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[bookmark: _Toc197950781]Introduction 
The aim of this report is to use the statistical testing technique to help determine the control factors that effect the outcome of a catapult and there the variation on the outcome, to see how each factor effects the result. This is done though a Taguchi 
To perform a Taguchi first the variables that want to be tested are selected which allows you to be able to select the combination of test that need to take place to show how each variable effects the overall outcome. [1]
[bookmark: _Toc197950782]Apparatus 
· Catapult 
· Projective 
· Tape measure 
[bookmark: _Toc197950783]Method 
The overall test combination selected is shown below in table 1 
[bookmark: _Toc197950773]Table 1 - Taguchi combination plan
	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



Two levels of each variable are selected for the experiment 

The variable that where selected are:
1. Position 1 and 3 of the front band 
2. Position 2 and 4 of the anchor band 
3. Interactions between in two 
4. Position 1 and 3 of the stops 
5. Pullback angle 140 and 170
6. Interaction between 4 and 5 
7. Operator A or B


This then gives a overall test method showing in table 2
[bookmark: _Toc197950774]Table 2 - Experimental plan
	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



These experiments where then conducted in the same environment with only these variables being considered.
[bookmark: _Toc197950784]Experimental data 
The overall results are shown in table 3
[bookmark: _Toc197950775]Table 3 - Overall results
	Experiment
	Firing 1
	Firing 2
	Firing 3
	Average. Range
	Standard Dev

	1
	145
	132
	235
	170.66667
	56.092186

	2
	309
	303
	307
	306.33333
	3.0550505

	3
	112
	115
	107
	111.33333
	4.0414519

	4
	271
	244
	201
	238.66667
	35.303446

	5
	132
	132
	131
	131.66667
	0.5773503

	6
	99
	107
	109
	105
	5.2915026

	7
	127
	132
	112
	123.66667
	10.40833

	8
	67
	60
	74
	67
	7




[bookmark: _Toc197950785]Interpretation of results 
[bookmark: _Toc197950786]Front position 
[bookmark: _Hlk197950554]The result is shown in figure 1 

[bookmark: _Toc197950763]Figure 1 – Front position
The front position of the catapult is shown as one of the highest levels of variation from level 1 to level 2. This shows that it is one the most important factors to consider when looking at the outcome. 
[bookmark: _Toc197950787]Anchor position 
The result is shown in figure 2

[bookmark: _Toc197950764]Figure 2 - anchor position
The impact of the anchor position from level 1 to level 2 is high enough to show that there is a considerable effect on the overall result however it is low compaired to other variables 
[bookmark: _Toc197950788]AB interaction 
The result is shown in figure 3

[bookmark: _Toc197950765]Figure 3 - AB interaction
Interaction between a and b have very little effect on each other so changing one wont drastically alter the other one however as there is a small difference it should still be considered during testing.
[bookmark: _Toc197950789]Stop position 
The result is shown in figure 4

[bookmark: _Toc197950766]Figure 4 - stop position
There is a relatively high effect on the outcome depending on the stop position as there is a variance between level 1 and 2
[bookmark: _Toc197950790]Pull back 
The result is shown in figure 5

[bookmark: _Toc197950767]Figure 5 - pull back angle
Pull back has the second most variation from level 1 and 2 therefore is the second most influential factor on the performance of the catapult.
[bookmark: _Toc197950791]BC interaction
The result is shown in figure 6
 
[bookmark: _Toc197950768]Figure 6 - BC interaction
The graph shows that the interaction between the two variables are minimal so although they do have an effect on each other it shouldn’t be significant enough to cause a large variance though does need to be considered while testing
[bookmark: _Toc197950792]Operator 
The result is shown in figure 7

[bookmark: _Toc197950769]Figure 7 - operator
The variation between the two operators is minimal so it could be argued that they have no effect on the overall performance, however if you take a look at the induvial results you can see that operate A at level1 had high standard deviation between the firings so there results look less reliable that operate B who had higher constancy in the results.
[bookmark: _Toc197950793]Other identify variables 
While conducting the experiment there where some variables that were initial unidentified, these variables may have had an effect of the overall result 
The use of elastic bands to generate propulsion the overall elasticity could vary over the course of the experiment as they have constant use throughout. The time the band spends stretched before firing could also influence the overall result of the experiment.
The positioning of the catapult on the table could also cause a variation in results; to combat this they were clamped to the table and outlined so they can be replaced in the same position, however when the projectile is realised the catapult does alter its position this could have a small impact on the results 
[bookmark: _Toc197950794]Conclusion 
Overall, this experiment helps to showcase the importance of each control variable and how much they can affect the outcome, with the pull back and front position being identified as the most influential controls that effect the expected outcome. 
[bookmark: _Toc197950795]Reflection 
This method of testing is good to identify the importance of control factors however it is hard to consider all of them and should be followed by further testing but can provide a reliable guide to what is expected.
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Anchor Position

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	


Front Position 
level 1	Level2	206.75	106.83333333333333	level 1	Level2	206.75	106.83333333333333	





