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

Basic Experiment of Deployment and Flatness 

Maintaining System for SPS Large-scale Panel 1 

 
Satoshi Yamaguchi*, Koji Tanaka**, Susumu Sasaki**, Osamu Odawara* 

 
*Tokyo Institute of Technology Interdisciplinary Graduate School of Science and Engineering 

4259 Nagatsuta, Midori, Yokohama, Kanagawa 
 

**ISAS/JAXA 
3-1-1 Yoshinodai, Sagamihara, Kanagawa 

 
Abstract 
Very large deployable antenna panels that consist of antenna elements, microwave circuits, control 

and power circuits and power generation devices are major portions of the Solar Power Satellite 
(SPS). Heat cycle on the orbit will cause a distortion of the antenna panel of the SPS and result 
decrease of power transmission efficiency. Therefore, it is necessary to maintain the flatness of the 
panel. On the other hand, a famous 2-D deployment method called “MIURA ORI” cannot be used for 
the panel because it has thickness. So, we have been studying a reliable 2-D deployment and a 
profile irregularity maintaining method that utilizes a smart actuator. The smart actuator consists 
of the shape-memory alloy (SMA) and a controller. We carried out the deployment experiment using 
the smart actuators. 
We made a four panel trial system for one dimensional experiment in order to confirm a basic 

function of the smart actuator. In this experiment, the flatness was set the angle by ±5°.  Two types 
of the SMA coil with open angles of 140° and 220° were processed in shape-memory treatment with 
heat. A property of the processed SMA was evaluated. It was confirmed that the SMA coil can be 
used for the panel deployment experiment. 

 The angle control system that consists of the LED, the sensor and a control circuit were made 
and evaluated. 

2-D development experiments using the 32 panels system were executed, and the operation of the 
2-D deployment system was confirmed.  
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���㧚ⷺᐲᬌ⍮࿁〝ߩታ㛎�

� ޔⷺߚ߁ⴕߢ㔚୯ࠆࠇߐജࠄ߆ࠨࡦశߪᐲᓮⷺߩ࡞ࡀࡄ ᐲߣ㔚୯ߩ㑐ଥࠆߴ⺞ࠍᔅⷐޕࠆ߇

ߚߩߘ .'& ࿑ޕߚߒቯ᷹ࠍ㔚୯ޔ߈ߡߖߐᄌൻࠍᐲⷺߡߌઃࠅขߦ࡞ࡀࡄߩታ㓙ࠍࠨࡦశߣ �� ⷺߦ

ᐲᬌ⍮࿁〝ߩ࿁〝࿑ޔࠍ࿑ �� �ޕߚߒ␜ࠍቯ⚿ᨐ᷹ߦ

� �

䌁
䌂
䌃

ᐔ㕙⁁ᘒ

䌁
䌂
䌃 䌌䌅䌄

䊌䊈䊦䈏䈮䈇䈢⁁ᘒ

220㫦䈱䌓䌍䌁䉕ടᾲ

䌁
䌂
䌃 䌌䌅䌄

䊌䊈䊦䈏ਅ䈮䈇䈢⁁ᘒ

140㫦䈱䌓䌍䌁䉕ടᾲ
࿑ 5�  ᣇᴺߩᐲᬌ⍮ⷺߩ࡞ࡀࡄ

࿑ 9� Ꮞ߈ᢙᷫߣዋⷺᐲߩ㑐ଥ 

࿑ 8� ⩄㊀ߣ࿁ᓳ㊂ߩ㑐ଥ
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�

 
 

 
ߡ߃⠨ࠍߣߎࠆߔᓮߢr5qࠍᐲⷺߩ࡞ࡀࡄߪ࿁ޕߚߒ↪ߦࡓࠣࡠࡊࠍ㔚୯ߩᨐ⚿ߩታ㛎ߩߎ

߇ᐲⷺߚࠆ 5qߩ߈ߣߩ㔚୯ࠆߢ 200mV ߽ࡓࠣࡠࡊߩዷ㐿ᤨߩ࡞ࡀࡄߚ߹ޕߚߒ↪ࠍ 3 ࡦߩߟ

ߡߒߣઙ᧦ߚࠆߔߣᘒ⁁ߥߡߒᔕ߽ࠇߤ߇ࠨ 15qߩ߈ߣߩ㔚୯ࠍ↪ޕߚߒ�

���㧚� ᨎߩ࡞ࡀࡄዷ㐿ߣ㕙♖ᐲ⛽ᜬ�

� ࿑ࠍㆊ⒟ߩዷ㐿ߩ࡞ࡀࡄޕߚߞⴕࠍታ㛎ߩᐔ㕙ᐲ⛽ᜬߣዷ㐿ߩ࡞ࡀࡄ �� �ޕߚߒ␜ߦ

�

�

� ዷ㐿ታ㛎ࠍⴕߚߞ⚿ᨐߩ࡞ࡀࡄޔዷ㐿ߪࡓࠣࡠࡊᱜᏱߦേࠍߣߎࠆߡߒ⏕ߚ߹ޕߚߒ 5/# ㅢ㔚ߪ

ടᾲ߇ⴕࠄ߆ߡࠇࠊ �� ߒ߆ߒޕߚߞ߆ಽ߇ߣߎࠆߔᔕߢ⑽ .'& ߎࠍേ⺋ޔࠅࠃߦ⟎㑐ଥߩࠨࡦߣ

�ޕߚߞ߇ߣߎߔ

� ᐔ㕙ᐲ⛽ᜬታ㛎ࠍⴕߚߞ⚿ᨐ5ޔ/# ߒ⏕ࠍߣߎࠆߡߒേߦᱜᏱ߇ࡓࠣࡠࡊᜬ⛽ࠅࠃߦᐲᄌൻ᷷ߩ

ߡߒߘޕߚ � ᨎߩߢᐔ㕙ᐲ⛽ᜬߪน⢻ޔ߇ߚߞߢ� ᨎߩߢᐔ㕙ᐲ⛽ᜬߪਇቢోߚ߹ޕߚߞߢᢙ࿁ 5/# ࠍ

↪ߢߌߛࠆߔഠൻ߇ߪࠇߎޕߚߞ߹ߒߡߞߎᚲቯⷺߩᐲߚߚߞ߆ߥࠄߥ߇࡞ࡀࡄߦ 5/# ߐㅪ⛯ടᾲ߇

�ޕࠆࠇࠄ߃⠨ߣߚߞߎ߇ᙘ⸤ౣޔࠇ

� ߩߎ �ᨎߩታ㛎ߚߞ߆ࠊࠅࠃߦ⺖㗴ߡߒߣ .'& #/5ޔ㗴ߩ⟎ߩࠨࡦߣ #/5ޔ㗴ࠆߎ߇ᙘ⸤ౣߩ ߩ

⊒↢ᔕജਇ⿷ޔษߩౕࠅਇౕวޕࠆࠇࠄߍ߇�

�

�

�

�

�

�
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࿑ 10� శࠨࡦㇱߩ࿁〝࿑ 

࿑ 11� ⷺᐲࠆࠃߦ㔚୯ߩᄌൻ

࿑ 12� 4 ᨎߩ࡞ࡀࡄዷ㐿ㆊ⒟ 



 

���㧚ౣ⸥ᙘᤨ㑆ߣ⊒↢ᔕജ᷹ߩቯ�

�����㧚ౣ⸥ᙘᤨ㑆᷹ߩቯ�

� 5/# ࠆࠃߦࡓ࠹ࠬࠪߦߣ߽ࠍ㑆ᤨߩߎޕߚߒቯ᷹ࠍ㑆ᤨࠆߎ߇ᙘ⸤ౣߩ 5/# ߪቯᣇᴺ᷹ޕࠆߔࠍ⼔ߩ

5/# ࠍ ���qⷺߩᐲߢ࿕ቯޔߡߒ৻ቯᤨ㑆ടᾲᓟ಄ළࠍⴕౣޔᐲടᾲޔߒ࿁ᓳⷺᐲᷫ߇ዋౣࠍࠈߎߣߚߒ⸥

ᙘᤨ㑆ߩߘޕߚߒߣ⚿ᨐޔ� ಽߩടᾲࠍⴕߚߞ 5/# ߦࡓ࠹ࠬࠪߚߩߘޕߚߡߒߎࠍᙘ⸤ౣߪ � ಽએ

ടᾲ߁ߣߥߒࠍ᧦ઙࠍౣߡߞࠃߦߣߎࠆࠇ⸥ᙘ߇ߦࠄߐߒ߆ߒޕࠆ߈ߢ߇ߣߎࠆߔߦ߁ࠃߥࠄߎ

᧦ઙࠍ⏕᷷ޔߚࠆߔߦᐲ᧦ઙ᷹ࠍቯࠆߔᔅⷐޕࠆ߇�

�

�����㧚⊒↢ᔕജ᷹ߩቯ�

⊒↢ᔕജਇ⿷߇⠨ޔߚߚࠇࠄ߃ታ㓙ߦ 5/# ⊑߇

ߣᔕജࠆߔ↢ 5/# ߪቯ᷹ޕߚߒቯ᷹ࠍ㆑ߩᓘ✢ߩ

ࠆࠃߦ಄ළᣇᴺߚ߹ޕߚߞⴕߡߒ↪ࠍࠅ߆߫ࡀࡃ

⊒↢ᔕജߩ㆑᷹߽ߡߟߦቯࠍⴕޕߚߞ࿑ �� ᷹ߦ

ቯ⚿ᨐޕߚߒ␜ࠍ�

⚿ᨐߡߒߣ✢ᓘ߇ᄥߤ߶ࠆߥߊ⊒↢ᔕജߪᄢߊ߈

ᔕ↢⊑ࠆࠃߦ಄ළᣇᴺߡߒߘޕߚߞ߆ಽ߇ߣߎࠆߥ

ജߩ㆑ߪޕߚߞ߆ߥࠇࠄ�
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���㧚�� ᨎߩ࡞ࡀࡄዷ㐿ታ㛎�

� �� ᨎࠆࠃߦ࡞ࡀࡄ �ᰴరዷ㐿ߣή✢ᓮߩታ㛎ࠍⴕޕߚߞዷ㐿ㆊ⒟ࠍ࿑ �� �ޕߚߒ␜ߦ

 
࿑ 14� 32 ᨎߩ࡞ࡀࡄዷ㐿ㆊ⒟�

� ታ㛎ߩ⚿ᨐޔ� ᰴరዷ㐿ߩേߣή✢ᓮࠍ⏕ߚ߹ޕߚ߈ߢ߇ߣߎࠆߔή✢ᓮޔࠅࠃߦฦࠍߦ

ዷ㐿߇ߣߎࠆߔน⢻߽ߣߎࠆߢ⏕ޕߚ߈ߢ߇ߣߎࠆߔ�

�

�㧚߹ߣ�

� ࿁ߩታ㛎ߢዷ㐿ᐔ㕙ᐲ⛽ᜬ߇ࡓࠣࡠࡊᱜᏱߦേࠍߣߎࠆߔ⏕ޕߚߒ� ᨎߩ࡞ࡀࡄታ㛎ߪߢዷ㐿

ߪᐔ㕙ᐲ⛽ᜬߒ߆ߒޕߚߞߢน⢻ߪ �ᨎߩߢേߪน⢻ޔ߇ߚߞߢ�ᨎߪߢᐔ㕙ᐲ⛽ᜬޕߚߞ߆ߥ߈ߢ߇

� ᨎߢ࡞ࡀࡄᐔ㕙ᐲ⛽ᜬߚߞ߆ߥ߈ߢ߇ℂ↱5ޔߪߡߒߣ/# ޕࠆࠇࠄ߃⠨߇ਇౕวߩౕࠅษߣ⿷ᔕജਇ↢⊑ߩ

ߚ߹ �� ᨎࠆࠃߦ࡞ࡀࡄ �ᰴరዷ㐿ߩേߣή✢ᓮࠍ⏕ޕߚ߈ߢ߇ߣߎࠆߔ�

� ᓟ੍ߩቯޔߪߡߒߣ� ᨎߦ࡞ࡀࡄᡷ⦟ࠍടౣߡ߃ታ㛎ࠍⴕޕ߁ᡷ⦟ὐߪ � ߪ⋠ߟ৻ޔࠅߟ 5/# ᧄᢙߩ

ߪߊߒ߽ 5/# ߇⋠ߟਃޔ⦟ᡷߩᣇࠅษߣౕࠅษߪ⋠ߟੑޕࠆߔߊ߈ᄢࠍᔕജ↢⊑ߡߒߊᄥࠍᓘ✢ߩ .'& ߣ

ߡߒߘޕ߁ⴕࠍᐔ㕙ᐲ⛽ᜬታ㛎ߩߢ࡞ࡀࡄߩታኸᄢߦᰴޕࠆߢᄌᦝߩ⟎ߩࠨࡦ �� ᨎࠆࠃߦ࡞ࡀࡄዷ㐿ߣ

ᐔ㕙ᐲ⛽ᜬߩታ㛎ࠍⴕߩࠄࠇߘޕ߁⚿ᨐࠄ߆ᄢဳ߳࡞ࡀࡄᔕ↪ࠍࡦ࡚ࠪࡘࡒࠪߦߚࠆߔⴕ੍߁ቯߢ

�ޕࠆ

࿑ 13� SMA  ᔕജ↢⊑ߩ


