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[bookmark: _Toc235553280]1 Introduction 
A flywheel is a rotating mechanical device that stores energy in the form of rotational kinetic energy[footnoteRef:1]. This experiment investigated how energy is transferred in a flywheel by converting gravitational potential energy from falling mass into rotational kinetic energy. this energy is stored by the flywheel through its rotation with the amount of energy is dependent on the angular velocity and its moment of inertia, this rotational kinetic energy is given by[footnoteRef:2] [1:  Engineering Toolbox, 2024]  [2:  HyperPhysics] 

          where  is the moment of inertia and  is the angular velocity
The moment of inertia is the rotational equivalent of mass[footnoteRef:3] and shows how difficult it is to accelerate or decelerate a rotating object it depends on both the flywheels mass and how that mass is distributed in the axis’s, with more mass located further from the centre producing a larger moment of inertia. During this experiment, measurements from the falling mass were used to calculate the experimental moment of inertia of the flywheel system.  [3:  Engineering Toolbox 2024] 

In theory all the potential energy from the falling mass should transfer into kinetic energy, but some of that energy is always lost due to factors such as friction and air resistance.[footnoteRef:4] [4:  Engineering Toolbox 2024] 

  


  
[bookmark: _Toc235553281]2 Experimental procedures 
Equipment needed: the ES9 potential and kinetic energy kit[footnoteRef:5]: [5:  Tec Quipment 2024] 

· [image: ]Flywheel apparatusFigure 1. experimental setup

· Pilley block
· Pendulum
· Swing
· Weight hammer
· Slotted masses
·  measuring rule 
· Stopwatch



Figure one shows the experimental setup used with the flywheel.
The flywheel apparatus was assembled on the ES9 frame. A cord was wound around the flywheels pully and attached to the weight hanger with a known mass. A measuring rule was then position by the setup to measure the hight of the mass.
The initial height of the mass (H1) was then measured before the first release, the mass was then released, causing the flywheel to rotate as the mass descended. The time taken for the compete motion was measured using a stopwatch. 
After the cord reached its lowest point, the flywheel continued rotating, further kitting up the mass to a new hight (H2) which was then recorded the total time taken for the entire motion was also recorded. 
This same process was then repeated for a range of slowly increasing masses to produce the set of results. Care was needed to ensure consistency of results during the experiment by using the same setup and techniques of measurement throughout.



[bookmark: _Toc235553282]￼3 Results as pure lab data 
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Figure 1. Raw data
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Figure 2. Graph to show relationship between torque and angular acceleration



[bookmark: _Toc235553283]4 Analysis or raw data 
[bookmark: _Toc235553284]4.1 Calculating values using the data collected 
Using this set or raw data you can work out several key values. potential energy was calculated using PE=mph,[footnoteRef:6] which shows how much energy the mass has before it is released. [6:  Engineering Toolbox, 2024] 

[bookmark: _Toc235553285]4.2 Calculating the moment of inertia from the data set 
To help find the moment of inertia, a graph of (MG-MA) r against a/r was plotted. the graph showed a roughly straight liner relationship with a few minor deviations. 
The gradient of this graph gives the moment of inertia of the flywheel, this means the experiment follows the presumed relationship between torque and acceleration, [footnoteRef:7]although it is not perfectly accurate due to human error and experimental error. [7:  Hyper Physics ] 

[image: ]
Figure 4. 
[bookmark: _Toc235553286]4.3 Calculating kinetic energy
As the hanging mass is increased, the kinetic energy stored in the flywheel also increased because more gravitational potential energy was available for conversion into rotational motion, however the calculated kinetic energy remained lower than the initial potential energy [footnoteRef:8]in every trial. This indicates that the system was not perfectly efficient with energy being dissipated trough friction in the bearings air resistance and slight deformation of the cord as it is stretched as more weight is applied to it.  [8:  Engineering Toolbox, 2024] 

[bookmark: _Toc235553287]4.4 Potential energy 
Potential energy increased steadily with the increase in mass which was expected form the original theory, The gap between this and kinetic energy shows that the system is not fully efficient.



[bookmark: _Toc235553288]5 Conclusion 
From the results of this experiment, we can see that with the increase in hanging mass there is an increase in potential energy available this produces greater rotational motion of the flywheel, however not all of the energy can successfully be converted into kinetic energy as some was lost through friction and other mechanical losses, the experiment demonstrates the theory of energy transfer whilst showing the limitations of engineering systems.

[bookmark: _Toc235553289]5.1 Competing inertia values 
The value of the moment of inertia found from the graph is slightly different than the expected value however this is likely to be because of human errors in measurement and energy losses, despite this the result is still close and shows that this method is valid. 



[bookmark: _Toc235553290]6 Evaluation 

[bookmark: _Toc235553291]6.1 Friction in the flywheel 
Friction within the bearings produced a resisting torque throughout the experiment. This opposing torque reduced the angular acceleration for a given applied force, causing the experimentally determined moment of inertia to differ slightly from the theoretical value. 
[bookmark: _Toc235553292]6.2 Keeping personal constant 
It is important to maintain consistent experiment conditions to gain reliable results, the smallest changes to hight measurements, timing or the setup could lead to errors in the data. All the variables such as pulley radius, cord alignment, release hight and measuring technique should remain constant for the entire experiment, keeping these the same reduces variation and improves the repeatability of this experiment. Some s systematic errors could have been incorporated into the calculations, such as the bearing friction could have been estimated and subtracted from the supplied torque. 
[bookmark: _Toc235553293]6.3 Elimination of interfered data 
Some results may not follow the general trend due to experimental error. Identifying and removing these anomalies will improve the reliability and accuracy of the results.




[bookmark: _Toc235553294]7 Further investigations 
[bookmark: _Toc235553295]7.1 The human element 
Much of the inaccuracy came from manual timing the movement of the weight hanger using a stopwatch, this could be replaced with a highspeed camera or electronic light gates this would remove the human reaction time and give much more precise measurements of falling time and therefore values such as the torque acceleration and the moment of inertia would be much more accurate.

[bookmark: _Toc235553296]7.2 Validation and accuracy of components 
The equipment chosen to measure this experiment also may not be entirely accurate, such as mass and pully size, using more precise tools could help improve accuracy 
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image3.emf
mass initial PE Tt h2

0.1 0.27468 3.91 0.23

0.1 0.27468 4.71 0.24

0.1 0.27468 4.24 0.24

avgerage 0.1 0.27468 4.28666667 0.236666667

0.2 0.54936 3.02 0.25

0.2 0.54936 3.12 0.255

0.2 0.54936 2.9 0.25

average 0.2 0.54936 3.01333333 0.251666667

0.3 0.82404 2.5 0.249

0.3 0.82404 2.6 0.245

0.3 0.82404 2.57 0.245

average 0.3 0.82404 2.55666667 0.246333333

0.4 1.09872 2.22 0.24

0.4 1.09872 2.24 0.245

0.4 1.09872 1.89 0.245

average 0.4 1.09872 2.11666667 0.243333333

0.5 1.3734 1.99 0.231

0.5 1.3734 1.98 0.238

0.5 1.3734 1.95 0.237

average 0.5 1.3734 1.97333333 0.235333333
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image5.emf
mass initial PE Tt H2 mg PE loss adjusted Tf acceleration v w Torque a ke

kg j s m N J s m/s^2 m/s rad/s Nm Rad/s^2 J

0 0 0 0 0 0 0 0 0 0 0.000 0.000 0

0.1 0.275 4.287 0.237 0.981 0.149 2.323 0.088 0.204 31.378 0.006 13.493 0.231

0.2 0.549 3.013 0.252 1.962 0.289 1.587 0.200 0.317 48.844 0.012 30.748 0.560

0.3 0.824 2.557 0.246 2.943 0.438 1.360 0.266 0.362 55.783 0.019 40.973 0.731

0.4 1.099 2.117 0.243 3.924 0.588 1.132 0.379 0.430 66.179 0.025 58.379 1.028

0.5 1.373 1.973 0.235 4.905 0.746 1.072 0.409 0.439 67.603 0.031 62.988 1.073
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