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1. [bookmark: _Toc197346789]Introduction

1.1 [bookmark: _Toc197346790]Task Description

· You will be supplied with a working catapult.
· You will be required to determine the key control factors for operation of the catapult.  (Experimental matrix and experimental guidance will be provided).
· Using safe firing protocols, use the matrix suppled to determine the key control factors.
· Evaluate the key control factors to predict the catapult performance at a given setting.  The lecturer will discuss options with the class.

1.2 [bookmark: _Toc197346791]Taguchi Experiment

The Taguchi experimental method was developed by Dr. Genichi Taguchi.  It is a structured approach to testing multiple variables efficiently, with the objective of finding the best combination that yields the best and most consistent results even in the presence of uncontrollable factors [1].  This method involves the use of orthogonal arrays to allow the researcher to study the effects of multiple variables using the minimum number of experiments required.  This maximises the results and minimises cost, time, and resources.

1.3 [bookmark: _Toc197346792]Objective

The objective of this experiment was to use the catapult system and apparatus provided to conduct a series of test firings.  Using the Taguchi method, the outcome of each firing was to be recorded in the orthogonal arrays, and results to be interpreted to determine key control factors and potential contributing noise factors.





· 

2. [bookmark: _Toc197346793] Method and Apparatus

2.1 [bookmark: _Toc197346794]Method

All apparatus (see section 2.2 below) was collected and set up, with the Catapult secured to the end of a table using the G-Clamp.  The measuring tape was laid next the catapult, from one end of the table to the other.  The group running this experiment was divided into roles.  There were two operators who would fire the catapult on a rotational basis when the table determined they should switch.  There was a marker who would determine how far the ball launched, and a person to record all the data.
This experiment involved eight firing, with seven independent variables across two levels.  These were:  pull back scale, band anchor position, stop position, band front position, 1,2 interaction, 2,4 interaction and the operator (see figure 1 below).

[image: ]
[bookmark: _Toc197346781]Figure 1 - Taguchi Orthogonal Array
When everything was set up, we began the experiment by following the directions from the ‘experiment 1’ row from the array shown above.  The numbers along this row identify which level the values have to be taken from.  For all of experiment 1, the value is 1 therefor level 1 directions were to be followed.  These were: band front position 1, band anchor position 2, stop position 1, pull back to 140, and operator A.  The operator ensured the catapult was set up to the correct values, and once this was verified, they place the ball in the catapult and fired.  Once fired the marker watched for where the ball landed on its first contact with the table, called out the value and the data were recorded in the table by the designated person.  This process was repeated, going down the array, for each experiment.  
When all experiments were run, and all data was recorded in a table, both levels were compared against each other.  The factors that had the most obvious differences were identified as the key controls for the system.  Two key control features were selected, and another set of experiments were carried out to observe their impact on the system.  For this set of experiments, the maximum and minimum value for each variable was used as the 2 levels.  Once this set of experiments were complete, this allowed for an average to be taken of the results.  The average was then assessed experimentally using the midpoint for both the first and second critical feature.  

2.2 [bookmark: _Toc197346795]Apparatus

[bookmark: _Toc197346765]Table 1 - Table of Apparatus
	Apparatus
	Use

	Catapult
	Fire ball

	Rubber Band
	Create tension for the ball to fire from catapult

	Table
	Provides stable platform to attach catapult

	G-Clamp
	Secure catapult to table

	Measuring Tape
	Measure the distance of the ball in each firing

	Laptop
	Record experimental data

	Rubber Ball
	Launched from catapult



[image: Lean Games The Sigma Catapult Reverse View]
[bookmark: _Toc197346782]Figure 2 - Catapult used [2]











3. [bookmark: _Toc197346796] Experimental Data

Figure 3 below details the results from the first set of experiments completed.  
[image: ]
[bookmark: _Toc197346783]Figure 3 - Data Captured from 1st set of experiments.
The data from the first set of experiments (seen in figure 3 above), produced a series of graphs that compared each variable in each level.  These can be observed in figures 4 and 5 below.
[image: ]
[bookmark: _Toc197346784]Figure 4 - Variables from 1st set of experiments (1 of 2)
[image: ]
[bookmark: _Toc197346785]Figure 5 - Variables from 1st set of experiments (2 of 2)
Finally, figure 6 below shows the key controls that were identified, the results from the second run through of experiments, and the midpoints that were produced.
[image: ]
[bookmark: _Toc197346786]Figure 6 - Data Captured from Comparison of Critical Controls

4. [bookmark: _Toc197346797]Interpretation of Results

The first set of experiments allowed for the comparison of each variable and helped identify which variables would be the key controls features of this system.  From the graphs produced it can be clearly observed that the critical controls for this system were the band front stop position and the pull back position.
The first key control feature identified was the band front position.  This affects the tension of the rubber band and thus affects how far the ball will travel when fired from the catapult.  When in band front position 1 the ball would travel farther than if it was in front position 3.  
The second key control feature identified was the pull back position.  Again, pull back position affects the tension in the rubber band.  The farther back the lever is pulled, the more tense the rubber band will become.  When the lever was pulled back to 170 degrees, making the rubber band more tense, the ball would travel farther than if it was pulled back to 140.
When looking at the results captured in figure 6, it can be observed that the most optimum positions are a pullback position of 170 degrees, and a front stop position of 1. 


5. [bookmark: _Toc197346798]Conclusion

Overall, the Taguchi experimental method is an effective method to evaluate key controls and noise factors in a system.  It is a quick and straightforward way to get the data required, with minimal cost and resource implications on the user.  This allows the user to adapt their system using the data captured and protect against potential noise factors that could affect the system negatively.

6. [bookmark: _Toc197346799]Reflection

Throughout this experiment, the group worked well together, staying in their designated roles, and communicating effectively.  While conducting the experiment, the group identified a few noise factors that could be affecting our results.  For example, the operators that were loading the ball into the catapult were doing so differently.  One was just placing the ball in, and the other was squeezing the ball into position.  This affected the distance that the ball travelled, as when the ball was being squeezed in, it was more difficult for it to eject from the catapult.  This was taken into consideration before the second round of experiments were conducted and adjustments were made to try and keep the noise factors impact to a minimum.
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