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Abstract: 

In M-SSPS, electrical power generated by solar cells transmits from a electric power generation part to a 
transmission part. The electric power has to be sent at 10kV to decrease the joule heating loss in the 
electric power cable. The high insulation performance in the space environments is needed for an 
electrical power cable. Moreover, the electric power is conditioned with switching on and off the shunt in 
the SSPS. Therefore the switching of high voltage is performed when the shunt works. The purpose of 
this study is to examine the influence of high voltage on the electrical power cable in vacuum 
environment. 
The Spec55 used as an electric power cable for space was used for the experiment. When a high voltage 

was applied to the cable core, the electrical discharge was generated near the contact point of the 

conductor with the cable covering. The electron discharged from the conductor charged the insulator 

surface. Moreover, when the cable core was grounded after the surface charging, the electron was 

discharged from the surface to the conductor. The influence of the repetitive electrical discharge on the 

cable surface was examined by the electrical discharge breakdown test. The dielectric breakdown of the 

cable coating was confirmed on Spec55 cable. 
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࿑ 1.� ⹜㛎࿁〝 

⹜㛎࿁〝ࠍ࿑ 1 ࠍࡊ࡯࠹㌃ߚߒធ࿾ޕߔ␜ߦ

ࠨ⹜㛎ߦ਄ࡊ࡯࠹㌃ޔߒ⟎㈩ߦౝ࡯ࡃࡦࡖ࠴
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૕⴫㕙ߦ㔚ജ߇࡞ࡉ࡯ࠤ㈩✢ߚࠇߐ⁁ᘒᮨࠍ

ᡆޕߚߒ㜞㔚࿶㔚Ḯߪ TAKASAGO ⵾ߩ

GLASSMAN 㜞㔚ߦ࡞ࡉ࡯ࠤ㔚ജޔߒ↪૶ࠍ

࿶ࠍශടޕߚߒ㜞㔚࿶࡞ࡉ࡯ࠤޔߢࡉ࡯ࡠࡊ

⧌✢㧙GND 㑆ߩ㔚࿶᷹ࠍቯޕߚߒ㔚ᵹ࡯ࡠࡊ

ࡉ CP1 ࡯ࠤࠅࠃߦ㜞㔚࿶ශടޔߒߣࠟ࡝࠻ࠍ

ⴕࠍขᓧߩ㔚ᵹᵄᒻߩ᡼㔚ࠆߔ↢⊑ߢ਄࡞ࡉ

ࡉ࡯ࡠࡊ㔚ᵹߚ߹ޕߚߞ CP2 ᡼㔚ᤨޔࠅࠃߦ

ࠨࡦ࠺ࡦᄖㇱࠦߦ Cext ᡼㔚㔚ࠆࠇߐ⛎ଏࠄ߆

ᵹߩᵄᒻࠍขᓧޕߚߒ⹜㛎ߪ࡞ࡊࡦࠨ

Raychem ߩ␠ Spec55(AWG22)ߣቯᩰ㔚࿶߇ૐ

޿ 300VUL ⠴ᾲᯏౝ㈩✢↪࡞࠾ࡆ⛘✼㔚✢ߢ

ታ㛎ࠍⴕޕߚߞSpec55 ࠼ࡄⴡᤊ↪ᄥ㓁㔚ᳰߪ

 ޕࠆ޿ߡࠇߐ↪૶ߊᐢߡߒߣ࡞ࡉ࡯ࠤ㔚ജߩ࡞

 

3.1.㜞㔚࿶ශടታ㛎 

࿑ 1 ߪ㔚࿶ශടᤨ㑆ޔߢ〝⹜㛎࿁ߩ 15 ಽ㑆ޔ

ᄖㇱࠦߩࠨࡦ࠺ࡦኈ㊂ 1nF ޕߚߞⴕࠍታ㛎ߒߣ

⹜㛎ᤨߩ࿶ജߪ 1.0×10-3㨪5.0×10-3[Pa]ޕࠆ޽ߢ

⹜㛎ߪ࡞ࡊࡦࠨ Spec55(ޔ࡞ࡊࡦࠨࡦࠫ࡯ࡃᾲ

ഠൻ࡞ࡊࡦࠨ)෸߮࡞࠾ࡆޔ⛘✼㔚✢ࠍ 3 ᧄߕ

 ޕߚߒ↪૶ߟ

㜞㔚࿶ࠍශട࡞ࡉ࡯ࠤߣࠆߔⵍⷒߣធ࿾ࠇߐ

ශޕߚࠇߐ⹺⏕߇↢⊑ߩ᡼㔚ߢ㑆ࡊ࡯࠹㌃ߚ

ട㔚࿶ 10kV 㔚࿶෸߮㔚ߩ᡼㔚ߚߒ↢⊑ߦᤨ

ᵹᵄᒻࠍ࿑ 2 ࿑ޕߔ␜ߦ 2 ߪ᡼㔚ࠅࠃ 8.5kV

⒟ᐲ߇ߣߎߚߒ↢⊑ߢಽޕࠆ߆ 



 

 
(a)� 㔚࿶ᵄᒻ(Vbias On ᤨ) 

 

(b)� 㔚ᵹᵄᒻ(Vbias On ᤨ) 

࿑ 2� ᡼㔚ᵄᒻ 
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᡼ޔࠄ߆ߣߎࠆ޿ߡߒ⥌৻߇㔚ᵹᵄᒻߚࠇߐ

㔚ࠅࠃߦᵹߚࠇ㔚⩄㊂ߣหߓ㔚⩄㊂߇ᄖㇱࠦ

ࠨࡦ࠺ࡦ Cext ಽ߇ߣߎࠆ޿ߡࠇⵍⷒ߳ᵹࠄ߆

࿑ࠍ⛗రޕࠆ߆ 3 ࠇߐขᓧߦᤨ↢⊑᡼㔚ޔߦ

࿑ࠍ᡼㔚↹௝ߚ 4 ࡯࠹㌃ߚࠇߐធ࿾ޕߔ␜ߦ

⸄ធߩ࡞ࡉ࡯ࠤ㔚ജߚࠇߐ⟎㈩ߦ਄ߩߘߣࡊ

ὐઃㄭߢ᡼㔚ࠆࠃߦ⊒శ߇⏕⹺ޕߚࠇߐ 

 

࿑ 3� ర⛗ 

 
࿑ 4� ᡼㔚↹௝ 

ฦࠆߌ߅ߦ࡞ࡊࡦࠨ᡼㔚࿁ᢙࠍ⴫ 1 ෸߮⴫ 2

 ޕߔ␜ߦ

⴫ 1� ታ㛎⚿ᨐ 

 
⴫ 2� ታ㛎⚿ᨐ(ᾲഠൻ࡞ࡊࡦࠨ) 

 

Spec55࡞࠾ࡆޔ⛘✼㔚✢ߦ߽ߣ࿑ 2 ߥ߁ࠃߩ

᡼㔚ᵄᒻ߇ขᓧޕߚࠇߐSpec55 ࡦࠫ࡯ࡃߪߢ

ߢ150͠ޔ࡞ࡊࡦࠨ 30 ᐕ㑆ߩᾲഠൻࠍਈߚ߃

ᾲഠൻߡ޿↪ࠍ࡞ࡊࡦࠨታ㛎ࠍⴕޔ߇ߚߞ᡼

㔚ߪߊߒ߽ޔߒߥ↢⊑ߩ㔚࿶ශടࠆࠃߦ᡼㔚

1 ࿁ޔߢߎߎޕߚߞ޽ߢߺߩ㜞㔚࿶ශടᤨߦ

ޕࠆߔ⟵ቯߣೋᦼ᡼㔚ࠍ᡼㔚ߩᦨೋࠆߔ↢⊑

15ޔᓟ↢⊑ߩೋᦼ᡼㔚ߪߢ✢㔚✼⛘࡞࠾ࡆ ಽ

㑆ߢⶄᢙ࿁ߩ᡼㔚߇↢⊑ߩ⏕⹺ޕߚࠇߐ

Spec55 ࠍ㔚࿶ශടᤨ㑆ߡ޿߅ߦ 10 ᤨ㑆ߒߣ

ታ㛎ޔ࡞ࡊࡦࠨࡦࠫ࡯ࡃޔ߇ߚߞߥߎ߅ࠍᾲ

ഠൻޔߦ߽ߣ࡞ࡊࡦࠨೋᦼ᡼㔚ߩ⊒↢ 1 ࿁ߩ

ⵍⷒᛶ᛫୯ߪ޿㆑ߩ᡼㔚࿁ᢙޕߚߒ⹺⏕ࠍߺ

 ޕࠆࠇࠄ߃⠨ߣࠆ޿ߡߒᓇ㗀߇޿㆑ߩ

᡼㔚ߦ✢⧌࡞ࡉ࡯ࠤޔߪࡓ࠭࠾ࠞࡔ㜞㔚࿶

ߩࡊ࡯࠹㌃ߣⵍⷒ⴫㕙ޔߢߣߎࠆࠇߐශട߇



 

㑆ߦ㔚⇇ޔߒ↢⊑߇ធ࿾ߚࠇߐ㌃ࠄ߆ࡊ࡯࠹

㔚ሶ߇᡼಴ޕࠆࠇߐ᡼಴ߚࠇߐ㔚ሶࠇߛߥ߇

Spec55ޕࠆߔ↢⊑߇᡼㔚ߒჇടߦ⊛ ⵍⷒߪߢ

ᛶ᛫୯߇㜞ޔߊ᡼㔚ߚߒ↢⊑ࠅࠃߦ㔚ሶ߇ⵍ

ⷒ⴫㕙ߦᏪ㔚ߩߘߒ㔚⩄߇ᛮޔ߼ߚ޿ߊߦߌ

ೋᦼ᡼㔚ߩ 1 ࿁ߣߚߞ޽ߢߺߩ⠨ޕࠆࠇࠄ߃

ࠍቯ⚿ᨐ᷹ߚߞⴕࠍ㔚૏᷹ቯߩ⴫㕙࡞ࡉ࡯ࠤ

⴫ 3 Vbiasޕߔ␜ߦ ශട㔚ߪ⴫㕙㔚૏ߩᤨࡦࠝ

࿶ 15kV ⧌ߪߦᤨࡈVbiasࠝޔࠅߥߣ୯޿ૐࠅࠃ

✢㔚૏ߩ 0V ⴫㕙㔚૏ޕߚߞߥߣ୯ߩ⽶ࠅࠃ

᷹ቯޔࠅࠃ㜞㔚࿶ශട࡞ࡉ࡯ࠤߡߞࠃߦ⴫㕙

 ޕߚ޿ߡߒᏪ㔚߇

⴫ 3� ⴫㕙㔚૏᷹ቯ⚿ᨐ 

 
߇ⵍⷒᛶ᛫୯ޔ႐วߩ✢㔚✼⛘࡞࠾ࡆ Spec55

ࠤ߇㔚ሶߚߒ↢⊑ߦ᡼㔚ᤨޔ߼ߚ޿ૐߴᲧߦ

߁߹ߒߡࠇߐ๺✭߇Ꮺ㔚ࠅㅢࠍⵍⷒਛ࡞ࡉ࡯

ೋᦼ᡼㔚ᓟ߽᡼㔚ޔߒ↢⊑߇⇇㔚߮ౣޔ߼ߚ

 ޕࠆࠇࠄ߃⠨ߣࠆߔ↢⊑߇

15 ಽ㑆ߩ㔚࿶ශടᓟߦ㜞࿶㔚Ḯࠍ Off ߦ

ࠍ↢⊑ߩ᡼㔚߁઻ࠍశ⊑ߢ਄࡞ࡉ࡯ࠤߣࠆߔ

⏕⹺ޕߚߒVbias Off ᓟߦขᓧߚࠇߐ᡼㔚ᵄᒻࠍ

࿑ 5  ޕߔ␜ߦ

 
࿑ 5� ᡼㔚ᵄᒻ(Vbias Off ᓟ) 

㔚ᵹࠢ࡯ࡇߩ୯ޔࠄ߆ߣߎࠆ޽ߢ⽶߇㜞㔚࿶

ශടࠅࠃߦ⴫㕙ߦᏪ㔚ߚߒ㔚ሶޔ߇㜞㔚࿶㔚

Ḯޔߢߣߎࠆߔߦࡈࠝࠍធ࿾ߚࠇߐ㌃ࡊ࡯࠹

߳᡼㔚ߣࠆ޿ߡߒ⠨ޕࠆࠇࠄ߃Vbias ߦᓟࡈࠝ

ࠆߔ↢⊑߇᡼㔚ߢ⩄ᱷ⇐⽶㔚ߩ⴫㕙࡞ࡉ࡯ࠤ

ᰴࠇߐ᡼㔚߇㔚ሶߚߒᏪ㔚ߦ⴫㕙࡞ࡉ࡯ࠤߣ

ߩ Vbiasࠝߦᤨࡦ᡼㔚ޕࠆߥߊߔ߿ߒ↢⊑߇ 

 

3.2.᡼㔚⠴ਭ⹜㛎 

SSPS ࡦࠝߩ࠻ࡦࡖࠪߪߢ࡞࠼ࡄᄥ㓁㔚ᳰߩ

ߩߘޔࠇߐࡈࠝࡦࠝߦ❥㗫߇㔚࿶ࠅࠃߦࡈࠝ

㓙࡞ࡉ࡯ࠤߦⵍⷒߩೋᦼ᡼㔚߽➅ࠅ㄰ߒ⊒↢

ࠍ࠴࠶㜞㔚࿶ࠬࠗߢߎߘޕࠆࠇࠄ߃⠨ߣࠆߔ

૶↪ᮨࠍࡈࠝࡦࠝߩ࠻ࡦࡖࠪޔߒᡆޕߚߒ㜞

㔚࿶ࠬࠗߪ࠴࠶ Kilovac ߩ␠ 25kV ⠴࿶ޔ⌀ⓨ

K62C࡯࡟࡝ ࿑ࠍ〝⹜㛎࿁ޕߚߒ↪૶ࠍ 6 ␜ߦ

 ޕߔ

 
࿑ 6� ᡼㔚⠴ਭ⹜㛎࿁〝 

㜞㔚࿶ࠬࠗࠍ࠴࠶ಾࠅᦧࠅࠃߦߣߎࠆ߃⹜㛎

ߢ࡞ࡊࡦࠨ Vbiasࠝࠅ➅߇ࡈࠝࡦ㄰ޕࠆࠇߐ㔚

ᵹࡉ࡯ࡠࡊ CP1 㔚ᵹߩ᡼㔚ᤨޔߒߣࠟ࡝࠻ࠍ

ᵄᒻࠍขᓧޕߚߒ⹜㛎ߪ࡞ࡊࡦࠨ Spec55 ࡃߩ

 ޕߚߒ↪૶ࠍ࡞ࡊࡦࠨࡦࠫ࡯

㜞㔚࿶ࠬࠗᤨࡦࠝߩ࠴࠶㑆 10[sec]ᤨࡈࠝޔ

㑆 10[sec]ࠍ 1 ࠶㜞㔚࿶ࠬࠗޔߒߣ࡞ࠢࠗࠨ

ߪ⹜㛎㔚࿶ޕߚߒ㄰ࠅ➅ࠍࡈࠝࡦࠝߩ࠴

10kV15ޔkV ߩ 2 ⹜ޕߚߞⴕࠍታ㛎ߢࠬ࡯ࠤ

㛎ᤨߩ࿶ജߪ 1.0×10-4㨪1.0×10-3[Pa]ߢⴕߞ

⹜㛎㔚࿶ޕߚ 15kV ⎕უ✼⛘߇ⵍⷒߡ޿߅ߦ

ขᓧޕߚߒ↢⊑߇᡼㔚ࠆߔ⛊⍴ߦቢోߢߒ

࿑ࠍ᡼㔚ᵄᒻߚࠇߐ 7  ޕߔ␜ߦ



 

 
(a)� 㔚࿶ᵄᒻ(Vbias=15kVޔ⍴⛊ᤨ) 

 

(b)� 㔚ᵹᵄᒻ(Vbias=15kVޔ⍴⛊ᤨ) 

࿑ 6� ⛘✼⎕უᤨߩ᡼㔚ᵄᒻ 

 

(c) 㔚ᵹᵄᒻ(Vbias=15kVޔ⍴⛊ᤨ) 

࿑ 7� ⛘✼⎕უᤨߩ᡼㔚ᵄᒻ 

㔚࿶߇ 0V CP2ޔCP1ޔߒ㒠ਅߢ߹ 㔚ᵹᵄᒻߩ

ㅢ⽾߇ⵍⷒߦ᡼㔚ᤨࠄ߆ߣߎࠆ޿ߡߒ⥌৻߇

CP2ޔCP1ޕࠆࠇࠄ߃⠨ߣࠆ޿ߡߒ ࡟ቯ᷹ߩ

ߪࠫࡦ 40A 40A-ࠄ߆ CP3ޕࠆ޽ߢߢ߹ ߪ 100

୚ߩ㔚ᵹޔࠅ޽ߢࡉ࡯ࡠࡊ᡼㔚㔚ᵹࠢ࡯ࡇߩ

ߪ 100A ⒟ᐲޕࠆ޽ߢ⛘✼⎕უᓟ࡞ࡊࡦࠨߪ

ߚߒቯ⸳ߢ㔚Ḯޔࠅߥߊߥ߈ߢශട߇㔚࿶ߦ

ᦨᄢ㔚ᵹ߇಴ജޕࠆߌ⛯ࠇߐ಴ജߚࠇߐ㔚ᵹ

ࠨࡦ࠺ࡦᄖㇱࠦߢ Cext߇ల㔚ࠇߐ 5kV ⒟ᐲ߹

ߣ✢⧌࡞ࡉ࡯ࠤߣࠆࠇߐශടߢ GND ᡼㔚ߢ

࿑߼ߚࠆࠇߐ㄰ࠅ➅߇⛊⍴ߒ 7(a)ߥ߁ࠃߩ㔚

࿶ᵄᒻ߇ขᓧޕߚࠇߐ⹜㛎⚿ᨐࠍ⴫ 4  ޕߔ␜ߦ

⴫ 4� Vbias=15kV ➅߮ࠃ߅᡼㔚⊒↢࿁ᢙߩߢ

 ࿁ᢙߒ㄰ࠅ

 
᡼㔚࿁ᢙߪ Vbiasࠝߦᤨࡦ᡼㔚ߚߒ↢⊑߇࿁ᢙ

㜞㔚࿶ߢ࡞ࡊࡦࠨฦߪ࿁ᢙߒ㄰ࠅ➅ޕࠆ޽ߢ

ޕࠆ޽ߢ࿁ᢙߚߒ㄰ࠅ➅ࠍࡈࠝࡦࠝߩ࠴࠶ࠗࠬ

᡼㔚࿁ᢙߪฦ߇ߚ޿ߟࠄ߫ߡ޿߅ߦ࡞ࡊࡦࠨ

⛘✼⎕უ߹ࠅ➅ߩߢ㄰ߒ࿁ᢙߪ 120 ࿁೨ᓟߣ

᡼㔚࿁ᢙߩᤨࡦࠝߪኼ๮✼⛘ߩⵍⷒޕߚߞߥ

ߩࡈࠝࡦࠝߩ㜞㔚࿶ࠆࠃߦߒ㄰ࠅ➅ߊߥߪߢ

࿁ᢙࠆࠃߦᓇ㗀߇ᄢߣ޿߈⠨ޕࠆࠇࠄ߃⛘✼

⎕უᓟߩ࡞ࡊࡦࠨߩ౮⌀ࠍ࿑ 7  ޕߔ␜ߦ

 

࿑ 8� ᡼㔚∥ 

࿑ 8 ࡐࠆ޿ߡߒ࿕ቯࠍ࡞ࡉ࡯ࠤߣⵍⷒޔࠅࠃ



 

ᄬ߇ᕈ✼⛘ߩⵍⷒߡߒㅢ⽾ࠍࡊ࡯࠹࠼ࡒࠗ࡝

ᚲ▎↢⊑ߩ∥᡼㔚ޕࠆ߆ಽ߇ߣߎࠆ޿ߡࠇࠊ

࿑ࠍ 9  ޕߔ␜ߦ

 

࿑ 9� ᡼㔚∥⊒↢▎ᚲ 

᡼㔚∥ߩ⊒↢▎ᚲߪ㌃ࡊ࡯࠹਄ߢ࡞ࡉ࡯ࠤߩ

ߚ޿ߡߞ⾍ߦ߼ߚߩ࿕ቯߩ࡞ࡉ࡯ࠤޔߊߥߪ

ޔߡߒߣේ࿃ޕߚߒ↢⊑ߦ਄ࡊ࡯࠹࠼ࡒࠗ࡝ࡐ

ࠝࡦࠝޔߊ㜞߇࿶ജߩ๟ㄝࡊ࡯࠹࠼ࡒࠗ࡝ࡐ

ࠆࠇࠄ߃⠨߇ߣߎ޿ߔ߿ߒ↢⊑߇᡼㔚ߦᤨࡈ

ශട㔚࿶ޕࠆ޽ߢਇ᣿ߪේ࿃߇ 10kV ห᭽ߢ

⴫ࠍᨐ⚿ߚߞⴕࠍታ㛎ߩ 5  ޕߔ␜ߦ

⴫ 5�  Vbias=10kV ➅߮ࠃ߅᡼㔚⊒↢࿁ᢙߩߢ

 ࿁ᢙߒ㄰ࠅ

 

ශട㔚࿶ 10kV ࠝߩ㜞㔚࿶ߢ࡞ࡊࡦࠨฦߪߢ

ࠍࡈࠝࡦࠝ 2000 ࿁➅ࠅ㄰ޔ߇ߚߒⵍⷒߩ⛘✼

⎕უߪ⿠ޕߚߞ߆ߥࠄߎ 

ฦታ㛎ߩࠬ࡯ࠤ⚿ᨐࠍ⴫ 6 㧙✢⧌ޕߔ␜ߦ

GND 㑆ߩ㔚⇇ᒝᐲߪශട㔚࿶ߣ Spec55 ⵍߩ

ⷒෘߐ 0.15mm  ޕߚ߼᳞ࠅࠃ

⴫ 6� ⹜㛎⚿ᨐ 

 

⛘✼⎕უߩℂ↱ޔߡߒߣ㜞㔚࿶ࠝߪᤨࡦ

200ms ⒟ᐲߜ┙ߩ਄ߢࠅ߇㔚࿶߇ශടࠆࠇߐ

㜞㔚࿶ޔ߇ Off ߪߦᤨ 1ȝs એਅᤨߩ㑆ߢ㔚࿶

ᓇ㗀ߩ㒠ਅㅦᐲߩ㔚࿶ࠄ߆ߣߎࠆߥߦࡈࠝ߇

 ޕࠆࠇࠄ߃⠨ߣ޿߈ᄢ߇

 

4.✚᜝ 

Spec55 ߩೋᦼ᡼㔚ߒශടࠍ㜞㔚࿶߳࡞ࡉ࡯ࠤ

ࠅࠃߦශടߩ㜞㔚࿶ޔߚ߹ޕߚߒ⹺⏕ࠍ↢⊑

ߦᓟࡈ㜞࿶㔚ḮࠝޕࠆߔᏪ㔚߇⴫㕙࡞ࡉ࡯ࠤ

ᱷ⇐⽶㔚⩄ࠆࠃߦ᡼㔚ࠍ⏕⹺ޕߚߒSpec55 ߩ

ᾲഠൻࠍ࡞ࡊࡦࠨ૶↪ޔߒ㜞㔚࿶ශട⹜㛎෸

߮㐳ᤨ㑆ශട⹜㛎ࠍⴕࡦࠨࡦࠫ࡯ࡃޔ߇ߚߞ

SSPSޕߚߞ߆ߥߪ޿㆑ߩ⽎᡼㔚⃻ߩߣ࡞ࡊ ߦ

᡼㔚⠴ߚߒᡆᮨࠍࡈࠝࡦࠝߩ࠻ࡦࡖࠪࠆߌ߅

ਭ⹜㛎ࠍⴕޔ޿ශട㔚࿶ 15kV ✼⛘ߡ޿߅ߦ

⎕უࠍ⏕⹺ޕߚߒ 

 

ෳ⠨ᢥ₂ 

1)2006 ᐕᐲ� ቝቮ⥶ⓨ⎇ⓥ㐿⊒ᯏ᭴ᆔ⸤ᬺ

ോᚑᨐႎ๔ᦠ 

 


