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[bookmark: _Toc226120098]Introduction
The objective of this experiment was to identify the key control factors affecting the range of a small wooden catapult system (Figure 1) and to use this data to achieve a target distance. Each factor had multiple adjustable levels, including band front position, band anchor position, stop position and pull-back angle.[image: ]
[bookmark: _Ref226108268][bookmark: _Ref226122823]Figure 1: The Catapult System
[bookmark: _Toc226120099]The Taguchi Method
In the early 20th century, Ronald A. Fisher introduced Design of Experiments (DoE), a statistical approach that enables multiple variables to be tested simultaneously using structured matrices. However, full factorial designs can become impractical as the number of factors increases.

Genichi Taguchi later developed a simplified approach using orthogonal arrays (Table 1), allowing key control factors to be identified with significantly fewer experiments. These arrays ensure balanced testing of factor levels while maintaining statistical independence.
	Experiment number

	Factor 1
	Factor 2
	Factor 3

	1
	1
	1
	1

	2
	1
	2
	2

	3
	2
	1
	2

	4
	2
	2
	1


[bookmark: _Ref226111340]Table 1: Small Orthogonal Array [3]
Table from [2, p99] Illustrates the difference in number of experiments between full factorial and the Taguchi method.
[image: ]
[bookmark: _Ref226112157][bookmark: _Ref226122710]Figure 2: Table from [2, p99]
[bookmark: _Toc226120100]Apparatus
The catapult described in Figure 1 was secured to a classroom table using a clamp. A series of tables formed the projectile range, with a tape measure extending approximately 3 metres to record distance.
The elastic band providing the motive force was not replaced prior to testing, and both the band condition and clamp stability were not controlled. These were therefore treated as noise factors. The projectile used was a small rubber ball held in a fixed cup, the position of which was included as a control factor.
[bookmark: _Toc226120101]Method
An L8 orthogonal array was selected to accommodate five control factors: band front position, stop position, band anchor position, pull-back angle and operator. This reduced the number of required experiments from 32 (full factorial) to 8.
Although the L8 array contains seven columns (see Table 2), only five were required. The additional columns represent interaction terms (e.g. AB and BC), which were not analysed in this experiment.
Factor levels were selected to maximise variation in results while ensuring successful projectile launch. For example, band front positions 1 and 3 were chosen to produce a noticeable difference in tension, while avoiding configurations likely to fail.
Following identification of key control factors, four additional trials were conducted to determine an average response. A further set of trials was then used to validate the predicted mid-point performance.






	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



[bookmark: _Ref226116953][bookmark: _Ref226123027]Table 2: L8 Array
The array populated with the chosen levels for each factor can be seen at Table 3. 
	[bookmark: RANGE!B24:I34]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


[bookmark: _Ref226117186]Table 3: Catapult Array Populated
The band front positions of 1 and 3 were chosen as these positions should provide the required difference in elastic tension to provide noticeably different results. Position 4 would likely have produced poor results due to low band tension combined with the levels set for the other factors. A Similar methodology was employed when decided the levels for the remaining factors where a best variance in results with regards to successful launching of the projectile from the catapult were chosen. Operator was included as a factor to potentially eliminate operator dependency as a key control factor for the system.
For reference the catapult in the Figure 1 diagram is set to:
· Band Front Position – 1
· Band Anchor Position – 4
· Stop Position – 2
No operator is present, so the pullback level has yet to be determined. This is not one of the configurations used for the experiment.
When the key control factors were determined a follow up of 4 experiments were conducted to determine the average results and the mid factor and then the accuracy of the mid factor confirmed with another set of four firings using the mid-range of one of the control factors to check if the result is close to the mid factor.

[bookmark: _Toc226120102]Safety
Prior to a projectile being launched, an announcement was made and the range cleared of all personnel and then double checked to ensure its clear. The distance travelled by the projectile was recorded from a safe distance using video and then analysed to determine the distance. Then, once the projectile had ceased its motion it was retrieved and reloaded to repeat the process again.
[bookmark: _Toc226120103]Results
	Band front position
	Band Anchor position
	AB Interaction
	Stop Position
	Pull back
	BC Interaction
	Operator
	Variable. Range (cm)

	1
	2
	1
	1
	140
	1
	A
	95

	1
	2
	1
	3
	170
	2
	B
	105

	1
	4
	2
	1
	140
	2
	B
	109

	1
	4
	2
	3
	170
	1
	A
	222

	3
	2
	2
	1
	170
	1
	B
	132

	3
	2
	2
	3
	140
	2
	A
	71

	3
	4
	1
	1
	170
	2
	A
	112

	3
	4
	1
	3
	140
	1
	B
	75


[bookmark: _Ref226119574]Table 4: Results
[image: ]
[bookmark: _Ref226119604]Figure 3: Results Graphs
Analysis of the results in Table 4 and Figure 3 indicates that band front position and pull-back angle had the greatest influence on projectile range. These were therefore selected as the key control factors.
[image: ]
[bookmark: _Ref226119917]Figure 4: Proofing experiment results
The mean result from the follow-up trials in Figure 4 was 158.375 cm, suggesting that a pull-back angle of 155° at band front position 2 would achieve a distance of approximately 158cm. While only one individual trial achieved this value, the average of four trials closely matched the predicted result.
Analysis of results
The strong influence of band front position and pull-back angle is expected, as both directly affect band tension and therefore the elastic potential energy stored in the system. Projectile motion theory suggests that a launch angle of approximately 45° maximises range under ideal conditions, which supports the observed importance of pull-back angle. Although band anchor position also affects tension, its influence was less significant. 
The low impact of stop position was unexpected and may be due to premature projectile release from the cup. Variation between operators suggests inconsistencies in launch technique, highlighting human input as a potential source of experimental error.
Conclusion
The Taguchi method enabled the identification of key control factors affecting catapult range using a reduced number of experiments. Band front position and pull-back angle were found to have the greatest influence.
Compared to traditional testing methods, this approach significantly reduced experimental effort while still producing reliable results, demonstrating the effectiveness of the Taguchi method in engineering applications.
Reflection
limitations:
· No defined procedure for the operators which may have resulted in different techniques employed for each launch.
· No bespoke measuring equipment employed. The results were eyeballed from video footage.
· Catapult fixture was unstable potentially influencing the consistency of the results as some energy was lost through vibration.
· The projectile was held in the cup via friction and centrifugal forces on launch rather than being released at a defined point.
improvements:
· Defined procedure for operators to follow
· Laser measuring equipment
· More robust clamp to hold the catapult to the table
· A more consistent release mechanism for the projectile
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