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[bookmark: _Toc225712693]Introduction
The objective of this report is to analyse and compare the data collected in the experiment conducted. The experiment conducted for this report was used to find the forces acting upon a fly wheel, more specifically kinetic energy and potential energy. Using the data collected, there are factors that could be calculated like the inertia of the fly wheel, acceleration and the falling time. This is useful for the motorsport industry as weight of fly wheels and their inertia can contribute to a cars overall performance (Hedlund et al., 2015). Including this, the report will also cover potential energy loss which is also relevant to the industry as energy loss in a drive train is directly linked to how efficient the car is (Beulshausen, Pischinger and Nijs, 2013).


[bookmark: _Toc225712694]Methodology 
[bookmark: _Toc225712695]Equipment set-up 
To conduct the experiment the equipment had to be set up in accordance with the handbook that was supplied. First the fly wheel mechanism was attached to the backing plate via screws. Attached to the left-hand side of the fly wheel was a pully connected with a shaft. The plastic weight hanger was then fitted to the cord, which was cut to a length to allow the weight hanger to travel 290mm in a vertical drop. The hanger was then allowed to drop to the bottom of its travel, then magnetic rule was then moved so that the bottom edge of the hanger aligned with the 0mm mark on the rule.
[bookmark: _Toc225712696]Conducting the experiment
[image: ]Before beginning the first set of experiments, 90g was added to the weight hanger to give it a total weight of 100g as seen in figure 1. The fly wheel was then gently turned in either direction until the bottom of the hanger aligned with the 280 mm mark on the rule. A stopwatch was then used to measure the time it took the weight to reach the bottom of its travel (0mm on the rule) and then back up to its maximum height. This was then repeated multiple times and record to get a good average of each weight’s maximum height ( and its overall time to fall and rise (). The weight was then increased in steps of 100 repeating the experiment for each until 500g. [bookmark: _Toc225712604]Figure 1 90g being added to the weight hanger



[bookmark: _Toc225712697]Results 
There were only two factors that were measured in the lab, that was the maximum height of the weight and the total time it took for the weight to travel. As each experiment of each weight was done 3 times an average was able to be calculated. The results were recorded on a hand drawn table then was later inputted into excel for presentation reasons, as seen in table 1. To calculate the average of each experiment the overall sum of all the experiments was taken and then divided by the number of experiments. This can be simplified with the equation () 
	raw results 

	 
	experiment 1
	experiment 2
	experiment 3
	average 

	mass (kg)
	time(s)
	height (cm
	time(s)
	height (cm
	time(s)
	height (cm
	time(s)
	height (cm

	0.1
	4.31
	24.5
	3.92
	24.6
	4.48
	24.5
	4.24
	24.53

	0.2
	2.9
	26
	2.77
	26.2
	2.75
	26
	2.8
	26.06

	0.3
	2.31
	25.5
	2.31
	26
	2.57
	26.4
	2.4
	26

	0.4
	2.19
	24.8
	1.97
	24.7
	2.18
	24.5
	2.11
	24.67

	0.5
	1.99
	22.8
	2.3
	17
	1.78
	24
	2.03
	21.27


[bookmark: _Toc225712573]Table 1 raw results
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[bookmark: _Toc225712699]Calculations in the table
	mass (kg)
	PE (J)
	time to fall and rise (S)
	height 2 (m)
	mg 
	PE loss adjusted (J)
	falling time (S)

	0
	0
	0
	0
	0
	0
	0

	0.1
	0.27468
	4.24
	0.2453
	0.981
	0.018144672
	2.260041881

	0.2
	0.54936
	2.8
	0.2606
	1.962
	0.019714362
	1.450240474

	0.3
	0.82404
	2.4
	0.26
	2.943
	0.03052
	1.244444444

	0.4
	1.09872
	2.11
	0.2467
	3.924
	0.069465305
	1.121701158

	0.5
	1.3734
	2.03
	0.2127
	4.905
	0.187598579
	1.153643191


To complete the table on excel certain equations had to be used. Using the raw data the first thing to be calculated was  which is mass times gravity (gravity having the standard value of 9.81). all values were also changed into base units as the raw data was measured in units such as millimetres and centimetres for the height. Next thing to be calculated on the table was the potential energy which was using the calculation . Where  was the original height, the weight started at (0.28m). the potential energy loss was then calculated using .  in place for the new height after the weight had travelled. Using the potential energy loss the PE loss adjusted was then calculated using . The falling time () was then calculated as it was needed to calculate the maximum acceleration of the weight. The calculation for falling time was as follows . Using the previous calculated falling time, acceleration could now be calculated.  was the calculation used for acceleration. now that acceleration had been calculated the maximum velocity could be calculated using . The angular velocity () also had to be calculated, this was done by converting the linear velocity, using the perimeter of the pully in place for .  was the equation used. The force acting on the cord connected to the flywheel is equal to the difference between the force from gravity on the mass () and the force from the mass accelerating (. Simplified it would be . Considering that the cord doesn’t stretch under this force then the torque is the force times the radius of the pully (.  The angular acceleration was then calculated using the equation .  All the products and data for these calculation can be found on the excel sheet forces on a flywheel. 


[bookmark: _Toc225712574]Table 2 a fragment of the excel table

[bookmark: _Toc225712700]Graph calculations  
The torque due to the flywheel moving was equal to the angular acceleration times the moment of inertia for the fly wheel (. Therefore, after substituting previous equations into this one it is displayed as follows .  From this equation a graph was created with  against  the gradient of this graph gave a good average value for I based on the results collected in the experiment. 





[bookmark: _Toc225712701]Conclusion 
[bookmark: _Toc225712702]Relation of mass to PE loss 
 	As seen in the table overall as more mass was added the potential energy loss increased. However, this was only the case up until 0.5kg. This was because when the weight had reached the bottom of its travel, the cord became taught. This caused the weight to bounce up wards before the flywheel has started spinning to bring the cord back up. This caused the weight to have a secondary downward momentum when the fly wheel was pulling it back up via the cord. The new force acting in the opposite direction to the direction of travel, due to this the amount of energy lost would have increased. as can be seen in Table 3 bellow. 
[bookmark: _Toc225712575]Table 3 show of the mass and PE relation
	mass (kg)
	PE (J)
	time to fall and rise (S)
	height 2 (m)
	mg 
	PE loss adjusted (J)

	0
	0
	0
	0
	0
	0

	0.1
	0.27468
	4.24
	0.2453
	0.981
	0.018144672

	0.2
	0.54936
	2.8
	0.2606
	1.962
	0.019714362

	0.3
	0.82404
	2.4
	0.26
	2.943
	0.03052

	0.4
	1.09872
	2.11
	0.2467
	3.924
	0.069465305

	0.5
	1.3734
	2.03
	0.2127
	4.905
	0.187598579



[bookmark: _Toc225712703]Comparison of values for inertia 

As seen in the table above the graph above and as explained earlier in the report, the gradient of the graph gave a good estimate for the average value for the moment of inertia. Having the nominal value of 0.005 kgm^2 the gradient gave us the value of 0.008kgm^2. Even though coming within 0.002kgm^2 of the nominal values given, there are still reasons to why this discrepancy could have occurred. One of the reasons this could have occurred is because of wear on the pully or the internals of the mechanism. The handbook for test was written in 2012, therefore assuming there would be wear on some parts of the kit should be considered. However, the parts of the kit are made from a metallic material and the amount of stress these parts are put under with each experiment should not return a result like shown. What is more likely is that the bouncing of the weight previously mentioned in the report would have caused to the data values to be incorrect, in succession making the overall graph slightly off from the expected values. In conclusion however, the values compare well with the nominal values given the age of the equipment and the way the experiment was conducted. 
[bookmark: _Toc225712704]Sources for the discrepancy in PE+PEloss=KE
As previously stated, the main reason for the discrepancy is likely due to the higher weights causing the cord to make the weights bounce giving them more downwards momentum. This was also seen at the lower weights but didn’t have much of a significant effect as the higher weights did. Although friction may decrease with higher loads there are still numerous places in which energy could be lost. Some of which include; an in balance in the fly wheel causing vibrations therefore energy loss, elastic deformation in the string also causing energy loss and air resistance on the fly wheel. Although when looked at singularly these factors would only cause a minute amount of energy loss, however when looked at as a whole the very small amount of energy loss through all these factors would add up. 


[bookmark: _Toc225712705]Evaluation 
The main action taken to try and minimise errors was the repetition of the experiment. This gave a wider array of results and then an average was calculated from these. This would eliminate any large errors in the data taken, as one data point would only change the average by a small amount. Another way that could be seen as a precaution was doing the math and calculations in excel. Although this does eliminate human error entirely, it reduces the risk of basic math being wrong. As long as the equation were imputed correctly the math at a basic level would be correct. 


[bookmark: _Toc225712706]Further work 
If the experiment was to be taken out with a unlimited budget of time and money there are a couple of things that could be changed to make sure the data is more accurate. Firstly, the overall equipment could have been repurchased from the supplier or recreated to make sure that parts are not worn, and everything is up to date. The use of a slow-motion camera could also be used to make sure that the height was recorded correctly. This could have also been done with the use of sensors which could be used to accurately measure the time in which the weight was falling. There could have also been time taken out to test the fly wheel and other parts to make sure they were balanced correctly to reduce the loss of energy in the system.
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