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ABSTRACT 
One of the most interesting aeronautical sports is sailplane flying - flying aircraft with no engine, 
either for pleasure or at competitions. Soaring is a the most challenging sport for all aviators. If for 
any reason (severe turbulence, pilot's error, etc.) the speed of sailplane drops below  the stalling 
speed, at such high angle of bank the sailplane will most probably fall into a spin. Spin is a very 
dangerous and unpleasant maneuver, and in the history of aviation, very large number of both 
aircraft and sailplane accidents was caused by spin. So, good spin recovery characteristics are 
imperative for any modern sailplane. Vuk-T sailplane is modern single seat, all composite sailplane 
for advanced pilot training and competitions, designed at the Belgrade Faculty of  Mechanical 
Engineering. Major assumptions that were a starting point in this subject are the adopted 
aerodynamic concepts of the sailplane and the full system of equations for the aircraft motion in the 
case of spin.  
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1. INTRODUCTION 
A spin is an interesting manouvre, if only for the reason that at one time there stood to its discredit a 
large proportion of all airplane accidents that had ever occurred. It differs from other manouvres in the 
fact that wings are “stalled”. Wings are beyond the critical angle-off-attack, and this accounts for the 
lack of control which the pilot experiences over the movements of the airplane while spinning. It is 
form of “auto-rotation”, which means that there is a natural tendency for the airplane to rotate of its 
own accord. 
 
2. NON-LINEAR MATHEMATICAL MODELS OF FLIGHT DYNAMICS 
Mathematical modeling of spin motion is a very complex task and, therefore, it is necessary to 
introduce series of assumptions and approximations. Mathematical model is based on the first and 
second non-linear equations systems, shown bellow. The first system (V=const and H=const)  is: 
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Now, koefficients is given by: 
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The second system (V and H are not constant) is: 
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Applied koefficients are given by: 
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3. THE GENERAL MODEL 
Modeling was carried out using the 
software package MATLAB, capable 
of solving mathematical problems, 
and analysing data and visualization. 
It has the ability to integrate 
numerical analyzis, matrices calculus, 
data processing, and graphic 
displaying. Simulation was performed 
by using the SIMULINK module, 
having the special feature to simulate 
a dynamic system within a graphic 
mode, where the linear, non-linear, 
time-continuous or discrete 
multivariable systems having 
concentrated parameters can be 
analyzed. Simulation is achieved by 
creating the SIMULINK model and 
implementing appropriate functions 
for the numeric solving differential 
equations. In practice, SIMULINK 
models are represented as block 
diagrams, that are a special type of 
mathematical system model, and show 
dynamic system characteristics and 
major system variables, and system 
element links. 

The algorithm developed for simula-
tion is based on seven block diagrams. 
In general case, the entire block 
diagram shown in Figure 1 contains 
the sub block diagrams. 

 
Figure 1. Main block diagram 

4. PROGRAM RESULTS 
The programme has been tested on the VUK-T sailplane project, (Fig. 2) developed at the Institute for 
aeronautics, Faculty of Mechanical Engineering in Belgrade. The obtained results fully agree, and in 
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some cases are complementing with the in-flight testing results of this aircraft. Program results are 
diagrams, shown on Figure 3-4. 

  Figure 2. VUK-T Sailplane 

 
Figure 3. Basic diagram (left), Shk greater 40%  

 
Figure 4. Basic diagram (left), Svk smaller 40%  

Practical application of this software has shown that computational design in flight mechanics gives 
exceptional results, allowing the designer to follow the development of calculation with a large 
number parameters in detail, and continuously be able to fulfill the criteria of tactical technical 
demands, performing all necessary optimizations. 
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