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[bookmark: _Toc227425103][bookmark: _Toc51833421]Objective
The objective of this experiment was to apply a Design of Experiments methodology, specifically the Taguchi method, to identify and evaluate the key control factors influencing the range of a catapult device. The aim was to develop a robust understanding of how different control parameters affect system performance and to use this understanding to predict optimal operating conditions.

In alignment with systems thinking principles, the experiment also sought to demonstrate how structured modelling and analysis can reduce uncertainty, improve decision-making, and support “right first time” engineering design. The experiment therefore goes beyond simple optimisation and instead focuses on understanding system behaviour, factor interactions, and robustness under varying conditions.
[bookmark: _Toc227425104]Method and Apparatus
The experiment was conducted using a pre-constructed catapult system. A structured experimental matrix, based on Taguchi principles, was provided to systematically vary control factors while minimising the number of experimental runs required.
[bookmark: _Toc227425105]Catapult System
The catapult system used can be seen in Figure 2‑1. The various adjustment points allowed for the control factors outlined in 2.2. A ball was used as the projectile. The capapult was pulled back and released manually by an operator. There is no release mechanism.
[bookmark: _Ref227416320][bookmark: _Ref227416314][bookmark: _Toc227425093][image: A wooden slingshot with a band

AI-generated content may be incorrect.]Figure 2‑1 - Catapult system used
[bookmark: _Ref227416418][bookmark: _Ref227416428][bookmark: _Toc227425106]Control Factors
The primary control factors investigated included:
· Band Front Position 
· Pull-back angle 
· Band Anchor Position 
· Stop Position 
· Operator
Each factor was tested at defined levels according to the experimental matrix. The inclusion of “operator” as a factor allowed assessment of human variability and its influence on system performance.
[bookmark: _Toc227425107]Experimental Procedure
1. The catapult was set up according to the prescribed configuration for each run. In line with the Taguchi method, multiple factors were changed with each iteration of the experiment.
2. The ball was first placed in the cup, then the operator would pull the arm back from the stop position to a specified angle, using the goniometer on the body of the catapult.
3. The catapult arm was released by the operator in a controlled manner.
4. The distance achieved by the ball was measured and recorded using spotters down-range.
[bookmark: _Toc227425108]Methodological Framework
The Taguchi method was employed to reduce experimental complexity, identify the main effects of control factors, and analyse response trends via mean performance and slope interpretation.

The Taguchi Method varies multiple factors in each experiment instead of testing one at a time, reducing the number of runs compared to testing every combination. It focuses on identifying the main effects of factors rather than all interaction effects, which improves efficiency but limits detail. Using statistical analysis, it highlights the most influential factor and supports the design of systems that are robust to noise factors, allowing faster and more focused optimisation than traditional methods.
[bookmark: _Toc227425109]Experimental Data
[bookmark: _Toc227425110]First Experiment
An initial set of experiments was conducted to investigate the effect of all the identified control factors, including band front position, pull-back angle, band anchor position, stop position, and the operator. Each run was performed with predefined factor levels, and the resulting projectile range was recorded.
The results are presented in Table 3‑1 alongside response graphs, which illustrate the relationship between factor levels and system performance.

	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: _Ref227419321][bookmark: _Toc227425088][image: ]Table 3‑1 - Results of First Experiment
[bookmark: _Ref227420029][bookmark: _Toc227425094]Figure 3‑1 - Response Graphs
[bookmark: _Toc227425111]Identification of Key Factors
From the initial results, shown in Figure 3‑1, pull-back angle, followed by front position showed the strongest influence on range, as indicated by the steep gradients in their response plots, and were therefore selected as the key factors for further investigation.
[bookmark: _Toc227425112]Second Experiment
A second set of experiments was conducted to further investigate the most influential factors identified in the initial stage.

	Key Feature 1
	Front Position

	Level 1
	Level 2

	Position 1
	Position 3

	Key Feature 2
	Pull-back Angle

	Level 1
	Level 2

	140cm
	170cm


[bookmark: _Toc227425089]Table 3‑2 - Key Features
	
	
	
	
	
	
	
	
	
	

	
	 
	 
	Range (cm)
	
	Mean (cm)
	

	 
	Front Position
	Pull-back Angle (°)
	1
	2
	3
	Average
	158.375
	

	 
	1
	140
	99.5
	92
	120
	103.83
	KF 1-1 (cm)
	KF 2-1 (cm)
	

	 
	3
	140
	88
	79
	78
	81.67
	184.75
	92.75
	

	 
	1
	170
	270
	265
	262
	265.67
	KF 1-2 (cm)
	KF 2-2 (cm)
	

	 
	3
	170
	176
	186
	185
	182.33
	132
	224
	

	
	
	
	
	
	
	
	
	
	


[bookmark: _Ref227421944][bookmark: _Toc227425090]Table 3‑3 - Second Experiment Results


The results from this stage in Table 3‑3 provide improved resolution of the behaviour of the dominant factors. This allowed for a more precise assessment of how changes in these factors affect system performance.
[bookmark: _Toc227425113]Interpretation of Results
The analysis of results focused on identifying the most influential control factors and understanding their contribution to system performance.
[bookmark: _Toc227425114]Key Control Factors
The factors with the greatest impact on range were front position and pull-back angle.
These exhibited the steepest slopes in response plots, indicating high sensitivity and strong influence on output. This aligns with physical expectations, as both factors directly affect the energy transferred to the projectile. 
As is shown in Table 3‑3, the pull back angle is the most influential factor on the range of the catapult, as increasing it from 140° to 170° produces a substantial increase in average range across both front position settings.
· At 140°, averages are ~103.83cm and ~81.67cm
· At 170°, averages increase significantly to ~265.67cm and ~182.33cm
This demonstrates a strong main effect, indicating that pull-back angle is the dominant control factor governing system performance.
[bookmark: _Toc227425115]Secondary Factors
Anchor position showed consistent trends, with level 1 producing longer ranges on average. This indicates a stable but less significant influence on system behaviour compared to the primary factors.
Stop position demonstrated that level 1 resulted in consistently shorter ranges, suggesting a limiting effect within the system. However, the overall variation between levels was relatively small, indicating that this factor has a minor influence and can be fixed at an appropriate level without significantly affecting performance.
[bookmark: _Toc227425116]Operator Influence and Noise
The operator factor showed relatively low impact on range, with minor variation observed across trials. This indicates that operator input does not significantly influence system performance and can therefore be treated as a noise factor.
Within the Taguchi Method, this is a key outcome, as it demonstrates that the system is inherently robust to this source of variation. As a result, design effort does not need to focus on tightly controlling operator input.

Instead, robustness can be achieved by ensuring that dominant control factors, particularly pull-back angle, are set accurately and consistently. Where necessary, simple design improvements such as a guided or repeatable release mechanism could further reduce variability, although the results suggest this is actually not critical.
[bookmark: _Toc227425117]Conclusion
The experiment successfully applied Taguchi principles to identify the key control factors influencing catapult range. Pull-back angle was found to be the dominant factor, with front position also having a significant but secondary effect. Other factors, including anchor and stop position, showed comparatively minor influence and can be fixed at appropriate levels without substantially affecting performance. Operator variation was shown to have minimal impact, indicating that the system is inherently robust to this noise factor.
The use of a structured experimental approach enabled rapid identification of the most influential variables, avoiding the need for exhaustive testing. This allowed design effort to be focused on controlling the factors that govern system performance, supporting efficient optimisation and consistent results.
Overall, the Taguchi method provided a clear framework for improving system performance while ensuring robustness to noise factors, contributing to a more reliable and effective design process.



[bookmark: _Toc227425118][bookmark: _Toc51833419]Reflection
The application of the Taguchi Method in this experiment was effective in achieving the stated objective of identifying the key control factors influencing catapult range. Although effective in this use case, alternative experimental methods offer different strengths and may be more suitable in other contexts. The method, developed by Genichi Taguchi and building on earlier work by Ronald Fisher, extends classical Design of Experiments by emphasising robustness, focusing on designing systems that perform consistently under real-world variation rather than ideal conditions [1], [2].
A full factorial design tests all possible combinations of variables, providing complete information on both main effects and interactions, but requires a significantly larger number of experimental runs [3]. Fractional factorial methods reduce this by testing only a subset of combinations, though this has disadvantages similar to Taguchi such as introducing confounding between factors and limits interpretability [4].

The key value of the Taguchi method lies in its efficiency and focus on robustness. It enables rapid identification of the variables that govern system behaviour, allowing design effort to be focused where it has the greatest impact. In this case, ensuring accurate control of pull-back angle is more critical than attempting to eliminate variation from operator input, as the system is already robust to this noise factor. This reflects the broader principle that effective design is achieved not by controlling all variables, but by understanding which variables matter and managing them appropriately.
[bookmark: _Toc290554257][bookmark: _Toc299621222][bookmark: _Toc299631447][bookmark: _Toc299631509][bookmark: _Toc299631599][bookmark: _Toc299631675][bookmark: _Toc227425119]References
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