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1. Introduction
The Taguchi method is a structured approach to experimental design that allows multiple factors to be tested simultaneously without running an excessive number of experiments. Instead of changing one variable at a time and hoping to spot patterns, Taguchi’s approach uses orthogonal arrays to vary multiple factors simultaneously in a balanced and controlled way. This makes it possible to identify which factors genuinely influence performance, which ones have little effect, and whether any interactions between factors matter. It is especially useful in situations where running a full set of experiments would be impractical or time‑consuming.
In this experiment, the Taguchi method was applied to a small catapult to investigate the factors affecting its firing performance. Although the catapult looks simple, it contains several adjustable settings that can all influence how far the projectile travels. These include the band positions, the pull‑back distance, the stop position, and even the operator. Rather than relying on guesswork or trial‑and‑error, the Taguchi method provides a systematic way to explore these variables and determine which ones have the greatest impact.
The exercise aimed to identify the key control factors governing the catapult’s performance and to use the results to predict its performance under optimal conditions. By analysing the data from the orthogonal array, we were able to see not only which factors mattered most, but also how they interacted and how consistent the system was in the presence of noise factors such as bolt tightness or slight variations in how the projectile was loaded. The experiment also provided an opportunity to apply the Taguchi additive model to estimate the expected firing distance when the catapult is set to its best‑performing configuration.










2. Objectives
The purpose of this experiment was to use the Taguchi method to identify which factors have the greatest influence on the performance of a small catapult. The performance measure we focused on was the projectile's distance travelled. The Taguchi method allowed us to explore multiple factors at once using a structured orthogonal array, rather than testing every possible combination. The aim was to determine which factors matter most, how they interact, and which combination of settings yields the best overall performance. Once the key factors were identified, we also used the Taguchi additive model to predict the catapult’s optimal firing distance.





















3. Method and apparatus
The experiment was carried out using a tabletop catapult with several adjustable features. The factors chosen for investigation were:
· Band front position
· Band anchor position
· AB interaction
· Stop position
· Pull‑back distance
· BC interaction
· Operator
These seven factors were assigned to the columns of an L8 Taguchi orthogonal array. This meant that only eight experiments were required to explore the effects of all seven factors, rather than the dozens needed in a full factorial design.
For each experiment, the catapult was set according to the levels specified in the array. The projectile was placed in the cup, the pullback distance was measured, and the catapult was fired. The distance travelled by the projectile was recorded. Each experiment was repeated three times to reduce the influence of random variation, and the range or average of these firings was used as the output value.
Noise factors such as bolt tightness, firing rate, how firmly the ball was seated in the cup, and any twisting of the band were acknowledged. This is intentional in Taguchi experiments, as the method is designed to identify factor settings that are robust to such variations.









4. Experimental Data
The experiment consisted of eight trials, each representing a unique combination of factor levels taken from the L8 Taguchi orthogonal array. This meant that every launch used a different configuration of the catapult’s adjustable features, such as the band positions, stop position, pull‑back distance, and operator. The aim was to see how these different combinations influenced the distance the projectile travelled.
[image: ]For each experiment, the catapult was fired three times to reduce the effect of random variation. Small inconsistencies are unavoidable in a physical system like this, for example, slight differences in how the ball sits in the cup, tiny changes in how the band twists, or minor differences in how firmly the operator pulls back the arm. By taking three shots per experiment, we were able to get a more reliable sense of each configuration's true performance.


These values show the catapult’s performance varies widely depending on the settings. Some combinations produced very short shots, while others produced extremely long ones. This variation is exactly what the Taguchi method is designed to capture and explain.
To understand which factors were responsible for these differences, the next step was to group the results according to the levels of each factor. For example, to analyse the effect of the pull‑back distance, all experiments using the 140 mm pull‑back were grouped, and their distances were averaged. The same was done for the 170 mm pull‑back. This allowed us to see how much the performance changed between level 1 and level 2 of that factor.


[image: ]
To support the numerical analysis, the level averages were also plotted on main effects graphs (shown above), with level 1 and level 2 on the horizontal axis and the average firing distance on the vertical axis. 
The graphs showed several clear patterns:
· Front Position: The line slopes downward from level 1 to level 2, indicating that level 1 consistently produced better performance.
· Anchor Position: A slight downward slope, suggesting a small preference for level 1.
· AB Interaction: Again, a downward trend, showing that level 1 performed better.
· Stop Position: A strong upward slope, meaning level 2 produced much higher distances.
· Pull‑Back Distance: A steep upward slope, the strongest of all factors, confirming that the 170 mm pull‑back improves performance.
· BC Interaction: A slight upward slope, indicating a small improvement at level 2.
· Operator: A small upward slope, showing that one operator produced slightly better results than the other.
These plots are important because they reinforce the numerical findings. A steep slope indicates a strong effect, while a flat or nearly flat line indicates a weak effect. In this case, the pull‑back distance and stop position had the steepest slopes, making them the dominant factors. The band positions and operator had smaller slopes, meaning their influence was present but less significant.








5. Predicted optimal performance
[image: ]
After identifying the most influential factors and calculating the predicted optimal performance using the Taguchi additive model, we conducted a separate set of firings to assess the accuracy of the prediction (as shown above). This follow-up experiment used a single operator to reduce human variability and ensure that the results reflected the catapult's mechanical behaviour rather than differences in technique.
The predicted optimal performance was 142.9 units of distance, based on the best levels of the key factors:
· Stop position = Level 3
· Pull‑back distance = 170 mm
· Band front position = Level 2
· Band anchor position = Level 2
To test this prediction, four sets of firings were conducted using combinations of key factor levels. 
From these, the mid‑point values for each factor were calculated and combined to give the predicted optimal value of 142.9.
The experimental results came close to the predicted value. The mid‑point averages for the stop position and pull‑back distance were both 142.9, almost matching the combined prediction. This shows that the Taguchi model was effective in estimating the catapult's expected performance under optimal conditions.
The best individual firing (269.3) exceeded the predicted value. This highlights the difference between the expected average performance and the maximum possible performance. The Taguchi prediction aims to estimate what the system should deliver consistently, not the occasional peak result. 
Overall, the close match between the predicted and experimental mid‑point values demonstrates that the Taguchi method provided a reliable and accurate model for this system. It shows that the key factors were correctly identified.
























6. Conclusion
The Taguchi approach allowed a good understanding of how the catapult behaves. The first experiment, the L8 orthogonal array, showed straight away that not all factors are equal. Some settings barely moved, while others completely changed the outcome. The pull‑back distance and the stop position stood out as the real drivers of performance. Whenever those two were set to their stronger levels, the catapult consistently fired much further. The band positions and the operator still mattered, but not as much as those two main factors.
During the second test, one operator was used to maintain consistency, and the results were almost on target. The mid‑point averages matched the predicted value of 142.9. It showed that the identified factors were the right ones.
One of the optimal‑setting shots reached 269, highlighting the difference between what the system can do on a good shot and what it can be expected to do consistently. The Taguchi prediction is about reliable performance, not the occasional outlier. The fact that the catapult exceeded the prediction reinforces that the chosen settings improved its potential.
Overall, the two experiments worked well together. The first helped in understanding the system and identifying the key factors, and the second confirmed that the prediction based on those factors was accurate. Together, they showed how a structured method like Taguchi can turn what looks like a simple fire it and see activity into a proper engineering investigation. 












7. Reflection
The experiment helped the group gain a better understanding of how structured experimental designs can simplify tasks. To begin with, the catapult's performance seemed to depend on luck, technique, and guesswork. However, once the Taguchi method was applied, the system's behaviour became easier to interpret. The orthogonal array helped the group break the problem down into manageable parts, showing which factors had major and minor effects on the outcome.
The follow-up experiment, in which the predicted optimal performance was tested with a single operator, demonstrated how a theoretical prediction can be checked in practice, and it was encouraging to see how closely the experimental results matched the Taguchi estimate. This gave the group confidence that the analysis had been carried out correctly and that the method was genuinely effective in modelling the catapult's behaviour. 
Overall, the experiment showed that even a simple classroom device can be analysed in a structured way, and that the Taguchi method provides a practical framework for identifying key variables and predicting performance. The experiment showed how controlling variables can influence experimental results. 
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