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[bookmark: _Toc196743208]I   Objective
The group were given a catapult and ball and were tasked with determining the key control factors for the utilisation of said catapult. The matrix and experimental guidance were supplied by the lecturer. The matrix on excel was used to determine the key control factors and then predict the system’s performance at any given configuration.

[bookmark: _Toc196743209]II   Method and Apparatus
A performance model was to be created for the catapult by launching a ball from said catapult while changing various factors to alter the performance of the catapult.

Factors that were varied and recorded were:
Band anchor position
Band front position
Stop position
Pullback scale.

Other factors had to be controlled in order to ensure the validity of the experiment. These factors pertained to the variable nature of the experiment to guarantee as best as was reasonably practicable that only the variable factors were altered and other factors that were not being recorded, but could alter the result, were kept constant. These factors included:
Elastic Tension / spring quantity 
Eleatic properties 
Arm length 
Stop Bar Location 
Arm Length / Ball start location 
Projectile Mass 
Projectile Shape.

Other factors, known as ‘noise factors’ are uncontrolled variables that can have an adverse effect on the validity of the experiment but were either impossible, too expensive or too inconvenient to control. Variables counted as noise factors included:
Table stability 
Design tolerances 
Ball Aerodynamics – Spherical Ball exhibits random variation in aerodynamics 
Elastic degradation 
Measurement variation 
Placement in cup.

The variables were changed in accordance with the spreadsheet and the catapult was loaded and fired by the same operator in order to improve the validity of the experiment and reduce any uncontrolled variables that may arise by having multiple operators. It was noticed that a radically different result followed the launch depending on whether the ball was pushed into the catapult, creating a lot of resistance between the ball and the catapult cup, and whether the ball was loosely placed in the cup, making the release of the ball from the cup more effective. 

After each launch the point at which the ball made contact with the table was measured and recorded. The point of contact was marked and recorded by the same person to eliminate bias and maintain consistency. The origin point from where the mensuration was carried out was marked and remained constant throughout the entire experiment in order to maintain consistency and gather reliable data from the run throughs.

The experiments were repeated five times for each configuration and each impact was measured and recorded in the matrix spreadsheet. The five recordings were then averaged and recorded in order to reduce random errors and increase the accuracy of results.
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[bookmark: _Toc196743211]IV   Interpretation of Results
The primary output of the experiment was the range at which the ball made contact with the table. It is clear from the table of results that the greatest range was acquired with the third firing arrangement, with the range achieved being 286.6cm. The closest result to this range the fourth firing arrangement which managed to achieve a range of 208cm. It is clear from the results graphs produced by the matrix that the pull back position of the catapult is the most significant when predicting the causative results of the catapult experiment as a significant increase is seen between levels one and two of the variable. Another significant variable is the front position of the elastic band as a large decrease in range, although not as significant as the increase in range shown by adjusting the pullback position, is seen by the difference between level 1 and level 2. This is exemplified by the final results as ‘Firing 1’ and ‘Firing 3’ feature the same front band position but a varied pullback position and the result is that the run with the greater pullback position features a massively increased range measurement by over 100cm. 

[bookmark: _Toc196743212]V   Conclusion
In conclusion, by carefully designing the experiment, taking into consideration the various controls and noise factors, the catapult system can systematically evaluate several variable parameters and their respective levels to understand their effect on the performance of the system as a whole and the output of the system.  The experimental data reveals that multiple factors have a significant influence on the performance and output of the system; for example, KF1, the front band position, performs optimally at level 1, while the pullback position achieves the greatest range when set to Level 2. Hence, to achieve the maximum range the system is capable of, the optimal configuration would involve these variables and levels.

This demonstrates the strength of the Taguchi method as it delivers a systematic and quantifiable way to optimise a process while carrying out a minimal number of experiments. It can be used to determine the most impactful factors, while filtering out noise, in order to calculate and predict the most useful and optimal configurations of system variables while maintaining a minimal set of experiments. 
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Key Feature 1: Band Front Position
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Firing 1 1 140 | range | 138 138 138 140 140 | 1388 | KF1:1 | KR2:1
Firng 2 3 140 | range | 110 105 106 106 105 | 1064 | 2127 | 12256
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