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Brief instruction for the demo version of the program 
This demo is a small fragment of the comprehensive program for investigation of flexible properties of aerospace vehicle, simulation and visualization of their motion, synthesis of optimal and suboptimal control laws and their simplification.  UI controls are supported by the context helps (Tips). When the user moves the mouse pointer over the control and leaves it there, the tool tip is displayed. 
Unpack all files in arbitrary folder of hard disk and use this folder as Current Directory for Matlab
 v. R2007 – R2009.   Run file ConstructionPars.p as it is shown in Fig.1
[image: image18.png]2 4 0 1 2
4CN(X)/AAOA





Fig.1 Run the program
The window of this demo (see Fig.2) can be used for investigation of the vehicle flexible properties. 
This window allows solving the following problems:

1. Input and change geometrical, inertial and flexible parameters of the vehicle body.

2. Input and change of the parameters of vehicle fin assembly.

3. Input and change of the type of fuel (solid or liquid) for all vehicle stages, arrangement and dimensions of tanks.

4. Input, save and export in workspace of all vehicle parameters.
5. Fragmentation of all sections for numerical calculation.

6. Calculation of the number of fragments, mass and quantities of stiffness (E*J) for every fragment.

7. Calculation of shapes, slopes, flexions and eigenfrequencies for the vehicle with different levels of fuel and oxidant or different volume of solid fuel.

8. Show in the interface window and in the separate window the schematic construction of vehicle, which is varying with variation of construction parameters.

9. Show in the interface window and in the separate window the distribution along the longitudinal axis of the following parameters: Mass, E*J, Shapes, Slopes and Flexions (curvature). These parameters are calculating for different levels of fuel and oxidant or different volume of solid fuel. 

For change the shapes of the vehicle body it is necessary to push the Body button, as it is shown in Fig.2. 
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Fig. 2. The main window for input, change and calculation of flexibility parameters

The following parameters are placed in the table under this button:

· Num is the sequence number of the section.

· Stage is the number of vehicle stages in which the section Num is included.

· Section is the name of the section.

· H is the coordinate of the lower bound of the section regarding the high bound of the vehicle (Point of origin, "Zero"), in millimeters.

· R is radius of the lower bound of the section, in millimeters.

· Kro is the coefficient of the section completing by material with density Ro.  
· Ke is the elastic stiffness coefficient, which is used for correction of default value.
· Kg  is not used in this version of program.
· Parts is the number of section fragmentations used for calculation of vehicle flexibility parameters.
Parameters of FIN and TANKS can be changed similarly. It is possible to change the type of fuel: solid or liquid.
All modifications of the geometrical parameters are reflected in the picture right from the table (see Fig.2) after press Enter button in keyboard. 

Calculation of aeroflexibility parameters

Previously it is necessary to choose the Maximum Length of the Fragmentation along the longitudinal axis in millimeters and press Apply button (see fig. 2). Little window is appear with number of fragments. Then press Create Beam Model, Calculate Aerodynamics and Calculate Flexibility buttons. After calculations finishing the table with Mass and EJ for all numbers of fragments NUM is automatically filled. 
In result the following parameters will be automatically calculated:
· Distributed Mass and EJ for all sections

· Shapes 

· Slopes 

· Flexions 

· Eigenfrequencies
· Distributed aerodynamical parameters Cn(x) and dCn(x) /dAOA
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Graphics of all these functions are available in right side of the main window or in the separate window (press Show Separately)as it is shown in the following figures* :
Fig. 3. Aeroflexibility parameters of the designed construction
* Results these calculations are based in simplified models and are used for demonstration abilities of the program only.
Simulation of the flight
Choose Simulation > Calculate Trajectory in the main window (see Fig.2).
Appear the following window:
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Fig. 4. The window for input of the simulation parameters
Choose Simulation Parameters, Plot Parameters and others parameters of simulation (not all options work properly in demo version). Press Start for start of simulation. The process of simulation required some time, which depends from the powerful of the computer.
It is possible to open PostProcessor and choose parameters for 3d or 2d plots. The functions pitch(t), pitch_dot(t) and  trajectory in vertical plan –zE(xE) are shown bellow in Fig. 5-7, as examples. 
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Fig. 5. Function pitch(t) = 
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Fig. 6. Function pitch_dot(t) = q(t)
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Fig. 7. Trajectory in vertical plan –zE(xE)
Press Linearization Next button.  The new window will appear, as it is shown in Fig. 8.
Choose number of the modes, structure and complexity of mathematical modes of different physical effects, which are taking into account.  Choose instants for linearization for all 3 stages of the flight. In Fig. 8 was chose 4 instants, which corresponded to 1, 20, 40, 60 sec. of the flight.  
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Fig. 8. The window Linearization

Press Calculate LinMod button for calculation liner models of generalized model of missile. 

Press LTI Viewer button after calculations was finished. Choose Input and Output parameters and Plot Type in Flexible Vehicle LTI Viewer, as it is shown in Fig. 9.

Choose type the mathematical mode of linear system (state-space, zero-pole-gain or transfer function) and press Review button.  In Fig.10 linear models in zero-pole-gain are shown for selected instants.
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Fig. 9. Bode diagram for selected instant of the flight, Input and Output parameters
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Fig. 10. Transfer Functions for selected instant of the flight, Input and Output parameters
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