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The aims of the laboratory tests and following calculations described in this report are to analyse the effects of increased mass/ force upon a flywheel and the resultant Kinetic energy achieved by the flywheel. 
A flywheel’s primary purpose is to act as a store for kinetic energy. Flywheels have many applications; in the field of automotive engineering, they are attached to the crankshaft giving a clutch a surface to engage with, its high mass allows for smoother transmission when changing gears. (Cope L, 2026)
Kinetic energy stored in a flywheel can be represented by this equation KE = 1/2 I ω2  where I is the moment of inertia and ω is the angular velocity. (The Engineering ToolBox, 2005) 
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Experimental apparatus: Bearing block, flywheel, work panel, string, weight hanger, weights, magnetic rule and stopwatch.



(fig1) approximate graph of the procedure (https://blog.oureducation.in/moment-of-inertia-of-a-flywheel-by-falling-weight-method/ , 2013)

SETUP:
· Fix the bearing block to the top of the work panel (leaving plenty of space for the full extent of the string and the weight hanger without touching the desk), attach the flywheel onto said bearing block
· Attach the string to the bearing block pulley, tie the weight hanger to the end of this string
· Let the weight hanger down to the extension of the string, stick the magnetic rule to the work panel, align the bottom of the weight hanger with 0mm on the rule

TEST:
· Add 90g of weights to the hanger to achieve 100g (0.1kg)
· Carefully rotate the fly wheel, raising the weight hanger until the bottom of the weight hanger aligns with 280mm on the rule
· Release the flywheel allowing it to rotate and the weight hanger fall
· One person should be timing, with the stopwatch, the amount of time it takes for the weight hanger to fully descend and reascend. Another person should be watching the bottom of the weight hanger to record the maximum height on its ascension, carry this out twice more to achieve an accurate average.
· Repeat this process adding 0.1kg each time until the hanger is 0.5kg

Independent variable: mass of weights on the weight hanger increasing by 0.1kg
Dependant variable: height that the weight hanger achieves after fully descending, and time taken for the weight hanger to descend and ascend fully
Controlled variable: mass of the flywheel, bearing used within the bearing block, type of string, height at which the weight is released
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[image: ]Raw Data:
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(Fig 2) raw data taken from test procedures
The red column is the mass; this was the only independent variable changing by 0.1kg each test after the 6 readings were taken. The first amber columns are the time in seconds for the weight hanger to rise and fall, columns 2 and three are the repeated test with the same mass to collect readings for the averages that are within the green column. The second set of amber results are the heights that the hanger peaked at after descending these were taken in centimetres, they are later converted to metres to fit the equations in the main table.
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(fig 3) Spreadsheet with data converted with calculation
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(fig 4) chart to find moment of inertia


[image: ]All calculations used:

Mass: Taken from initial raw data 

PE (J): Mass × g × H₁

Time to rise and fall (s) : Taken from raw data

H₂ (m) : Taken from raw data

mg : Mass × g

PE loss adjusted (J):  ( Mass × g × ( H₁- H₂) × (H₁÷( H₁+ H₂)))

Falling time (s):  Time to rise and fall × (H₁ ÷ ( H₁ + H₂))
α   : Acceleration ÷ R 

KE : 0.5  × Moment of Inertia × Angular velocity² 

Acceleration m/s²:  (2  ×  H₁) ÷ Falling time² 

Velocity m/s‾¹:  Falling time × Acceleration
Moment of inertia = gradient of figure 4 (torque against angular acceleration)

Angular velocity rad/s‾¹:  (2 × π × Velocity) ÷ C 

Torque :  ( mg – ( Mass × Acceleration)) × R 
[bookmark: _Toc225678720]Conclusion
Time to rise and fall fell consistently as the mass on the weight hanger increased, decreasing from 4.26 seconds at 0.1 kg down to 1.8 seconds at 0.5 kg. This resulted in a rise in velocity and acceleration. As the velocity of the weight hanger is consistent to the angular velocity of the flywheel that too rose. Leading to a consistent rise in Kinetic energy shown in fig 3
The results of second height that the weight hanger achieved (H₂) were very interesting. Beginning at 0.2458, rising to 0.2533m then falling to 0.2133m. Initially one might expect to see a rise in height due to the increasing PE we see in fig 3, however with the increased mass upon the weight hanger more energy is needed to raise it again. If we were to redo the test and have the weight released the moment that the hanger reaches its lowest point, we would see the hanger rise consistently with more mass.
Overall, the results were as expected when increasing the mass and therefore energy transferred into a flywheel.
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To ensure accurate results for the raw data, all the height and time tests were completed 3 times with an average taken. The person who was reading the height was on the same level as the weight hanger to more accurately read the correct height on the magnetic rule. The time was taken to two decimal places, and the height was taken  to the closest 25mm (constrained by the accuracy of the human eye).





Further work

To improve the accuracy of the tests done in the lab, a high-speed camera could have been implemented. This would have improved the accuracy as we would have been able to play it back to the moment that the weight hanger peaked, allowing us to get a more accurate reading of the height. Additionally, the high-speed camera would have allowed us to get a more accurate time reading as the camera would have an internal clock and we could have checked the frame in which the weight was released and frame that it peaked, taking the time in which the weights were in motion. The downside of a high-speed camera would be the high cost, large data files and the added time of reading. 
Another way we could have improved the accuracy of the test would have been to replace the string with an alternative material that had lower elastic properties; for example a braided wire which has very little elasticity. This change would have made the results more accurate as the motion of the weights would not be as influenced by the rebounding effect of the more elastic string and the results of the height would not be influenced by the strings stretch with additional weight. Using a braided wire instead of the string would be an efficient and low-cost change to the experiment.
 The final improvement would be removing the human inaccuracy of the release point of the weight hanger. This could be made far more accurate by replacing the person releasing the fly wheel with a brake or pin on the flywheel that could be aligned and released at the same point each time.
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image3.emf
mass time to rise and fall 1 2 3average h2 1 h2 2 h2 3 average

0 0 0 0 0 0 0 0 0

0.1 4.3 4.27 4.2 4.26 24.5 24.5 24.75 24.58

0.2 3.32 3.36 3.11 3.26 24.25 25.5 25.5 25.08

0.3 2.97 2.84 2.11 2.64 25 25 26 25.33

0.4 2.42 2.54 2.32 2.43 23.5 24.25 24.5 24.08

0.5 1.99 1.74 1.67 1.8 21 21.5 21.5 21.33


image4.emf
Mass (kg) PE (J) time to rise and fall (s)h₂ (m) mg PE loss adjusted (J)falling time (s)

m  mgh₁ tt tf

0 0 0 0 0 0 0

0.1 0.27468 4.26 0.2458 0.981 0.017866215 2.268543172

0.2 0.54936 3.26 0.2508 1.962 0.03022101 1.719668425

0.3 0.82404 2.64 0.2533 2.943 0.041256081 1.38608663

0.4 1.09872 2.43 0.2408 3.924 0.082699355 1.306451613

0.5 1.3734 1.8 0.2133 4.905 0.185699939 1.021690655


image5.emf
acceleration m/s² velocity m/s¯¹angular velocity rad/s¯¹torque  α KE

a v ω (mg-ma)r a/r

0 0 0 0 0 0

0.108816294 0.24685446 38.01549796 0.0063058 16.740970.28903562

0.189364512 0.325644172 50.14908518 0.0125068 29.1330.50298615

0.291479005 0.404015152 62.21818784 0.0185611 44.842920.77422058

0.328096327 0.428641975 66.01070984 0.0246529 50.476360.87148276

0.536474625 0.548111111 84.40891373 0.030139 82.534561.42497294
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image7.emf
additional values:

h1 (m) 0.28

g (m/s2) 9.81

c (m) 0.0408

r (m) 0.0065

I (kgm^2) 0.0005
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