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1. [bookmark: _Toc227586297]Introduction
When designing a system, something that must be considered is how each subsystem interacts with each other. This can be obvious, such as the output of one subsystem acting as the input for another, or less so when different subsystems are operating in parallel. In its designed configuration these subsystems may not interact detrimentally but due to difference in tolerances or operating conditions small deviations may cascade into different subsystems and dramatically effect the systems output. Testing for every possible combination of condition and tolerance is an exponential task, which soon becomes extremely time consuming and costly. This report considers the Taguchi theory for experimental design when looking at the operation of a catapult, and how this can be used to determine any unexpected interactions whilst limiting the number of required tests.
2. [bookmark: _Toc227586298]The Taguchi Method
The Taguchi method takes a number of variables, n, and by randomising the value of each variable in an experiment can perform an analysis in n + 1 tests [1]. This is at the cost of detail, as to perform this effectively the variables must be reduced to a high and low value, in essence a form of A-B testing where any clear deviations caused by the change in value can e measured in the output [2]. This is done by graphing the output for each combination of factors, and if there is no interaction between the changed variables the output should remain constant. If the output changes that implies an interaction between the changed variables that would require further testing. This is the strength of Taguchi, it highlights any possible interactions for further analysis but also allows for quick ruling out of any non-interacting variables [3].
3. [bookmark: _Toc227586299]Experimental
The experiment performed was determining the distance a ball could be launched by a catapult when changing five variables and checking for two different interactions. The variables were: band front position, band anchor position, stop position, pull back distance and operator. Eight tests were carried out, with the variables being varied between a high and low value, and the interactions being assigned a random 1 or 2 value, to check for interactions.
[image: ][bookmark: _Toc227586244]Figure 1 - The Catapult Apparatus [5]



	Experiment
	1
	2
	3
	4
	5
	6
	7

	
	Band front position
	Band Anchor position
	AB Interaction
	Stop Position
	Pull back
	BC Interaction
	Operator

	Expt 1
	1
	2
	1
	1
	140
	1
	A

	Expt 2
	1
	2
	1
	3
	170
	2
	B

	Expt 3
	1
	4
	2
	1
	140
	2
	B

	Expt 4
	1
	4
	2
	3
	170
	1
	A

	Expt 5
	3
	2
	2
	1
	170
	1
	B

	Expt 6
	3
	2
	2
	3
	140
	2
	A

	Expt 7
	3
	4
	1
	1
	170
	2
	A

	Expt 8
	3
	4
	1
	3
	140
	1
	B


[bookmark: _Toc227586288]Table 1 - The performed experiments

4. [bookmark: _Toc227586300]Results
From the results it is possible to observe that the stop position has the lowest effect on the distance the ball travelled, and that there are interactions between the variables, as both the AB and BC interaction graphs show a clear increase in distance between the 1 and 2 values. 

	Experiment
	Range (cm)

	1
	95

	2
	105

	3
	109

	4
	222

	5
	132

	6
	71

	7
	112

	8
	75


[bookmark: _Toc227586289]Table 2 - The range results



[bookmark: _Toc227586245]Figure 2 - Graphs showing the effect changing each variable has on the range and showing an AB and BC interaction


5. [bookmark: _Toc227586301]Conclusions
From this experiment it can be shown that only one variable has a negligible impact on the range of the ball and that this would be the variable that requires the least amount of investigation into acceptable parameters for a consist output. It also shows that there are interactions between each of the subsystems, such that redesigning one of them would not result in increased consistency without performing more A-B testing with the other variables. 
6. [bookmark: _Toc227586302]Reflection
Overall, the strength of Taguchi comes not from the level of detail that it provides but the ability to downscale the number of experiments required, as to perform a full A-B test of this system would required 5! = 120 different tests and would reveal the same relationships that it was possible to determine in 8 [4]. Another advantage is that by choosing such a coarse set of variables, only high and low values, it is possible to determine the level of precision that is required with each variable, as if, as with the stop position, there is negligible difference between the two extremes, then the tolerances required for that subsystem to perform consistency are clearly quite large, and a whole scheme of testing that would have been required to determine the exact limits of that subsystem can be eliminated. 
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