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ˤ͍͔͔͙͔͒ͤ ͍ ͔ͫͨͼ͙͊͡ΈͤͦͫͭΈ
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͙͍̅ͪͫͦ ˶͔͙ͦͤ͒
Å ˻͍͙͔͋ͪ͊ͦ͊ͤ͘

ï ͙͙̅͘;͔͙͚ͫ͟ ͺ͊ͯ͟͡Έ͔ͭͭ ˸˥̂ ͊͟ͺ͔͒ͪ͊ ͙͙͊ͯͫͭ͟͟ нллт

ï ˢ͙ͫͨͪ͊ͤͭͯͪ͊ ͔ͣͻ͙͊ͤͦ͟-͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͺ͊ͯ͟͡Έ͔ͭͭ͊ ˸˥̂ нлмм

Å ˴͊ͺ͔͒ͪ͊ ˸͔ͻ͙͙͊ͤ͟ ˴͙ͦͣͨͦ͘ͼ͙ͦͤͤ·ͻ ˸͔͙͍͊ͭͪ͊ͦ͡

ï Toulose Business School Aerospace MBA 2015

Å 2006-2007 Boeing 787 

Å 2007-2008 SpiritAerosystems

Å 2008-2009 Boeing 787

Å 2009-2011 ˻ ˴ˣ ͍͔͍̒ͦ͊͟͡κˮͪͯͭ͟ ς˸ -˿нмΣ ̒͟-молΣ ̒͟-руΣ ̒͟-рпΣ ̒͟-80

Å 2011- 2018˥͙͔ͪ͊͗͒͊ͤͫ͟ ͖ͫ͊ͣͦͭ͡· ˿ͯͻ͎ͦͦ {{W-100, SSJ-NG, SSJ-130, SBJ

Å 2014 ς2018 ˻ˢ˴ ζ˹˥́˿η -> s ˻ ζ˥˿˿η ςCR-фнф ό̊̅˨˸˿ύ ͍͔ͫͦͣͫͭͤͦ ͫ /ha!/

Å 2015 -нлмф  ˮ˾˴̂́ ς˸ -˿21 ˴͙ͦͦͪ͒ͤ͊ͼ͙Ύ ͔͙ͫͪͭͺ͙͊͟ͼ͙ͦͤͤ·ͻ ͪ͊͋ͦͭ ό˽˴˸ EASA Panel 3)

Å 2014 -нлмс  ̇ˢ˥ˮ ˹ˮ˻ му  ς́ ͔ͪ΅͙͚ͤͦͫͭͦͦͫͭ͟Έ ˽˴˸ ͪ͟·͊͡ ˸˿-21

Å 2015- 2018˸ˢˮ ˶͙͊͋ͦͪ͊ͭͦͪΎ Ѕн ζ˴͙ͦͣͨͦ͘ͼ͙ͦͤͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͙ ͦͤͫͭͪͯ͟͟ͼ͙͙ηΣ ˸͎͙͊ͫͭͪ͊ͭͯͪ͊ ˽˴˸Φ

Å 2018 ςͤ ΦΦ͍  ˥͔͔ͤͪ͊͡Έͤ·͚ ͙͔͒ͪͭͦͪ͟ ζˢ̏˾˻˶ˢˣη

Å 2018 ςͤ ΦΦ͍ ˸˥̂

Å ͔̉ͤ͡ ͙͔ͦͣͭͭ͊͟ CMH-17 ͙ D30ASTM.

Å ˾͊͋ͦͭ· ͨͦ ͦͤͭͪ͊ͭͯ͟͟Υ нлмрΣ нлмсΣ нлмт ͎ ςʕ ˮˢ˸Σ  нлмп ς́ ͪ͊ͤ͊ͫ͘Σ  нлммΣ нлмо ςs ͔ͨ͊ͭ͟Σ нлмр ς˹ ˮ̇ ˮ˾́Σ 
2018 ς˿ ͙͋˹ˮˢ͙ͣΦ ˿ΦˤΦ ̉͊ͨ͡·͎͙ͤ͊Φ
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ˤͦͨͪͦͫ· ͙͙͙͊ͯ͒ͭͦͪ
Åˮ ͘ ˸͍ͦͫ͟·Κ

Åˮ ͎͙͔ͤͦͦͪͦ͒ͤΚ

Ǻ ͍͔͔ͪ͒ͦͭ͡Έͤ͊Ύ ͔ͣͻ͙͊ͤ͊͟Κ

Åˬ ͙͙͒ͦͫͭ͟ ͙ ͎͊͘·Κ

Åʕ  ͍͔ͫͦͪ΄͔͍͔ͤͫͭ ͊ͤΦ͎ ̒͘·͟Κ

Åʕ  ͨͪͦͼ͔͔ͫͫ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΎΦΦ

Å˩ ͫͭΈ ͙͡ ͦͨ·ͭ ͪ͊͋ͦͭ·Κ

Å˹ ͔͔ͫͪΈ͖ͤ͘·͚ ͦͨ·ͭ ͔ͫͭΈΧ



˻͋΅͙͔ ͍͔͔͙ͫ͒ͤΎ



͍̏ͦ͡Όͼ͙Ύ ͍͔΅͔͚ мκн

Victorian (1837 - 1901)
19501930

2000
2010



͍̏ͦ͡Όͼ͙Ύ ͍͔΅͔͚ нκн

1853

1950

2000



˽͙͔ͪͣͪ мΦ ͍̏ͦ͡Όͼ͙Ύ ͍͔͙͔ͦͫͨ͒͊͡

ˮͫͭͦ;͙ͤ͟Υ ˢshby



͔̇ͨͦ;͊͟ ͙ͫͦ͒͊ͤ͘Ύ ͙͙ͫͭͦͣͦͫͭ

8

Passenger

Airlines

Aircraft Manufacture

Development Office

Corporate Research Centers

R&D Centers (Applied R&D) 

Universities (Basic R&D)

Å Composite materials equipment providers

Å Aviation Authorities

Å Insurance companies

Å Lessors

Å OEMs 
Å MRO service providers 

Å Airports and Ground
handling providers



͙́ͪ͊͒ͼ͙ͦͤͤ·͔ 
͍͔͙ͯͪ͊ͤͤΎ ͤ͊ 
͔ͣͻ͔ͣ͊ͭ



˹͍͔͙͊ͨͪ͊ͤ͡Ύ ͪ͊͋ͦͭ ͨͦ ͙ͯͤͺ͙͊͟ͼ͙͙Υ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͙ ˹́˭ ό͍͙ͯͪͦͤ 
͎͍͙ͦͭͦͤͦͫͭ ͔ͭͻ͎͙͙ͤͦͦ͡ύ

˻͙͙͔ͨͫ͊ͤ ͍͔͚͎͍͙ͯͪͦͤͦͭͦͤͦͫͭ ͔ͭͻ͎͙͙ͤͦͦ͡

TRL9 ͔̂ͫͨͻ͙͔ͫͫͭͣ· ͍͔͖ͨͦ͒ͭͪ͗͒ͤ ͎͔͔͚ͣͤͦͦͭͤ͡ 
͔͙͚͚ͫͪͤͦ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͔͚

TRL8 ˿͙͔ͫͭͣ͊ ͫͦ͋ͪ͊ͤ͊ ͍ ͔͙͚ͫͪͤͦͣ ͙͔͙͙ͫͨͦͤͤ͡ ͙ 
ͨͦ͊͊͊͘͟͡ ͔͔͒ͫͨͦͫͦ͋ͤͦͫͭΈ͙ͨͪ ͙͖ͨͪͣͦ;ͤ·ͻ 
͙ͫͨ·͙ͭ͊ͤΎͻ

TRL7 ˨͔͔ͣͦͤͫͭͪ͊ͭͦͪͪ͊͋ͦͭ͊ͭ ͍ ͔ͪ͊͡Έͤ·ͻ ͍͙ͯͫͦ͡Ύͻ

TRL6 ˽͙ͪͦͭͦͭͨ ͙͔ͫͫͭͣ· ͙͙͡ ͙͔ͨͦ͒ͫͫͭͣ· ͔ͪ͊͋ͦͭ͊ͭ ͍ 
͔ͪ͊͡Έͤ·͚ ͍͙ͯͫͦ͡Ύͻ

TRL5 ˽͙ͪͦͭͦͭͨ ͙͔ͫͫͭͣ· ͙͙͡ ͙͔ͨͦ͒ͫͫͭͣ· ͔ͪ͊͋ͦͭ͊ͭ ͍ 
͔͙͍ͫͣͦ͒ͪͦ͊ͤͤ͡·ͻ ͍͔ͤ΄͙ͤͻ ͍͙ͯͫͦ͡Ύͻ

TRL4 ˽͙ͪͦͭͦͭͨ ͙͔ͫͫͭͣ· ͙͙͡ ͙͔ͨͦ͒ͫͫͭͣ· ͔ͪ͊͋ͦͭ͊ͭ ͍ 
͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͍͙ͯͫͦ͡Ύͻ

TRL3 ˢ͙͙ͤ͊ͭ͡;͔͙͚ͫ͟ ͙Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͚ ͔ͦ͋ͪ͊͘ͼ 

TRL2 ˾͙͊ͪ͊͋ͦͭ͊ͤͨͪͤ͘ͼ͙ͨ ͙͔͔͙ͨͪͣͤͤΎ ͚͔͎ͤ͊͒ͤͤͦͦ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦ Ήͺͺ͔ͭ͊͟

TRL1 ͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͚͙ͨͪͤͼ͙ͨ ͪ͊͋ͦͭ· ͙͔ͫͫͭͣ· 
͚͔ͤ͊͒ͤ  ͙ ͔ͣͦ͗ͭ ͋·ͭΈ ͍͙͍͔͖ͦͫͨͪͦ͒ͤ͘˴͙ͦ͡;͔͍ͫͭͦ

͙͔͚͒

͔͔͔́ͪ͋ͯͣͦ 
ͺ͙͙͍͙͔ͤ͊ͤͫͪͦ͊ͤ

˿͍͔ͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ

˾͊͋ͦͭ· ͨͦ ˹́˭
ͤ͊;͙ͤ͊ΌͭͫΎ ͫ 
TRL1 ͒ ͦ TRL6

˾͊͋ͦͭ· ͨͦ 
˿͍͔ͦͪ΄͔͍͍ͤͫͭͦ͊
͙ͤΌͤ͊;͙ͤ͊ΌͭͫΎ 
ͫ TRL6͒ͦ TRL9

˹́˭



˿ͻ͔ͣ͊ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͨͦ ͙ͫͦ͒͊ͤ͘Ό
ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͔͊͒͊͘͡ 

˻ˢ˴

˹͊ͯ;ͤͦ-

͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͔ͫ͟ 
ͼ͔ͤͭͪ· ό˸ˢˮύ

˨˭˻

˽͙͍͙͔͙ͪͦͦ͒ͭ͘͡ 

͙ͦͫͤ͊ͫͭ͟

˽͙͍͙͔͙ͪͦͦ͒ͭ͘͡ 

͎͔͎͍͊ͪ͊ͭͦ

˽͙͍͙͔͙ͪͦͦ͒ͭ͘͡ 

͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ 
͔ͦͣͨͭͯ͟͟͡Ό΅͙ͻ



˿ͻ͔ͣ͊ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͨͦ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΌ

˻ˢ˴

˹͊ͯ;ͤͦ-

͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͔ͫ͟ 
ͼ͔ͤͭͪ·

˨˭˻

˽͙͍͙͔͙ͪͦͦ͒ͭ͘͡ 

͙ͦͫͤ͊ͫͭ͟

˽͙͍͙͔͙ͪͦͦ͒ͭ͘͡ 

͎͔͎͍͊ͪ͊ͭͦ

˽͙͍͙͔͙ͪͦͦ͒ͭ͘͡ 

͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ 
͔ͦͣͨͭͯ͟͟͡Ό΅͙ͻ



˻͋΅͙͚ ͦ͋Ά͖ͣ ͪ·ͤ͊͟ ˽˴˸

Å млл лллͭΦ  ˽͔͔͎͍ͪͨͪͦ 
͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͍ ͙͔ͣͪΦ

Å SSJ-млл όол ͍ ͎ͦ͒ύ
ï нл ͭΦ ˤ ͎ͦ͒ ͤ͊ пл ͖͍ͫ͊ͣͦͭͦ͡Φ

Å ˸ -˿21
ï ˻͔͔͙͔ͨͪͤ  -рлл ͎͟

ï ˴ͪ·ͦ͡ рͭ

Åˢорл όмп ͖͍ͫ͊ͣͦͭͦ͡ ͍ ͔ͣͫΎͼύ

ï тл ͭ ͤ͊ ͔ͨ͊ͤͪ͡Φ мп ͍ ͔ͣͫΎͼΦ

Å .тут όмл ͖͍ͫ͊ͣͦͭͦ͡ ͍ ͔ͣͫΎͼύ
ï 60-ср ͭ ͤ͊ ͖ͫ͊ͣͦͭ͡

Å ˾ͦͫ͊ͭͦͣ мрлл ͭΦ ˤͦͦͤ͊͟͡ ͍ ͎ͦ͒

˽-͍ͪͦ ͍ͦͦͤ͊͟͡Σ ͭ ˽-͍ͪͦ ͔͔͎͍ͨͪͨͪͦΣ ͭ

ˤͦͦͤͦ͟͡ ͨͦ ͔ͫͭͦͪ͊ͣ͟Σ ͭ
ˤ·ͪͯ;͊͟ ͨͦ ͔͎͙ͪͦͤ͊ͣΣ ͣͪ͒͡Ϸ

˿͍Ύͯ͘Ό΅͔͔ ͨͦ ͙ͭͨ͊ͣ˸͔ ͭͦ͒ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ 



˴͙ͦͣͨͦ͘ͼ͙ͦͤͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͍ ͍͙͊͊ͼ͙͙

Å ˨ͦ͡Ύ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙͘ ˽˴˸ 
͖ͪ͊ͫͭͭΦ

Å ͙́ͪ ͔͔ͭͤ͒ͤͼ͙͙
ï ͙̊ͪͦͦ͟ͺΌ͔͘͡Ύ͗ͤ·͔ 
͖ͫ͊ͣͦͭ͡· όрл-рр҈ ˽˴˸ύ

ï ˿͔͔͎͙ͪ͒ͤͣ͊ͫͭͪ͊͡Έͤ·͔ 
͖ͫ͊ͣͦͭ͡· όол-35%)

ï ˤ͔ͦͤͤ·͔ ͖ͫ͊ͣͦͭ͡· όнр-30% 
˽˴˸ύ

˥͍͊ͤ͡·͔ ͼ͔͙͡ ͍͔͔͙ͤ͒ͪͤΎΥ 
͙͙ͫͤͭ͘Έ ͍͔ͫ ͙ ͙ͫͭͦͣͦͫͭΈ
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-10-20-30-40
+10

ˤ͔ͫ

-10

-20

-30

˸͔͙ͭ͊͡͡;͔͙͔ͫ͟ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͔͎ͫͦ͒ͤΎ
˸͔͙ͭ͊͡͡;͔͙͔ͫ͟ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͍͊ͭͪ͊͘

˴͙ͦͣͨͦ͘ͼ͙ͦͤͤ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͔͎ͫͦ͒ͤΎ

˴͙ͦͣͨͦ͘ͼ͙ͦͤͤ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͍͊ͭͪ͊͘

˴͙ͦͣͨͦ͘ͼ͙ͦͤͤ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͍ ͔͔͙͍͔ͨͪͫͨͭ͟

˸͔͙ͭ͊͡͡;͔͙͔ͫ͟ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͍ ͔͔͙͍͔͔ͨͪͫͨͭ̇ͤ͟
͊

͙͔͙͔̂͒ͤͤ͡ ͪ͟·͊͡ ˢонл - 8,5
͙͔͙͔̂͒ͤͤ͡ ˸˿-21 - 11,5

Ўὑ υ χϷ



Å ˿͙͍͔͙͔ͦͨͪͦͭͤ͡ ͯ͒͊ͪͯ

Å ˤ͙͡Ύ͙͔ͤ ͍͔ͤ΄͙ͤͻ ͺ͍͊ͭͦͪͦ͟Υ 
͔͔ͭͣͨͪ͊ͭͯͪ͊Σ ͍͎͊͊͡

Å ˸͔ͭͦ͒· ͙ ͙ͫͭͦͣͦͫͭΈ ͔ͪͣͦͤͭ͊

Å ˿ͦ͗ͤͦͫͭ͡Έ ͔͙͔͙͚ͫͦ͒ͤͤ ˽˴˸

Å ˢ͙ͤͦͭͪͦͨͤ͘·͔ ͍͚͍ͫͦͫͭ͊

Å ˸͔͙ͭ͊͊͘͡͡ͼ͙ΎΣ ͙ͫͭ͊ͭ;͔͔ͫͦ͟ 
Ή͔͙ͭͪ͟͡;͔͍ͫͭͦΣ Ή͔͔ͭͪͦͫͭ͟͡ΈΦ

Å ˸͔ͭͦ͒· ͔ͤͪ͊ͪͯ͘΄͊Ό΅͔͎ͦ ͦͤͭͪͦ͟͡Ύ

Å ˣͦ͡Έ΄͔ͦ ͙ͦ͟͡;͔͍ͫͭͦ ͔͍ͣͭͦ͒ͦ 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘Υ ˮͤͺ͙ͯ͘ΎΣ ͙͔ͤ͗͟ͼ͙ΎΣ 
͍͍͊ͭͦ͊͟͡Σ ͔͔͙͔ͨͭͤ͡Σ ͨͪͦ΄͙͍͊͟Σ 
͔͍͙͔ͨͪͫͫͦ͊ͤΣ ͔͙ͭͪͣͦͨ͊ͫͭ͡;ͤ·͔ 
͔͙ͣ͊ͭͪ͊͡·

˽͔͙͍͙͔ͪͦͭͪͦ͊ͤ͟ 
ͦͤͫͭͪͯ͟͟ͼ͙͙

˽͙͍͍ͪͦͦ͒ͫͭͦ͘
˾͊ͫ;͖ͭ ͤ͊ 
ͨͪͦ;ͤͦͫͭΈ

˴͡Ό;͔͍·͔ ͙ͦͭ͡;͙Ύ



˽͙͔ͪͣͪΥ Boeing 787

˸ͦ͒ͯ͡Έͤ͊Ύ 
ͫͭͪͯͭͯͪ͊͟

ˣ͙͎ͦͤ -
͙͔͎ͤͭͪ͊ͭͦͪ

Build-to-performance



A350



SSJ-100



˿ͻ͔ͣ͊ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͍ ͦͤͫͭͪͯ͟͟ͼ͙͙ 
͔ͨ͊ͤͪ͊͡ ˸˿-21



͙̊ͪͦͦ͟ͺΌ͔͘͡Ύ͗ͤ·͚ ͖ͫ͊ͣͦͭ͡ 
˾͙ͦͫͫΎ-˴͙͚ͭ͊



˽͙ͯͭ ͍͔͙ͯ͡;͔͙ͤΎ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ 
͙͔͔͙ͨͪͣͤͤΎ ˽˴˸

Å˻͋ͦ͋΅͔͙͔ͤ ͦͨ·ͭ͊ ͙ ͍͍͔͔͙͔͒ͤ 
͔͍ͦͭͪ͊ͫ͡·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦ 

Åˮ͔͔͙͔ͣͤͤ͘ ͙͎ͨ͊ͪ͊͒ͣ· ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ
Å˽͙͔͔͙͔ͪͣͤͤ ͔΅͖ ͋ͦ͡Έ΄͔͎ͦ ;͙ͫ͊͡ 
͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ

˽͙͎͊ͪ͊͒ͣ͊ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ˽˴˸

˽͔͙͍͙ͪͦͭͪͦ͊ͤ͟
͔

˽͙͍͍ͪͦͦ͒ͫͭͦ͘˽ͪ ͦ;ͤͦͫͭΈ
Coupons



˿͙͔ͫͭͣ· ͙͙͎ͣͦͤͭͦͪͤ͊ ͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ 
ͫͦͫͭͦΎ͙ͤΎ ͦͤͫͭͪͯ͟͟ͼ͙͚ ό{Ia ͙͔ͫͫͭͣ·ύ

Åˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͒͊ͭ;͙͍ͦ͟ ͙͊ͯͫͭ͟;͔͚ͫͦ͟ Ή͙͙͙ͣͫͫ
Åˤ͔ͫͭͪͦͤͤ·͔ ͙ͦͨͭͦ͟-͍ͦͦͦͤͤ͟͡·͔ ͒͊ͭ;͙͊͟
Åˢ͙ͯͫͭ͟;͔͙͔ͫ͟ ͒͊ͭ;͙͙͟
Å˿͙͔ͫͭͣ͊ ͙͖ͨͪͣ͊ ͙ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙͎ͫͤ͊͊͡
Åˢͪͻ͙͔ͭͭͯͪ͊͟ ͙͔ͫͫͭͣ·

˴͡Ό;͔͍͔ͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ς͊ ͪͻ͙͔ͭͭͯͪ͊͟ ͙͔ͫͫͭͣ·Σ ͔͔͍ͪͪ͘Σ Ή͔͎͔͙ͤͪͭ͊͟Φ



˹͍ͦ·͔ ͨͪͦͼ͔ͫͫ·Υ 
͙͙͍͊͒͒ͭͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ 

͙ͤ͊ͤͦͭͪͯ͋͟



˶͔͊ͪͤ͘·͔ ͔ͭͻ͎͙͙ͤͦͦ͡

Åʈʝʤʦʥʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ)

Åʊʝʭʥʦʣʦʛʠʠ ʨʝʟʢʠ ʣʘʟʝʨʦʤ

Åʊʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ ʣʘʟʝʨʦʤ

Åʊʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ



˹͍ͦ·͔ ͔ͭͻͨͪͦͼ͔ͫͫ·Υ ˽ͦͪ͟·͙ͭΎ



˭͊͟͡Ό;͔͙͔ͤ ͟ ͔ͪ͊͒ͯ͘͡

Å˹ ͔ͦ͋ͻ͙ͦ͒ͣͦ ͙ͤ͊͊͒ͭ͡Έ ͍͔͔͙͔ͤ͒ͪͤ ͍ͤͦ·ͻ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͪ͊ͪ͊͋ͦͭͦ͘͟ ͍ 
ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ

Å̂ ͯ͡;΄͙ͭΈ ͍ͫΎ͘Έ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ 
͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͫ ͙ͤͯ͗͒͊ͣ ͙ͦͭͪ͊ͫ͡

Å̂ ;͖ͭ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͋ͯ͒ͯ΅͙ͻ ͙͔͙͚͒͘͡ ͤ͊ Ή͔ͭ͊ͨ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͪ͊ͪ͊͋ͦͭͦ͘͟
ï˿ ͔͙ͪͭͺ͙͊͟ͼ͙Ύ

ï˿ ͙ͭͦͣͦͫͭΈ ͙͔͎͗ͤͤͤͦͦ͘ ͼ͙͊͟͡



͔́ͯ͟΅͙͔ ͤ͊ͯ;ͤ·͔ ͊͒͊͘;͙
Å ˾ͦͫͭ ͔ͭͪ΅͙ͤ ͔ͣ͗͒ͯ ͫͦ͡Ύ͙ͣ ˽˴˸ ό˶͙ͤΦ ˸͔ͻΦ ˾͊ͪͯ͘΄͔͙ͤΎύ

Å ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͊͒͊͘;͙ ͍ нD͙ оD͍͔ͨͦͫͭ͊ͤͦ͟

Å ˻͔͔ͨͪ͒͡ΎΌ΅͙͔ ͫͦͦͭͤͦ΄͔͙ͤΎ ͒͡Ύ ˽˴˸ ͫ ͔ͣͦ͒͡ΈΌ ͍Ύ͙ͦͨ͊ͫͭ͘͟͡;͎ͤͦͦ
͍ͫΎͯ͘Ό΅͔͎ͦ

Å ˸͔ͦ͒͡Έ ͔͙ͤ͊ͦͨͤ͟͡Ύ ͍͔͔͙͚ͨͦͪ͗͒ͤ ͤ͊ ͍͔ͯͪͦͤ ͍ͦͦͤͦ͟͡ ͙ ͙ͣ͊ͭͪͼ͊Φ

Å ˴͔ͦͤ;ͤͦ-Ή͔͔͔ͣͤͭͤͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ˹˨˿ ͒͡Ύ ͙ͫͭ͊ͭ;͔͎ͫͦͦ͟ ͙ ͎ͯͫͭ͊ͦͫͭͤͦͦ͡ 
ͪ͊ͫ;͖ͭ͊

Å ˽͙͔͔͙͔ͪͣͤͤ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͍·;͙͔͙͚ͫͤ͡ ͒͡Ύ ͔ͣͻ͙͙͊ͤ͟ ͙͍ͦͣͨͦͭͦ͘͟Φ



͔́ͯ͟΅͙͔ ͊͒͊͘;͙ CFD



˽͔͔ͪͪ·͍



˸͔ͭͦ͒ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͦͫͭ͊ͭͦ;͚ͤͦ ͨͪͦ;͙ͤͦͫͭ ͔ͨͦͫ͡ ͯ͒͊ͪ͊ ͫ 
͔ͪ͒ͯ͟ͼ͙͔͚ ͔͗ͫͭͦͫͦͫͭͤ͟͟·ͻͦ͟Ήͺͺ͙ͼ͙͔͍ͤͭͦ ό˸͔ͦ͘-͍͔ͯͪͦͤΈύ

31



˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͙ͫ͗͊ͭΎ ͫ 
͔͔͔ͤͨͪͦͣ͟͡

S. ILIC and J.F. WILLIAMS COMPRESSION FAILURE 

MODES IN COMPOSITES Theoretical and Applied Fracture 

Mechanics 6 (1986) 121-127

32



˴˿˿ ͙͎͙͚͊ͤͦͪ͒ͤͦͦͤͫͭͪͯ͘͟͟ͼ͙͙

˽͔͙ͪͣͯ΅͔͍ͫͭ͊
Å ˤ͔͍ͫͦ͊Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ζ;͖ͪͤ·ͣ 
͊͡Ό͙͙͔ͣͤͣη ол҈

Å ˿͚ͭͦͦͫͭ͟Έ ͟ ͯ͒͊ͪͤ·ͣ ͍͔͔͙ͨͦͪ͗͒ͤΎͣ
Å ˣͦ͡Έ΄͊Ύ ͔͔ͫͭͨͤΈ ͙͔͎ͤͭͪ͊͡Έ͙ͤͦͫͭ ͦͤͫͭͪͯ͟͟ͼ͙͙
Å ˻ͨ·ͭ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͙ͦͫͣ͟;͔͚ͫͦ͟ ͔ͭͻ͙͔ͤ͟
˹͔͙͒ͦͫͭ͊ͭ͟
Å ˴͔͍͙ͦͤͫͪ͊ͭͣ͘ ͙ͨͪ ͔͙ͫͪͭͺ͙͊͟ͼ͙͙ ͔ͣ΄͔͊ͭ 
͙͔ͨͪͣͤΎͭΈ ͍ͤͦ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙

˴˿˿ ͺΌ͔͘͡Ύ͗͊ ͙͎͙͚͊ͤͦͪ͒ͤͦͦͤͫͭͪͯ͘͟͟ͼ͙͙



Number of 
Experiments

˿͔͙ͪͭͺ͙͊͟ͼ͙Ύ ͨͦ ˴̏ ͔ͣͦ͒͡Ύͣ

34



˿͍͔ͦͣͫͭͤ͊Ύ ͊͒͊͘;͊ 
͊Ή͙͙͙ͪͦ͒ͤ͊ͣ͟ ͙ ͨͪͦ;͙ͤͦͫͭ

Outlet. Pressure 11 bars

Mises stress

.

..

Stress Model

Aerodynamic model

Cover

Aerodynamic model
35



˿͙͔ͫͭͣ· ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤ

Χ

Set Initial Parameters

Å Aero profile

Å Swept angles ɢ1, ɢ2

Å Chord length b

Å Span l

Å Mesh size

Å N brackets

Define Optimization Parameters

Å N spars

Å N ribs

Å Spar locations

Å Rib locations

Å Thicknesses

Å Material (layups)

Stress Analysis & Thickness Optimization

t = 2 mm

ůmax = 72 kg/mm2

ɚmin = 0.04

m = 3.8 kg

t = 2 - 7.3 mm

ůmax < Target Stress

ɚmin > 1.5

m = 11.4 kg

Generate Reports



˽͙͔ͪͣͪ ͦͤͫͭͪͯ͟͟ͼ͙͙

0
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AIRFRAME MASS, KG

COMPOSITE AIRFRAME MASS BY DESIGN FAMILY

S1R4_comb S1R4_comb2
S2R5_comb S1R5_comb
S1R4_comb S2R5_comb2- hinge bracket

- actuator bracket

# 150
m = 28.026kg

# 108
m = 6.016 kg

# 495
m = 4.637kg



˻͔͔͔͙͔ͨͪ͒ͤ͡ ͔͚͍͒ͫͭͯΌ΅͙ͻ ͤ͊ͨͪΎ͔͙͚͗ͤ

38

Å ˥ͦ͋͊͡͡Έͤ͊Ύ ͔ͣͦ͒͡Έ ͙͊ͣͤ͊ͭ͊͡ ς
2D

ï̏ͺͺ͔͙͍ͭͤ͟·͔ ͍͚͍ͫͦͫͭ͊

ï̂͊͒͊͟͟͡ ͙ ͙ͣͦͤͦͫͦ͡

Å ˽͚ͦͫͦͤ͊͡Ύ ͔ͣͦ͒͡Έ -3D

ï̏ͺͺ͔͙͍ͭͤ͟·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟

ï˽͚͔ͦͫͦͤͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡

Å ˻͔͔͔͙͔ͨͪ͒ͤ͡ ˹˨˿

ï˻ͼ͔ͤ͊͟ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ 
ͤ͊ͨͪΎ͔͙͗ͤΎ ͤ͊ ͦͤ͟ͼ͔͔ͤͭͪ͊ͭͦͪ

ï˻ͼ͔ͤ͊͟ ͨͪͦͻͦ͒Ύ΅͔͎ͦ ͨͦͭͦ͊͟ 
ͤ͊ͨͪΎ͔͙͗ͤΎ



˻͔͔͔͙͔ͨͪ͒ͤ͡ ͔͚͍͒ͫͭͯΌ΅͙ͻ ͤ͊ͨͪΎ͔͙͚͗ͤ



˽͔ͪͦ͋ͣ͊͡ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͦͫͭ͊ͭͦ;͚ͤͦ 
ͨͪͦ;͙ͤͦͫͭ ˽˴˸



˽͔͍͔ͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͙͊ͤ͊͊͘͡

4

STEP 1
Impact 
process 

and 
energy

STEP 2
ά²ƻǊǘƘέ ŎŀǎŜ 
scenario of 

damage 
distribution

STEP 3
Analysis of 
residual 
strength

CMH-17 Vol3 Chapter 12



˴̏ ͔ͣͦ͒͡Έ

6



˸͔ͦ͒͡Έ ͙ͣ͊ͭͪͼ·

6

This idea gives formal rules for transformation of energy:

Ὁὲ
‐ ‐ ὣὸ

ς
ͯ

ὣὸ
Ὁ

ὣὸ
Ὁ
ὣὸ

ς

ὣὸ

ςὉ
ρ ρȾ‪

where 
‐ ςdeformation at point 1 
‐ ςdeformation at point 2
ὣὸςfailure stress in case of transversal tension
Ὁ ςtransversal modulus at point 1 
Ὁ ςtransversal modulus at point 2
Ὁ - transversal modulus of not damaged material
‪ςdamage parameter associated with stiffness reduction



˭͊͒͊;͊ ͙͙ͦͨͭͣ͊͘ͼ͙͙

6

Max by ‪ὼȟώȟᾀof ρȾς᷿ Ὁ ‐‐Ὠɱ

Ὁ

π π π

π π π

π π π

π π π π π

π π π π π

π π π π π

with restrictions that 

ρ ‪ π Ὁὲ ᷿ ὩὨὠͯ ᷿ ρ ρȾ‪Ὠὠ ὅέὲίὸ



˴̏ ͔ͣͦ͒͡Έ

7



˾͔ͯ͘͡Έͭ͊ͭ·

7



7

˾͔ͯ͘͡Έͭ͊ͭ·



˭͊͒͊;͙ ͒͡Ύ ͔ͫͣ͗ͤ·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡



˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ 
͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ̂˭˴ ͍ ͙͔ͨ͊ͫͭͤ͡

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ̂˭˴ ͍ ͙͔ͨ͊ͫͭͤ͡



̂ͫͭ͊ͦͫͭͤ͊͡Ύ ͨͪͦ;ͤͦͫͭΈ ͒͡Ύ ͙͊ͣͤ͊ͭ͊͡

Sourse: Harris2003

Å˿ͦ͗ͤͦ͡ ͍·͔͔͙͒ͤ͡Ύ ͙͍͎ͭͨͦͦͦ ζͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ͊η
Åˣͦ͡Έ΄͚ͦ ͦ͋Ά͖ͣ ͙ͫͨ·͙͚ͭ͊ͤ
Å˽͔͔ͪͻͦ͒ ͦͭ ͚ͦ͒ͤͦ ͚ͯͫͭ͊ͦͫͭͤͦ͡ ͙͍͚ͪͦ͟ ͟ ͎͚͒ͪͯͦ ͫͦ͗ͤͦ͡ ͙ͦ͋ͤ͊ͪͯ͗ͭΈ
Å˭͍͙͙͊ͫͣͦͫͭΈ ͦͭ ͍͔ͤ΄͙͚ͤ ͺ͍͊ͭͦͪͦ͟ ͙ ͍ͨͦ·΄͔ͤͤ͊Ύ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͟ 
ͯ͒͊ͪͤ·ͣ ͍͔͔͙ͨͦͪ͗͒ͤΎͣ

50



˽͙͍͍͔ͪͦͦ͒ͫͭͤͤ͘·͔ ͨͪͦͼ͔ͫͫ·



ˢ͍͍͔ͭͦ͊ͤͦ͟͡ ͺ͍͙͔ͦͪͣͦ͊ͤ

52
52



ˮͤͺ͙͔ͯͦͤͤͦ͘ͺ͍͙͔ͦͪͣͦ͊ͤ

53
53

˿ ͨͦΎ͍͔͙͔ͤ͡ ͍͎ͪ͊ͫͭͦͪͤͦͦ ͙͔͋ͤ͒ͪ͊ςͨ ͙͙͍͔ͪͨͭ͊ͦ͒ͤͦͤ͊ͨͪ͊ͤͤ͟͡·ͻ ͔ͤͭ͡ 
(2006-2008)
ˢ͍͙ͭͦͣ͊ͭ;͔ͫ͊͟Ύ ͍·͊͒͊͟͟͡ ͫͯͻ͚ͦ ͙ͭ͊ͤ͟ ςнлмм ͎ͦ͒
˽͔͍ͪ·͚ ͔͙ͫͪͭͺ͙͊ͭ͟ ͤ͊ ͪ͟·ͦ͡ Businessjet-нлмп ͎ͦ͒
C-series ͫ ͔͙ͪͭͺ͙͊ͭ͟ AIR Transport Canada  -͔͒͊͋ͪ͟Έ нлмр ͎ͦ͒͊Φ


