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What to hand in:
Hand in a report documenting your written answers to each task specified in the assignment together with any related graphs and discussions.

Include a CD containing your C++ or C# source code and executables.  Code should be compatible with Microsoft Visual Studio and executable from any machine in your tutorial lab.

Task
Note: S.I. units used throughout.

You have been asked to simulate the movement of a spring powered model dragster car. 

The spring provides the tractive force, Ft, that pushes the car along.  This tractive force is given by the equation:-
    Ft=1.5(10-x) 
where x is the distance travelled by the car.  x= 0 metres at time t=0 seconds.

If  distance travelled, x is greater than 10 metres then set Ft to zero Newtons.

A drag force, Fd, acts against the forward motion of the car and is made up of tyre rolling resistance,  aerodynamic drag (‘wind resistance’) and any braking force. Fd can be found using the equation:

Fd = CR.mg  + ½ CD AV2
where     

CR , coefficient of rolling resistance.  Set this to 0.25
M, Mass of the vehicle. Set this to 1kg
g,  gravity = 9.81 m/s2

CDdrag coefficient.  Set this to 0.34kgm
,  Air density  Set this to 1.2kg/m3
A, frontal area of vehicle.  Set this to 0.01m2 
V, Velocity of vehicle.
This equation and the given values incorporate all friction and braking forces you need in order to model the drag force on the car.
If  velocity, v is less than zero then set Fd to zero.
Once you have the drag force you can determine the car’s acceleration using:

a = (Ft – Fd)/m
where m  is the mass of the vehicle (this equation assumes the moment of inertia of the driving wheels is negligible).

Continued Overleaf.

Model the velocity and position of the car over a period of about 6 seconds using an iteration rate (time step) of  0.04seconds.  This should be sufficient time to model the car’s motion until it comes to a stop. If necessary adjust one or more of the given variables/coefficients  so that you can model the car’s motion until it comes to a halt.
A numerical integration method should be used to determine the new velocity and position at each time step.  Euler’s method should suffice to determine the new velocity and position from the current values of velocity, distance and acceleration.

In particular:

Describe Euler’s method in detail highlighting its advantages and disadvantages.  Also provide a discussion of common numerical integration methods used in gaming and physical modelling, evaluating the relative merits and disadvantages of each method within a gaming and physical modelling context.  Make sure you use references and provide a bibliography.

Develop an algorithm using these methods which will allow you to determine the velocity and position of the model for each time step. Discuss your algorithm highlighting any points which you feel are important.










(70 Marks)

Develop a C++ or C#  program from your algorithm which will calculate velocity and position for each time step and save this information together with time step and acceleration values.   Load this information into an appropriate plotting application such as Excel and plot your results. Comment on your results.










(30 Marks)
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