
Microwave Power and Information Transmission Experiments from an Airship 
and a Study on Magnetron-Based Microwave Transmitting System Weight* 

 
Tomohiko Mitani(1), Teruo Fujiwara(2), Kenji Nagano(3), Hideki Ueda(4), Fumito Takahashi(1), 

 Hideaki Yonekura(1), Takahiro Hirano(1), Hiroshi Yamakawa(1), Naoki Shinohara(1),  
Kozo Hashimoto(1), Shigeo Kawasaki(1,5), and Makoto Ando(4) 

(1) Research Institute for Sustainable Humanosphere, Kyoto University 
Gokasho, Uji, Kyoto 611-0011, mitani@rish.kyoto-u.ac.jp 

(2) Sho Engineering Corp., (3) Space Technology Corp., (4) Tokyo Institute of Technology, 
(5) Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency 

 
Abstract 

“Microwave Power and Information Transmission Experiments from an Airship” 
(abbreviated as “Airship Experiments”) was conducted on the Uji campus ground in Kyoto 
University on March 5th and 10th, 2009. The objectives of the Airship Experiments were to 
demonstrate simultaneous wireless transmission of electrical power and information, to 
reduce the microwave transmitting system size and weight, and to remote-control the 
microwave transmitting system. Configuration of the Airship Experiments was transmitting 
system, retro-directive system, remote control and telemetry system, and receiving system. 
The transmitting system consisted of lithium-ion battery, power supply, two magnetrons, 
waveguide couplers, two-element radial line slotted antennas. Microwave power of 220 W 
was radiated from the transmitting system, whose weight was 42.9 kg. The Airship 
Experiments were successful with regard to demonstration of wireless power transmission, 
direction-of-arrival detection received by a pilot signal, remote control by low-power radio 
communication.  

The weight/power ratio of the Airship Experiments was 195g/W. In order to 
accomplish 2g/W of weight/power ratio, which is one of the technical goals for the SPS 
transmitting system, considerable breakthroughs will be indispensable to the transmitting 
system weight. 

In the present paper, the Airship Experiments were described and the magnetron- 
based microwave transmitting system weight was discussed, based on the Airship 
Experiments. 

                                                  
* Presented at the Twelfth SPS Symposium, 13-14 November, 2009 



㘧ⴕ⦁ታ㛎ࠍㅢࡦࡠ࠻ࡀࠣࡑߚߓㅍ㔚ࠪࠬߩࡓ࠹㊀㊂ߦ㑐ࠆߔ৻⠨ኤᵈ 1 
 

ਃ⼱ ᒾ(1)㧘⮮ේᥞ㓶(2)㧘㐳㊁⾫ม(3)㧘↰⧷᮸(4)㧘㜞ᯅᢥੱ(1)㧘☨ୖ⑲(1)㧘ᐔ㊁ᢘኡ(1)㧘 
ጊᎹብ(1)㧘◉ේ⌀Პ(1)㧘ᯅᧄᒄ⮥(1)㧘Ꮉፒ❥↵(1,5)㧘⮮⌀(4) 

(1) ੩ㇺᄢቇ↢ሽ⎇ⓥᚲ 0011-611ޥ� ੩ㇺᐭቝᴦᏒࡩᐣ� mitani@rish.kyoto-u.ac.jp 
(2) ⠍ࠛࠣࡦࠕ࠾ࠫࡦ㧘(3)ࠬࠫࡠࡁࠢ࠹ࠬࡍ㧘(4)᧲੩Ꮏᬺᄢቇ㧘 

(5) ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ ቝቮ⑼ቇ⎇ⓥᧄㇱ 
 

 
㧝㧚ߦߓߪ 

ᵄࡠࠢࠗࡑ SPS ㅍ㔚ࠪߥ㊀ⷐߦ㕖Ᏹߢࠎਗߣൻ࠻ૐࠦࠬߪࠆ㧘ല₸ะߡߌะߦታߩ

ᵄḮࡠࠢࠗࡑߩࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗࡑ㧘ߡߒኻߦ㗴⺖ߩࠄࠇߎ㧚ࠆߢシ㊂ൻ߇㗴⺖ߩࡓ࠹ࠬ

ߡߒߣ⠨ߪߩ߽ࠆࠇࠄ߃㧘ඨዉჇེ⊒ᝄེ㧘ࡦࡠ࠻ࡀࠣࡑ㧘ㅴⴕᵄ▤╬ࠆߢ㧚᭽ޘ

ᵄࡠࠢࠗࡑߚߒߦߣ߽ࠍᢥ₂ߥ SPS ㅍ㔚ࠪࠬߩࡓ࠹⋡ᮡ୯ߦ߮ࠄߥ⹏ଔ㗄⋡ߦኻࠆߔฦࡑߩޘ

ࠍᲧセߩᵄḮࡠࠢࠗ 1 ߩ㧚ߔ␜ߦ SPS ㅍ㔚ࠪࠬߪߢࡓ࠹᧪ᕈߩ㜞ඨዉჇ

ඨߩ㧘ࠄ߇ߥߒ߆ߒ㧚ࠆߡࠇߐ⸛ᬌߊᢙᄙ߇ࡓ࠹ࠬࠪߚ↪ߦᵄḮࡠࠢࠗࡑࠍᝄེ⊑ེ

ዉჇེߩ⋥ᵹ-ࡠࠢࠗࡑᵄ㧔DC-RF㧕ᄌ឵ല₸ࠍ㐓ߣࠆߺ㧘⁁߽ߢ 75%એߩ DC-RF ᄌ

឵ല₸ࠍ߽ࡦࡠ࠻ࡀࠣࡑࠆߔ SPS ⹜㛎ⴡᤊ╬ߦኻࠆߔචಽࡠࠢࠗࡑߥᵄḮࠆߢ㧚ߛߚ

ࠍࡦࡠ࠻ࡀࠣࡑ㧘ߒ SPS ߥ㊀ⷐ߇シ㊂ൻߩࡓ࠹ㅍ㔚ࠪࠬߦߣା㗬ᕈߩߢቝቮߪߦࠆߔ↪ߦ

ᛛⴚ⺖㗴ࠆߢ㧚 
 

 1 SPS ㅍ㔚ࠪࠬࡠࠢࠗࡑߩࡓ࠹ᵄḮߩᲧセ 
㗄⋡ ඨዉ ࡦࡠ࠻ࡀࠣࡑ ㅴⴕᵄ▤ 
DC-RF ᄌ឵ല₸㧔⋡

ᮡ୯㧦75%એ㧕 
72.7%PAE@1.9GHz[2] 
68.7%PAE@5.7GHz[3] 

75%એ@2.45GHz Ꮺ 
⚂ 60%@5.8GHz Ꮺ[4] 

65%@Ku Ꮺ[5] 

ജ㊀㊂Ყ㧔⋡ᮡ

୯㧦2g/W એਅ㧕 
シ㊂ߢߩ߽ߩ 7g/W[1] 㔚Ḯㄟߢߺ 25g/W[6] 5.7g/W@Ku Ꮺ[5] 

ૐࠦࠬ࠻ൻ㧔⋡ᮡ

୯㧦300 /W એਅ 
٤㧔᧪ᕈࠅ㧕 㔚ሶࠫࡦ㔚Ḯߥ⦟ߢ

 ٌࠄߥ٧㧘⋥ᵹᐔṖ㔚Ḯࠄ
� 

㐿⊒٧ [1]࠭࠾㧔᧪ᕈᄢ㧕 �㧔Ꮢ႐ⷙᮨ㧦ዊ㧕 �㧔Ꮢ႐ⷙᮨ㧦ዊ㧕

ㅍ㔚ࠪࠬࡓ࠹ෘ[1] 10mm ࠅน⢻ᕈߩ⚖ 100mm ⚖ 100mm ⚖ 
㜞㔚ㅍ㔚㧔10kV
⚖㧕ⷫߩߣᕈ[1] 

㧔ٌ100V ⚖㨪10V ⚖㚟

േ㧕 
٤㧔kV ⚖㚟േ㧕 ٤㨪ٌ 

ቝቮߩߢା㗬ᕈ ٤㧔ታ❣ࠅ㧕 �㧔ታ❣߶ߒߥߤࠎߣ㧕 ٧㧔ታ❣ᄢ㧕 

                                                  
ᵈ 1╙ 12 ࿁ SPS ߡߦ㧘੩ㇺᄢቇࡓ࠙ࠫࡐࡦࠪ 2009 ᐕ 11  13㧘14 ᣣ㐿 

ⷐᣦ㧦2009 ᐕ 3  5 ᣣ߮ࠃ߅ 10 ᣣߦ੩ㇺᄢቇޟߡߦ㘧ⴕ⦁ࡠࠢࠗࡑߩࠄ߆ᵄࠆࠃߦ㔚ജߣᖱႎߩหᤨવ
ㅍታ㛎㧔㘧ⴕ⦁ታ㛎㧕ࠍޠታᣉߚߒ㧚㘧ⴕ⦁ታ㛎ߪ⊛⋠ߩ㧘ή✢㔚ജߣᖱႎߩหᤨવㅍᛛⴚߩ⏕┙㧘ㅍ㔚ࠪ
࠻ࡀࠣࡑ㧘⫾㔚ᳰ㧘㚟േ㔚Ḯ㧘ߪ㧚㘧ⴕ⦁ታ㛎ߚߞߢ⸽ᬌߩታᣉ㧘㆙㓒ᠲᛛⴚߩシ㊂ൻዊဳߩࡓ࠹ࠬ
ࠆࠇߐ᭴ᚑࠄ߆࠽࠹ࡦࠕ࠻࠶ࡠࠬࡦࠗ࡞ࠕࠫ㧘ዉᵄ▤♽㧘ࡦࡠ 2 ⚛ሶߩㅍ㔚ࠪࠬࡓ࠹㧘ߦ߮ࠄߥฃ㔚ࠪ
㧘42.9kgࠇߐ᭴ᚑߢ♽ᠲ࠲ࡔ࠹᷹⸘㧘ࡓ࠹ࠬࠪࡉࠖ࠹ࠢࠖ࠺ࡠ࠻㧘ࡓ࠹ࠬ ߢタ㊀㊂ߩ 220W
ࡠ࠻ࡀࠣࡑߚߓㅢࠍ㧘㘧ⴕ⦁ታ㛎ߦ߽ߣߣⷐ⺑ߩ㧘㘧ⴕ⦁ታ㛎ߪߢ㧚ᧄⓂߚࠇࠄᓧ߇ᵄജࡠࠢࠗࡑߩ
㧚ࠆߴㅀࠍ⠨ኤࠆߔ㑐ߦ㊀㊂ߩࡓ࠹ㅍ㔚ࠪࠬࡦ



⦁㘧ⴕޟߚߒߣߟ৻ߩ⊛⋠ࠍシ㊂ൻዊဳߩࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗࡑ㧘߃߹〯ࠍ⢛᥊ߩࠄࠇߎ

࡞ⓥࠣ⎇ߩޘᚒ߇ޠ㘧ⴕ⦁ታ㛎㧕ޔหᤨવㅍታ㛎㧔એਅߩᖱႎߣ㔚ജࠆࠃߦᵄࡠࠢࠗࡑߩࠄ߆

ߦ㧘ߒタࠍࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗࡑߦ⦁㧘㘧ⴕߪߣ㧚㘧ⴕ⦁ታ㛎ߚࠇߐታᣉࠅࠃߦࡊ

ࠅࠃߦߣߎࠆߔᢛᵹฃ㔚ߢ࠽࠹ࠢࠍᵄ㔚ജࡠࠢࠗࡑߚࠇߐ LED േ㧘ߩࠩࡉὐἮ㧘㔚ሶߩ

៤Ꮺ㔚ల㔚 LED ࡑߩ߳ࠄ߆⦁㘧ⴕߩ㧘⇇ೋࠅߢታ㛎ߚߞⴕࠍࡕ࠺ߩ╬ὐἮߩࡊࡦ

ࡑߦߚࠆ߇㒢ߦ㊀㊂ߥタน⢻ߦ⦁㘧ⴕߪߡ߅ߦ㧚㘧ⴕ⦁ታ㛎ࠆߢᵄㅍ㔚ታ㛎ࡠࠢࠗ

ߪシ㊂ൻዊဳൻߩࡓ࠹㧘ࠪࠬ߇ߚߒታᣉࠍシ㊂ൻዊဳൻߩࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗ SPS ㅍ㔚

㧘ߦ߽ߣߣࠆߴㅀࠍⷐߩ㘧ⴕ⦁ታ㛎ߪߢᧄⓂߢߎߘ㧚ࠆߢ⊑ᛛⴚ㐿ࠆ߈ߢ↪ォ߽ߦࡓ࠹ࠬࠪ

㘧ⴕ⦁ታ㛎ࠍㅢࡦࡠ࠻ࡀࠣࡑߚߓㅍ㔚ࠪࠬߩࡓ࠹シ㊂ൻߦ㑐ࠆߔ⠨ኤߡߟߦㅀࠆߴ㧚 
 

㧞㧚㘧ⴕ⦁ታ㛎 
㘧ⴕ⦁ታ㛎ߪ⊛⋠ߩ㧘ή✢㔚ജߣᖱႎߩหᤨવㅍᛛⴚߩ⏕┙㧘ㅍ㔚ࠪࠬߩࡓ࠹ዊဳシ㊂ൻߩ

ታᣉ㧘㆙㓒ᠲᛛⴚߩᬌ⸽ࠅߢ㧘᧪⊛ߥ↪ㅜߡߒߣἴኂᤨࠆߌ߅ߦ㕖Ᏹ↪ή✢㔚ജଏ⛎ࠪࠬ

 㧚ࠆߡߒᗐቯࠍ↪ߩߡߒߣࡓ࠹
㧞㧚㧝㧚᭴ᚑ 
㘧ⴕ⦁ታ㛎ࡠࠢࠗࡑࠆߌ߅ߦᵄㅍฃ㔚ࠪࠬߪࡓ࠹㧘ㅍ㔚ࠪࠬࡓ࠹㧘ฃ㔚ࠪࠬࡓ࠹㧘ࠖ࠺ࡠ࠻

 㧚ࠆࠇߐ᭴ᚑࠅࠃߦ♽ᠲ࠲ࡔ࠹᷹⸘㧘ࡓ࠹ࠬࠪࡉࠖ࠹ࠢ
㘧ⴕ⦁ߦタߚߒㅍ㔚ࠪࠬߩࡓ࠹౮⌀ࠍ࿑ 1 ߪ࠽࠹ࡦࠕ㧚ㅍ㔚ߔ␜ߦ 2 ⚛ሶࡦࠗ࡞ࠕࠫߩ

ߩޘ㧘ฦࠇߐ᭴ᚑߢRLSA㧕ޔ㧔એਅ࠽࠹ࡦࠕ࠻࠶ࡠࠬ RSMA ߡߒ↱⚻ࠍ▤ዉᵄߪߦ 2.45GHz
Ꮺ᳃↢↪߇ࡦࡠ࠻ࡀࠣࡑタߚࠇߐ㧚࠻ࡀࠣࡑ

ߪࡦࡠ 48V 㧘ߒߣ㔚Ḯࠍ㔚ᳰࡦࠝࠗࡓ࠙࠴♽

㜞㔚㔚Ḯ㧔DC-DC ߐ㚟േࠅࠃߦ㧕࠲ࡃࡦࠦ

ฦߪᵄㅍ㔚㔚ജࡠࠢࠗࡑߩࠄ߆࠽࠹ࡦࠕ㧚ߚࠇ

⚂ࠄ߆ሶ⚛࠽࠹ࡦࠕ 110W㧘ว⸘⚂ 220W ߢ

ߪቯᩰജߩ᧪ᧄߩࡦࡠ࠻ࡀࠣࡑ↪↢㧚᳃ߚߞ

900W 㧘900W߇ࠆߢ ജߪߢ߹߹ߩ㔚ᳰኈ

㊂ߩ㗴ߢታ㛎ᤨ㑆ߡᭂ߇⍴ߣߎࠆߥߊ㧘

DC-DC 㧘㔚ᵄ㒐ߣߎߊࠍ㊀㊂Ⴧߩ࠲ࡃࡦࠦ

⼔ᜰ㊎ࠆߢ 1mW/cm2 એਅߩ㔚ജኒᐲࠍ

߇ᔅⷐࠆߔߊ㜞ࠍ㘧ⴕ⦁㜞ᐲߪߦߚߔߚḩߢ

࠻ࡀࠣࡑ㧘ߡߞࠃ㧚ߚߞߥߣ㗴߇╬ߣߎࠆ

ᒙ੍ࠍ႐⏛ߩਭ⏛⍹᳗ࠆߡࠇߐタߦࡦࡠ

ࠍ㚟േ㔚ࡦࡠ࠻ࡀࠣࡑߢߣߎࠆ↪ߩ߽ߚ

⚂ 2.2kV ⒟ᐲ߹ߢૐᷫߖߐ㧘⸥㗴ὐߩ⸃

ߪㅍ㔚ᵄᢙߩߢ㧚ᧄታ㛎ߚߞ࿑ࠍ 2.46GHz
ࠍᝄᵄᢙ⊑ߩࡦࡠ࠻ࡀࠣࡑ㧚ߚߒߣ 2.46GHz
㔚ᵹᓮߪߦࡦࡠ࠻ࡀࠣࡑฦߦߚࠆߔ࿕ቯߦ

㧚2.46GHzߚࠇࠄߌઃࠅข߇ེ ၮḰାภജߩ

㔚ᵹߡߒᬌ⍮ࠍ⋧Ꮕߩജࡦࡠ࠻ࡀࠣࡑߣ

ᓮེࠍ⺞ᢛࠆࠃߦߣߎࠆߔ⋧หᦼࠃߦࡊ࡞

ᵄᢙหߩࡦࡠ࠻ࡀࠣࡑࠆߔኻߦ㧘ၮḰାภࠅ

ㅍ㔚䉝䊮䊁䊅

䊥䉼䉡䊛䉟䉥䊮㔚ᳰ 㚟േ㔚Ḯ

䊙䉫䊈䊃䊨䊮䉝䊮䊁䊅ⵣ㕙

࿑ 1� 㘧ⴕ⦁ታ㛎ㅍ㔚ࠪࠬߩࡓ࠹౮⌀ 



ᦼ⋧หᦼࠍታߚߒ㧚ࡀࠣࡑ

㧘ၮߪߡߟߦ⋧ᓮߩࡦࡠ࠻

Ḱାภࠍེ⋦⒖ߦขࠅઃߌ㧘⒖

ࡑߢߣߎࠆߔᓮࠍ⋦ߩེ⋦

ߐᓮ߇⋦ߩജࡦࡠ࠻ࡀࠣ

ࠅࠃߦࠇߎ㧚ࠆࠇ 2 ⚛ሶࠚࡈߩ

ᯏߩߡߒߣ࠽࠹ࡦࠕࠕ࠼࠭

⢻ࠍᜬߚ߈ߢ߇ߣߎࠆߖߚ㧚 
ฃ㔚ࠪࠬࠍ࠽࠹ࠢߪࡓ࠹↪

ᗧߒ㧘ή✢㔚ജવㅍࠍࡕ࠺ⴕߚߞ㧚

࿑ 2 ߦ LED ߚࠇߐタ߇ 4 ⚛ሶ㧔2 ⚛ሶ�2 ⚛ሶ㧕ߩ࠽࠹ࠢ౮⌀ߔ␜ࠍ㧚࠽࠹ࠢ 4 ⚛ሶࠍ

⋥ᵹㇱߢวᚑߒ㧘DC-DC ᵹ㔚⋤ߡߒࠍ࠲ࡃࡦࠦ 5V ߒജࠍ LED ߥߣߺ⚵ࠆߔὐἮ߇

ߩߎ㧚ࠆߡߞ LED ὐἮߦઁߩ࠽࠹ࠢ 4 ⚛ሶ㧔2 ⚛ሶ�2 ⚛ሶ㧕ߩ㔚ሶࠩࡉ㚟േ࠽࠹ࠢ㧘

12 ⚛ሶ㧔4 ⚛ሶ�3 ⚛ሶ㧕ߩ៤Ꮺ㔚ల㔚ࡊࡦὐἮ↪ࡕ࠺ߡ↪ࠍ࠽࠹ࠢታ㛎ࠍⴕߚߞ㧚 
ࠄ߆㧘ߪࡓ࠹ࠬࠪࡉࠖ࠹ࠢࠖ࠺ࡠ࠻ 5.8GHz 㘧ⴕࠍࠇߘ㧘ߒㅍାࠍାภ࠻࠶ࡠࠗࡄߩ

ߚ߹㧚ߚߒផቯࠅࠃߦᯏ▚⸘ࠍ᧪ᣇะߡߒฃାߢ࠽࠹ࡦࠕାภฃା࠻࠶ࡠࠗࡄߚࠇߐタߦ⦁

ᵄᢙ࡞ࡀࡖ࠴㧘ߪ♽ᠲ࠲ࡔ࠹᷹⸘ 2.412GHz ✢ήߩ LAN ߒߣࡊ࠶ࠕࠢ࠶ࡃޔߒ↪ࠍ

ߡ 429MHz Ꮺߩ․ቯዊ㔚ജή✢࠲࠺ࠆࠃߦવㅍ♽ࠍ↪ߚߒ㧚 
 
㧞㧚㧞㧚ࡕ࠺ታ㛎⚿ᨐ 

㘧ⴕ⦁ታ㛎ߪ 2009 ᐕ 3  5 ᣣ߮ࠃ߅ޔ 10 ᣣ

㧚ߚࠇߐታᣉߡߦ࠼ࡦ࠙੩ㇺᄢቇቝᴦ✚วࠣߦ

࿑ 3  㧚ߔ␜ࠍ᭽ሶߩ㘧ⴕ⦁ታ㛎ߦ
㘧ⴕ⦁ߪ㐳ߐ 17m㧘ᦨᄢ⋥ᓘ 4m 㧚ㅢࠆߢ

Ᏹࠍࡦࠫࡦࠛߪタߚߒ㘧ⴕ߇น⢻ߥ㘧ⴕ⦁ߢ

タ㊀ߩࡓ࠹ㅍ㔚ࠪࠬߪߢታ㛎ߩ㧘࿁߇ࠆ

㊂߇ᄢߣߎ߈㧘߹ߚᦨዊᣓ࿁ඨᓘࡦ࠙ࠣ߇

⦁㧘㘧ⴕࠄ߆㗴ߩ╬߁߹ߒߡ߃ࠍᢝߩ࠼

㧘ߡߞ߇ߚߒ㧚ߚߞ߆ߥߒタࠍࡦࠫࡦࠛߪߦ

⚂㜞ᐲࠍ⦁㘧ⴕߡߞࠍࡊࡠ 30m ߦ⟎ߩ

ଥ⇐ߡߖߐታ㛎ࠍⴕߚߞ㧚 
㧘ⓨߪߡߟߦታ㛎ࡕ࠺ᵄㅍฃ㔚ࡠࠢࠗࡑ

ߦ࠽࠹ࠢߦേᓟࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗࡑߢ

ࠆࠃ LED ὐἮ㧘㔚ሶࠩࡉേ㧘៤Ꮺ㔚ల㔚

 㧚ߚߒᚑഞߦ㧘ታ㛎ߒ⏕ࠍὐἮࡊࡦ
㧘᧪ᣇะߪࡓ࠹ࠬࠪࡉࠖ࠹ࠢࠖ࠺ࡠ࠻

᷹ቯࠪࠬ߇ࡓ࠹㗴ߊߥേࠍߣߎࠆߡߒ⏕

ߚ߈ߢ㧚ߒߛߚ㧘㘧ⴕ⦁ߪ᭽ߥޘᣇะࠇំߦ

㧘ߚߩߎ㧚ߚߒᄌൻߊ߈ᄢ߇᧪ᣇะޔߚߚ

ߩߢㅍ㔚᷹ߩࡦ࠲ࡄߩ࠽࠹ࡦࠕቯߩࠢࡇߪ⟎ߩቯ߽ߚߞ߆ߥ߈ߢ㧚⸘᷹࠲ࡔ࠹ᠲ

♽ߪ㧘ή✢ LAN ዊ㔚ജߩࡊ࠶ࠕࠢ࠶ࡃ㧘߇ߚߞߥߣ࿎㔍ߪߦᵄㅍ㔚ᓟࡠࠢࠗࡑߪㅢାࠆࠃߦ

࿑ 2 � 㘧ⴕ⦁ታ㛎↪࠽࠹ࠢ㧔LED㧕ߩ౮⌀ 

DC-DC䉮䊮䊋䊷䉺

ᢛᵹ࿁〝

࿑ 3 � 㘧ⴕ⦁ታ㛎ߩ᭽ሶ 

ㅍ㔚䉲䉴䊁䊛

㜞ᐲ䋺⚂30m㘧ⴕ⦁
㐳䈘17m䋬ᦨᄢ⋥ᓘ4m

㔚ജኒᐲ 1mW/cm2㧔ਛᔃ㧕



ή✢ࠍ↪࠼ࡦࡑࠦߚߒᠲ╬ߪ㗴ߊߥേߚߒ㧚 
એࠅࠃ㧘⇇ߢೋߡ㘧ⴕ⦁ࠄ߆ߦะࡠࠢࠗࡑߡߌᵄࠆࠃߦή✢㔚ജવㅍታ㛎ߦᚑഞߒ

㧘㕖Ᏹ↪ή✢㔚ജߚߚ㗴ὐ߽ߩ㘧ⴕ⦁․ߩ╬ࠆࠇំߦᣇะߥޘ᭽߇⦁㧘㘧ⴕߢ㧚৻ᣇߚ

ଏ⛎ࠪࠬߩߡߒߣࡓ࠹↪ࠍ⋡ᜰߪߦߔᓟߩᡷ⦟߇ᔅⷐ߁ࠈߢ㧚 
 

㧟㧚㘧ⴕ⦁ታ㛎ࠍㅢࡦࡠ࠻ࡀࠣࡑߚߓㅍ㔚ࠪࠬߩࡓ࠹৻⠨ኤ 
�  1 ߮ࠃ߅ᵄജ㧘ࡠࠢࠗࡑ㊀㊂ߩࡓ࠹ㅍ㔚ࠪࠬࠆߌ߅ߦ㘧ⴕ⦁ታ㛎ߦ SPS ߣߚߒᗐቯࠍ

ߣ㧚㓁ᭂ㔚ᵹ୯ߔ␜ࠍᵄജ੍᷹ࡠࠢࠗࡑ㊀㊂ߩ߈ DC-RF ᄌ឵ല₸ߩ㑐ଥߔ␜ࠍ㧚 
 

 2 㘧ⴕ⦁ታ㛎ㅍ㔚ࠪࠬࡓ࠹㊀㊂ࡠࠢࠗࡑᵄജ 
߮ࠃ߅ SPS  ᵄജ੍᷹ࡠࠢࠗࡑ㊀㊂ߩ߈ߣߚߒᗐቯࠍ

 㘧ⴕ⦁ታ㛎 SPS  ᗐቯߩߢ
㔚Ḯ 9.1kg㧔⫾㔚ᳰ㧕 㧙㧔ᄥ㓁㔚ᳰߩ㊀㊂ߦട▚㧕 
᭴ㅧ♽ 8.5kg 㧙㧔᭴ㅧ♽ߩ㊀㊂ߦട▚㧕 

㔚Ḯ♽ 11.8kg㧔2ࡦࡠ࠻ࡀࠣࡑ ♽⛔㧕 5.9kg㧗ǩ㧔1 ⚛ሶಽࡦࡠ࠻ࡀࠣࡑޕ

 㧕ࠅ㔚Ḯ㊀㊂ჇࠆࠃߦജჇߩ
ㅍ㔚8.2 ࠽࠹ࡦࠕkg㧔2 ⚛ሶ㧕 4.1kg㧔1 ⚛ሶಽ㧕 

 ࡉࠖ࠹ࠢࠖ࠺ࡠ࠻
 ࡓ࠹ࠬࠪ

2.7kg 㧙㧔ᄢⷙᮨൻࠆࠃߦ㊀㊂Ⴧ߳ߩነਈߪ

චಽዊߐ㧕 
ߪነਈߩ㊀㊂Ⴧ߳ࠆࠃߦᠲ♽ 2.6kg 㧙㧔ᄢⷙᮨൻ࠲ࡔ࠹᷹⸘

චಽዊߐ㧕 
ᾲᓮ♽㧔಄ළ♽㧕 㧙㧔ⓨ಄ߩࡦࠔࡈ㊀㊂ࡑߪ

㧕ߦ♽㔚Ḯࡦࡠ࠻ࡀࠣ

Ǫ㧔ߩߎ㊀㊂ነਈ߇㊀ⷐߥ㗴㧕 

㊀㊂ว⸘ 42.9kg 9kg㧗ǩ㧗Ǫ 
ᵄജ 220W㧔2ࡠࠢࠗࡑ ⚛ሶ㧕 1kW㧔1 ⚛ሶ㧕 
ജ㊀㊂Ყ 195g/W {9 + (ǩ+Ǫ)/1000} g/W 

  
㘧ⴕ⦁ታ㛎ㅍ㔚ࠪࠬߩࡓ࠹✚㊀㊂ߪ 42.9kg ߪᵄ✚ജࡠࠢࠗࡑߩ߈ߣߩߘ㧘ࠅߢ 220W ߢ

ߪജ㊀㊂Ყࠆߌ߅ߦ㧘㘧ⴕ⦁ታ㛎ߚߚߞ 195g/W 㧚SPSࠆࠇߐ▚⸘ߣ ജ㊀㊂Ყߩ⋡ᮡ୯

ߪ 2g/W એਅߚࠆߢ㧘㘧ⴕ⦁ታ㛎ㅍ㔚ࠪࠬߩࡓ࠹ജ㊀㊂Ყߪ 2 ᩴᄢ߈୯ߚߞߥߣ㧚ജ

㊀㊂ᲧჇߩᄢߥ߈ⷐ࿃ߪ㧘㘧ⴕ⦁ߩタ㊀㊂㒢ߩࡦࡠ࠻ࡀࠣࡑߦߚߩ㓁ᭂ㔚ࠍቯᩰ୯ߩ

4.1kV ࠄ߆ 2.2kV ᄢ߇ᵄജࡠࠢࠗࡑߩࠄ߆ࡦࡠ࠻ࡀࠣࡑᨐ㧘⚿ߩߎ㧚ࠆߢߣߎߚߍਅߢ߹

ߦૐਅߦ߽ߣߣߚߒ㧘᳗ ਭ⏛⍹ߩ⏛႐ࠍਅࠅࠃߦߣߎߚߍ DC-RF ᄌ឵ല₸߇ 40%⒟ᐲ߹ߢૐ

ਅߒ㧘⋧ኻ⊛ߦജ㊀㊂Ყ߇ᄢߣߚߞߥߊ߈⠨ࠆࠇࠄ߃㧚 
SPS ߪࡦࡠ࠻ࡀࠣࡑߡߒߣ㧘ේೣߪߦ߈ߣߚߒᗐቯࠍ DC-RF ᄌ឵ല₸߇ᦨᄢߥ߁ࠃࠆߥߣ᧦

ઙߢ㚟േߣࠆࠇߐ⠨ߚࠆࠇࠄ߃㧘ࡦࡠ࠻ࡀࠣࡑᧄ᧪ߩ⢻ജࠆߢ DC-RF ᄌ឵ല₸ 70㧑એ㧘

ᵄജࡠࠢࠗࡑ 1kW ⒟ᐲ߇ᦼᓙࠆࠇߐ㧚߹ߚ SPS ㅍ㔚ߪ㊀㊂ߩ♽᭴ㅧ߮ࠃ߅႐ว㧘ᄥ㓁㔚ᳰߩ

ߦജჇࡦࡠ࠻ࡀࠣࡑ㧘ߪߡߒ㑐ߦ♽㔚Ḯࡦࡠ࠻ࡀࠣࡑ㧘ߢ㧚৻ᣇߥࠇ߹ߦ㊀㊂ࡓ࠹ࠬࠪ

㧚ߥߪߢ߆ቯ߇㊀㊂ߩ♽ᾲᓮࠆࠇࠄ߃⠨ߣ㗴ߥ㧘ᦨ߽㊀ⷐߚ߹㧚ࠆࠇߐᗐቯ߇㔚Ḯ㊀㊂Ⴧ߁

㧘᳗ߚ[8]ࠆߢ㊀ⷐ߇ਭ⏛⍹಄ළ᳗ߩࡦࡠ࠻ࡀࠣࡑߪߦࠆߖߐ㜞ല₸േࠍࡦࡠ࠻ࡀࠣࡑߦ․



ਭ⏛⍹಄ළࠍࡦࡠ࠻ࡀࠣࡑߚ಄ළߩߚߩ㊀㊂ߩߤ߇⒟ᐲࠍ߆ࠆߥߦⓍ߽ᭂߪߣߎࠆ

ㅍ㔚ࠪࡦࡠ࠻ࡀࠣࡑߩᤨὐ߽ߡߒߣߚ㒰ࠍ㊀㊂Ⴧಽߩࠄࠇߎ㧘ߒߛߚ㧚ࠆߢ㗴⺖ߥ㊀ⷐߡ

ߪ㊀㊂ߩࡓ࠹ࠬ 9g/W 㧘ജ㊀㊂Ყߚࠆߥߣ 2g/W ㅍ㔚ࠪࠬࡦࡠ࠻ࡀࠣࡑߪߦߚࠆߔታࠍ

ࡑࠅࠃߦ㜞㔚⋥ធ㚟േߩࠄ߆㧘ᄥ㓁㔚ᳰ߫߃㧚ࠆ߇ᔅⷐࠆߔ⸛ᬌࠍシ㊂ൻߥ⊛ᛮᧄߩࡓ࠹

ߣߎࠆߨߣ♽᭴ㅧࠍり⥄࠽࠹ࡦࠕน⢻ᕈ㧘ㅍ㔚ߩ㚟േ㔚Ḯឃ㒰߿シ㊂ൻߩ㚟േ㔚Ḯࡦࡠ࠻ࡀࠣ

 㧚߁ࠈ߇ᔅⷐࠆߔታᣉࠍ⊑ⓥ㐿⎇ߚߒᜰ⋠ࠍ࡞ࠬࠢࡉߥน⢻ᕈ╬㧘⋧ᒰߩシ㊂ൻࠆࠃߦ
 
㧠㧚ߦࠅࠊ߅ 
� ᧄⓂߪߢ㧘㘧ⴕ⦁ታ㛎ߩⷐࠍ⚫ߒ㧘㘧ⴕ⦁ታ㛎ࠍㅢࡦࡠ࠻ࡀࠣࡑߚߓㅍ㔚ࠪࠬߩࡓ࠹㊀㊂

⚛ඨዉߊߥߢߌߛࡦࡠ࠻ࡀࠣࡑߪ㊀㊂⠨ኤࡓ࠹ㅍ㔚ࠪࠬߚߒ␜ߢ㧚ᧄⓂߚߞⴕࠍ⺰⼏ࠆߔ㑐ߦ

ሶࠆࠃߦㅍ㔚߽ࠪࠬߦࡓ࠹ㆡ↪น⢻ࠆߢ㧚ߩߎ႐ว߽㧘㚟േ㔚Ḯߣㅍ㔚ߩ࠽࠹ࡦࠕ㊀㊂ᭂߪ

ߩࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗࡑߪ㗴ឭߚߒ␜ߢ㧘ᧄⓂߡߞ߇ߚߒ㧚ࠆࠇߐᗐ੍ߣࠆߢ㊀ⷐߡ

ㅢ⺖㗴ߡߒߣ⼂ߒ㧘ᄥ㓁㔚ᳰࠄ߆㧘ࡠࠢࠗࡑᵄ⊒↢㧘⋧ᓮ㧘࠽࠹ࡦࠕ㧘᭴ㅧ߹ࠍߢ✚ว⊛

߇シ㊂ൻߩࡓ࠹ㅍ㔚ࠪࠬߚߒ⠨ᘦߦ SPS ታߦะߚߌᦨ㊀ⷐ⺖㗴߁ࠈߢࠆߥߣߟ৻ߩ㧚  
 
⻢ㄉ 

㘧ⴕ⦁ታ㛎ߪ⑼⎇⾌ၮ⋚⎇ⓥ B㧔18360171ޔ⎇ⓥઍ⠪㧦ᯅᧄ㧕㧘⽷࿅ᴺੱ࿖㓙ࠦࠤ࠾ࡘࡒ

✚ഃࡦ࡚ࠪࡌࡁⓥઍ⠪㧦ጊᎹ㧕㧘⑼ቇᛛⴚᝄ⥝ᯏ᭴㧔JST㧕ၞࠗ⎇ޔၮ㊄㧔એਅࡦ࡚ࠪ

วᡰេᬺ㊀ὐၞ⎇ⓥ㐿⊒ផㅴࡓࠣࡠࡊᐔᚑ 19 ᐕᐲࠪ࠭⊒ជ⹜㛎㧘੩ㇺᄢቇ✚㐳ⵙ㊂⚻

ᳰጊ᳁ߩࠬࠢࠗࡔ␠ᩣᑼળߚዧജ㗂ߏߦ╬↪ㆇߩ⦁㘧ⴕߚ߹㧚ߚࠇࠊⴕߡߌฃࠍ╬ഥᚑߩ╬⾌

 ޕࠆߔ⻢ᗵߊᷓߦᢎ⡯ຬฦߩ੩ㇺᄢቇ↢ሽ⎇ⓥᚲߚߞࠊ៤ߦ╬㑐ଥฦ㧘ታ㛎ഥ߮ࠃ߅
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