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[bookmark: _Toc196640367]1.	Objective
1.1.1	It was necessary to determine the optimal operating factors of a test catapult in relation to the distance it could propel a spherical projectile. Central to the experimentation was its design, and how a basic one at a time factor experimentation could be extended to analyse the interaction of factors.  
[bookmark: _Toc196640368]2.	Background and Underlying Theory
[bookmark: _Toc196640369]2.1	Factors
2.1.1	From Figure 1 it can be seen that there are variables, or factors, which affect the output of a process. These are categorised into two main groups with the following characteristics:

I. Control factor: a variable whose value can be set or maintained, and the experimenter would wish to set and maintain. 

II. Noise factor: a factor whose value cannot be set and maintained; or a factor the experimenter does not wish to set and/or maintain. 

2.1.2	The purpose of this experimentation is to understand the factors which most effectively increase the distance a catapult propels a spherical object. With reference to Figure 1, a generic set of objectives can be determined: 

I. Ascertaining which controllable variables (x’s) have the greatest effect on the output variable y;
II. Ascertain where to set the influential controllable variables to ensure that the output is value is at the required level;
III. Finding the set points of the controllable factors to ensure minimal variability in the output value;
IV. Finding the set points of the controllable factors to minimise the unwanted influence of the uncontrollable factors (z’s). 
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[bookmark: _Ref196134246]Figure 1 – Generic System Model [1]
[image: ]
Figure 2 - Cause-Effect of Distance [3]

[bookmark: _Toc196640370]2.2	Factorial Experiment and Taguchi Method
2.2.1	The Taguchi method utilises orthogonal arrays to measure the effect of a factor on the average result and to also determine the variation from the mean. The advantage with using an orthogonal array analysis is the relationship among the factors under investigation. For each level of any individual factor, all levels of the other factors occur an equal number of times. This permits the effect of one factor under investigation to be separable from the effects of other factors [2].

2.2.2	The method is efficient when compared to one factor at time experimentation, allowing multiple factors to be measured simultaneously and their effect determined. Orthogonal arrays do not require all combinations of all factors to be tested. This greatly reduces the length of time required to conduct an experiment and significantly, it also reduces the level of resources to conduct. In essence, it is smaller without the loss of any vital information. 

2.2.3	Arguably the greatest characteristic of this experimental method is its ability to measure the effect of interaction between individual factors. This is an effect which is not recognised by the one factor at a time experimental methodology. 
[bookmark: _Toc196640371]2.3	Interaction
2.2.4	An interaction occurs when two or more factors acting have a different effect on the quality characteristic than the effect of each factor acting independently [2]. The most effective method for interpreting the strength of interactions is through the use of graphs. The following describe the types of interactions and their respective graph characteristics.

I. No interaction: Depicted within Figure 1 are factor x and factor y. When the quality characteristic increases or decreases at the same rate as the value of x changes for different levels of y, parallel lines will result and thus demonstrating no interaction.
 
II. Weak or mild interaction: When the quality characteristics increases or decreases at moderately different rates as x varies at different levels of y, the graph will show lines that are not parallel yet seem to converge at some point. 

III. Strong Interaction: When the quality characteristic changes at dramatically different rates for different levels of factor y, the lines on the graph will intersect

2.2.5	To be able to develop an understanding of the effect of interaction, it must be designed into the experimentation. 
[image: ]
[bookmark: _Ref196124956]Figure 3 - No Interaction
[image: ]
Figure 4 - Weak or Mild Interaction

[image: ]
Figure 5 - Strong Interaction
[bookmark: _Toc196640372]3.0	Method and Apparatus
3.1.1	To conduct the catapult experiment, the methodology detailed in Figure 6 was utilised.  As stated previously, the characteristic optimised for this experiment was the distance the catapult could project a spherical object. 
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[bookmark: _Ref196637182]Figure 6 - General Experimental Procedure [2]
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Figure 7 - Experimental Catapult [3]


3.1.2	The response variable chosen for this experiment was the distance to impact made by the projectile. Other response variables could have been chosen, such as:

· Projectile height
· Projectile path e.g. its parabolic shape
· Velocity
· Rotation 
· Accuracy 

3.1.3	The following variables/factors were kept constant:

· Projectile
· Environmental conditions – temperature, humidity, etc. 
· Angle of the catapult
· Catapult materials
[bookmark: _Toc196640373]4.0	Experimental Data
[bookmark: _Toc196640374]4.1	Interpretation of Results
4.1.1	The experiment was conducted following the array layout in Table 2, with the results detailed in Table 3. It can be seen that the two different levels assessed for each factor are randomly but equally distributed – demonstrated in Table 1. 

[image: ]
[bookmark: _Ref196725661]Table 1 - Factor Level Distribution
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[bookmark: _Ref196725718]Table 2 – Array with Required Levels
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[bookmark: _Ref196723621]Table 3 - Populated Table Results
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Figure 8 - Graph Results 1
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Figure 9 - Graph Results 2

[image: ]
Figure 10 - Graph Result 3

[image: ]
Figure 11 - Graph Result Interaction 1

[image: ]
Figure 12 - Graph Result Interaction 2
4.1.2	From the results graphed above, it can be seen that the factors which made the most significant impact on the distance projected by the catapult were Pull Back and Front Position. It can also be seen that the impacts made by the interactions between the factors were relatively minimal. However, due to the graphing method, it is difficult to interpret how significant this is due to the variables not being separated as depicted in figures 3, 4, and 5. 
[bookmark: _Toc196640375]5.0	Conclusion & Reflection 
5.1.1	Although the experimentation clearly demonstrated the factors which made the greatest impact on the distance projected by the catapult; how significant and ‘true’ these results are would need to be continued. It is not known to the Author how many experiments would need to be conducted for the results to be considered significant and credible. 

5.1.2	Instrumentation resolution was limited and therefore the ability the evaluate the small incrementation of different factors and to refine and focus on the optimal factor levels.  

5.1.3	Positive aspects of the experimentation include the repeatability of the different factors in question as well as the repeatability of the measurements. 

5.1.4	Further experimentation could be conducted to mitigate or potentially remove experimental bias. Bias within an experiment can usually be ascribed to two distinct experimental errors - primary error and secondary error [2]. 
5.1.5	Primary error can be called ‘between experimental error’ and occurs when during the changeover of one experiment to another. The variation induced by the set-up changes could have generated slight variations in the accuracy of the data collected during the catapult launches. 

5.1.6	Secondary error refers to errors occurring within the experiment, i.e. when measurements are taking place. This could have been reduced, or the precision of the measurements increased by introducing more stringent methods of data capture. The overall effect of the secondary errors was potentially to distort the impact of the specific factor settings. 

5.1.7	Further still, introducing randomisation into the experiment could further mitigate potential experimental bias. This is achieved through the shuffling and mixing of the order in which factors are tested. The purpose of randomisation is to: 

· Mitigate against systematic bias that could become present during the data collection process;

· To mitigate against the effect of seemingly superfluous and other influences not being considered within the experiment. 
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