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Objective
A group supplied with a working catapult, was required to determine the key control factors for operation of the catapult.
The key control factors were determined using safe firing protocols and the experimental matrix. These control factors were then further evaluated to predict the catapult performance at a given setting. 
Method and apparatus 
The catapult used in the experiment had 6 settings that could be varied. These consisted of: 
· Bant front position
· Band anchor position
· Stop position
· Pull back
· Operator 
· Cup position 
For the experiment the cup position variable was not changed. 
A template for the L8 experimental matrix or Taguchi matrix was used that consisted of 7 factors or variables at 2 levels. The levels often referred to as ‘low’ and ‘high’, describing the range of values or conditions for each factor. 
Theory of Taguchi 
In its simplest term, the method or process is used for used for product optimization. It involves the planning, conducting and evaluating results of experiments to determine the best level of control factors. The primary objective is to find the ratios of signal-to-noise and use this to analyse and predict the optimum result. Consequently, the processes or products are robust against variation [1] [2].  
Some of the benefits of using this theory are: 
· Reduced experimental effort and cost. 
It requires fewer experiments than traditional designs and so reducing the overall cost of experiments [3]. 
· Improved quality 
Identifies factors that contribute to variations in quality and optimise the process to minimize these variations [4]
· Robustness 
Creating processes that are less perceptive to noise factors. 
· Cost reduction [5]
Optimising process can lead to a reduction of manufacturing costs [4]. 





Experimental data Figure 1 Experiment Numerical Data.
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Figure 4 Graph Outputs from Numerical Data. Showing pull back distance, stop and front anchor position results. 
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Interpretation of results
As highlighted in figure 1 the yellow column shows the variable range of data collected from only 3 shots fired per row of settings. Band Front position and pull back have the largest range showing this has the most impact on the catapults ability to achieve a bigger distance of ball toss as seen in figure 2.  With the stop position being kept at position 3 shown in the graph labelled stop in figure 2 as the most successful position for maximum range. It was also determined at this stage that operator variance was a substantial contributing factor.  
Conclusion 
Using this method with only two variables per feature with the output of the graphs showing a large variation. One can quickly evaluate the results showing one variable being better than the other and having a larger impact.  
In figure 3 it has been demonstrated how this method allows for a faster estimation of maximum efficiency and includes a check as seen in the bottom of figure 3. Where the band position was put at the midpoint, being 2 and pull back position midpoint of 155. With an average output of 180. The estimated output being 185.9 showing a difference of 5.9 showing a relative degree of accuracy. I was happy with the error value being 5.9, The experimental matrix was relatively simple to use and the ability to perform a check I found valuable. 
There are other methods that can be used, for example: Analysis of Variance, Regression analysis, Traditional factorial designs and Fractional factorial designs, the most comparable to the Taguchi method would be to use Response Surface Methodology, this uses mathematical models to describe the relationships between input factors and outputs and for finding optimal combinations of factors, as well as an undstanding of how those input factors interact [6]. These methods could be more useful and applicable when applied to a different system, but not for the exercise described within this report. 
Reflection 
The group worked well together and there was constructive communication between the whole team. Upon reflection it would have been beneficial on the spreadsheet to label each section more clearly making it easier to follow when it came to the analysis and understanding the interactions, graphs and the numerical calculations. 
If conducting this activity again, I would ensure a clear road map of the meanings of each section of the spreadsheet to gain a better understanding to then further build upon. I would like to increase the number of shots fired per row to get a larger range of data collected, 3 shots, 5 shots and 10 shots to compare the results to see the impact on the results gathered, while also using the response surface method in parallel  of the 3 shot data collection to be able to fully analyse the benefits and drawbacks of each method of design of experiments.
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