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Helikopterler

Otocayro

Cayrodin

5ǀƴŜǊ YŀƴŀǘƭƤ IŀǾŀ !ǊŀœƭŀǊƤ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT        2023



Å5ǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ ŀǊŀŎƤ ǳœǳǒǘŀ ƘŀǾŀŘŀ ǘǳǘǳƴŀōƛƭƳŜǎƛ ƛœƛƴ ƎŜǊŜƪŜƴ 
ǘŀǒƤƳŀȅƤ ōƛǊ ǾŜȅŀ ŘŀƘŀ ŦŀȊƭŀ ǎŀȅƤŘŀ ǊƻǘƻǊ ŀŘƤ ǾŜǊƛƭŜƴ ǎƛǎǘŜƳƭŜ ǸǊŜǘŜƴ 
ƘŀǾŀŘŀƴ ŀƐƤǊ ƘŀǾŀ ŀǊŀŎƤŘƤǊΦ
ÅRotor ƘŀǾŀ ŀǊŀŎƤƴƤƴ ƳƻǘƻǊ Ƴƛƭƛ ǘŀǊŀŦƤƴŘŀƴ ŘǀƴŘǸǊǸƭŜƴ ōƛǊ ǒŀŦǘŀ 
ōŀƐƭŀƴƳƤǒ kanat benzeri (airfoil) elemanlardan meydana gelir.
Å.ŀǒƭƤŎŀ ŘǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ ŀǊŀŎƤ ǘǸǊƭŜǊƛ ƘŜƭƛƪƻǇǘŜǊΣ otocayro (otojiro, 

otojir) ve ŎŀȅǊƻŘƛƴΩŘƛǊ (jiroplan).
ÅHelikopter Ŝƴ ȅŀȅƎƤƴ ƪǳƭƭŀƴƤƭŀƴ ǘǸǊǸ ƻƭŘǳƐǳƴŘŀƴΣ ŀȅǊƤƴǘƤƭƤ ƻƭŀǊŀƪ 

incelenecektir.
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ÅOtocayro ƛƭŜǊƛ ŘƻƐǊǳ ƘŀǊŜƪŜǘƛƴƛ ƳƻǘƻǊ ǘŀǊŀŦƤƴŘŀƴ ǘŀƘǊƛƪ ŜŘƛƭŜƴ ǇŜǊǾŀƴŜ 
Ǝƛōƛ ōƛǊ ƛǘƳŜ ǎƛǎǘŜƳƛȅƭŜ ǎŀƐƭŀȅŀƴΣ ƘŀǾŀŘŀ ǘǳǘǳƴƳŀǎƤƴƤ ƛǎŜ ƘŜǊƘŀƴƎƛ ōƛǊ 
ƳƻǘƻǊ ǘŀǊŀŦƤƴŘŀƴ ǘŀƘǊƛƪ ŜŘƛƭƳŜŘŜƴ ǎŀŘŜŎŜ ŀǊŀŎƤƴ ƛƭŜǊƛ ŘƻƐǊǳ ƘŀǊŜƪŜǘƛ 
sonucunda ǊǸȊƎŀǊ ŜǘƪƛǎƛȅƭŜ ƪŜƴŘƛ ƪŜƴŘƛƴŜ ŘǀƴŜƴ ǊƻǘƻǊǳƴŘŀ ƻƭǳǒŀƴ 
ǘŀǒƤƳŀ ƛƭŜ ǎŀƐƭŀȅŀƴ ƘŀǾŀŘŀƴ ŀƐƤǊΣ ŘǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ ŀǊŀŎƤŘƤǊΦ
ÅCayrodin ƛƭŜǊƛ ŘƻƐǊǳ ƘŀǊŜƪŜǘƛƴƛ ƳƻǘƻǊ ǘŀǊŀŦƤƴŘŀƴ ǘŀƘǊƛƪ ŜŘƛƭŜƴ ǇŜǊǾŀƴŜ 
Ǝƛōƛ ōƛǊ ƛǘƳŜ ǎƛǎǘŜƳƛȅƭŜ ǎŀƐƭŀȅŀƴΣ ƘŀǾŀŘŀ ǘǳǘǳƴƳŀǎƤƴƤ ƛǎŜ ȅƛƴŜ ŀȅƴƤ ǾŜȅŀ 
ōŀǒƪŀ ōƛǊ ƳƻǘƻǊ ǘŀǊŀŦƤƴŘŀƴ ǘŀƘǊƛƪ ŜŘƛƭŜǊŜƪ ŘǀƴŜƴ ǊƻǘƻǊǳƴŘŀ ƻƭǳǒŀƴ 
ǘŀǒƤƳŀ ƛƭŜ ǎŀƐƭŀȅŀƴ ƘŀǾŀŘŀƴ ŀƐƤǊΣ ŘǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ ŀǊŀŎƤŘƤǊΦ
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ÅOtocayro (AutoGyro)   ve   Cayrodin (Gyrodyne)
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ÅOtocayro (AutoGyro)  ve  Cayrodin (Gyrodyne)

5ǀƴŜǊ YŀƴŀǘƭƤ IŀǾŀ !ǊŀœƭŀǊƤ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å5ƛƐŜǊ ŘǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ ŀǊŀœƭŀǊƤ ƻƭŀƴ otocayro ve cayrodin ǀǊƴŜƪƭŜǊƛƴŘŜ 
ƛƭŜǊƛ ŘƻƐǊǳ ƘŀǊŜƪŜǘΣ ȅŀƴƛ ȅŀǘŀȅ ǳœǳǒΣ ǇŜǊǾŀƴŜ ǘŀǊŀŦƤƴŘŀƴ ǎŀƐƭŀƴƤǊ, rotor 
ƛǎŜ ǎŀŘŜŎŜ ƘŀǾŀŘŀ ǘǳǘǳƴŀōƛƭƳŜƪ ƛœƛƴ ƎŜǊŜƪŜƴ ǘŀǒƤƳŀȅƤ ǸǊŜǘƛǊΦ
ÅHelikopter ise ƘŜƳ ƘŀǾŀŘŀ ǘǳǘǳƴƳŀǎƤƴƤ ƘŜƳ ŘŜ ƛƭŜǊƛ ŘƻƐǊǳ ƘŀǊŜƪŜǘƛƴƛ, 
ƳƻǘƻǊ ǾŜȅŀ ƳƻǘƻǊƭŀǊ ǘŀǊŀŦƤƴŘŀƴ ǘŀƘǊƛƪ ŜŘƛƭŜƴ ǊƻǘƻǊǳȅƭŀ ǎŀƐƭŀȅŀƴ ve 
ƪŀƭƪƤǒ ǾŜ ƛƴƛǒ ƛœƛƴ ōŜƭƭƛ ōƛǊ ǇƛǎǘŜ ƛƘǘƛȅŀœ ƎǀǎǘŜǊƳŜȅŜƴ ŘǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ 
ŀǊŀŎƤŘƤǊ ǒŜƪƭƛƴŘŜ ǘŀƴƤƳƭŀƴŀōƛƭƛǊΦ 

5ǀƴŜǊ YŀƴŀǘƭƤ IŀǾŀ !ǊŀœƭŀǊƤ κ Helikopter
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Å5ǸƴȅŀŘŀ Ŝƴ ȅŀȅƎƤƴ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭŀƴ ŘǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ ŀǊŀŎƤ 
helikopterdir.
ÅIŜƭƛƪƻǇǘŜǊΣ ¢ǸǊƪ ǎƛǾƛƭ ƘŀǾŀŎƤƭƤƪ ƳŜǾȊǳŀǘƤƴŘŀ ό{IDaύ ōŜƭƭƛ ōƛǊ ǇƛǎǘŜ ƛƘǘƛȅŀœ 
ƎǀǎǘŜǊƳŜƪǎƛȊƛƴ ƪŀǊŀŘŀ ǾŜ ŘŜƴƛȊŘŜ ōƛǊ ƴƻƪǘŀȅŀ ƛƴŜƴ ƪŀƭƪŀƴΣ ƳƻǘƻǊ ƎǸŎǸ 
ƛƭŜ ǎŜȅǊŜŘŜƴΣ ƘŀǾŀŘŀƴ ŀƐƤǊ ƘŀǾŀ ŀǊŀŎƤ ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴƳŀƪǘŀŘƤǊΦ
Å!ƳŜǊƛƪŀƴ CŜŘŜǊŀƭ IŀǾŀŎƤƭƤƪ όC!!ύ TŘŀǊŜǎƛ ǾŜ !ǾǊǳǇŀ IŀǾŀŎƤƭƤƪ 9ƳƴƛȅŜǘ 
!ƧŀƴǎƤ ό9!{!ύ ƛǎŜ ȅŀǘŀȅ ǳœǳǒǳƴǳ Řŀ ƳƻǘƻǊ ǘŀǊŀŦƤƴŘŀƴ ǘŀƘǊƛƪ ŜŘƛƭŜƴ ǊƻǘƻǊ 
ǾŀǎƤǘŀǎƤȅƭŀ ȅŀǇŀƴ ŘǀƴŜǊ ƪŀƴŀǘƭƤ ƘŀǾŀ ŀǊŀŎƤ ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƳŀƪǘŀŘƤǊΦ

Helikopter
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ÅmǊƴŜƪ DǀǊǎŜƭƭŜǊ

Helikopter
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Helikopter
ŀƴŀ ŜƭŜƳŀƴƭŀǊƤ ǾŜ 
ǇǊŜƴǎƛǇ ǒŜƳŀǎƤ

Helikopter
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IŜƭƛƪƻǇǘŜǊƛƴ ¢ŜƳŜƭ .ǀƭǸƳƭŜǊƛΥ

ÅtŃƭ κ tŀƭŀ Ґ Blade

ÅAna Rotor = Main Rotor

ÅMotor = Engine

ÅKuyruk Rotoru /Pervanesi = Tail Rotor

ÅTƴƛǒ YƤȊŀƪƭŀǊƤ κ¢ŀƪƤƳƤ Ґ Landing Skid

ÅPilot kabini /Kokpit = Cockpit

Helikopterler
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IŜƭƛƪƻǇǘŜǊƛƴ ¢ŜƳŜƭ .ǀƭǸƳƭŜǊƛΥ

ÅMast = Rotor Kulesi 

ÅKuyruk Konisi = Tail Cone / Tail Boom

Helikopterler
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IŜƭƛƪƻǇǘŜǊƛƴ ¢ŜƳŜƭ .ǀƭǸƳƭŜǊƛΥ

ÅSwash Plate = Yalpa Diski / 
¢ŀǒƤȅƤŎƤ tƭŀƪŀ

ÅRotor Hub Ґ tŜǊǾŀƴŜ DǀōŜƐƛ

ÅFin Ґ {ŀōƛǘ 5ƛƪŜȅ ¸ǸȊŜȅ όYŀƴŀǘύ

ÅHorizontal Stabilizer Tail = Kuyruk 
Yatay Stabilize

Helikopterler
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IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳƴǳƴ ¢ŜƳŜƭ TƭƪŜƭŜǊƛ

Helikopterler
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IŜƭƛƪƻǇǘŜǊƛƴ ¦œǳǒ tǊŜƴǎƛōƛΥ
ÅIŜƭƛƪƻǇǘŜǊƛƴ ƳƻǘƻǊǳΣ ōƛǊ ǘǸǊ kanat ŦƻǊƳǳƴŘŀƪƛ ΨpalΩƭŜǊŜ όǇŀƭŀƭŀǊύ ōŀƐƭƤΣ 
ǊƻǘƻǊǳ ŘǀƴŘǸǊƳŜƪǘŜŘƛǊΦ
Å.ǳ ŘǀƴǸǒΣ ǊƻǘƻǊ paline ŘǀƴƳŜ ƳŜǊƪŜȊƛ ƻƭŀƴ ŀƴŀ ƳƛƭŘŜ ǎƤŦƤǊŘŀƴ 
ōŀǒƭŀȅŀǊŀƪΣ palin ucunda VR ƘƤȊƤƴŀ ŜǊƛǒŜƴ ƘŀǾŀ ƘƤȊƭŀǊƤƴƤƴ ŜǘƪƛƳŜǎƛƴŜ 
ƴŜŘŜƴ ƻƭǳǊΦ mǊƴŜƐƛƴ ŘǀƴƳŜ ƳŜǊƪŜȊƛƴŘŜƴ r ƳŜǎŀŦŜŘŜ ŜǘƪƛȅŜƴ ƘƤȊ Vr olur.
ÅPale ŜǘƪƛȅŜƴ ōǳ ƘŀǾŀ ƘƤȊƭŀǊƤ ǎƻƴǳŎǳƴŘŀ Ǉŀƭ ǸȊŜǊƛƴŘŜ ŀŜǊƻŘƛƴŀƳƛƪ 
ƪǳǾǾŜǘƭŜǊ ƻƭǳǒƳŀƪǘŀΣ ǘǸƳ pallerin ǸȊŜǊƛƴŘŜƪƛ ŀŜǊƻŘƛƴŀƳƛƪ ƪǳǾǾŜǘƭŜǊƛƴ 
ǘƻǇƭŀƳƤ ƛǎŜ rotor kuvveti ŀŘƤ ǾŜǊƛƭŜƴ ǘƻǇƭŀƳ ŀŜǊƻŘƛƴŀƳƛƪ ƪǳǾǾŜǘƛ 
vermektedir. 

Helikopter
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IŜƭƛƪƻǇǘŜǊƛƴ ¦œǳǒ tǊŜƴǎƛōƛΥ
Å¢ƻǇƭŀƳ ŀŜǊƻŘƛƴŀƳƛƪ ƪǳǾǾŜǘƛƴ ōƛƭŜǒŜƴƭŜǊƛƴŘŜƴ ōƛǊƛ ƛǎŜ ƘŜƭƛƪƻǇǘŜǊƛƴ 
ŀƐƤǊƭƤƐƤƴƤ ŘŜƴƎŜƭŜȅŜǊŜƪ ƘŀǾŀŘŀ ǘǳǘǳƴƳŀǎƤƴƤ ǎŀƐƭŀƳŀƪǘŀŘƤǊΦ 
ÅIŜƭƛƪƻǇǘŜǊ ƘŀǊŜƪŜǘ ŜǘƳŜǎŜ ōƛƭŜ ǊƻǘƻǊǳƴǳƴ ƘŀǊŜƪŜǘƛ ǎƻƴǳŎǳƴŘŀ ǘŀǒƤƳŀƴƤƴ 
ƻƭǳǒƳŀǎƤ ǾŜ ōǳ ǎŀȅŜŘŜ ƘŜƭƛƪƻǇǘŜǊƛƴ ǳœŀōƛƭƳŜǎƛŘƛǊΦ IŜƭƛƪƻǇǘŜǊƛƴ ōǳ 
ƘŃƭŘŜƪƛ ǳœǳǒǳƴŀ ŀǎƪƤ ŘǳǊǳƳǳ όHover) ŘŜƴƛǊΦ !ǎƪƤŘŀƪƛ ƘŜƭƛƪƻǇǘŜǊ ȅŜǊƛƴ 
ȅŀǘŀȅ ŘǸȊƭŜƳƛƴŜ ƎǀǊŜ ƘŀǊŜƪŜǘ ŜǘƳŜǎŜ ŘŜ ƻƭŘǳƐǳ ȅŜǊŘŜ ȅǸƪǎŜƭŜōƛƭƛǊΣ 
ŀƭœŀƭŀōƛƭƛǊ ǾŜȅŀ ƘŀǾŀŘŀ ŀǎƤƭƤ ƻƭŀǊŀƪ ŘǳǊŀōƛƭƛǊΦ
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IŜƭƛƪƻǇǘŜǊƛƴ ¦œǳǒ tǊŜƴǎƛōƛΥ
ÅIŜƭƛƪƻǇǘŜǊ ƛƭŜǊƛ ŘƻƐǊǳ ǳœŀǊƪŜƴ paller ǸȊŜǊƛƴŘŜƪƛ ƘƤȊ ŘŀƐƤƭƤƳƤ ōƛǊŀȊ ŘŀƘŀ ŦŀǊƪƭƤ ƘŃƭŜ 
ƎŜƭƛǊ όōƪȊΦ ǎƻƴǊŀƪƛ ǒŜƪƛƭύΦ
ſRotor U ƘƤȊƤ ƛƭŜ ƛƭŜǊƛȅŜ ŘƻƐǊǳ ǳœŀƴ ƘŜƭƛƪƻǇǘŜǊŜ ƎǀǊŜ ǎŀŀǘ ƛōǊŜƭŜǊƛƴƛƴ ǘŜǊǎƛ ƛǎǘƛƪŀƳŜǘǘŜ 
ŘǀƴƳŜƪǘŜŘƛǊΦ .ǳ ŘǳǊǳƳŘŀ U ƘƤȊƤ pallere ŜǘƪƛȅŜƴ ŘǀƴƳŜ ƘƤȊƭŀǊƤƴŀ ǾŜƪǘǀǊ ƻƭŀǊŀƪ ŜƪƭŜƴƛǊΦ
ſ±ŜƪǘǀǊ ǘƻǇƭŀƳƭŀǊƤƴƤƴ ǎƻƴǳŎǳ ƻƭŀǊŀƪ ǎŀƐ ǘŀǊŀŦǘŀ ōǳƭǳƴŀƴ ǾŜ ƛƭŜǊƭŜȅŜƴ pale ŘŀƘŀ ōǸȅǸƪ 

aerodinamik kuvvetler etkir.
ſSol tarafta bulunan ve gerileyen pale ƛǎŜ ǾŜƪǘǀǊ ǘƻǇƭŀƳƤ ǎƻƴǳŎǳ όōǳ ǘŀǊŀŦǘŀ ƛƭŜǊƛ ŘƻƐǊǳ 
ƘŀǊŜƪŜǘ ƘƤȊƤ ŘǀƴƳŜ ƘƤȊƭŀǊƤƴŘŀƴ œƤƪŀǊƤƭƤǊύ ŘŀƘŀ ŘǸǒǸƪ Ƙŀǘǘŀ ǊƻǘƻǊǳƴ ƳŜǊƪŜȊƛƴŜ ŘƻƐǊǳ 
ƴŜƎŀǘƛŦ ƘƤȊƭŀǊƤƴ ŜǘƪƛǎƛȅƭŜ ŘŀƘŀ ƪǸœǸƪ ŀŜǊƻŘƛƴŀƳƛƪ ƪǳǾǾŜǘƭŜǊ ŜǘƪƛǊΦ

Helikopter

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



IŜƭƛƪƻǇǘŜǊƛƴ ¦œǳǒ 
Prensibi:

Helikopter rotoru 
ǸȊŜǊƛƴŘŜ ƘƤȊ ŘŀƐƤƭƤƳƤ

Helikopter

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



IŜƭƛƪƻǇǘŜǊƛƴ ¦œǳǒ tǊŜƴǎƛōƛΥ
Å!ƴŎŀƪ ōǸǘǸƴ paller ǸȊŜǊƛƴŘŜƪƛ ŀŜǊƻŘƛƴŀƳƛƪ ƪǳǾǾŜǘƭŜǊƛƴ ǘƻǇƭŀƳƤ ȅƛƴŜ 

rotor kuvvetini meydana getirir.
ÅwƻǘƻǊ ƪǳǾǾŜǘƛƴƛƴ ōƛǊ ōƛƭŜǒŜƴƛ ƻƭŀƴ ǘŀǒƤƳŀ ƘŜƭƛƪƻǇǘŜǊƛƴ ŀƐƤǊƭƤƐƤƴƤ 

dengeleyerek ƘŀǾŀŘŀ ǘǳǘǳƴƳŀǎƤƴƤ ǎŀƐƭŀǊΦ wƻǘƻǊ ƪǳǾǾŜǘƛƴƛƴ ŘƛƐŜǊ ōƛƭŜǒŜƴƛ 
olan ƛǘƳŜ ƛǎŜ ƘŜƭƛƪƻǇǘŜǊƛƴ ǎǸǊǸƪƭŜƳŜǎƛƴƛ ƪŀǊǒƤƭŀȅŀǊŀƪ ƛƭŜǊƛ ŘƻƐǊǳ ƘŀǊŜƪŜǘ 
ŜǘƳŜǎƛƴƛ ǎŀƐƭŀǊΦ 

Helikopter

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



IŜƭƛƪƻǇǘŜǊƛƴ ¦œǳǒ tǊŜƴǎƛōƛΥ

ÅIŜƭƛƪƻǇǘŜǊŜ ǳœǳǒ ǎƤǊŀǎƤƴŘŀ 
etkiyen kuvvetler

Helikopter

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å4ƻƪ ȅǀƴƭǸ ǾŜ ƪǳƭƭŀƴƤǒƭƤ ƘŀǾŀ 
ŀǊŀœƭŀǊƤŘƤǊΦ
Å¦œŀƪ ƛƭŜ ƘŜƭƛƪƻǇǘŜǊ ŀǊŀǎƤƴŘŀƪƛ ǘŜƳŜƭ 
ŦŀǊƪ ǘŀǒƤƳŀ όƪŀƭŘƤǊƳŀύ ƪǳǾǾŜǘƛƴƛƴ 
ƪŀȅƴŀƐƤŘƤǊΦ ¦œŀƪΣ ƪŀƭŘƤǊƳŀ ƪǳǾǾŜǘƛƴƛ 
ǎŀōƛǘ ōƛǊ ƪŀƴŀǘ ȅǸȊŜȅƛƴŘŜƴ ŀƭƤǊƪŜƴΣ 
ƘŜƭƛƪƻǇǘŜǊƛ ƪŀƭŘƤǊŀƴ ƪǳǾǾŜǘΣ ǊƻǘƻǊ ŀŘƤ 
ǾŜǊƛƭŜƴ ŘǀƴŜƴ ōƛǊ ƪŀƴŀǘ ǇǊƻŦƛƭƛƴŘŜƴ 
ƪŀȅƴŀƪƭŀƴƳŀƪǘŀŘƤǊΦ

IŜƭƛƪƻǇǘŜǊ ǊƻǘƻǊ ƪŀƴŀŘƤ ŀŜǊƻŘƛƴŀƳƛƐƛ ǾŜ ƎƛǊŘŀǇ ŀƪƤƳƭŀǊƤ ҔҔҔ

Helikopterler

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅIŜƭƛƪƻǇǘŜǊ ƪŜƭƛƳŜǎƛΣ ΨǎŀǊƳŀƭ ƪŀƴŀǘΩ όhelical wingύ ǾŜȅŀ ΨŘǀƴŜƴ ƪŀƴŀǘΩ 
(rotating wingύ ŀƴƭŀƳƤƴŀ ƎŜƭŜƴ ¸ǳƴŀƴŎŀ ƪŜƭƛƳŜƭŜǊŘŜƴ ǘǸǊŜǘƛƭƳƛǒǘƛǊΦ

Å5ǀƴŜƴ ƪŀƴŀǘ όŀƴŀ ǊƻǘƻǊύΣ ōƛǊ ƘŜƭƛƪƻǇǘŜǊƛƴ ǘŀǎŀǊƤƳƤƴŀ ǾŜ ōƻȅǳǘǳƴŀ ōŀƐƭƤ 
ƻƭŀǊŀƪ ƛƪƛ ǾŜȅŀ ŘŀƘŀ ŦŀȊƭŀ ǇŀƭŀŘŀƴ όōƤœŀƪ κ ǇŃƭ / bladeύ ƻƭǳǒŀōƛƭƛǊΦ Her 
ƪŀƴŀǘ ǳœŀƪ ƪŀƴŀŘƤƴŀ ōŜƴȊŜǊ ōƛǊ ǇǊƻŦƛƭŜ (kesite) sahiptir.

Å5ƛƐŜǊ ƪŀƴŀǘ ǇǊƻŦƛƭƭŜǊƛ ƛœƛƴ ƎŜœŜǊƭƛ ƻƭŀƴ ǘǸƳ ŀŜǊƻŘƛƴŀƳƛƪ ǇǊŜƴǎƛǇƭŜǊƛ ŀȅƴƤ 
ǒŜƪƛƭŘŜ ƘŜƭƛƪƻǇǘŜǊ ǊƻǘƻǊ ǇŃƭƭŜǊƛ ƛœƛƴ ŘŜ ƎŜœŜǊƭƛdir.

Helikopterler

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅIŜƭƛƪƻǇǘŜǊΣ ƎŜƭŜƴŜƪǎŜƭ ōƛǊ ǳœŀƐƤƴ ǳœǳǒǳƴǳ ȅǀƴŜǘŜƴ ŀȅƴƤ ŀŜǊƻŘƛƴŀƳƛƪ 
ƛƭƪŜƭŜǊŜ ƎǀǊŜ ǳœŀǊΦ !ƴŎŀƪ ōǳ ƛƭƪŜƭŜǊ ƘŜƭƛƪƻǇǘŜǊ ƛœƛƴ ŦŀǊƪƭƤ ǳȅƎǳƭŀƴƤǊΦ
ÅIŜƭƛƪƻǇǘŜǊΣ ŀȅƴƤ ŘǀǊǘ ƪǳǾǾŜǘŜ ǘŀōƛŘƛǊΥ ¢ŀǒƤƳŀΣ ŀƐƤǊƭƤƪΣ ƛǘƳŜ ǾŜ 
ǎǸǊǸƪƭŜƳŜΦ ¢ŀǒƤƳŀΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ŀƐƤǊƭƤƐƤƴƤ ŘŜǎǘŜƪƭŜǊΤ ƛǘƳŜΣ ǎǸǊǸƪƭŜƳŜƴƛƴ 
ǸǎǘŜǎƛƴŘŜƴ ƎŜƭƛǊ ǾŜ ƘŜƭƛƪƻǇǘŜǊ ƛǎǘŜƴƛƭŜƴ ȅǀƴŘŜ ƘŀǊŜƪŜǘ ŜŘŜǊΦ
Å¢ŀǒƤƳŀ ǾŜƪǘǀǊǸΣ ȅŜǊŜ Řƛƪ ǾŜ ǇŀǊŀƭŜƭ ōƛƭŜǒŜƴƭŜǊŜ ŀȅǊƤƭƤǊǎŀ, bir helikopteri 
ŘŜǎǘŜƪƭŜƳŜƪ ƛœƛƴ ŘƛƪŜȅ ƪŀƭŘƤǊƳŀ ōƛƭŜǒŜƴƛ ǾŜ ȅǀƴƭǸ ǳœǳǒ ǸǊŜǘŜƴ ȅŀǘŀȅ ōƛǊ 
ƛǘƳŜ ōƛƭŜǒŜƴƛ ƻǊǘŀȅŀ œƤƪŀǊΦ

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅHelikopter ǊƻǘƻǊ ŜƐƛƳƛ ȅǀƴǸƴŘŜ ƘŀǊŜƪŜǘ edecektir.

Å.ƛǊ ƘŜƭƛƪƻǇǘŜǊΣ ōŀǒ ƛǎǘƛƪŀƳŜǘƛƴŜ ƎǀǊŜ ƘŜǊƘŀƴƎƛ ōƛǊ ȅǀƴŘŜ ǳœŀōƛƭƛǊΦ

Å!ȅǊƤŎŀΣ ŘǸȊ ȅǳƪŀǊƤ ƘŀǊŜƪŜǘ ŜŘŜōƛƭƛǊ ǾŜȅŀ ŘǸƳŘǸȊ ŀǒŀƐƤȅŀ ŘƻƐǊǳ ǾŜȅŀ 
sabit kalabilir.

ÅIŜƭƛƪƻǇǘŜǊ ǎŀōƛǘ ǳœǳǒ ƘŀƭƛƴŘŜȅƪŜƴ ƘŀǾŀŘŀ ŀǎƤƭƤ ŘǳǊŀōƛƭƛǊΦ .ǳ ŘǳǊǳƳ hover 
/ hovering ŀŘƤƴƤ ŀƭƤǊΦ

ÅTƭŜǊƛΣ ƎŜǊƛ ǾŜȅŀ ȅŀƴƭŀƳŀǎƤƴŀ ǳœǳǒ ƛœƛƴ ǊƻǘƻǊΣ ǳœƳŀƪ ƛǎǘŜƴƛƭŜƴ ȅǀƴŘŜ 
ŜƐƛƭƳŜƭƛŘƛǊ όtilt  / tilted).

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅHovering όƘŀǾŀŘŀ ŘǳǊƳŀύ ŜǎƴŀǎƤƴŘŀ 
helikoptere etki eden kuvvetler.

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅIŜƭƛƪƻǇǘŜǊ ǊǸȊƎŀǊǎƤȊ ōƛǊ ŘǳǊǳƳŘŀ ƘŀǾŀŘŀ ŀǎƤƭƤ ƪŀƭƤǊǎŀΣ ǊƻǘƻǊǳƴ ŘǀƴǸǒ 
ŘǸȊƭŜƳƛ ȅŀǘŀȅƭŀ ǾŜȅŀ ŘǸȊ ȊŜƳƛƴ ƛƭŜ ǇŀǊŀƭŜƭŘƛǊΦ

ÅHovering ǎƤǊŀǎƤƴŘŀΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ǘŀǒƤƳŀ ǾŜ ƛǘƳŜ ƪǳǾǾŜǘƭŜǊƛƴƛƴ ǘƻǇƭŀƳƤΣ 
ŀƐƤǊƭƤƪ ǾŜ ǎǸǊǸƪƭŜƳŜƴƛƴ ǘƻǇƭŀƳƤƴŀ ŜǒƛǘǘƛǊΦ

Å5ƛƪŜȅ ǳœǳǒ ǎƤǊŀǎƤƴŘŀΣ ǘŀǒƤƳŀ ǾŜ ƛǘƳŜ ǘƻǇƭŀƳƤΣ ŀƐƤǊƭƤƪ ǾŜ ǎǸǊǸƪƭŜƳŜƴƛƴ 
ǘƻǇƭŀƳƤƴŘŀƴ ŘŀƘŀ ōǸȅǸƪ ƻƭŘǳƐǳƴŘŀΣ ƘŜƭƛƪƻǇǘŜǊ ȅǸƪǎŜƭƛǊΦ

Å!ƐƤǊƭƤƪ ǾŜ ǎǸǊǸƪƭŜƳŜƴƛƴ ǘƻǇƭŀƳƤΣ ǘŀǒƤƳŀ ǾŜ ƛǘƳŜ ƪǳǾǾŜǘƛƴƛƴ ǘƻǇƭŀƳƤƴŘŀƴ 
ŘŀƘŀ ōǸȅǸƪǎŜΣ ƘŜƭƛƪƻǇǘŜǊ ŀƭœŀƭŀŎŀƪǘƤǊΦ

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅIŜƭƛƪƻǇǘŜǊŘŜ ȅŀǘŀȅ ǳœǳǒ ƪƻǒǳƭƭŀǊƤΥ 
¸ŀƴŀ ŘƻƐǊǳ όȅŀƴύ ǳœǳǒ

[sideward flight]

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅIŜƭƛƪƻǇǘŜǊŘŜ ȅŀǘŀȅ ǳœǳǒ ƪƻǒǳƭƭŀǊƤΥ 
TƭŜǊƛ ŘƻƐǊǳ ǳœǳǒ

[forward flight]

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅIŜƭƛƪƻǇǘŜǊŘŜ ȅŀǘŀȅ ǳœǳǒ ƪƻǒǳƭƭŀǊƤΥ 
ƎŜǊƛȅŜ ŘƻƐǊǳ ǳœǳǒ

[rearward flight]

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅTƭŜǊƛ ǳœŀǊƪŜƴΣ ǊƻǘƻǊΣ ǊŜǎƛƳŘŜ ƎǀǎǘŜǊƛƭŘƛƐƛ Ǝƛōƛ ǀƴŜ ŘƻƐǊǳ ŜƐƛƭƛǊ όtilt ).

ÅIŜƭƛƪƻǇǘŜǊ ƛƭŜǊƛ ŘƻƐǊǳ ŘǸȊ ǾŜ ǎŀōƛǘ ƛǊǘƛŦŀŘŀ ǳœǳȅƻǊǎŀΣ ƛǘƳŜ όthrust) yatay 
ȅǀƴŘŜƪƛ ǎǸǊǸƪƭŜƳŜȅŜ όdragύ Ŝǒƛǘ ǾŜȅŀ ōǳƴŘŀƴ ŘŀƘŀ ōǸȅǸƪǘǸǊ ǾŜ ǘŀǒƤƳŀ 
(liftύΣ ŘƛƪŜȅ ȅǀƴŘŜ ŀƐƤǊƭƤƐŀ όweightύ ŜǒƛǘǘƛǊΦ

ÅIŜƭƛƪƻǇǘŜǊ ŀǊƪŀȅŀΣ ȅŀƴŀ ŘƻƐǊǳ ǾŜȅŀ ƘŜǊƘŀƴƎƛ ōƛǊ ōŀǒƪŀ ȅŀǘŀȅ ȅǀƴŘŜ 
ǳœŀǊƪŜƴΣ ƛǘƳŜ ƪǳǾǾŜǘƛ ŀǊŀŎƤƴ ƘŀǊŜƪŜǘ ȅǀƴǸƴŘŜ Ŝǘƪƛ ŜŘŜǊƪŜƴ ǎǸǊǸƪƭŜƳŜ 
ƪǳǾǾŜǘƛ ƘŀǊŜƪŜǘŜ ǘŜǊǎ ȅǀƴŘŜ Ŝǘƪƛ ŜŘŜǊΦ

Å¢ŀǒƤƳŀ ǾŜ ŀƐƤǊƭƤƪ ƘŜǊ ȊŀƳŀƴ ŘƛƪŜȅ ŘƻƐǊǳƭǘǳŘŀŘƤǊΦ

IŜƭƛƪƻǇǘŜǊ ¦œǳǒǳ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ

Helikopterler

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT        2023



Å4ƻƐǳ ƘŜƭƛƪƻǇǘŜǊ ŘǀǊǘ ŀƴŀ ƪƻƴǘǊƻƭ 
ƛœŜǊƛǊΥ Collective, longitudinal cyclic, 
lateral cyclic, pedals.

ſKollektif (collective), 

ſ.ƻȅƭŀƳŀǎƤƴŀ ŘǀƴƎǸǎŜƭ όlong. cyclic), 

ſ̧ ŀƴŀƭ ŘǀƴƎǸǎŜƭ όlateral cyclic),

ſAnti-tork pedallar (pedals).

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å4ƻƐǳ ƘŜƭƛƪƻǇǘŜǊ ŘǀǊǘ ŀƴŀ ƪƻƴǘǊƻƭ 
ƛœŜǊƛǊΥ Collective, longitudinal cyclic, 
lateral cyclic, pedals.

ſKollektif (Collective), 

ſmƴŜ ς Arkaya (long. cyclic), 

ſ{ŀƐ ¸ŀƴŀ ς Sol Yana (lateral cyclic),

ſ 5ǸǒŜȅ ŜƪǎŜƴŘŜ ŘǀƴǸǒ όPedals).

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
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ÅCollective pitch control

ÅTwist grip throttle

ÅCyclic pitch control

ÅAntitorque pedals

CyclicΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ƛƭŜǊƛΣ ƎŜǊƛΣ ǎƻƭŀ ǾŜ ǎŀƐŀ ƘŀǊŜƪŜǘ 
ŜǘƳŜǎƛƴƛ ǎŀƐƭŀȅŀƴ ŀƴŀ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤƴ ƘǸŎǳƳ 
ŀœƤǎƤƴƤ ŘŜƐƛǒǘƛǊŜƴ ƪƻƴǘǊƻƭǸ ƛŦŀŘŜ ŜŘŜǊΦ Collective, ise 
ǘǸƳ ŀƴŀ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤƴ ƘǸŎǳƳ ŀœƤǎƤƴƤ ŀȅƴƤ ŀƴŘŀ 
ŘŜƐƛǒǘƛǊŜƴΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ƛǊǘƛŦŀ ƪŀȊŀƴƳŀǎƤƴŀ ǾŜȅŀ 
ƪŀȅōŜǘƳŜǎƛƴŜ ƻƭŀƴŀƪ ǎŀƐƭŀȅŀƴ ƪƻƴǘǊƻƭǸ ƛŦŀŘŜ ŜŘŜǊΦ

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
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ÅPilot, ƪƻƭƭŜƪǘƛŦ ƪƻƴǘǊƻƭǸ ǎƻƭ Ŝƭinde tutar ve 
ƘŜƭƛƪƻǇǘŜǊƛ ǘƤǊƳŀƴŘƤǊƳŀƪ ƛœƛƴ ȅǸƪǎŜƭǘƛǊ όǾŜ 
ƘŜƭƛƪƻǇǘŜǊƛ ŀƭœŀƭǘƳŀƪ ƛœƛƴ ƛƴŘƛǊƛǊύΦ tƛƭƻǘǳƴ ǎŀƐ 
elƛΣ ƘŀǾŀ ŀǊŀŎƤƴƤ ǳȊǳƴƭŀƳŀǎƤƴŀ ŜƪǎŜƴ ǾŜ ȅŀƴŀƭ 
ŜƪǎŜƴ ŜǘǊŀŦƤƴŘŀ ȅŀƭǇŀƭŀƳŀƪ ƛœƛƴ ǳȊǳƴƭŀƳŀǎƤƴŀ 
ǾŜ ȅŀƴƭŀǊŀ ƘŀǊŜƪŜǘ ŜǘǘƛǊŘƛƐƛ ŘǀƴƎǸǎŜƭ όcyclic) 
ƪƻƴǘǊƻƭǸ ƪŀǾǊŀǊΦ tƛƭƻǘǳƴ ŀȅŀƪƭŀǊƤΣ ōŀǎƤƭŘƤƐƤƴŘŀ 
ŀǊŀŎƤ ȅŀƭǇŀƭŀȅŀƴΣ ǎŀǇƳŀΣ όyaw) pedallara 
ŘŀȅŀƴƤǊΦ

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
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Cyclic

ÅCyclic ƪƻƭǳ ƛƭŜǊƛ ƛǘƛƭŘƛƐƛƴŘŜ ƘŜƭƛƪƻǇǘŜǊ ōǳǊƴǳ 
ŀǒŀƐƤȅŀ ȅǀƴŜƭƛǊΣ ƎŜǊƛ œŜƪƛƭŘƛƐƛƴŘŜ ŀǊŀŎƤƴ 
ōǳǊƴǳ ȅǳƪŀǊƤ ƪŀƭƪŀǊΦ

ÅCyclic ƪƻƭǳ ǎƻƭŀ ƛǘƛƭŘƛƐƛƴŘŜ ƘŜƭƛƪƻǇǘŜǊƛƴ 
ƎǀǾŘŜǎƛ ǎƻƭ ȅŀƴŀ ȅŀǘŀǊΣ ǎŀƐŀ ƛǘƛƭŘƛƐƛƴŘŜ 
ŀǊŀŎƤƴ ƎǀǾŘŜǎƛ ǎŀƐ ȅŀƴŀ ȅŀǘŀǊΦ

(In the context of helicopters, a cyclic pitch refers to the control that changes the angle of 
attack of the main rotor blades, which allows the helicopter to move forward, backward, 
left, and right. A collective pitch, on the other hand, refers to the control that changes the 
angle of attack of all the main rotor blades at the same time, which allows the helicopter 
to gain or lose altitude. Collectivecontrols power like the gas pedal, up and down. Cyclic
controls are like the steering Wheel. The Pedalsturn the tail left and right.)

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
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Å5ŀƘŀ ōǸȅǸƪ ƘŜƭƛƪƻǇǘŜǊƭŜǊŘŜΣ 
Ǉƛƭƻǘŀ ōǳ ƪƻƴǘǊƻƭƭŜǊŘŜ ȅŀǊŘƤƳŎƤ 
ƻƭƳŀƪ ǾŜ ƛǒ ȅǸƪǸƴǸ ŀȊŀƭǘƳŀƪ ƛœƛƴ 
ƎŜƴŜƭƭƛƪƭŜ ōƛǊ ƻǘƻƳŀǘƛƪ ǳœǳǒ 
kontrol sistemi (AFCS) bulunur. 

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
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mǊƴŜƪ DǀǊǎŜƭƭŜǊ:

MD500 tipi helikopter kokpiti

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
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ÅGeleneksel bir helikopterde, ƪƻƭƭŜƪǘƛŦƛ ȅǸƪǎŜƭǘƳŜƪΣ ŀƴŀ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤƴ 
ŜƐƛƳ όƘŀǘǾŜύ ŀœƤǎƤƴƤ ŀǊǘǘƤǊƤǊΦ tŀƭŀ ŜƐƛƳƛƴƛ ǳœŀƪ ƪŀƴŀǘ ŜƐƛƳƛƴŘŜƴ ŀȅƤǊǘ ŜǘƳŜƪ 
ƛœƛƴΣ ƎŜƴŜƭƭƛƪƭŜ Ǉŀƭŀ ŜƐƛƳƛƴŘŜƴ feathering olarak bahsedilir. Kollektif kontrol, 
ŘǀƴƎǸǎŜƭ ƪƻƴǘǊƻƭƭŜǊƛƴ ŀƪǎƛƴŜΣ ǘǸƳ ŀƴŀ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴŀ ŀȅƴƤ ƳƛƪǘŀǊŘŀ 
feather yapar. Feather ŀœƤǎƤΣ ƪŀƴŀǘ ŀŜǊƻŘƛƴŀƳƛƐƛƴƛ ŜǘƪƛƭŜǊΦ {ǇŜǎƛŦƛƪ ƻƭŀǊŀƪΣ 
ƪƻƭƭŜƪǘƛŦƛ ȅǸƪǎŜƭǘƳŜƪƭŜ ƛƭƛǒƪƛƭƛ ŘŀƘŀ ȅǸƪǎŜƪ featheringΣ ƪŀƭŘƤǊƳŀȅƤ ǾŜ 
ŘƻƭŀȅƤǎƤȅƭŀ ŀƴŀ ǊƻǘƻǊ ƛǘƛǒƛƴƛ ŀǊǘƤǊƤǊΦ !Ǌǘŀƴ ƛǘƳŜΣ œƻƐǳƴƭǳƪƭŀ ƘŜƭƛƪƻǇǘŜǊƛ ȅǳƪŀǊƤ 
œŜƪŜǊΦ ¸ŀƴ Ŝǘƪƛ ƻƭŀǊŀƪΣ ŀŜǊƻŘƛƴŀƳƛƪ ǎǸǊǘǸƴƳŜ ŘŜ collective/ feathering ƎŜœƛǒƛ 
ƛƭŜ ŀǊǘŀǊΦ .ǳΣ ƳƻǘƻǊ ƎǸŎǸƴǸ ŀǊǘǘƤǊƤǊ ǾŜ ŜƪǎŜƴ ŘƤǒƤ ōƛǊ ȅŀƭǇŀƭŀƳŀ ǘŜǇƪƛǎƛ ƛƭŜ 
ǎƻƴǳœƭŀƴƤǊΦ όTƭŜǊƛ ǳœǳǒ ǎƤǊŀǎƤƴŘŀ feathering ƘŀǊŜƪŜǘƛ ǊƻǘƻǊ ŘǀƴǸǒǸƴŜ ōŀƐƭƤ ƻƭŀǊŀƪ ŘŜǾŀƳƭƤ ǘŜƪǊŀǊƭŀƴƤǊΦύ

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ 
Feathering
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ÅPedallar, helikopterin yawκǎŀǇƳŀ ȅǀƴǸƴǸ ƪƻƴǘǊƻƭ ŜŘŜǊΦ tƛƭƻǘ ǎƻƭ ǇŜŘŀƭŀ ōŀǎǘƤƐƤƴŘŀ 
ƘŜƭƛƪƻǇǘŜǊƛƴ ōǳǊƴǳ ǎƻƭŀΣ ǎŀƐ ǇŜŘŀƭŀ ōŀǎƤƭŘƤƐƤƴŘŀ ōǳǊƴǳ ǎŀƐŀ ŘǀƴŜǊΦ 5ƛƐŜǊ ƪƻƴǘǊƻƭƭŜǊƛƴ 
aksine, pedallar ana rotoru etkilemez. tŜŘŀƭ ƘŀǊŜƪŜǘƭŜǊƛ ƪǳȅǊǳƪ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤ 
ayarlar. Kollektif ƪƻƴǘǊƻƭŜ ōŜƴȊŜǊΣ ŀƴŀ ǊƻǘƻǊ ȅŜǊƛƴŜ ȅŀƭƴƤȊŎŀ ƪǳȅǊǳƪ ǊƻǘƻǊǳƴŀ 
ǳȅƎǳƭŀƴƤǊΦ

Å!ƳŜǊƛƪŀƴ ƘŜƭƛƪƻǇǘŜǊƭŜǊƛƴŘŜƪƛ ƪǳȅǊǳƪ ǊƻǘƻǊƭŀǊƤ ǘƛǇƛƪ ƻƭŀǊŀƪ ǎŀƐŀ ŘƻƐǊǳ ƛǘƳŜ ǸǊŜǘƛǊΦ .ǳΣ 
ŀƴŀ ǊƻǘƻǊƭŀǊƤƴ ǎŀŀǘ ȅǀƴǸƴǸƴ ǘŜǊǎƛƴŜ ŘǀƴƳŜǎƛ ƎŜǊœŜƐƛƴŘŜƴ ƪŀȅƴŀƪƭŀƴƳŀƪǘŀŘƤǊ 
όȅǳƪŀǊƤŘŀƴ ōŀƪƤƭŘƤƐƤƴŘŀύΦ {ƻƭ ǇŜŘŀƭŀ ōŀǎƤƭŘƤƐƤƴŘŀΣ ƛǘƛǒƛ ŀǊǘƤǊƳŀƪ ƛœƛƴ ƪǳȅǊǳƪ ǊƻǘƻǊǳ 
feathering ȅŀǇŀǊΦ .ǳ ƛǘƳŜΣ ƪǳȅǊǳƐǳ ǎŀƐŀ ŘƻƐǊǳ ƛǘŜǊ ǾŜ ōǳ Řŀ ƘŜƭƛƪƻǇǘŜǊƛƴ ōǳǊƴǳƴǳ 
Ŝǘƪƛƴ ōƛǊ ǒŜƪƛƭŘŜ ǎƻƭŀ ŘǀƴŘǸǊǸǊΦ !ȅƴƤ ǒŜƪƛƭŘŜΣ ǎŀƐ ǇŜŘŀƭŀ ōŀǎƳŀƪ ƪǳȅǊǳƪ ǊƻǘƻǊǳƴǳƴ 
Ǉŀƭŀ ŀœƤǎƤƴƤ ŀȊŀƭǘƤǊ (decrease feathering) ve ōǳǊƴǳ ǎŀƐŀ ŘǀƴŘǸǊǸǊΦ 

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ κ tŜŘŀƭƭŀǊ
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mǊƴŜƪ DǀǊǎŜƭΥ ¢ŜƳŜƭ ƪǳȅǊǳƪ ǊƻǘƻǊǳ ōƛƭŜǒŜƴƭŜǊƛ

ÅIŀǘǾŜ ŀȅŀǊƭŀƳŀ œǳōǳƪƭŀǊƤ όpitch change links)

ÅYǳȅǊǳƪ ǊƻǘƻǊǳ ǒŀŦǘƤ όtail rotor shaft)

ÅKuyruk pervanesi (tail rotor)

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
Pedallar ς Kuyruk Rotoru
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Å5ǀƴƎǸǎŜƭ ƪƻƴǘǊƻƭǸ ƛƭŜǊƛ ŘƻƐǊǳ ƘŀǊŜƪŜǘ ŜǘǘƛǊƳŜƪ ǾŜ ōǳǊƴǳ ŀǒŀƐƤ ŜƐƳŜƪ ŘŜ ƘŜƭƛƪƻǇǘŜǊƛƴ ƘŀǾŀ ƘƤȊƤƴƤ ŀǊǘƤǊƳŀǎƤƴŀ 
neden olur. Ana ǊƻǘƻǊ ǀƴŜ ŘƻƐǊǳ ŜƐƛƭŘƛƐƛƴŘŜ, ƛǘƳŜ ƪǳǾǾŜǘƛ ƘŜƭƛƪƻǇǘŜǊƛ ōƛǊ ǇŜǊǾŀƴŜ Ǝƛōƛ ƛƭŜǊƛ ŘƻƐǊǳ œŜƪŜǊ. Elbette 
ōǳΣ ŘŀƘŀ ŀȊ ƛǘƳŜ ƪǳǾǾŜǘƛƴƛƴ ŘƛƪŜȅ ƻƭŀǊŀƪ ƘŀǊŜƪŜǘ ŜǘƳŜǎƛ ǾŜ ōǀȅƭŜŎŜ ƘŜƭƛƪƻǇǘŜǊƛƴ ƘƤȊƭŀƴƳŀǎƤ ŀƴƭŀƳƤƴŀ ƎŜƭƛǊΦ 
.ŜƴȊŜǊ ǒŜƪƛƭŘŜΣ ȊŀǘŜƴ ƛƭŜǊƛ ǳœǳǒǘŀȅǎŀΣ œǳōǳƐǳ ƪǳȅǊǳƪ ǘŀǊŀŦƤƴŀ ƘŀǊŜƪŜǘ ŜǘǘƛǊƳŜƪ ƘŀǾŀ ƘƤȊƤƴƤ ŘǸǒǸǊǸǊ ǾŜ ŀǊŀŎƤƴ 
ǘƤǊƳŀƴƳŀǎƤƴŀ ƴŜŘŜƴ ƻƭǳǊΦ όBlade Flapping: http://www.helistart.com/rotordiscforwardv.aspx#Flapping )

ÅYƻƴǘǊƻƭǸ ǎŀƐŀ ƘŀǊŜƪŜǘ ŜǘǘƛǊƳŜƪ ǾŜ ǎŀƐ ǘŀǊŀŦƤ ŀǒŀƐƤ ŘǀƴŘǸǊƳŜƪΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ǎŀƐŀ ŘƻƐǊǳ ƘƤȊƭŀƴƳŀǎƤƴŀ ƴŜŘŜƴ ƻƭǳǊΦ 
.ǳ ƪƻƴǘǊƻƭ ŀȅǊƤŎŀΣ ƛƭŜǊƛ ǳœǳǒǘŀ ŀǊŀŎƤ ȅŜƴƛ ōƛǊ ƛǎǘƛƪŀƳŜǘŜ ŘǀƴŘǸǊƳŜƪ ƛœƛƴ ǇŜŘŀƭƭŀǊƭŀ ōƛǊƭƛƪǘŜ ƪǳƭƭŀƴƤƭƤǊ. 

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ κ Cyclic ό5ǀƴƎǸǎŜƭύ
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(a)      (b)

ÅCyclic ƛƭŜǊƛ ŘƻƐǊǳ ƛǘƛƭŘƛƐƛƴŘŜΣ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤƴ ƎŜƭƛǒ ŀœƤǎƤ ōƛǊ ŘǀƴǸǒ ǎƤǊŀǎƤƴŘŀ ǎǸǊŜƪƭƛ ƻƭŀǊŀƪ ŘŜƐƛǒƛǊΦ 
5ŜƐƛǒŜƴ ǘŀǒƤƳŀ ƪǳǾǾŜǘƛ ƴŜŘŜƴƛȅƭŜ ǊƻǘƻǊ ƪŀƴŀŘƤ ŘǸȊƭŜƳƛ ǀƴŜ ŘƻƐǊǳ ŜƐƛƭƛǊΦ tƛƭƻǘ ŎȅŎƭƛŎΩƛ ƎŜǊƛȅŜ ŘƻƐǊǳ 
œŜƪǘƛƐƛƴŘŜ ŘƻƐŀƭ ƻƭŀǊŀƪ ŀǊŀœ ŀǊƪŀȅŀ ŘƻƐǊǳ ŜƐƛƭƛǊ ό Ŝƪƛƭ ŀύΦ Longitudinal Flapping

ÅPilot ŎȅŎƭƛŎΩƛ ǎŀƐŀ ǾŜȅŀ ǎƻƭŀ ƛǘǘƛƐƛƴŘŜΣ ŀǊŀœ ǎŀƐŀ ǾŜȅŀ ǎƻƭŀ ŜƐƛƭƛǊΦ wƻǘƻǊ ƪŀƴŀŘƤ ŘǸȊƭŜƳƭŜǊƛ ŘŜ ƛƭƎƛƭƛ 
ǘŀǊŀŦƭŀǊŀ ŘƻƐǊǳ ŜƐƛƭƛǊ ό Ŝƪƛƭ ōύΦ Lateral Flapping

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ κ Cyclic

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å.ƛǊ ƘŜƭƛƪƻǇǘŜǊƛƴ Ǹœ ǘǸǊ Ǉŀƭ ƘŀǘǾŜǎƛ όpitch) 
ƪƻƴǘǊƻƭǸ ǾŀǊŘƤǊΥ YƻƭƭŜƪǘƛŦΣ ŘǀƴƎǸǎŜƭ ǾŜ 
diferansiyel.

ÅBir helikopterdeki pallerΣ ŀǊŀŎƤƴ ƘŀǊŜƪŜǘ 
ȅǀƴǸƴǸ ƪƻƴǘǊƻƭ ŜǘƳŜƪ ƛœƛƴ ŦŀǊƪƭƤ 
ǒŜƪƛƭƭŜǊŘŜ ŜƐƛƳƭŜƴƛǊ ǾŜȅŀ ŀœƤƭŀƴƤǊΦ

Kaynak: https://www.centennialofflight.net/essay/Dictionary/pitch/DI39.htm 

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
Pitch Control (Hatve Kontrol)

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 

https://www.centennialofflight.net/essay/Dictionary/pitch/DI39.htm


«œ ǘǸǊ ƘŀǘǾŜ ƪƻƴǘǊƻƭǸΥ 5ǀƴƎǸǎŜƭ όcyclic pitch), kollektif (collective pitch) ve diferansiyel kollektif 
(differential collective pitchύ ƘŀǘǾŜ ŀȅŀǊƤŘƤǊ.

Å5ǀƴƎǸǎŜƭ ƘŀǘǾŜΣ ǊƻǘƻǊǳƴ ƘŜǊ ŘǀƴǸǒǸƴŘŜ ƪŀƴŀǘƭŀǊƤƴ ōƛǊŜȅǎŜƭ ŀœƤǎƤŘƤǊΦ .ǳΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ōǳǊƴǳƴǳ ȅǳƪŀǊƤ 
ǾŜȅŀ ŀǒŀƐƤ ƘŀǊŜƪŜǘ ŜǘǘƛǊƳŜ ǾŜȅŀ ŀǊŀŎƤ ōƛǊ ȅŀƴŘŀƴ ŘƛƐŜǊ ȅŀƴŀ ȅǳǾŀǊƭŀƳŀȅƤ όroll) etkiler.

ÅKollektif hatveΣ ǘǸƳ ǇŀƭŀƭŀǊƤƴ ǳȅǳƳ ƛœƛƴŘŜ Ŝǒƛǘ ƳƛƪǘŀǊŘŀ ŀœƤ ŀƭƳŀǎƤŘƤǊΦ tƛƭƻǘΣ ŘƛƪŜȅ ƻƭŀǊŀƪ ȅǸƪǎŜƭƳŜƪ 
(vertical ascendύ ƛœƛƴ ƪƻƭƭŜƪǘƛŦ ƘŀǘǾŜ ƪƻƴǘǊƻƭǸƴǸ ƪǳƭƭŀƴƤǊΦ

ÅDiferansiyel kollektif hatveΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ǎŀǇƳŀκȅŀƭǇŀƭŀƳŀǎƤƴƤ όyawύΣ ȅŀƴƛ ŀǊŀŎƤƴ ǎŀƐŀ ǾŜȅŀ ǎƻƭŀ 
ŘǀƴƳŜ ƘŀǊŜƪŜǘƛƴƛ ŜǘƪƛƭŜǊΦ 5ƛŦŜǊŀƴǎƛȅŜƭ ƪƻƭƭŜƪǘƛŦ ƘŀǘǾŜ ƪƻƴǘǊƻƭǸΣ ōƛǊ ǊƻǘƻǊǳƴ ƪƻƭƭŜƪǘƛŦ ƘŀǘǾŜǎƛƴƛƴ 
ŘƛƐŜǊƛƴƛƴ ƪƻƭƭŜƪǘƛŦ ƘŀǘǾŜǎƛƴŜ ƎǀǊŜ ŀǊǘǘƤǊƤƭƳŀǎƤƴŀ ƻƭŀƴŀƪ ǘŀƴƤǊΦ .ǳΣ ōƛǊ ǊƻǘƻǊŘŀ ŘƛƐŜǊƛƴŘŜƴ ŘŀƘŀ ŦŀȊƭŀ 
ŘƛǊŜƴœ ǾŜ ŘŀƘŀ ŦŀȊƭŀ ǘƻǊƪ ǸǊŜǘŜǊŜƪ ŀǊŀŎƤ ŘƛƪŜȅ ŜƪǎŜƴƛ ŜǘǊŀŦƤƴŘŀ ŘǀƴŘǸǊǸǊΦ

IŜƭƛƪƻǇǘŜǊ ¦œǳǒ YƻƴǘǊƻƭƭŜǊƛ
Pitch Control (Pala Hatve Kontrol)

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ROTOR

Helikopterler

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



DŜƴŜƭƭƛƪƭŜ ŘǀƴŜǊ ƪŀƴŀǘ ƻƭŀǊŀƪ ŀŘƭŀƴŘƤǊƤƭŀƴ ŀƴŀ ǊƻǘƻǊΣ ŘƛƪƪŀǘŜ ŀƭƤƴƳŀǎƤ 
ƎŜǊŜƪŜƴ ōƛǊ ŘƛȊƛ ǀȊŜƭ ƪƻǒǳƭŀ ǘŀōƛŘƛǊΥ

ÅaŜǊƪŜȊƪŀœ ƪǳǾǾŜǘƛ
Å¢ŀǒƤƳŀκƪŀƭŘƤǊƳŀ ŀǎƛƳŜǘǊƛǎƛ
ÅJiroskopik presesyon (yalpalama)
ÅTork
ÅCoriolis etkisi

Helikopter Rotorǳƴǳƴ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å.ƛǊ ƘŜƭƛƪƻǇǘŜǊ ƘŀǾŀƭŀƴƳŀŘŀƴ ǀƴŎŜ ǾŜ ǊƻǘƻǊ ŘǀƴŜǊƪŜƴΣ ƳŜǊƪŜȊƪŀœ ƪǳǾǾŜǘƛ 
ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴŀ Ŝǘƪƛ ŜŘŜƴ ŀƴŀ ƪǳǾǾŜǘǘƛǊΦ wƻǘƻǊ ƪŀƴŀǘƭŀǊƤ ȅŀǘŀȅ ƪƻƴǳƳŘŀŘƤǊΦ

ÅYŀƴŀǘ ŜƐƛƳƛ ŀǊǘǘƤƪœŀ ǾŜ ǊƻǘƻǊŀ ƎǸœ ǳȅƎǳƭŀƴŘƤƪœŀΣ pallerdeki ǘŀǒƤƳŀ ƪǳǾǾŜǘƛ 
ŀǊǘŀǊ ǾŜ ƘŜƭƛƪƻǇǘŜǊ ȅǸƪǎŜƭƛǊΦ

ÅPallerdeki ǘŀǒƤƳŀΣ Ǉŀƭ ǳœƭŀǊƤƴƤƴ ȅŀǘŀȅƤƴ ǸȊŜǊƛƴŜ œƤƪƳŀǎƤƴŀ ǾŜ ŘǀƴŜǊŜƪ ƪƻƴƛƪ ōƛǊ 
ȅǀǊǸƴƎŜ ƛȊƭŜƳŜǎƛƴŜ ƴŜŘŜƴ ƻƭǳǊΦ .ǳ ŜǘƪƛȅŜ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤƴ ƪƤǾǊƤƭƳŀǎƤ 
(coningύ ŀŘƤ ǾŜǊƛƭƛǊΦ

Å5ŜƴƎŜƭŜƳŜ ƪǳǾǾŜǘƛΣ ǊƻǘƻǊ ŘǀƴǸǒǸ ǘŀǊŀŦƤƴŘŀƴ ǸǊŜǘƛƭŜƴ ƳŜǊƪŜȊƪŀœ ƪǳǾǾŜǘƛŘƛǊΦ 
Devir (rpmύ ŀǊǘǘƤƪœŀ ƳŜǊƪŜȊƪŀœ ƪǳǾǾŜǘƛ ŀǊǘŀǊΦ

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅaŜǊƪŜȊƪŀœ ƪǳǾǾŜǘƛΣ ƪŀƴŀŘƤ ȅŀǘŀȅ ōƛǊ ŘǸȊƭŜƳŘŜ ǘǳǘƳŀȅŀ œŀƭƤǒƤǊƪŜƴΣ 
ǘŀǒƤƳŀ ƪǳǾǾŜǘƛ ƎǀǎǘŜǊƛƭŘƛƐƛ Ǝƛōƛ ȅǳƪŀǊƤ ŘƻƐǊǳ ōƛǊ ƪǳǾǾŜǘ ǳȅƎǳƭŀǊΦ

ÅaŜǊƪŜȊƪŀœ ƪǳǾǾŜǘƛ ƘŀƪƛƳŘƛǊ ǾŜ ǇŀƭΣ ŘƛƪŜȅŘŜƴ ȅŀǘŀȅŀ ŘŀƘŀ ȅŀƪƤƴ ōƛǊ 
ǇƻȊƛǎȅƻƴ ŀƭƤǊΦ ¢ŀǒƤƳŀΣ ƳŜǊƪŜȊƪŀœ ƪǳǾǾŜǘƛƴƛƴ ȅŀƪƭŀǒƤƪ҈ млϥǳƴŀ ŜǒƛǘǘƛǊΦ

ÅPallerΣ ōǳ ƛƪƛ ƪǳǾǾŜǘƛƴ ŘŜƴƎŜ ƴƻƪǘŀǎƤƴŘŀ ōƛǊ ƪƻƴƛ ŀœƤǎƤƴŀ όconingύ ǳƭŀǒƤǊΦ 
Yƻƴƛƪ ŀœƤΣ Ǉŀƭ ȅǸƪƭŜƳŜǎƛƴŜ ƎǀǊŜ ŘŜƐƛǒƛǊΦ IŀŦƛŦ ȅǸƪƭǸ ōƛǊ ƘŜƭƛƪƻǇǘŜǊƛƴ ƪƻƴƛƪ 
ŀœƤǎƤΣ ŘŀƘŀ ŦŀȊƭŀ ǘŀǒƤƳŀƴƤƴ ƎŜǊŜƪƭƛ ƻƭŘǳƐǳ ŀƐƤǊ ȅǸƪƭǸ ōƛǊ ƘŜƭƛƪƻǇǘŜǊŜ ƎǀǊŜ 
ŘŀƘŀ ŀȊŘƤǊΦ

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅYƻƴƛƪ !œƤ

[coning of rotor blades]

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å¢ŀǒƤƳŀ όƪŀƭŘƤǊƳŀ κ lift) ve 
ƳŜǊƪŜȊƪŀœ όcentrifugal force) 
ƪǳǾǾŜǘƭŜǊƛƴƛƴ ōƛƭŜǒƪŜǎƛ όresultant)

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å.ƛǊ ƘŜƭƛƪƻǇǘŜǊΣ ƳŜƴǘŜǒŜƭŜǊŜ όflapping hingesύ ǎŀƘƛǇ ƳŀŦǎŀƭƭƤ ōƛǊ ǊƻǘƻǊƭŀ 
(articulated rotorύ ŘƻƴŀǘƤƭŘƤƐƤƴŘŀΣ ƪŀƴŀǘƭŀǊΣ ƪƻƴƛƪ ǇƻȊƛǎȅƻƴŘŀ ŘǸȊ ƪŀƭƤǊlar.

ÅwƻǘƻǊŘŀ ƪŀƴŀǘƭƤ ƳŜƴǘŜǒŜκmafsal yoksaΣ ǎŜǊǘ όƪŀǘƤ κ ǊƛƧƛǘ κ rigidύ ǾŜȅŀ ȅŀǊƤ 
sert (semirigidύ ǊƻǘƻǊ ŀŘƤƴƤ ŀƭŀƴ ȅŀǇƤŘŀƪƛ pallerΣ ƘŜƭƛƪƻǇǘŜǊƛƴ ǳœǳǒǳ 
ǎƤǊŀǎƤƴŘŀ ǎƤƴƤǊƭƤ ƳƛƪǘŀǊŘŀ ŜƐƛƭƛǊ όōǸƪǸƭǸǊύΦ wƻǘƻǊǳƴ ŘǀƴƳŜ ŘǸȊƭŜƳƛƴŜ 
ƎŜƴŜƭƭƛƪƭŜ ǳœ-ȅǀǊǸƴƎŜ όtip-pathύ ŘǸȊƭŜƳƛ ŘŜƴƛǊΦ

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



ÅmǊƴŜƪ DǀǊǎŜƭƭŜǊ: Flap Hinge

Helikopter / Articulated Rotor

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



¢ŀǒƤƳŀ YǳǾǾŜǘƛ !ǎƛƳŜǘǊƛǎƛΥ

ÅTƭŜǊƭŜȅŜƴ ǾŜ ƎŜǊƛ œŜƪƛƭŜƴ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤƴ ƘŀǾŀ ƘƤȊƤƴŘŀƪƛ ŦŀǊƪΣ ǘŀǒƤƳŀ ŀǎƛƳŜǘǊƛǎƛ 
ƻƭŀǊŀƪ ŀŘƭŀƴŘƤǊƤƭƤǊΦ

Å{ƛƳŜǘǊƛƪ ƻƭƳŀȅŀƴ ǘŀǒƤƳŀΣ ƘŜƭƛƪƻǇǘŜǊŜ ȅǸƪǎŜƭƳŜ ǾŜ ǎƻƭŀ ȅǳǾŀǊƭŀƴƳŀ ŜƐƛƭƛƳƛ ǾŜǊƛǊΦ .ǳ 
ŜǘƪƛΣ ƪŀƴŀǘ œƤǊǇƳŀȅŀ ƛȊƛƴ ǾŜǊŜƴ ǾŜ ŘǀƴƎǸǎŜƭ hatve kontrol sistemli (cyclic pitch 
control systemύ ǊƻǘƻǊ ǘŀǎŀǊƤƳƤ ƛƭŜ ǘŜƭŀŦƛ ŜŘƛƭƛǊΦ

ÅaŀŦǎŀƭƭƤ ōƛǊ ǊƻǘƻǊΣ ƘŜǊ ōƛǊ ƪŀƴŀŘƤƴ ƪǀƪǸƴŘŜƪƛ ƳŜƴǘŜǒŜƭŜǊ ǾŀǎƤǘŀǎƤȅƭŀ ƪŀƴŀǘƭŀǊƤƴ ȅǳƪŀǊƤ 
ǾŜ ŀǒŀƐƤ ƘŀǊŜƪŜǘ ŜǘƳŜǎƛƴŜ ƛȊƛƴ ǾŜǊƛǊΦ IŜƭƛƪƻǇǘŜǊ ȅŀǘŀȅ ǳœŀǊƪŜƴΣ ƛƭŜǊƭŜȅŜƴ ōƛǊ palde 
ŀǊǘŀƴ ƪŀƭŘƤǊƳŀΣ ƪŀƴŀǘ œƤǊǇƳŀǎƤƴŀ ƴŜŘŜƴ ƻƭǳǊΦ

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



¢ŀǒƤƳŀ YǳǾǾŜǘƛ !ǎƛƳŜǘǊƛǎƛΥ

ÅwƻǘƻǊǳƴ ƎŜǊƛ œŜƪƛƭƳŜǎƛ ŀǒŀƐƤ ŘƻƐǊǳ ƪŀƴŀǘ œƤǊǇŀǊŀƪ ŘŀƘŀ ōǸȅǸƪ ōƛǊ 
ƘǸŎǳƳ ŀœƤǎƤ ǸǊŜǘƛǊ ǾŜ ǘŀǒƤƳŀ ŀǊǘŀǊΦ TƭŜǊƭŜȅŜƴ Ǉŀƭ ǸȊŜǊƛƴŘŜƪƛ ŀȊŀƭƳƤǒ 
ǘŀǒƤƳŀ ǾŜ ƎŜǊƛ œŜƪƛƭŜƴ Ǉŀƭ ǸȊŜǊƛƴŘŜƪƛ ŀǊǘƳƤǒ ǘŀǒƤƳŀ Ŝǘƪƛǎƛƴƛƴ ōƛǊƭŜǒƛƪ 
ŜǘƪƛǎƛΣ ǊƻǘƻǊ Řƛǎƪƛƴƛƴ ƛƪƛ ǘŀǊŀŦƤƴŘŀƪƛ ǘŀǒƤƳŀȅƤ ŜǒƛǘƭŜƳŜ ŜƐƛƭƛƳƛƴŘŜŘƛǊΦ

Å¸ŀǊƤ ǎŜǊǘ ōƛǊ ǊƻǘƻǊΣ ƎǀōŜƐŜ mafsallanmazΣ ŀƴŎŀƪ ƎǀōŜƐƛƴ ƪŜƴŘƛǎƛΣ 
œƤǊǇƤƴƳŀ ŜȅƭŜƳƛƴƛ ǸǊŜǘƳŜƪ ƛœƛƴ ƎŜǊŜƪƭƛŘƛǊΦ .ǀȅƭŜŎŜΣ ƛƭŜǊƭŜȅŜƴ Ǉŀƭ ȅǳƪŀǊƤ 
ŘƻƐǊǳ ƪŀƴŀǘ œƤǊǇǘƤƐƤƴŘŀΣ ƎŜǊƛ œŜƪƛƭŜƴ Ǉŀƭ ŀǒŀƐƤ ŘƻƐǊǳ ƪŀƴŀǘ 
œƤǊǇƳŀƪǘŀŘƤǊΦ

ÅCyclic pitch control, ƛƭŜǊƭŜȅŜƴ ƪŀƴŀŘƤƴ ƘǸŎǳƳ ŀœƤǎƤƴƤ ŀȊŀƭǘƤǊ ǾŜ ƎŜǊƛ 
œŜƪƛƭŜƴ ƪŀƴŀŘƤƴ ƘǸŎǳƳ ŀœƤǎƤ ŀǊǘǘƤǊƤǊ. Toplam etki, rotorun bir 
ǘŀǊŀŦƤƴŘŀƪƛ ǘŀǒƤƳŀƴƤƴ ŘƛƐŜǊ ǘŀǊŀŦǘŀƪƛƴŜ Ŝǒƛǘ ƘŀƭŜ ƎŜǘƛǊƛǊΦ

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



¢ŀǒƤƳŀ YǳǾǾŜǘƛ !ǎƛƳŜǘǊƛǎƛΥ IŜƭƛƪƻǇǘŜǊƛƴ ŘǳǊƳŀǎƤ ǾŜ ƛƭŜǊƭŜƳŜǎƛ ƘŀƭƛƴŘŜ pallerdeki ƘŀǾŀ ƘƤȊƭŀǊƤ

IŜƭƛƪƻǇǘŜǊ κ wƻǘƻǊ 4ŀƭƤǒƳŀǎƤƴƤ 9ǘƪƛƭŜȅŜƴ YƻǒǳƭƭŀǊ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



¢ŀǒƤƳŀ YǳǾǾŜǘƛ !ǎƛƳŜǘǊƛǎƛΥ

Å Her bir kanat, ana rotorun 
ǎŀŀǘ ȅǀƴǸƴǸƴ ǘŜǊǎƛƴŜ 
ŘǀƴǸǒǸƴŘŜ ǎƻƭŘŀƪƛ флϲ 
ƪƻƴǳƳǳ ƎŜœǘƛƐƛƴŘŜΣ 
ƳŀƪǎƛƳǳƳ ŀǊǘƤǒ ƻƭǳǒǳǊΦ IŜǊ 
kanat 90ϲ ǇƻȊƛǎȅƻƴǳ ǎŀƐŀ 
ƎŜœŜǊƪŜƴΣ ƎŜƭƛǒ ŀœƤǎƤƴŘŀ 
maksimum azalma 
meydana gelir. Maksimum 
sapma 90ϲ ǎƻƴǊŀ ƎŜǊœŜƪƭŜǒƛǊ 
- ƳŀƪǎƛƳǳƳ ȅǳƪŀǊƤ ǎŀǇƳŀ 
ŀǊƪŀŘŀ ǾŜ ƳŀƪǎƛƳǳƳ ŀǒŀƐƤ 
ǎŀǇƳŀ ǀƴŘŜ - ve kanat ucu 
ȅƻƭ ŘǸȊƭŜƳƛ ǀƴŜ ŘƻƐǊǳ ŜƐƛƭƛǊΦ

Helikopter Rotor 
¢ŀǒƤƳŀ !ǎƛƳŜǘǊƛǎƛ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Dissymmetry of Lift:

Å¢ŀǒƤƳŀ ŀǎƛƳŜǘǊƛǎƛΣ ǊƻǘƻǊ Řƛǎƪƛƴƛƴ ƛƭŜǊƭŜȅŜƴ ǾŜ ƎŜǊƛ œŜƪƛƭŜƴ ȅŀǊƤƳƭŀǊƤ ŀǊŀǎƤƴŘŀƪƛ ŦŀǊƪƭƤ όŜǒƛǘ ƻƭƳŀȅŀƴύ 
ǘŀǒƤƳŀ ƪǳǾǾŜǘƭŜǊƛ ǾŜ ƘŜǊ ōƛǊ ȅŀǊƤƳ ōƻȅǳƴŎŀ ŦŀǊƪƭƤ ǊǸȊƎŀǊ ŀƪƤǒ ƘƤȊƭŀǊƤƴŘŀƴ ƪŀȅƴŀƪƭŀƴƤǊΦ ¢ŀǒƤƳŀŘŀƪƛ ōǳ 
ŦŀǊƪΣ ǎŀƪƛƴ ōƛǊ ǊǸȊƎŀǊŘŀ ƘŀǾŀŘŀ ǎǸȊǸƭƳŜƪ ŘƤǒƤƴŘŀ ƘŜǊƘŀƴƎƛ ōƛǊ ŘǳǊǳƳŘŀ ƘŜƭƛƪƻǇǘŜǊƛƴ ƪƻƴǘǊƻƭ ŜŘƛƭŜƳŜȊ 
ƻƭƳŀǎƤƴŀ ƴŜŘŜƴ ƻƭŀŎŀƪǘƤǊΦ 

Å¢ŀǒƤƳŀ ǎƛƳŜǘǊƛǎƛƴŜ ǳƭŀǒƳŀƪ ƛœƛƴ ōǳ Ŝǒƛǘ ƻƭƳŀȅŀƴ ƪŀƭŘƤǊƳŀȅƤ ǘŜƭŀŦƛ ŜǘƳŜƴƛƴΣ ŘǸȊŜƭǘƳŜƴƛƴ ǾŜȅŀ ƻǊǘŀŘŀƴ 
ƪŀƭŘƤǊƳŀƴƤƴ ōƛǊ ȅƻƭǳ ƻƭƳŀƭƤŘƤǊΦ IŜƭƛƪƻǇǘŜǊ ƘŀǾŀŘŀ ƘŀǊŜƪŜǘ ŜǘǘƛƐƛƴŘŜΣ ŀƴŀ ǊƻǘƻǊ ŘƛǎƪƛƴŘŜƴ ƎŜœŜƴ ōŀƐƤƭ 
ƘŀǾŀ ŀƪƤǒƤΣ ƛƭŜǊƭŜȅŜƴ ǘŀǊŀŦǘŀ ƎŜǊƛ œŜƪƛƭŜƴ ǘŀǊŀŦǘŀƴ ŦŀǊƪƭƤŘƤǊΦ TƭŜǊƭŜȅŜƴ ƪŀƴŀŘƤƴ ƪŀǊǒƤƭŀǒǘƤƐƤ ōŀƐƤƭ ǊǸȊƎŀǊΣ 
ƘŜƭƛƪƻǇǘŜǊƛƴ ƛƭŜǊƛ ƘƤȊƤȅƭŀ ŀǊǘŀǊƪŜƴΣ ƎŜǊƛ œŜƪƛƭŜƴ ƪŀƴŀŘƤƴ ǸȊŜǊƛƴŜ Ŝǘƪƛ ŜŘŜƴ ōŀƐƤƭ ǊǸȊƎŀǊ ƘƤȊƤΣ ƘŜƭƛƪƻǇǘŜǊƛƴ 
ƛƭŜǊƛ ƘŀǾŀ ƘƤȊƤȅƭŀ ŀȊŀƭƤǊΦ .ǳ ƴŜŘŜƴƭŜΣ ōŀƐƤƭ ǊǸȊƎŀǊ ƘƤȊƤƴƤƴ ōƛǊ ǎƻƴǳŎǳ ƻƭŀǊŀƪΣ ǊƻǘƻǊ Řƛǎƪƛƴƛƴ ƛƭŜǊƭŜȅŜƴ 
ƪŀƴŀǘ ǘŀǊŀŦƤΣ ƎŜǊƛ œŜƪƛƭŜƴ ƪŀƴŀǘ ǘŀǊŀŦƤƴŀ ƎǀǊŜ ŘŀƘŀ ŦŀȊƭŀ ƪŀƭŘƤǊƳŀ ƪǳǾǾŜǘƛ ǸǊŜǘŜōƛƭƛǊΦ

IŜƭƛƪƻǇǘŜǊ wƻǘƻǊ κ ¢ŀǒƤƳŀ YǳǾǾŜǘƛ !ǎƛƳŜǘǊƛǎƛ όмύ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Dissymmetry of Lift:

Å¢ŀǒƤƳŀ ƪǳǾǾŜǘƛ ŀǎƛƳŜǘǊƛǎƛƴƛƴ ǾŀǊ ƻƭƳŀǎƤƴŀ ƛȊƛƴ ǾŜǊƛƭƛǊǎŜΣ ŀƴŀ ǊƻǘƻǊ ƪŀƴŀŘƤ ǎŀŀǘ ȅǀƴǸƴǸƴ ǘŜǊǎƛƴŜ ŘǀƴŜƴ 
ōƛǊ ƘŜƭƛƪƻǇǘŜǊΣ ƪŀƭŘƤǊƳŀ ŦŀǊƪƤƴŘŀƴ ŘƻƭŀȅƤ ǎƻƭŀ ȅǳǾŀǊƭŀƴƤǊΦ

ÅDŜǊœŜƪǘŜΣ ŀƴŀ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤΣ ǊƻǘƻǊ Řƛǎƪƛ ōƻȅǳƴŎŀ ƪŀƭŘƤǊƳŀȅƤ ŜǒƛǘƭŜƳŜƪ ƛœƛƴ ƻǘƻƳŀǘƛƪ ƻƭŀǊŀƪ ƪŀƴŀǘ 
œƤǊǇŀǊ ǾŜ ǘǸȅƭŜǊ όflap and featherύΦ DŜƴŜƭƭƛƪƭŜ Ǹœ ǾŜȅŀ ŘŀƘŀ ŦŀȊƭŀ ƪŀƴŀǘƭƤ ƳŀŦǎŀƭƭƤ ǊƻǘƻǊ ŘƛǎƪƭŜǊƛΣ ōƛǊŜȅǎŜƭ 
ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴƤƴ ƘŀǊŜƪŜǘ ŜǘƳŜǎƛƴŜ ǾŜȅŀ ŘǀƴŜǊƪŜƴ ȅǳƪŀǊƤ ǾŜ ŀǒŀƐƤ flap ȅŀǇƳŀǎƤƴŀ ƛȊƛƴ ǾŜǊƳŜƪ ƛœƛƴ 
ȅŀǘŀȅ ōƛǊ ƳŜƴǘŜǒŜ όflapping hingeύ ƛœŜǊƛǊΦ ¸ŀǊƤ-ǊƛƧƛǘ ōƛǊ ǊƻǘƻǊ Řƛǎƪƛ όƛƪƛ ǇŀƭŀƭƤύΣ ƪŀƴŀǘƭŀǊƤƴ ǘŜƪ ōƛǊ ǸƴƛǘŜ 
olarak flap ȅŀǇƳŀǎƤƴŀ ƛȊƛƴ ǾŜǊŜƴ ōƛǊ ǎŀƭƭŀƴŀƴ ƳŜƴǘŜǒŜ ƪǳƭƭŀƴƤǊΦ .ƛǊ Ǉŀƭŀ ȅǳƪŀǊƤ ƪŀƭƪǘƤƐƤƴŘŀΣ ŘƛƐŜǊ Ǉŀƭŀ 
ŀǒŀƐƤ ŘƻƐǊǳ flap yapar.

IŜƭƛƪƻǇǘŜǊ wƻǘƻǊ κ ¢ŀǒƤƳŀ YǳǾǾŜǘƛ !ǎƛƳŜǘǊƛǎƛ όнύ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Dissymmetry of Lift:

ÅTƭŜǊƭŜȅŜƴ ƪŀƴŀŘƤƴ ȅǳƪŀǊƤ ŘƻƐǊǳ œƤǊǇƳŀǎƤ 
όŀȊŀƭƳƤǒ ǘŀǒƤƳŀύ ǾŜ ƎŜǊƛ œŜƪƛƭŜƴ ƪŀƴŀŘƤƴ 
ŀǒŀƐƤ ŘƻƐǊǳ œƤǊǇƳŀǎƤ όŀǊǘƳƤǒ ǘŀǒƤƳŀύΣ ŀƴŀ 
ǊƻǘƻǊ Řƛǎƪƛ ōƻȅǳƴŎŀ ǘŀǒƤƳŀȅƤ ŜǒƛǘƭŜȅŜǊŜƪ 
ƪŀƭŘƤǊƳŀ ŀǎƛƳŜǘǊƛǎƛƴŜ ƪŀǊǒƤ ƪƻȅŀǊΦ

Helikopter Rotor
¢ŀǒƤƳŀ !ǎƛƳŜǘǊƛǎƛ όоύ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Å5ǀƴŜƴ ōƛǊ ƘŜƭƛƪƻǇǘŜǊ ƪŀƴŀŘƤƴƤƴ ƘŀǊŜƪŜǘƛ ǎƤǊŀǎƤƴŘŀΣ ƛƭŜǊƭŜȅŜƴ ƪŀƴŀǘ ǸȊŜǊƛƴŘŜƪƛ ƘŀǾŀ ŀƪƤǒƤƴƤƴ ƘƤȊƤΣ ƎŜǊƛ œŜƪƛƭŜƴ 
ƪŀƴŀǘǘŀƴ ŘŀƘŀ ȅǸƪǎŜƪǘƛǊ ǾŜ ōǳ Řŀ Ŝǒƛǘ ƻƭƳŀȅŀƴ ƳƛƪǘŀǊŘŀ ōƛǊ ƪŀƭŘƤǊƳŀ ƪǳǾǾŜǘƛƴƛƴ ǸǊŜǘƛƭƳŜǎƛƴŜ ƴŜŘŜƴ ƻƭǳǊΦ .ǳƴŀ 
ƪŀƭŘƤǊƳŀ ŀǎƛƳŜǘǊƛǎƛ ŘŜƴƛǊΦ .ǳ ŀŜǊƻŘƛƴŀƳƛƪ ŘŜƴƎŜǎƛȊƭƛƐƛ ŘǸȊŜƭǘƳŜƪ ƛœƛƴΣ ƪŀƴŀǘƭŀǊƤƴ Ŝǒƛǘ ƳƛƪǘŀǊŘŀ ƪŀƭŘƤǊƳŀ ƪǳǾǾŜǘƛ 
ǸǊŜǘƳŜƪ ƛœƛƴ ōƛǊ ŘƛȊƛ ƪƻƴǘǊƻƭƭǸ ƘŀǊŜƪŜǘ ȅŀǇƳŀǎƤƴŀ ƛȊƛƴ ǾŜǊƛƭƛǊΦ .ǳ ŜǒƛǘƭŜƳŜ ƛǒƭŜƳƛƴŜ flapping to equality denir.

Å.ǳ ȅǳǾŀǊƭŀƴƳŀ ŜƐƛƭƛƳƛƴƛ ǀƴƭŜƳŜƪ ƛœƛƴ ƛƭŜǊƭŜȅŜƴ ƪŀƴŀŘƤƴ ƘǸŎǳƳ ŀœƤǎƤƴƤ ŀȊŀƭǘƳŀƪ ǾŜ ƎŜǊƛ œŜƪƛƭŜƴ ƪŀƴŀŘƤƴ ƘǸŎǳƳ 
ŀœƤǎƤƴƤ ŀǊǘǘƤǊƳŀƪ Ǝƛōƛ ǳȅƎǳƴ ȅǀƴǘŜƳƭŜǊ ƪǳƭƭŀƴƤƭƤǊΦ

ÅYŀƭŘƤǊƳŀ ŀǎƛƳŜǘǊƛǎƛΣ œƤǊǇƳŀ όflappingύ ŀŘƤ ǾŜǊƛƭŜƴ ōƛǊ ƛǒƭŜƳƭŜ ǊƻǘƻǊ Řƛǎƪƛ ōƻȅǳƴŎŀ ŜǒƛǘƭŜƴƛǊΦ 4ƤǊǇƳŀ ƛƭŜ ǊƻǘƻǊ 
ƪŀƴŀǘƭŀǊƤ όǇŀƭŀ κ Ǉŀƭ κ bladeύΣ ƘǸŎǳƳ ŀœƤƭŀǊƤƴƤ ό!h!ύ ŀǊǘƤǊƳŀƪ ǾŜȅŀ ŀȊŀƭǘƳŀƪ ƛœƛƴ ŘƛƪŜȅ ƻƭŀǊŀƪ ƘŀǊŜƪŜǘ ŜŘŜōƛƭƛǊ ǾŜ 
ōǀȅƭŜŎŜ ǘŜƪ ōƛǊ ƪŀƴŀǘ ǘŀǊŀŦƤƴŘŀƴ ǸǊŜǘƛƭŜƴ ƪŀƭŘƤǊƳŀ ƪǳǾǾŜǘƛƴƛ ŀǊǘƤǊƤǊ ǾŜȅŀ ŀȊŀƭǘƤǊΦ

ÅFlapping κ Yŀƴŀǘ œƤǊǇƳŀΣ ƪŀƭŘƤǊƳŀ ŀǎƛƳŜǘǊƛǎƛƴƛ ǘŜƭŀŦƛ ŜǘƳŜƪ ƛœƛƴ ƪŀƭŘƤǊƳŀȅƤ ŀǊǘƤǊƳŀƪ ǾŜȅŀ ŀȊŀƭǘƳŀƪ ƛœƛƴ ōƛǊ 
ƪŀƴŀŘƤƴ ȅǳƪŀǊƤ ǾŜȅŀ ŀǒŀƐƤ ŘƛƪŜȅ ƘŀǊŜƪŜǘƛŘƛǊΦ wƻǘƻǊ Řƛǎƪƛ ōƻȅǳƴŎŀ ƪŀƭŘƤǊƳŀȅƤ ŜǒƛǘƭŜƳŜƪ ƛœƛƴΣ ƛƭŜǊƭŜȅŜƴ ƪŀƴŀǘ ȅǳƪŀǊƤ 
ǾŜ ƎŜǊƛ œŜƪƛƭŜƴ ƪŀƴŀǘ ŀǒŀƐƤ œƤǊǇƤƭƤǊΦ Yŀƴŀǘ œƤǊǇƳŀΣ ōƛǊ ƪŀƴŀŘƤƴ ƘǸŎǳƳ ŀœƤǎƤƴƤ ŘŜƐƛǒǘƛǊŜƴ ƛƴŘǸƪƭŜƴŜƴ ŀƪƤǒƭŀ ōƛǊƭƛƪǘŜ 
ǾŜȅŀ ōǳƴŀ ƪŀǊǒƤ ƘŀǊŜƪŜǘ ŜŘŜǊŜƪ ƻǊǘŀȅŀ œƤƪŀƴ ōŀƐƤƭ ǊǸȊƎŀǊƤ ŘŜƐƛǒǘƛǊƛǊΦ

Helikopter Rotor
¢ŀǒƤƳŀ !ǎƛƳŜǘǊƛǎƛ όпύ

hƪŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ a¸h κ a¦¢Yмлр ς ¢9a9[ ¦4!Y .T[DT{Tb9 DTwT 



Swash Plate

Helikopterler
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Swash Plate κ 9Ɛƛƪ tƭŀƪŀ όhȅƴŀƪ tƭŀƪŀύ

ÅPallerde ŜƐƳŜ ǾŜ ȅŀǘƤǊƳŀ ƘŀǊŜƪŜǘƭŜǊƛƴƛ όtiltύ ȅŀǇǘƤǊŀƴ ōǀƭǸƳŘǸǊΦ

Å9Ɛƛƪ ƭŜǾƘŀκǇƭŀƪŀΣ ƘŜƭƛƪƻǇǘŜǊ ǳœǳǒ ƪƻƴǘǊƻƭƭŜǊƛ ŀǊŀŎƤƭƤƐƤȅƭŀ ȅŀǇƤƭŀƴ ƎƛǊŘƛƭŜǊƛ ŀƴŀ ǊƻǘƻǊ 
ƪŀƴŀǘƭŀǊƤƴƤƴ ƘŀǊŜƪŜǘƛƴŜ œŜǾƛǊŜƴ ōƛǊ ŀƭŜǘǘƛǊΦ

Å9Ɛƛƪ ǇƭŀƪŀΣ Ǉƛƭƻǘǳƴ ƪƻƳǳǘƭŀǊƤƴŘŀƴ ǸœǸƴǸ ŘǀƴƳŜȅŜƴ όǎŀōƛǘύ ƎǀǾŘŜŘŜƴΣ ŘǀƴŜƴ ŀƴŀ 
ǊƻǘƻǊ ƎǀōŜƐƛƴŜ ǾŜ ƻǊŀŘŀƴ ŀƴŀ ǊƻǘƻǊ ƪŀƴŀǘƭŀǊƤƴŀ ƛƭŜǘƳŜƪ ƛœƛƴ ƪǳƭƭŀƴƤƭƤǊΦ 

Helikopter / Rotor & Swash Plate
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Swash Plate κ 9Ɛƛƪ tƭŀƪŀ όhȅƴŀƪ tƭŀƪŀύ

ÅPallerde ŜƐƳŜ ǾŜ ȅŀǘƤǊƳŀ ƘŀǊŜƪŜǘƭŜǊƛƴƛ όtiltύ ȅŀǇǘƤǊŀƴ ōǀƭǸƳ

Helikopter / Rotor & Swash Plate
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Swash Plate κ 9Ɛƛƪ tƭŀƪŀ όhȅƴŀƪ tƭŀƪŀύ

ÅTilt ƘŀǊŜƪŜǘƭŜǊƛƴƛ ȅŀǇǘƤǊŀƴ ǇŀǊœŀƭŀǊ

Helikopter / Rotor & Swash Plate
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Swash Plate κ 9Ɛƛƪ tƭŀƪŀ όhȅƴŀƪ tƭŀƪŀύ

mǊƴŜƪ ±ƛŘŜƻ:

Bell 430 tipi helikopterin swash plate ƳŜƪŀƴƛȊƳŀǎƤ

IƛŘǊƻƭƛƪƭŜǊƛƴ ƻǇŜǊŀǎȅƻƴŜƭ ƛǒƭŜǾǎŜƭ ƪƻƴǘǊƻƭǸ 

Kaynak: https://www.instagram.com/p/CTQDhPDgvYG/   https://www.instagram.com/helitechnician/  

Helikopter / Swash Plate
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Swash Plate κ 9Ɛƛƪ tƭŀƪŀ όhȅƴŀƪ tƭŀƪŀύ

mǊƴŜƪ ±ƛŘŜƻ:

Bell 505 tipi helikopterin swash plate ƳŜƪŀƴƛȊƳŀǎƤ

IƛŘǊƻƭƛƪƭŜǊƛƴ ǾŜ ǳœǳǒ ƪƻƴǘǊƻƭƭŜǊƛƴƛƴ ŘŜƴŜƴƳŜǎƛ

Kaynak: https://www.instagram.com/p/CTxpMd7goCv/    https://www.instagram.com/helitechnician/  

Helikopter / Swash Plate
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Tilted Swash Plate

Helikopter / Swash Plate
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mǊƴŜƪ !ƴƛƳŀǎȅƻƴ

a) Swash Plate ŘǸȊ ƪƻƴǳƳŘŀ όŘƛƴƭŜƴƳŜ ǇƻȊƛǎȅƻƴǳύΦ ό{ƻƭŘŀƪƛ ŀƴƛƳŀǎȅƻƴύ
b) bŜƎŀǘƛŦ Ǉŀƭŀ ŜƐƛƳ όhatveύ ŀœƤǎƤ όpitch angleύ ŘƻƭŀȅƤǎƤȅƭŀ ŀǒŀƐƤ ƪǳǾǾŜǘŜ ƴŜŘŜƴ ƻƭŀƴ ȅǸƪǎŜƭǘƛƭƳƛǒ ōƛǊ ŜƐƛƪ ǇƭŀƪŀΦ 
YƻƴǘǊƻƭ ƪƻƭƭŀǊƤƴƤƴ pallerin ŀǊƪŀ ǘŀǊŀŦƤƴŘŀ ƻƭŘǳƐǳƴŀ ǾŜ ȅǸƪǎŜƭǘƛƭƳƛǒ ŜƐƛƪ ƭŜǾƘŀƴƤƴ Ǉŀƭŀ !h!ΩǎƤƴƤ ŘǸǒǸǊŘǸƐǸƴŜ 
dikkat ediniz. (Ortadaki animasyon)

c) 5ǀƴƎǸǎŜƭ Ǉŀƭŀ ŀœƤǎƤ ƪƻƴǘǊƻƭǸ όcyclic pitch controlύ  ǎŀƐƭŀȅŀƴ ŜƐƛƪ ōƛǊ swah plateΦ 5ǀƴƳŜ ǎƤǊŀǎƤƴŘŀ ƪŀƴŀǘƭŀǊƤƴ 
ŜƐƛƳƛƴŘŜƪƛ ŘŜƐƛǒƛƪƭƛƐŜ Řƛƪƪŀǘ ŜŘƛƴƛȊΦ ό{ŀƐŘŀƪƛ ŀƴƛƳŀǎȅƻƴύ

Kaynak: https://en.wikipedia.org/wiki/Swashplate_(aeronautics) 

Helikopter / Swash Plate
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mǊƴŜƪ DǀǊǎŜƭ: Tilted Rotor

Helikopter / Rotor & Swash Plate
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mǊƴŜƪ DǀǊǎŜƭ: Tilted Rotor

ÅRotating swashplate

ÅStationary swashplate

ÅBlade pitch change horn

ÅPitch links (control rods)

ÅRotor blade

ÅControl rod

ÅDrive link

Helikopter / Rotor
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Rotor Blades & Swash Plate

https://www.youtube.com/watch?v=rJb1EZtnzFk

00:12 ς 01:52
(How It Works Helicopter Blades)

mǊƴŜƪ ±ƛŘŜƻ: Rotor & Swash Plate
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Rotor Blades & 
Swash Plate

(How It Works Helicopter 
Blades)

mǊƴŜƪ ±ƛŘŜƻ: Rotor & Swash Plate
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Oynak plaka animasyon

https://www.youtube.com/watch?v=bj6fDrRT7Ag

00:00 ς 01:10
(Bell-206 Swashplate Function)

mǊƴŜƪ ±ƛŘŜƻ: Swash Plate
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Oynak plaka 
animasyon

(Bell-206 Swashplate 
Function)

mǊƴŜƪ ±ƛŘŜƻ: Swash Plate
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Oynak plaka hareketleri

https://www.youtube.com/watch?v=PRgmKw82R7E

00:00 ς 01:26
(Swashplate Kinematic Demonstration - Swashplate Design [1])

mǊƴŜƪ ±ƛŘŜƻ: Swash Plate
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Oynak plaka 
hareketleri

(Swashplate Kinematic 
Demonstration -
Swashplate Design [1])

mǊƴŜƪ ±ƛŘŜƻ: Swash Plate
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Anti-Tork Sistemleri

Helikopterler
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Anti-Tork Sistemleri (Anti Torque Systems)

ÅKuyruk Rotoru (Tail Rotor)

ÅNOTAR (No Tail Rotor)

ÅKontra Rotor (Coaxial Rotor)

ÅTandem Rotor

ÅIntermeshing Rotors

Helikopter / Tork Etkisi 
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Kuyruk Rotoru (Tail Rotor)

ÅbŜǿǘƻƴϥǳƴ ǸœǸƴŎǸ ƘŀǊŜƪŜǘ ȅŀǎŀǎƤƴŀ ƎǀǊŜΣ ƘŜǊ ƪǳǾǾŜǘ ƛœƛƴ Ŝǒƛǘ ǾŜ ȊƤǘ ōƛǊ ƪǳǾǾŜǘ ǾŜȅŀ 
ǘŜǇƪƛ ǾŀǊŘƤǊΦ

ÅwƻǘƻǊ ǒŀŦǘƤƴŀ ǳȅƎǳƭŀƴŀƴ ŘǀƴŘǸǊƳŜ ƳƻƳŜƴǘƛΣ Ŝǒƛǘ ǾŜ ȊƤǘ ōƛǊ tork kuvvetine neden 
ƻƭǳǊΦ .ǳƴǳ ǀƴƭŜƳŜƪ ƛœƛƴ ǀƴƭŜƳƭŜǊ ŀƭƤƴƳŀŘƤƪœŀ ƘŜƭƛƪƻǇǘŜǊƛƴ ƎǀǾŘŜǎƛ ǘŜǊǎ ȅǀƴŘŜ 
ŘǀƴƳŜ ŜƐƛƭƛƳƛƴŘŜ ƻƭŀŎŀƪǘƤǊΦ

ÅAntitorque rotor veya kuyruk rotoru, ters tork Ŝǘƪƛǎƛƴƛ ŘŜƴƎŜƭŜƳŜƪ ƛœƛƴ ƪǳƭƭŀƴƤƭƤǊΦ

ÅYǳȅǊǳƪ ǊƻǘƻǊ ƪǳǾǾŜǘƛ ƛǎǘƛƪŀƳŜǘƛ ǎŀōƛǘ ǘǳǘƳŀȅƤ ǎŀƐƭŀǊΦ

Helikopter / Tork Etkisi 
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Kuyruk Rotoru (Tail Rotor)

ÅmǊƴŜƪ DǀǊǎŜƭ: Tork telafisi

 ŜƪƛƭŘŜƪƛ ƘŜƭƛƪƻǇǘŜǊŜ ǸǎǘǘŜƴ ōŀƪƤƭŘƤƐƤƴŘŀΣ ǊƻǘƻǊ 
ǎŀŀǘ ȅǀƴǸƴǸƴ ǘŜǊǎƛƴŜ όcounterclockwise) 
ŘǀƴƳŜƪǘŜŘƛǊΦ ¢ŜǊǎ tork etkisi helikopter 
ƎǀǾŘŜǎƛƴƛƴ ǎŀŀǘ ȅǀƴǸƴŘŜ ŘǀƴƳŜǎƛƴŜ ǎŜōŜǇ ƻƭǳǊΦ

Helikopter / Tork Etkisi 
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Anti Tork 4ǀȊǸƳƭŜǊƛ

ÅmǊƴŜƪ DǀǊǎŜƭ: NOTAR System

YǳȅǊǳƪ ǊƻǘƻǊǳ ƛœŜǊƳŜȅŜƴ bƻ Tail Rotor ς 
NOTAR  sistemi

Helikopter / Tork Etkisi 
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Helikopter / Tork Etkisi 
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Anti Tork 4ǀȊǸƳƭŜǊƛ

ÅmǊƴŜƪ DǀǊǎŜƭ: Kamov Ka-32

Kuyruk rotorsuz ς YŀǊǒƤǘ 
pervaneli (kontra rotor) 
helikopter / coaxial rotors



Anti Tork 4ǀȊǸƳƭŜǊƛ

ÅmǊƴŜƪ DǀǊǎŜƭ: Boeing 
Chinook

Tandem rotor

Tƪƛ ŀȅǊƤ ƳŜǊƪŜȊƭƛ ǊƻǘƻǊ ƪǳƭƭŀƴƤƭƤǊΦ

Helikopter / Tork Etkisi 
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Anti Tork 4ǀȊǸƳƭŜǊƛ

ÅmǊƴŜƪ DǀǊǎŜƭ: 
Kaman K-MAX

Intermeshing rotors 
(synchropter)

Tƪƛ ǊƻǘƻǊǳƴ ōƛǊōƛǊƛ ƛœƛƴŘŜ 
ǎŜƴƪǊƻƴƛȊŜ œŀƭƤǒǘƤƐƤ ŀƴǘƛ-
tork sistemidir.

Helikopter / Tork Etkisi 
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MUTK111 ς IŀǾŀŎƤƭƤƪ ǾŜ ¦œŀƪ .ƛƭƎƛǎƛ

Ek Bilgi

YŜǎƛǘ 4ƛȊƛƳƭŜǊ



mǊƴŜƪ IŜƭƛƪƻǇǘŜǊ ¢ƛǇƭŜǊƛ

YŜǎƛǘ DǀǊǸƴǸǒƭŜǊ

(Cutaway Drawings)

Helikopterler
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MD900

Explorer

NOTAR

Helikopterler
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NHIndustries

NH90

Utility Helicopter

Helikopterler
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Eurocopter

EC725

Helikopterler
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Bell 525

Relentless

Helikopterler
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