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[bookmark: _Toc227584635]Taguchi Analysis 
Developed by Dr. Genichi Taguchi in 1954, Taguchi experiment design is an analytical method to determine the factors that have the biggest effect on the result of a trial. The method works by isolating a number of different factors affecting an experiment and then runs a series of tests in a random order changing one or more of the variables each time. This allows for the calculation and plotting of how much each factor impacts the final result of the test. This allows for the most impactful variables to be identified; they can then be assessed to determine what the maximum and minimum results are this can then be used to predict a middle value between this maximum and minimum and then use experimental techniques to verify this result. [1]
The analysis used matrices to generate a random order for the experiments and then gather the results and quantify the effect of each change. The matrices allows for the near infinite scaling of this method but them maths involved when operating this large number of independent variables becomes incredible difficult, so this method better lends itself to smaller scales calculations and experiments with fewer variables e.g. the experiment below had seven independent variables. Though with time and computational power more complex problems can be analysed. [2]

[bookmark: _Toc227584636]
Experiment  
[bookmark: _Toc227584637]Objective 
This experiment set out to determine the optimal set up for the firing of a ball from a tabletop catapult. There were 5 variables that were changed during the experiment as well as two baseline variables which ensured there was no unaccounted-for change in the system. The variables were: 
· Band front tensioner position 
· Band anchor position 
· Arm stop position 
· Distance of pull back 
· Operator 
This experiment would allow for the identification of the most and least optimal positions and then allow for these to be averaged to calculate a midpoint which would then be experimentally verified to validate the model. 
[bookmark: _Toc227584638]Method 
First the variables were laid out in a matrix seen in Fig. 1 allowing for all possible combinations to be explored ensuring every interaction between was covered. 
[image: ]
[bookmark: _Toc227584627]Figure 1: Variable change matrix
After this the experiment was conducted with the catapult being adjusted and the operator swapped a number of factors outside the initial variables were noticed when using the catapult, these will be mention further in the discussion section.  
Each run was completed three times with the final result being an average of all of these runs, this added assurance that the given value was representative of the outcome from that setoff variables [3]
[bookmark: _Toc227584639]Data 
After each firing the data was input into a spreadsheet and formulae populated graphs and tables allowing the trials team to get a quick visual indicator of what set up was most optimal. Fig. 2 shows the results table used during the trial. 
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[bookmark: _Toc227584628]Figure 2: Results table
These figures were then used to produce a number of graphs showing the range achieved in relation to the variable being changed with the higher point representing better performance. 
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[bookmark: _Toc227584629]Figure 3: Variable Comparison
The steepness of each line gives an indication of how different the experimental results have from each other. Flatter lines indicate a smaller impact on the final range while a steeper gradient indicates a more significant impact. 
After this initial experiment was conducted the two most significant factors were selected to be trialled again with all other variables being optimised and then discounted. This lead to the front position and pull back being decided upon as the most impactful factors with the rest of the variables being set at their higher position with the final experiment being as follows: 
Operator 2 using anchor position 2 and stop position 3 and then varying front position (KF1) and pull back (KF2) as shown below in Fig. 4. 
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[bookmark: _Toc227584630]Figure 4: rationalised variable table
The above data clearly shows an optimal setup of front position 1 and pull back of 170 where in every test outperformed all other set ups. Taking the results from this table, they can compared using each factor to determine a theoretical mid point for a new test, these are then averaged to get a predicted distance. 
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[bookmark: _Toc227584631]Figure 5: Midpoint calculation table
The set up was then adjusted with the anchor point being set to 2 and the pull back distance being reduced to 155. Team members then carefully watched the firing and the projective landed almost exactly on the 91cm marker on the tape measure. 



[bookmark: _Toc227584640]Discussion 
As laid out in the data section the Taguchi method clearly works and has proved an effective tool at predicting results based on a changing variable. While this method is reasonably robust during the actual experimentation three significant noises were discovered. 
[bookmark: _Toc227584641]Ball placement 
When the ball was placed into the catapult there were two main ways this happened:
· Pressing the ball into the firing cup 
· Placing the ball into the firing cup 
This had a noticeable impact on the range of the catapult as pressing the ball into the cup provided more resistance to the ball causing it to travel a shorter distance than a ball just placed. 
[bookmark: _Toc227584642]Draw time 
When initially drawing the catapult the majority of the tension went through the first section of the rubber bands if this was held for a few seconds the tension would equalise over the length of the band providing less motive force to the projectile. 
[bookmark: _Toc227584643]Operator mental state
 One of the operators was slightly impaired due to proper sleep the night before this lead to issue with repeatability and mistakes being made and difficulty tracking what shot was being conducted. 
The group noticed each of these issues when the presented and discussed what to do to mitigate them. This included agreeing the either press or not press the projectile into the firing cup and agreeing that the tension would not be held in the system longer than was strictly necessary. 
This showed the importance of adaptability and predicting potential noises before they can arise and having a robust plan to deal with any that do. 

[bookmark: _Toc227584644]Conclusion 
 This exercise allowed students to grasp Taguchi design of experiments in a practical method that displayed exactly how this technique would be implemented for a real scenario. It gave students and understanding of how to use this method and that information that can be grained from doing so. 
It also helped build critical thinking skills shown in the discussion section as students had to analyse what went well and what factors could have impacted the results of the experiment and what could be done in the future to mitigate them. 
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KFL K2 1 2 3 Ave
Firing 1 1 140 | range | 40 40 40 40
Fimg2 3 140 | range | 25 25 23 |2433333
Firing 3 1 170 | range | 184 205 194 |194.3333
Fimg4, 3 170 | range | 100 112 108 | 106.6667
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Experiment 1 2 3 4 5 5 7
Band front |Band Anchor|  AB BC
|stop Position|  Pull back Operator
position | position | Interaction Interaction

Expt1 1 2 1 1 140 1 A
Expt2 1 2 1 3 170 2 )
Expt3 1 4 2 1 140 2 )
Expta 1 4 2 3 170 1 A
Expts 3 2 2 1 170 1 )
Expt6 3 2 2 3 140 2 A
Expt7 3 4 1 1 170 2 A
Expts 3 a 1 3 140 1 B
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