ ࡜3.13% 400Hz ືసࡶࡾࡼ 12%పୗࡀࡿࡍ㸪ᐇ

㝿ࡢἼᙧࡣࡳࡎࡦࡢ 400Hz ືస᫬ࡾࡼ኱ࡣࢀࡇࠋ࠸ࡁ㟁※

࿘Ἴᩘࡾࡼ࡟᪼ୖࡢ㸪㟁※࿘Ἴᩘ࢔ࣜࣕ࢟࡜࿘Ἴᩘࡢ࡜ᕪ

ࡿࡍ㉳ᅉ࡟࠼᭰ࡾᮇᴟᛶษྠࠋࡿࡌ⏕࡟ࡵࡓࡿ࡞ࡃࡉᑠࡀ
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(a) Without compensation (THD: 6.54 [%]) 

(b) Reactor voltage compensation (THD: 3.57 [%]) 

(c) Asynchronous polarity switching (THD: 3.34 [%]) 

Fig. 8. Operation waveforms when the input frequency is 400 Hz 

(a) Reactor voltage compensation (THD: 3.13 [%]) 

(b) Asynchronous polarity switching (THD: 2.86 [%]) 

(c) Enlarged waveforms and switching patterns 

Fig. 9. Operation waveforms when the input frequency is 800 Hz 

1/2Vdc+ࡿࡌ⏕࡟ኚ᥮ჾฟຊ㟁ᅽࡾࡼ࡟ࢀ㐜ࢢࣥࣜࣉࣥࢧ ࡲ

※㸪㟁ࡀᖜࢫࣝࣃㄗᕪ㟁ᅽࡢ1/2Vdc-ࡣࡓ 1 ࿘ᮇ୰࡛㠀ᑐ⛠

 ࠋࡿࡌ⏕ࢆࡳࡎࡦ࡞⛠ୗ㠀ᑐୖ࡟ᵝྠࡶ㸪㟁ὶἼᙧࡾ࡞࡜

Fig.9(b)࡟㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽ⿵ൾ࡜㠀ྠᮇᴟᛶษ࠼᭰ࡾ

ࡢሙྜࡓ࠸⏝ࢆ 800HzືసἼᙧࠋࡍ♧ࢆFig.9(a)࡜ධຊ㟁ὶ

Ἴᙧࢆẚ㍑࡜ࡿࡍᴟᛶษࡾࢃ᭰ࡾ௜㏆ࡀࡳࡎࡦࡢῶᑡࡋ㸪

ㄗᕪ㟁ᅽࢫࣝࣃᖜࡶ㟁※ 1 ࿘ᮇ୰࡛ᑐ⛠࡛ࠋࡿ࠶඲㧗ㄪἼ

ࡣ⋠ࡳࡎࡦ 2.86%࡛㸪400Hzືసࡶࡾࡼ 14%పୗࠋࡿࡍ 

Fig.9(c)࡟ Fig.9(b)ືࡢసἼᙧࢆᣑ኱࢔ࣜࣕ࢟ࠋࡍ♧࡚ࡋ࿘

ᮇ࡛♧ࡍ༊㛫࡚࠸࠾࡟㸪๓༙࡛ࡣ S1, S2 ON0-ࡢV࣮ࣥࢱࣃ

ࠋࡿ࠸࡚ࡋὶ࡬ࣝࢺࢡ࢔㐃⣔ࣜࡽ࠿ኚ᥮ჾࢆ㸪㟁ὶࡋฟຊࢆ

࡜ࡿࢃ᭰ࡾษ࡟ṇഃࡀ㏵୰㸪ධຊ㟁ᅽᴟᛶࡢ༊㛫࢔ࣜࣕ࢟

ྠ᫬࡟㸪㟁ᅽᴟᛶุᐃಙྕ࡚࠸⏝ࢆ㸪࢔ࣜࣕ࢟࿘ᮇ࡜㠀ྠ

ᮇ࡟ S3, S4 ON0+ࡢV࡟࣮ࣥࢱࣃษ࠾࡞ࠋࡿ࠸࡚࠼᭰ࡾษࡾ

1/2Vdc-࡟ᚋ┤࠼᭰ ࡢࡇࠋࡿ࠸࡚ࡋ⏕Ⓨࡀࢫࣝࣃㄗᕪ㟁ᅽࡢ

ㄗᕪ㟁ᅽࡢࢫࣝࣃᖜࡣ㸪㟁ᅽᴟᛶุᐃᅇ㊰࣒࢖ࢱࢻࢵࢹ࡜

ࡵࡓࡿࡍỴᐃࡾࡼ࡟ 15µsࡃ▷࡜㸪ୖୗᑐ⛠ࠋࡿ࡞࡜ 

Fig.10࡟ධຊ࿘Ἴᩘࢆኚ໬ࡓࡏࡉሙྜࡢ㸪ྛ ไᚚἲࡅ࠾࡟

ࢺࢡ࢔㐃⣔ࣜࠋࡍ♧ࢆኚ໬ࡢ⋠ࡳࡎࡦධຊ㟁ὶ඲㧗ㄪἼࡿ

ࣝ㟁ᅽ⿵ൾࡢࡋ࡞ሙྜ㸪࿘Ἴᩘ࡟᪼ୖࡢẚ౛ࡳࡎࡦ࡚ࡋ⋡

㟁ࣝࢺࢡ࢔㐃⣔ࣜࠋ࠸࡞ࡁไᚚ࡛ࡣ㸪400Hz௨ୖ࡛ࡋ᪼ୖࡀ

ᅽ⿵ൾࢆຍ࡜ࡿ࠼㸪ࡣ⋠ࡳࡎࡦ㟁※࿘Ἴᩘࡎࡽࡼ࡟ 3%㏆㎶

ࡉ㸪࡛࡜ࡇࡿ࠸⏝ࢆ࠼᭰ࡾ㠀ྠᮇᴟᛶษࡓࡲࠋࡿࡍᏳᐃ࡟

 ࠋࡿࡍపῶ࡟ࡽ

Fig.11࡟ 0Vྠࡢ࣮ࣥࢱࣃᮇ㸭㠀ྠᮇᴟᛶษࡿࡼ࡟࠼᭰ࡾ
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Fig. 10. Relationships between the power supply frequency and the input 

current THD 

 

Fig. 11. Relations between the power supply frequency and the input 

power factor 

Fig. 12. Comparison of the beat current component 

(Beat frequency: 267 [Hz]) 

Table 3. Experimental parameters 

Output power 0.9kW 

Input AC voltage 200V 

Input frequency 400~800Hz 

Switching frequency 26.7kHz 

DC output voltage command 350V 

Load resistance 130Ω 

Input inductor 2mH 

Flying capacitor 47µF 

Clamping capacitor 100µF 

DC link capacitor 220µF 

 

ධຊຊ⋡ࡢ࿘Ἴᩘ≉ᛶࠋࡍ♧ࢆ㠀ྠᮇᴟᛶษࠊࡣ࡛࠼᭰ࡾ

㟁※࿘Ἴᩘ࡟㛵ࡎࡽࢃ㧗࠸ຊ⋡ࢆᚓྠࠋࡿࢀࡽᮇᴟᛶษࡾ

఩࠺క࡟ࢀࡇ㸪ࡌ⏕ࢆࡳࡎࡦ࡞⛠㠀ᑐ࡟ධຊ㟁ὶࡣ࡛࠼᭰

┦ㄗᕪࡾࡼ࡟ຊ⋡ࡀపୗࠋࡿࡍ 

Fig.8 Fig.9࡛Ⓨ⏕ࡓࡋ㸪ྠ ᮇᴟᛶษࡓ࠸⏝ࢆ࠼᭰ࡾሙྜ࡟

Ⓨ⏕ࡿࡍධຊ㟁ὶࡢ㠀ᑐ⛠࡞㟁ὶࡣࡳࡎࡦ㸪3㺃1 (2)࡛♧ࡋ

㟁ࢺ࣮ࣅࠋࡿࡼ࡟㟁ὶࢺ࣮ࣅ࠺క࡟ࢀ㐜ࡢ࠼᭰ࡾᴟᛶษࡓ

ὶࡢ࿘Ἴᩘࡣ㟁※࿘Ἴᩘ 400Hz ࡜ 800Hz㸪࢔ࣜࣕ࢟࿘Ἴᩘ

26.7kHzࡢ࿘ᮇ᭱ࡢᑠබಸᩘࡽ࠿㸪(1)ᘧࡾࡼ⟬ฟࠋࡿࢀࡉ㟁

※࿘Ἴᩘ 400Hz࡚࠸࠾࡟ 133Hz㸪800Hz࡛ࡣ 267Hzࠋࡿ࡞࡜ 

Fig.12 ࠸ࡁ኱ࡢࡳࡎࡦ࡟≉࡟ 800Hz ືస᫬ࢺ࣮ࣅࡢ㟁ὶ

ᡂศ(267Hz)ࡢ኱ࢆࡉࡁ㸪ධຊ㟁ὶᇶᮏἼ࡟ᑐࡿࡍ๭ྜ࡛♧

ࢆ㟁ὶࢺ࣮ࣅ㸪࡛࡜ࡇ࠺⾜ࢆ࠼᭰ࡾ㠀ྠᮇᴟᛶษࠋࡍ 0.56%

ࡽ࠿ ࡜࡬0.06%  ࠋࡿࡁపῶ࡛࡟1/9

 ࡵ࡜ࡲ .5

⯟✵ᶵ㟁※ࡢ࡝࡞㧗࿘Ἴ㟁※ࢆᑐ㇟ࡓࡋ࡜ PFC ᩚὶჾ࡜

ࡓࡋ๐ῶࢆᩘࢳࢵ࢖ࢫ㸪࡚ࡋ 㸪ࡋ⏝㐺ࢆPWMᩚὶჾࣝ࣋5ࣞ

㧗࿘Ἴ㟁※ୗࡿࡅ࠾࡟Ἴᙧᨵၿᡭἲࡢᥦ᱌ࠋࡓࡗ⾜ࢆ 

㸯ࠊ㐃⣔ࣜࣝࢺࢡ࢔㟁ᅽࡢᙳ㡪ࢆ⿵ൾࡋ㸪ᐇ㦂ࡾࡼ࡟

400Hz ࢆ⋠ࡳࡎࡦධຊ㟁ὶ඲㧗ㄪἼࡿࡅ࠾࡟ ࡽ࠿6.54%

࡟3.34% 45%పῶࠋࡓࡋ 

㸰ࡢ࣮ࣥࢱࣃࢢࣥࢳࢵ࢖ࢫࠊ㠀ྠᮇᴟᛶษ࠺⾜ࢆ࠼᭰ࡾ

㸪㟁※࿘Ἴᩘ࡛࡜ࡇ 800Hzࡿࡅ࠾࡟ධຊ㟁ὶࢺ࣮ࣅᡂศࢆ

 ࠋࡓࡋపῶ࡟1/9

௒ᚋࡢㄢ㢟࡚ࡋ࡜㸪㟁ᅽ࣭㟁ὶ᳨ฟᅇ㊰࣭ࡳࡎࡦࡢ㐜ࢀ

ኚ᥮ࡓࡲࠋࡿࡍᨵၿ࡟ࡽࡉࢆ㸪ධຊ㟁ὶἼᙧࡾࡼ࡟పῶࡢ

ჾタィ᭱ࡢ㐺໬࡛࡜ࡇ࠺⾜ࢆ㸪ᥦ᱌ἲࡢ᭷⏝ᛶࢆ㧗ࠋࡿࡵ 
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