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  الآية

   
 ينَالمْالع بر للّه دمالْح    ِيمحمـنِ الرحالر  ِينمِ الدوي كالم  

ينَتعاكَ نَسوإِي دبَاكَ نعإِي   يماطَ المُستَقرنَــــا الصاهد    يناطَ الَّذرص
   ضَّالِّينأَنعمت علَيهمِ غَير المغَضوُبِ علَيهمِ ولاَ ال
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ABSTRACT 
The design of an aircraft autopilot controller that provides a fast and 

stable response to pilot commands, and which maintains this performance 

throughout the entire flight envelope, provides a challenging problem to 

flight control engineers.                  

          The main objective of this thesis is to design a longitudinal autopilot 

system for a business jet aircraft. To be more specific, the autopilot system 

that is designed is a pitch-attitude controller.  

         It is assumed that the aircraft under investigation is subjected to some 

degree changes in elevator angle, which in turn, causes an oscillatory 

motion of the airplane. In order to minimize the effect of these oscillations, 

a proportional (P) controller, proportional-integral (PI) controller and a 

proportional-integral-derivative (PID) controller are designed for both, the 

short and long periods of motions.  

For the short period of motion, it is found that the P controller is the 

optimal controller. On the other hand, the PID controller is found to be the 

optimal controller for long period of motion.  
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 ص ستخلم

 ،اروامر الطیّ وفر استجابة سریعة ومستقرة لأبحیث ت ،يلآار طیّلنظام ن تصمیم متحكمة إ

الذى یواجھ مھندسى نظم التحكم  یظل ھو التحدى ،الرحلةطوال فترة مع المحافظة على ھذا الأداء 

  .فى الطیران

طائرة تجاریة ولذلك فإن الھدف الرئیسى لھذه الأطروحة ھو تصمیم نظام طیار آلى طولى ل

  نفاثة، ولنكون أكثر دقة، تصمیم نظام لمتحكمة تستجیب بسرعة ودقة حسب الظروف.

خضعت لبعض التغیرات فى زاویة الصعود مما تراض أن الطائرة قید الدراسة قد أتم اف

أدى الى تذبذب فى حركة الطائرة. ومن أجل تقلیل ھذه التذبذبات تم تصمیم بعض المتحكمات وھى: 

ة النسبیة، المتحكمة النسبیة التكاملیة، المتحكمة النسبیة التكاملیة االتفاضلیة، لكل من فترتى المتحكم

  الحركة القصیرة والطویلة.

 أن النظام المثالى لھا ھو نظام المتحكمة النسبیة. كما أن نظام لفترات الحركة القصیرة وجُد

 لة.ویت الطالتفاضلیة ھو الأنسب للفتراالمتحكمة النسبیة التكاملیة 
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NOMENCLATURE 

 

A State matrix 

B Input matrix 

C Output matrix 

cg Center of gravity 

CD Drag coefficient 

CL Lift coefficient 

D Direct matrix 

g Gravity 

I Identity matrix 

Ix Moment of inertia in roll 

Iy Moment of inertia in pitch 

Iz Moment of inertia in yaw 

Ixy Product of inertia about ox and oy axes 

Ixz Product of inertia about ox and oz axes 

Iyz Product of inertia about oy and oz axes 

k General constant 

kq Pitch rate transfer function gain constant 

ku Axial velocity transfer function gain constant 

kw Normal velocity transfer function gain constant 

kθ Pitch attitude transfer function gain constant 

Kcr Critical gain 
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Kd Derivative gain 

Ki Integral gain 

Kp Proportional gain 

Kpu Ultimate proportional gain 

L Rolling moment 

m Mass 

M Pitching moment 

N Yawing moment 

e

N  A shorthand notation to denote a transfer function numerator 

polynomial relating the pitch attitude response θ (output) to 

elevator δe(input). 

p Roll rate 

P Proportional controller 

PI Proportional-Integral controller 

PID Proportional-Integral-Derivative controller 

Pcr Critical period 

q Pitch rate 

r Yaw rate 

S Wing area 

T Time constant 

Td Derivative time constant 

Ti Integral time constant 

Ts Spiral mode time constant 

Tu Numerator zero in axial velocity transfer function 

Tw Numerator zero in normal velocity transfer function 

Tθ Numerator zero in pitch rate and attitude transfer function 

T.F Transfer Function 

u Axial velocity perturbation 
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U Total axial velocity 

Ue Axial component of steady equilibrium velocity 

v Lateral velocity perturbation 

V Total lateral velocity 

Ve Lateral component of steady equilibrium velocity 

V0 Steady equilibrium velocity 

w Normal velocity perturbation 

W Total normal velocity 

We Normal component of steady equilibrium velocity 

x ox axis (longitudinal axis) 

X Axial force component 

u
o
X  A shorthand notation to denote the dimensional derivative 

u
X

 . 

Xu A shorthand notation to denote the dimensionless derivative 









u

X . 

y oy axis (lateral axis) 

Y Lateral force component 

z oz axis (vertical axis) 

Z Normal force component 

ρ Air density 

ζ Rudder angle perturbation, Damping ratio 

ζp Long-period (Phugoid) damping ratio 

ζs Short-period pitching oscillation damping ratio 

ω Undamped natural frequency 

ωp Long-period natural frequency 

ωs Short-period pitching oscillation natural frequency 
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α Angle of attack or incidence 

αe Equilibrium incidence 

Δ Characteristic polynomial 

δe Elevator angle perturbation 

δm Mass increment 

θ Pitch angle perturbation 

θe Equilibrium pitch angle 
  Roll angle perturbation 

ψ Yaw angle perturbation 

ε Throttle lever angle 

ξ Ailerons angle 

τ Engine thrust perturbation 

 

 

 


