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Abstract 
      The kinematic coupling dynamic stability has been analyzed .The Laplace 
transformation and the coefficient matrix determinant are used to find the rolling 
stability characteristic equation. The effect of parameters is investigated with different 

value of roll rate  . It is found that the kinematics coupling or autorotation is 

critical at flying regime of low  and high  .The results can be used as real 

design requirements for further configuration improvements of the airplane. 

 تأثير البارامترات الساكنه والديناميه على ازدواج الطائرة الحركي
 الخ#صة

التلق�ائي وتحوي�ل مع�اد&ت الحرك�ه باس�تخدام تح�وي!ت  الدينامكي�ه للرح�ورارية تم ف�ي ھ�ذا البح�ث تحلي�ل اس�تق 
ومن . من ثم حل المعاد&ت بعد تحويلھا بطريقة المصفوفات &يجاد المعادلة  المميزه &ستقراريه الدوران &ب!س

فق�د تب�ين ان . ي�رةثم تحديد العوامل الم�ؤثرة عل�ى ا&س�تقراية ودراس�ة العوام�ل الم�ؤثرة لق�يم ال�دوران المتغ

ويمكن اعتماد ھذا البحث .العاليه لواطئه وظاھرة الرحو التلقائي حرجه في انظمة الطيران لقيم 

. متطلبات الحقيقية في تصميم ا&جسام الطائرةلل

Introduction  
he inertial coupling has been
generally tamed as a potential
problem in modern fighter 

aircraft .Even the most austere of these 
are equipped with stability 
augmentation systems that can be 
provide the required feedbacks to 
minimize excursions in rapid 
rolls[1].During the rolling maneuvers 
large angles of sideslip may occur as a 
result of kinematics coupling [2]. The 
vertical tail may produce large yawing 
moment that acts in the direction of 
roll. In such a case, it may not be 
possible to stop the flying body from  
Rolling, although the lateral control is 
held against the roll direction. This is  

Known as autorotation rolling. In this 
situation positive "G" would facilitate 
recovery [3]. As the angle of attack is 
increased to a positive value, 
kinematics coupling will be result in a 
moment that opposes the original 
direction of roll, thus alleviating the 
tendency for autorotation rolling 
[4].The divergence experienced during 
rolling manufacture is complex 
because it involves not only inertia 
properties, but aerodynamic as well, 
[4]. Coupling results when a 
disturbance about one aircraft axis 
causes a disturbance created by an 
elevator deflection during straight and 
level flight, [5]. The resulting motion is 
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restricted to pitching motion and no 
disturbance occurs in yaw or roll. An 
example of couple motion is the 
disturbance created by a rudder 
deflection [6]. The ensuing motion will 
be some combination of both yawing 
and rolling motion [7]. Although all 
lateral  disturbance motion are coupled, 
the only motion that ever results in 
coupling problems large enough to 
threaten the structural  Integrity of the 
aircraft is coupling as a result of rolling 
Motion, [8] .  
T-38 jet plane was taken as case study 
(Figure (1), Table (1) [9]. 
Mathematical Analysis of Rolling 
Divergence 
The overall equation of motion, [2]. 
 

 
                                                    … (1) 

 
 
                                                  …. (2) 

 
Pitching moment Velocity 

 
                                                … (3) 

 
…. (4) 

                                             
 

 
 
                                           … (5) 

 
                                              … (6) 
 
Rolling Velocity 
 

 
Yawing Velocity 

 
 
The approach for solving the 
autorotation rolling equations was 
derived based on some necessary 
assumption to fit into the present 
analysis of autorotation rolling [1]. 
I. Velocity remains constant during the 
roll maneuver 

 
2 .The rate roll rate is 
constant;

. 

3.  are small therefore their 
products are negligible. 
4. Engine gyroscopic effect is 
negligible. 
5 .Rudder and elevator are fixed in 
their initial trim position. 
6. Aerodynamic coefficients are 
negligible with the exception of 

 
7. Small angle assumption 

on . 
When these assumptions are applied to 
the six equations of Motion the 
following results are obtained 
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                                               … (7) 

 

                                               …(8) 

 
 

                                       
                                              …(9) 

 Force will 
average zero throughout a roll) 
  

                                                                   
                                           …(10) 
       This is a reasonable condition 
because one considers the motion to be 
pricipally a steady state rollbecause 
such a situation the aileron moment 
and damping in roll exactly oppose one 
another. 
 

 
                                                   …(11) 
 

 
                                                  … (12) 
Rewriting the equations in neater form 
 

 
                                                  … (13) 

   
                                                  … (14) 

 
                                                  …(15) 
 
 

 

                                                  …(16) 
 
          Note that there are four 
equations in four unknowns 

   Particular 
solution to these equations exists 
because the pitching moment equation 
is not homogenous. However, the 
investigation of the particular solution 
holds only for design interest. On the 
other hand the homogenous solution 
represents motion which is indicative 
of stable or unstable coupling. 
Accordingly, the equations are Laplace 
transformed and coefficient matrix 
determinant becomes. 
 

 
 
The determinant must be expanded to 
solve for the characteristic equation  
   

 
 
The equation must be tested for 
stability in several methods such as 
Routh Discriminant [6] which 
conditioned for stability 

 
         
The stability derivatives formation 
which is given below, [2] was helpful 
in this analysis for determining    
 

            …(17) 
                                      
 
                 

 
                                                     

…(18) 

 
                                          … (19) 
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                                       … (20) 
 
Results and Discussion 
         All the parameters exits in 
autorotation characteristic equation are 
selected as effective parameters, which 
may be tested with different roll 

rate  .Wing mean chord line  

and wing span hvae negative effect 
toward autorotation stability because 
any increment in these parameters 
decrease the directional 

stability , Fig (2) and Fig (3). 

      Autorotation stability is much 
better at low altitude due to lift 
increase, Fig (4).Any change in 
moment of inertia in x, y plane 
( ) has limited effect on 
kinematics coupling dynamic stability 
(Fig (5), Fig (6)), but any change in 
moment of inertia in z-plane has great 
effect on roll coupling (Fig 
(7)).Stability Derivatives have different 
behavior because each derivative is 
depending on the way of its 
generation.  represents the 

longitudinal stability so it has limited 
positive effect toward autorotation 
stability, Fig (8),    presents the 

damping in pitch .It has great negative 
effect toward autorotation stability, Fig 
(9),  represents damping in yaw .It 

has limited negative effect toward 
autorotation stability, but it should be  

maintain  below zero ( ) to 
keep the B coefficient of 
characteristic equation greater than 
zero in order to avoid autorotation 
Fig (10) and  represents the 

directional stability and it has great 
positive effect toward autorotation 
stability and should be kept larger 
than zero, since this parameter 

determine the C coefficient which it 
should be positive to avoid the 
autorotation, Fig (11). 
Conclusions 
1. Vertical Tail stability design more 
important than wing-body and 
horizontal tail the for kinematic 
coupling. 
2. Autorotation stability was found 
much better at low altitude 
3. Decrease weight distribution in Z-
plane and increase weight distribution 
in Y-plane one of best solution of 
kinematic coupling of autorotation. 

4. The most serve cases naturally 
should be expected in the flight regime 

of low  and high . 

5. It can be notice that  

 was quite reasonable for 
optimum stability. 
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Figure (1):-Views of Supersonic Aircraft T-38 Taylon (Case Study) 
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Figure (2) Effect of Wing Mean Chord on Aircraft Autorotation
 

  

Figure (3) Effect of Wing Span on Aircraft Autorotation 
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Figure (4) Effect of Wing Area on Aircraft Autorota tion 
 

 

Figure (5) Effect of Wing Span on Aircraft Autorotation 
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Figure (6) Effect of Air Density on Aircraft   Autorotation   

 

Figure (7) Effect of   X-Axis moment of Inertia on Aircraft Autorotation 
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Figure (8) Effect of   Y-Axis moment of Inertia on Aircraft Autorotation 
 

 

 

Figure (9) Effect of Z-Axis moment of Inertia on Aircraft Autorotation 
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Figure (10) Effect of Static Longitudinal Stability on Autorotation 

 

Figure (11) Effect of Damping in Pitch on Autorotation 
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Figure (12) Effect of Damping in Yaw on Autorotation 
 

 
 

Figure (13) Effect of Dedicational stability on Autorotation 
 


