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[bookmark: _Toc51833421][bookmark: _Toc227585080]Objective
[bookmark: _Toc227585081]What is the Taguchi Method
The Taguchi Method is a statistical methodology used within systems engineering to refine and improve a product through the identification of the best combination of parameters to use when testing an engineering design or process, a method formulated by Genichi Taguchi, using orthogonal arrays to examine a wide variety of variables with the fewest amount of experiments possible whilst predicting the optimum combination and results. [1]
The Taguchi Method ensures quality control from the earliest stages of product design and works using the following process:
[image: ]

	[bookmark: _Toc227583783]Figure 1 - Taguchi Method
	[2]


Where fundamental concepts such as signal-to-noise ratios & control and noise factors are checked and evaluated to find the control factors, uncontrollable environmental conditions before using these variables to find the best settings for desired system performance following the completion of a test regime.
[bookmark: _Toc227585082]Method and Apparatus
[bookmark: _Toc227585083]Catapult Set up
The experiment was simple; measure the distance of a ball being launched by an adjustable catapult, changing the height, angles, length and operator to find the best parameters for a successful catapult launch.
[image: ]
	[bookmark: _Ref227568274][bookmark: _Toc227583784]Figure 2 - Example Catapult Set Up
	[3]



Figure 2 shows a similar catapult to the one used in the experiment, showing adjustments like the ones made within the experiment.



[bookmark: _Toc227585084]Parameters Measured
[bookmark: _Toc227585085]Independent Variables
Independent Variables are factors within an experiment of which you intentionally change to see the effects it causes to the output result. [4] The Independent Variables watched throughout the experiment were as follows:
· Band Front Position: Shown in Figure 2 as ‘Tension Arm Position’
· Band Anchor Position: Shown in Figure 2 as ‘Eye hook position’.
· Stop Position: Shown in Figure 2 as ‘Release Angle’
· Pull Pack: Shown in Figure 2 as ‘Pullback Angle’
· Operator: This was the personnel using the catapult.
[bookmark: _Toc227585086]Controlled Variables
Controlled Variables are factors within an experiment which are purposely left unchanged throughout the experiment as if changed they can damage the integrity of the experiment by changing the outputs gained. [5] The controlled variables in this experiment were as follows:
· The Rubber Band
· The Catapult Physical Structure
· The Measuring Device




[bookmark: _Toc227585087]Experimental Data
[bookmark: _Toc227585088]The Taguchi Array Table formulation
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[bookmark: _Ref227569733][bookmark: _Toc227583785]Figure 3 - Formulation of Experiment
Figure 3 shows the Independent Variables used within these experiments alongside ‘Level 1’ and ‘Level 2’ experiments. ‘Level 1’ stood for the ‘lower’ values and ‘Level 2’ standing for the ‘upper’ values for the experiment, used to formulate the Taguchi Matrix.



[bookmark: _Toc227585089]Experiment 1
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[bookmark: _Ref227570322][bookmark: _Toc227583786]Figure 4 - Taguchi Array Unpopulated
Figure 4 shows the unpopulated Taguchi Array to complete this experiment, with the values 1 and 2 standing for the Levels 1 and 2, respectively.
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[bookmark: _Ref227570611][bookmark: _Toc227583787]Figure 5 - Taguchi Array Populated
Figure 5 shows the Taguchi Array populated to reflect the values in both Level 1 & 2, allowing us to have 8 experiments which in turn will allow us to find the most consistent operator and two most influential variables.

[bookmark: _Toc227585090]Results
[bookmark: _Toc227585091]Taguchi Array
Figure 6 shows the populated Taguchi Array with the inclusion of the distances/ results measured in centimetres, shown in column ‘Variable. Range’. These showed a drastic range from the shortest distance achieved measuring at 71 cm to the longest distance measured at 222cm. The purposes of these results and the variable comparison made to refine the design is explained later in subheading 4.2.
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[bookmark: _Ref227577159][bookmark: _Toc227583788]Figure 6 - Taguchi Array - Experiment 1




[bookmark: _Toc227585092] Experiment 1 - Response Slope Graphical Analysis
[bookmark: _Toc227585093]Band Front Position
Figure 7 shows the response slope comparing the distance results yielded when comparing ‘Level 1’ to ‘Level 2’ band front positioning where ‘level 1’ shows around 130cm compared to around 100cm to ‘level 2’. From this we can find the ‘level 1’ band front position as the preferential candidate for a long-distance launch.
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[bookmark: _Ref227575496][bookmark: _Toc227583789]Figure 7 - Front Position Response Slope
[bookmark: _Toc227585094]Anchor Position
Figure 8 shows the response slope comparing the distance results yielded when comparing ‘Level 1’ to ‘Level 2’ band anchor positioning where ‘level 1’ shows around 100cm and ‘Level 2’ shows around 130cm. From this we can find the ‘level 1’ band anchor position as the preferential candidate for a long-distance launch.
[bookmark: _Toc227584532][image: ]
[bookmark: _Ref227575691][bookmark: _Toc227583790]Figure 8 - Anchor Position Response Slope

[bookmark: _Toc227585095]Stop Position
Figure 9 shows the response slope comparing the distance results yielded when comparing ‘Level 1’ to ‘Level 2’ stop positioning with ‘level 1’ showing around 105cm and ‘Level 2’ showing around 110cm. From this we can find the ‘Level 2’ stop position as the preferential candidate for a long-distance launch.
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[bookmark: _Ref227576454][bookmark: _Toc227583791]Figure 9 - Stop Position Response Slope
[bookmark: _Toc227585096]Pull Back
Figure 10 shows the response slope comparing the distance results yielded when comparing ‘Level 1’ to ‘Level 2’ pull back positioning with ‘level 1’ showing around 90 cm and ‘Level 2’ showing around 150cm. From this we can find the ‘Level 2’ pull back position as the preferential candidate for a long-distance launch.
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[bookmark: _Ref227576581][bookmark: _Toc227583792]Figure 10 - Pull Back Response Slope

[bookmark: _Toc227585097]Operator
Figure 11 shows the response slope comparing the distance results yielded when comparing ‘Level 1’ to ‘Level 2’ operators with ‘level 1’ showing around 125cm and ‘Level 2’ showing around 100cm. From this we can find the ‘Level 1’ (1st Operator) operator position as the preferential candidate for a long-distance launch.
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[bookmark: _Ref227576709][bookmark: _Toc227583793]Figure 11 - Operator Response Slope
[bookmark: _Toc227585098]Experiment 2 Selection
The variables selected for Experiment 2 were based on the results explained in where the Band Front position, Pullback Angle and Operator were considered the most influential variables and after chosen to be examined further within experiment two.



[bookmark: _Toc227585099]Experiment 2 – Refined Results
Experiment 2 was a refinement exercise, it involved taking the best scenario learnt from the results of exercise 1 and keeping them as controlled variables, except for the most influential variables, Pullback Angle and Band Front position. 4 test firings were conducted with each firing involving 3 catapult throws using the same apparatus to minimise any operator error or anomalies found.
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[bookmark: _Ref227581177][bookmark: _Toc227583794]Figure 12 - Experiment 2: Results
Figure 12 captures the results found during experiment 2 showing the weakest firing at a front band position 3 combined with a 140 degree pull back, whereas the furthest distance was found throughout firing 3, where a front band position of 1 was selected in combination with a 170 degree pull back angle.
Following this experiment, we did a final test, using the midpoint of the Front Band Position, setting 2 rather than 1/3 and the midpoint of the pullback angle, 155 degrees rather than 140/170 degrees to see if the calculated midpoint value was close to the result calculated in Figure 12 as 158.375. The result of this final experiment was clear; it predicted the result to a remarkably high level of accuracy, with a distance found at midpoint settings showing 158 cm, a difference of 0.375cm to the result calculated with the Taguchi Matrix, correct to 99.76%.
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[bookmark: _Toc227585101]Experiment 1
Experiment 1 was extremely successful. It captured a vast number of variables and allotted them into 8 experiments allowing for the identification of key features and refinement of an added test regime to progress the systematic test further. The use of a Taguchi Matrix provides direction to a systems engineering test regime that has limited resources to conduct an unlimited amount of tests – Sure, testing every single combination 5 times over, in specific environments, using additional scientific capabilities would prove more accurate, but it would require a vast amount of time, equipment and money that small scale engineering ideas, such as prototypes or concepts, cannot justifying using.
[bookmark: _Toc227585102]Experiment 2
Experiment 2 managed to enhance the results found within experiment 1 on the successful identification of the most important variables within the catapult. As previously said, it managed to prove the Taguchi Method, in this case, was successful to 99.76% when compared to the actual averages found during the experiments, whilst taking minimal time and effort to complete.
[bookmark: _Toc227585103]Reflection
The Taguchi method is a great tool to introduce quality assurance and testing at an early stage within project development. Taking minimal resources and ability to complete, it is necessary for any business looking to generate different concepts and prototypes and evaluate them without breaking the bank. However, it is only as good as the data it is provided. Although we have assessed the Taguchi method as being 99.76% correct in this experiment, the results gained were from estimating the value on the measuring tape, when the ball landed. Without using equipment such as a scientific Slow-Motion camera or sensors to understand the true landing position, the data could be off to a certain degree, shown by the fact that all the values gathered were full numbers and not to any decimal places.
Furthermore, the operators were identified as providing different results. This shows that human error would change each experiment completely. This could be resolved by having a robotic arm pulling back and releasing the catapult as regardless of the operator’s ability, it is improbable that a human hand can replicate the exact pull back and release every time.
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