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A Flywheel In The Form Of A Uniformly Thick Disk Of Radius 1.58 M1.58 M Has A Mass Of
91.6 Kg91.6 Kg is a fascinating object in mechanical engineering, often utilized in energy storage
systems, automotive applications, and industrial machinery. Its fundamental properties, such as
moment of inertia and rotational dynamics, are critical for understanding how it stores and transfers
energy efficiently. In this article, we delve into the physics behind this flywheel, exploring its design,
calculations, and practical applications.

Understanding the Basic Properties of the Flywheel

Geometry and Mass Distribution
The flywheel in question is a uniformly thick disk with a radius of 1.58 meters and a total mass of
91.6 kilograms. The uniform thickness implies that the mass distribution is evenly spread across the
entire volume, simplifying many calculations related to its moment of inertia and rotational behavior.

- Radius (R): 1.58 meters
- Mass (M): 91.6 kilograms
- Thickness (t): Assumed uniform; value to be determined or given

Given the uniformity, the density can be calculated if the volume is known, which is essential for
more advanced analyses.

Calculating the Moment of Inertia of the Flywheel

The moment of inertia (I) is a measure of an object's resistance to changes in its rotation. For a solid
disk rotating about its central axis, the moment of inertia is given by:

I = (1/2) M R²

Applying the known values:

- M = 91.6 kg
- R = 1.58 m

Calculating:



I = (1/2) 91.6 kg (1.58 m)²
I = 0.5 91.6 2.4964
I ≈ 0.5 91.6 2.4964 ≈ 45.8 2.4964 ≈ 114.4 kg·m²

Therefore, the flywheel's moment of inertia is approximately 114.4 kg·m².

Energy Storage Capacity

The primary purpose of a flywheel is to store rotational kinetic energy, which can be released when
needed. The kinetic energy (KE) stored in a rotating flywheel is:

KE = (1/2) I ω²

Where:

- ω = angular velocity in radians per second

Suppose the flywheel is spinning at a certain speed, for example, 3000 revolutions per minute
(RPM). To analyze its energy capacity:

1. Convert RPM to radians per second:

ω = (RPM 2π) / 60

For 3000 RPM:

ω = (3000 2π) / 60 ≈ (3000 0.10472) ≈ 314.16 rad/sec

2. Calculate the stored energy:

KE = 0.5 114.4 (314.16)²
KE ≈ 57.2 98,696.2 ≈ 5,647,747 Joules

This indicates that at 3000 RPM, the flywheel stores approximately 5.65 MJ (megajoules) of energy.

Design Considerations and Material Choices

Material Selection
Choosing the right material for the flywheel is critical for ensuring strength, durability, and safety.
Common materials include:

- Steel alloys (e.g., high-carbon steel)



- Composite materials (e.g., carbon fiber reinforced polymer)
- Cast iron

Each material offers different benefits in terms of:

Density

Strength-to-weight ratio

Cost

Manufacturability

For high-speed applications, composite materials are often preferred due to their high strength-to-
weight ratios and lower density, which reduces the overall mass and allows higher rotational speeds.

Safety and Stress Analysis
High-speed rotation induces significant centrifugal stresses, especially at the outer edges of the
flywheel. Engineers perform stress analysis to ensure the flywheel can withstand operational speeds
without failure.

- Maximum tensile stress (σ): Calculated using the hoop stress formula
- Material strength limits: Must be higher than the induced stresses to prevent catastrophic failure

Designing a flywheel involves balancing the rotational speed, material properties, and safety
margins.

Applications of Flywheels in Industry

Energy Storage and Power Stabilization
Flywheels are increasingly used in energy storage systems, providing rapid energy release and
absorption capabilities. They stabilize power supplies by smoothing out fluctuations in demand,
especially in renewable energy setups like solar and wind farms.

Automotive and Transportation
In vehicles, flywheels help:

- Store kinetic energy during braking (regenerative braking)
- Improve engine smoothness
- Enhance overall efficiency



High-performance race cars and hybrid vehicles utilize flywheels for energy recuperation and power
boosting.

Industrial Machinery and Robotics
Flywheels serve as buffers in manufacturing systems, absorbing shocks and maintaining consistent
rotational speeds. In robotics, they help manage the inertia during rapid accelerations and
decelerations.

Advantages and Limitations

Advantages
- High power density
- Rapid energy transfer
- Long cycle life
- Minimal maintenance

Limitations
- Safety concerns at high speeds
- Mechanical fatigue over time
- Cost of high-strength materials
- Size constraints depending on application

Conclusion

The flywheel in the form of a uniformly thick disk with a radius of 1.58 meters and a mass of 91.6 kg
exemplifies an elegant application of rotational physics and material science. Its ability to store and
release energy efficiently makes it invaluable across various industries. By understanding its
moment of inertia, energy capacity, and design considerations, engineers can optimize flywheel
performance for specific applications, ensuring safety, longevity, and efficiency. As technology
advances, the development of lighter, stronger materials and innovative designs will further enhance
the capabilities of flywheels, cementing their role as vital components in the future of energy
management and mechanical systems.

Frequently Asked Questions

What is the moment of inertia of a flywheel in the form of a



uniformly thick disk with radius 1.58 m and mass 91.6 kg?
The moment of inertia I = (1/2) M R² = 0.5 91.6 kg (1.58 m)² ≈ 114.54 kg·m².

How does the radius of 1.58 meters influence the rotational
energy stored in the flywheel?
The rotational energy E = (1/2) I ω² depends on the moment of inertia, which increases with radius;
larger radius increases energy storage capacity at a given angular velocity.

What is the significance of the flywheel's uniform thickness in
calculating its moment of inertia?
Uniform thickness simplifies the calculation, allowing the use of the standard formula for a solid
disk's moment of inertia without considering variable density or thickness.

If the flywheel's mass is 91.6 kg, what is its average density
assuming a uniform thickness of the disk?
Assuming uniform thickness, density would depend on the volume. Without thickness data, density
cannot be precisely calculated, but if thickness is known, density = mass / (π R² thickness).

What are the typical applications of such a flywheel with a
radius of 1.58 meters and mass of 91.6 kg?
Such flywheels are commonly used in energy storage systems, flywheel turbines, and mechanical
energy buffering in power plants or industrial machinery.

How does increasing the radius of the flywheel affect its
angular acceleration for a given torque?
Increasing the radius increases the moment of inertia, which in turn reduces angular acceleration
for a given torque, since α = τ / I.

Additional Resources
A Flywheel In The Form Of A Uniformly Thick Disk Of Radius 1.58 M1.58 M Has A Mass Of 91.6
Kg91.6 Kg

In the realm of energy storage and mechanical systems, flywheels have long stood out as an elegant
solution for storing rotational energy efficiently. Their applications range from energy buffering in
power grids to providing stability in various mechanical devices. Today, we delve into the specifics of
a particular flywheel—one fashioned as a uniformly thick disk with a radius of 1.58 meters and a
total mass of 91.6 kilograms. Understanding the physical characteristics and the underlying physics
of such a flywheel provides insights into its potential performance and engineering considerations.



---

The Concept of a Flywheel: An Overview

What is a Flywheel?

A flywheel is a rotating mechanical device designed to store rotational energy. It operates on the
principle of conservation of angular momentum. When energy is supplied to the flywheel, its
rotational speed increases; conversely, energy can be extracted when the flywheel slows down.

Key Functions and Benefits

- Energy Buffering: Smoothens out fluctuations in power supply by absorbing excess energy and
releasing it when needed.
- Mechanical Stability: Maintains steady rotational motion, reducing vibration and providing
consistent torque.
- Efficiency: High energy density and low energy loss when properly designed, making flywheels
suitable for various industrial applications.

Design Considerations

- Material strength and density
- Moment of inertia
- Rotational speed limits
- Safety measures for high rotational velocities

---

Physical Parameters of the Disk-Shaped Flywheel

The specific flywheel under discussion is modeled as a uniformly thick disk characterized by:

- Radius (R): 1.58 meters
- Mass (m): 91.6 kilograms
- Shape: Circular disk with uniform thickness and density

Understanding these parameters is fundamental for calculating the flywheel's moment of inertia,
maximum rotational speed, and energy storage capacity.

---

Deriving the Moment of Inertia

Importance of Moment of Inertia

The moment of inertia (I) quantifies an object's resistance to changes in its rotational motion. For a
flywheel, a larger I means more stored energy at a given rotational speed.

Formula for a Uniform Solid Disk

For a solid disk with uniform density, the moment of inertia about its central axis is:



\[ I = \frac{1}{2} m R^2 \]

Calculating I

Given:

- \( m = 91.6\, \text{kg} \)
- \( R = 1.58\, \text{m} \)

Plugging in the values:

\[ I = \frac{1}{2} \times 91.6\, \text{kg} \times (1.58\, \text{m})^2 \]

\[ I = 0.5 \times 91.6 \times 2.4964 \]

\[ I \approx 45.8 \times 2.4964 \]

\[ I \approx 114.4\, \text{kg} \cdot \text{m}^2 \]

This value indicates the flywheel's resistance to changes in its rotational speed.

---

Calculating the Maximum Stored Energy

Rotational Kinetic Energy

The energy stored in a rotating flywheel is:

\[ E = \frac{1}{2} I \omega^2 \]

where:

- \( E \) = energy (in joules)
- \( I \) = moment of inertia
- \( \omega \) = angular velocity in radians per second

Determining Safe Rotational Speed

The maximum rotational speed is limited by material strength and safety considerations. Suppose
the flywheel's maximum tangential (surface) velocity \( v_{max} \) is constrained by the material's
tensile strength.

Estimating Maximum Angular Velocity

If the maximum tangential velocity at the rim is \( v_{max} \), then:

\[ v_{max} = R \omega_{max} \]

To prevent material failure, \( v_{max} \) must be less than the material's allowable velocity.



---

Material Strength and Safety Limits

Material Selection

Common materials for high-performance flywheels include:

- Steel alloys
- Carbon composites
- Titanium

Tensile Strength and Yield Stress

The maximum tangential velocity depends on the tensile strength (\( \sigma_{t} \)) and density (\(
\rho \)) of the material. The relation is:

\[ v_{max} = \sqrt{\frac{\sigma_{t}}{\rho}} \]

Example Calculation

Assuming steel with:

- \( \sigma_{t} \approx 400\, \text{MPa} \)
- \( \rho \approx 7850\, \text{kg/m}^3 \)

then:

\[ v_{max} \approx \sqrt{\frac{400 \times 10^{6}\, \text{Pa}}{7850\, \text{kg/m}^3}} \]

\[ v_{max} \approx \sqrt{50,955\, \text{m}^2/\text{s}^2} \]

\[ v_{max} \approx 226\, \text{m/s} \]

This indicates the flywheel's surface velocity should not exceed approximately 226 m/s to avoid
material failure.

Calculating Corresponding Angular Velocity

\[ \omega_{max} = \frac{v_{max}}{R} = \frac{226}{1.58} \approx 143\, \text{rad/s} \]

---

Energy Storage Capacity at Max Speed

Using the maximum angular velocity:

\[ E_{max} = \frac{1}{2} I \omega_{max}^2 \]

\[ E_{max} = 0.5 \times 114.4\, \text{kg} \cdot \text{m}^2 \times (143)^2 \]



\[ E_{max} \approx 57.2 \times 20449 \]

\[ E_{max} \approx 1,170,546\, \text{J} \]

or roughly 1.17 MJ (megajoules).

This is a significant quantity of energy, suitable for various industrial or energy buffering
applications.

---

Engineering Considerations and Practical Implementations

Material Choice and Design

- Using high-strength composites can significantly increase \( v_{max} \) and energy storage
capacity.
- Ensuring the flywheel's surface is smooth and balanced minimizes vibrations.

Safety Mechanisms

- High rotational speeds pose risks of catastrophic failure. Incorporating containment shells or safety
enclosures is critical.
- Regular inspection for cracks or material fatigue is essential.

Operational Limitations

- Environmental factors like temperature and humidity can influence material strength.
- Mechanical bearings and magnetic or air bearings reduce friction and wear, enhancing efficiency.

---

Real-World Applications of such Flywheels

Energy Storage for Power Grids

Flywheels can store excess energy during off-peak hours and supply it during high demand,
stabilizing grid operations.

Uninterruptible Power Supplies (UPS)

Rapid energy release capabilities make flywheels ideal for maintaining power during outages.

Transportation

High-performance flywheels are explored for regenerative braking systems in electric vehicles,
capturing and reutilizing energy efficiently.

---

Future Perspectives and Innovations



Advancements in materials science, such as carbon nanotubes and graphene, promise lighter,
stronger flywheels with higher energy densities. Innovations in magnetic levitation and vacuum
containment further reduce energy losses, making flywheels more efficient and safer.

Research continues into hybrid systems combining flywheels with batteries or supercapacitors,
optimizing energy storage solutions for diverse applications.

---

Conclusion

The analysis of a flywheel designed as a uniformly thick disk with a radius of 1.58 meters and a mass
of 91.6 kilograms reveals the critical importance of material strength, safety considerations, and
engineering precision. With a calculated moment of inertia of approximately 114.4 kg·m², and an
estimated maximum stored energy of around 1.17 MJ at safe rotational speeds, such a flywheel
exemplifies a potent energy storage device that balances physical principles with practical
engineering.

As technology progresses, the continual improvement of materials and design methodologies
promises even more efficient and safer flywheels. Their role in energy management, transportation,
and power stability is poised to expand, harnessing fundamental physics to meet the growing
demands of modern society.
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