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1. [bookmark: _Toc227561475]Objective
The objective of the experiment was to determine the key control factors for operation of the supplied catapult, those that would best adjust the range of the device. This will be achieved by implementing the Taguchi method.
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Figure 1 - The catapult
The Taguchi method uses orthogonal arrays to organise the parameters affecting the system and the levels at which they vary.  Instead of having to test all possible combinations individually, the Taguchi method tests different combinations of variables in pairs [1].
Using the Taguchi method the user can systematically test fewer combinations, cutting development time and the associated costs. The method focuses on making the system robust and performing consistently well. 

2. [bookmark: _Toc227561476]Method and apparatus
The independent variables were given in the proforma as:
	Variable
	Value 1
	Value 2

	Band front position
	1
	3

	Band anchor position
	2
	4

	Stop position
	1
	3

	Pull back
	140°
	170°

	Operator 
	A
	B


Table 1 - Table of independent variables
A catapult was provided for the experiment with four predetermined locations drilled into the frame. Four available values for the band front position, the band anchor position, and the stop position, and a protractor with marked angles for the pull back. The operator variables were volunteers from the team and designated Operator A and Operator B. 
A 5m tape measure was also provided. This was full extended across the firing range with the zero flush to the rear of the catapult.
A high-speed camera recording at 240fps was employed to accurately measure the distance of the first impact of the ping pong ball.
Eight experiments were carried out 
	Band front position
	Band anchor position
	AB interaction
	Stop position
	Pull back
	BC interaction
	Operator

	1
	2
	1
	1
	140°
	1
	A

	1
	2
	1
	3
	170°
	2
	B

	1
	4
	2
	1
	140°
	2
	B

	1
	4
	2
	3
	170°
	1
	A

	3
	2
	2
	1
	170°
	1
	B

	3
	2
	2
	3
	140°
	2
	A

	3
	4
	1
	1
	170°
	2
	A

	3
	4
	1
	3
	140°
	1
	B


Table 2 - Table showing the eight experiments and the variables tested
The average range of the catapult was calculated for both levels of each variable tested and the two key factors was identified by the resulting response graphs with the largest slope.
The experiment was performed four additional times with the identified key factors as the only variables. Each experiment was repeated three times, and the catapult ranges were recorded. Using this data, an estimated average shot range was predicted and tested against in a confirmation experiment.


3. [bookmark: _Toc227561477]Experimental data
The catapult was fired eight times in accordance with the independent variables being tested and the resulting range achieved is recorded in the table below.
	Experiment
	Band front position
	Band anchor position
	AB interaction
	Stop position
	Pull back
	BC interaction
	Operator
	Variable range

	1
	1
	2
	1
	1
	140°
	1
	A
	95cm

	2
	1
	2
	1
	3
	170°
	2
	B
	105cm

	3
	1
	4
	2
	1
	140°
	2
	B
	109cm

	4
	1
	4
	2
	3
	170°
	1
	A
	222cm

	5
	3
	2
	2
	1
	170°
	1
	B
	132cm

	6
	3
	2
	2
	3
	140°
	2
	A
	71cm

	7
	3
	4
	1
	1
	170°
	2
	A
	112cm

	8
	3
	4
	1
	3
	140°
	1
	B
	75cm


Table 3 - Table to show experimental catapult fire range
The average shot range produced by each variable was calculated and recorded in the table below. The range of the two averages calculates the severity of the slope present in the response graphs.
	
	Band front position
	Band anchor position
	AB interaction
	Stop position
	Pull back
	BC interaction
	Operator

	Level 1 Mean 
	132.75cm
	100.75cm
	96.75cm
	112cm
	87.5cm
	131cm
	125cm

	Level 2 Mean 
	97.5cm
	129.5cm
	133.5cm
	118.25cm
	142.75cm
	99.25cm
	99.25cm

	Slope Value
	35.25
	-28.75
	-36.75
	-6.25
	-55.25
	31.75
	25.75


Table 4 - Table of variable averages

Figure 2- Band front position response graph

Figure 3 - Band anchor position response graph

Figure 4 - AB interaction response graph

Figure 5 - Stop position response graph

Figure 6 - Pull back response graph
	

Figure 7 - BC interaction response graph

Figure 8 - Operator response graph
The two key factors were identified as band front position (key factor 1) and the pull back (key factor 2). The experiment was repeated as per the method in order to calculate the average shot range.
	
	Band front position
	Pull back
	Firing 1 range
	Firing 2 range
	Firing 3 range
	Average range

	Experiment 1
	1
	140°

	99.5cm
	92cm
	120cm
	103.8333cm

	Experiment 2
	3
	140°
	88cm
	79cm
	78cm
	81.66667cm

	Experiment 3
	1
	170°
	270cm
	265cm
	262cm
	265.6667cm

	Experiment 4
	3
	170°
	176cm
	186cm
	185cm
	182.3333cm


Table 5 - Table of key factors ranges
Further calculations were performed to find the median range of each key factor by compounding the averages of each key factor experiment.
	Key factors 1:1
	Key factors 1:2
	Key factors 2:1
	Key factors 2:2

	184.75cm
	132cm
	92.75cm
	224cm

	Mid key factor 1
	Mid key factor 2

	158.375
	158.375


Table 6 - Table of key factor mid-points
The resultant expected median was calculated at a range of 158.375cm. A confirmation experiment was performed with three reptations.
	Firing 1 range
	Firing 2 range
	Firing 3 range

	166cm
	140cm
	168cm


Table 7 - Table of confirmation experiment ranges
The average range of the confirmation experiment was calculated at 158cm.




4. [bookmark: _Toc227561478]Interpretation of results
The values listed in Table 4 and Figures 2-8 show the degree of interaction between the variables.
Front band position and pull back gave the largest response slope and so were identified as the two key factors. Anchor position gave similar results across both levels but with longer ranges on average at level 2 so level 2 was chosen for the second stage of the experiment. Stop position gave the smallest in variation between levels and thus proved to be the least influent ion factor in this experiment. Operator A gave the longest average range, so they were selected for the final stage of the experiment.  
Optimal projectile angle for maximum catapult range is typically around 45° [2] above the horizontal. This angle equates to 135° in this experiment.

5. [bookmark: _Toc227561479]Conclusion
It was found that key factors influencing the performance of the tested catapult were the selected position at the front of the frame and the release angle of the arm, represented by the variables “Band front position” and “Pull back” respectively.
Both variables influenced the amount of elastic force provided to the system which translates to more kinetic force applied to the projectile and thus a greater range was achieved.
The confirmation experiment gave a result withing 0.375cm of our predicted 158.375cm range, in this instance the Taguchi method allowed us to accurately predict the optimum range of our catapult.


6. [bookmark: _Toc227561480]Reflection
The performance of the operators had a noticeable difference in the ranges they achieved. The experiments could be improved to eliminate this variable by automating the firing sequence. The results of the experiment would thus be improved and prevent misfires of user error.
Signal-to-noise (S/N) ratios can be employed with the Taguchi method to identify the best settings for key factors. The level with the highest S/N ration is the optimal setting. By skipping the S/N ratio in this experiment, only the average response was analysed, and the experiment was only optimising performance, not robustness, and the impact of noise factors has been ignored [1].
An Analysis of Variance (ANOVA) could future be used to separate key factors from noise and would build off the S/N ratio. It can be applied to find the key factors affecting robustness and to find which factors are affecting average performance [3].
Where the S/N ration suggests the best settings for the system, ANOVA proves which factors are key and by how much.
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