


1. Abstract
An Assignment was posed to determine the importance of Control Factors using a practical experiment and use of the Taguchi Method to analyse the experiment’s results. To do this, a small group was supplied with a table tennis ball and a miniature Catapult. The Catapult was adjustable and a range pre-launch conditions were to be set; the ball was launched under these varying conditions and the subsequent effect on the ball’s trajectory was recorded and analysed. 
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1. Introduction

As noted above in Para i, a Catapult was provided, these particular models are known as Statapults. Figure 1 shows a model extremely similar to those used during the experiment, circled are the various settings that that can be adjusted the affect the arc of the launched ball and these are Control Factors.  

The Red circle shows the Front Position, with Position 1 being the uppermost and Position 4 being the lowest.  The end of the elastic band may be attached at one of these positions to dictate how much tension is placed on the band and how much power is behind each launch. 

The Anchor Position shown in Blue functions in the same way, the other end of the band can be attached at Positions 1 – 6 (with the furthest upward being Position 1 and further positions descending down the Statapult arm). Position 1 was permanently occupied by the cup that holds the ball, so the highest position the band may be attached is Position 2.

The Yellow circle highlights the Stop Position, Position 1 being the furthest forward and Position 6 furthest rearwards relative to the  Satapult. Predictably, this changes the angle in which the ball is launched. 























Figure 1 – Statapult with Control Factors highlighted

Finally, the Black arrow points to a protractor on the rear on the Statapult which indicates how far the arm may be pulled back and released, which also affects the power of each launch.

1. Underlying Concepts

Invented by Dr Genichi Taguchi in the 1950’s, the Taguchi Method is a means of applying statistical analysis to the design of goods to remove the likelihood of product failures to improve consistency and therefore, Quality. 

Quality is achieved by ensuring that any deviation from the standards set by the finished product are to be minimised by designing the good(s) to be immune to uncontrollable external factors; Noise. That way, if a product does fail, it is evidence of poor design and shows what aspects need to improve. It also stands to reason that this approach would help diagnose the root causes of failure as it eliminates potential Failure Modes. 

Applying analysis at the Design Phase shows that the Taguchi Method shows this phase should be treated with the greatest overall importance, the intention being to eliminate faults caused by poor design before they can occur rather than re-designing said goods every time a fault presents itself [1]. With this said, it becomes clear what the Taguchi Method is ultimately intended to achieve: efficiency. 

1. Experiment Conditions

As previously mentioned, the practical experiment was to use the Statapult to launch the ball through a range of launch conditions and to record the results. To do this, the Statapult was placed at one end of a long bench and clamped down. Running parallel to the Statapult was a tape measure to record the distance of the ball’s launch. Figure 2 shows this setup. 
Bench
Tape Measure
Statapult 













Figure 2 – Practical Experiment Setup

The Statapult was to be used 8 times, with each launch having differing launch conditions: 

· Launch 1: Front Position 1, Anchor Position 2, Stop Position 1, Pull to 140⁰.
· Launch 2: Front Position 1, Anchor Position 2, Stop Position 3, Pull to 170⁰.
· Launch 3: Front Position 1, Anchor Position 4, Stop Position 1, Pull to 140⁰.
· Launch 4: Front Position 1, Anchor Position 4, Stop Position 3, Pull to 170⁰.
· Launch 5: Front Position 3, Anchor Position 2, Stop Position 1, Pull to 140⁰.
· Launch 6: Front Position 3, Anchor Position 2, Stop Position 3, Pull to 170⁰.
· Launch 7: Front Position 3, Anchor Position 4, Stop Position 1, Pull to 140⁰.
· Launch 8: Front Position 3, Anchor Position 4, Stop Position 3, Pull to 170⁰.

After each launch, the distance in centimetres was recorded and this will show which combination of settings will give the Statapult the greatest range. Different operators will also be used for each launch; launches 1, 4, 6 and 7 will employ Operator A and Launches 2, 3, 5 and 8 will use Operator B. The purpose if this is to determine if the choice of Operator makes a meaningful difference to the test results.


1. Experiment Results

[image: ]The experiment was conducted as stated in Para iv, and the results are as follows: 
Figure 3 – Results of Statapult Experiment

It was decided to run each Launch scenario three times and an average taken, this was to remove any Noises that could have arisen during experiment, such as Operator error or band being more or less elastic from repeated Launches. 
From this we can see that Launch 2: Front Position 1, Anchor Position 2, Stop Position 3, Pull to 170⁰ gave the greatest overall range, this is hardly surprising as the band was placed under the maximum tension during this scenario and the Launch would have the greatest overall energy. Stop Position being set to three was also major factor as it meant the ball was released at 45⁰ angle and would grant the greatest ballistic range as shown in Figure 4. 
[image: ]
Figure 4 – Angles of Elevation and respective projectile arcs.

When the range of results from Figure 3 are presented graphically, these graphs are generated: 









Figure 5 - Graphical Results of Statapult experiment

1. Discussion

The results in Figure 5 are the key to the Taguchi Method, they show the range of impact that each variable has on the final result (the range of the Statapult). The greatest range of Results is the Front Position and this is the most important Control Factor, therefore this Factor should be prioritised within the product’s design. The Pull Back angle shows similar deflection and should also be treated with importance. 

The Control Factor with the smallest range is which Operator uses the Statapult, this is hardly surprising as the Taguchi Method is intended to remove external Factors such as this and allow the Statapult the function consistently regardless of Operator. The deflection of results, while small, still exists and this could possibly be attributed to the physical properties of each Operator, B was significantly taller than A and this could affect how each user reads the protractor due to changing reading perspectives.

1. Conclusions

This exercise functioned as intended; use of the Statapult proved which Control Factor should be prioritised during the Design Phase, the Front Position. However, use of Taguchi in this case may not be appropriate as the intention of this method is to eliminate failures by design to increase operational consistency (and therefore Quality), not to maximise the effectiveness of the Product being designed. An alternative Quality process may be more appropriate for this outcome.

If maximising range was the goal of the exercise, the conditions set in Launch 2 should be used however design changes could be made: adding a second band to the Statapult could add more energy to the Launch and allow the ball to travel further. The Statapult’s Platform could also be elevated and even more range added to the ball’s trajectory.
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