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1. [bookmark: _Toc27130121]Introduction
This piece of coursework is written to understand and prove how the energy is stored and used in a flywheel. It is used to explore how the potential energy and kinetic energy act in accordance to each other within a flywheel. The experiment undertaken to understand this physical phenomenon was held on the 15th of November 2019 at the University of Wales Trinity Saint David. The group which performed this experiment consisted of six first year students who met up at one o’clock in the afternoon, in laboratory room 007 of the IQ building at the new Waterfront Campus.


2. [bookmark: _Toc27130122]Experimental Procedure
All the equipment to conduct this experiment was provided by the university. A Potential and Kinetic Energy Kit ES9 was used to attain the necessary data, to evaluate for this required piece of work. This piece of kit should contain:
· A pinboard with two legs
· A magnetic ruler longer than 290 millimetres
· A pulley block
· A flywheel
· A weight hanger 
· Incremental weights up to a 1kg
· A string longer than 290 millimetres
· Four bolts

2.1. [bookmark: _Toc27130123]Setup

First the pegboard should be set up with its legs, so it stands on its own. The string should already be attached to the pulley block and if not, it should be attached now. 
[image: ]
Then the pulley block should be attached in the centre and at the top of the pegboard with three of the provided bolts from the back. After the pulley block was attached the flywheel should be attached with the last bolt to the pulley block.

[image: ]Now the weight hanger can be hung from the string. The magnetic ruler should be attached perpendicular from the working surface and parallel to the string, so that when the string is fully extended the weight has a travel of 280 millimetres. Weight of 90g shall be added to begin with the experiment. 
[image: ]Having followed the right setup procedure, the fully setup ES9 kit should look something like this and the experiment can now commence.









[bookmark: _Toc27130124]2.2 Replication
To conduct and replicate the experiment follow these steps: 
1. Wind up the string on the pulley block.
2. Let the mass drop.
3. Measure the time it takes to get to its maximum height.
4. Note the height which the mass rebound to.
5. Repeat steps 1-4 three times to get an average.
6. Repeat steps 1-5, adding 100 grams every time until 500 grams are reached.

From the data gained the potential energy (P.E.), and the loss of P.E. can be calculated. Further data that can be calculated is inertia, from which kinetic energy can be calculated. Falling time, acceleration and velocity can also be calculated. Torque can be calculated from the equation (mg*ma)r. 




3. [bookmark: _Toc27130125]Results 

	Mass
(kg)
	Time 1
(s)
	Height 1
(m)
	Time 2
(s)
	Height 2
(m)
	Time 3
(s)
	Height 3
(m)

	0.1
	4.14
	0.233
	4.42
	0.234
	4.35
	0.236

	0.2
	3.30
	0.247
	3.17
	0.248
	3.17
	0.246

	0.3
	2.62
	0.251
	2.47
	0.250
	2.70
	0.249

	0.4
	2.17
	0.248
	2.16
	0.247
	2.20
	0.246

	0.5
	1.95
	0.242
	1.88
	0.235
	1.93
	0.230


Table 1 Measured Values from experiment

Table 2 First set of calculated values from experiment 
	Mass
(kg)
	P.E.
(J)
	Average Time
(s)
	Average height h2
(m)
	P.E. Loss Adjusted
(J)
	Falling time
(s)

	0.1
	0.275
	4.30
	0.234
	0.040
	5.312

	0.2
	0.549
	3.21
	0.247
	0.081
	4.007

	0.3
	0.824
	2.60
	0.250
	0.122
	3.246

	0.4
	1.099
	2.18
	0.247
	0.162
	2.714

	0.5
	1.373
	1.92
	0.236
	0.198
	2.372



Table 3 Second set of calculated data from experiment
	Acceleration
(m/s^2)
	Velocity
(m/s)
	Velocity
(rad/s)
	(mg-ma)r
	a/r
	K.E.
(J)
	Moment of Inertia
(kgm^2)

	0.0099
	0.053
	8.118
	0.0064
	1.527
	0.137
	0.00417

	0.0174
	0.070
	10.761
	0.0127
	2.683
	0.275
	0.00475

	0.0266
	0.086
	13.285
	0.0191
	4.089
	0.412
	0.00467

	0.0380
	0.103
	15.886
	0.0254
	5.847
	0.548
	0.00435

	0.0497
	0.118
	18.175
	0.0317
	7.653
	0.685
	0.00414




Nominal Inertia calculated from booklet = 0.000470
Average of measured inertia = 0.00441Figure 1 Moment of Inertia chart

Calculated slope between first and last measurement = 0.00414

Table 4 Kinetic Energy calc. from P.E.
	P.E.-P.E.loss= K.E.
(J)

	0.314

	0.630

	0.946

	1.261

	1.572





4. [bookmark: _Toc27130126]Analysis

Before the analysis is read, the reader should bear in mind that wrong data was given by the manufacturer of the Engineering Science worksheets and kits, TecQuipment Ltd. so some data might deviate from the expected norm. The data is deviant by one decimal place 
All values and results displayed in this experiment have been depicted with a minimum of three significant figures.
[bookmark: _GoBack]Table 1 contains all the measured values from the experiment from which the values in Table 2 and Table 3 have been calculated.
The potential energy increases every 100 grams of mass at about 0.275J, whereas the potential energy with loss adjusted only increases by 0.04J. This means that the potential energy increases a lot more drastically with weight increase than the potential energy loss. It can be deduced from this that potential energy increases. Also, it can be concluded that the loss of potential energy did not increase by a significant amount. It was seen that the potential energy loss was recorded at 0.04J, which is such a minute value that it would not be considered a substantial enough increase. 
Another trend that can be seen very clearly is in the fourth column of Table 2; the average rebound height, or h2. It starts at 0.234m then increases by 0.03m, when 100g of mass is added to it. Then, it was found that it only increases by 0.003m when a further mass of 100g is added. So, the increase recorded is mirrored in the decrease recorded. When the third and fourth increments of 100g are added, the height decreases first by 0.003m and then by 0.03m. This shows an upside-down parabolic relationship between mass and kinetic energy.
Below all the tables displayed, some more values which could be considered as interesting to include in this report are shown. For example, the average measured inertia, the inertia calculated from the nominal inertia provided in the booklet and the calculated slope between the first and last measured values are all factors in this experiment which represent its accuracy.
Kinetic energy is different depending on how it is calculated. If it is calculated by its normal equation, which is K.E.=0.5* I*w^2, results shown in the second column from the right in table 3 differ from the result gained from the potential energy loss subtracted from the potential energy (Table 4). They most likely differ because of the provided inertia values, which were seen to be incorrect. However, the same trend in linear increase can be seen in both tables. The values displayed in Table 4 are approximately 2.3 times bigger than in Table 3, but the same linear increase of about 0.137J can be seen in both set of values.
In the graph displayed above, the gradient m of the trendline formula is 0.0063kgm^2, which is an acceptable value for our measured data. It only deviates by about 0.0016kgm^2 from our closest calculated value of inertia, if it were not off by a decimal place that is.


5. [bookmark: _Toc27130127]Conclusion
Kinetic energy is the energy of movement. This means that an object has the least amount of kinetic energy when it is at rest, and its highest amount of kinetic energy when it is right about to move or change direction. In our case in the flywheel, that was when the flywheel was at the bottom of its fall, right when it was about to rebound.
This shows an inverse linear relation between Potential Energy and Kinetic Energy.
Flywheels are usually used to smooth energy fluctuations. They also make machines with non-continual energy flow more uniform. It is stored as Kinetic Energy in the flywheel. (Engineering Toolbox, 2015)
This smoothens out Torque curves in motors, for example, and keeps them running if it is not accelerated or in neutral. This is due to the kept inertia of the flywheel, which creates a less staggered and more pleasurable driving experience. (Engineering Explained, 2012).
Flywheels are limited in a way. This is because their limitations are their bearings. Depending on the type of bearing which attaches the flywheel to its axle, some can achieve only a few thousand revolutions per minute, otherwise known as in a scientific unit Radians per second. Magnetic bearings do not experience any limitations caused by friction. This because they levitate around their axis by the means of magnetic forces, and so are capable of achieving over 60.000 revolutions per minute, which is about one kilohertz.
Additionally, kinetic energy is also very much dependent on inertia, which is calculated from using this formula: . Here, inertia is the factor which is to change speed. Inertia is also more heavily dependent on mass, with it being the second moment of mass. How this mass is proportioned and located impacts the amount of inertia it needs and further affects how much kinetic energy it can store. Flywheels can differ in their effectiveness, and this is all down to their specific mode of usage. Bigger flywheels tend to be better but weigh more, so dependent on use a compromise between weight and effectiveness needs to be made. This could impact decisions in motorsport for example.
Subtracting potential energy by potential energy loss should usually result in the conversion of potential energy to kinetic energy, but it in fact does not add up to a realistic value. In this case, this is not due to friction or other factors. Instead, it is simply down to the validity of the data provided for this experiment.



6. [bookmark: _Toc27130128]Evaluation
This experiment was flawed from the beginning but ignoring that, the results were straying not too far from what was expected. 
Everything realistically possible to attain accurate and consistent results was done.
The time it took for the weight to rebound was measured by two people and the height was read off by three people. The height was more of an estimation but having three people estimate would create an averaged value. 
Another factor that could have skewed values would be the twist in string, or the string becoming more elastic throughout the experiment or even break, which actually happened. 
The string broke on the second drop of 500 grams. The experiment was promptly set up again and continued. The data retrieved after the string broke, did not deviate from the further expected data trend, so was still considered accurate enough to be used. Another aspect that was considered was the way the string was wound up on the pulley. It was always wound up so that the string was always on the left of where it was attached to the pulley. This was done to stay consistent.
Air resistance could be another factor the results were skewed a little, but the facility being very close to sea level and that the experiment was held in a laboratory with a constant temperature as well as the drop only consisting of 280 millimetres, air resistance can be considered negligible.
A problem that showed up was that with increasing weight the rebound motion kept becoming more and more abrupt and erratic , making it more and more difficult. This could be improved by using a bigger and heavier flywheel. It would soften the Torque curve and create less of an erratic bounce and would simplify the experiment a whole load. It would make for more precise data collection as well.


7. [bookmark: _Toc27130129]Further work
This deviation of data was not only experienced by our own group but by all groups that had performed the experiment. This was brought to the attention of the lecturer, who then went over the assigned coursework. She as well was getting data that was off by a decimal place. This led to the producer of the Engineering Science Kit 9, TechQuipment Ltd. being contacted. They have assigned someone to revise their Flywheel kit.
Having searched the internet for similar experiments, many can be found and performed. Maybe one could have performed a few of them and compare data gained from those experiments to this flawed one if it were not for time constraints and other Coursework due in soon and exams coming up.
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Moment of Inertia

Moment of Inertia	

1.5267565257082432	2.6828735840955966	4.0887658698584461	5.8469302716539797	7.6531381789138599	6.3700494536788827E-3	1.2730329718214393E-2	1.9077674892599546E-2	2.5407186878409049E-2	3.1720827455970442E-2	a/r
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