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A Brief report on the Taguchi theory based on a catapult system.
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The objective of using the Taguchi [1] catapult experiment [2]is to identify the factors that best effect the output of the catapult including max range, accuracy and consistency.  The experiments allow for a systematic approach [3]to changing the inputs of the catapult to measure the output including variance.
A systematic approach is a structured method [4]problem solving using following a logical plan to increase effeciency.
[bookmark: _Toc196584654]Method and apparatus
Apparatus
· Table
· Tape measure
· Ball
· Catapult
· G clamp
· Operators
Method
The catapult was set up at one end of the table and clamped down using a G clamp. A tape measure was laid along the table starting at the base of the catapult [5]. The catapult has 6 controlled viables, band front position, band anchor position, stop position, AB interaction, BC interaction and pull back. These controls were adapted as stated in the below table. There was an operator recording data and telling the firing operator what position to control the gun. A measurer to measure where the ball landed, this person was kept the same throughout. And 2 operators to collect the projectile after firing. Finally, there was 2 operators controlling the firing of the catapult, this was split between operator A and B they were to ensure the catapult was in the correct configuration and to keep consistent with the pull back. The output of the experiment being recorded is the Range of the projectile. 

	Experiment
	Band front position
	Band Anchor position
	AB Interaction
	Stop Position
	Pull back
	BC Interaction
	Operator

	1
	1
	2
	1
	1
	140
	1
	A

	2
	1
	2
	1
	3
	170
	2
	B

	3
	1
	4
	2
	1
	140
	2
	B

	4
	1
	4
	2
	3
	170
	1
	A

	5
	3
	2
	2
	1
	170
	1
	B

	6
	3
	2
	2
	3
	140
	2
	A

	7
	3
	4
	1
	1
	170
	2
	A

	8
	3
	4
	1
	3
	140
	1
	B
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There are several assumptions [6] in this experiment which could affect the results. The elastic band is assumed to pull at a linear force throughout the pull back range. All failed launched are stated as 30cm due the measuring tape starting at the back of the catapult so all fall at above 30cm. Another assumption was that the elastic band didn’t experience any fatigue throughout the experiment which could change ethe forces applied. It is also assumed the measurer measured from the correct position every time. 
[bookmark: _Toc196584656]Controls
Through the experiment there is some controls [7] which can be used to control the variance of the results. A control is a variable that is purposefully managed to minimise the effects on the output. The Controls in this experiment are, Elastic tension, Elastic properties, Arm length, stop bar location, Ball launch length, Projectile mass, Projectile geometry, Operator recording the distance. Controlling each of these variables allows for noise factors to be more easily identified and the effect each variable has on the range. Operator A pushed the ball into the cup until the ball was fully compressed into Cup whilst operator B gently rested the ball into the cup. 
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	Operator
	Experiment Number
	Shot Number
	Average

	
	
	1
	2
	3
	4
	5
	

	A
	1
	122
	106
	106
	118
	116
	113.6

	B
	2
	305
	295
	290
	298
	294
	296.4

	B
	3
	115
	109
	110
	109
	109
	110.4

	A
	4
	189
	154
	146
	179
	172
	168

	B
	5
	148
	139
	137
	133
	130
	137.4

	A
	6
	78
	30
	30
	76
	30
	48.8

	A
	7
	92
	91
	102
	110
	92
	97.4

	B
	8
	88
	89
	89
	89
	87
	88.4




[bookmark: _Toc196584658]Interpretation of results
[image: ]
 Above using calculations each graph highlights the individual control factor and its effect on the range output. The steeper the line on the graph the greater the effect it has on the range. The 3 with the greatest effect was the Front position, Pull back length and the operator.
For the band position in level 1 it was in band position 1 and in level 2 it was in position 3. Shown in the graph above level 1 had on average a greater firing range then level 2 by over 60cm. Pull back to level 2 had a greater range then level 1 by 70cm. operator 2 had a greater range then operator 1. 
	Operator
	A
	B

	
	16
	15

	
	43
	6

	
	48
	18

	
	19
	2

	Total range
	126
	41

	Average range
	31.5
	10.25

	Total distance fired
	427.8
	632.6



Shown in the table above is the range of shots for each experiment for each operator. Show above that operator 2 also had more consistent shots over the experiment with an average range a 1/3 of operator A. Operator B also had a greater range distance fired then operator A.

Shown below are the most optimal positions to have the catapult configured for maximum range and to use operator B the Operator A

	Front Pos
	Anchor Pos
	AB interaction
	Stop
	Pull back
	BC interaction
	Operator

	Level 1
	Level 1
	Level 1
	Level 2
	Level 2
	Level 2
	Level 2


 

[bookmark: _Toc196584659]Noise
Noise are factors that cause variation [8] in the results of an experiment. Noise factors are therefore desired to be minimized to ensure an accurate result and ensure the variable being changed is responsible for the change in output. Noise factors in catapult experiment are Table stability, Design tolerances, Projectile aerodynamics, Elastic degradation, measured variation by operator, Projectiles placement into cup. As these have been identified the operators can attempt to minimise the effects on the output. 
Operator B only placed the projectile in the firing Cup gently whilst Operator A pressed the projectile until fully seated into the cup, this could be the cause of the differences in range and consistency between the operators. 

[bookmark: _Toc196584660]Conclusion
The Taguhi experiment is an effective way to focus on individual components and how they affect the output of a system to remove failure rates or to improve performance.

[bookmark: _Toc196584661]Improvements
To improve the reliability of the data collected from the experiment there are some alterations to the experiment that could be made. 1. A camera or another way of definitively measuring where the projectile landed to improve accuracy and remove a component of human error. Another area of variance could be where the catapult is pulled back to is controlled by the operator’s visual confirmation and steadiness of the operators’ hand. An improvement would be able to create a bar to block the lever at the specified measurement. This allows for the consistent pulls each firing.
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