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[bookmark: _Toc227576715]Abstract:
	This report details how even a standard experiment of using a small catapult can balloon in scope when tested in a traditional manner, but by using Genichi Taguchi’s Methods of using orthogonal tables and pre-made arrays, a simpler, less complex experiment can be performed whilst still collecting significant amounts of data to draw conclusions. In this assignment an L8 orthogonal array is used to collected data from 5 independent variables and their interactions as 2 more variables, 7 total. The calculated midpoint of 140.25cm was not exactly achieved but the real result of 140cm was deemed within the acceptable margin of error for the noises with the catapult and the experiment.
From the analysis of the most important factors on the experiment was the “Rubber Band Front Position” and the “Pull Back Distance”, whilst the other factors were still influential, they were lesser than the two mentioned.


[bookmark: _Toc227576716]1.0 Introduction:
	Genichi Taguchi, a Japanese man born in Tokamachi, a town known for its textiles, was influenced by people like; W. Edwards Deming and C. R. Rao to design a system for engineers to run complex experiments simply and for them not to “drown in complexity”. The Taguchi Orthogonal Tables are pre-made arrays to be used as guidance to study multiple factors simultaneously, greatly reducing the number of tests that need to occur resulting in a more efficient testing system. These arrays exist for many different factors and levels for each of those factors, and the existing array can be used. [1][2][3][4]
His other achievements included emphasising a robust design, that a product should be minimally affected by outside noises, and promoted reliability under real-world conditions and not just simulated in a laboratory. He also promoted the argument that quality loss occurred as soon as a product deviated from its intended specifications and not just its tolerances. [1][2][3][4]
[bookmark: _Toc227576717]2.0 The Catapult Experiment
[bookmark: _Toc227576718]2.1 Objective of Experiment:
	The objective of the experiment was to find the most influential independent variables in a rubber-band powered catapult range test. There were five different independent variables tested.  
1. Rubber Band Front Position
2. Rubber Band Anchor Position
3. Launch Arm Stop Position
4. Pull Back Distance
5. Operator
As each of these variables had multiple possible settings, testing every combination would have resulted in an extremely long test, thought it would have provided a complete dataset. However, by instead conducting the experiment according to Taguchi’s orthogonal arrays, which allows for the testing of combinations of variables simultaneously, the test is cut down significantly whilst still gaining sufficient data to identify the most influential independent variable via analysing the trends shown in the dataset. 
The Dependant Variable was the range that the ball projectile would reach on the tape measure. All other variables were aimed to be kept constant as control variables though some aspects, known as noises, would have changed over the course of the experiment.
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Figure 1 - Catapult Used for the Experiment [5]
· Catapult with Elastic Band
· Ball Projectile
· Tape Measure
· Table Clamp
· Tables
[bookmark: _Toc227576720]2.3 Method
	Several tables were arranged end to end, and the catapult was clamped to an end table and positioned to fire down the length of tables. A tape measure was stretched out down the length of the table and the zero mark was positioned to the front of the catapults base.
	 Step
	Description

	1
	Using Independent Variables, populate Taguchi’s Table (L8).

	2
	Set up range for firing, and ensure the safe positioning of personnel.

	3
	Set catapult to appropriate levels for current experiment on Taguchi’s Table.

	4
	Confirm configuration of catapult and load ball projectile.

	5
	Fire catapult and record range achieved.

	6
	Repeat, for a total of 3 times for each experiment, recording average in Taguchi Table.

	7
	Configure catapult for following experiment and conduct experiment according to Steps 2-6, until all experiments completed.

	8
	Populate Taguchi’s Table with the average range achieved for each experiment.

	9
	Using Taguchi’s Table calculate how each level of each factor affects the range achieved by the catapult.

	10
	Calculate optimal firing solution for maximum range achievable from combination of factors tested. 

	11
	Calculate minimal firing solution for minimum range achievable from combination of factors tested.

	12
	Perform experiment according to values calculated in steps 10 & 11 according to process described in steps 2-6.

	13
	Calculate midpoint using Taguchi’s Table between averaged maximum range and averaged minimum range.

	14
	Set up Catapult according to configuration given by calculated midpoint.

	15
	Perform Test according to process described in steps 2-6.

	16
	Compare averaged real result to calculated result.


Table 1 - Method Described for Catapult Experiment.
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Figure 2 - Operator A, performing an experiment with the catapult, whilst other personnel are in position to spot where the ball lands alongside the tape measure.
[bookmark: _Toc227576721]3.0 Taguchi Orthogonal Tables
Taguchi’s L8 Orthogonal Array, which has seven different factors each with two levels, acts as the testing plan in which the catapult experiment will follow. Each factor is tested an equal number of times to another and in combination with other factors, each factor tested four times at its low value and four times at its high value. There is a total of eight launches for the experiment.
All factors are tested in conjunction but due to the L8 orthogonal array’s structure, each factor is tested an equal number of times and interacts and combines with all other factors, allowing the effect of each individual factor to be observed.
The L8 orthogonal array was a preexisting format prior to this experiment, its structure was taken and populated with the independent and dependent variables from the experiment, to act as the framework for this experiment.

[image: ]
Table 2 – Taguchi L8 Orthogonal Array, populated with independent and dependant variables for the experiment.
Each factor has 2 different levels that they can be set to for this experiment, and following Taguchi’s array it specifies what order they are to be tested in, the levels being tested are;
· Band front position 1 and 3.
· Band anchor position 2 and 4.
· AB interaction 1 and 2
· Stop position 1 and 3
· Pullback distance 140mm and 170mn
· BC interaction 1 and 2.
· Operator A and Operator B.
These are populated into the complete Array below (Table 3).
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Table 3 - Populated Taguchi Orthogonal Array.
[bookmark: _Toc227576722]4.0 Experiment Data
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Table 4 - Populated results table, along with averages and graphed relations.
	The results obtained by the experiments were averaged and inputted into this results table, where they were averaged and then automatically graphed into the following.
[bookmark: _Toc227576723]4.1 Analysis of Experiment Results
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Figure 3 - Graphed Relations Between Levels for Front Position, Anchor Position, and AB Interaction.
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Figure 4 - Graphed Relations Between Levels for Stop Position, Pull Back Distance, BC Interaction and Operator.
These graphed relations help to illustrate the significance in range achieved by the ball projectile at each level. The higher the node, the more of an impact the independent variable had on the range achieved. And the line between them shows the relation between the two levels within the independent variable.
Independent Variables: Front Position, Anchor Position and AB Interaction, gave increased range to the catapult at each of their Level 1s.
Whereas Independent Variables: Stop Position, Pull Back Distance, BC Interaction and Operator. Showed at least some slight bias towards their Level 2s.
The most influential independent variables calculated are the: “Rubber Band Front Position” and the “Pull Back Distance”, whilst influential the “Rubber Band Anchor Position”, the “Launch Arm Stop Position” and the Operator did not have as much of an impact on range achievable with the rubber-band powered catapult.
[bookmark: _Toc227576724]5.0 Validation Result
	To validate the results, the maximum and minimum range were calculated by using just the independent variables: Band Front Position and Pull Back Distance. Every other Independent Variable was left constant.
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Table 5 - Results Validation Exercise Table.
5.1 [bookmark: _Toc227576725]Analysis of Validation Results
As the maximum and minimum range was calculated, the midpoint was found, 140.25cm. To validate these results, the catapult will be set to the midpoint between the two independent variables, at settings that haven’t been used yet in the experiment.
Position 2 on the Band Position and a Pull Back Distance of 155cm should achieve a range of 140.25cm.
When tested, though the actual results varied by up to 10cm, the average was only off by -0.25cm to the calculated midpoint.
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Figure 5 - Operator B performing the Validation Results Trial, other personnel are in position to measure the range at which the ball lands, and others ready to import the information into the Array.
[bookmark: _Toc227576726]6.0 Noises Identified
	During the experiment several noises were identified; one of which, due to the simplistic design of the catapult, all moving parts were connected with pins, all exhibiting a noticeable degree of play, this mechanical noise absorbs energy from the catapult and changes the launch angle affecting the consistency of the results obtained.
Another noise was how firmly the ball projectile was inserted into the cradle of the catapult. Late on during testing, it was observed that when the ball was seated firmly into the cradle the catapult could not exert enough energy to break the retaining force during launch. This highlighted a noise we had not identified during the start of the of the experiment and had potentially affected all previous launches as launch velocity, angle and range had been potentially and artificially been limited. 
Regardless of this the noises identified were not significant enough to severely alter the results of the trail, during the validation launches the calculated range and the average range achieved only disparaged by 0.25cm, though actual landing site varied by up to 10cm, likely due to the noise created by the retaining force of the projectile ball.
[bookmark: _Toc227576727]7.0 Reflection
The teams performed this experiment together in an efficient manner, results were calculated and the actual midpoint was very close to the calculated one. Each team member slotted into their assigned role, and once the first teething issues importing the independent variables into Taguchi’s Array was completed the experiment was performed swiftly and without any significant error.
[bookmark: _Toc227576728]8.0 Conclusion
	Usage of Taguchi’s Arrays significantly aided the performance of this experiment, if the experiment was performed in the standard approach, results would have gotten bogged down by their volume. Implementing Taguchi’s method significantly improved the efficiency of the experiment, and it demonstrated how for experiments that can only be completed a finite amount of times due to lack of availability or cost to perform the experiment the cost reductions would be significant. The presence of some noises in the catapults design and how the operators performed the launches may have had some impact on the results though by the real midpoint compared to the calculated midpoint being only 0.25cm apart, the team did not deem it to have had a significant impact on the results.
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