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[bookmark: _Toc33694662]Introduction
Aims
The aim of this experiment is to explore how a flywheel stores and uses its energy, to achieve this an experiment will be conducted. The experiment will require us to load the flywheel with variable masses of 0.1Kg, 0.2Kg, 0.3Kg, 0.4Kg, 0.5Kg and raising this to a predetermined height of 0.28M. The mass will fall from this height accelerating the flywheel whilst converting its potential energy into kinetic energy, when the flywheel reaches its lowest point the Kinetic Energy will be at its maximum and is used to lift the mass back up. If the flywheel has returned the mass back to its original height, then the flywheel would have given up all its Kinetic Energy to the mass.
Objectives
· [bookmark: _Hlk32085732]Set up the Potential and Kinetic Energy kit ES9 found in Engineering Science lab (IQ007) and conduct experiment, repeat if necessary to get the best possible set of results.
· Record raw data from the experiment finding the best results whilst identifying patterns.
· Analyse data and record findings in a results table, compare theoretical with experimental values.
· Investigate any discrepancies found during the experiment and report.
· Report how well the experiment was executed and explain how it could be improved.









[bookmark: _Toc33694663]Experimental Procedure
Experimental procedure In line with the Engineering Science Guidance Notes – Potential and Kinetic Energy Kit ES9 (Tecquipment Ltd, 2012)
1. Assemble flywheel and pulley block and attach to the work panel, should be located at the top, centre of work panel.
2. Fit plastic guide to the bottom of weight hanger.
3. Check the length of cord, this should be just under 290mm.
4. Attach weight hanger and allow this to fall to the bottom of its travel
5. Place magnetic steel rule behind the weight hanger, so its 0mm edge aligns with the plastic guide.
6. To achieve a mass of 0.1Kg, use 90g to account for the weight hangers mass.
7. Slowly lift the weight hanger until the bottom of the weight hanger reaches 280mm (h1)
8. Record the time it takes for the mass to fall from 280mm to the 0mm position and back up to its maximum height (h2), stop recording as soon as the mass reaches this position.
9. Increase the mass to 0.2, 0.3, 0.4, 0.5Kg respectively and repeat steps 7-8.
10. Repeat the test for each mass several times to gain a good average of readings.
[image: ]Equipment[bookmark: _Toc33994596]Figure 1: Equipment ES9

	Equipment List
	Quantity

	Work Panel
	1

	Pulley Block
	1

	Flywheel
	1

	Weight Hanger
	1

	Magnetic Steel Rule
	1

	Allen Key
	1

	Stopwatch
	1

	290mm Cord
	1

	10g Mass
	49


[bookmark: _Toc33994582]Table 1: Equipment List
Nominal values for Flywheel; Inertia; I = 3.862x10⁻⁴kg.m²
Nominal values for shaft and pulley; Inertia; I = 0.834x10⁻⁴kg.m²
Allowing for the cord r = 0.0065
[image: ][bookmark: _Toc33994597]Figure 2: PE Maximum
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[bookmark: _Toc33994598]           Figure 3: KE Maximum

[bookmark: _Toc33694664]Results
Experiment 1 Raw Data
After analysing data from the first experiment there was no pattern forming with relation to h2, this was due to large discrepancies in results recorded. If we look at the Table 1 below paying attention to 0.2Kg a result of 0.252M and 0.239 this large variation in results caused mixed readings across the heights recorded and failed to display a pattern, because of this a second experiment was carried out. 
[image: ]
[bookmark: _Toc33994583]Table 2: Raw data from Experiment-1 (31/01/2020)
Experiment 2 Raw Data
When testing 0.1Kg, 0.2Kg, 0.3Kg the flywheel returned the mass to a greater height. Beyond this at 0.4Kg & 0.5Kg larger energy losses were witnessed. it was expected that a greater mass would have a greater potential energy and return the mass higher, this didn’t happen. During both tests a large bounce was witnessed causing it to sway and spin this could explain why the energy was lost. 
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[bookmark: _Toc33994584]Table 3: Raw data from Experiment 2 (07/02/2020)


[bookmark: _Toc33694665]
Analysis
Experiment 1
[bookmark: _Hlk32345035]
[image: ]
[bookmark: _Toc33994585]Table 4: Analysed Data and Calculations from Experiment 1





Graphical Data – Experiment 1
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[bookmark: _Toc33994599]Figure 4: Graph showing Moment of Inertia Experiment 1

[bookmark: _Experiment_2]Experiment 2
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[bookmark: _Toc33994586]Table 5: Analysed Data and Calculations from Experiment 2

Findings
The data shows KE is greater than PE, It is not possible to create more energy than the initial potential energy available. Results from timing discrepancies may have caused an error with angular velocity, the smallest change to time would have a large impact on the angular velocity, as the velocity is squared when calculating KE (KE=Iω²).
In many aspects a more likely pattern formed on increasing the mass, areas such as time to fall and rise got less, potential energy loss increased, and acceleration became greater. The loss of height failed to form a consistent pattern. When testing 0.1Kg, 0.2Kg, 0.3Kg the mass returned these each to a greater height over the previous. Beyond this at 0.4Kg & 0.5Kg larger energy losses were witnessed. 

Graphical Data - Experiment 2
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[bookmark: _Toc33994600]Figure 5: Graph showing Moment of Inertia Experiment 2

[bookmark: _Toc33694666]Conclusion
Kinetic Energy 
The Kinetic Energy calculated was higher than the initial Potential Energy this is an unusual result and several theories were made, the initial assessment lead us to believe it was caused by timekeeping errors and affected the calculation for angular velocity. It’s understood that speed of the flywheel plays a major part when calculating KE as the velocity is squared (Flywheel Energy Storage -The Greenage website) ʺThe speed that the flywheel rotates has a larger effect on the energy stored within it compared to the moment of inertia. If you take the flywheel and double the speed at which it spins, you quadruple the potential energy that it can storeˮ. Although this is unlikely to be the sole cause as the error was carried through on both experiments.
Nominal Values
[bookmark: _Hlk32954952]The Inertia of the flywheel and pulley block were given as nominal values and used within the experiment. If these values were incorrect then it could explain why our readings for Kinetic Energy were above our potential energy values. The Average Inertia values calculated from the gradient of our graphical data (Table-6) show that inertia value should be much lower. The difference in Inertia values between nominal and experiment show a deviation of 24.28% which is a considerable difference and would explain our high KE values.
[image: ]
[bookmark: _Toc33994587]Table 6: Inertia (gradient) calculated from Experiment 2 Graph
Table-7 shows KE using experimental values for Inertia, these figures would be more realistic and display energy losses in line with what is expected but discrepancies are still shown, other errors with respect to the accuracy of timing and height monitoring could account for these losses.
[image: ]
[bookmark: _Toc33994588]Table 7: KE Based on Theoretical Values and Experimental Values
Energy Losses
As the mass is falling and rising the energy is having to overcome external forces and work will be done overcoming these. If no external forces acted upon the mass the mass will raise and lower itself indefinitely. The mass failed to do this, returning the mass to a lower height (h2). To understand the reasons why the flywheel lost energy we must consider the following.
Work Done – The flywheel is having to overcome the weight (mg) lifting the mass to h2 it is said the work done is equivalent to its potential energy and would account for larger losses as the mass is increased.
Friction - Some of this energy would be transferred to thermal energy through friction, it is known that even well lubricated bearings will still have a frictional force. 
Air resistance – this would act against the falling mass and the rotating flywheel in the form of drag, although this would have little effect on the experiment it cannot be overlooked.
Cord Stretch – As the mass increased a greater amount of torque would cause the cord to stretch resulting in a loss of energy.
In principle friction/ air resistance is always present and work done overcoming friction is certainly a factor in the loss of energy in this experiment. (Energy and Power, St Andrews) website ʺPotential energy and kinetic energy can be interchanged, although always with some loss (heat)ˮ.








[bookmark: _Toc33694667]Evaluation 
Human interaction influenced the results, almost every part of this experiment relied on it, this caused errors with timekeeping due to delays when initiating and stopping the timer, difficulties setting the mass exactly to the predetermined height, readings for h2 were always an estimate like h1 this was dependant on eyeline.  
Other external factors outside our control such as the cord stretching, friction and air resistance would also influence results. Given that the theoretical values are calculated based under ideal conditions and don’t allow for such errors would explain why the data from the experiment differs considerably form the theoretical values. 
[bookmark: _Hlk33437060]Conducting the experiment twice proved to be valuable, showing KE error in both sets of results lead us to believe the error couldn’t have been to do with how the experiment was conducted and pointed to the nominal values given for Inertia. If the experiment was to be repeated it is recommended that the Inertia values measured prior to testing. Inertia could be calculated using formula I = T/α.
The principle of conservation of energy, states that energy can neither be created nor destroyed it can only be converted from one form to another, but it is found that a loss of energy in any one form is always accompanied by an equivalent increase in another form (Zammit, 1987,p.32). The total energy is always the same, a loss of potential energy this will be accompanied by an equivalent increase in kinetic energy. It’s understood that external forces will affect the energy, this is not accounted for when looking at the equation PE=KE and in reality the equation should be; 
PE – work done against friction = KE.  
[bookmark: _Toc33694668]Further Work 
To improve accuracy, the experiment should be run from an automated system using precision measuring equipment. A data logger and use of timing gates could accurately record timing, with height being measured off a digital height gauge and therefore reducing human interaction.
The loss of energy through the cord stretching could be overcome by replacing the fibre cord with a tough cable.
[bookmark: _GoBack]Looking at the design of modern Flywheel, they rotate at high speeds with little friction or air resistance, they overcome these issues by operating the flywheel within a vacuum chamber preventing air resistance and loaded on magnetic bearings to eliminate friction.
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image5.emf
m t1 t2 t3 h1 h2 h3 t-av h-av

Kg s s s m m m s m

0 0 0 0 0 0 0 0 0

0.1 4.28 4.31 4.01 0.247 0.247 0.247 4.19 0.247

0.2 3.07 2.88 2.88 0.252 0.239 0.244 2.94 0.245 Observed swing affecting h2

0.3 2.81 2.67 2.44 0.242 0.249 0.252 2.64 0.248

0.4 2.19 2.17 2.1 0.0252 0.249 0.251 2.16 0.251

0.5 1.91 1.8 1.86 0.235 0.239 0.234 1.86 0.237

Comments


image6.emf
m h t

Kg M sec Comments

0 0 0

0.1 0.243 4.12

0.2 0.252 2.93

0.3 0.247 2.35

0.4 0.245 2.05 large swing observed

0.5 0.233 1.76 large swing observed


image7.emf
Mass

PE Time to fall & rise Setpoint Height Weight PE loss adjusted Falling time Acceleration Velocity Velocity (mg-ma)r a/r KE

m mgh t1 h1 h2 mg PE/ L tf a v ω T α 0.5Iω^2

Kg j sec m m N j sec m/s^2 m/s rad/s Nm rad/s^2 j

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0.27468 4.19 0.28 0.247 0.981 0.017200076 2.226185958 0.112996541 0.251551313 38.73881156 0.006303052 17.38408321 0.352363308

0.2 0.54936 2.94 0.28 0.245 1.962 0.036624 1.568 0.227769679 0.357142857 54.99987139 0.012456899 35.04148912 0.710266678

0.3 0.82404 2.64 0.28 0.248 2.943 0.049941818 1.4 0.285714286 0.4 61.59985595 0.018572357 43.95604396 0.890958521

0.4 1.09872 2.15 0.28 0.251 3.924 0.060005424 1.133709981 0.435696515 0.493953488 76.06865933 0.024373189 67.03023315 1.358656331

0.5 1.3734 1.86 0.28 0.237 4.905 0.114228627 1.007350097 0.551857771 0.555913978 85.61055249 0.030088962 84.90119546 1.720888341
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image9.emf
Mass PE Time to fall & rise Set point height Weight PE loss adjusted Falling time Acceleration Velocity Velocity (mg-ma)r a/r KE

m mgh t1 h1 h2 mg PE/L tf a v ω T α 0.5Iω^2

Kg j sec m m N j sec m/s^2 m/s rad/s Nm rad/s^2 j

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0.27468 4.12 0.28 0.243 0.981 0.019432428 2.205736138 0.115101481 0.253883495 39.09796682 0.006301684 17.70792008 0.358927257

0.2 0.54936 2.93 0.28 0.252 1.962 0.028913684 1.542105263 0.235483232 0.363139932 55.92341871 0.012446872 36.22818957 0.734320273

0.3 0.82404 2.35 0.28 0.247 2.943 0.051600228 1.24857685 0.359217487 0.448510638 69.07047678 0.018429026 55.26422875 1.120167583

0.4 1.09872 2.05 0.28 0.245 3.924 0.073248 1.093333333 0.468471148 0.512195122 78.87786433 0.024287975 72.07248433 1.460859265

0.5 1.3734 1.87 0.28 0.233 4.905 0.12582807 1.020662768 0.537555713 0.548663102 84.49392006 0.030135444 82.70087886 1.67628945
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image12.emf
Mass PE PE Loss PE+PE Loss KE KE

Mass mgh mg(h1-h2) Nominal (I) Gradient (I)

Kg j j j j j

0 0 0 0 0 0

0.1 0.27468 0.036297 0.310977 0.358927257 0.271773496

0.2 0.54936 0.054936 0.604296 0.734320273 0.556014579

0.3 0.82404 0.097119 0.921159 1.1844837 0.848171472

0.4 1.09872 0.13734 1.23606 1.460859265 1.106137307

0.5 1.3734 0.230535 1.603935 1.892373636 1.269257307
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