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[bookmark: _Toc225696165]Introduction
The objective of this experimental configuration was to investigate the rotational dynamics of a flywheel system, specifically focusing on the conservation of energy and the influence of frictional torque. The apparatus was cantered around a Flywheel assembly securely integrated into a pulley block, which was then rigidly mounted onto a vertical pegboard to ensure structural stability during high-angular velocity rotations.
To facilitate the conversion of potential energy into rotational kinetic energy, a high-strength cord—integrated into the pulley mechanism—was tethered to a mass hanger via a secure knot. A vertical rule was calibrated and positioned parallel to the hanger’s path of motion. This allowed for a precise 280 mm drop height (h), establishing a consistent gravitational potential energy datum for the hanger and its constituent masses across all experimental trials.
Data Acquisition and Instrumentation
Given the high-velocity nature of the flywheel’s descent and subsequent rise, a dual-device digital recording strategy was implemented to minimize human error and parallax:
Temporal Tracking: A primary mobile device was utilized as a chronometer to record the total "fall and rise" cycle time. This provided the necessary data to calculate average angular acceleration and energy dissipation over time.
Kinematic Analysis: A second mobile device, equipped with a high-speed camera, was positioned orthogonally to the rule. This allowed for frame-by-frame analysis of the hanger’s minimum and maximum displacement, ensuring that height recordings were captured with significantly higher precision than manual observation would permit.
By synchronizing these digital tools, the setup provided a robust framework for quantifying the energy losses due to friction and the moment of inertia of the flywheel.
[bookmark: _Toc225696166]Experimental Procedure
The experimental investigation utilized a standardized set of mechanical components and digital measuring tools. To facilitate subsequent calculations regarding rotational kinetics and energy conservation, specific nominal values and physical constants were established for the key components.
The primary apparatus consisted of a flywheel mounted to a pulley block, both of which were secured to a vertical pegboard. A mass-hanger system, driven by gravitational potential energy, was used to induce rotation. Data acquisition was performed digitally to minimize human error and ensure high temporal and spatial resolution.
Resources
· A Flywheel (mass=330g) 
· A Pully block 
· A cord (radius=0.0065m)
· A 300 mm rule
· A pegboard
· A hanger for placing masses on (10g)
· Masses (10g each, up to 500g)
· Two smartphones
Experimental Configuration
The apparatus was prepared by integrating the flywheel with the pulley block and rigidly mounting the entire assembly to a vertical pegboard to ensure structural stability during rotation. A pre-attached drive cord was secured to a mass hanger, which served as the primary load for the system. To facilitate precise measurement of the gravitational potential energy input, a metric rule was positioned to establish a standardized 280 mm drop height (h) for the hanger and its associated slotted masses.
To mitigate observational errors and improve data resolution, a dual-device recording strategy was implemented:
Temporal Measurement: A primary mobile device was utilized as a chronometer to record the total duration of the descent and subsequent ascent phases.
[image: ]Kinematic Verification: A second device, utilizing a high-speed camera, was positioned to capture the maximum vertical displacement. This allowed for frame-by-frame analysis to determine the peak recovery height with greater precision than manual observation.
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The experiment was conducted using a range of masses from 100 g to 500 g, incremented sequentially. To establish the initial 100 g baseline, a 90 g load was added to the pulley system to account for the inherent 10 g mass of the pulley itself.
Prior to data collection, synchronization was confirmed between the camera and timer operators. For each trial, the third operator wound the pulley to a fixed starting height of 0.28 m (280 mm), as indicated by the vertical rule.
The descent was initiated following a three-second countdown. Recording began now of release and concluded once the mass reached its maximum rebound height. To mitigate measurement error and ensure statistical reliability, this procedure was performed in triplicate for each mass increment, allowing for the calculation of mean values for both displacement and temporal duration.
[image: ][image: ][image: ]










Figure 1 shows it before release (1st stage), Figure 2 shows it at lowest (2nd stage)
Figure 3 shows it as its ascended to it s second height (3rd stage)
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[image: ]This raw data collected from the methodology.
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Data Tables
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Figure 4: This Table contain new data calculated from the new data.
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Figure 5: A data of given values 
Data Analysis and Calculation Methodology
The quantitative analysis presented in Figure 4 is derived from empirical data and the contextual parameters provided in the guidance documentation (Figure 5). During the experimental procedure, primary measurements were recorded for mass (m), time (Tt), and final height (h2).
Gravitational Potential Energy Calculations
To evaluate the energy dynamics of the system, the weight (W) of the object was determined by calculating the product of the mass and the local gravitational acceleration (g), where g = 9.81 ms^-2.
W=mg
This value was subsequently used to calculate the Initial Potential Energy (PE1) at Stage 1 (as illustrated in Figure 2.1), defined by the initial height (h_1):
PE1=mgh1
Energy Loss Assessment
To quantify the efficiency of the system, the total potential energy lost as the mass progressed through Stages 1 to 3 (Figures 1 – 3) was calculated. This loss represents the "wasted" energy primarily due to non-conservative forces like friction or air resistance and was determined using the following expression:
PEloss= mg(h1-h2)
To determine the acceleration a and velocity v of the system, it is first necessary to calculate the falling time tx, defined as the duration between stages 1 and 2 (figures 1 and 2). This value is obtained by multiplying the total system time tt by the ratio
[image: ]which gives
[image: ][image: ]The maximum acceleration at stage 2 (figure 2), when the mass has fallen a distance h_1, can then be calculated by dividing twice the height by the square of the falling time:
Once the acceleration is known, the maximum linear velocity during the descent between stages 1 and 2 can be found using
v=at_ x.
Because the linear motion of the mass is directly linked to the rotation of the pulley, the angular velocity can be determined from the linear velocity. This is done by converting v into angular form using the pulley’s circumference c:
[image: ]Similarly, the angular acceleration is obtained by dividing the linear acceleration by the pulley radius r:
[image: ]
The instantaneous tension within the flywheel cord is defined by the net force acting on the descending mass. Specifically, the tension (T) is the difference between the gravitational force (mg) and the inertial force due to linear acceleration (ma). Assuming the cord is non-extensible, the resulting torque applied to the flywheel can be expressed as:
Where r represents the radius of the shaft or pulley around which the cord is wound.[image: ]
To quantify the energy stored within the system during descent, the total moment of inertia (I) must be determined. The applied torque, which drives the angular acceleration, is resisted by this rotational inertia. Consequently, the energy is stored in the system as rotational kinetic energy (KE {rot}).
This relationship is characterized by the fundamental equation:
[image: ]
This formula allows for the calculation of the total energy stored in the rotating pulley based on its angular velocity and mass distribution.


[bookmark: _Toc225696170]Gradient
[image: ]
Figure 5 showing relation between Torque and angular Acceleration.
Based on the experimental data presented in Figure 4, a direct correlation between applied torque and angular acceleration is evident. By applying a linear regression model in the form of y = mx + c, the gradient (m) of the resulting plot represents the experimental moment of inertia. This relationship is derived from Newton's Second Law for rotation.
Using the =SLOPE function in Excel, the average gradient for the dataset was determined to be 0.000375 kg·m². This value serves as the experimental measure of the flywheel's inertia.
2. Comparative Analysis
[image: ]To evaluate the accuracy of the experimental results, the measured inertia was compared against the nominal (theoretical) inertia, which is valued at 0.0003862 kg·m². The degree of correlation between these two values was calculated using a percentage ratio:
The resulting value of 97.1% indicates a high degree of precision in the experimental setup, suggesting that the observed data aligns closely with the theoretical model, with only a minor marginal deviation.
[bookmark: _Toc225696171]Potential Energy Loss
[image: ]
Figure 6 showing the multiplier for mass against PE loss.
[image: ]
Figure 7: Accompanying graph figure 6
“The PEloss multiplier is determined by taking the ratio between the potential energy loss of a given mass and that of the preceding mass. For instance, the multiplier at 0.2 kg is obtained by dividing the PEloss measured at 0.2 kg by the PEloss recorded at 0.1 kg.”


[bookmark: _Toc225696172]Difference In Kinetic Energy
[image: ]

Figure showing the difference in KE
KE due to total is calculated by adding PE and PEloss. The % change is then calculated by dividing the KE due to total PE by the KE due to inertia multiplied by 100.
[bookmark: _Toc225696173]Conclusion
The experimental results highlight a measurable discrepancy between the nominal moment of inertia of the flywheel and the calculated average linear inertia. A percentage error of 2.9% was observed relative to the nominal value, indicating energy dissipation within the system. This variance is likely attributable to unaccounted frictional torque within the bearings, which would impede the flywheel's angular acceleration, thereby resulting in a lower experimental value for linear inertia.
Analysis of the PEloss multiplier revealed no discernible trend across the varying mass increments. This lack of correlation suggests that potential energy losses are not strictly proportional to the hanging mass. Such inconsistencies may stem from human error regarding height measurements and timing precision, alongside non-linear frictional losses within the cord that potentially scale with increased tension. However, without further isolated testing, these factors remain speculative.
Regarding the Kinetic Energy (KE) derived from total Potential Energy (PE), the percentage variance remained inconsistent across the mass range. This further supports the presence of systematic errors, such as cord mass or internal friction. Notably, the 0.5kg data point yielded a result that is theoretically impossible within a closed system. This anomaly strongly suggests a localized measurement error, most likely occurring during the recording of the secondary height.
[bookmark: _Toc225696174]Evaluation
To improve the statistical significance of the results, data was averaged across three experimental runs. This repetition was crucial for mitigating the impact of stochastic human error and identifying anomalous data points. Accuracy was further enhanced through video analysis; however, the 60fps frame rate of the recording equipment introduced a quantifiable limitation in temporal resolution, particularly when measuring instantaneous height. Furthermore, the systematic neglect of the rotational inertia of the bearings and the linear mass of the cord likely introduced a consistent bias, accounting for the observed deviations from theoretical expectations.
[bookmark: _Toc225696175]Furthermore
Future iterations of this study could significantly improve precision by implementing high-speed videography (exceeding 240fps) to refine height and displacement measurements. To eliminate human latency in timing, an electromagnetic release mechanism integrated with a digital chronometer should be utilized. Additionally, the implementation of electronic "break-beam" sensors or physical contact points on the graduated rule would ensure high-fidelity timing data. Finally, developing a mathematical model that accounts for cord tension and bearing friction would allow for a more rigorous comparison between experimental and theoretical kinetic energy values. (Anon., 2012)
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