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[bookmark: _Toc26893373]Introduction
[bookmark: _Hlk26892451]The aim of this assignment is to identify and apply the appropriate physical principles and relationships for solving an engineering problem. The group, for whom the author of this report was a part of, were asked to conduct an experiment involving the energy in a flywheel and provide data of the results, using numerical values in engineering units.
The group followed the set Experimental Procedures whilst undertaking the experiment and ensured that they followed the steps correctly and calculated their results accurately whilst making sure they used the correct figures and mass calculations.  
The theory of the flywheel is that it stores energy, which is based on the rotating mass principle (Amiryar and Pullen, March 2017). When the flywheel speeds up, it allows the flywheel to store its energy and then it slows down when it is discharging. The flywheel delivers an accumulated energy (Amiryar and Pullen, March 2017).  
The other theory for energy in a flywheel is that when a mass moves further from the axis of rotation, it then becomes increasingly difficult to change the rotation of the flywheel system (Academy, 2019). This is because the mass of the energy in a flywheel is carrying more momentum vector and it is changing more quickly (Academy, 2019). 

The principle of energy states that the total amount of energy remains the same, as the energy cannot be created or destroyed (Bird & Ross, 2015). The potential energy is frequently converted into kinetic energy and when the mass is falling freely, the potential energy decreases. This makes it lose its height and allows the kinetic energy to increase, whilst also the velocity increases. `When a mass is falling freely, its potential energy decreases as it loses its height, and its kinetic energy increases’ (Bird and Ross, 2015, p. 206).  
`Potential energy + Kinetic Energy = a constant’ (Bird and Ross, 2015, p.206) 
[bookmark: _Toc26893374]
Experimental Procedures 
[bookmark: _Hlk26892265]Set Experimental Procedure were followed during the experiment. The supplied Guidance Notes were read beforehand. The experiment started with fitting the plastic guide to the bottom of the weight hanger (TecQuipment Ltd,2012).  
The bottom of the weight hanger was allowed to travel through the vertical drop in just under 290 mm and the weight hanger was allowed to fall to the bottom when it travelled. The magnetic ruler was moved behind, so that it was behind the weight hanger and it was started off at 0.1mm with the plastic guide. (TecQuipment Ltd,2012) 
A mass of 90g was added, providing a total of 100g on the weight hanger. The flywheel was slowly turned to lift the weight hanger, making sure that the weight reached 280mm on the ruler. Two members of the group needed to use the stopwatch whilst conducting the experiment so as to measure how many seconds it took for the weight hanger to fall from 280 mm. The reason why two members took readings was in case one member were to obtain a different time reading the other member. Following a period conferring, a decision to what the correct time was, could be agreed. This part of the experiment was required when the position of the weight hanger had reached 0 mm and the hanger was back to its maximum height (h2). This process was repeated 3 times in order to achieve a good average value and calculate the time for the height (h2) (TecQuipment Ltd,2012). 
Following on from noting down the results, the next task was to calculate the PE (mgh1), mg and PE loss adjusted values. In addition to these, it was also required to calculated the falling times, acceleration, velocity, (mg-ma)r and the a/r values (tecQuipment Ltd, 2012).
The group then added the nominal I values for the flywheel and the pully in the bearing block in order for them to find the total nominal I values for the flywheel. The group needed to use this value to calculate the KE values for the flywheel on each line of results. A chart was then created showing the (mg-ma)r results against a/r. A reasonable straight line was required and from the line on chart, an average value for I in the flywheel, was used (TecQuipment Ltd, 2012). 

	


[image: ]
Figure 1: Experiment Set up (TecQuipment Ltd, 2012) 



[bookmark: _Toc26893375]Results 

Table 1: Results from Experiment 
	Mass m (kg)
	PE mgh1 (J)
	Time to fall and rise tt (seconds)
	h2 (m)
	Mgh2

	0
	0
	0
	0
	0

	0.1 
	0.27468
	4
	0.24
	0.23544

	0.2
	0.54936
	2.74
	0.251
	0.492462

	0.3
	0.82404
	2.72
	0.254
	0.747522

	0.4
	1.09872
	1.98
	0.249
	0.977076

	0.5
	1.3734
	1.72
	0.241
	1.182105




	PE loss Adjusted (J)
	Falling Time tf (Seconds)
	Acceleration a (m.s-2)
	Velocity V (m/s-1)

	0
	0
	0
	0

	0.03924
	2.153846154
	0.060357143
	0.13

	0.056898
	1.444821092
	0.134131223
	0.19379562

	0.076518
	1.426217228
	0.137653315
	0.196323529

	0.121644
	1.048015123
	0.254931166
	0.267171717

	0.191295
	0.9243762
	0.327687988
	0.302906977






	Velocity W ( (rad.s-1)
	(mg-ma)r
	a/r
	KE J

	0
	0
	0
	0

	20.01995318
	0.980961
	9.285714
	0.082895J

	29.84445576
	1.9618258
	20.63557
	0.184216J

	30.23375283
	2.94273285
	21.17743
	0.189053

	41.14434823
	3.92333726
	39.22018
	0.350122

	46.64756534
	4.90393725
	50.41354
	0.450047




[bookmark: _Toc26893376]Analysis 
[bookmark: _Hlk26892295]The formula was followed as provided in the Experimental Procedures section of the assignment brief. The formula was as follows: - PE (mh1) which was to find the mg and PE loss (adjusted values and calculate the falling time, acceleration, velocity, (mg-ma) r and a/r values (TecQuipment Ltd, 2012). 
The last formula was to find the I value which is known as the moment of inertia for the flywheel and the pully. Using the I value, the KE value was calculated for the flywheel of each line of the results (TecQuipment Ltd, 2012).


















[bookmark: _Toc26893377]Calculations 
The calculations were as follows:
Mass m (kg) 
(0.1 kg)                 
PE mgh 1 (J) = 0.1m x 0.28 x 9.81 = 0.27J                    
Time to fall (seconds) = 4.0 Seconds         
h2 (m)   =   0.24 meters                      
mgh2 = (0.24 x 0.1 x 9.81) = 0.235m
PE loss Adjusted (J) (mgh1 – mgh2)     
0.27 – 0.235 = 0.035 J
Falling time tf (Seconds) 
tf =  =  = 2.17 seconds
   Acceleration a (m.s2)
2 =  m/s2
Velocity v (m.s-1)
V=atf
V = 0.060 x 2.15 = 0.13 m/s-1


Velocity ω (rad.s-1)
2 x π x  = 20.02 rad.s-1

(mg-ma) r
(9.81 x 0.1) – (0.1 x 0.060) x 0.0065 = 0.981 rad/s
a/r
0.060 ÷ 0.0065 = 9.23m
KE =  mv2
KE =  x 9.81 x 0.132 = 0.083J
(Results for 0.1 m)



















Mass m (kg)
0.2 x 9.81 x 0.28 = 0.55 J
Time fall and rise tf (seconds)
2.74 Seconds 
h2 = 2.51 meters 
mg h2: 0.251 x 0.2 x 9.81 = 0.49m 
PE loss Adjusted (J) 
Mgh1 – mgh2 = 0.55 – 0.49 = 0.06 J
Falling Time tf (seconds): tf =  =  = 1.44 seconds
Acceleration a (m.s-2)  = 0.06 m.s2
Velocity v (m.s-1): v = at, v = 0.13 x 1.44 = 0.19 m/s-1
Velocity ω (rad.s-1) = 2 x π x  = 29.80 rad/s
(mg – ma) r = (0.2 x 9.81) – (0.2 x 0.134) x 0.0065 = 1.96
a/r = 0.134 ÷ 0.0065 = 20.62
KE=  mv2
KE =  x 9.81 x 0.1942 = 0.185 J
(Results for 0.2 kg) 








Mass = 0.3 kg 
PE mgh1= 0.3 x 9.81 x 0.28 = 0.82 J
Time to fall and rise tt (seconds): 2.72 seconds 
h2 = 0.254 meters 
mgh2= 0.3 x 0.254 x 9.81 = 0.75J 
PE loss Adjusted (J)= mgh1 – mgh2 = 0.82 – 0.75 = 0.07 J
Falling time tf (seconds) = tf =  =  = 1.43 seconds 
Acceleration a (m.s-2) =  =  = 0.135 m/s2
Velocity v (m.s-1) v=atf = 0.135 x 1.43 = 0.19 m/s-1
Velocity ω (rad.s-1) = 2 x π x  = 29.91 rad/s-1
(mg – ma) r = (0.3 x 9.81) – (0.3 x 0.1350) x 0.0065 = 2.94
a/r = 0.135 ÷ 0.0065 = 20.76
KE=  mv2
KE =  x 9.81 x 0.19452 = 0.186 J
(Results for 0.3 kg) 








Mass m (kg)
0.4 x 9.81 x 0.28 = 1.10J
Time fall and rise tf (seconds)
1.98 Seconds 
h2 = 0.249 meters 
mg h2: 0.249 x 0.4 x 9.81 = 0.98m 
PE loss Adjusted (J) 
Mgh1 – mgh2 = 1.10 – 0.98 = 0.12 J
Falling Time tf (seconds): tf =  =  = 1.05 seconds
Acceleration a (m.s-2)  = 0.25 m.s2
Velocity v (m.s-1): v = at, v = 0.25 x 1.05 = 0.26 m/s-1
Velocity ω (rad.s-1) = 2 x π x  = 40.00 rad/s
(mg – ma) r = (0.4 x 9.81) – (0.4 x 0.26) x 0.0065 = 3.92
a/r = 0.25 ÷ 0.0065 = 40
KE=  mv2
KE =  x 9.81 x 0.262 = 0.33 J
Results of (0.4 kg) 







Mass m (kg)
0.5 x 9.81 x 0.28 = 1.37 J
Time fall and rise tf (seconds)
1.72 Seconds 
h2 = 0.241 meters 
mg h2: 0.241 x 9.81 x 0.5= 1.18m 
PE loss Adjusted (J) 
Mgh1 – mgh2 = 1.37 – 1.18 = 0.19 J
Falling Time tf (seconds): tf =  =  = 1.02 seconds
Acceleration a (m.s-2)  = 0.27 m. s2
Velocity v (m.s-1): v = at, v = 0.27 x 1.02 = 0.26 m/s-1
Velocity ω (rad. s-1) = 2 x π x  = 40.00rad/s
(mg – ma) r = (0.5 x 9.81) – (0.5 x 0.26) x 0.0065 = 4.904
a/r = 0.26 ÷ 0.0065 = 40
KE=  mv2
KE =  x 9.81 x 0.262 = 0.332 J
(Results for 0.5kg)

[bookmark: _GoBack]
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[bookmark: _Toc26893378]Conclusion
[bookmark: _Hlk26892333]The factors that went well during the flywheel experiment were that all members of the group stuck to their same role, including those who oversaw the stopwatch and the two people who were measuring the (h2) height. If individual members of the group had been allowed to change their roles throughout the experiment, then the task would not have gone as planned, as the group would have obtained different results and this would have caused errors in the calculations including rounding errors, systematic errors and human errors. 
The other factor that went well was that everyone followed the Experimental Procedures and knew what to do and made sure to set up the equipment correctly and this included counting the holes of the Work Panel. Because of this, the recorded calculations were correct, and the total height was added up from the two results and divided by three to achieve an average result, including the falling time. 



[bookmark: _Toc26893379]Evaluation 

[bookmark: _Hlk26892356]The aspects that went well while undertaking this experiment was that all members of the group contributed and worked as a team to solve the problems.  One person’s role was to oversee the flywheel and the pulley block which ensured that this group member could focus on adding the correct amount of mass on the weight hanger.  The group member who oversaw letting the flywheel go, gave an indication to the person calculating the time of when to start counting and when to stop. It was also ensured that all the holes of the bearing block were counted and that everything fitted correctly before conducting the experiment. 
The other thing that went well If the incorrect result was not achieved from the first attempt, the experiment was repeated again, using the correct measurements and repeating the time it fell. Once a set of reliable results were obtained, the previously calculated h2 results were added and this result was divided by 3 in order to get the average h2 v2. This was repeated with the time, whereby one particular group member’s falling time value was used, as their time value was deemed to be more reliably accurate than that of another group member’s falling time value. 
There were aspects of the experiment that did not go well. One of these was the part of the experiment which required finding out the time taken for the flywheel to fall. This was because the two people, who were in charge of monitoring the time it took for the flywheel to fall, did not start timing in synchronicity with each other. One of the time monitors started the timing when the flywheel was falling and the other time monitor started timing when the person in charge said “go”. This caused confusion in relation to the falling-time result which resulted in human error. This is why the calculation results show an error and the graph line (Figure 2) does not look straight and that the falling-times are close to each other. Human error can happen when mistakes are made during the experiment which can invalidate the data of results and the conclusion. Errors can also be caused by room temperature and by poorly maintained laboratory equipment (Dowd, 2018). The experiment would need to be repeated in order to get an average result and to reduce human error in the results. 
  

[bookmark: _Toc26893380]Further Work
[bookmark: _Hlk26892385]If this experiment was repeated, it would be necessary to make sure the Experimental Procedures were followed correctly and to reduce human error. Before starting the experiment, it would be important to make sure everything was in order including the weight hanger and the cord. Other groups have used the same procedures and used a chalk marker which was made on the rim, as this was against the pointer when the weight hanger touched the ground. This would be a very good procedure to follow if the experiment were repeated. It would be very helpful as a way of knowing when to stop counting and also this would give more accurate and reliable results. 
Another possible variation to the experiment could be to use a simulator. This would be very good practice for conducting this experiment as it would follow the same procedures but it would provide an idea, in advance, of what the experiment would be like, what you would be expecting to use and measure. Others have used the simulator as part of their pre-experiment and their simulator included a stopwatch, which calculated the time taken for the flywheel to come to rest (Amrita, 2011).
One of the other groups, who had carried out the experiment previously, used a different method to calculate the time. The group who performed the experiment calculated the time from when the person let go of the weight hanger, whereas the group who had previously conducted the experiment calculated the time from when the weight hanger touched the ground (Amrita, 2011). This is a very different Experimental Procedure. Therefore, it could be argued that having already performed the experiment, the more experienced group had practiced beforehand and knew what to expect and when to redo the experiment if the results were not accurate. 
The other possibility which would help improve the outcome of the experiment would be by having a laser counter. This would be very helpful, as it could count how long it takes for the weight hanger to reach the bottom and would negate the requirement of having two people to count it. Having two separate people performing the counting can cause problems as they may measure different times and this can cause human error.     
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