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[bookmark: _Toc227565555]1 Abstract
[bookmark: _Hlk226646872]1.1 In this report, results of an experimental study using Taguchi methods on a small table mounted catapult are presented. The aim was to identify the factors that most effectively influence the range of the device. A L8 (2⁷) orthogonal array was used to investigate five control factors (band front position, band anchor position, stop position, pull-back distance and operator), along with two interactions (AB and BC). Each of the 8 experiments were repeated 3 times for averages, overall giving 24 total range measurements. Using the data from this, a second validation experiment set was completed, where a range midpoint was predicted at 91.33cm. The catapult was set up to the midpoint settings and fired at 92cm.

1.2 From analysis of the results, the pull back distance and band front position had the greatest influence on the range of the system, while stop position, band anchor position and operators had smaller but still noticeable influence. Overall, the experiment showed that a structured Taguchi approach is an effective and efficient way to optimise performance compared to other exhaustive trial and error methods.

[bookmark: _Toc227565556]2 Introduction 
[bookmark: _Hlk227130363][bookmark: _Hlk227076181][bookmark: _Hlk227155418][bookmark: _Hlk227564903]2.1 Genichi Taguchi developed a statistical approach to experimental design that aimed to improve product and process quality by making them robust to variation. The method focuses on the identification of how key input variables affect the performance of the system using an efficient set of low cost experiments. 

[bookmark: _Hlk227564941]2.2 Taguchi also believed that quality could be achieved by designing it into the product during development, and that all products should conform to the desired tolerances throughout manufacture instead of a final review where faulty products are rejected and turned into waste, inspection and statistical quality control cannot compensate for a bad design. There are three steps to achieving quality by design, including tolerance design, parameter design and system design. Each of these can be explored to identify noises and variation, which can then be controlled and mitigated. [1][2]

[bookmark: _Hlk227564947][bookmark: _Hlk227565023][bookmark: _Hlk227565067]2.3 Reducing the number of experiments is beneficial for efficiency, however, this leads to the method often overlooking interaction effects, which can be significant in coupled systems where variables are linked like catapult arm length and band stiffness. Also, the simplified analysis methods give limited statistical depth compared to more advanced and modern design of experiment techniques, meaning results obtained should be viewed as a good initial screening of variables. For definitive system optimisation steps, more detailed modelling of interactions and variables is required. [4] [5]
[bookmark: _Toc227565557]3 Objective
[bookmark: _Hlk227076186][bookmark: _Hlk227565131]3.1 The objective of the experiment was to determine the most influential factors effecting the range of the catapult. There were 5 different main variables; band front position, band anchor position, stop position, pull back distance and operator (figure 1). A Taguchi L8 orthogonal array was chosen as it allows the study of the five control factors and selected interactions (AB and BC) effectively in 8 runs.

[bookmark: _Hlk227565140]3.2 The measured variable was the horizontal distance from the base of the catapult (range); this was measured by having two people assigned to measurement for every test, and a slow-motion function was used on a phone camera for further confirmation. By measuring the distance in each test and inputting the values into the provided spreadsheet, averages could be calculated, and data visualised in the form of graphs.
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Figure 1, Catapult Setup and Key Variables Labelled
[bookmark: _Hlk227155426]
[bookmark: _Hlk227076189][bookmark: _Hlk227565163]3.3 To operate the catapult, before the initial experiment two operators receive training and completed the firing procedures as practice. Safe firing protocols were also implemented, before each firing every member of the team was asked if they were ready and the range was checked to be clear. 





[bookmark: _Toc227565558]3.4 Method
	Step
	Action

	
	Initial Experiments

	1
	Identify all independent and dependent variables.

	2
	Populate Taguchi’s Array table.

	3
	Set up catapult and range tape measure of level tables.

	4
	Check all range operators are ready for firing.

	5
	Load ball and fire down range.

	6
	Measure distance and record in excel spreadsheet.

	7
	Repeat 2 more times for a total of 3 results for each experiment.

	8
	Repeat steps 3-7 for each initial experiment.

	9
	Populate Taguchi’s Array table with averaged data from initial experiments.

	10
	Analyse data to find the two most influential variables and most consistent operator.

	
	Validation Experiments

	11
	Repeat steps 3-7 with a focus on the two most influential variables, 4 times to find the maximum and minimum distance.

	12
	Use the spreadsheet provided to calculate a midpoint.

	13
	Set up the catapult to fire at the predicted midpoint.

	14
	Repeat steps 3-7 one more time and record result in excel spreadsheet.

	15
	Compare calculated result to actual result.


Table 1, Method

[bookmark: _Toc227565559]3.5 Apparatus
	Number
	Equipment

	1
	Catapult 

	2
	Ball

	3
	Tape measure

	4
	Table clamp

	5
	Tables

	6
	Laptop

	7
	Phone Camera


Table 2, Apparatus


[bookmark: _Toc227565560][image: ]3.6 Taguchi’s Tables
Table 3, Taguchi’s Levels and Standard Array

[bookmark: _Hlk227076197][bookmark: _Hlk227130380][bookmark: _Hlk227565212]3.6.1 In this exercise, a L8 (2^7) Taguchi orthogonal array was used, this is a table that is not derived from experimental data, it is mathematically constructed to ensure statistical orthogonality. The Array contains 8 experiment rows that each test a different combination of the 7 2-level variables, each column represents a variable and the numbers in the table are arranged so that each level appears an equal number of times. The table layout keeps the number of experiments low, while still testing each variables effect independently.
[image: ]
Table 4, Populated Array
[bookmark: _Hlk227130383]
[bookmark: _Hlk227076201][bookmark: _Hlk227565222]3.6.2 Above (table 4), the Array can be seen populated with the units for each variable. This gives a much easier table to follow for the test as each level number has been swapped out for its corresponding catapult setting value. 

[bookmark: _Toc227565561]4 Experimental data
[bookmark: _Toc227565562]4.1 Initial Experiments Results
[image: ]





Table 5, Initial Experiment Results

[bookmark: _Hlk227076204][bookmark: _Hlk227130387][bookmark: _Hlk227565235]4.1.1 The first experiments were completed and distance values recorded on table 1. Each one repeated 3 times so that an average could be calculated, this helped to mitigate anomalous variation between firings on the same settings.
[image: ]
Table 6, Initial Results in Array Table
[bookmark: _Hlk227155443]
[bookmark: _Hlk227076207][bookmark: _Hlk227565249]4.1.2 The averaged values were automatically transferred into the Array table where they were inputted into pre-set calculations to receive values that could be put into graphs.






Figure 2, Initial Results Visualised in Graphs

[bookmark: _Hlk227076211][bookmark: _Hlk227565259]4.1.3 These graphs show the influence of the variable on the distance achieved, the steeper the line, the more of an influence the variable had. 

[bookmark: _Toc227565563][image: ]4.2 Validation Results
Table 7, Midpoint Calculation and Validation Results 

[bookmark: _Hlk227130419][bookmark: _Hlk227076216]4.2.1 The second set of experiments used the most consistent operator for all of the firings, then only the front position and pull back were changed between levels to find an upper and lower firing distance. During this, all other variables stayed on the level which achieved more distance (band anchor level 1 and stop position level 2).

[bookmark: _Hlk227130431]4.2.2 Using this data, the midpoint of the catapult was predicted at 91.3 cm, the catapult was then tested on the settings for a midpoint firing, and a result of 92 cm was achieved.

[bookmark: _Toc227565564]5 Interpretation of Results
[bookmark: _Toc227565565]5.1 Initial Experiments Analysis
[bookmark: _Hlk227076219]5.1.1 Looking at the graphs created from the initial experiments (figure 2), it is clear that front position and pull back have the biggest influence on the system, the steep line indicates the large difference between distance values when it was fired from each level. Both anchor position and stop distance had small but still noticeable impacts on the system, so both higher valued levels were chosen for moving on to the validation experiments. Similarly in having little impact on distance, changing the operator did not have much of an effect on the system, suggesting that the catapult is robust to human variation. However, operator 2 is slightly higher on the table so they were chosen to carry onto the validation set.

[bookmark: _Toc227565566]5.2 Validation Experiemnts Analysis
[bookmark: _Hlk227076222]5.2.1 After calculating the midpoint of 91.33cm and setting up the catapult to be firing on the middle settings, a distance of 92cm was achieved. This is very close and proves that through calculation, a reliable answer for the midpoint could have been obtained without completing the final validation experiment. The slight difference of 0.77cm may have been due to the measuring being done by eye, or from other noises included below.

[bookmark: _Toc227565567]5.3 Noises Identified
[bookmark: _Hlk227076226][bookmark: _Hlk227155462]5.3.1 During experimentation, multiple noises were noticed, mostly due to the basic design of the catapult and set up. The catapult arm, mounting holes for the stop position and elastic band holder, all had play in them to allow them to move, introducing variation as each part could freely move and be positioned differently on each firing and changing friction values.

5.3.2 One of the main noises for the operator was the elastic band, the way it was mounted around a pin allowed it to unravel and spin which would release tension the longer it was held back, so the firing had to be done quickly. This had a knock on effect, as the pull back had no stopper, the operator had to pull back and fire quickly without much time to confirm pull back distance. Lastly, the tables used were uneven which made the first bounce of the ball behave differently each time, this made it harder to measure, along with the tape measure not being clamped to the table which may have shifted and changed results throughout.

5.3.3 Due to the noises, there was noticeable variation between firings. The largest variation between a set of 3 results was 65cm. Averaging the experiments helped to recover from this variation but was acting more as a cover up than a fix for the real issue. In future, if improvements were made to the system to reduce noise, the variation of results of firings on the same settings should lower.

[bookmark: _Toc227565568]6 Conclusion
[bookmark: _Hlk227130455][bookmark: _Hlk227076232]6.1 The Taguchi experiment successfully identified the different influence levels that each control variables had on the system. The most influential being the pull back distance and front position used, followed in the order of stop position, anchor position and lastly the lowest, operator. Distances ranged from an average of 233cm to 24cm over both sets of experiments. During the validation experiments, a midpoint was estimated from results (91.33cm), this was then proven correct through an additional experiment that achieved 92cm and confirmed the reliability of the method.

6.2 Overall, the Taguchi method proved to be an efficient and cost effective way of analysing the system and its performance. By using the orthogonal array, clear and useful results were obtained through only running 8 initial experiments. Further analysis to support the findings may include Signal to Noise (SNR) and Analysis of Variance (ANOVA) investigations. If any upgrades could be made to the catapult or method to mitigate noises, the whole process should be repeated to see how much more consistent the results would be.

[bookmark: _Toc227565569]7 Reflection
[bookmark: _Hlk227155469]7.1 All of the experiments worked as intended and the team worked together efficiently, this was a very basic task so even though the team hadn’t worked together before it was easy to assign roles and get the work completed.
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