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[bookmark: _Toc27171661]INTRODUCTION

In mechanics, a flywheel is a totally passive element that only gives the system additional inertia so that allows store kinetic energy (The capacity of storing / shedding of kinetic energy depend on the rotational inertia of the flywheel. This rotational inertia is known as moment of inertia of rotating object namely wheels). The flywheel continues its movement by inertia when the driving torque ceases. In this way, the flywheel opposes sudden accelerations in a rotary motion and this reduces the angular velocity fluctuations.

For that reason, flywheel is used to soften the flow of energy between a power source and its load. In cars, its purpose is to regulate the crankshaft rotation. It is located at the end of the crankshaft closest to the gearbox, attached to the clutch and it is responsible for transmitting the movement of the engine to the gearbox and then to the wheels.

Currently, many lines of research are open to the search for new applications of the flywheels. Some examples of such uses are:
· Absorb the braking energy of a vehicle, so that it is subsequently reused in its acceleration (KERS).
· As devices to facilitate the operation of facilities that generate electric energy through wind power, as well as various industrial electrical applications.
· In electric railroads that have long used a regenerative brake system that feeds the energy extracted from braking back to the power lines; with the new materials and designs, higher yields are achieved in such purposes.



[bookmark: _Toc27171662]Experiment setup
For this experiment (prove the theory for energy in a flywheel) we use the following apparatus: (Figure 1)
· Work panel
· Flywheel ()
· Pulley Block
· Timers (mobile devices)
· Magnetic Rule
· Hanger
· Weights
· String
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Figure 1 (Experiment Setup)
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1. The string need to be wrapped on one side around the pulley block (flywheel) and on the other side to the hanger.

2. Fit the plastic guide to the bottom of the weight hanger.


3. Check that the string have the right length. It should allow the bottom of the weight hanger to travel throught a vertical drop of just under 290mm 

4. Allow the weight hanger to fall to the bottom of its travel then move the magnetic rule behind the weight hanger, so it is 0 mm edge aligns with the plastic guide.

5. Add 90 g masses to give a total of 100g on the weight hanger. 

6. Slowly turn the flywheel to lift the weight hanger, (it doesn´t matter which way) until the bottom of the weight hanger reaches 280 mm on the rule. 

7. Use the timers (mobile phones) to measure how many seconds it takes for the weight hanger to fall from its 280 mm position to the 0 mm position and back up to its maximum height. Then, try this several times to be more accurate and have a good average value for the time and the height. (the measurements will always be approximate but never exact due to the human factor)

8. Repeat the process with 0.2 kg, 0.3 kg, 0.4kg and 0.5 kg. 

9. Calculate PE (j) , Mg, PE loss (j) and PE loss (Adjusted) (j) values. 

10. Calculate Falling Time (s), Acceleration (m.s-2), velocity (m/s), (mg-ma)r and a/r values. 

11. Add nominal I values for the flywheel and the pulley in the bearing block to find the local nominal I value for the flywheel. 

12. Use the chart paper to create a char of (mg-ma)r against a/r. Use the chart to find an average value ‘I’ for the flywheel.


Formulation and calculation 

According to newton´s law, 


Where           F = Is the resultant of the external forcer acting on the body, 
                       a = Is the linear acceleration of the body and 
                      M = Is its mass. 

The analogous relation for rotational acceleration is,

 
 Where       = External torques action on the body about the axis of rotation
                     α = Angular acceleration
                      I = Moment of inertia of the body about the axis of rotation

The kinetic energy (KE) of a mass M having a linear velocity ‘v’ is given by


In an analogous manner, the kinetic energy of a body of moment of inertia ‘I’ and having an angular velocity ω is given by 


Where    ω = Angular velocity, units of radians. One radian is = 57.3 degrees
One revolution per second = 6.28 radians per second


Thus, in rotational motion, the moment of inertia plays a role which is analogous to the role of mass M in linear motion. So, the moment of inertia of the flywheel is its resistance to a change in rotation. You find the value from


However, the true total moment of inertia of the flywheel and its connected parts is very difficult to find as it equal to the sum of the moment of inertia of the flywheel and an additional amount for the metal shaft, the pulley and part of the bearing race that the shaft turns in. 
[image: ]
Figure 2 (Energy in a flywheel)

See figure 2.
· Step 1. Flywheel = Initial Position = (KE = 0)
· Step 2. The mass reaches the lowest point = (KE = Maximum) 
· Step 3. The mass bounces and try to returns back to its original height, but now we have a different ‘h’, so there is some energy lost in the system. 

The PE loss is the total loss through the downward and upward movement. To compare it more accurately with KE, which is for simply for the downward movement, you must multiply it by the height ratio. 
+




With the values that we have obtained manually we will proceed to the calculation;
	Mass (kg)
	PE (j)
	T (s)
	h1 (m)
	h2 (m)
	Mg 
	PE loss (j)
	PEloss Adjus. (j)

	0.1
	0.275
	4.2
	0.28
	0.24
	0.981
	0.039
	0.021

	0.2
	0.549
	3
	0.28
	0.25
	1.962
	0.059
	0.031

	0.3
	0.824
	2.5
	0.28
	0.252
	2.943
	0.082
	0.043

	0.4
	1.099
	2.1
	0.28
	0.25
	3.924
	0.118
	0.062

	0.5
	1.373
	1.9
	0.28
	0.24
	4.905
	0.196
	0.106


Table 1 (Values PE, Mg, PE loss, PE loss adjusted)

The acceleration of the failing mass reaches a maximum where the mass has fallen through a distance h, over the square of a given time  taken for the fall: 


However, it is difficult to measure this ‘falling time’ accurately, so for better results we measure the total taken to fall and rise and multiply by the ratio 


The maximum linear velocity ‘v’ of the falling mass is then simply a product of its maximum acceleration and time, 


The falling mass linear velocity ‘v’ is the same as the angular velocity (ω) of the perimeter of the pulley and of course the flywheel (convert linear velocity into angular velocity using the perimeter of the pulley):


     Where                       c = 0.0408m 


With the values that we have obtained manually we will proceed to the calculation; (9)
	Mass (kg)
	T (s)
	h1 (m)
	h2 (m)
	Tf (s)
	Acceleration (m.s-2)
	v (m/s)
	c (m)
	AngularV. (w)

	0.1
	4.2
	0.28
	0.24
	2.262
	0.055
	0.124
	0.041
	19.057

	0.2
	3
	0.28
	0.25
	1.585
	0.111
	0.177
	0.041
	27.193

	0.3
	2.5
	0.28
	0.252
	1.316
	0.162
	0.213
	0.041
	32.755

	0.4
	2.1
	0.28
	0.25
	1.109
	0.227
	0.252
	0.041
	38.847

	0.5
	1.9
	0.28
	0.24
	1.023
	0.268
	0.274
	0.041
	42.126


Table 2 (Values a, v, c, ω)


For calculate the KE, we add the ‘I’ nominal values for the flywheel and the pulley.
                                                          


                   Where               


	Mass (kg)
	w (rad.s-1)
	KE (J)

	0.1
	19.057
	0.085

	0.2
	27.193
	0.174

	0.3
	32.755
	0.252

	0.4
	38.847
	0.355

	0.5
	42.126
	0.417


Table 3 (Values ω, KE)
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Figure 3 (Acceleration and inertia in a flywheel)

As we can see in figure 3, the force in the string of a flywheel at any time is equal to the difference between the force created by the acceleration due to gravity on the mass (mg) and the force due to the accelerating mass (ma). 


Assuming the cord does not stretch, then from simple moment theory, the torque in the string is equal to the product of the force in the cord at the radius of the pulley.


The torque due to the turning flywheel is equal to the product of the flywheel angular acceleration and the moment of inertia of the flywheel. 

The angular acceleration in the flywheel is equal to the acceleration of the moving mass divided by the pulley radius. 




From this equation, following the general chart equation of y = mx + c, the gradient of the chart of (mg-ma)r against a/r will give a good average value for  of the flywheel, based on actual results. 


Graph 1 (Moment of inertia Calculated) 

	Mass
	I Calculated
	 I Nominal

	0.1
	0.0007529
	0.000436

	0.2
	0.0007352
	0.000436

	0.3
	0.0007562
	0.000436

	0.4
	0.0007119
	0.000436

	0.5
	0.0007536
	0.000436



(Comparison of experimental and theoretical value for moment of inertia of flywheel)
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The Excel tables and the graph show us the values obtained from our experiment with the corresponding calculations made with masses ranging from 0.1 to 0.5 kg.
In the first glance we can observe several factors that we will analyse in more detail. The more mass, more energy that we obtain, but the time is less thanks to the increase in acceleration and speed.
When our mass varies from 0.1 to 0.5 (also carrying out the process with 0.2 kg, 0.3 kg, 0.4 kg masses) most of our values have a linear growth, except time(s) and high(s). While PE (PE loss, PE Adjusted), acceleration and KE their values increase according to mass (up to 500%) the time in operation of each phase decreases exponentially and  has minimal changes.
From the comparison of the theoretical and experimental value of moment of inertia for the flywheel in graph 2, the experiment resulted no accurate. This error might be caused from the human error in which this experiment involved almost everything was handled by human measurement instead of machine. There  might be error in recording the time taken in which it was from human mistake whether too immediate or too late to start the recording or while stopping the stopwatch and also it is depending on what type or scale of the clock being used since in this experiment, we have no specific stopwatch to be used, instead, we used our own mobile phone and also we might have an error in  because is almost impossible to catch the right  with the human eye. 

 Since the experimental calculation is not in ideal case, thus, the rest assumption of source of error is pointed on the apparatus itself whether there has the lost of energy to the surrounding. Energy is lost due to frictional force in which the friction between the flywheel with the core and the cord will cause a small fraction of energy loss in heat.



[bookmark: _Toc27171665]CONCLUSION

From the experiment, we can obtain and calculate the necessary values (just with height and time) to perform the entire process and demonstrate the operation of the flywheel.
However, in the comparison of experimental value to the theoretical value, is found that there are a deviation from the theoretical one. Here we conclude the error was done by human mistakes and also might be because of the energy loss due to frictional force. Thus, it is incomparable with the theoretical one because of this is not an ideal condition.

[bookmark: _Toc27171666]EVALUATION

The experiment has taught us the operation and calculation of Energy in a flywheel. The results obtained far from the theory teaches us that, a higher step of precaution should be taken to minimise the error. In this experiment, we done thrice tries of the values ‘, this repetition is a way to minimise the error, even with this a satisfactory result could not be reached. However, it could be effective if the one who calculate the values ‘is a machine since this will avoid a bit human error. Other than that, we may apply lubricant on flywheel to reduce the friction.

[bookmark: _Toc27171667]FURTHER WORK
[bookmark: _Toc27171668]Context
Flywheel are necessary because in most of the driving machines, the work produced by the expansion of the steam, by the explosion or by the combustion of the hydrocarbon mixtures, is transmitted by a crank-crank mechanism to an animated tree of continuous movement (for example in a steam locomotive or car engine). 
The different phases of the motor cycles do not have the same importance in terms of energy production; In addition, the gear-crank mechanism does not guarantee a constant torque.

[bookmark: _Toc27171669]Design/materials

In general, the Flywheel consists of a wheel or a disc, cast or made of steel, set in the drive shaft, and whose dimensions are calculated according to the general characteristics of the system of which it is a part.
In airplane engines, the same propeller acts as a flywheel.
These are the materials that can be used with the necessary values.
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[bookmark: _Toc27171670]Applications (Other uses)

· Turntable plate by direct current motor in direct traction.
· Some types of uninterruptible power supplies use the flywheel to store energy.
· Toys: due to its simplicity of the mechanism, it is usually used as part of the toy car engine.
· Mechanical press
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Material

Aluminum alloy
Birch plywood
Composite carbon fiber - 40% epoxy

E-glass fiber - 40% epoxy
Kevlar fiber - 40% epoxy

Maraging steel

Titanium Alloy

"Super paper"

S-glass fiber/epoxy

Density
/m’)

ke

2700
700
1550
1900
1400
8000
4500
1100
1900

Design Stress
(MPa)

30
750
250
1000
900
650

350

Specific
Energy
(kWh/kg)

0.052
0.014
0.076
0.024
0.031

0.020
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