(Mayer, 1841)Energy in a flywheel.

Brian Conway (1903844)

Introduction.
What is a Flywheel?
‘A flywheel is an inertial energy-storage device. It absorbs mechanical energy by increasing its angular velocity and delivers energy by decreasing it’s velocity.’ (J., 2015, p. 818)                               
The aim of this study is to proove the theory for energy in a flywheel (TecQuipment, 2012)
[bookmark: _Hlk25421666]The experimental study will show the relationships between inertia and kinetic energy, mass and potential energy, potential energy loss and of coarse the way in which they work with a flywheel or indeed the energy in a flywheel. 



                                              
                           (Woodford, 2018) below a pic of an old flywheel in a steam locomotive.
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1.The experimental procedure
     In order to carry out the experimental procedure one must first set up the equipment. Within the experiment kit is the following:
[bookmark: _Hlk25494485][image: ]Figure 1 (Conway)

a) Flywheel, 
b) Bearing block with bearings and flywheel brake in place,
c) Bearing block mounting hardware, 
d) Shaft, (to mount the flywheel)
e) 300mm steel magnetic rule,                                                
f) Series of stackable weights, (1pc = 10g)
g) Plastic guide, (to keep weights aligned and secure) 
h) Hanger, (to carry the weights)
i) Length of cord, 
j) Work panel, (to fix everything to)
k) Stopwatch,
                                                                                                                                                   
[image: ]             Begin by Setting up the work panel on a level plain. Once the work panel is square to the Level plain, the bearing block can now be mounted to the work panel at the top and centre. The flywheel in this experiment is a disc of aluminium which is mounted to one end of the shaft and fixed by a grub screw. This assembly is then installed through the bearings in the bearing block. The opposite side of the shaft to the flywheel is where the cord shall be attached. And from this, the plastic guide with the weight hanger will be suspended. Now let the hanger drop out fully to the bottom of its travel (h2). On the work panel, set the magnetic rule to the side of the hanger vertically where 0.0mm is at the bottom, and in line with the hanger base. Also ensuring that the magnetic rule is square in the process. Figure 2 (TecQuipment, 2012)

  Once the fixture is assembled and calibrated the experiment should resemble this pic and is ready to take place. Starting with a mass of 0.1Kg’s on the hanger. Rotate the flywheel back so it lifts the hanger base to a height of 280mm above the bottom of the stroke (h1). Now lock the flywheel in place by applying the flywheel brake and allow the hanger and stack of weights to settle. Once stationary it is time to record the total time it takes for 1 full cycle, from h1 to the bottom (h2) and then to rebound back to the new height (h3). It may be necessary to ask a team to help as one person can set and release the brake, another to record the h2 value. And another to man the stopwatch. For further advice on improved ways to carry out this experiment refer to the further work Section in Chapter 6.
The purpose of a drop test is to gather as much data as possible. Using the rule to determine height, and a stopwatch to determine time. Combining these values with the other obvious values which are given. Such as pully radius, cord diameter, (flywheel circumference) and the masses of the components. It will become possible to determine (torque, velocity, angular velocity inertia, Potential energy, Kinetic energy and energy lost. And, the relationships between them in this experiment. And finally find out the energy in a fly wheel.
1.1  Applied Physics.
    To understand the experiment, Looking at Potential Energy. ‘The potential energy of a body is the energy it possesses due to its position in a gravitational field’. (Zammit, 1987). Because the testing begins with the 0.1Kg mass elevated. The potential energy is stored in this body. More mass added equals more potential energy.
PE = mgh joules. (Zammit, 1987). 
     This potential energy is present until the break is released. Then, potential energy is transferred into kinetic energy. ‘The kinetic energy of a body is the energy it possesses due to its velocity.’ (Zammit, 1987). Because the suspended mass will build up linear velocity as it accelerates and descends the kinetic energy increases proportionally.  And, the flywheel will build up its angular velocity in accordance as it begins to turn. The maximum linear velocity of the weight will occur at H2. This is the point where the flywheel will achieve its maximum angular velocity and acceleration. 
    The input torque is delivered by the mass and the cord acting on the pully and will effectively cause the flywheels speed to increase. Once the weight hanger has reached h2, it is the inertial energy that will allow the flywheel to keep revolving in the same direction as ‘Inertia is a body’s resistance to change in direction.’ (Zammit, 1987) At this moment kinetic energy of the flywheel is at a maximum. This is a conversion from potential energy to Kinetic energy. Kinetic energy will now be delivered to the pully in the form of an output torque. This output torque or load carry’s out the work and hence, lifts the hanger to h3. (J., 2015). As the hanger is lifted as much as possible by the kinetic energy in the flywheel, Kinetic energy has once again momentarily converted into potential energy. However, due to friction, some energy is lost and can be determined as PE loss. Hence h3 will be lower than h1. 
     The best way to find the falling time from h1 to h2 is to measure the total cycle time and multiply by the ratio h1 / (h1 + h2). So, for this experiment one can use the following formula.
tf = tt x h1 / h1 + h2. (TecQuipment, 2012)
     


2 Results
     It is best to carry out multiple drops every time 0.1Kg’s is added to the weight hanger. Therefore, an average shall be used in the values for total time and for h3. If human error and friction are ruled out as a factor and a minimum of 3 drops are performed. The following table results were found.
	Drop Attempt
	Hanger Weight (kg)
	T total (seconds)
	Rebound Height (m) (H2) 
	Average Time
	Average H2 (m)

	#1 
	0.100
	4.120
	0.245
	4.163
	0.244

	#2
	0.100
	4.390
	0.242
	
	

	#3
	0.100
	3.980
	0.244
	
	

	 

	#1
	0.200
	2.900
	0.246
	3.027
	0.250

	#2
	0.200
	3.020
	0.252
	
	

	#3
	0.200
	3.160
	0.253
	
	

	 

	#1 
	0.300
	2.460
	0.252
	2.530
	0.253

	#2
	0.300
	2.570
	0.254
	
	

	#3
	0.300
	2.560
	0.254
	
	

	 

	#1 
	0.400
	2.020
	0.244
	2.220
	0.243

	#2
	0.400
	2.350
	0.241
	
	

	#3
	0.400
	2.290
	0.244
	
	

	 

	#1 
	0.500
	2.000
	0.240
	1.947
	0.238

	#2
	0.500
	1.990
	0.237
	
	

	#3
	0.500
	1.850
	0.236
	
	


(above table 2.1 Results of 100g incremental drops, 3 at each weight.) (Conway)
The above results are accurate to 3 decimal places.
From these results the following tables are derived.
	Mass m       (Kg)
	PE (J)
	Tt (total seconds) average
	h2 (m) average
	mg (N)

	0.000
	0.000
	0.000
	0.000
	0.000

	0.100
	0.275
	4.163
	0.244
	0.981

	0.200
	0.549
	3.027
	0.250
	1.962

	0.300
	0.824
	2.530
	0.253
	2.943

	0.400
	1.099
	2.220
	0.243
	3.924

	0.500
	1.373
	1.947
	0.238
	4.905


2.2. (Conway)

	PE Loss (J)
	PE loss Adjusted(J)
	Falling time tf (seconds)
	Acceleration a (m.s^-2)
	velocity v mass (m.s^-1)

	0.000
	0.000
	0.000
	0.000
	0.000

	0.035
	0.019
	2.225
	0.057
	0.126

	0.059
	0.059
	1.599
	0.109
	0.175

	0.079
	0.079
	1.329
	0.159
	0.211

	0.015
	0.145
	1.189
	0.198
	0.236

	0.206
	0.206
	1.052
	0.253
	0.266


2.3 (Conway)
	angular velocity omega (rad.s^-1)
	Torque Nm =  (mg-ma)r
	a/r (Rads/s^-2)
	KE (pe+pe loss) J
	KE 2 (flywheel) (J)

	0
	0
	0
	0
	 

	19.404
	0.006339721
	8.705192199
	0.310
	0.072705088

	26.95
	0.012610665
	16.84439858
	0.608
	0.140249013

	32.49
	0.018820406
	24.38607964
	0.903
	0.203836379

	36.344
	0.024990638
	30.49481766
	1.113
	0.255063152

	40.964
	0.031060914
	38.89163744
	1.579
	0.324031319


2.4 (Conway)
The following table is the total inertia biased on actual results.

2.5 (Conway)






3 Analysis
     
     One very interesting find from table 2-1 is that as the Mass increased for each drop, it didn’t seem to have an impact on the h3 readings. However, the falling time (tf) decreased dramatically as the mass of the weight hanger increased. This means that as a result, a much greater velocity occurs from h1 – h2. This will in turn increase the angular velocity of the flywheel. Therefore, storing more kinetic energy. It can now be said that the energy in a flywheel is directly proportional to its angular velocity. 
     The kinetic energy of the mass of weights and flywheel are proportional.
 Because the inertia of an object is dependent on its mass, in this experiment the inertia of the weight hanger is proportional to the total weight mounted.  Whereas the inertia in the flywheel is a constant value. 
      






4 Conclusion
     Potential energy loss can clearly be seen as the return height is less and less after each cycle. It is caused by multiple factors such as friction in the bearings and the cord. The bearings will also build up temperature. Also, the unstable weight hanger does not move in a perfectly linear fashion. And air resistance to name a few. 
     The cycle of energy is constantly being transferred From Potential to Kinetic and back to Potential etc. (quote and reference energy guy who said that thing.) The flywheel is receiving an input torque, storing as much energy as possible. Then, delivering the energy back in the form of an output torque. As mentioned in previously the PE loss comes into effect during every cycle in the form of the bearings heating up, friction, air resistance and so on.




5 Evaluation
     Energy can be neither created nor destroyed. (Mayer, 1841)  This quote by Mayer is clearly proved in this experiment. The transfer of potential energy to kinetic energy and the relationship of the stored energy in the flywheel all demonstrate this clearly.
To grasp the concept of potential energy lost. The experiment proved to be valid.  One main concern is the accumulation of error which derives from a combination of multiple factors such as... The weights once dropped do not move in a perfect linear path. They are free to move about in the X and Y axes. The result of this will affect the rebound moment, as the weighted stack will deflect depending on the new angle it will be pulled from and its position when it reaches the bottom of its travel. More than one drop test had to be repeated due to the violent shaking of the weight stack after it hit the bottom. While the weight increased the it became excessively tall and with that, became top heavy. The point at which the cord attaches to the plastic guide would act like a fulcrum of sorts. In which the stack of seemingly ridged weights would use to laterally deflect some KE, also contributing to the PE Loss.
      It is inevitable that the rapid change in direction of the suspended mass will cause the cord to stretch and spring back effectively. However, For the purpose of this demonstration one must assume that all conditions were perfect examples within a perfect environment as is this experiment’s Purpose was predominantly to understand How a flywheel works, and all the relationships that occur accordingly.   
      It is a fact that the method used to mount the flywheel to the spindle causes an unbalance.  The material removed in the flywheel to allow the grub screw to tighten onto the shaft will cause a light spot within the 360 degrees.  This will result with an unbalance in the centrifugal force. 
     On occasion the line connecting the weights would bind up unevenly around the shaft. This will ad additional friction. This will also affect the smoothness and consistency in which the line is delivered during the drop test.
     Human error has a massive impact on the results as one is purely relying on vision, reaction time and one's best judgment on where the rebound height maxed out.  This is one major factor impacting the consistency of the results. Even the timer should stop and start at the correct exact moments when required.



6 Further work
Although for the application of this experiment the flywheel used was Ideal, one must imagine if this information were to be used in Industry. What considerations should be adopted in order to increase the accuracy of the data, improve consistency and rule out human error.
[image: ]     Due to all to the possible ways in which the primitive equipment used to carry out this experiment and human error may impact the results. One must consider other possibilities to improve the consistency and the accuracy of the test. 
     The first thing to consider is having a correctly balanced flywheel. In order to balance the flywheel, it should be mounted in the middle of a perfectly straight and round shaft. Then using a level balancing stand place the flywheel and shaft onto the middle of the stand. 

  


(above pic shows a level balancing tabel) (products / level balancing stand, n.d.)
[image: ]    The point that is the heaviest on the wheel will roll to the bottom. Then using adjustable sliding weights see (pic left), carefully move more mass to the lighter side and check again. Keep repeating this step until a perfect balance is achieved.   
    Other improvements that should prove useful to rule out as much human error as possible are as follows. Firstly, the use of a high-speed camera can be set up to record a more accurate value for h3. Also, with the introduction of an electromagnetic break one could simply press a button and the brake would release the pully almost instantly. This should remove any mechanical drag that occurs while the (The above pic, wheel balancing weights) (wmsopko.com, n.d.)   thumb screw is being turned to the open position. If the Button to release the break was also set to begin recording on the camera then the start of the video would be simultaneous along with the timer starting. The camera footage would then be used to find the exact moment that the flywheel gives up all of its energy at h3. One could check the exact time on the camera footage at this moment and determine the total time.   
    One last thing to suggest is that the stack of weights be swopped for appropriately weighted plumb bobs. As the plumb bob would be coned in shape, it would counter not all but some of the air resistance contributing to the PE Loss, this would also keep the so-called fulcrum point mentioned in Chapter 5 closer to the centre of gravity of the falling mass, thus improving stability.
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Inertia Total


0	8.705192199167497	16.844398578268475	24.386079636122602	30.494817656979809	38.891637439599101	0	6.3397205629585176E-3	1.2610664832013632E-2	1.8820406440612145E-2	2.4990637581597044E-2	3.1060914159088467E-2	a/r


(mg-ma)r



image1.jpg




image2.jpg




image3.jpeg




image4.jpg




image5.jpg




