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1. [bookmark: _Toc34234438]Introduction

1.1 [bookmark: _Toc34234439]Aims
To prove the theory for energy in a flywheel (TecQuipment Ltd, 2012), the experiment carried out demonstrated the relationship between potential energy and kinetic energy and the effect of weight on this relationship.
1.2 [bookmark: _Toc34234440]Objectives
The objective of the experiment was to measure how long it took for the weight hanger to fall from 280mm to 0mm, and measure it’s maximum secondary height (TecQuipment Ltd, 2012): The procedure (of releasing the weight and measuring fall time and secondary height) was repeated within the experiment five times; starting with a weight of 0.1kg loaded onto the weight hangar, which was then increased in increments of 0.1kg until we reached a maximum weight of 0.5kg. The varying results of the fall time and secondary height were then analysed to ascertain the effect of weight changes on potential energy and kinetic energy of a flywheel.






















2. [bookmark: _Toc34234441]Experimental Procedure
[bookmark: _Toc34234442]2.1 Experient - Set-Up
For the experiment, the group was to assemble the “Potential and Kinetic Energy Kit ES9” (TecQuipment Ltd, 2012) to create a testing platform, shown in the image below. As you can see; the flywheel and pulley bearing block are mounted on the top of the work panel, with a 290mm cord attached to the pulley block, with the weight hanger and plastic guide affixed to the other end of the cord. The designated number of weight plates were then hung onto the weight hanger. A magnetic ruler was then attached to the work panel, ensuring that the maximum drop of the weight hanger was at 280mm.
[image: ]
[bookmark: _Toc34234466]Figure 1. Experiment set-up
[bookmark: _Toc34234443]2.2 Experiment – Parts Used
The below table of images depict all parts used in the experiment, allocated within the kit provided.
Table 1. Parts Used
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	[bookmark: _Toc34234467]Figure 2. Metal work panel

	Figure 3. Metal rule

	Figure 4. Weight Hanger with
 plastic guide
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	Figure 5. 10g weight plate

	Figure 6. Flywheel and bearing block assembly with 280mm cord attachment

	



[bookmark: _Toc34234444]2.3 Experiment Process
Once the experiment was set up (as described in section 2.1 Experiment – Set-Up), the group decided that the best method of data capture was for 3 individuals to take timings, whist one individual recorded the experiment, utilising the “Slo-Mo” iPhone feature to capture the maximum height reached. The following standard of work was agreed upon and followed:
1. 0.1kg of weight was added to the weight hanger whilst the cord was fully extended.
2. The cord was then wound up by slowly turning the flywheel until the bottom of the weight hanger was lifted to 280mm.
3. The Flywheel was then released, allowing the weight to freefall.
4. Three different timing operatives timed the weight’s journey, from the moment of release until the weight fully descended and then rebounded to reach its maximum ascent (referred to as h2 in table 2, or “secondary height” in section 1.2. Objectives).
5. One filming operative captured the journey on video, ensuring the units on the magnetic ruler were visible alongside the weight hanger base. 
6. Once the journey was completed, all results were passed to the experiment administrator.
7. Steps 1-6 were repeated three times at each weight interval.
8. Steps 1-7 were then repeated until the weight on the hanger had reached 0.5kg. 
9. The group then calculated the averages (of times and heights measured) for each weight interval.
10. The results presented in Table 2 are therefore the averages of the height and time measurements taken at each weight interval.




3. [bookmark: _Toc34234445]Results 
Table 2 Raw results from the experiment
	mass
m
(kg)
	time to fall and rise
tt
(s)
	
	h2
(m)

	0
	0
	
	0

	0.1
	4.19
	
	0.247

	0.2
	2.92
	
	0.241

	0.3
	2.64
	
	0.248

	0.4
	2.15
	
	0.251

	0.5
	1.86
	
	0.235





	













4. [bookmark: _Toc34234446]Analysis
4.1 [bookmark: _Toc34234447]Results Table
Table 2 presents the raw data taken from the experiment. From this derived Table 3 (shown below), which represents analysis of linear, angular velocity and the potential and kinetic energy for each weight interval.
	Table 3. Results Table II
[image: ]
The analysis table clearly shows that the KE (Kinetic Energy) value is lower than that for PE (Potential Energy). This is not possible as energy may be lost (i.e. through heat) but not gained (Nailen, 1996) , further investigation into how this error could have occurred is shown below:
The formulae used to calculate KE is as follows:
		(Twigg, 2012)
This has only two elements and thus there are two possible sources of error; within the inertia value, or within the angular velocity value. As the value used for inertia was a provided nominal value, it was identified that this value should be scrutinised. There were two nominal values for inertia given; one for the bearing block (0.834 x10-4) and one for the flywheel (3.862 x10-4):
Starting with the bearing block, the given nominal value of inertia was used in the following formulae to calculate the only unknown property for the object; it’s weight. 
    (Twigg, 2012)                                         
To complete this equation, first  (radius of gyration2) must be found. The formula for this is as follows (Twigg, 2012): 		 =			= 0.001625m
When the value for  is entered into the re-arranged formula for inertia we can find the mass.
        	= 		= 19.48kg
Considering the size of the bearing block, and that the mass of the flywheel it is supporting is only 0.33kg, the resulting mass value of 19.48kg is improbable.
With the value of inertia for the bearing block now disproven, the same methodology of formula disposition is used to also disprove the value of inertia given for the flywheel.
Again, using the formula,    (Twigg, 2012), the value for  can be found, and therefore the same formulae can be used to find the unknown property; the diameter. 
	=	 	=			= 0.001170303
		=		=		= 0.096759621
Given the size of the bearing block and the rest of the components within the experiment, alongside the image shown in Figure 1, the resulting flywheel diameter of 9.6cm is also disproven, thus again accrediting the theory that an incorrect nominal value of inertia was provided.
Considering the nominal values of inertia are now disproven, a calculated average inertia value can be substituted within the kinetic energy calculation instead. To calculate an average value of inertia, one can take the gradient value of the below graph (Hakan Terzioglu, 2013). This is because torque is equal to inertia multiplied by angular acceleration, where angular acceleration is equal to acceleration divided by radius. Therefore;  : When  is plotted on the y axis of a graph and  plotted on the y, the resulting slope is therefore equal to .
Figure 7. Torque vs Acceleration graph
[image: ]
The resulting values for inertia from this gradient are on average 13% lower than the nominal values provided. The calculations for the new inertia values and the new KE values are represented in the Table 4, below, highlighted in green.
[bookmark: _Ref34229684]Table 4. Results table with calculated inertia value
[image: ]
As you can see the new KE value is much closer to the original PE value, however it is still higher. The reason for this is that the outlier within the data is skewing the result, shifting the trendline up the y axis: the calculated average inertia formula of y=0.004x+0.004 indicates that there will never be a nil – nil value; as there is a +0.004 value at the end of the formula, it indicates that there is torque which will not result in any acceleration, which is not possible (Twigg, 2012).
When the inertia formula is manually amended to y=0.004x the results are as shown in Table 5, below, KE is lower than PE, giving a more realistic result:
Table 5. Results table with amended calculate inertia value
[image: ]
One possible reason why the trendline is skewed so heavily by one outlier, is that there are insufficient data points to get a true representation. As there were no prior process capability studies performed on the experiment set up, it is unknown whether the resulting readings are reliable or whether the process has high variation and therefore resulting data points may have outliers skewing the data  set, which will make it harder to ascertain relationships between controlled variables (in this experiment. This is the change in weight) and results (ZHENLIN YANG, 2000).
Another possible source of variation is generated by the method used to measure results (Christina Ile, 2013). Reproducibility of the experiment and measurement system used is poor –an assumption on where the weight would rise to was made, and a mobile phone was held by hand at said height to capture height readings: As the experiment team were unable to capture the height travelled by the weights from a level angle every time, there was a large margin of error within the readings as perspective skewed the results.

5. [bookmark: _Toc34234448][bookmark: _GoBack]Conclusions
It has been proven that the provided nominal values of inertia are incorrect,, which resulted in inconsistencies in the results table.
As shown in the results table, the secondary height increased incrementally during the experiment when weight was increased, indicating a strong positive correlation between weight and energy. There are two anomalies to this trend; 0.2kg and 0.5kg. Discarding doubts regarding the process capability of the experiment, and the measurement system used, this could be explained by loss of energy through; heat, friction, or other movement (swinging, spinning and bouncing of the weights occurred).


















6. [bookmark: _Toc34234449]Evaluation
In terms of the experiment itself; the mobile used to record heights could have also recorded times with the installation of a more accurate recording app. The mobile could have also been mounted on a tripod after a “set-up run” to calculate a level height.



















7. [bookmark: _Toc34234450]Further Work
To further improve the experiment, the process itself must be analysed to ensure consistent results, this report suggests comparing readings from multiple operators and set ups. Furthermore, more data sets need to be taken to ensure outliers do not heavily skew the results, if this is not possible the use of statistical tools such as the central limit theorem is suggested (Marshall, 2018).
Regarding the incorrect nominal values provided; callipers and/ or measuring tool should have been used to measure the components and self-calculate the inertia values.
Investment in measurement devices to re weigh and measure the components are needed to accurately recalculate the inertia values. Further investment is also needed in the measurement system to ensure perspective does not affect readings (the use of electronic laser measurement sensors is suggested).
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