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Introduction

The aim of the dissertation is to determine the changes in the KE value using data collected during the flywheel experiment.
Breeze describes the flywheel such as:

A flywheel is a simple mechanical energy storage device comprising a large wheel on an axle fitted with frictionless bearings. The flywheel stores kinetic energy as a result of its rotation. The faster it rotates, the more energy it stores. Provided there is a means both to store and then to extract this energy again, the system can be used for a variety of applications. 
(Breeze, 2018, pp. 53)


Experimental procedure
 

During the experiment, the Potential and Kinetic Energy Kit ES9 was.
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Figure 2 – Flywheel and bearing block

Figure 1 – ES9 Kit.


Tools needed to run the experiment: work panel, flywheel, weights, weight hanger, cord, stopwatch, ruler as shown on Figure 1. 
In the first step, the flywheel and bearing block were secured in the perforated workbench. There was a cord attached to the flywheel shaft with a weight hook attached to the end. (Figure 2)
Then weights were placed on the weight hanger, and in the first experiment, it weighed an additional 90 grams, bringing the total weight to 100 grams. The flywheel was rotated until the bottom of the weight hanger with weight on it reached 280 mm on the magnetic ruler on the workbench.
[image: ]
Figure 3 – Primary height


280 mm was the primary height as it shown on Figure 3. During the experiment measurement were taken about how long it took for the weight to reach 0 (Figure 4) from 280 mm and then return to its highest point. So, it is important to accurately determine the time and the highest points, ie secondary heights.

.[image: ]
Figure 4 – Weight reaches 0

Five different weights (0.1 kg, 0.2 kg, 0.3 kg, 0.4 kg, 0.5 kg) were used in the experiment. To increase the weight, 10 grams units were used (Figure 5). Three experiments were performed with each weight. The time was measured by three people. The value used was the average of the values obtained in the three trials.
[image: ]
Figure 5 – 10 g weight unit


Results

The result of the experiment is the following (Figure 6):
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Figure 6 -  Experiment result-

As can be seen from the attached table, the lower the weight, the more time it will take to travel. The experimental results show great variation. However, the greater the weight, the smaller the second height at which the flywheel rises using kinetic energy. 
Differences in the second height reached may indicate possible errors during the experiment. These potential errors will be briefly explained later.


Analysis

During the experiment, the weight makes a linear vertical movement towards the ground. The potential energy (PE) thus obtained, i.e. the gravitational potential energy (Figure 7), can be calculated using the following formula.

where
m = body mass,
g = acceleration,
h = height.

	Mass
	PE

	m
	mgh1

	kg
	J

	0
	0

	0.1
	0.27468

	0.2
	0.54936

	0.3
	0.82404

	0.4
	1.09872

	0.5
	1.3734


Figure 7 - Potential Energy data

As can be seen from the data collected during the experiment, the greater the weight of the object, the greater its potential energy.

The gravitational acceleration is constant, which is 9.81 m/s^2. Rouse summarized the definition of the gravitational acceleration in her article as following:

The use of the term acceleration in conjunction with gravity arises from Einstein's principle of equivalence, which was a cornerstone in the development of the general theory of relativity. This principle states that the force produced by a gravitational field is qualitatively the same (in terms of how it affects physical objects, time, and space) as the force produced when a reference frame accelerates. 
(Rouse, 2005)

The cornerstone of this experiment is based on the so-called conservation of the energy.  Energy is never lost, only transformed into another form. In case of the flywheel, the potential energy is transformed into kinetic energy. 


Twigg describes the principle of conservation of energy as:

The work done in accelerating a body reappears as kinetic energy. The potential energy ‘lost’ by a falling body reappears as kinetic energy as its velocity increases. All energy can be converted. Energy is sometimes considered ‘lost’ when it cannot be converted into a form to do useful work.
(Twigg, 1996, pp. 181)


According to the conservation of energy:


To calculate the angular Kinetic Energy of the flywheel the following formula was used:


where
I – moment of inertia.

To find the sum of the moment of inertia, the ‘I’ value of the flywheel ( and the ‘I’ value of the shaft and pulley ( were added together. These part data were given already.

ω -  angular acceleration. It was calculated with the following formula:


where 
v – linear velocity,
c – circumference of the pulley.

Calculation of the linear Kinetic Energy is the following:


It follows from Newton’s second law that  linear (figure 8)


	KE linear
	WD

	0.5*m*v^2
	Fd

	J
	J

	0
	0

	0.003163903
	0.003163903

	0.012734143
	0.012734143

	0.024
	0.024

	0.04879801
	0.04879801

	0.076663487
	0.076663487


Figure 8 - Connection between KE linear and WD


If a body performs only linear motion, it has only linear kinetic energy. In the case of a flywheel, which performs both linear motion (gravitational acceleration) and angular motion, the total kinetic energy is equal to the sum of the linear kinetic energy and the angular kinetic energy.

 
or


It has been mentioned earlier that the value of I, i.e. the moment of inertia, is given or determined.
The moment of inertia basically means how the body resists rotational acceleration, which is determined by the mass and mass distribution.

To determine the kinetic energy, the sum of the flywheel and the shaft and pulley I values was used.
The following formula was used to determine the Total moment of inertia:

 which follows that 

where
T – Torque
α – angular acceleration. 

This formula is related to Newton’s second law, so the work done calculated as 
equivalent to the calculation .
 (Where )

Twigg (1996) notes that relationship between force, mass and acceleration was suggested by Newton and this is the part of his second law and that makes the force measurable.
The following graph summarize the value of the Total moment of inertia of the flywheel (Figure 9). 


[image: ]
Figure 9 -  Total moment of inertia of the flywheel

When the flywheel reaches zero and returns to its highest point, it loses energy due to various effects, so the weight will not rise to its original height. To calculate the total Potential Energy loss (Figure 10) the following formula was used:



	Mass
	PE
	PE loss (mgh1-mgh2)
	

	m
	mgh1
	 
	mgh2 

	kg
	J
	J
	J

	0
	0
	0
	0

	0.1
	0.27468
	0.032373
	0.242307

	0.2
	0.54936
	0.076518
	0.472842

	0.3
	0.82404
	0.094176
	0.729864

	0.4
	1.09872
	0.113796
	0.984924

	0.5
	1.3734
	0.220725
	1.152675



Figure 10 – Potential Energy loss


As stated above, the greater the weight, the greater the potential energy. As can be seen from the table, the higher the potential energy, the greater the energy loss. 


Conclusion

[bookmark: _GoBack]The general conclusion is that the higher the weight, the higher the speed or acceleration, the less time it takes to reach the second height, however, data fluctuations are probably due to errors in the experiment.
As Akia and Wang put it, the flywheel experiment has too high a chance of failure. As mentioned earlier, there are human factors that can influence how to determine the exact time and height. Because of the high risk of error, it is difficult to determine the exact value of the moment of inertia, which affects the determination of further data. Thus, for example, the exact determination of kinetic energy is also difficult.


Evaluation

A possible error could be the human factor, such as reaction time (start/stop of the stopwatch) which is of great importance in measuring the exact time. Another error could be the judgement of the highest position what is reached by the weight, which is also human error.
The bouncing and spinning of the weight can lead to inaccurate height data.
The density of the apparatus may influence the experimental results.
Friction force shall be considered as a possible fault. This force is not a conservative force, which means it transfers energy from the body during motion, but never transfers it back to the body.
As Alrasheed described the work done by friction cannot be calculated exactly because a microscopic level the frictional force is not a single force that acts at one point. Such a friction force could be air resistance.
(Alrasheed, 2019, pp. 62)



Further work

Precision tools, such as using cameras from multiple angles to record the experiment, can be used to eliminate human error, so that the highest point reached by weight (h2) can be determined with greater accuracy.
Conducting an experiment indoors may exclude potential environmental effects. Determining and taking into account the density of the flywheel and related elements can improve the accuracy of the data.
Consideration of frictional forces and their most accurate definition could reduce the likelihood of error and improve the accuracy of the results obtained.
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Mass Time to fall and rise hl h2
m tt

kg sec m m
0 0 0 0
0.1 4.19 0.28 0.247
0.2 2.92 0.28 0.241
0.3 2.64 0.28 0.248
0.4 2.15 0.28 0.251
0.5 1.86 0.28 0.235
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