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1. [bookmark: _Toc186455274][bookmark: _Toc196649848]Abstract
[bookmark: _Toc186455125][bookmark: _Toc186455257]
Through understanding and carrying out a Taguchi experiment, it has been determined that the Front Anchor Position and Pull Back Position are the key control factors that affect the performance of the catapult and through careful evaluation, the best parameters have been found to achieved the desired results whilst reducing noises. 
2. [bookmark: _Toc196649849]Introduction

2.1. The aims of this report will be to outline the key control factors when operating a catapult using the Taguchi testing method and then show how it relates to systems engineering.

2.2. Taguchi is a statistical approach to design experiments in a way that optimises processes and improves output quality by reducing the variation in external factors, AKA noise. Implemented through the approach in figure 1. [1]
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[bookmark: _Toc196649834]Figure 1 - Implementing Taguchi [2]
2.3. To demonstrate the effect of noises, a catapult experiment will be set up where settings will change, and the distance of the catapult launch will be measured. See figure 2. 
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[bookmark: _Toc196649835]Figure 2 – Catapult [1]
2.4. A control factor is set by the designer as part of the experiment.  [2]

2.5. Noises that come from the environment like wind speed, temperature and more cannot be controlled and so must be compensated for through control factors.

2.6. A level is the value to which the control factor is set. In most cases this is low or high, light or heavy, deep or shallow. [3]

2.7. The experiment is a combination of these factors that form the array. This allows for every combination of the factors to be tested instead of one at a time.

3. [bookmark: _Toc196649850]Method and Apparatus
3.1. To carry out this experiment, first the response and factors must be identified, this would be the launched distance of the of the ball from the catapult. The factors are:

· Band Front Position
· Band Anchor Position
· Stop Position
· Pull Back Scale
· Operators 
· 1,2 Interaction
· 2,4 Interaction

3.2. To understand the effect of control factors, they were incorporated into a L8 Orthogonal array that has 7 factors at 2 levels. See figure 3. This was then populated with the correct high and low values as seen in figure 4. [4]

[image: A blue rectangular table with black numbers

AI-generated content may be incorrect.]
[bookmark: _Toc196649836]Figure 3 - L8 Orthogonal Array [5]

[bookmark: _Toc196649844]Table 1 - Array Populated [Annex A]
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4. [bookmark: _Toc196649851]Experimental Data

4.1. From carrying 8 experiments with 7 factors at 2 levels, their effect can be determined from the range the catapult launches the ball. To ensure reliable results, each experiment was conducted three times. Results from the firings can be seen in table 2. Any outliers would be recorded and investigated. 

[bookmark: _Toc196649845]Table 2 - Firing Results [Annex A]
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4.2. It can be seen from the results captured in table 2 that experiment 3 produced the best result with its combination of control factors. However, these may not be the best overall factors when trying to achieve a particular distance. 
[bookmark: _Toc196649852]

5. Interpretation of Results

5.1. The following graphs capture the results of each control factor averaged across the number of respective experiments they are involved in. See Annex A for catapult graphs.


[bookmark: _Toc196649837]Figure 4 - Band Front Position

[bookmark: _Toc196649838]Figure 5 - Band Anchor Position

[bookmark: _Toc196649839]Figure 6 - AB Interaction

[bookmark: _Toc196649840]Figure 7 - Stop Position

[bookmark: _Toc196649841]Figure 8 - Pull Back

[bookmark: _Toc196649842]Figure 9 - BC Interaction

[bookmark: _Toc196649843]Figure 10 - Operator

5.2. These graphs show that control factors Front Position (Figure 4) and Pull Back (Figure 8) deviate massively in relation to their levels, whereas the remaining factors have a very tight grouping and so deviation is less. As such these present the greatest noise to the experiment and are the key factors. 


5.3. As a result of this, these two key factors have been taken and used in a second round of experiments to determine which level is optimal and which one introduced the greatest noise. As such, the other factors have been fixed: 



Fixed

Anchor Position = 2
Stop Position = 3
Operator = B

Changing

Front position 

Level 1 = 1
Level 2 = 3

Pull Back position

Level 1 = 140
Level 2 = 170

[bookmark: _Toc196649846]Table 3 - Key Factor Test [Annex A]
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5.4. The results from this test have shown that average for both control factors to be 150. 

5.5. Finally, confirmation trials were carried out to determine if the key control factors identified were correct. With a better understanding of how the key control factors introduce noise into the experiment, alterations were changed with the goal to reduce noise achieving a set target of 150. Through selecting the following values and repeating the firing 3 times, the average result is 132.33. This has demonstrated that the noises have been reduced through careful testing and selection.  See table 4 below. 

[bookmark: _Toc196649847]Table 4 - Confirmation Test [Annex A]
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6. Conclusion & Reflection

6.1. In conclusion, after multiple tests, firings and permutations of factors and levels it has been determined that Front Anchor Position and Pull Back Position are they two key factors as these have been adjusted as seen in table 4 to produce more accurate results. 

6.2. Taguchi has shown advantages like reducing experimentation as the efficiency allowed for optimisation to occur with fewer tests. By understanding the key control factors, products can be made more robust and have better quality. 

6.3. In addition, it can be seen that Taguchi can be used across a wide range of disciplines, industries and processes making it a useful tool in systems engineering to effectively test and evaluate a system or process. 

6.4. [bookmark: _Toc186455138][bookmark: _Toc186455270]However, there are limitations with the methods ability to understand complex interaction as saturated array can fail to analyse high order interactions between factors.

6.5. As such, when it comes to doing this again, to understand how effective Taguchi Testing methodology is, a comparison study can also be conducted simultaneously using Response Surface Methodology (RSM) as this has been found to be more effective at providing more in-depth and accurate results and can process the high order interactions. [8]
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Annex A – Catapult Spreadsheet



Band Front Position
level 1	Level2	206.75	106.83333333333333	level 1	Level2	206.75	106.83333333333333	Level

Distance


Band Anchor Position

level 1	Level2	178.41666666666666	135.16666666666669	Level


Distance



AB Interaction

level 1	Level2	166.91666666666666	146.66666666666666	Level


Distance



Stop Position

level 1	Level2	134.33333333333331	179.25	Level


Distance



Pull Back

level 1	Level2	113.5	200.08333333333331	Level


Distance



BC Interaction 

152	161.58333333333331	Level


Distance



Operator

level 1	Level2	159.49999999999997	161.58333333333331	Level


Distance
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Array Populated

Experiment 1 2 3 4 5 6 7
Band front | Band Anchor AB - BC
- - . |stop Position|  Pull back . Operator
position position | Interaction Interaction
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
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Average

Experiment| Firing 1 | Firing2 | Firing 3
Range

1 145 132 235 170.667
2 309 303 307 306.333
3 112 115 107 111.333
4 271 244 201 238.667
5 132 132 131 131.667
6 99 107 109 105
7 127 132 112 123.667
8 67 60 74 67
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FrontPos| PB. 1 2 3 Ave
Firing 1 1 140 range 138 114 98 1166667 [ KF1:1 KF2:1
Firing 2 3 140 range 60 53 71 61.33333 | 189 1667 89
Firing 3 1 170 range 272 273 240 2616667 | KF1:2 [ KF2:2
Firing 4 3 170 range 140 189 152 160.3333 [ 110.8333 211
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150 150
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150
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20250426 - Catapult Taguchi.xlsx
Catapult Blank



				Independent Variables

						Band front position		Band Anchor position		1,2 Interaction		Stop Position		Pull back		2,4 Interaction		Operator

				Independent Variables Sorted

						Band front position		Band Anchor position		1,2 Interaction		Stop Position		Pull back		2,4 Interaction		Operator

				Levels

				level 1		1		2				1		140				A

				level 2		3		4				3		170				B

				Dependent Variables

						Range						Horizontal 





				Array

				Factor		1		2		3		4		5		6		7

						A		B		AB		C		D		BC		E

				Expt 1		1		1		1		1		1		1		1

				Expt 2		1		1		1		2		2		2		2

				Expt 3		1		2		2		1		1		2		2

				Expt 4		1		2		2		2		2		1		1

				Expt 5		2		1		2		1		2		1		2

				Expt 6		2		1		2		2		1		2		1

				Expt 7		2		2		1		1		2		2		1

				Expt 8		2		2		1		2		1		1		2

				Array Populated

				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





						Band front position		Band Anchor position		AB Interaction		Stop Position		Pull back		BC Interaction		Operator		Firing 1		Firing 2		Firing 3		Average. Range				Standard Dev

				Expt 1		1		2		1		1		140		1		A		145		132		235		170.6666666667				56.0921860274

				Expt 2		1		2		1		3		170		2		B		309		303		307		306.3333333333				3.0550504633

				Expt 3		1		4		2		1		140		2		B		112		115		107		111.3333333333				4.0414518843

				Expt 4		1		4		2		3		170		1		A		271		244		201		238.6666666667				35.3034464795

				Expt 5		3		2		2		1		170		1		B		132		132		131		131.6666666667				0.5773502692

				Expt 6		3		2		2		3		140		2		A		99		107		109		105				5.2915026221

				Expt 7		3		4		1		1		170		2		A		127		132		112		123.6666666667				10.4083299973

				Expt 8		3		4		1		3		140		1		B		67		60		74		67		156.7916666667		7

																		level 1								827		713.6666666667		667.6666666667		537.3333333333		454		608		638

																		Level2								427.3333333333		540.6666666667		586.6666666667		717		800.3333333333		646.3333333333		646.3333333333

														Average out levels 1 and 2 then divide by 4. 				4								206.75		178.4166666667		166.9166666667		134.3333333333		113.5		152		159.5

																		4								106.8333333333		135.1666666667		146.6666666667		179.25		200.0833333333		161.5833333333		161.5833333333

																										Front Pos		Anchor Pos		AB Int		Stop Pos		Pull Back		BC Int		Operator

										2												3																								2



Front Pos

level 1	Level2	206.75	106.83333333333333	level 1	Level2	206.75	106.83333333333333	





Anchor Pos



level 1	Level2	178.41666666666666	135.16666666666669	





AB Interaction



level 1	Level2	166.91666666666666	146.66666666666666	





Stop



level 1	Level2	134.33333333333331	179.25	





Pull Back



level 1	Level2	113.5	200.08333333333331	





BC Interaction 



152	161.58333333333331	





Operator



level 1	Level2	159.49999999999997	161.58333333333331	







KF Test

				Front Position						Anchor Pos = 2

				Level 1		Level 2				Stop = 3

				1		3				Operator = B

				Pull Back

				Level 1		Level 2

				140		170

						Front Pos.		PB.				1		2		3		Ave

				Firing 1		1		140		range		138		114		98		116.6666666667		KF 1 :1		KF2 :1

				Fring 2		3		140		range		60		53		71		61.3333333333		189.1666666667		89

				Firing 3		1		170		range		272		273		240		261.6666666667		KF 1 :2		KF2 :2

				Fring 4 		3		170		range		140		189		152		160.3333333333		110.8333333333		211

																				mid each factor

																				150		150

																				mid combined

																				150





Validation Test



						Front Pos.		PB.				1		2		3		Ave		Target

				Firing 1		2		155		range		120		142		135		132.3333333333		150






