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Abstract
This report analyses the design, operation, and performance of a mechanical Kinetic Energy Recovery System (KERS). For this study, a flywheel is used as an energy storage device. The aim is to evaluate the feasibility and efficiency of using rotational energy storage to recover vehicle braking energy for re-acceleration. Task A presents a literature review exploring the historical development of flywheel technology. It examines the contemporary application of the flywheel in transportation and power grid systems. It also explores how the choice of materials and the design affect how the flywheel performs. The review highlights how advancements in high-strength composite materials and vacuum-sealed containment have enabled modern flywheels to achieve high rotational speeds with efficiencies exceeding 85%. Task B applies theoretical analysis and computational modelling to simulate energy transfer between a vehicle and a flywheel under idealised conditions. Using given parameters and a combined efficiency of 0.8, the study finds that a 2080 kg vehicle decelerating from 55 mph can store approximately 503 kJ of usable energy. This allows re-acceleration to 49 mph. The results also show that reducing the flywheel diameter increases rotational speed, which imposes higher material stresses and requires more robust containment designs. Overall, the study demonstrates that mechanical KERS offers an efficient, durable, and sustainable solution for short-term energy recovery. However, the performance depends heavily on the flywheel’s size, shape and material. 
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1. [bookmark: _Toc214114185]Task A – Literature Review and Background
1.1 [bookmark: _Toc214114186]Introduction to Flywheels and Energy Storage
Flywheels are among the oldest known mechanical devices used for storing and regulating energy. Their origins date back over 4,000 years, with early applications observed in potters’ wheels. They were also used for hand-operated lathes, where rotational inertia was used to maintain smooth motion. The fundamental operating principle of a flywheel is the conservation of angular momentum. Energy is stored as rotational kinetic energy, which is given by , where  is the moment of inertia and  the angular velocity (Hearn, 1997). These early uses highlighted the value of rotational inertia in smoothing out irregular energy inputs, a principle that continues to underpin modern flywheel systems. 
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[bookmark: _Toc214114224]Figure 1. Basic operating principle of a flywheel energy storage system, showing mass M, radius R, and angular velocity ω (Singh, 2020).

Historically, flywheels served primarily to smooth torque fluctuations in reciprocating machinery such as steam engines, presses and mills. However, early flywheels were limited by material strength, manufacturing tolerances, and relatively low allowable rotational speeds. 
With advancements in materials and manufacturing, modern flywheels have evolved into high-speed, high-efficiency energy storage devices capable of operating at thousands of revolutions per minute. Flywheels are today used for a wide variety of applications, including grid energy balancing, hybrid powertrains, and applications requiring rapid energy transfer. Unlike chemical batteries, flywheels store energy mechanically and can undergo almost unlimited charge-discharge cycles with minimal degradation (Li and Palazzolo, 2022). Despite these historical limitations, the same underlying mechanics have carried through into contemporary composite flywheels. The same principle is applied, but at far higher speeds, thanks to the use of improved materials and vacuum enclosures. However, these higher speeds also mean that modern flywheels require precise balancing and robust containment to withstand the associated stresses safely. 
1.2 [bookmark: _Toc214114187]Development of Flywheels in Engineering History. 
During the Industrial Revolution, cast-iron flywheels became essential for smoothing the uneven torque output of reciprocating steam engines. However, cast-iron flywheels were heavy and restricted to comparatively low rotational speeds, which limited the amount of energy they could store.
[image: ]
[bookmark: _Toc214114225]Figure 2. Cast-iron flywheel on a 19th-century steam engine used to smooth torque fluctuations in reciprocating machinery (M, 2023)
.
Their inertia stabilised rotational speed under fluctuating loads, supporting the development of early industrial machinery (Choudhury, 2021). As electric motors replaced steam engines, flywheels regained their purpose in maintaining power stability and serving as short-term energy buffers. 
In the late 20th century, research shifted toward the development of high-speed flywheels made from composite materials, such as carbon fibre and Kevlar. These materials are capable of withstanding extremely high tensile stress while maintaining low mass and high energy density (Dragoni, 2017). This shift to composites significantly increased the specific energy of flywheels, making them suitable for high-speed applications. Applications in aerospace, rail, and energy storage primarily drove these advancements (Li and Palazzolo, 2022). Modern containment systems utilise advanced steel or composite housings to safely withstand potential rotor failure, and most operate within vacuum chambers to minimise aerodynamic drag and parasitic losses. These design improvements were essential, as rotor failure in high-speed systems can release a significant amount of kinetic energy. This improves system efficiency and extends operational life (Olabi et al., 2021).
1.3 [bookmark: _Toc214114188]Modern Applications and Technologies 
In recent years, flywheels have regained attention as part of the transition to sustainable and efficient energy systems. Notable modern applications include:
· Regenerative Braking Systems (KERS): Common in motorsport and increasingly adopted in passenger vehicles and buses. Flywheels capture energy during braking and release it during acceleration, thus improving fuel efficiency (Hamada and Orhan, 2022). 
· Uninterruptible Power Supply (UPS) Systems: These are used in hospitals and data centres to provide instantaneous power during short-term outages. Their fast response makes them suitable for critical systems (Amiryar and Pullen, 2017).
· Railway Energy Recovery: Flywheel energy storage is employed on braking systems in metro lines such as London Underground and Tokyo Metro, recovering kinetic energy and improving efficiency by reducing traction power demand (International Railway Journal, 2017).
· Power Grid and Microgrid Stabilisation: Systems such as the Beacon Power 20 MW flywheel plant in New York use an array of composite flywheels to maintain frequency stability in renewable-integrated grids (Lower Cost Energy and Zero CO2 Beacon Power installs 20-MW energy storage system Background, 2025).
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[bookmark: _Toc214114226]Figure 3. Modern flywheel energy storage installation for grid balancing, showing vacuum-sealed composite flywheels and system integration with batteries and converters (Porter, 2017).

The key advantage of mechanical energy storage is its ability to deliver a very high power output over short durations with high round-trip efficiency (typically 85-95%), unlike batteries, which are limited by electrochemical reaction rates. 


1.4 [bookmark: _Toc214114189]Kinetic Energy Recovery Systems (KERS) 
A Kinetic Energy Recovery System (KERS) captures the vehicles kinetic energy during braking and stores it for later use during acceleration. The mechanical variant uses a flywheel connected through a Continuously Variable Transmission (CVT). 
[image: A diagram of a wheel
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[bookmark: _Toc214114227]Figure 4. Mechanical Kinetic Energy Recovery System (KERS) layout showing flywheel module, CVT transmission, output gear train, and rear driveshaft (Volvo Cars, 2023).

It can also be used with a clutched gear system that allows bi-directional energy flow between the flywheel and the drivetrain. Energy captured from braking spins the flywheel at high speed. Then, during re-acceleration, the stored energy is returned to the wheels and supplements the engine's torque (ResearchGate, 2016). 
In the 2009 Formula One season, several teams (including Williams F1) began to trial mechanical KERS systems using carbon-composite flywheels operating at tens of thousands of rpm in vacuum housings (Race car Engineering, 2009). This technology later evolved into commercial hybrid buses, such as those produced by Volvo and Wrightbus, which demonstrated fuel savings of up to 25% in urban cycles (Varriale, 2014). The KERS configuration is preferred where instantaneous power transfer is essential, as it eliminates the electrochemical lag of battery-based hybrids.
1.5 [bookmark: _Toc214114190]Materials and Design Considerations
Flywheel performance depends on the material strength, density, and geometry. The maximum energy that can be stored per unit mass is determined by the specific energy: 

Where  is the material's ultimate stress and  is density (Skinner and Mertiny, 2022).
High-strength carbon fibre composites offer superior performance due to their high tensile strength-to-density ratio, enabling them to rotate at speeds of up to 60,000 rpm. Steel flywheels, while cheaper, are limited to around 20,000 rpm due to material stress limits. This relationship highlights why low-density, high-strength materials achieve much higher specific energy.
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[bookmark: _Toc214114228]Figure 5. Schematic showing radial and tangential (hoop) stresses acting in a rotating flywheel between the inner and outer radius (Kashefi, 2022).

Containment design is equally critical. A flywheel failure can release enormous kinetic energy, posing serious safety risks. This is why containment design often governs maximum operating speed rather than material limits alone. Therefore, containment vessels are typically made of steel or composite shells that are capable of absorbing fragments in the event of a burst failure (Buchroithner et al., 2018). Systems operate in vacuum chambers with magnetic or ceramic bearings to reduce friction and extend service life. These bearing systems also reduce parasitic losses, improving overall efficiency. Balancing tolerances are typically within microns, ensuring minimal vibration even at high rotational speeds (Dai et al., 2024).
1.6 [bookmark: _Toc214114191]Mechanical vs Chemical Batteries
Flywheel systems are often referred to as mechanical batteries because they serve the same purpose as batteries, storing energy for later use. However, flywheels achieve this through mechanical methods rather than chemical means. Compared with lithium-ion batteries, flywheels offer exceptional power density and long cycle life. While chemical batteries dominate in energy-dense applications, such as electric vehicles, flywheels excel in situations where high-power output and rapid cycling are required. However, disadvantages include the need for high-precision manufacturing, vacuum enclosures, and robust containment systems, which increase cost and complexity. Noise, vibration, and potential gyroscopic effects must also be mitigated through careful system design and mounting orientation.
A comparative summary of parameters between flywheel energy storage systems and lithium-ion batteries is presented in the table below, based on data compiled from Omnes Energy (2019) and Li and Palazzolo (2021).












Comparative Measures 
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[bookmark: _Toc213784911][bookmark: _Toc214114229]Figure 6. Comparative measures, batteries vs flywheels (New Jersey Board of Public Utilities (BPU), 2019).
The table in Figure 6 highlights the operational advantages of flywheel systems compared to conventional batteries. Although heavier, flywheels offer far greater cycle life with minimal degradation. They also have lower maintenance requirements. These characteristics make them well-suited to demanding environments and long-term, high-reliability applications.
1.7 [bookmark: _Toc214114192]Summary of Key Research Findings 
Flywheel energy storage has evolved from ancient mechanical devices into sophisticated high-speed systems used in modern hybrid powertrains and renewable networks. Their ability to store and release energy rapidly with high efficiency makes them an effective alternative to chemical batteries for short-term storage and regenerative applications. 
The KERS concept demonstrates this integration by using precision-engineered materials and containment systems to operate safely at high rotational speeds.
As material technology and manufacturing improve, the role of the flywheel-based systems is expected to grow in sustainable transport and power management systems.  


2. [bookmark: _Toc212149346][bookmark: _Toc214114193]Task B – Analysis and Simulation of a Kinetic Energy Recovery System
This section outlines the analysis used to evaluate the performance of a mechanical Kinetic Energy Recovery System (KERS) that uses a flywheel for energy storage. The methodology combines theoretical equations, engineering assumptions and computational analysis. Microsoft Excel is used to calculate the energy transfer characteristics and to determine the resulting vehicle performance.  
2.1 [bookmark: _Toc212149347][bookmark: _Toc214114194]Given Data and Assumptions 
The parameters provided in the assignment brief formed the basis for the calculation. Key data included:
	Parameter
	Symbol
	Value
	Unit

	Vehicle gross mass
		
	
	
	



	2080
	kg

	Flywheel mass
		
	
	
	



	6.5
	kg

	Flywheel external diameter
		
	
	
	



	0.30
	m

	Maximum rotational speed
		
	
	
	



	50 000
	rpm

	Combined efficiency (braking + acceleration)
		
	
	
	



	0.80
	—

	Braking speed
		
	
	
	



	55
	mph 


[bookmark: _Toc213784912][bookmark: _Toc214114230]Figure 7. Task B parameters
For subsequent scenarios, a smaller 1510 kg vehicle and a lighter 4.5 kg flywheel with variable diameters (120–240 mm) were considered.
The following assumptions were made for simplification:
· Energy losses due to aerodynamic drag, rolling resistance, and drivetrain friction were neglected.
· The flywheel was treated as a thin ring for inertia calculations.
· Energy transfer was assumed to occur instantaneously with constant efficiency.
· The enclosure was assumed to be vacuum-sealed, eliminating air resistance.
These simplifications allow the analysis to focus on the core energy exchange between the vehicle and the flywheel.

2.2 [bookmark: _Toc212149348][bookmark: _Toc214114195]Equations and Theoretical Framework

	Description 
	Equation 
	Equation number 

	Kinetic energy of the vehicle before braking
	
	1

	Energy stored in the flywheel 
	
	2

	Rotational kinetic energy of a thin-ring flywheel
	
	3

	Re-acceleration speed using stored energy
	
	4

	Vehicle acceleration 
	
	5


[bookmark: _Toc214114231]Figure 8. Table of Equations used.
The analysis was based on the conservation of energy between the vehicle’s translational kinetic energy and the flywheel’s rotational kinetic energy, where and (rad/s). All equations were rearranged as required to determine unknown variables, such as flywheel speed  and recovered vehicle speed .
2.3 [bookmark: _Toc212149349][bookmark: _Toc214114196]Computational Approach
A spreadsheet was created in Microsoft Excel to automate the calculations and generate plots of:
· Re-acceleration speed versus braking speed (20–60 mph in 5 mph increments).
· Flywheel rotational speed versus diameter for the 4.5 kg flywheel (120–240 mm).
Formulas (1–5) were implemented using consistent SI units for all calculations. The computed results were validated through unit and dimensional checks to ensure that all outputs were physically meaningful.


3. [bookmark: _Toc212149350][bookmark: _Toc214114197]Results and Analysis
This section presents the outcomes of the analytical calculations and computational simulations. The analysis assesses the performance of the flywheel-based Kinetic Energy Recovery System (KERS). The results demonstrate how vehicle speed, braking conditions and flywheel geometry affect the stored energy, rotational speed and overall system efficiency.
[bookmark: _Toc212149351][bookmark: _Toc214114198]3.1 Vehicle Kinetic Energy Before Braking
The vehicle's translational kinetic energy was first calculated using Equation 1. The initial speed of 55 mph was converted to 24.59 m/s:

Before braking, the vehicle possesses approximately 629 kJ of kinetic energy.
The full derivation of the kinetic energy expression is provided in Appendix A (Section A1.1).
[bookmark: _Toc212149352][bookmark: _Toc214114199]3.2 Energy Stored in the Flywheel
Considering the combined braking and re-acceleration efficiency of 80%, the actual energy stored in the flywheel was obtained from Equation 2:

Approximately 503 kJ of usable energy is stored within the flywheel following braking from 55 mph.





[bookmark: _Toc212149353][bookmark: _Toc214114200]3.3 Rotational Speed of the Flywheel
Using Equation (3-3), the angular velocity and rotational speed were determined.
Given , ):

Converting to rpm:

The flywheel spins at approximately 25,000 rpm, which is below its maximum rated limit of 50,000 rpm.
The rearrangement of the rotational energy expression to isolate angular velocity is shown in Appendix A (Section A1.3).
[bookmark: _Toc212149354][bookmark: _Toc214114201]3.4 Re-Acceleration of the Vehicle
When the stored energy is released, the vehicle accelerates from rest to a new velocity obtained using Equation 4:


This corresponds to 49 mph, showing that approximately 90% of the initial speed can be recovered under ideal conditions. Although the system operates at 80% energy efficiency, the recovered speed is higher (around 90% of the original) This is because vehicle velocity is proportional to the square root of kinetic energy rather than directly to it.



[bookmark: _Toc212149355][bookmark: _Toc214114202]3.5 Vehicle Speed vs Braking Speed
The relationship between braking speed and re-acceleration speed was investigated using Excel, with braking speeds varying between 20 mph and 60 mph in 5 mph increments. The graph in figure 4 demonstrates a near-quadratic trend, reflecting the dependence of kinetic energy.


[bookmark: _Toc214114232]Figure 9. Vehicle Re-Acceleration Speed vs Braking Speed
[bookmark: _Toc212149356]The results show a near-linear relationship between braking speed and re-acceleration speed. Although kinetic energy increases with the square of velocity , the recovered speed depends on the square root of the stored energy. This results in a direct proportionality between the two speeds. This means that as braking speed increases, the vehicle regains speed almost linearly under constant efficiency conditions. For example, a braking speed of 55 mph yields a re-acceleration speed of approximately 49 mph. As seen with the previous calculation, this confirms the system’s 80% energy recovery efficiency. The results also indicate that as braking speed increases, the recoverable energy and subsequent re-acceleration speed rise sharply. However, at very high speeds, mechanical stress and containment limits restrict the practical operating range of the system. 
The complete Excel dataset used to generate Figure 9 is presented in Appendix B (Section B1).


[bookmark: _Toc214114203]3.6 Re-Acceleration Rate
At 60 mph (26.82 m/s) and a recovery time of 6.5 s, acceleration was calculated using Equation 5:

This equates to approximately 0.38 g, consistent with mild to moderate acceleration for a high-efficiency hybrid vehicle recovering stored mechanical energy.
[bookmark: _Toc214114204]3.7 Effect of Flywheel Diameter (Smaller Vehicle Case)
For the lighter 1510 kg vehicle using a 4.5 kg flywheel, Equation 3 was used to determine the rotational speed for diameters ranging from 120 mm to 240 mm. A typical dataset is shown in the table below. 
	Diameter (mm)
	Radius (m)
	Angular Speed (rad/s)
	Rotational Speed (rpm)

	120
	0.06
	7324.43
	69943.12

	140
	0.07
	6278.08
	59951.24

	160
	0.08
	5493.32
	52457.34

	180
	0.09
	4882.95
	46628.74

	200
	0.1
	4394.66
	41965.87

	220
	0.11
	3995.14
	38150.79

	240
	0.12
	3662.21
	34971.56


[bookmark: _Toc214114233]Figure 10. Dataset for the smaller vehicle case

The full set of rotational speed calculations for varying flywheel diameters is included in Appendix B (Section B2). The corresponding plot is provided in Appendix B (Figure 15).

[bookmark: _Toc214114234]Figure 11. Flywheel rotational speed vs diameter (60 mph braking, 4.5 kg flywheel)
As shown, reducing the diameter significantly increases rotational speed for the same stored energy, confirming the inverse relationship between radius and angular velocity. While smaller flywheels permit compact packaging, the resulting high rotational speeds impose stricter requirements for materials, balancing, and containment design.
[bookmark: _Toc214114205]3.8 Discussion of Assumptions and Limitations
The analysis assumes ideal conditions with negligible aerodynamic, bearing, and drivetrain losses. In practice, such losses can reduce system efficiency by 10–20%. The thin-ring approximation neglects hub and shaft mass, which slightly overestimates energy capacity. Furthermore, safety margins limit operational speed to below the material’s maximum allowable stress, typically around 70–80% of theoretical capacity. Despite these simplifications, the model provides an accurate first-order estimation of KERS performance and key design sensitivities.
A detailed explanation of the analytical assumptions used in this study is provided in Appendix A (Section A1.7).


[bookmark: _Toc214114206]3.9 Summary of Key Findings
· Approximately 629 kJ of kinetic energy is available from the 2080 kg vehicle at 55 mph.
· Around 503 kJ (80%) is effectively stored in the flywheel.
· The resulting flywheel speed is ≈ 25,000 rpm, below its rated maximum.
· The vehicle can recover up to 49 mph from rest using the stored energy.
· Acceleration of 0.38 g demonstrates viable energy recovery performance.
· Smaller flywheels require higher rotational speeds to store equivalent energy, raising material and containment challenges.


4. [bookmark: _Toc214114207]Conclusion 
This study examined the feasibility, performance and design considerations of a mechanical Kinetic Energy Recovery System (KERS).  Through a detailed literature review, it was demonstrated that modern flywheel systems have undergone significant evolution from their early industrial designs. Modern systems benefit from advanced composite materials, vacuum housings and precision balancing techniques that enable safe operation at extremely high rotational speeds. The analytical modelling demonstrated how key parameters influence the energy transfer capability of a KERS. For the 2080 kg vehicle, braking from 55 mph provided 629 kJ of energy. This meant 503 kJ could be effectively stored at an efficiency of 80%. This enabled a re-acceleration to 49 mph and delivered an acceleration rate of 0.38 g. Sensitivity analysis showed that smaller flywheels spin faster, increasing material and containment demands.
Overall, the results demonstrate that flywheel-based KERS provides a robust and sustainable approach for recovering otherwise wasted energy. However, performance is strongly dependent on material selection, system efficiency and geometric design.
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[bookmark: _Toc214114209]Appendix A – Derivations, Formula Justification, and Rearrangements 
[bookmark: _Toc214114210]A.1 Fundamental Energy Relationships 
The analysis in Task B applies the principle of conservation of energy, transferring the vehicle's translational kinetic energy into rotational kinetic energy within the flywheel. The stored energy is then used to re-accelerate the vehicle.
The following derivations and rearrangements show how each formula was obtained and applied. 
[bookmark: _Toc214114211]A1.1 Translational Kinetic Energy of the Vehicle 
Starting from the work–energy theorem:

With and :



This represents the total kinetic energy available before the vehicle comes to a complete stop. Rotational effects of wheels and drivetrain components are neglected, as translational energy dominates.


[bookmark: _Toc214114212]A1.2 Rotational Kinetic Energy of the Flywheel
The rotational equivalent is:

For a thin-ring flywheel:

Substitute:

This expresses stored rotational energy in terms of known design parameters:
· Mass
· Radius
· angular velocity
[bookmark: _Toc214114213]A1.3 Rearranging for Angular Velocity 
From :



To convert to revolutions per minute:

This determines the rotational speed of the flywheel for any known energy input.


[bookmark: _Toc214114214]A1.4 Energy Transfer and Efficiency
During braking:

where represents combined braking and re-acceleration efficiency. Using a single factor avoids double-counting losses while capturing mechanical and frictional inefficiencies typical of mechanical KERS units.
[bookmark: _Toc214114215]A1.5 Rearranging for Recovered Vehicle Speed
Energy released from the flywheel during acceleration:

Substituting :

Multiply both sides by 2 and divide by :



This provides the theoretical re-acceleration speed of the vehicle using only the stored energy from the flywheel.
[bookmark: _Toc214114216]A1.6 Acceleration and G-Force Conversion 
Assuming acceleration from rest:

and in gravitational terms:

These relationships quantify performance and allow direct comparison with conventional vehicle acceleration data.
[bookmark: _Toc214114217]A1.7 Efficiency and Simplifications
	Assumption 
	Justification

	Aerodynamic drag and rolling resistance neglected
	Focuses analysis on energy exchange within KERS.

	Thin-ring flywheel geometry
	Maximises specific energy and simplifies inertia.

	Constant efficiency 0.8
	Represents aggregate losses across both phases.

	Instantaneous energy transfer
	Control dynamics ignored for simplicity.

	Vacuum-sealed housing
		



	Removes aerodynamic drag, consistent with real systems.





[bookmark: _Toc214114235]Figure 12. Efficiency and Simplifications

[bookmark: _Toc214114218]A1.8 Rationale for Formula Selection 
· The chosen kinetic and rotational energy equations capture the essential energy mechanisms without unnecessary complexity.
· Rearrangements isolate the design variables , , and for computational analysis.
· The thin-ring model links flywheel geometry directly to energy capacity.
· Using a combined efficiency simplifies the model while aligning with empirical data for high-speed mechanical storage systems.
[bookmark: _Toc214114219]A1.9 Unit and Dimensional Validation 
	Quantity
	Expected Units
	Verified Expression

	
	J (kg·m²/s²)
	; 

	
	rad/s
	

	
	m/s
	

	
	dimensionless
	


[bookmark: _Toc214114236]Figure 13. Unit and Dimensional Validation
All expressions yield consistent units, confirming dimensional accuracy.


[bookmark: _Toc214114220]Appendix B – Supporting Data and Computational Outputs 
[bookmark: _Toc214114221]B1. Braking vs Re-acceleration Dataset (η = 0.8)
[image: A screenshot of a graph

AI-generated content may be incorrect.]
[bookmark: _Toc214114237]Figure 14. Calculated re-acceleration speeds for varying braking speeds using 80 % combined efficiency.

[bookmark: _Toc214114222]B2. Flywheel Rotational Speed vs Diameter Data (4.5 kg Flywheel)
[image: A table with numbers and letters

AI-generated content may be incorrect.]
[bookmark: _Toc214114238]Figure 15. Calculated angular velocity and rotational speed for varying flywheel diameters (4.5 kg flywheel, 60 mph braking event).


[bookmark: _Toc214114223]B3. Additional Notes
· All values were generated using SI units for energy, angular velocity and rotational speed.
· Data in figure 15 was calculated using the rearranged form of:








Vehicle Re-Acceleration Speed vs Braking Speed

Re-Accel Speed (mph)	20	25	30	35	40	45	50	55	60	17.888543819998318	22.360679774997902	26.832815729997478	31.304951684997061	35.777087639996637	40.249223594996216	44.721359549995803	49.193495504995369	53.665631459994955	Braking Speed (mph)


Re-Acceleration Speed (mph)



Flywheel Rotational Speed vs Diameter (60 mph brake, 4.5 kg)

Rotational speed N (rpm)	120	140	160	180	200	220	240	69943.116044911294	59951.242324209663	52457.337033683456	46628.744029940863	41965.869626946769	38150.790569951612	34971.558022455647	Diameter (mm)


Rotational Speed (rpm)
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