[bookmark: _Toc329848307][bookmark: _Toc330279173][bookmark: _Toc330300842]
[image: Image result for UWTSD LOGO]
	

	OME – Systems Engineering, Taguchi Report (ACDA5021)

15/04/2026


	Nathan Rowe - 1910544

	


Declaration
I declare that this report is the product of my own work and is not being submitted for any other degree etc.


Contents
References	3
1	Background	1
2	Introduction	1
3	Scope	1
4	Methodology	1
4.1	Apparatus	1
4.2	Control Factors	2
4.3	Trial Matrix	2
4.4	Procedure and Safety	3
5	Results	3
5.1	Graphical Interaction Charts	3
5.2	Results Discussion	5
5.3	Key Control Factors	6
5.4	Performance Prediction	6
5.5	Prediction Validation	6
6	Conclusion	6





Systems Engineering (ACDA5021)
15/04/2026
[bookmark: _Toc66872035][bookmark: _Toc518639977]



References

[1] 	Wikipedia, “Taguchi methods,” [Online]. Available: https://en.wikipedia.org/wiki/Taguchi_methods. [Accessed 2026].
[2] 	MIT OpenCourseWare, “The Concept of Noise in Robust Design”.
[3] 	Six Sigma Online, “Design of Experiments (DOE) Fundamentals,” [Online]. Available: https://www.sixsigmaonline.org/Flash_Videos/Supplemental/Printable/15_DOE.pdf. [Accessed 2026].
[4] 	P. Dr. Ming Z. Huang, “The Catapult Experience - A Learning Project on Taguchi Method for Design Optimization,” 2001.
[5] 	D. Holley, Taguchi SE 2023. 
[6] 	Minitab, [Online]. Available: https://support.minitab.com/en-us/minitab/help-and-how-to/statistical-modeling/doe/how-to/taguchi/predict-taguchi-results/interpret-the-results/key-results/. [Accessed 2026].









1. [bookmark: _Toc227158893]Background
In engineering systems, achieving consistent and predictable performance in the presence of variability is a fundamental challenge [1]. Variations in materials, setup conditions, and environmental influences/noises can significantly affect system output, particularly in mechanical systems where multiple interacting parameters are present [2]. 
To address this challenge, structured experimental design methods are commonly used to identify the most influential factors to optimise system performance [3]. One such method is the Taguchi approach to robust design. This focuses on identifying the key factors which have the greatest effect on system output whilst minimising sensitivity to noise. By using predetermined matrices, the methodology allows engineers to efficiently explore the effects of multiple variables without the need for exhaustive numbers of trials [4]. 
In this exercise, a simple mechanical catapult is used as a case study to apply Taguchi principles. 
[bookmark: _Toc518639978][bookmark: _Toc66872036][bookmark: _Toc227158894]Introduction
The purpose of this trial is to apply the Taguchi methodology to a mechanical catapult system to identify the key control factors. 
Using supplied equipment and matrix [5], the group shall conduct a series of controlled trials under safe operating conditions. Relevant control factors are systematically varied according to the matrix and performance data is recorded for each trial sample. Collected data shall then be analysed to determine which factors have the greatest impact on the operational behaviour of the catapult. 
Based on the identified factors, the performance of the catapult can then be predicted for a given configuration. This prediction is subsequently evaluated by comparing physical results with those that are calculated. 
[bookmark: _Toc518639979][bookmark: _Toc66872037][bookmark: _Toc227158895]Scope
The scope of this report is limited to the experimental investigation and analysis of the supplied catapult [Figure 1] using the Taguchi method as outlined in the assignment brief. 
The findings are specific to the apparatus used and conditions present during the exercise.
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[bookmark: _Ref227152279]Figure 1 - Mechanical Wooden Catapult example
[bookmark: _Toc227158896]Methodology
[bookmark: _Toc227158897][bookmark: _Toc208712996]Apparatus 
· As supplied wooden mechanical catapult
· Stop-pins 
· Elastic band
[bookmark: _Ref227157296][bookmark: _Ref227157311][bookmark: _Toc227158898]Control Factors
Based on the mechanical design of the catapult and guidance provided a selection of controllable factors were identified as follows:
· Band front position
· Band anchor position
· Pull back scale (angular displacement in °)
· Stop position
· Operator
These factors represent parameters that could be adjusted reliably between trials and were expected to influence system performance. Each control factor was assigned discrete levels in accordance with the supplied matrix.
There are several uncontrollable factors, some of which are listed as follows:
· Elastic band condition 
· Elastic band degradation
· Release consistency
· Environmental conditions
· Measurement uncertainty 
· Catapult mounting rigidity
[bookmark: _Toc227158899]Trial Matrix
A Taguchi experimental matrix supplied as part of the exercise guidance was used to define the sequence of experimental trials as given in [Table 1] as follows: 
	Independent Variables

	 
	Band front position
	Band Anchor position
	1,2 Interaction
	Stop Position
	Pull back
	2,4 Interaction
	Operator

	Independent Variables Sorted

	 
	Band front position
	Band Anchor position
	1,2 Interaction
	Stop Position
	Pull back
	2,4 Interaction
	Operator

	Levels

	level 1
	1
	2
	 
	1
	140
	 
	A

	level 2
	3
	4
	 
	3
	170
	 
	B

	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: RANGE!B20:I30]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: _Ref227151282][bookmark: _Ref227156595]Table 1 - Catapult Taguchi Matrix
[bookmark: _Toc227158900]Procedure and Safety 
All firings were conducted under safe operating conditions. Prior to trials, the firing area was cleared and a consistent firing direction established. The catapult was loaded and operated in a controlled manner.
[bookmark: _Toc227158901]Results
For each trial control factors were varied in accordance with the matrix as given in [Table 1]. 3 firings were performed for each control set and an average calculated. Results collected during the trial are outlined in [Table 2]. All measured distances are reported in millimetres from the launch datum to first ground impact.
	Band front position
	Band Anchor position
	AB Interaction
	Stop Position
	Pull back
	BC Interaction
	Operator
	Average calculation

	1
	2
	1
	1
	140
	1
	A
	100.33

	1
	2
	1
	3
	170
	2
	B
	192.67

	1
	4
	2
	1
	140
	2
	B
	86.33

	1
	4
	2
	3
	170
	1
	A
	145.67

	3
	2
	2
	1
	170
	1
	B
	110.00

	3
	2
	2
	3
	140
	2
	A
	39.67

	3
	4
	1
	1
	170
	2
	A
	99.67

	3
	4
	1
	3
	140
	1
	B
	36.33


[bookmark: _Ref227151526]Table 2 - Catapult Taguchi Tabular Results
[bookmark: _Toc227158902]Graphical Interaction Charts
Graphical interaction charts are shown through [Figure 2] to [Figure 8]. Interaction between the 2 Operators is shown in [Figure 6] but was not compared against other controls.

[bookmark: _Ref227152100]Figure 2 - Band front position interaction chart

[bookmark: _Ref227158739]Figure 3 - Band anchor position interaction chart

[bookmark: _Ref227158691]Figure 4 - Pull back position interaction chart

[bookmark: _Ref227158752]Figure 5 - Stop position interaction chart

[bookmark: _Ref227152128]Figure 6 - Operator interaction chart

[bookmark: _Ref227152563]Figure 7 - Band front and anchor position interaction chart (AB)

[bookmark: _Ref227152106]Figure 8 - Band Stop and pull-back position interaction chart (BC)

[bookmark: _Toc227158903]Results Discussion
Both band front position [Figure 2] and pull‑back distance [Figure 4] demonstrated a significant effect on performance, with larger pull‑back values generally resulting in increased projectile distance. This trend is consistent across multiple samples. This could be attributable to the expectation that increased elastic potential energy results in greater launch energy.
The operator factor shows some variability, as seen in [Figure 6], but this effect is less consistent than mechanically controlled parameters. This variability is attributed to human influences during loading and release.
Anchor and stop position [Figure 3] and [Figure 5] respectively showed only minor effects on the catapult performance within the tested range of factors. 

[bookmark: _Toc227158904]Key Control Factors
Based on the observed trends and interaction analysis, the following factors were identified as the key control factors affecting catapult performance:
· Band front position
· Pull back position
These factors demonstrated the largest impact on measured distance across the tested range. Factors with smaller or inconsistent effects, such as Band anchor, stop position, and operator were considered secondary contributors within the scope of this trial.
[bookmark: _Ref227153628][bookmark: _Toc227158905]Performance Prediction
Additional trials with further changes to the control factors is captured in [Table 3]. This suggested that, with a front position between 1 and 3, and a pull position between 140 and 170°, a distance of 140.25mm shall be achieved
	 
	front pos
	pull pos
	 
	1
	2
	3
	Ave
	 
	 

	Firing 1
	1
	140
	range
	94
	110
	107
	103.6667
	KF 1 :1
	KF2 :1

	Firing 2
	3
	140
	range
	63
	64
	72
	66.33333
	162
	85

	Firing 3
	1
	170
	range
	216
	219
	226
	220.3333
	KF 1 :2
	KF2 :2

	Firing 4 
	3
	170
	range
	168
	171
	173
	170.6667
	118.5
	195.5

	 
	mid each factor

	
	140.25
	140.25

	
	mid combined

	
	140.25


[bookmark: _Ref227153454]Table 3 - Performance Prediction Trial Results
[bookmark: _Toc227158906]Prediction Validation
The catapult was configured to a front pull position of 2, pull position to 155°, and a series of 3 firings conducted. The average of the 3 trials gave a result of 140mm, which was only a 0.25mm delta from the prediction as stated in [Section ‎5.4].
	 
	front pos
	pull pos
	 
	1
	2
	3
	Ave
	difference

	Firing 5
	2
	155
	range
	147
	133
	140
	140
	-0.25


Table 4 - Performance Prediction Trial Results
The experimental result showed a near complete agreement with the prediction, with only a small deviation observed. This difference is attributed to uncontrollable factors as defined in [Section ‎4.2]. The close correlation between predicted and measured results confirms the effectiveness of the Taguchi approach in modelling system behaviour and predicting performance using a limited dataset.
[bookmark: _Toc227158907]Conclusion 
These trials successfully applied the Taguchi method to the mechanical catapult system to identify and evaluate key control factors influencing its performance. By employing a structured Taguchi matrix, the influence of multiple parameters was assessed effectively with a reduced total of individual trials.
Analysis of the results identified Band front position and Pull‑back position as the dominant control factors affecting projectile launch distance. These factors were used to predict system performance for a given configuration, and the resulting prediction was validated through physical trials.
The small delta between predicted and measured performance demonstrates the suitability of the Taguchi methodology for trials optimisation and performance prediction in engineering systems, consistent with established confirmation test practices similarly reported in [5]. The exercise highlights the value of structured trial design in managing variability and improving system understanding with reduced effort.
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