
Estimation of Dynamic Derivatives                                                     Aircraft Stability and Control 

 

105 | Dept. of Aeronautical Engineering, GCEM, Bengaluru                       rajreddyhg@gmail.com 

Module – 4 

ESTIMATION OF DYNAMIC DERIVATIVES 

 The static stability is a tendency of the aircraft to return to its equilibrium position. 

In addition to static stability, the aircraft also must be dynamically stable. An airplane can 

be considered to be dynamically stable if after being disturbed from its equilibrium flight 

condition the ensuing motion diminishes with time. Of particular interest to the pilot and 

designer is the degree of dynamic stability. The required degree of dynamic stability usually 

is specified by the time it takes the motion to damp to half of its initial amplitude or in the 

case of an unstable motion the time it takes for the initial amplitude or disturbance to 

double. Also of interest is the frequency or period of the oscillation. 

 An understanding of the dynamic characteristics of an airplane is important in 

assessing its handling or flying qualities as well as for designing autopilots. The flying 

qualities of an airplane are dependent on pilot opinion; that is, the pilot’s likes or dislikes 

with regard to the various vehicle motions. It is possible to design an airplane that has 

excellent performance but is considered unsatisfactory by the pilot. Since the early 1960s, 

considerable research has been directed toward quantifying pilot opinion in terms of aircraft 

motion characteristics, such as frequency and damping ratio of the aircraft s various modes 

of motion. Therefore, it is important to understand the dynamic characteristics of an 

airplane and the relationship of the motion to the vehicle's aerodynamic characteristics and 

pilot opinion. 

 Before developing the equations of motion, it is important to review the axis system 

specified earlier. Figure 3.1 shows the body axis system fixed to the aircraft and the inertial 

axis system that is fixed to the Earth. 
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4.1 Derivation of Rigid Body Equations of Motion 
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4.2 Orientation and Position of The Airplane 
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4.3 Gravitational and Thrust Forces 
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4.4 Small Disturbance Theory 
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4.5 Aerodynamic Force and Moment Representation 
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4.6 Derivatives Due To Change in Forward Speed 
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4.7 Derivatives Due To The Pitching Velocity, q 
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4.8 Derivatives Due To The Time Rate of Change of Angle of 

Attack 
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4.9 Derivative Due To The Rolling Rate, p 
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4.10 Derivative Due To The Yawing Rate, r 
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