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 ◦☻♥ⱶ ☿fi♃כ≤─ ₈ ꜞⱨ□꜠

fi☻◦☻♥ⱶ─ ⌐ ∆╢ ₉ 

/ 21ton 250ton

GG

 

 

─≥ⱪכꜟ◓  ₈ ─√╘─

∕─ ₉ 

 

 

 ≤─ ₈ ⌐⅔↑╢ ─ ₉  

13 350 /h  

 

 ≤─ ₈ ⌐⅔↑╢ Rotating Detonation Engine

₉  

Rotating Detonation Engine

2013 12 2014 3

 

 

─≥JAXAה 5 :₈◄▪▬fi♥כ◒ ₉ 

JAXA JAXA

kBOV

ⱨꜝ▬♩⸗♦ꜟ ▬fi♥כ◒≢№╢
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2

 

 

 

 

 ≤─ ₈ ─ ─ ≤ ₉ 

─ ╩ ⇔ ⌂╠┘⌐ ⌐╟∫≡

╩ ⇔√ ⅔╟┘ ⌐╟╢ ─ ╛ ⌂⅜╣≤

⌂⅜╣─ ⌐╟╢ ─ ╩ ⇔√  

 ≤─ ₈ ⌐⅔↑╢ ꜡◔♇♩⌐ ∆╢ ₉ 

─ ה ꜡◔♇♩│ ╩ ╦⌂™ ⌂꜡◔♇♩≢№╡

⌂≥─ ⌐ ⇔≡™╢ H23 ⌐ ◄fi☺fi ⌐⅔™≡ ╩

⇔ H24 ⌐│ ∟ →◦☻♥ⱶ─ ╩ ∫√  

≢│Ɫ▬Ⱪꜞ♇♪꜡◔♇♩≤ ┌╣╢ ⱪꜝ☻♅♇◒ ─꜡

◔♇♩╩ ⇔≡™╢⅜ ↓─◦☻♥ⱶ≤ ═√ ─ ≡™≈⌐≤⌂♩☻◖ה

∆╢≤ ⌐ ה ꜡◔♇♩─ ∟ → ╩ ≢ ℮ ─ ⌂≥

╙ ∫√  
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─ ─ ⅔╟┘  
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│∂╘⌐ 

○○꞉◦ ─ M2011 ⌐≈™≡ ◄꜠ⱬכ♃ ⌐╟

╢Ⱨ♇♅♩ꜞⱶ ◄ꜟ꜡fi ♩ⱷfiכ⸗ꜟכ꜡╢╟⌐ ⅔╟┘◄ꜟ꜡fi─╖⌐╟╢꜡כꜟ

∆⌂╦∟ AAD Aileron Alone Departure ⅜ ─ ≢ ↕

╣≡™╢[1] ∕↓≢ │ ⅝ ⅝ ≢─Ⱨ♇♅♩ꜞⱶ כ♄ꜝ─≢

☻ⱳ▬ꜝכ꜡╢╟⌐כꜟ ◄ꜟ꜡fi≤ꜝ♄כ─ ꜟכ꜡╢╟⌐

⅔╟┘ ⱨꜝ♇Ɑ꜡fi─ⱨꜝ♇ⱪ≤⇔≡─ ╩ ⌐╟∫≡ ∆╢  

 

─  

⅔╟┘ ⌐ ↕╣≡™╢ ╩ ⅔╟┘ ⌐

∆ ⌐ ─ ⌐≈™≡ ⌐ ═╢  

ⱨꜝ♇ⱪ─ ≤ ⱨꜝ♇Ɑ꜡fi─  

─ M2011 ⌐⅔™≡│ ≤ ─ ≤ Area rule ⌐ ≠ↄ

─√╘⌐ ⱨ▫꜠♇♩─ ⅜ ↕╣≡™╢ ─ M2006-prototype ⌐

↕╣√ ⱨꜝ♇ⱪ│ ↓─ ⱨ▫꜠♇♩≤ ⌐ ∆╢ ⅜№╢ ∕↓≢

M2011 ≢│ ⱨꜝ♇ⱪ╩ ⇔ ╦╡─ ≤⇔≡ ◄ꜟ꜡fi⌐ⱨꜝ♇ⱪ

╩ ⇔√ ⱨꜝ♇Ɑ꜡fi╩ ⇔≡™╢  

☻ⱳ▬ꜝכ─  

 ⱨꜝ♇Ɑ꜡fi╩ⱨꜝ♇ⱪ⸗כ♪≢ ⇔≡™╢ ↕╠⌐◄ꜟ꜡fi≤⇔≡ ∆╢─│

─ ─ ⅜№╢ ∕↓≢ ꜟכ꜡ ─ ≤⇔≡ ☻ⱳ▬ꜝכ╩ ∆╢ ↓╣│

─☻ⱳ▬ꜝכ╩ ∟ →╢↓≤⌐╟∫≡∕─ ─ ╩ ∂ ⱷכ⸗◓fiꜞכ꜡

fi♩╩ ↕∑╢╙─≢№╢ ⌐∕─ ─ ⅜ ∆√╘ ▪♪Ᵽכꜜ☻כ─ └™

ꜟכ꜡│≡ LCD Lateral Control Departure ─ ⅜ ↕╣╢ ╕√

─☻ⱳ▬ꜝכ╩ ≡╢↓≤⌐╟∫≡◄▪Ⱪ꜠כ◐≤⇔≡ ↕∑╢↓≤╙ ↕╣╢  

 

(a) M2006prototype   (b) M2011  

─  
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─  

Function M2006prototype M2011 

Roll Control 
Outboard Aileron,  

Elevon 

Outboard Flaperon,  

Inboard Spoiler  

Elevon 

Pitch Control Elevon Elevon 

Yaw Control Rudder Rudder 

High Lift Device Inboard Flap Ontboard Flaperon 

Air Brake NA Inboard Spoiler 

 

 

 

 ≤⇔≡ JAXA/ISAS ─ ⇔ ⅔╟┘ ─

╩ ™╢ │ ≢ⱴ♇Ɫ 0.5~1.3, ±12° ≢

30m/sec ±20°⌂™⇔│±30°≢№╢. ⌐│ 6 ╩ ™╢  

 

 ≈─ M2006prototype ⅔╟┘M2011 │ ה ─ ⅔╟┘ ⌂╠┘

⌐ ≤ ─ │ ≢№╢ ∫≡ ─℮∟ ⅔╟┘ ה

│ ≢⅝╢ M2006prototype ≤ M2011 ─ ⅜ 1.5 ≢№╢↓≤⅛╠

─ │M2006prototype ⌐ ⇔≡ 7/40 M2011 ⌐ ⇔≡ 7/60 ≤⇔≡™╢  

 ⌐≈™≡│ ─ ╡ ◄ꜟ꜡fi ⅝ ◄ꜟ꜡fi 10 20 ⅔╟┘

◄꜠Ⱳfi ◄꜠ⱬכ♃ 10 15 ◄ꜟ꜡fi 10 15 ╩ ╖≢

№╢[1] ↕╠⌐ ─ ╡ ⱨꜝ♇ⱪ ⅝ ⱨꜝ♇ⱪ 20 30ה כ♄ꜝ

⅝ כ♄ꜝ 10 20ה ☻ⱳ▬ꜝכⱴ►fi♩ ⅝ ⅔╟┘☻ⱳ▬ꜝכ

0 10 20 30 ╩ ⇔√  

   

(a) ◄ꜟ꜡fi ⅝      (b) ◄꜠Ⱳfi  

↕╣√  

 

  

(a) ⱨꜝ♇ⱪ ⅝       (b) ꜝ♄כ ⅝  
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(c) ☻ⱳ▬ꜝכⱴ►fi♩ ⅝ ≤☻ⱳ▬ꜝכ  

↕╣√  

 

≤  

 ─ ─♩ⱷfiכ⸗ │ ≢№╢⅜ ╡⌐ ⇔≡ ⸗

╩♩ⱷfiכ ∆╢ ─ │ ה ⌐ ⇔≡╛╛ ≢

№╢√╘ ↓↓≢│ ≤ ∂ↄ ╩ ─ 25%⌐ ∆╢  

≢─Ⱨ♇♅♩ꜞⱶ  

 M2011⌐≈™≡ ₁─ⱴ♇Ɫ ⌐⅔↑╢◄꜠ⱬכ♃ ⌐╟╢Ⱨ♇♅fi◓⸗כⱷfi

♩ ╩ ⌐ ∆ 0.5 1.3 ─ⱴ♇Ɫ ⌐ ∫≡Ⱨ♇♅fi◓ ╩ ⇔≡⅔╡ ◄꜠

ⱬכ♃ ±10°─ ≢│ ⌐╒╓ ⇔≡Ⱨ♇♅fi◓⸗כⱷfi♩⅜ ⇔≡™╢

⅜ 10°╩ ⅎ╢≤ ∕╣ ╩ ♩ⱷfiכ⸗╙≡⇔╛ ⅜ ╠╣⌂ↄ⌂╢ ╕√

M0.5 ─ ⌐ ═≡ M0.9 1.3 ≢│ ◄꜠ⱬכ♃ ⌐╟╢Ⱨ♇♅fi◓⸗כⱷfi♩ ⅜

⌐ ∂≡⅔╡ ↓╣⌐ ⇔≡ Ⱨ♇♅fi◓ ╩ ╢↓≤─≢⅝╢ ╙  M0.5

≢│-15°~12°≢№∫√╙─⅜ M1.3 ≢│-10°~5°≤⌂∫≡™╢ ○○꞉◦─

⌐⅔™≡ │ 1° ≢№╢↓≤⅛╠ ↓─◄꜠ⱬכ♃ ⌐╟∫≡ ⌐Ⱨ♇

♅♩ꜞⱶ╩ ≢⅝╢≤ ↕╣╢ ╕√ ↓╣╠Ⱨ♇♅♩ꜞⱶ │ ⌐╟∫≡ ╦╢  

כ♄ꜝ─≢  

 M2011 ⌐≈™≡ ⱴ♇Ɫ כ♄ꜝ╢↑⅔⌐0.5 ♩ⱷfiכ⸗◓fi▬כꜜ╢╟⌐ ╩

⌐ ∆ כ♄ꜝ ♩ⱷfiכ⸗◓fi▬כꜜ╢╟⌐ │ ≤ ≢⅝╢  

  

≢─Ⱨ♇♅fi◓⸗כⱷfi♩ ꜝ♄כ  ♩ⱷfiכ⸗◓fi▬כꜜ╢╟⌐

⅔╟┘ ≢─◄ꜟ꜡fi⅔╟┘☻ⱳ▬ꜝכ  

₁─ⱴ♇Ɫ ⌐⅔↑╢ ◄ꜟ꜡fi ┘☻ⱳ▬ꜝכ ♩ⱷfiכ⸗◓fiꜞכ꜡╢╟⌐

╩ ⌐ ∆ ≡─ⱴ♇Ɫ ≢◄ꜟ꜡fi ⌐╟∫≡ ♩ⱷfiכ⸗◓fiꜞכ꜡⌂ ⅜

╠╣≡⅔╡ ◄ꜟ꜡fi │ ≢№╢≤ ≢⅝╢ ⱴ♇Ɫ ⅜ ⱷכ⸗◓fiꜞכ꜡≤╒™⅝

fi♩ ⅜ ↕ↄ⌂╢ ⅜ ╠╣╢⅜ ○○꞉◦─ ⌐⅔™≡│ ⱴ♇Ɫ ⅜ ⅝™
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╒≥ ⅜ ↄ⌂╢√╘ ꜟכ꜡ ⌐ │ ™  

 ☻ⱳ▬ꜝכ⌐ ⇔≡│ ◄ꜟ꜡fi≤ ♩ⱷfiכ⸗≡⇔ ⅜ ⌐ ↕™↓≤⅜╦⅛

╢ ☻ⱳ▬ꜝכ─ ⅔╟┘ ╩ ⅎ≡ ↕╠⌐ ⌂ ה ╩ ℮ ⅜№╢  

  

(a)                 (b)  

◄ꜟ꜡fi⅔╟┘ ☻ⱳ▬ꜝכ꜡╢╟⌐כꜞfi◓⸗כⱷfi♩ 

 

 

 ○○꞉◦─╟℮⌐ ⅝⌂ ⅔╟┘ ╩ ∆╢ │

⅜ ⅝ↄ ⌂≥─ ⌐⅔™≡▪♪Ᵽכꜜ☻כ─ ⅔╟┘ ─ ≤

∫≡ ◄ꜟ꜡fi ꜟכ꜡╢╟⌐ ⅜ ⇔ ⌐│ ∆╢ Lateral Control 

Departure ⅜ ∆╢ ⅜№╢ ∕─ ╩ ∆╢√╘⌐ ─

(Lateral Control Departure Parameter : LCDP) ⅜ ™╠╣╢  

LCDP = ╒▪♫
╒▪♯╪

▓╒▪♯►

╒■♯╪
▓╒■♯►

╒■♫   1  

↓↓≢ Ὧ
‏
╡№≢ ‏ ≥fi▬◕כ♄ꜝ ┌╣╢ LCDP ⅜ ≤⌂╢≤⅝⌐◄ꜟ꜡fi─ ⅝

⅜ ⇔ │ ≤│ ╢∆ꜟכ꜡⌐ ꜟ◘כⱣꜞהꜟכ꜡ ↓─ │ כ♄ꜝ

≡∫╟⌐♩ⱷfiכ⸗◓fi▬כꜜ╢╟⌐ ↕╣╢ כ♄ꜝ ╩ ╦⌂™ ▬◕כ♄ꜝ

fi♀꜡ ─ LCDP ╩ ⌐ ⇔≡ Aileron Alone Departure Parameter (AADP) ≤ ┬ LCDP

≤ AADP ─ ╩ ∆╢↓≤⌐╟∫≡ ꜟכ꜡ ⌐ ─כ♄ꜝ╢∆ ╩ ≢⅝╢ כ♄ꜝ

◕▬fi k ╩ 1.0≤⇔√≤⅝─ LCD ⅔╟┘ AADP ╩ ⌐ ∆ M2006prototype ⌐ ═≡

M2011 │ AADP ⅜ ≤⌂╢ ⅜ ™↓≤⅜╦⅛╢ ∕─ │ ╩כ♄ꜝ

⇔─ -10°~12°≢№╡ כ♄ꜝ ╡─ │-10°~17°┼≤ ⇔≡™╢  

 

≢─ ⱨꜝ♇Ɑ꜡fi  

 M2011 ⌐≈™≡ ⌐⅔™≡ ⱨꜝ♇Ɑ꜡fi╩ⱨꜝ♇ⱪ≤⇔≡ ∆╢↓≤⌐╟

╢ ╩ ⌐ ∆ ─ ╩ 10 ≤⇔ 350 400 450kg ⱨꜝ♇

ⱪ 0 30 ⌐ ∆╢ ╩ ∆╢≤ ─ ╡≤⌂╢ ⱨꜝ♇ⱪ 30 ─

⌐╟∫≡ ⅜ 10 [m/sec] 14% ↕╣╢  
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  ⌐⅔↑╢ LCDP       ⱨꜝ♇ⱪ⌐╟╢  

 

 

─  

Flap deflection 

[deg] 

Take-off mass 

[kg] 

Take-off airspeed 

[m/sec] 
Lift coefficient 

AOA 

[deg] 

30 

350 64.8 

0.59 

10 

400 69.2 

450 73.4 

0 

350 75.0 

0.44 400 80.2 

450 85.1 

╕≤╘ 

 ─ ─ ─√╘⌐ ╩ ∫√≤↓╤ ─ ╩

√  

 ◄꜠ⱬכ♃─ ⅝│ ≢№╡ ⅜ 25%MAC ─ Ⱨ♇♅fi◓♩ꜞⱶ╩ ╣╢

│ ≢│±10° M0.5 ≢│-15°~12° M1.3 ≢│-10°~5°≢№╢  

◄ꜟ꜡fi─ ⅝│ ≢№╢⅜ ∕╣⌐ ⇔≡ ☻ⱳ▬ꜝכ─ │ ⌐ ↕™ ☻

ⱳ▬ꜝכ─ ╛ ─ ⅜ ≢№╢  

─כ♄ꜝ ⅝│ ≢№╡ כ♄ꜝ╩ꜟ◘כⱣꜞהꜟכ꜡ ⌐╟∫≡ ≢⅝╢  

ⱨꜝ♇Ɑ꜡fi╩ⱨꜝ♇ⱪ≤⇔≡ ∆╢↓≤⌐╟╡ ╩ 10 [m/sec] 14%

≢⅝╢  

⅝ ⅝ ☻ⱳ▬ꜝכ─ ≤ ╩ ╘╢≤ ⌐ ◄꜠Ⱳfi⌐╟╢꜡כꜟ

ⱨꜝ♇ⱪ⌐╟╢ ╩ ═╢ ≢№╢  
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⌐ꜟכꜟ▪ꜞ◄─ ≠ↄ  

 

     2   

     4  

     

 

 

│∂╘⌐ 

─ ≤⇔≡ ─●☻☺▼Ⱡ꜠הꜟ◒▬◘♃כ

♩♇▼☺Ⱳꜝⱶכ♃▪◄ GG-ATR ◄fi☺fi ╩ ∆╢M2011 ⅜ ↕╣≡™╢[1]

↓╣╕≢─ ≤ ─ GG-ATR ◄fi☺fi≤ M2011 ─ ∑

≢│ⱴ♇Ɫ 1.1 1.6─ ≢ ⅜ ⇔ↄ⌂╡ ≤∆╢ⱴ♇Ɫ 2.0╕≢ ↕

∑╢⌐│ 8% ─ ⅜ ≢№╢↓≤⅜ ⇔√[2] ∕↓≢ ≢│ ה

─ ⌐ ⇔ ─ ─ ꜟכꜟ▪ꜞ◄╢№≢≈ [3]⌐ ≠™≡

M2011 ╩ ∆╢  

 

╩ꜟכꜟ▪ꜞ◄ ⇔√  

│ꜟכꜟ▪ꜞ◄ ─ ⅛╠ ∆╢ⱴ♇Ɫ◖כfi≢ ╩ ⇔ ∕─ ─

─ ⅜ ╠⅛⌐⌂╢╟℮⌐ ╩ ∆╢ ≢№╢ [4] ─

M2011Nose-C ─ ≤ ⌐ꜟכꜟ▪ꜞ◄╩╣⧵ ∫≡ ⇔√ ─

╩ ⌐ ∆  

             

   

(a) ─ M2011Nose-C      (b) ◄ꜞ▪ꜟכꜟ⌐╟∫≡ ↕╣√  

─M2011Nose-C ꜟכꜟ▪ꜞ◄≥ ─  
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AR-NoseC

BulgeB

BulgeA

Fillet

 

ꜟכꜟ▪ꜞ◄ ⌐⅔↑╢ⱡכ☼ ⱨ▫꜠♇♩ ⅔╟┘Ᵽꜟ☺─  

 

↓↓≢│ ה ─ ⅜ ≤⌂╢ Sears-Haack ⌐ ╕╢╟℮⌐

ⱡכ◖☼כfi─ ╩ ↕∑ ☼כⱡꜟכꜟ▪ꜞ◄ C ה │ ╩ ⅎ∏

⌐╕≤╘≡ ┼ ↕∑≡™╢ ╕√ ─ↄ┘╣╩⌂ↄ∆√╘⌐ ⌐Ᵽꜟ☺

╠╖ ╩ ↑≡™╢ ⱨ▫꜠♇♩│ ≢─ ╩ ⅎ╢√╘⌐ ↑╢ ∕╣∙╣─

─ ⅔╟┘ ╩ ⌐ ∆  

 

≤  

╢╟⌐ꜟכꜟ▪ꜞ◄  ─ ╩ ⅛╘╢√╘⌐ JAXA/ISAS ─ ╩ ™≡

╩ ⇔√ ∑≡ NASA ≢ ↕╣√ ⱪ꜡◓ꜝⱶ WAVEDRAG ╩

⇔ ╩ ⇔√ ⌐⅔↑╢ │ ─ 15 ╡≢№╢ JAXA/ISAS

⌐⅔↑╢ ─ │ ⅛╠ Case No. 5─╖≢№╢  

 Case No. 5⌐≈™≡ ≤ ─ ╩ ⌐ ∆ ⌐╟╣┌ ⱴ♇Ɫ

1.08 1.32─ ꜟכꜟ▪ꜞ◄≢ ─ ⅜ ≢⅝ 5% 20% ⅜ ↕╣≡™╢

│ ∆⌂╦∟ ⱳ♥fi◦ꜗꜟ ⌐ ≠™≡⅔╡ ∕↓⌐

│ ⅜ ↕╣⌂™√╘ ∕─ │ ⌐│ ⌐╟╢ ≤ ⇔⌂™ ↓↓

≢│ ⱴ♇Ɫ ─ ╩ ∆╢√╘⌐ ◓ꜝⱨ ≢ ╩ ┼

⇔≡™╢ ∕─ ⱴ♇Ɫ │ ≤ ≢ ⌡╟ↄ

⇔≡™╢↓≤⅜ ≢⅝╢  

 ⌐ ⌐≈™≡ ╩ ⌐ ∆ ⱡכ◖☼כfi ╩ ↕∑╢↓

≤≢ⱴ♇Ɫ 1.0 2.0 ─ ≢ ⅜ ≤ ↕╣╢ ╕√ Ᵽꜟ☺ B ╟╡Ᵽꜟ☺ A

─╒℮⅜ │ ™≤ ↕╣≡⅔╡ Ᵽꜟ☺─ ⅝⌐│ ⅜№╢╙─≤ ↕╣╢

⌐ ⱴ♇Ɫ 1.0 1.1⌐⅔™≡│ ה ╩ ┼ ↕∑╢↓≤≢ ╩ ≢

⅝╢≤ ⅎ╠╣╢  
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⅔╟┘ ─  

Case No. ◄ꜞ▪ꜟכꜟ Nose Ᵽꜟ☺ ⱨ▫꜠♇♩   

1 ủ Ἡ Ἡ Ἡ  

2 Ἡ Ἡ ủ Ἡ  

3 ủ Ἡ ủ Ἡ  

4 Ἡ A Ἡ Ἡ  

5/8 ủ A Ἡ Ἡ/ủ 

JAXA/ISAS

│ Case No. 5─

╖ 

6 Ἡ A ủ Ἡ  

7/9 ủ A ủ Ἡ/ủ  

10 Ἡ B Ἡ Ἡ  

11/14 ủ B Ἡ Ἡ/ủ  

12 Ἡ B ủ Ἡ  

13/15 ủ B ủ Ἡ/ủ  

 

 

 (a)  

 

(b)  

⅔╟┘ ─  

Case No. 5 ☼כⱡꜟכꜟ▪ꜞ◄ C Ᵽꜟ☺ A ♀꜡  
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₁─ ⌐≈™≡─  

 

╕≤╘ 

≢ ⇔≡™╢ ─ ⌐≈™≡

⌐ꜟכꜟ▪ꜞ◄⌐╘√─ ∫≡ ╩ ╖√ ⱴ♇Ɫ◖כfi⌐╟╢ ─ ⅜

Sears-Haack ⌐ ℮╟℮ⱡכ◖☼כfi ╩ ↕∑ ה ─ ⌐Ᵽꜟ☺╩ ↑

√ ⌐≈™≡ ≤ ╩ ⇔√≤↓╤ ⌐⅔™≡ 5%~20%─

⅜ ↕╣√ ⌐ ה ╩ ┼ ↕∑╢↓≤⌐╟∫≡ ╩ ≢⅝╢╙─≤

↕╣√ ꜟכꜟ▪ꜞ◄ ─ ₁─ ⌐≈™≡ ה ╩ ⇔

∕╣╠─ ╩ ⌐ ∆╢ ≢№╢  

 

 

 

[1] ₈ ─ ≤ ₉

 ◦☻♥ⱶ ☿fi♃2011 כ pp.17-20 2012

7  

[2] ₈ ─ ₉

 ◦☻♥ⱶ ☿fi♃2012 כ pp.19-22 2013 7  

[3] Jones, R. T., òTheory of Wing-Body Drag at Supersonic Speeds,ó NACA Report 1284, Jan. 

1956. 

[4] Nikolic, V. R., and Jumper, E. J., òZero-Lift Wave Drag Calculations Using Supersonic 

Area Rule and Its Modifications, ó AIAA Paper 2004 -217, Jan. 2004  
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─ ─  

 

      

     

 

 

│∂╘⌐ 

ꜟ◒▬◘♃כ꜠Ⱡ▼☺☻●ה♩♇▼☺Ⱳꜝⱶכ♃▪◄ ATR-GG ◄fi☺fi╩ ⇔

ⱴ♇Ɫ ─ ╕≢─ ─ ⅜ ⌂ ○

○꞉◦ ─ ⅜ ╘╠╣≡⅔╡ ∕─ M2011 ⅜ ↕╣≡™╢[1] Ⱶ♇◦ꜛfi

⌐╟╢ ─ ™⌐ ↕∑≡ ─╟℮⌐ ─ ⌂╢ ⅜ ↕╣

≡⅔╡ ╙ ⌂M2011 Nose-A ─ ◦☻♥ⱶ ⅜ ─ ≤↕╣≡™╢  

M2011 Nose-C ─ ⌐≈™≡ ⅜ ↕╣[2] ⱴ

♇Ɫ 2.0 ⌐ ∆╢√╘⌐│◄fi☺fi ─ 5% ─ ╕√│ ─ 8% ─

⅜ ≢№╢↓≤⅜ ↕╣√ ≢│ ⌂ ≡⇔≥ꜟכ♠

◦☻♥ⱶ╩ ∆╢ ∕⇔≡ ─◦☻♥ⱶ ≢№╢M2011 Nose-A

─ ה ╩ ⅔╟┘ ≢ ∆╢  

 

─  
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M2011 ─ ⌂ ╩ ∆╢√╘⌐ JAXA/ISAS ⅔╟┘

ה ╩ ™≡ ⅜ ↕╣≡™╢[1, 3] ∕─ ⱴ♇Ɫ 0.3

2.0─ ⌐⅔™≡ │ ⌐ ⇔≡ ≢№╡ ─ Ⱨכ◒ ™╦╝

╢ ─ │ ↕™↓≤ ⌂ ╩ ≈↓≤ ◄ꜟ꜡fiה◄꜠ⱬה♃כ

─כ♄ꜝ ⅜ ≢№╢↓≤⅜ ↕╣≡™╢ ↓╣╠ ╠⅛♃כ♦ ─

╩ ╘≡ ⌐ ™╢ ╕√ ⌐ ꜟכ꜡⌂

♄fiⱧfi◓ ─ │, ─ ╩ ⌐ ∆╢ ─

[4]⌐╟∫≡ ∆╢ ↓╣⌐╟∫≡ ╠╣√ ╩ ⌐ ∆  

 

≢ ╠╣√  

Coefficient  Value  

CYr  0.6062114 

Clp -0.2187821 

Clr  0.0819851 

Cmq -5.0347575 

Cnr  -0.48056994 

Cnp 0.0116804 

 

◦☻♥ⱶ─  

─ ╩ ≤∆╢ ⌐⅔™≡ ─ ╩ ≤⇔≡ ™

─ ≤ ╡─ ─ ─

╩ ↄ ╡─ ─ │ ⌐⅔™≡ ─ ╡ ↕╣

╢[5]  

)( bbbb II

N

M

L

M W³W+W=

ù
ù
ù

ú

ø

é
é
é

ê

è

=
CC#CC  

↓↓≢ [ ]Tb NMLM ,,=
C

 │ ꜟ♩◒ⱷfi♩ⱬכ⸗ I │ ♩ⱷfiכ⸗ bW
C
│

ⱬ◒♩ꜟ≢№╢ ╩♩ⱷfiכ⸗ ⇔≈≈ ↓─ ╩ ⇔≡

bW
C
╩ ╘ ↕╠⌐ ⇔≡ כꜝ▬○ ╩ ╘╢ ↓─ ╩

MATLAB/SIMULINK ≢ⱪ꜡◓ꜝⱶ∆╢[6]  

⅔╟┘ ≢ ╠╣√ ⌐╟∫≡ ↕╣√

⅔╟┘ ♩ⱷfiכ⸗ ⅔╟┘ ◘▬◒ꜟ ⌐╟∫≡ ↕╣√ ATR-GG

◄fi☺fi─ ה ╩♃כ♦ ™ ─ⱴfiⱴ◦fiה▬fi♃כⱨ▼כ☻⌐╟∫≡☻

꜡♇♩ꜟ⅔╟┘ ╩ꜞ▪ꜟ♃▬ⱶ≢ ⇔⌂⅜╠ ─ⱪ꜡◓ꜝⱶ╩ ∆╢↓≤⌐

╟∫≡ ─ ⅜ ╠╣╢  
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─ⱴfiⱴ◦fiה▬fi♃כⱨ▼▬☻ 

 

M2011 Nose-A ─ ה ─  

 M2011 Nose-A ─ 70kg ⌐≈™≡ ⅛╠ ⇔≡

⇔ ⇔√─∟ ∆╢ ╩ ≤ ≢ ⇔√ ∕─

╩ ⌐ ∆ ◄fi☺fi◦☻♥ⱶ─☻꜡♇♩ꜞfi◓│ ⅎ ⅝ │ 100% ⅎ

⅝ │ 0%≤⇔≡™╢  

 

⌐ ═≡ ─ │ ⅔╟┘ ⅜ ↄ ⱴ

♇Ɫ ╙ ™ ↓╣│ ≢│Ⱨ♇♅♩ꜞⱶהⱧ♇♅ ─√╘─◄꜠ⱬ

♃כ ⌐╟╢ ╛ⱨꜝ♇Ɑ꜡fi ⌐╟╢ ╩ ⌐ ╣≡⅔╡

⌐ ═≡ ⌐ ⅜ ⇔ ⅜ ⇔≡™╢√╘≤ ⅎ╠╣╢ ↓

╣╠─↓≤⅛╠ ⌐ ═≡ │ ─ ╩ ⅎ╢↓≤⅜╦⅛╢  

 ⌐╟╣┌ M2011 Nose-A ─ │ ─ ╩ 80°

┼ ⇔√ 147 ⌐ 11km ⌐⅔™≡ ⅎ ⅝─ ⌐ ⱴ♇Ɫ 1.2

⌐ ∆╢ ∕─ 150 400 ⌐⅛↑≡ ה ╩ ≡ ⌐ ╡

─-100° ⌐ ∆╢ ♄►fi꜠fi☺ 50km ꜟכ꜡ 50

5km ≢№╢ ═ │ 550 ax │

⌐ 1G ay │ ⌐ 1G az

│±2G ≢№╢ │ ⅝ ↓⇔─ ⌐ 8 ≢№╢ ⇔≡

⌡ ⅛≈ ⌂ ≢№╢  
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(a)  

 

(b)  

 

(c) ─  

 

(d) ⱴ♇Ɫ ─  

 

(e) ⌐╟╢ ≤ ─  

 

(f) ⌐╟╢ ─  

 ⅔╟┘ ⌐╟╢ ה  

 

╕≤╘ 

⌐≈™≡ ⅔╟┘ ⌐ ≠ↄ ♦

♃כ ATR-GG ◄fi☺fi ♃כ♦ ⅔╟┘ ⌐ ≠ↄ ה ה כ⸗

ⱷfi♩ ╩♃כ♦ ™≡ ⅔╟┘ ╩ ™ M2011 Nose-A

─ ─ ה ╩ ⇔√ ⌐╟╣┌ ─ ╩

┼ ⇔√ 147 ⌐ 11km ⌐⅔™≡ ⱴ♇Ɫ 1.2 ⌐ ⇔

──∟ ╕≢ ≢⅝╢↓≤⅜ ↕╣√ ♄►fi꜠fi☺│ 50km

═ │ 550 ≢№╢  

│ ♃♇♅♄►fi ─ ╩ ≢⅝╢ ─ ╩ ⅔╟

┘ ⌐╟∫≡ ∆╢ ≢№╢  

16km  

22km  
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─ ₉  ◦☻♥ⱶ ☿fi♃2012 כ, 

pp.11-14, 2013 7  

[4]  ₈ ₉ pp.51-110 1982  

[5] McFarland, Richard E. , òA Standard Kinematic Model for Flight Simulation at 

NASA -Ames,ó NASA CR -2497, 1975. 
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─ ─√╘─ ─ ה  

 

    1  

  4  

  4  

     

 

 

│∂╘⌐ 

│ ╛ ☻♥▫fi◓─ ╣─ ╣ ╛꜠▬ⱡꜟ☼ ⌂≥

≤ ⌂╢ ╩ ∆╢√╘ ∕─ ─♃כ♦ ⌐ ⅜№╢ ⇔√⅜∫≡

─ ⌐⅔↑╢ ה ╩ ∆╢√╘⌐│ ∞↑≢│ ≢№

╡ ⅜ ⅛∑⌂™ ∕↓≢ ₈○○꞉◦₉⌐≈™≡ ╡ ⇔

⌐ ╩ ⇔ ה ≤╙⌐ ╩♃כ♦⌂ ∆╢↓≤╩ ∫≡ ה ─

⌂ ╩ ⇔≡™╢ [1]⌐ ⅝ ⅝ ○○꞉◦ M2006prototype

─ 1/2 ꜟכ◔☻ ─ ה ╩ ╘≡™╢ ≤⇔≡│ ♄◒♥♇♪ⱨ□fiꜚ♬♇♩

╩ ™╢  

 

─  

ה  ⇔√ [1]⌐⅔™≡ ─♩ⱴ►fiכ♃כ⸗ ─ ה

─ ─ כ♄ꜝ ─ ┼─ ─ ⅜ ∫≡™√ ∕↓

≢ ╩♩ⱴ►fiכ♃כ⸗ ⅛╠▪ꜟⱵ▪fi◓ꜟ ⌐ ⅎ ה ╩

⇔ כ♄ꜝ⌐╠↕ ╩ ⌐ ∆╢↓≤≤⇔√ ∕─ ╩ ⌐ ∆  

╕√ ─ ─ ─ ◄fi☺fi♫☿ꜟ ─ ⅜ ─ ╩

⇔≡™╢╙─≤ ↕╣√√╘ ╩♫☿ꜟ ⌐ ⇔ ↕╠⌐♫☿ꜟ

⌐ ╠⅛⌂ ╩ ↑√ ∕─ ╩ ⌐ ∆  

↓╣╠─ ╩ ⇔ Ᵽ♇♥ꜞכ ─ ╩ ⇔√

≤↓╤ 4.38kg ≤⌂╡ 4.2kgf 41.2N ⌐ ∆╢ │ 0.96≤⌂∫√  

     

 

(a) ▪ꜟⱵ  ♩ⱴ►fiכ♃כ⸗─

 
(b) ─ ⌂ ה ≤

כ♄ꜝ√╣↕  
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(c) ─ ⌂  

─ ─  

 

 

─  

 

─ ≤ ─  

⌐ ╩ ∆╢↓≤│ ≢№╢↓≤⅛╠ ─ ╩ ≢ ⇔√ ∕─

√╘─ ╩ ⌐ ∆ ⌂ ─ ⌐ ╠⅛⌐ ↄ ╩ ⅝ ∕╣⌐○○꞉◦ ╩

∑≡ ╦ⅎ╢ ⌐╟∫≡ ╩ ↕∑╢≤ ⌐╟∫≡ ה │

⌐ ╙℮≤⇔≡ ⌐ ╩ꜟ☿♪כ꜡√╣↕ ∆ ─ꜟ☿♪כ꜡─↓ ≤

─☻꜡♇♩ꜟ ╩ ⇔ ☻꜡♇♩ꜟ ≤ ─ ╩ ╢ ⌂⅔ ☻꜡

♇♩ꜟ ─ ─√╘⌐ ○○꞉◦ 1 ─ ⌐ ™√─≤ ─○fiⱲכ♪▪ⱦ

○♬◒☻ Sylphide ╩ ™╢ ╕√ ╘ 1 5kg ─ ╩ ╩ꜟ☿♪כ꜡≡™ ⇔≡

™╢  

╠╣√☻꜡♇♩ꜟ ≤ ─ ╩ ⌐ ∆ Before 

revision ⌐⅔™≡ │ 1.40kgf 13.7N ≤⌂∫≡⅔╡ ─ ─√╘─

1.37kgf 13.4N ╩╦∏⅛⌐ ≢№╡ ⅜ ≢№╢ ♄◒♥♇♪ⱨ

□fiꜚ♬♇♩─ 4.2kgf 41.2N ⌐ ═≡↓─╟℮⌐ ⌐⌂∫√ ≤⇔≡│ ◄

fi☺fi♫☿ꜟ ⌐ ╛ ⅜ ⅝ ≡⅔╡ ─ ╩ ⇔≡™╢╙─≤

↕╣╢ ╕√ ◓ꜝⱨ⅜ ≤⌂∫≡™╢─│ ꜝ☺◖fi ─ ≤☻Ⱨכ♪◖fi♩

ꜝכ꜡ ⌐ ≠™≡ ─כ♃כ⸗ ╩ ∆╢ ─ ⅜ ╣≡™⌂⅛∫√╙

─≤ ↕╣╢  

∕↓≢ ╩ ∆╢≤≤╙⌐ ꜝ☺◖fi ⅔╟┘☻Ⱨכ♪◖fi♩꜡כꜝ╩

⇔√≤↓╤ After revision ⌐ ↕╣√≤⅔╡ 2.4kgf ─ ⅜ ╠╣╢⌐ ∫√  
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─√╘─  

 

 
↕╣√☻꜡♇♩ꜟ ≤ ─  

 

─  

M2006prototype ⌐≈™≡│ ⌐╟∫≡ ⅜♃כ♦ ╠╣≡™╢ ∕─

ה ╩♃כ♦ ⇔≡ ─ ≢─ ≤ ─

╩ ∆╢≤ ─ ╡≢№╢ 4.2kgf 41.2N ≢│ │

61.0m/s(219.7km/h)≤⌂╢ ─√╘─ │ 1.37kgf(13.4N)≢№╡ ∕─

─ │ 26.7[m/s]  (96.1[km/h]) ≤ ↕╣╢ After  

revision ─ │ 44.3[m/s] 159.5[km/h ] ≤ ↕╣╢  

╕√ ≤ ─ │ ─ ╡≤⌂╢ │ 4.2kgf 41.2N

≢│ 20.08[m/s] Before revision ≢│ 0.06[m/s] After revision

≢│ 6.15[m/s]≤ ↕╣╢  

   

≤          ≤  

 

(a) ⅔╟┘꜡כ♪☿ꜟ 

 
(b) ☻꜡♇♩ꜟ

Sylphide  
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ה♩ⱷfiכ⸗ ─ ה  

╡ ╡ ─ ╩ ™ ╡ ╩ ∆╢↓≤⌐╟∫≡ ─ ♩ⱷfiכ⸗

╩ ⇔√ ─ ╩ ⌐ ∆ ╕√ ─ │ ≢№╢↓≤⅛╠

↕╣≡™╢ ─ ╩ ⌐ ה ─ ╩ ⇔≡ ⇔√

↓╣╠─ ╩ ⌐ ∆ ─♩ⱷfiכ⸗ │ ה 2 ≢ ⇔√

Ɽꜝⱷ♃⅜ⱪ꜡♩♃▬ⱪ ≤ ⌡ ≤⌂∫≡⅔╡ ⌂ ≤™ⅎ╢ ─

⌐⅔™≡│ ↓─ Ɽꜝⱷ♃─ ╩ ⌐╟╠∏ ≤ ⇔≡™╢  

    

─♩ⱷfiכ⸗  

─♩ⱷfiכ⸗  ⅔╟┘ ─  

  F16 ⱪ꜡♩♃▬ⱪ   

m [kg]  9299 27.3 4.38 

L [m]  15.03 3.2 1.59 

b [m]  9.45 1.61 0.8 

ↄ h [m]  3.57 0.665 0.324 

I xx [kgm 2] 12870 0.94269 0.02973 

Ɽꜝⱷ♃ɖ 0.0155 0.0133 0.0106 

I yy [kgm 2] 75670 8.3013 0.3815 

Ɽꜝⱷ♃ɗ 0.0360 0.0297 0.0345 

I zz [kgm 2] 85550 11.2361 0.4862 

Ɽꜝⱷ♃ɘ 0.0292 0.0321 0.0351 

I xz [kgm 2] 1331 0.15497 0.00601 

Ɽꜝⱷ♃ə 0.00267 0.00267 0.00267 

 

♃◐◦fi◓⅔╟┘  

 ─ ╛ ╩ ∆╢√╘⌐ ─ ⌐≡ ♃◐◦fi◓⅔╟┘

╩ ∫√ ∕─ ╩ ⌐ ∆ ─ ⅜ ↕╣√√╘ ─

╛▪ꜝ▬fiⱷfi♩─ ⅜ ≤⌂╢   

 
(a) X ╡ 

 
(b) Y ╡ 

 

 
 (c) Z ╡ 
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♃◐◦fi◓ה ─  

 

╕≤╘≤ ─  

─ ⱪ꜡♩♃▬ⱪ⌐≈™≡ ╩ ╡ ⇔ ∆╢√╘

─ꜟכ◔☻1/2 ─ ה ╩ ╘ ⌂╠┘⌐ ─ ⅛╠ ╩ ⇔√

─√╘⌐ ╩ ⇔ 2.4kgf ─ ╩ √ ↓─ ⌐╟╢ │

⌡ ≤ ↕╣√ ↕╠⌐ ה♩ⱷfiכ⸗ ╩ ה ⇔√ ─√

╘⌐ ╩ ⇔ ╩ ⌐ ∆╢↓≤⌐╟∫≡  ⱪ꜡♩♃▬ⱪ

M2006prototype ─ ⌐╟╢ ─ ╩ ╘╢

≢№╢  

 

 

[1] ₈ ─ ─ ה ₉

 ◦☻♥ⱶ ☿fi♃2012 כ pp.23-26 2013 7
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─◄▪▬fi♥כ◒─  

 

      

    4  

 

│∂╘⌐ 

M2011 ≢│ ⌐ ⇔√ GG-ATR ◄fi

☺fi ⅜ ⌐ ↕╣ ⌐▬fi♥כ◒ ╡ ╣ ⅜ ↕╣╢ ∕─

◄fi☺fi │▬fi♥כ◒─ ⌐ ⅝ↄ ⇔ ╕√ ╩ ╙╢ ≢▬fi♥כ◒

│ ⌐ ≢№╢ ∕↓≢ │ ⌐ ─◄▪▬fi♥כ◒─

╩ ∆╢↓≤╩ ≤⇔ JAXA/ISAS ⅔╟┘ ⌐⅔™≡

╩ ∆╢  

 

▬fi♥כ◒─  

≢ ╡ ℮▬fi♥כ◒│ ─ ⌐ ↕╣╢ ▬fi♥כ◒≢№

╡ GG-ATR ◄fi☺fi ─ ה ─ ╩ ≢⅝╢╟℮⌐ ♦▫ⱨꜙה◙כ

♦▫ⱨꜙכ◙╩ ╖ ╦∑ ⱴ♇Ɫ 2.0≢ 100%⌐⌂╢╟℮⌐ ↕╣≡™╢ ∕─

ה ╩ ⌐ ∆ ╕√ ▬fi♥כ◒╩ ⇔√ ─ ╩ ⌐ ∆  

  

▬fi♥כ◒─ ה   ▬fi♥כ◒╩ ⇔√  

 

▬fi♥כ◒─  

▬fi♥כ◒─ ╩ ∆╢ ≤⇔≡ ▬fi♥כ◒ ⅔╟┘

─ ≈⅜№╢ ⌐⅔™≡ ▬fi♥כ◒ │ ╩ ™≡ ↕╣╢ ≤

─ ╩ ⌐ ═╢  

  

│ P0 PÐ ⅔╟┘▬fi♥כ◒ P0i╩ ™≡  

0

0

0

0

P

P

P

p

P

p ii
p

¤

¤

==h  (1)הההההההההה        

↓↓≢ ◄fi♩꜡Ⱨכ  

120

2

1
1

-

¤

ö
÷

õ
æ
ç

å -
+=

k

k

k
M

P

P  (2)הההההההההה      
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⅜ ╡ ≈√╘ │ 

¤

-
ö
÷

õ
æ
ç

å -
+=

P

p
M i

p
012

2

1
1

k

k

k
h  (3)הההההההההה     

≤ ↕╣╢ ⇔√⅜∫≡ ⌐⅔™≡ ⱴ♇Ɫ M PÐ ⅔╟┘▬fi♥כ◒

P0i╩ ∆╢↓≤≢ ╩ ≢⅝╢  

 

 

ꜝfiⱪ⅛╠ ∆╢ ╘ ⌐╟∫≡ →╠╣√ ╣─ │ꜝfiⱪ─ ⌐ ⇔™√╘

fi꜠כꜞꜙ◦ ⅛╠ ─╟℮⌐◌►ꜟꜞ♇ⱪ⌐┬≈⅛╢ ╩ ⇔ ▬fi♥כ◒⌐ ∆

╢ ─ ╩ ╘ ▬fi♥כ◒ ≢ ╢↓≤≢ ╩ ∆╢   

 

 

 

 

 

 ▬fi♥כ◒ ⅔╟┘♄◒♩ ─ ╣─ ה ╩ ⌐∆╢√╘⌐ ⅜ ⌐

⌂╠⌂™ ≢ ╩≢⅝╢∞↑ ⅝ↄ∆╢ ⅛╠ 1/3 ─ ╩ ⇔√

∕─ ה ╩ ⌐ ↕╣√ ╩ ⌐ ∆ ─ ╩ ∆╢ ╩

↑ ▬fi♥כ◒♄◒♩ │ ─ ⌐ ™≡™╢ ─▬fi♥כ◒♄◒♩

│ ≢№╢⅜ ↓─ ≢│ ─ ↕─ ⅛╠ ╩ ≈ ≤

⇔≡™╢  

 ◄fi☺fi─ ™ ╖ ╩ ∆╢√╘⌐ ▬fi♥כ◒♄◒♩ ⌐○ꜞⱨ▫☻╩ ↑

∕─ ╩ 100% 87.5% 75%─ ╡≤⇔≡™╢ ╕√ ○ꜞⱨ▫☻⌐Ⱨ♩כ꜠

▬◒╩ ╘⇔ ○ꜞⱨ▫☻ ─ ⅔╟┘ ╩ ∆╢ ○ꜞⱨ▫☻≤Ⱨ♩כ꜠

▬◒─ ה ╩ ⌐ ∆  

▬fi♥כ◒ ≤ ⌐│√╠ↄ ╩ ∆╢√╘⌐ ▬fi♥כ◒ ─◌►ꜟ ╩

⌐ ≢⅝╢╟℮⌐⇔≡™╢ │ ╩▬fi♥כ◒ ⌐ ⇔

⅔╟┘▬fi♥כ◒ ─ ─ ╩ ∆╢ ╩☻♥▫fi◓ ⌐ ⇔

≤▬fi♥כ◒ ╩ ↕∑╢↓≤⌐╟∫≡ ▬fi♥כ◒ ─╖─ ╩ ∆╢↓

≤╙ ≢№╢  

 ▬fi♥כ◒ ─ │ ▪ꜟⱵ t5 ≤⇔≡™╢⅜ ∕─ ╩ ▪◒ꜞꜟ ≤∆

╢↓≤⌐╟∫≡ ╣─ ╙ ≢№╢  
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. ▬fi♥כ◒ ─  

 

 

. ↕╣√▬fi♥כ◒  

 

 

○ꜞⱨ▫☻≤Ⱨ♩כ꜠▬◒─ ה  

 

⌐○ꜞⱨ▫☻ ⅝▪

◒ꜞꜟ t5 ╩ ⇔⁸

╩ ⁹ 

Ⱨ♩כ꜠▬◒⌐╟╡ ╩

⁹ 

│ t5 ▪ꜟⱵ  

⌐ t5 ▪◒ꜞꜟ  

─  

⌐○ꜞⱨ▫☻ ⅝▪◒ꜞ

ꜟ t5 ╩  

Ⱨ♩כ꜠▬◒⌐╟╡ ה ╩
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│ ISAS ⌐⅔™≡│ ⱴ♇Ɫ 1.3 0.7 ─ⱴ♇Ɫ☻▬כⱪ⅔╟┘ ♀꜡

≢№╢ ╕√ ⌐│√╠ↄ ⅜ ╩ ⅎ⌂™╟℮⌐ ≤⇔≡

─ 1.5kgf/cm 2⌐ ∆╢ ⌐⅔™≡│ ⱴ♇Ɫ 2.0ⱡ☼ꜟⱩ

꜡♇◒╩ ™ 100kPa ≢№╢ │ ─ꜝⱣꜟⱡ☼ꜟ─

⌐▬fi♥כ◒ ⅜ ↕╣╢√╘ ▬fi♥כ◒ ⱴ♇Ɫ │ 1.6 ≢№╢ ╕√

─ ⌐╟∫≡ │ 80kPa ≢№╢  

 

─ ┘  

─ ─○ꜞⱨ▫☻╩ ™≡ ⱴ♇Ɫ 1.3 0.7─ⱴ♇Ɫ☻▬כⱪ ⌐╟∫≡ ⇔

√ ╩ ⌐ ∆ ○ꜞⱨ▫☻ ─ ™⌐╟╢ ─ │╒≤╪≥ ╠╣⌂™ ╕√

▬fi♥כ◒♄◒♩ ⌐⅔↑╢ ╩ ⌐ ∆ ⱴ♇Ɫ ⌐⅔™≡ ─○ꜞ

ⱨ▫☻⌐╟╢♦כ♃⅜ ─ ⌐ ∫≡™╢↓≤⅛╠ ○ꜞⱨ▫☻ ⌐╟╢ ─

│ ↕™╙─≤ ↕╣╢ ↕╠⌐ ─ ⅛╠ ⇔≡™⌂™⅜ ▬fi♥כ◒ ─

fi꜠כꜞꜙ◦ ╙ ─○ꜞⱨ▫☻⌐╟∫≡╒≤╪≥ ⅜ ╠╣⌂™ ↑ ⅎ≡

─ ⌐⅔™≡ z = 0~20mm ≤ z = 45~60mm ≢ ⅜ ↕™↓≤⅜╦⅛╢ ↓╣

╠─↓≤⅛╠ ▬fi♥כ◒♄◒♩─ ↄ≢ ╣⅜ ⇔≡⅔╡ 75%─○ꜞⱨ▫

☻╟╡╙ ⌂ ⅜ ↄ⌂∫≡™╢≤ ⅎ╠╣╢  

─ ⅛╠ ╠╣╢ ⌐⅔™≡ ◄fi☺fi ─ ה ─

≤ ─ ≢ ↕╣√ ╩ ⌐ ∆ │ ▬fi♃כ◒♄◒♩

╣⅜ ⅝ↄ ⇔≡™╢╙── ╩ ╢ ≤⌂∫≡™╢ ↓─↓≤⅛

╠ ╣─ ╩ ≢⅝╣┌▬fi♥כ◒ ◘▬☼╩ ↕ↄ≢⅝ ▬fi♥כ◒ ─

⌐≈⌂⅜╢╙─≤ ↕╣╢  

 

  

─○ꜞⱨ▫☻⌐╟╢ ─    ▬fi♥כ◒♄◒♩ ─  
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≢─◄fi☺fi ה ─ ⅔╟┘  

 

╕≤╘ 

M2011 ─ ⌐ ∆╢▬fi♥כ◒─ ╩

∆╢√╘ M2.0 ╩ ≤∆╢ ◒כ♥fi▬הꜟכ◔☻1/3 ╩ ⇔ ╩ ∫

√ ◄fi☺fi─ ™ ╖ ╩ ∆╢√╘⌐ ▬fi♥כ◒♄◒♩ ⌐○ꜞⱨ▫☻╩

⇔ ╩ 100 87.5 ⅔╟┘ 75 ─ ╡≤⇔√ ╕√ ○ꜞⱨ▫☻ ─ ≢Ⱨ

╩◒▬꜠כ♩ ™≡ ⅔╟┘ ╩ ⇔√  

∕─ ○ꜞⱨ▫☻ ─ ™⌐╟∫≡ fi꜠כꜞꜙ◦ ⌐

│╒≤╪≥ ╠╣⌂⅛∫√ ╕√ ↄ⌐ ─ ™ ⅜№╢↓≤⅜ ↕╣√ ↓

╣│ ▬fi♥כ◒─♄◒♩ ─ → ⅜ ⅝™√╘⌐ ♄◒♩ ≢ ╣⅜ ⇔≡™╢√╘

≤ ⅎ╠╣╢ ▬fi♥כ◒♄◒♩ ─ ⅜╡╩ ╛⅛⌐ ∆╢↓≤≢ ─ ╩ ⅞

─ ה ─ ╩◄fi☺fi⌐ ≢⅝╢≤ ╦╣╢ ∕─ ⌐ ∆

╢▬fi♥כ◒ │ ↄ⌂╢⅜ 2011 ─ [1]╟╡ ▬fi♥כ◒ ↕⅜ M2011 ─

╕√│ ⌐ ⅎ╢ │ ↕™↓≤⅜ ⇔≡™╢ ╕√ ∕─

╩ ╢√╘─▬fi♥כ◒ ◘▬☼╩ ↕ↄ≢⅝╢√╘ ▬fi♥כ◒ ─ ⌐ ≢⅝╢≤

ⅎ╠╣╢  

▬fi♥כ◒ ─╖─ ─ ╣─ ╩ ╘ ▬fi♥כ◒─ ⌂

╩ ∆╢ ≢№╢  
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⌐╟╢▪◒♥▫Ⱪ ╩ ⇔√ꜝ☺◖fi  
 

                  ủ  ◦☻♥ⱶ ☿fi♃כ  

                      ◦☻♥ⱶ  1  

                     ◦☻♥ⱶ  2  

 

⅔╟┘  

─ │ ∑⌠ ⌂ ⌐ ⇔≡─ ─ ⅜ ≤│ ™ ™

ꜝ☺◖fi ─ ─ │ ≢№╡ ─ ⌐╟╡ ─ ╣⅜

⌐ ⇔╛∆ↄ ⇔≡ ─ ⌐ ↕╣╢ ─ │

⌂≥ ∆═⅝ ╩ ⅎ╢ ꜡Ᵽ☻♩ ╩ ⇔ ⌂ ─╖ ╣╩ ≢⅝╢╟℮⌂

Active ⅜ ╘╠╣≡™╢  

─ │ ꜝ☺◖fi ─ ╩ ⇔ ⌐ ∂≡ ╩ ↕∑

↕∑╢ Active ╩ ⇔ ∕╣╠╩ ⇔≡ ∆╢↓≤≢№╢ │

─ ⌐╟∫≡ ╠╣√Ⱳꜟ♥♇◒☻☺▼Ⱡ꜠כ♃ VG≤ ⌐╟╢ Active ─

╩ ⌐ ⇔ ╩ ∫√ ↓↓≢│ ─ ≤⇔≡ ⇔√ ⌐≈™

≡ ∆╢  

 

Ⱳꜟ♥♇◒☻☺▼Ⱡ꜠כ♃╩ ™√ Active  

 25 ⌐ ⇔√☿fi♃כ ─ ≢│ VG ╩ ™√ Active ⌐≈

™≡∕─ ╩ ⇔√ ∕─ │ ─ 30% ⌐ 40mm ≢ 8 ∏≈

╡ ↑√VG╩ ─╟℮⌐ ⌐ ⇔≡±30° ↕∑╢↓≤⌐╟∫≡ ™ ╩ ∆╢

↓≤≢ ╩ ∆╢ VG ─ ╩כ♃כ⸗Ⱳכ◘│⌐ ⇔ │ 3.5Hz

╕≢ ↕∑╢↓≤⅜≢⅝╢ 1⌐ VG⌐╟╢ Acitve ╩ ∫√≤⅝─ ≢ ⇔

√ ⌐ ∆╢ ≤ ╩ ∆  

 

1  

1⅛╠ VG╩ 3.5Hz ≢ ↕∑√≤⅝≤ ↕∑⌂⅛∫√≤⅝╩ ∆╢≤ │

8%─ ⇔ │ 3° ⇔≡™╢↓≤⅜╦⅛╢ │ ≢ ╠⅛⌐⇔√

VG⌐╟╢ Active ╩ꜝ☺◖fi ⌐ ⇔ ∕─ ╩ ⇔√  
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VG╩ ⇔√ꜝ☺◖fi ─  

 2 23 ⅛╠ 28 ─ ─ ─ ╩ ⇔ VG ╩

⇔√ꜝ☺◖fi ─ ╩ ∫√ 2⌐ ∆ │ ↕╣≡™╢◌ꜟⱴכ♩▪ꜟⱨ□ 40

EP/GPכ♫כ꜠♩ ╩ ⇔ │ VG≤ ╩ ∆╢√╘⌐ ⌐ ה

⇔√╙─╩ ™√ 1⌐ ╩ ∆  

3⅔╟┘ 4⌐ ⇔√ꜞfi ─VG─ ≤ ╩ ∆ VG│ 65mm ≢ ⇔

7 ─ 14 ╡ ↑√ VG╩ ↕∑╢ │ꜝ☺◖fi ╩כ♃כ⸗Ⱳכ◘

⇔ ꜝ☺◖fi ⌐ ∆╢↓≤≢ ⅜ ≤⌂∫≡™╢ ⌂⅔ │ 3.5Hz

≢ ↕∑√  

↓─ ≢│ 6 ⌐╟╢ ╛ ⌂≥─ ○▬ꜟⱨ꜡כ ⌐╟╢ ─

╩ ™ ╩ ℮ ─ ╩ ∆╢↓≤⅜ ™≢№╢  

 

1  

 1300 mm 

 1600 mm 

 270 mm 

 ○ꜞ☺♫ꜟ  

  2650 g 
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3 VG  

 

 

4 VG ─  
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 5⌐ VG╩ ↕∑√≤⅝≤↕∑⌂⅛∫√≤⅝─ ⌐ ∆╢ ╩ ∆ ↓─ │

ꜝ☺◖fi ─ⱪ꜡Ɑꜝ╩ ⇔√ ≢ ╩ 7.5m/s─≤⅝─ ≢№╢ ↓─ ⅛╠ VG

─ ─ ⌐⅛⅛╦╠∏ ⅔╟┘ │╒╓ ⇔≡™╢↓≤⅜╦⅛╢ ╕√

6⅔╟┘ כꜘ▬꞉◒כ⸗☻⌐7 ⌐╟╢ ─ ╩ ∆ 5⅛╠ │ 18°≢

№╢↓≤⅜ ≢⅝√√╘ ↓─ ⌐⅔↑╢ VG ─ ⌐╟∫≡ ─ ╣╩ ⇔√

6⅔╟┘ 7⅛╠ VG─ ⌐ ⌂ↄ ╣│╒╓ ∂≢№╢↓≤⅜╦⅛╢ ⅛╠ ─

≢│ ⇔√ ⅛╠ ╠╣√ ╩ ∆╢↓≤⅜≢⅝⌂⅛∫√  

 

5 ꜝ☺◖fi  

 

 

6 18°, VG ⌂⇔ 

 

7 18°, VG №╡ 

 

 

 ─ ⌐⅔↑╢ ⅛╠│ ⇔≡™√ ⅜ ╠╣⌂⅛∫√ ↓─ ≤

⇔≡│ ╙ ≢№╢⅜ ⅎ╠╣╢ ≤⇔≡│ ⇔√ ─ ⅝

↕≤ VG─ ╡ ↑ ╩ ─╕╕ꜝ☺◖fi ╩ ⇔√↓≤⅜ →╠╣╢ ↓╣⌐╟

∫≡ ╩ ╣╢ ─ ⅜ ⌐ ⇔≡⇔╕™ ⌐ ╣⅜ ⇔≡™╢

≢ VG╩ ↕∑≡™√↓≤⌐⌂╢ ∕─√╘ ∞↑≢⌂ↄ ⌐╙ ╩

ⅎ⌂™ ≤⌂∫√≤ ⅎ╠╣╢ ─ ╩┤╕ⅎ │ ⌐⅔™≡↕╠⌂╢

╩ ∫≡™ↄ ≢№╢
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⌐╟╢▪◒♥▫Ⱪ ╩ ⇔√ꜝ☺◖fi  
 

                  ủ  ◦☻♥ⱶ ☿fi♃כ  

                        ◦☻♥ⱶ  1  

                      ◦☻♥ⱶ  2  

 

 

 

─ ⌐⅔™≡ ∫√Ⱳꜟ♥♇◒☻ה☺▼Ⱡ꜠כ♃ VG ⌐╟╢ Active ─

│ ╣─ ╩ ה ↕∑╢√╘⌐ ⌂ ≢№╢↓≤⅜ ↕╣√ ∕↓≢

│ ⌐⅔™≡╙ VG⌐╟╢ ⅜ ≢№╢↓≤╩ ∆╢√╘⌐ ꜝ☺◖

fi ≤Ⱳꜟ♥♇◒☻☺▼Ⱡ꜠כ♃ VG ╩ ⇔ ⌐ ה ⇔√ ╩ ™≡

╩ ∫√ ↓─ ─ │ VG ─ ╩ ∆╢↓≤╩ ≤⇔ ╩

™√ │ ≤⌂╢√╘ ─ ╛ ⇔√ ─ ≤ ─ ⅝

כ●꜡♃כ♦ Ⱨ♩כ ♃כ♦─ VG ≤⌂╢ ⌂≥

⌐ ⌂ ⌂ ╩ ℮↓≤╙ ⌐ ∂√ ≤⇔√  

 

 

 │ 3 3 ≤ 4 ─ 2 ≢ ⇔ 1⌐ ∆ ⌐≡

╩ ∫√ 2⌐ ∆╟℮⌐ ⌐ ™√ │ ₈ ⌐╟╢▪◒♥▫

Ⱪ ╩ ⇔√ꜝ☺◖fi ₉≢ ™√ ≤ ─╙─≢№╢ │ 1 ⌐

2 2 ⌐ 5 ─ 7 ⇔ Active ╩ ∫√≤⅝≤ ╦⌂⅛∫√≤⅝─ ─

╛ ⌂≥─ ╩ ∫√  

 

 

1  

 

2  

 

 

 ꜝ☺◖fi ⌐ ∆╢ │ ⅛≈ ─ ⅜ ↕╣ ≢ ה ≢⅝╢

⅜№╢ ∕─√╘ 3⌐ ∆╟℮⌂ⱡכ♩Ɽ♁◖fi⌐╟∫≡ꜞ▪ꜟ♃▬ⱶ≢ ╩⸗♬

♃≢⅝╢ ─ TinyFeather ╩ ≤⇔≡ ⇔√ 4≤ 5⌐ ∆ Ⱨ

כ♩ ╛ ─ ╩ │≡⇔≥כ●꜡♃כ♦╢∆ 6 ⌐ ∆ MUSIN ─

1  
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Data Logger ╩ ⇔√  

 

  

3 Tiny Feather ( )≤ꜞ▪ꜟ♃▬ⱶ⸗♬♃ Ɽ♁◖fi( ) 

 

 

4 ⌐ ╡ ↑√ 5 Ⱨ♩כ  

 

 

5 ⌐ ⇔√ ☿fi◘כ≤  
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6 MUSIN ♦כ●꜡♃כ 

 

 

 ꜝ☺◖fi ╩ ≢ ↕∑╢↓≤≢ ⌐ ⌂ ╩ ↕∑≡ ⌂

╩ ╡ VG╩ ↕∑≡ ⅜≢⅝╣┌ ⅜ ↕╣╢ ↓─╟℮⌂

╩ ⇔ VG ─ ╩ ═√ ≤ ╩♃כ♦ ⇔√ ≢│∕─ ╩

⌐ ≢⅝⌂⅛∫√ ↓─ │ ⌐⅔↑╢ ≤╙ ⇔≡™╢  

⌐ ─ ≤ ╩ ∫√ ⇔√ ─ ≤ │ ⌂

ↄ ⇔√ ⌐ ═≡ ≢№╢⌐╙⅛⅛╦╠∏ │ ≢№∫√ 7⌐

─ ╩ ∆  

 TinyFeather │ ה ה ה ♅♇Ⱨה כꜜה ꜟכ꜡ה ╩ ∆

╢↓≤⅜≢⅝ XBee≤ ╖ ╦∑╢↓≤≢ ⱶ≢Ɽ♁◖fi▬♃ꜟ▪ꜞ╩♃כ♦ ≢ ≢

⅝╢ 8│ Tiny Feather ≢ ⇔√ ─ ≢№╢ ╕√ 9⌐ꜞ▪ꜟ♃▬ⱶⱤ♁

◖fi ╩ ∆ ─ ≢ ≢№╢ TinyFeather ⌐ ⇔≡│ ♃כ♦⌐

≢⅝╢↓≤╩ ⇔√  

 ≢ 5 Ⱨ♩כ ≤ ╩♃כ♦─ ∆╢√╘─ MUSIN Data Logger ─

│◌♃꜡◓ ⌐ ═≡ ↕ↄ ꜞ▪ꜟ♃▬ⱶ⸗♬♃ ♃כ♦┘ ╩ ℮↓≤⅜≢⅝⌂⅛

∫√  

 

 

7  

 

8  
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9 ꜞ▪ꜟ♃▬ⱶⱤ♁◖fi  

 

╕≤╘ 

 VG⌐╟╢ Active ╩ꜝ☺◖fi ⌐ ⇔√ ≢│ ⌐ ⇔√ ≤

⌐ ⌂ ╩ ∆╢↓≤⅜≢⅝⌂⅛∫√ ⇔⅛⇔ ⇔√ ─ ╛

─ │ ⇔ ∕─ ─כ●꜡♃כ♦ ⅜ ╠⅛≤⌂∫√ │

─ ≢ ⇔≡ ─כ●꜡♃כ♦╢∆ ╩ ℮ ⅜№╢  

 ╕√ ≤⇔≡™√ VG⌐╟╢ Active ⌐ ⇔≡│ ꜠▬ⱡꜟ☼ ─ ≢

⇔ VG─ ╛ ⌐≈™≡↕╠⌐ ⇔≡™ↄ ⅜№╢
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─ ⌐ ∆╢  
 

    

  1  

  1  

 

  

⌐ ∆╢ │ ╣ ⌐╟∫≡ ≤ ⇔≡ ⌐

∆╢↓≤│ ≢№╢ ⅜ ∆╢≤ ─ ≤ ⅜ ⌂╢↓≤⅛╠

≤ ⌐ ╣ ⅜ ↕╣ ∕─ │ ╩ ≈√╘⌐ ⅜

∂╢↓≤⌐ ⇔≡™╢ ↓─ │ ╣ ≤ ┌╣ ↓─ ⌐ ⇔≡ ∆

╢ ─ │ ↕⌐ ╘≡ ≢№╢↓≤╙ ↄ ╠╣≡™╢ ∕─ ╩

⇔ ≢│ ⌐ ⌂ ╩ ∆╢↓≤≢ ─ ╩ ⇔

─ №╢™│ ╩ ∆╢↓≤╩ ≤∆╢ ∆⌂╦∟ ≢ ╠╣╢

─ ⌐ ╩ ═┌ ⅜ ↕╣ ─ 60 75% ⌐ ═┌ ↕╣╢↓≤⅜

≢⅝╢  

 

  

.   

 ≢│ ─ ╩ ™√ │

│ 0.544[m2]≢№╡ ╕√ │ 28 35[m/s]≢ ╩ ∫√  

 

.   

 ≢│ c=600[mm] S=910[mm]─ NLF(2) -0415╩ ™√

│ ɖ=-4[deg] Ɂ=45[deg]≤⇔√ ⇔√ ╩ ⌐ ∆  

 

 

.1 ⇔√  (NLF(2) -0415) 

 

.  ◌ⱷꜝ 

 ≢│ ▪ⱦ○♬◒☻ ─ ◌ⱷꜝ≢№╢Advanced Thermo TVS -500╩ ⇔

√ ⌂ │ -10[ϴ] 50[ϴ] 320(H)×240(V) 0.06 
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[ϴ] 1.68[mrad]≢№╢  

 

  

.   

 U=28[m/s]⌐⅔™≡ 16 ─ ⅛╠ ╠╣√ ╩ 2 ⌐ ∆ 2 ╟╡

70[%] ╕≢│ ≢№╡ ─ │ ⌐ ⅜ ⅝™↓≤⅛╠ ↓─

≢│ ™ ╣ ⅜ ↕╣╢ ∫≡ ╩ ∆╢√╘─ ─ ⌐│

⌂ ≤ ⅎ╠╣╢  

 

2 NLF(2) -0415─  

 

.  ♫ⱨ♃꜠fi ⌐╟╢  

 ♫ⱨ♃꜠fi ⌐╟╢ ╣─ ┘ ─ ╩ ∫√ 3 ⌐

─⌂™ ∆⌂╦∟ ⌐⅔™≡ ♫ⱨ♃꜠fi ⌐╟╢ ─

╩ ∆ ─ ⌐ ∫≡ ∂╢ ─ ⅛╠ ─ │ɠ=7[mm]≢№∫√

∕─ ╟╡ ╩ ↕∑╢⌐│ ╩ɠ=7[mm] ⌐ ╩ ∆╢⌐│ɠ=4.7

5.2[mm] ⌐ ∆╣┌™™↓≤⅜ ⅛∫√ ∕↓≢ ↕ t=50[ɡm] 1.2mm ↕ 10mm

─ ╩ ⌐ ⇔≡ 15 ≢ ─ ⅜ x/c=0.023C─ ⌐ ╡ ↑

╩ɠ=7[mm]≤ɠ=5.2 [mm] ╕√ ╩☻כ◔™⌂⇔ ≢ U=35[m/s]≢

⇔√ ∕─ ╩ 4⌐ ∆ ♫ⱨ♃꜠fi─ ⅜ ™╒≥ ⅜ ™≤ ↕╣╢↓≤⅛

╠ ⅜ɠ=5.2[mm] ⌂⇔ ɠ=7[mm]─ ⌐ ⅜ ∆╢↓≤⅜

⅛∫√ ↓─ ╟╡ ─ ╩ ≢ ↕╣╢ ─ 75%⌐∆╣┌ ╩

⌐ ≢⅝╢↓≤⅜ ≢⅝√  
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3 ♫ⱨ♃꜠fi ⌐╟╢ ─  

 

 

(a) ─♫ⱨ♃꜠fi  

 

(b) ─♫ⱨ♃꜠fi  

4 ♫ⱨ♃꜠fi ⌐╟╢ ↕ ⇔√ ─  

 

.  ◌ⱷꜝ╩ ™√  

 5⌐│ ◌ⱷꜝ⌐╟╢ ─ ╩ ∆ ⌐ ⱨ▫ꜟⱶ(50

ɡm)╩ ⇔ ─ ⇔√ ≤ ─ ≤─ ╩ⱴ♇Ⱨfi◓⇔√

≢№╢⅜ ╩ ⱨ▫ꜟⱶ≢ ∫√↑╣≥╙ ⅜ ─ ™▪ꜟⱵ ≢№╢√

╘ ─ ⅜ ⌐ ↄ ─ ╩ ∆ ─ │ ∆╢↓≤⅜≢⅝

⌂⅛∫√  

 

5 ◌ⱷꜝ⌐╟╢  

 

.  ⌐╟╢ ─  

 ╩U=28[m/s]≤⇔≡ 6⌐│ c=50%⌐⅔™≡ ⌐ ⌂☻Ɽfi ⌐ ╩♩ꜝ
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Ᵽכ☻⇔≡ ⇔√ ╩ ∆ ╩ ∆╢≤ ─ ╩ ∆ ─

╩│∫⅝╡≤ ⅎ≡⅔╡ ♫ⱨ♃꜠fi ─ ≤ ⇔≡™╢ √∞ ─

≢│ │ ⌐ ↕™ c=60% 70% ≢╙ ─ ╩ ∫√≤↓╤ ⌐

─ ╩ ⇔√  

 

 

6 ⌐╟╢ ─ 50 ⌐⅔↑╢  u/U(U=28[m/s])  

 

.╕≤╘ 

╣ ⅜ ╩ ⇔≡™╢ ⌐⅔™≡ ╣ ─ ™

⌐ ╩ ∆╢↓≤≢ ╩ ⌂™⇔│ ≢⅝╢↓≤╩ ≢⅝√

≢ ↕╣╢ ⌐ ╩ ∆╢≤ ⅜ ↕╣ 75% ─ ≢ ╩ ∆╢

≤ ⅜ ↕╣╢≤™℮ ≢№∫√ ╕√ ⌐╟╡ ─ ╩ ∆ ─

╩ ≢⅝ ⅛╠ ╠╣√ ≤ ⇔≡™╢↓≤╩ ⇔√ │╟╡ ⌂

╩ ╢√╘⌐♫ⱨ♃꜠fi ─ ⅜ ╘╠╣╢ ─ ╖ Ɽꜝⱷכ♃

─ ╙ ⇔ↄ ∆╢ ⅜№╡ ↕╠⌐ ⌂ ( )⅜ ╕╣╢
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⌐⅔↑╢ ♩ꜝⱣכ☻  
 

     ◦☻♥ⱶ  1  

  ◦☻♥ⱶ ☿fi♃כ    

 

 

1.│∂╘⌐ 

 

  

ATR- GG

 

 

.  

. ♩ꜝⱣכ☻ ─  

   

 

1 mm 

1
3

5
2

7 40
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 PK513PB 60mm

4mm/s  

1  

 PK513PB  

 108 27 135 [mm] 

 44.4 40 [mm] 

 60mm 

 4mm/s 

 

  

 

 

 ◦☻♥ⱶ ╩ ⌐ ∆ PC

MEXP01 MEXP01

 

 כⱣ▬ꜝ♪ כ♃כ⸗

◖fi♩꜡כꜝ 

DC24V  

DC24V  

PC 

2 ◦☻♥ⱶ  
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─ ≤  

 

    

    

   1  

   1  

   4  

   4  

 

│∂╘⌐ 

ה ◦☻♥ⱶ ☿fi♃כ≢│ ─

⅜ ╘╠╣≡™╢ 2010 ⅔╟┘ 2011 ⌐│ ⱪ꜡♩♃▬ⱪ ≢№╢○○꞉◦ 1

╩ ™≡ ╩ ∫√ ↓─ ⌐ ≠™≡ │○○꞉◦ 2 ─

≤ ⅜ ╘╠╣≡™╢ ○○꞉◦ 2 │ ╩ⱴ♇Ɫ 2 ⌐ ⇔≡

⅔╡ 1 ⌐ ═≡ │ 2 │ 1.5 ─ ⅝↕≢ ╩ ╘≡™╢ ∕─√╘

∞↑≢╙ │ 10 ∆╢ ↕╠⌐ ⌐ ה♩♇▼☺Ⱳꜝⱶכ♃▪◄√⇔

●☻☺▼Ⱡ꜠כ♃כ◘▬◒ꜟ ATR-GG ◄fi☺fi╛∕─ ≤⌂╢Ᵽ▬○◄♃ⱡכꜟ LOX ⌂

≥─ ╩ ∆╢≤ ≢ 400kg ─ ⌐⌂╢↓≤⅜ ↕╣≡™╢  

∕↓≢ ≢│ ╩ ⇔√ ─ ≤ ╩ ™ ○

○꞉◦ 2 ─ ─ ⌐≈™≡ ⇔√ ╩ ⌐ ∆  

─⸗♦ꜟ  

≢│ 3 CAD ♁ⱨ♩₈CATIA ₉╩ ™≡○○꞉◦ 2 ─♁ꜞ♇♪⸗♦ꜟ

╩ ⇔√ ╕√ ⇔√ 3 CAD ⸗♦ꜟ╩ (FEM) ♁ⱨ♩►▼▪₈Patran  

/ Nastran ₉╩ ™≡♁ꜞ♇♪ ⌐╟╡ ⸗♦ꜟ ⇔ ─ ╩ ∫√  

 
Material  E [ kgf/mm

2
 ]  [ - ]  G[ kgf/mm

2
 ]  t [ mm ] ɦ [ kgf s

2
/mm

4
 ] Weiht[kg]

Frame A2024-T3 7390 0.3 2818 - 2.824×10
-10

Cover CFRP 7143 0.3 2747 3 1.531×10
-10

Frame

Cover 3

42.9

66.1

Model A

Model B 2818 2.824×10
-10A2024-T3 7390 0.3

3D CAD ⸗♦ꜟ 

 

 ≤  
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⸗♦ꜟ⌐⅔™≡│ ⌐ ™╢ ─ ™⌐╟╡ 2 ╙⸗♦ꜟ╩ ⇔√ Model 

A ⌐⅔™≡│ ⱨ꜠כⱶ ⌐₈A2024-T3₉╩ ⇔ ◌Ᵽכ ⌐₈CFRP₉╩ ⇔√

Mdel B ⌐⅔™≡│ ⱨ꜠כⱶ ≤◌Ᵽכ ─ ⌐₈A2024-T3₉╩ ⇔√ ╕√ ─

⌐≈™≡╙ ╩ ℮√╘ Model A,B ∕╣∙╣⌐⅔™≡ ⅜№╢ ≤⌂™ ⌐

≈™≡╙⸗♦ꜟ ╩ ∫√ ≈╕╡ 4 ─ ⸗♦ꜟ╩ ™≡ ≤

╩ ∫√ ⌐ ™√○○꞉◦ 2 ─ 3D CAD ⸗♦ꜟ╩ ⌐ ∆ ╕√ Mdel 

A≤Model A ⌐ ⇔√ ─ ≤∕─ ╩ ™√ ─ ╩ ⌐

∆  

╕√ ─ ⌐⅔™≡│ ╩∕╣∙╣⸗♦ꜟ ⇔ ⸗♦ꜟ╩ ─╟

℮⌐ ⌐ ∆╢─≢│⌂ↄ ⅜ ↕╣╢ꜞfi◓ⱨ꜠כⱶ ─ ╩

ꜞfi◓ⱨ꜠כⱶ─ ╩ ∆╢↓≤≢ ⌐ ─ ╩ ⇔≡⸗

♦ꜟ ⇔√ ⌐ ─ ╩ ╕√ ⌐ ─ ▬ⱷכ☺╩ ∆  

 ─ ≤  

 

 

 ─ ▬ⱷכ☺  

 

 

Component Total Weight[kg] Component Total Weight[kg]

GG-ATR Engine Intake 41.8Inertial navigation equipment 0.5

LOX Tank 25.21GNC Circuit 0.5

Ethamol Tank 57.12TTC Circuit 1

GN2 Tank No.1 5.21Wireless Communication Device 1

GN2 Tank No.2 5.21Battery 0.3

GN2 Tank No.3 5.21Valve Plumbing 1 5

GN2 Tank No.4 5.21Valve Plumbing 2 5

Nose Landing Gear 10.54Valve Plumbing 3 30

Main Landing Gear 34.79Components' Total  Weight 233.6
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≤  

╕∏ ─ ╩ ∆ │ ⌐ 1G ⅜ ⇔√ ⌐≈™≡ ⇔√

╕√ ≤ ⇔ 1G ─ ╩ 9 ∆╢↓≤≢ 9G─ ╩ ╘√

│ ≤ ╩ ∆╢ 8 ⅛ ─Ⱳꜟ♩ ⅜ ↕╣≡™╢≤™℮ ≢

⇔√ ⌐ ⅜⌂™ ≢ 1G─ ⅜ ⇔√ ─Model A ─ ╩ ⇔ ⌐

⅜№╢ ≢ 1G─ ⅜ ⇔√ ─ Model A ─ ╩ ∆ ≢ ─ ≢

↕╣√ 8 ⅜ ≢№╢  

─ ⅛╠╙ ⅜№╢↓≤⌐╟╡ ⅜ ⇔≡™╢↓≤⅜ ⅛╢⅜ ∕╣∙

╣─ ╟╡ ╠╣√ └∏╖ Ⱶכ♀☻└∏╖ ≤ └∏╖╩ ⌐╕≤╘╢

⌐ ⅜⌂™ ⌐ ⅜№╢ ╩ ∆ ∕╣∙╣─ ⌐⅔™≡

└∏╖⅜ ≤⌂∫√ │ ╕╦╡ ≈╕╡ ≢ ∂╢ ≤⌂∫√  

 

 1G ─Model A ─ ⌂⇔─  

 

 1G ─Model A ─ №╡─  

 

  

[mm] 

[mm] 
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 └∏╖ Ⱶכ♀☻ Ⱶכ♀☻└∏╖ ⌂⇔─  

 

 └∏╖ Ⱶכ♀☻ Ⱶכ♀☻└∏╖ №╡─  

 

⌂⇔─ ⌐⅔™≡│ Model A , B ≤╙⌐ ─ └∏╖╩ ⅎ≡™⌂™√

╘ ⅜ ↓╠⌂™≤ ⅎ╠╣╢ ⇔⅛⇔ №╡─ ⌐⅔™≡│ Model A , B ≤╙

⌐ ≢ ─ └∏╖╩ ⅎ╢ ≤⌂∫√ ─ ╟╡ ─

⌐⅔™≡ ─ ─ ╛ ╡ ↑ ─ ⌂≥ ─ ⅜ ≢№

╢↓≤⅜ ╠⅛⌐⌂∫√  

⌐ ─ ╩ ∆ ⌐ ♪כ⸗ ─ ≡⇔≥♪כ⸗ ╠╣√

Ⱨ♇♅ ─ → ╩♪כ⸗ ∆ ╕√ ⌐ ⌂⇔─ ─ ≥♪כ⸗

⌐ №╡─ ─ ≥♪כ⸗ ╩ ∆  

 

 Ⱨ♇♅ →  ♪כ⸗

  

1G 1.90×10
-4

1.87×10
-4 1.43 1.58

9G 1.71×10
-3

1.68×10
-3 12.9 14.22

1G 2.96×10
-4

2.89×10
-4 2.23 2.47

9G 2.66×10
-3

2.60×10
-3 20.1 22.23

Mises Stress

ůMi

Model A

Model B

Gravitational Acceleration
Major Strain

ŮMa

Mises Strain

ŮMi

Major Stress

ůMa

1G 3.81×10
-3

3.39×10
-3 29.9 28.9

9G 3.43×10
-2

3.05×10
-2 269.1 260.1

1G 4.14×10
-3

3.68×10
-3 32.5 31.4

9G 3.73×10
-2

3.31×10
-3 292.5 292.5

Major Stress

ůMa

Model A

Mises Stress

ůMi

Model B

Gravitational Acceleration
Major Strain

ŮMa

Mises Strain

ŮMi
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≥♪כ⸗ 4 ⌂⇔ ≥♪כ⸗ 5  №╡  

   

 

⌂⇔⅔╟┘ №╡─ Model A , B ™∏╣╙ ≤─ ╩ ←√╘─ ≤⇔

≡ ⇔√ 20 [Hz]╩ ≢♪כ⸗ ⅎ≡™╢√╘ │ ⌐⌂╠⌂™≤ ⅎ╠╣╢  

╕≤╘ 

─ ≤ ⌐⅔™≡ ─ ⌐╟∫≡ ╩ ∫

√ ≢│ ─ ⅜ ╕√ ≢│ ≢№╢ ╛

─ ╩ ⇔√ ─ ⌐ ⅎ ╩ ↄ∆╢√╘─

⅜ ─ ⌐ ≢№╢

Model A Model B

1 9.1330E-04 8.9067E-04

2 7.5243E-04 6.2585E-04

3 6.2235E-04 4.3271E-04

4 5.3718E-04 3.0016E-04

5 3.7544E-04 2.3843E-04

6 1.8273E-04 4.4120E-04

7 54.879 44.519 Airclaft Pitch Axis Bending

8 61.727 50.908 Airclaft Yaw Axis Bending

9 119.12 92.017 Vertical Tail Yaw Axis Bending

10 165.86 134.05 Airclaft Pitch Axis Bending

11 167.56 137.52 Airclaft Yaw Axis Bending

12 237.26 191.87 Airclaft Twist

Mode
Natural Frequency [Hz]

Mode Shape

Rigid Body Mode

Model A Model B

1 3.5319E-04 4.0027E-04

2 3.2389E-04 2.4424E-04

3 2.5239E-04 2.2622E-04

4 1.2003E-04 5.9475E-05

5 7.2090E-05 6.1811E-05

6 2.0431E-04 2.1115E-04

7 23.416 22.603 Airclaft Pitch Axis Bending

8 24.322 23.598 Airclaft Yaw Axis Bending

9 64.886 63.187 Airclaft Yaw Axis Bending

10 71.426 68.849 Airclaft Pitch Axis Bending

11 86.650 72.000 Vertical Tail Yaw Axis Bending

12 112.12 102.43 Vertical Tail  Yaw Axis Bending

Mode
Natural Frequency [Hz]

Mode Shape

Rigid Body Mode
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─ ⌐╟╢ ≤ כ◔☻

ꜟ⸗♇◒▪♇ⱪ─  
 

    

    

    

 

 

│∂╘⌐ 

◦☻♥ⱶ ☿fi♃כ≢ ─○○꞉◦ ─

╩ ⇔√ ─ ─ ╩ ∆╢√╘⌐ ─ ⅜

↕ↄ⌂∫≡™╢ ╩ ⇔ ─ ╩ ╢↓≤⌐⇔√ ─ ⌐

╩ ∑╢ ≢│⌂ↄ ≤ ╩ ≤⇔ ∕─ ⌐

╩≈⌂→╢ ≤⇔√ ∑≡ ≤ ─ ≢ ⌐⌂∫≡™╢ ⌐

ⱨ▫꜠♇♩╩ ∆↓≤⌐╟╡ ⌂ ╩ ∂╢≤≤╙⌐ ─ ╩ ╢

√╘─ ─ ╩ⱨ▫꜠♇♩ ≢ ∆╢ ⅎ ╩ ╢↓≤≤⇔√ ↓─⸗♇◒▪

♇ⱪ╩ ≢ꜟכ◔☻ ∆╢↓≤│ ─ ⅜№∫√─≢ ⱪꜞfi♥▫fi◓⌐

╟╢ ╩ꜟ♦⸗ꜟכ◔☻ ⇔√  

 

ⱬכ☻ꜝ▬fi  

⌐ⱬכ☻ꜝ▬fi ╩ ∆ ↓─ⱬכ☻ꜝ▬fi ⌐⇔√⅜∫≡ ⸗♇◒▪♇

ⱪ⅜ ⌐ ↕╣√  

 

○○꞉◦ ⱬכ☻ꜝ▬fi  
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○○꞉◦ ─ │ ↓─ⱬכ☻ꜝ▬fi ⌐⇔√⅜∫≡ ↕╣╢

╕≢─ ≢│ ⌐ ∆╟℮⌐ ⅜ ⌐ ⅜ ╘╠╣⌂™

⅜≢⅝╢ ─ ╛ ─ ⌐│ ⅝⌂ ≤⌂╢√╘ ─

⅛╠ ╤╕≢ ─ ╩ ≢⅝╢╟℮⌐ ∆╢ ⅜№╢ ╕√ ≤

─ ⌐│ ⌐ ╪∞ ⅜ ─ ⌐≢⅝╢√╘ ⌐ ⅜ ⅝

ↄ⌂╢ ≤⌂╢ ⅜№╢  

 

─ ⌐ ╩ ∑╢  

  

ꜞfi◓ⱨ꜠כⱶ ⅛╠ ┼  
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⌐ⱨ▫꜠♇♩╩ ⇔ ∑≡ ╩ ∆╢ ╩ ⇔√

ⱨ꜠♇♩╩ ↑╢↓≤⌐╟╡ ≤ ─ ─ ⌐ ╪∞ ╩ ∆╢↓≤⅜≢

⅝╢∞↑≢⌂ↄ ─ ⌐ ♃fi◒╩ ╘╢╟℮⌐ ∆╢ ─

↕╩ ∏╢↓≤⌐╟╢ → ╩ ™ ─╟℮⌂ꜞfi◓ⱨ꜠כⱶ ─

╩⌂ↄ∆╢ ╩ ⇔√ ⱨ▫꜠♇♩ │ ≢⅝╢∞↑ ∆╢√╘⌐ ⌐ ∆

╟℮⌐ ─ ╩ ≤∆╢ ≤⇔√ ↓╣⌐╟╡ ⌐ ∆ ≤⌂╢

⌂⅔ ☻♩ꜞfi●כ ╩ ⅛╠ ╕≢ ≢ ∑⌂ↄ⌂╢√╘ ☻

♩ꜞfi●כ─ ≤☻♩ꜞfi●כ ─≈⌂⅞ ⌐│ ╩ ∆╢ ⱨ▫꜠♇♩ │

─ ⌐╟╡ ה ≤⇔≡ ⇔√╡ ╩ ⇔≡ ∆╢√╘

─ ≤⇔≡ №╢™│ ─√╘⌐ ≤⇔≡ ⇔√╡∆╢↓≤⅜ ≤⌂╢  

 

(a)          (b)  

⌐⅔↑╢ꜞfi◓ⱨ꜠כⱶ≤  

  

⇔√ⱨ▫꜠♇♩≤  
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⇔√ⱨ▫꜠♇♩≤  

 

    (a)        (b)          (c)  

─ ⱪ♇▪◒♇⸗ꜟכ◔☻1/2 ⱪꜞfi♃  

 

╩ ◘Ⱪ◦☻♥ⱶ⅛╠ ≡▬fi♃כⱨ▼כ☻⅜ ⇔╛∆™

™╦╝╢ ⱪꜞfi♃⌐╟╢ ╩ ⇔√ (c)⌐ ∆╟℮⌐

╩ ∆╢╟℮⌐ ♃fi◒ ⅜ ≢⅝ ─ ⅜ ⌐ ⇔

√ ↓╣⌐╟╡ ⱨ▫꜠♇♩⌐╟╡ ─ ╩ ╠∆ ╙ ↕╣╢≤≤

╙⌐ ─ ⌐ ∆╟℮⌐ ─ ╩ ∆ ─ ⅝⌂ ⅜

╡ ⅛╣√  
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○○꞉◦ ─  

 

╕≤╘ 

 ─ ─ ⌐ ∆╟℮⌐○○꞉◦ ⅜ ╕∫√─≢ ◘Ⱪ

◦☻♥ⱶ≤─▬fi♃כⱨ▼כ☻ ⌐╟╡ │ ─ ⌐ ╡ ⅛╢↓≤

≤∆╢  

 

○○꞉◦
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GG-ATR ◄fi☺fi─ ≤●☻☺▼Ⱡ꜠ה♃כꜝⱶ ─ ⁸

⌐≈™≡ 

 

    

4  

4  

 

 

 

 

│∂╘⌐ 

ה ◦☻♥ⱶ ☿fi♃כ≢│ ╩ ≢ ∆╢√╘─

⌐ ∆╢ ╩ ⇔≡⅔╡⁸∕─ ╩ ─ ≢

∆╢√╘─ ⱨꜝ▬fi◓ה♥☻♩ⱬ♇♪ FTB ○○꞉◦ 2 ─

╩ ╘≡™╢⁹ ─ ◄fi☺fi│ ●☻☺▼Ⱡ꜠כ♃▪◄הꜟ◒▬◘♃כⱲꜝⱶ

☺▼♇♩◄fi☺fi( Gas-Generator Cycle Air Turbo Ramjet Engine, GG -ATR )╩ ⇔≡

™╢  

∕↓≢ ≢│ GN2 ⌐╟╢ GG-ATR ◄fi☺fi─♃כⱲ ─ ≤●☻☺▼Ⱡ

(GG)♃כ꜠ ┘ꜝⱶ ─ ה ⌐≈™≡ ∆╢  

 

GG- ATR◄fi☺fi─ ≤GN2⌐╟╢  

 2013 ⌐ GG-ATR ◄fi☺fi─ ─ ─ ⅜ ╦╡ ◄fi☺fi─

╖ ≡⅜ ⇔√ ↓─◄fi☺fi⌐│╕∞ GG ≤ꜝⱶ │ ╡ ↑╠╣≡™⌂™⅜

╕∏│ GN2 Ⱳכ♃╢╟⌐ ─ ╩ ∆╢↓≤╩ ⇔≡™╢ 1⌐

⇔√ GG-ATR ◄fi☺fi≤ GN2 ●☻ ╩ ∆ ↓─ ≢│ ─

╛ ╩ ⇔ ⌐ ╕≢ ≢⅝╢↓≤╩ ∆╢─⅜

≢№╢   
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1 ⇔√ GG-ATR ◄fi☺fi≤  

 

↓─ ╩ ∆╢─⌐ ⌂◄fi☺fi ≤ ─ ╙ ╘≡™╢  

 

GG- ATR◄fi☺fi ●☻☺▼Ⱡ꜠כ♃⌐ ∆╢  

 ●☻☺▼Ⱡ꜠כ♃─ ≤▬fi☺▼◒♃כ─ ╩ ∫√ 3 ⌐ GG ─

≤▬fi☺▼◒♃כ ─ ╩ ∆ GG ─ │ 1.35MPa

1100K ≢№╢ ╕√ GG ─ │ GG ●☻⅜ ⌐ ≢⅝╢╟℮⌐ 4.0msec

─ ⅜ ≢⅝╢╟℮⌐ ⇔ ♅ꜗfiⱣכ │ GG ≤ ⌐

ⅎ╠╣╢╟℮⌐ ⇔√ ↓─ GG ⌐│◄♃ⱡכꜟ ⌐╟╢ⱨ▫ꜟⱶ ╩

℮↓≤╩ ⇔≡№╡ ⱨ▫ꜟⱶ ╩ ∫√ ─ GG ─ │ 850K

⌐⌂╢╙─≤ ⇔√  

  

3  ⇔√▬fi☺▼◒♃כ ( )≤▬fi☺▼◒♃כ ─  
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4 ꜝⱶ ꜝ▬♫    5 ꜝⱶ ꜝ▬♫ ─  

 

GG- ATR◄fi☺fi ꜝⱶ ⌐ ∆╢  

GG- ATR◄fi☺fi≢│ ≢ ↕╣√ ╩ⱦfiכ♃≥ ⇔√ GG ●☻⅜ꜝ

ⱶ ≢ ה ⇔ ╩ ∆╢ ╖⌐⌂∫≡™╢ ↓─ꜝⱶ ─

│ 2300K ↄ╕≢ ∆╢─≢ ꜝⱶ ─ꜝ▬♫⌐│ ⌂ ◦☻♥ⱶ⅜

⌐⌂╢  

GG- ATR◄fi☺fi─ꜝ▬♫│▪ⱨ♃כⱣכ♫─╟℮⌂ ꜝ▬♫ ⌐⇔≡ ≈─ꜝ▬

♫─ ⌐ ╩ ⇔≡ ꜝ▬♫─ ●☻ ╩ⱨ▫ꜟⱶ ∆╢↓≤╩

⇔≡™╢ 4 │ꜝⱶ ꜝ▬♫ ─ ◦☻♥ⱶ─ ╩ ⇔≡⅔╡ 5 │ꜝ▬

♫ ╩ⱨ▫ꜟⱶ ⇔√ ─ ─ ⇔√ ≢№╢  

↓╣╠─ ⇔√ ꜝⱶ ─ ꜝ▬♫─ ⌐│ SiC- SiC ╩ ™╢≤

╩ ≢⅝╢≤ ⅎ╠╣≡™╢  

 

╕≤╘ 

 GG-ATR ◄fi☺fi─ ╩ ╘ Ⱳכ♃ ╩ ↕∑

√ ╕√ GG ꜝⱶ ─ ≤ ─ ╩ ∫√ │

GN2 Ⱳכ♃╢╟⌐ ─ ╩ ™ ╕≢ ⌐ ≢⅝╢↓≤╩

∆╢↓≤╩ ∆ ⌐ ⇔√ ╩ ⇔ ꜟכⱦfi╩◄♃ⱡכ♃

≤ LOX ─ ●☻⌐╟╢ ╩ ⇔ GG-ATR ◄fi☺fi─ ╛ Isp ⌂≥⅜ ─

╩ ⇔≡™╢↓≤╩ ⇔≡™ↄ  



 

56 

 

GG-ATR◄fi☺fi ▬fi♥כ◒─  

 

    

 

 

│∂╘⌐ 

ה ◦☻♥ⱶ ☿fi♃כ≢│ ╩ ≢ ∆╢√╘─

⌐ ∆╢ ╩ ⇔≡⅔╡⁸∕─ ╩ ─ ≢

∆╢√╘─ ⱨꜝ▬fi◓ה♥☻♩ⱬ♇♪ FTB ○○꞉◦ 2 ─

╩ ╘≡™╢⁹ ─ ◄fi☺fi│●☻☺▼Ⱡ꜠כ♃▪◄הꜟ◒▬◘♃כⱲꜝⱶ☺

▼♇♩◄fi☺fi( Gas Generator Cycle Air Turbo Ramjet Engine ) ╩ ⇔≡™╢⅜ ◄

fi☺fi⌐ ╡ ↑╠╣√▬fi♥כ◒≢ ↄ ╩ ╡ ╘╢⅛⅜ ↓─ ─

─ ─ ╩ ∫≡™╢  

∕↓≢ ≢│ ╩ ⇔≡○○꞉◦ 2 ▬fi♥ה◒כ♄◒♩─

≤∕─ ╩ ∫√ ╕√ ≢─▬fi♥ה◒כ♄◒♩ ╩ ℮↓

≤╩ ⇔ ∕─ ╙ ⇔√─≢ ∕╣╩ ∆╢  

 

1 ○○꞉◦ 2 ▬fi♥כ◒─  

 

○○꞉◦ 2 ▬fi♥כ◒─  

 ○○꞉◦ 2 ─ ▬fi♥ה◒כ♄◒♩─ ≤ ╩ ∫√ 1⌐

─ ▬fi♥ה◒כ♄◒♩─ ╩ ∆ ↓─▬fi♥כ◒─ ⱴ♇Ɫ │ 1.3

≢№╢  2⌐│↓─▬fi♥ה◒כ♄◒♩⸗♦ꜟ─ CFD ╩ ⇔√ CFD ≢

│ ♄◒♩ ─ ⅜ 95% ╩ ≢⅝√ │ ≤─ ⌡ ™⅛╠

⌐▬fi♥ה◒כ♄◒♩ ─ ╩ ╡ ⌐╟╡▬fi♥ה◒כ♄◒♩─

╩ ↕∑╢  
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▬fi♥כ◒ ⌐ ∆╢  

 ≢ ⇔√▬fi♥ה◒כ♄◒♩⸗♦ꜟ│ ⌐≡ ╩ ∆╢

↓≤⌐⌂╢ ∕─ ─ ≤⇔≡ ▬fi♥כ◒ ─ ™╟╢

╩ ≢ ⇔√ ↓─ ─ │, ▬fi♥כ◒─ ⅜ 3

⌐ ↕╣≡™╢╟℮⌐ Classical ♃▬ⱪ≤ Inverted ♃▬ⱪ⌐≈™≡ ⌐≥─╟℮⌂

™⅜ ╣╢⅛ ≢ ∆╢╙─≢№╢ ─ │ ○○꞉◦ 2

▬fi♥כ◒⌐ ↕∑╢ ≢№╢  

 

2 ○○꞉◦ 2 ▬fi♥כ◒─ CFD ⱴ♇Ɫ  

 

3 Classical ♃▬ⱪ ≤ Inverted ♃▬ⱪ ─ ╩ ≈ ▬fi♥כ◒ 

 

╕≤╘ 

 GG-ATR ◄fi☺fi─ ▬fi♥כ◒♄◒♩─ ≤ ∕─ CFD

┘ ╩ ∫√ ≢│ ▬fi♥ה◒כ♄◒♩─ │ M=1.3 ≢

95% ╩ ≢⅝√ ╙ CFD ≤ ─ ⅛╠ ╩

⇔≡ ⅝ ○○꞉◦ 2 ▬fi♥כ◒─ ╩ ∆╢ ≢№╢
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▪ꜟⱵכ ─ ┼─  

 

       

     

   4  

    JAXA  

 

 

│∂╘⌐ 

◦☻♥ⱶ─ ≤⇔≡ⱥ♪ꜝ☺fi⅜ ↕╣≡™╢ ⱥ♪ꜝ☺fi│

≢ ⌐ ╣√ ≢№╢ ⇔⅛⇔ ⱥ♪ꜝ☺fi│ ⌐ ╘≡ ≢№╢ ∕↓≢ ≢│

Al ≤ ─ ⅛╠ ╠╣╢ ╩ ◦☻♥ⱶ⌐ ∆╢ ╩ ∫≡™╢ │

─ ≢╙ ╙ ⅜ ↄ ⌐ ≢№╢ ⇔⅛⇔ ─ ≢№╢ 1

2 ─ ≢│ ⅜ ≢№╡ ─ ≢№╢ CO2╩ ∆╢  

CnHm + n H 2O ќ n CO + (m/2 + n) H 2      1  

CO + H 2O ќ CO2 + H 2            2  

 ╕√ │ ⌐ ↕╣ ♃fi◒─ ≢ ⌐⌂╡ ─

╩ ↕∑╢ ↕╠⌐ │ ⌐ ↕ↄ ╣⌐╟╡ ⅜ ™ ↓

╣╠─√╘ Ⱶ♇◦ꜛfi⅜ ≢№╢ ┼─ │ ™ ⇔⅛⇔ (3) ⌐ ∆ Al

≤ ⌐╟╢ ≢│ ─ ⅜ ∆╢  

2Al+6H 2Oќ2Al( OH)3+3H 2                    3  

 3 ≢ ╠╣╢ │ ≤ ▪ꜟⱵ♬►ⱶ─╖≢ ≥∟╠╙ ⌐ ≢№╡

┼─ ╙ ↕™ ╕√ ≢─ ⌐ ⌂ ─╖╩ ∆╢↓≤⅜≢⅝╢√╘

╩ ∆╢ ⅜⌂™  

 ↓╣╕≢ ≢│ Al ≢№╢ Al -40%Sn-10%Bi ╩ ™╢↓≤≢ ≢ ╩ ∆

╢↓≤⌐ ⇔≡™╢ 1) ⇔⅛⇔ ─ ⱥ♪ꜝ☺fi ◦☻♥ⱶ≤ ⇔≡ 1.2

⅜ ∆╢↓≤⅜ ⇔√ ↕╠⌐ ╩ 90[ϴ]⌐ ∆╢ ⅜№╡ ╩ ↄ

≤∆╢ ╕√ ─◄fi☺fi│ ╙ ∆╢ ⅜№╢⅜ Al/ ╩ ⇔√

⅜ ⅛ ⇔≡™⌂™  

 ∕↓≢ ≢│ ≢ ⅜ ↄ ─ ⅜ ≢№╢ Al ≤ Al ─

─ ⅔╟┘▪ꜟⱵ ─ ─ ╩ ≤⇔√ ╩ ∫√ ╕√ ▪

ꜟⱵ ≤ ─ ≤─ ╩ ∫√  

 

 

 

≢─ │ כ꜠◒♩כ○

Ⱪ ╩ ™√ ⱥכ♃≢ ╕≢ ⇔ ╩

≢ ⇔√ Al ─ ⌐│☿ꜝⱵ♇◒

╩ ™√ ╩▪ꜟⱵ♫ ♃fiⱴfi ⌐ ╣
(a)○כ꜠◒♩כⱩ (b)  

  



 

59 

 

╩ ⇔≡ ↕∑≡ Al ╩ ⇔√  

 

 

⌐ᵑ ᵒ

ᵓAl- Sn ≤ Al- Zn ─

─ ╩ ∆ ᵑ

≢│ ≤ Al╩ ╕

≢ ↕∑ ╩ ↕∑╢

30 ╩ ↕∑√ ⱥכ♃

╩ ╘ 30[ϴ]╕≢ ↕∑

╢ ⅜ 30[ϴ]╕≢

┘ ╕≢ ↕∑╢ ↓╣

╩ 4 ╡ ∆ 90[ϴ]─ ≢

│ ─ ╙ ℮ ᵒ

≢│ ≤ Al ╩

╕≢ ↕∑╢ ╕≢

⇔√ ⌐ ╩ ⌐ ∟

⌐ ∆╢╕≢

╩ ∆╢ ᵓAl- Sn ≤ Al- Zn

─ ≢│ ⌐

╣√ ╩ ⇔√ Sn1 ≤ ╩ ↕∑√ Zn╩ ⇔√ ≢│ ≤ Al

╩ ╕≢ ↕∑╢ ╕≢ ⇔√ ⌐ ╩ ⌐ ∟ ⌐ ∆

╢╕≢ ╩ ∆╢  

 

 ≤  

  

2 ─ (a) (e)⌐

1350[rpm] ─ ╩ ∆

⅜ ™╒≥ ⅜ ∆╢

⅜№╢⅜ │ ∆╢

⅜№∫√   

╟╡ ↕∑╢ ⅜ ™

│ ≢─ ⌐ ⌂

╩ ∆╢ ⌐ ⇔≡™╢↓≤⅜ ⇔√ ⇔⅛⇔ ⅜ ™ ⌐│ ╩◖

fi♩꜡כꜟ∆╢↓≤│ ⌂─≢ ─◄fi☺fi ⌐ ⇔≡™⌂™≤ ⅎ╠╣╢

≢ ⅜ ⌐⌂╢ ≤⇔≡ ─ ≢ ↕╣╢ (Al2O3הH2O ɗ-Al2O3ה

3H2O )⅜ ╩ →≡™╢√╘≢№╢≤ ⅎ╠╣╢   

2─(f)⌐ 0[rpm] 90[ϴ]─ ╩ ∆ ─ ⌐⅔™≡╙ ⅜№╢

↓≤⅜ ⇔√ ⇔⅛⇔ ⅜№╢ ╟╡ ⅜ ⌐ ∆╢↓≤⅜ ⇔√

⅜ ⇔√ ≤⇔≡│  Al ⅜ ⇔ ∆╢ Al ≥℮⇔⅜ ∆╢√

  
Al - Sn,Al - Z ─ 

 
 

 [g]  5 

 [ml]  80 

 [rpm]  1350 1350 
1350 

⌂⇔ 

 [ϴ]  60 60 
30,50,60 

70,80,90 

 [min]  360 360 
╩ 

4 ╡ ∆ 

 [ɡm] 500 0 150 0 100 0 

─  

[ Ɽכ☿fi♩]  
A  

Al - 5 40%Sn 

Al- 5 40%Zn 
Al  

  

2 30 ↔≤⌐ ╩ ↕∑√ ─
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╘ ≤─ ⅜ ↕ↄ⌂∫√

√╘≢№╢≤ ⅎ╠╣╢  

 ─  

 3 ⌐ ─ ╩

∆ ⅜ ⅛™╒≥ │

⌐ ∆╢↓≤⅜ ⇔√

⅛╠ 360[min] ⌐⅔↑╢Al(

20 0[ɡm])─ (

╩ ≢ ∫√ )│ 77.8%≢№

╢ ╕√ Al( 20 0[ɡm])│

⅛╠ 2270[min] ⌐ 6650[ml]─

╩ ⇔√ │ 99.5%

≢№∫√ ↓╣│ ⅜ ↕ↄ⌂╢⌐ ™ ≤─ ⅜ ⅝ↄ⌂╡ ⅜

∆╢√╘≤ ⅎ╠╣╢  

 

 Al - Sn ≤ Al- Zn ⌐╟╢  

4⌐ Al-Sn ╩ ⇔ 5⌐ Al-Zn ─ ╩ ∆ ≥∟╠─ ⌐⅔™≡

╙ ⅜ ™╒≥ ⅜ ↄ⌂╢ ⅜№╢ ⇔⅛⇔ Al-5%Sn≢│ ⅜

⌂™⌐╙ ╦╠∏ ⅜ ⅝™↓≤⅜ ⇔√ ╕√ ≡─ Al-Sn ⌐⅔™≡

≢ ≤ ∆╢∞↑≢ ⅜ ∆╢↓≤╩ ≢ ⇔√  

 

 

4 Al-Sn ⌐╟╢       5 Al-Zn ⌐╟╢  

 

Al -Zn │ ≤ ≢ ⇔√∞↑≢│ │ ⇔⌂⅛∫√⅜ ╟╡ ™

≢│ ⅜ ∆╢ ⅜№╢  

 

.  ┼─  

 1 ▪ꜟⱵ ≤ ─ ≤─  

 50kg ─ ─ ⌐ ▪ꜟⱵ ╩ ⇔√ ≤ ─ ●

☻☺▼♇♩ ⱥ♪ꜝ☺fi●☻☺▼♇♩ ╩ ⇔√ ─◦☻♥ⱶ♩꜠כ♪○ⱨ ╩ ∫

√ ▪ꜟⱵ ╩ ⇔√ │ ≤⇔≡ ⌐ ∆╢ ⅜№╡

─ ⌐ ═₈ ₉╛₈ ●☻ ₉ ≢№╢↓≤⅜ ⇔√  

3 ₁─ ─ Al ⌐╟╢ (60[ϴ]) 
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⌐ ─ ⌐ ─ ╩

∆ ●☻─ ╩ ™ ●☻─

╖≢ ⌐ ™ ⅜ ╠╣╢ ⅜ ↕╣

√ ╕√ ●☻⌐ ╩ ⅎ≡ ╩

⇔√≤↓╤ ⱡ☼ꜟ ♩כ꜡☻ 0.5[mm] │

≢ ∑∏ ⅜ ≢│ 639.4[s]

30[ ] ≢│ 523.7[s] ∆╢↓≤⅜ ⇔√

⅜ ⌐ ∆╢ ⅜№╢  

6 ─  

 

 

  

7  

 

 ⌐╟╡ ╠⅛⌐⌂∫√ ╩ ⌐ ∆  

(1) Al ≢│ ↕∑╢ ⅜ 70 90[ϴ]─ │ ─ │ ≢№╡

─ ⌐ ⇔≡™╢≤ ⅎ╠╣╢  

(2) ⅜ 20 0[ɡm]─ │ ⌐ ⅎ╢↓≤⅜ ⇔√  

(3) Al-Sn ≤ Al-Zn ─ Al-Sn │ ≢ ≤ ⇔≡ ╩ ↕∑╢

⅜ Al-Zn ⌐⅔™≡╙ ≢│ ⅜ ∆╢ ⅜№╢  

(4) ⌐ ╩ ⇔√ ≤ ⱥ♪ꜝ☺fi ≤ ╩ ™ ─

⅜№╢↓≤ ┘ ─ ⌐ ═≡ ⌂↓≤╩ ⇔√  

(5) ●☻⌐ ╩ ∆╢≤ ⅜ ∆╢↓≤⅜ ≢ ⇔√ ⅜♦♇♪ⱴ☻

⌐⌂╠⌂™ ⅜ ↕╣√  

 

  ─ ╩ ⌐ ∆  

ᵑAl ─ ╩  

 ≢│ Al ─ ╩ ⇔√⅜ Al ─ │ ⇔≡™⌂™

╩ ≢⅝╢ Al ╩ ∆╢  

ᵒAl-Sn ─ ≢╙ ≤ ∆╢ Al ─  

 Al-Sn ─╟℮⌂ ⅜ ⌂ↄ≡╙ ≢ ≤ ∆╢ Al ╩ ⇔

⌐ ∆╢  

ᵓ ─ ™ Al-5[%]Zn-5[%]X Al-5[%]Sn-5[%]X  (X=In Ga Sb Ni )╩  

 Al-5[%]Zn Al-5[%]Sn ⌐ ─ ╩ ⅎ ↕╠⌐ ─ ™ ╩

℮  

 ─  
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ᵔ▪ꜟⱵ ─ ─ ╩ ┘ ─ ╩ ℮  

ᵕ▪ꜟⱵ ─ ─ ┘ ╩ ℮  

ᵖ ≢─ ╩ ⇔ ⇔√ ╩ ⅛╠ ∆╢  

ᵗ ─◦☻♥ⱶ ╩ ∆╢  

 

 

1)  ◦☻♥ⱶ≤⇔≡─ Al ≤ ≤─ ╩ ⇔√ 

⅔╟┘ ⌐ ∆╢ 53 ה 2013
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Ᵽ▬○◄♃ⱡכꜟ─ ≤ ⌐≈™≡
 

       

     

      3  

    2  

    1  

    1  

 

 

1  │∂╘⌐ 

⅜ ↕╣╢ ─ ∟ → ─ ⅜ ╕╣

⅜ ⌐ ⅎ╢ ⅜ ≢⅝⌂ↄ⌂╢ ∕↓≢ ⌂ ◄Ⱡꜟ◑כ≢

№╢ ≤⇔≡Ᵽ▬○◄♃ⱡכꜟ⅜ ↕╣≡™╢ ⇔⅛⇔ Ᵽ▬○◄♃ⱡכꜟ│꜡◔

♇♩◄fi☺fi─ ≤⇔≡ ™╠╣√ ⅜⌂™√╘ ─√╘⌐│ ╛

⌂≥─ ╩ ∆╢ ⅜№╢ ↓─℮∟ ⌐≈™≡

Ᵽ▬○◄♃ⱡכ◖ꜟ▪│ꜟכꜟ ≢№╢↓≤⅛╠ ≢ ╩ ℮

╩ ∂╢ ⅜№╢ ↓─ ⌂ ╩꜡◔♇♩◄fi☺fi─ ⌐ ≢⅝

╣┌ Ᵽ▬○◄♃ⱡכꜟ─ ⌐ ∆╢ ∕─√╘ ⌐╟╢ ╩

╘√ ╩ ∆╢↓≤│Ᵽ▬○◄♃ⱡכꜟ꜡◔♇♩◄fi☺fi╩ ∆╢ ≢

≢№╢  

╕≢⌐ ∫√ ╟╡ ≢Ᵽ▬○◄♃ⱡכꜟ╩ ↕∑√

⌂ ╩ ™╢↓≤≢ ⅜ ⇔ ⅜ ↕╣╢↓≤⅜

⇔√ ╕√ ⌐╟╡ ─ ╩ ⇔≡™╢↓≤╩ ⇔ ─ ╩

⇔√ ≢│ ╩ ↕∑√ ≢─ ╩ ™ Ᵽ▬○◄

♃ⱡכꜟ─ ⌐≈™≡ ⇔√ ╕√ ╩ ∆╢ ─ ╩ ∆╢

√╘ ≢─ ≤ ╣─ ⅜ ╛ ⌐ ╓∆ ╩

⇔√  

 

2   

─ ─ ╩ 1 ⌐ ∆ ≢│Ᵽ▬○◄♃ⱡכꜟ╩

⌐╟╡ ↕∑╢ ╩ ⇔⌂™ │ ╩ ∆╢ │ ꜞ

▪◒♃╩ ⇔Ᵽ▬○◄♃ⱡכꜟ╩ ↕∑╢ 1 ⌐ ─ ─

╩ ∆ Ᵽ▬○◄♃ⱡכꜟ─ │ 1.0~1.5 g/s │ 0.3 MPaA≤⇔

│ ─Ᵽ▬○◄♃ⱡכꜟ─ ⅜ ⌐⌂╢╕≢─ 5 min≤⇔√  
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1  

 

1 Ᵽ▬○◄♃ⱡכꜟ  

 

3   

3- 1 ╩ ⇔⌂™ ─  

2⌐ ╩ ∑∏Ᵽ▬○◄♃ⱡכꜟ╩ ↕∑√ ╩ ∆ GN2 │

─ ⌐ ∫≡ ─◄fi♃ꜟⱧכ│ ⇔√⅜ Ᵽ▬○◄♃ⱡכꜟ

│ ⌐╟╡◄fi♃ꜟⱧכ ⅜ ⅎ╠╣√  

3- 2 ╩ ⇔√ ─  

3 ⌐ ╩ ⇔≡Ᵽ▬○◄♃ⱡכꜟ╩ ↕∑√ ╩ ∆ 3 ≢│

─ ≤⇔≡ ─ ●☻ ─ ╩ ⌐≤╡ │

─●☻ ⅜ ⇔√ ≤─◄fi♃ꜟⱧכ ╩ ⇔≡™╢ ɘ-▪ꜟⱵ♫⅔╟┘

▪ꜟⱵ♫╩ ⇔√ │ ─ ™ɖ-▪ꜟⱵ♫≤ ⇔≡ ◄fi♃ꜟⱧכ

⅜ ⅝ↄ⌂╡ ⌐╟╢ ─ ⅜ ↕╣√  

3- 3 ─ ╩ ↕∑√ ─  

4 ⌐ ─ ╩ ↕∑≡Ᵽ▬○◄♃ⱡכꜟ╩ ↕∑√ ╩

∆ ─ ≤⇔≡ ─ ●☻ ─ ╩ ⌐≤╡

│ №√╡⌐ ⇔√ ●☻ ─ ╩ ⇔≡™╢ │

┼ ⅎ╢ ⅜ ↕ↄ ⅜ ⅝™╒≥ ⅜ ∆╢↓≤⅜

↕╣√  

 

Ŭ

ɔ
Ŭ

- ű81 ű ű58

THTOUT

THTIN

TCROUT

PCROUT

PCRIN

TSHOUT

PSHIN

PTANK

V2

GN2

R1

R2V1

V7

V3

V4R3

V5V6

V8V9

TVAP

TLIQ

PSHOUT

TSHIN

TOW-1~9
TIW-1~9

POROUT

TCR-1

TCR-2

TCR-3

TCRH

POROUT

PHTIN

PHTOUT

PSHOUT

TOROUT
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2 ─●☻◄fi♃ꜟⱧכ   3 ─●☻◄fi♃ꜟⱧכ  

 

 

4 ●☻ ─  

 

4   

≢│ Ᵽ▬○◄♃ⱡכꜟ─ ⌐≈™≡ ∆╢↓≤ ╩ ∆╢

─ ╩ ∆╢↓≤╩ ≤⇔≡Ᵽ▬○◄♃ⱡכꜟ─ ╩ ∫√

─ Ᵽ▬○◄♃ⱡכꜟ─ ⌐◄fi♃ꜟⱧכ ⅜ ⅝╢ ╩ ╘≡ ⇔

√ ╕√ ╩ ⇔√ ⌐⅔↑╢◄fi♃ꜟⱧכ ⅜ ⅝ↄ⌂╢

╛ ≢─ ⅜ ⅝™╒≥ ─ ⅜ ╠╣╢↓≤╩ ⇔√

│ 10 MPaA ≢─Ᵽ▬○◄♃ⱡכꜟ─ ⌐╟╢ ⌂

─ ╩ ℮ ≢№╢  
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─
 

    

     

    4   

 

 

 │∂╘⌐ 

◦☻♥ⱶ ☿fi♃כ(APReC)≢│ ○○꞉◦ 2

─ ה ╩ ∂≡ fiכꜞ◒ ◦☻♥ⱶ─ ─ ╩ ⇔≡

™╢ ⌐│Ᵽ▬○◄♃ⱡכꜟ(BE) (LOX)╩ ╖ ╦∑√ ◦☻♥ⱶ ⅜ ↕

╣≡™╢ BE│ 1-1≢ ⅛╢╟℮⌐ (LH2)≤ ═≡ ⅜ ╣≡™╢ ∕─√

╘ ♃fi◒╩ ⌐≢⅝ ─ ⅜ ≢⅝╢ ╕√ ─◖☻♩⅜ ↄ

─↕╠⌂╢ ─ ╙ ╢ №√╡─ ⅜◔꜡◦fi≤ ⇔≡

⌂™─≢ ─ ╙ ⌂ↄ ◖☻♩─ ⌐ ∆╢↓≤⅜ ╢≤ ⅎ╠╣╢ ╕√

≢ ≢№╢ BE│ ┼─ ╙ ↕ↄ ◖☻♩╙ ⅎ╢↓≤⅜ ╢   

 

1-1 ─ ◖☻♩─  

  

(sec) 

 

×10
3
(kgהs/m

3
) 

 ◖☻♩ 

( /kg) 

 

LH2 455 145 ủ 4000 ỏ 

BE 328 328 ủ 215 ủ 

◔꜡◦fi 368 368 ỏ 450 ủ 

ⱥ♪ꜝ☺fi 397 397 ỏ 8800 ỏ 

 

─ ≤⇔≡│ ╩ ╠∑╢↓≤⌐╟╡ ─ ╩ ╠∆↓≤

╩ ™ ≤⇔√   

 

 1-1 GG ≤ ⌐ ∆╢  



 

67 

 

≢│ ○○꞉◦ 2 ⌐ ꜟ◒▬◘♃כ꜠Ⱡ▼☺☻●ה♩♇▼☺Ⱳꜝⱶכ♃▪◄╢╣↕

(ATR-GG)◄fi☺fi⌐⅔↑╢ ⌐⅔™≡ ≢ ─№╢ ♃fi◒⌐≈™≡

∆╢ ╕√ │ ╩ ↕∑╢↓≤≢ 1-1 ─╟℮⌐●☻☺▼Ⱡ꜠כ♃(GG)─

╩ ↕∑ ─☻꜡♇♩ꜞfi◓╩ ℮ ⌂ ⌐ ╦∫≡ ─Ᵽ

ꜟⱩ─ ╖ ╦∑≢ ╩ ↕∑╢ ╩ ⇔≡™╢⅜ ∕─ ⌐≈™≡╙

═╢  

  

─ ≤⇔≡│ ╩ ╠∑↓≤⌐╟╡ ─ ╩ ╠∑╢√╘

●☻╩ ™√ ╩ ⇔√ ╕√ │ ●☻⌐●☻ (GN2)╩ ™╢  

♃fi◒⌐ ⇔≡│ ≢│▪ꜟⱵ♬►ⱶ ╩ ∆╢↓≤⅜ ™⅜ ─

≢№╢ BE│▪ꜟⱵ♬►ⱶ ⌐ ⇔≡ ™ ╩ ⇔≡™╢√╘ ─ BE⌐ ∆╢

─ ╩╙≤⌐ ⱪꜝ☻♅♇◒(CFRP)≤♬♇◔ꜟ╩ ╖ ╦∑╢↓≤≢ BE ⌐

∆╢ ╩ ∆╢∞↑≢⌂ↄ ▪ꜟⱵ♬►ⱶ ≢♃fi◒╩ ∆╢╟╡╙ ⌐ →╢

↓≤╩ ™ ≤⇔√ (1)
 

2.6MPaA 2.0≤⇔√ ─ ♃fi◒ ╩ ⇔√ ⅜ 2-1≢№╢(2)

─ ╟╡ CFRP≤ Ni ⱷ♇◐╩ ╖ ╦∑√╙─⅜ ╙ ⌐⌂╢↓≤╩ ⇔√  

 

2-1 ♃fi◒  

▪ꜟⱵ♬►ⱶ  21.3kg 

☻♥fi꜠☻  61.7kg 

CFRP+Ni ⱷ♇◐ 11.5kg 

 

 ●☻  

 ○○꞉◦ 2 ⌐│ ╩ 130kg ∆╢ ≢№╢─≢ ∕╣⌐ ™ ♃fi◒╙

3m≤ ⌐ ↄ⌂╢↓≤⅜ ↕╣≡™╢ ↓╣╠─ ⌐╟╡ ⌐ GN2╙ ↕

╣≡◄fi☺fi⌐ ╩ ⅎ╢↓≤⅜ ↕╣╢ ∕─√╘ ─ 3≈─ ╩ ○♪כ꜠♩⇔

ⱨ╩ ⌂∫√  

 

╡╟ⱨ○♪כ꜠♩─  3≈─ ─ ≢│ (3)⅜ ⇔≡™╢  

 

 

3-1 (1)        3-2 (2)         3-3 (3) 
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 ⱨ○♪כ꜠♩─ 3-2

 

 ⱣꜟⱩ  

 │ ╩ ∆╢↓≤≢ ⅛╠ ╕≢ ℮√╘ ⌐№╦∑≡ ╩

↕∑╢ ≤⇔≡ ⱣꜟⱩ─ ╩ ⌂∫√ 4-1─ ╩╙≤⌐ⱴ♇Ɫ

≤ ⌐ ∆╢ⱣꜟⱩ (CV)╩ 4-1⌐ ∆  

 

4-1 ╩ ⇔√  

 

 

 

4-1 ⱴ♇Ɫ ⌐╟╢ CV  

⌂♦▫Ᵽ▬☻

⅜ ↕™

─ ⅜ ™

─ ─ ⌐ ╢

─№╢ ─ ⅜ ⇔™

╡⅜♃fi◒ ╩ ↕∑╢ ⅜№╢

♃fi◒ ⌐ ╣╢↓≤⅜ ⇔™

≢╙ ╩ ↄ ≈↓≤⅜ ╢

☻꜡♇◦fi◓ ╙ ≢⅝╢

♃fi◒ ⌐ ╩ ╣╢↓≤⅜ ⇔™

(1)

(2)

(3)

 (kg/m
3
) 789 1140

(ϴ) 15 -183

ⱣꜟⱩ

O/F

ⱣꜟⱩ  (in) 1/2

⁷⁷     ─

30

0.454

BE LOX
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 ─ ╩ ™≡ ╩⅔↓⌂∫√ ≤⇔≡│ LOX ⌐ ⇔≡│ ∆╢

─ⱣꜟⱩ╩ ∆╢↓≤⅜ √⅜BE ⌐ ⇔≡│↕╠⌂╢ ⅜ ≢№╢↓≤⅜ ⇔√  

 

 ╕≤╘ 

♃fi◒─ ╩CFRP⌐∆╢↓≤⌐╟╡ ─♃fi◒╟╡ ⅜ ≢№╢≤™℮

⅜ ╠╣√  

ⱣꜟⱩ ╩ ∫√ BE ⌐ ⇔≡│ ⇔≡ ╩ ℮  

  

(1) Ᵽ▬○◄♃ⱡכꜟ꜡◔♇♩◄fi☺fi─ ≢─ ⌐ ∆╢

23 (2012)  

(2) JAXA ●☻ (2009)  
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⌐⅔↑╢Ᵽ▬○◄♃ⱡכꜟ─ ◘ꜟⱨ□▪♃♇◒ה

─◓fi◐כ◖ ⌐≈™≡
 

       

     

       3  

    2  

     1  

   1  

 

 

1 │∂╘⌐ 

BE

 

 

BE

BE

 

BE │ ≢№╢√╘⌐ 1[ppm] ─ ╩ ∆╢ ∕─√

╘ ⌐╟╡꜡◔♇♩◄fi☺fi─ ⌐ ∆╢ ◘ꜟⱨ□▪♃

♇◒ ⅜ ∂╢ ╣⅜№╢

 

 

1          2  



 

71 

 

 

2  

 

 

BE

BE

 

 

 

 

 

 

  

 
 

 

3   
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3 ─  

4  

JAXA  

 

 
 

  

4 ♃fi◒הBE ♃fi◒
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ⱨ□fi
 

       

   

 

 

  

 

1 CFD [1]

[2] 1) 2)

 

 

 

1 ⱨ□fi ☺▼♇♩◄fi☺fi  

 

2 ⱨ□fi  
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⌐ ⇔√ ⱨ□fi─ 3 ╩ ∆ / ─ │∕╣∙╣ 15/11 ≢№╡

ⱨ□fi │ 54 mm ≢ⱨ□fi ⌐ ∆╢ │ 0.35 Ⱪ꜠כ♪─ ⌐ ∆╢ │ 0.89

≢№╢ ⌐ⱨ□fi ⅜ ∆⅞╢ ─ ⅜ ⅝ↄ⌂╡ ⌐ⱨ□fi ⅜

∆⅞╢≤ ≢─ ꜡☻⌐≈⌂⅜╢[3] ⱨ□fi ╩ ↕∑√ ⅜ ≤⌂╢

⅜ ≢│ ⇔√ⱨ□fi ⌐≡ ∆╢  

 

  

≤⇔≡│ ⅜ 60 mm ─ RC 11kW Ⱪꜝ◦꜠☻⸗כ♃כ╩ ⇔√

3 ≢ ∆╢√╘ ⇔♪ꜟכ⸗╩ כ♃כ⸗≈⅛ ╩ ≢ ⇔≡™╢

≤⇔≡│ 4000mAhה☿ꜟ 14 ─ LiPo Ᵽ♇♥ꜞ╩ ≢ ⇔≡™╢ ↓╣⌐╟╡

≢─ ╩ ≢ 6 ℮↓≤⅜ ╢  

 

 ─  

 ⌐ ∆ ╡ ⱳכ♩ 15 ⱨ□fi

─ 5⅛ × 3 3 Ⱨ♩כ ╩ ⅛ ⱨ□fi

○ꜞⱨ▫☻ ⌐ ⇔√ Ⱨ♩כ │ r ⅔╟┘ɝ ⌐☻♥♇Ⱨfi◓⸗כ♃

╡╟⌐כ ≢⅝ ─ ⌐ ╩ ↑ ─ ⌐ ╩ ╡ ↑≡ ™╢

─ ⅜♀꜡≤⌂╢ ⌐Ⱨ♩כ ╩ ↑ ∕─ ≢─ ≤ ⅛╠ ⱬ◒♩ꜟ╩ ≢

⅝╢  

 

3 ⱨ□fi  ☻◒♇Ⱳכꜞ♥♇Ᵽ≥כ♃כ⸗
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4  

 

5⌐ ∆╟℮⌐Ⱨ♩כ ☻כ◦│⌐ ╙ ╖ ╕╣≡™╢⅜ ⌐≈™≡│Ⱨ

כ♩ ─ ⅜ ⅝ↄ ╕≢ ™ ╩ ∆╢ ↓╣╕≢─ ≢│ 3 ∫≡╙

∆╢ ⅜ ╠╣⌂™ Ᵽ♇♥ꜞכ─ │ ≢ 6 ─√╘ ⅜╗

⅝ ⇔≤⌂∫≡™╢╟℮⌂ ─ ↕™ ╩ ™╢↓≤≢ ╕≢─ ╩ ↄ⇔√™  

 

 

5 3 Ⱨ♩כ  




















































