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[bookmark: _Toc227538864]Abstract
This report investigates the Taguchi method and its application to optimising the performance of a basic catapult and other engineering scenarios. The Taguchi method is a statistical approach to experimental design that involves simultaneously varying control factors and noise factors to identify which variables most significantly influence performance, allowing optimal outcomes to be achieved with a reduced number of tests. 
A catapult experiment was completed to understand the influence of Taguchi principles and to determine if this method is an effective method to achieve higher quality, reliable results in a short period. The chosen catapult enabled users to choose different variables for each firing to obtain various results, which were then used to understand what variables provide enhanced performance. By analysing outcomes, theoretical results could be produced for the final test. This final test produced a result 0.77% away from the predicted result, confirming that the Taguchi method is indeed a reliable and effective way to understand a system's performance when influenced by noise and control variables. 

[bookmark: _Toc227538865]What is Taguchi
The Taguchi method was invented by Dr Genichi Taguchi, a Japanese engineer and statistician. Dr Taguchi wanted to find a way to reduce time and cost by designing robust systems that performed consistently. He did this by understanding the variables associated with a specific system. The idea is to test systems in the design phase to understand performance and reliability issues to save costs, as fixing these issues when a product is already in service can be very costly, especially when considering that not all in-service products will perform as efficiently as possible [1]. 



 Figure 1 shows the steps to completing a basic Taguchi method experiment.
[image: Steps for Taguchi method] [2]
[bookmark: _Toc227538168]Figure 1 - Taguchi Method Steps
[bookmark: _Toc227538866]Noises & Controls
Noises and controls are the two factors that will influence the outcomes of an experiment. Firstly, noises are variables that cause variation that cannot be controlled. These variables will introduce inconsistency, and Taguchi methods aim to help design a system that will work effectively with these noises influencing the outcome by understanding how they influence results. Control variables are variables that are deliberately introduced and altered to change the outcome of the system. By altering these types of variables, a system can operate more efficiently, helping to provide a better output whilst maintaining the reliability of the system. 





[bookmark: _Toc227538867]Catapult Experiment
[bookmark: _Toc227538868]Catapult Design
To understand and assess the reliability of Taguchi methods, a catapult experiment was set up as shown in Figure 2. 
[image: ] [3]
[bookmark: _Toc227538169]Figure 2 - Catapult Experiment Design
This experiment will involve systematically varying selected factors to observe their effect on performance and achieve the desired outcomes. By adjusting each variable within the system by a specific amount, the experiment will identify which control factors have the greatest influence and how their interactions impact overall results. The aim is to develop a clear understanding of the effect of the associated noise factors and to use this information to determine optimal control variables, which will eventually be used to reliably predict the outcome of the final test. 



[bookmark: _Toc227538869]Exercise Variables
[bookmark: _Toc227538870]Control Variables
The following control variables were identified before the experiment and can be seen in Figure 2:
· Band Front Position – Tension Arm Position (1&3)
· Band Anchor Position – Back Arm Position (2&4)
· Stop Position – Release Angle (1&3)
· Pullback Angle (140°&170°)
Each variable was provided with a lower (level 1 array) and an upper value (level 2 array), as shown next to each variable.
[bookmark: _Toc227538871]Noise Variables
As the experiment was completed indoors in a temperature-controlled environment, the only noise variable identified was:
· Operator
The operator does not identify as a control variable, as there is no certain control over how a human can perform due to varying abilities to physically and mentally perform. There were 2 operators, operator A and operator B. 
[bookmark: _Toc227538872]Recording of Data
Due to the low budget of this experiment, the apparatus and personnel used were low-budget and not highly skilled. The experiment was set up along 4 joined desks with a tape measure fully extended, the length of these tables. As well as the 2 operators, there was a data recorder, a collector of the ball after firing and 3 observers of the landing point. One of these observers utilised a camera to record the precise landing point of the ball for maximum accuracy of data recording. 

[bookmark: _Toc227538873]Array Table
[image: ]Now that the variables were identified, 8 experiments could be planned with changing variables throughout to understand the most influential controls. The first Array table, as seen in Figure 3, shows these experiments with the associated level number depicting the lower and upper limits for the variable. [bookmark: _Toc227538170]Figure 3 - Array Table of Experiments

[bookmark: _Toc227538874]Refined Test Variables
Upon completion, the results of the 8 experiments, shown in Figure 4, were formatted into line graphs. This identifies the most influential control variables and the operator; these graphs are shown in Figure 5. 
[image: ]
[bookmark: _Toc227538171]Figure 4 - Results of Initial Experiments


[image: ][image: ]The gradient of the lines in these graphs shows how influential each control is; the steeper the line, the more influence that control has. After reviewing these graphs, we identified that the 2 most influential controls were Band Front Position as well as the Pullback Angle. As well as showing the most influential controls, one of the line graphs showed that operator B was the most consistent operator and therefore a final 4 experiments would be carried out using this operator, as well as the 2 most influential controls. The remaining controls, stop position, and anchor position remained the same across the 4 experiments and at their higher values.[bookmark: _Toc227538172]Figure 5 - Graphs of Variables
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[bookmark: _Toc227538173]Figure 6 - Refined Test Results

Figure 6 shows the results from the refined test using the most influential controls and the most consistent operator. To round off this experiment and to confirm the validity of Taguchi methods, a final experiment was to be completed. This experiment aims to gain a result matching the average of these 4 results, 91.3cm. The angle of firing was set to 155° with a tension arm position of 2. The firing resulted in the ball landing at 92cm, confirming the high accuracy of Taguchi methods in experimental with the ball landing 0.77% away from the average landing point. 

[bookmark: _Toc227538875]Conclusion
In conclusion, this report demonstrates that the Taguchi method is an effective and practical approach to system design, particularly when resources, time and understanding of a system are limited.
The catapult experiment showed it was possible to systematically identify the most influential control variables and minimise the impact of noise factors. The method used in this report allowed for a significant reduction in the number of required experiments whilst still producing accurate results. 
The graphs created showed that the Band Front Position and Pullback angle had the greatest effect on the performance of the catapult, and by fine-tuning these variables, as well as the operator, the experiment was concluded with a very accurate prediction of the landing point. The final result, only being out by 0.77% from the average landing zone, solidifies that Taguchi's method is a reliable test method and a reliable approach to take in order to produce consistent and efficient output. 


References

[1] 	S. M. J. a. K. Samborska, Spray Drying for the Food Industry, Woodhead Publishing, 2023. 
[2] 	K. N. Khamil, “An Analysis of lard by using Dielectric Sensing Method,” Malaysia, 2016.
[3] 	M. R. B. &. A. Finch, “Statapult Model for Accuracy,” 2014.




image1.png




image2.png
Identify the main function and
side effects

!

Identification of the control
factors and levels

h

Identification of orthogonal array

k4

Matrix experiment expected
outcome

A4

Conduct an experiment based on
the condition set

b

Examine the data, predict the
optimum control factor levels and
the performances

v

Verify the experiment





image3.png




image4.png
Array Populated

Experiment 1 2 3 4 5 5 7
Band front |Band Anchor|  AB BC
|stop Position|  Pull back Operator
position | position | Interaction Interaction
Expt1 1 2 1 1 140 1 A
Expt2 1 2 1 3 170 2 )
Expt3 1 4 2 1 140 2 )
Expta 1 4 2 3 170 1 A
Expts 3 2 2 1 170 1 )
Expt6 3 2 2 3 140 2 A
Expt7 3 4 1 1 170 2 A
Expt8. 3 a 1 3 140 1 B





image5.png
Band front |Band Anchor]  AB BC
|stop Position|  Pull back Operator
position | position | Interaction Interaction
1 2 1 1 140 1 A
1 2 1 3 170 2 )
1 4 2 1 140 2 )
1 4 2 3 170 1 A
3 2 2 1 170 1 )
3 2 2 3 140 2 A
3 4 1 1 170 2 A
3 a 1 3 140 1 B

Variable.
Range





image6.png
200

100

400

300

200

100

BC Interaction
200
150
100




image7.png
Front Pos Anchor Pos AB Interaction Stop
200 200 400 200
150 150 300 150
100 .\. 100 —_— 20 100 /
s 50 W e—— s
o o o o
[ TR — [ PR [ PR— w1 e





image8.png
KFL K2 1 2 3 Ave

Firing 1 1 140 | range | 40 40 40 20 | KF1:a | kP21
Fimg2 3 140 | range | 25 25 23 |24.33333]117.1667 | 32.16667
Firing 3 1 170 | range | 184 205 19 |1923333| KF1:2 | KP22
Firng4 3 170 | range | 100 112 108 |106.6667| 655 | 1505





