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This report is focussing on the energy of a flywheel and providing evidence of the theory behind the energy in a flywheel. This will be done using an experimental procedure (detailed below) and then using the results gathered to work out various equations, such as velocity and kinetic energy (detailed below).  

An overview of the experiment, however, is that we aim to see how a change in mass on a hanger which is attached to the flywheel, affects the energy that the flywheel stores. This will be done by timing how long various weights take to fall from a height of 280 mm, back up to its maximum height, which also needs to be recorded. 

[bookmark: _GoBack]The types of energy that will be calculated will be Potential Energy (PE) and Kinetic Energy (KE). Potential Energy is the energy of an object whilst it is at rest, and Kinetic Energy is the opposite, the energy of an object whilst it is in motion. There are certain formulas used in order to work out these Energies, which will be detailed in the results section below. 

The overall accepted, and predicted, hypothesis, is that with larger masses, the greater the potential energy loss as well as having a higher kinetic energy
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[bookmark: _Toc27772450]Energy in a Flywheel

A flywheel is a machine that stores rotational/kinetic energy by resisting changes in rotation speed. This energy is the directly proportional to the speed of rotation squared. A machine loses momentum every-time it slows or stops, and a flywheel makes up for the loss of momentum by using the reserved energy that it stored.  

Flywheels have a multiple of uses in vehicles, in fact they are used in most vehicles in the modern age. In cars in particular, the function of a flywheel can vary from engine starting to engine balancing. Another function of the flywheel in cars is engine speed smoothing. This means that when the crankshaft moves the pistons, the flywheels mass applies inertia to keep the crankshaft turning during the piston firing, so the rotation of the crankshaft is kept constant and the engine runs smooth rather than erratic. 

[image: how does a flywheel work] 



Figure 1: Image of a flywheel 

The aim of energy storage systems is that they can balance the supply and demand of energy, and the type of system that is arousing interest is that of the Flywheel Energy Storage System (FESS). This is because flywheel have many qualities that make them useful for mass storing of energy such as the length of time they can operate properly and the low impact on the environment. (A Review of Flywheel Energy Storage System Technologies and Their Applications)

In the modern era, most FESS’s are designed for high speeds and they are made up of large rotating cylinder supported on the stationary part of the rotary system by magnetically levitated bearings. They work under the conditions of a vacuum to reduced drag, friction and energy loss. 
In industry, the most common applications for this type of energy storage is power quality, attitude control in space crafts and hybrid and electrical vehicles. Also, they are used to store energy at the electrical grid. (A Review of Flywheel Energy Storage System Technologies and Their Applications)

The flywheels application in hybrid and electrical vehicles is to assist when harsh acceleration is needed such as climbing a steep incline. This is by releasing some of the stored energy as the engine is run at a constant power due to the internal combustion engines, so an assist is needed at times. (A Review of Flywheel Energy Storage System Technologies and Their Applications)
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[bookmark: _Toc27772452]Equipment:
· Instructions
· Plastic Guide
· Weighted hanger
· Pre-cut cord
· Magnetic rule
· Masses 
· Ruler
· Stopwatch
· Calculator
· Results table
· Chart paper
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1. Read the guidelines provided
2. Fit the plastic guide to the bottom on the weight hanger
3. Allow the bottom of the weight hanger to travel through a vertical drop of just under 290mm (using the pre-cut cord)
4. Allow the weight hanger to fall to the bottom of its travel. Move the magnetic rule behind the weight hanger, so its 0mm edge aligns with the plastic guide.
5. Add 90g masses to give a total of 100g on the weight hanger.
6. Slowly turn the flywheel to light the weight hanger until the bottom of the hanger 280mm on the rule.
7. Use the stopwatch to time how many seconds it takes for the weighted hanger to fall from its 280mm position to the 0mm position and back up to its maximum height (h2). Repeat multiple times to gather an average for the time and h2.
8. Calculate PE (mgh1), the mg and the PE loss values
9. Calculate the falling time, acceleration, velocity (mg-ma)r and a/r values.
10. Add the nominal I values for the flywheel and the pulley in the bearing block to find the total nominal I value for the flywheel. Use this to calculate the KE value for the flywheel for each line of results
11. Use the chart paper to create a chart of (mg-ma)r against a/r. 
[bookmark: _Toc27772454]Useful Tips

· When drawing your chart of (mg-ma)r against a/r, the results should give you a relatively straight line, with little scatter.
· Make sure you measure the pre-cut cord, just to make sure it’s the right length, this then removes human error.
· When you turn the flywheel, it doesn’t matter which way. Do whatever way makes you most confident.
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Table 4.1: table showing the results of the experiment stated above
	Mass 
m
(kg)
	PE 
mgh1
(J)
	Time to rise and fall tt
(secs)
	H2
(m)
	mg
	PE loss adjust-ted
(J)
	Falling Time tf
(secs)
	Accele-ration 
a
(m.s-2)
	Velocity
V
(m.s-1)
	Velocity
ω
(rad.s-1)
	(mg-ma)r


	a/r
	KE

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

	0.1
	0.27468
0.27
	4.08
	0.2374
	0.981

	0.014
	2.21
	0.057
	0.13
	20.02
	0.0063
	8.77
	1.26

	0.2
	0.54936
0.55
	2.70
	0.2494
	1.962
	0.019
	1.43
	0.14
	0.20
	30.80
	0.013
	21.54
	6.17

	0.3
	0.82404
0.82
	2.32
	0.2506
	2.943
	0.027
	1.22
	0.19
	0.23
	35.42
	0.019
	29.23
	11.92

	0.4
	1.09872
1.10
	2.09
	0.248
	3.924
	0.040
	1.11
	0.23
	0.26
	40.04
	0.025
	35.38
	20.04

	0.5
	1.3734
1.37
	1.78
	0.24
	4.905
	0.064
	0.96
	0.30
	0.29
	44.66
	0.031
	46.15
	30.91

	H1 = 280mm (0.28m)
r= 0.0065m (allowing for cord thickness)
Nominal I= 0.00078125
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Graph 4.2: graph showing a correlation between (mg-ma)r and a/r
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[bookmark: _Toc27772460]The Table
When looking at the results table above, there are a lot of values that were worked out, stemming from the mass and the time taken to rise and fall. The first calculation done was mg, which is simply m x g (which is given 9.81m/s2 ). An example of this is 0.2x9.81= 1.962. The next thing that was worked out was the Potential Energy Loss, and the formula for this is mgh1-mgh2, which can then be simplified into mg(h1-h2). Using the mg that was worked out previously, you times this with h1 (0.28m, which is given in the experimental procedure) minus h2 (which is the maximum height, which is measured during the practical). This then will give you the potential energy loss with the different weights. And, as expected there is a general increase in PEloss meaning there is positive relationship between the mass applied to a flywheel and the energy that is stored. In a flywheel, the kinetic energy is half of the product of its moment of inertia and the angular velocity squared, which is written as KE=0.5Itω2. Again, there is an increase in values meaning that the Kinetic energy is also positively related to the gain in mass. 
These results prove that the initial hypothesis correct in that the Potential Energy Loss and the Kinetic Energy are directly related to the mass, meaning when the mass increases, so do these results.

[bookmark: _Toc27772461]The Graph
In the graph, it shows the positive correlation between (mg-ma)r and a/r. As expected, the results showed a straight line, with very little scatter, showing a very strong positive correlation. When working out the gradient from the graph, it ends up having an average for the moment of Inertia (It). To work out the gradient, you do change in y/change in x, which in this case is (0.019-0.013) / (29.23-21.55) which equals 0.00078125, or 0.00078 (to 2sf). That means the average moment of Inertia is 0.00078.
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To conclude this report, the aim of this report was to further understand the energy of a flywheel, and to further understand the theory that goes behind it. As mentioned previously, there is a correlation between the mass attached to the flywheel and the potential energy loss and the kinetic energy (the energy stored in a flywheel). 

Having examined all the results and looking at the graph, the hypothesis can be generally accepted. If the masses were increased beyond 0.5kg to perhaps 1kg, then it is possible the results would change, and the mass would no longer affect the Potential Energy Loss. Though this can not be known without further experimentation, which would be beneficial to do.

Also as expected, the higher the mass went, the higher the acceleration, the velocity and the maximum height went. 
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A graph showing the correlation between (mg-ma)r and a/r 
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