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When studying classical mechanics and rotational dynamics, the behavior of a flywheel
under various torque conditions is fundamental. A flywheel is a rotating mechanical device
designed to store rotational energy, and it plays a crucial role in numerous engineering
applications, from engines to power systems. Understanding what mechanical quantities
remain constant under specific conditions, such as when a constant torque is applied, is
essential for designing efficient mechanical systems and predicting their behavior.

In this article, we explore the scenario where a constant torque is applied to a flywheel.
We analyze which mechanical quantities—such as angular velocity, angular acceleration,
angular momentum, and kinetic energy—remain constant in this context. Through detailed
explanations and relevant equations, we aim to provide a comprehensive understanding
suitable for students, engineers, and enthusiasts interested in rotational mechanics.

Basics of Rotational Dynamics and Flywheels

Before delving into the effects of applying constant torque, it is important to review
fundamental concepts related to rotational motion.

Key Mechanical Quantities in Rotation

- Angular Displacement (\(\theta\)): The angle in radians through which a point or line has
rotated about a center or axis.

- Angular Velocity (\(\omega\)): The rate of change of angular displacement, measured in
radians per second (\(rad/sec\)).

- Angular Acceleration (\(\alpha\)): The rate of change of angular velocity, measured in
radians per second squared (\(rad/sec”™2\)).

- Moment of Inertia (\(I\)): The rotational equivalent of mass, reflecting how mass is
distributed in the body relative to the axis of rotation.

- Torque (\(\tau\)): The rotational equivalent of force, causing angular acceleration.

- Angular Momentum (\(L\)): The product of moment of inertia and angular velocity
(\(L=I\omega\)).

- Kinetic Energy of Rotation (\(K\)): Given by \(K=\frac{1}{2}I\omega”2\).

Understanding how these quantities change under applied forces or torques enables



engineers to analyze and design rotational systems effectively.

Effect of a Constant Torque on a Flywheel

Applying a constant torque to a flywheel introduces specific dynamics governed by
Newton's second law for rotation:

\[
\tau = I \alpha
\]

where:
-\(\tau\) = applied torque (constant)

-\(I\) = moment of inertia (constant for rigid bodies)
-\(\alpha\) = angular acceleration

Implication of Constant Torque: Angular Acceleration

Since the torque \(\tau\) is constant and the moment of inertia \(I\) is typically constant for
a rigid flywheel, the angular acceleration \(\alpha\) remains constant:

\[

\alpha = \frac{\tau}{I}
\]

Therefore:

- The angular acceleration will be constant when a constant torque is applied.

Angular Velocity Over Time

Given that angular acceleration \(\alpha\) is constant, the angular velocity \(\omega\)
changes linearly with time:

\[
\omega(t) = \omega O + \alpha t
\]

where \(\omega 0\) is the initial angular velocity at \(t=0\).



Implication:
- Angular velocity is not constant; it increases (or decreases) linearly over time depending
on the direction of torque.

Angular Displacement Over Time

The total angular displacement \(\theta(t)\) after time \(t\):

\[
\theta(t) = \omega Ot + \frac{1}{2} \alpha t~2
\]

This quadratic relationship indicates that as time progresses, the flywheel rotates through
increasingly larger angles, with the rate depending on the initial velocity and constant
angular acceleration.

Mechanical Quantities and Their Constancy
Under Constant Torque

Based on the above, we analyze which quantities remain constant when a constant torque
is applied.

1. Angular Acceleration (\(\alpha\))

- Constant: Since \(\tau = I \alpha\) and both \(\tau\) and \(I\) are constants, \(\alpha\)
remains constant.

- Conclusion:

- Angular acceleration is constant.

2. Angular Velocity (\(\omega\))

- Not constant: \(\omega\) varies linearly with time due to constant \(\alpha\). It starts at
some initial value \(\omega 0\) and increases or decreases without bound, depending on
the torque direction.

- Conclusion:

- Angular velocity is not constant under constant torque.



3. Angular Momentum (\(L = I \omega\))

- Since \(\omega\) is changing linearly with time, and \(I\) is constant for a rigid flywheel,
angular momentum \(L\) will also vary linearly:

\[

L(t) = I \omega(t) = I (\omega 0 + \alpha t)
\]

- Implication:

- Angular momentum is not constant; it increases or decreases over time depending on the
torque.

4. Kinetic Energy (\(K = \frac{1}{2} I \omega”™2\))

- Because \(\omega\) changes with time, kinetic energy varies quadratically:

\[

K(t) = \frac{1}{2} I (\omega O + \alpha t)"~2
\]

- Implication:

- Kinetic energy is not constant; it changes as the square of the time-dependent angular
velocity.

Summary of Quantities Under Constant Torque

| Mechanical Quantity | Behavior Under Constant Torque |

I | I

| Angular acceleration (\(\alpha\)) | Constant |

| Angular velocity (\(\omega\)) | Not constant (increases or decreases linearly) |
| Angular momentum (\(L = I \omega\)) | Not constant (varies linearly) |

| Rotational kinetic energy (\(K\)) | Not constant (varies quadratically) |

Special Case: When Is Any Quantity Constant?

In specific circumstances, some quantities may remain constant even when a constant
torque is applied:

- If initial angular velocity is zero (\(\omega 0=0\)), then angular velocity increases
linearly, but initially, at \(t=0\), it is zero.
- If the torque is zero, then all quantities remain constant, but this is trivial.



Key Point:
- The only quantity that remains constant when a constant torque is applied is the angular
acceleration.

Practical Implications and Applications

Understanding which quantities remain constant under certain conditions aids in
designing and controlling systems involving flywheels.

Energy Storage and Power Transmission

- Flywheels are used to store rotational energy efficiently.
- When a constant torque is applied, the kinetic energy stored increases quadratically over
time, which is vital for energy management.

Engine and Machinery Dynamics

- The fact that angular velocity increases linearly under constant torque is crucial for
understanding acceleration phases.
- Engineers use this knowledge to control acceleration and deceleration processes.

Control Systems and Stability

- Knowing that angular acceleration remains constant helps in designing control systems
that regulate rotation smoothly.

Conclusion

Applying a constant torque to a flywheel results in a well-understood set of rotational
dynamics:

- The angular acceleration remains constant.

- The angular velocity increases linearly over time.

- The angular momentum changes linearly with time.

- The rotational kinetic energy increases quadratically with time.

Therefore, the only mechanical quantity that remains constant when a constant torque is



applied to a flywheel is the angular acceleration. This fundamental principle underscores
many engineering applications, enabling precise control and energy management in
mechanical systems involving rotational motion.

Understanding these relationships not only helps in theoretical analysis but also in
practical design, ensuring systems operate safely, efficiently, and predictably under
various torque conditions.

Frequently Asked Questions

When a constant torque is applied to a flywheel, which
mechanical quantity remains unchanged over time?

The angular velocity remains constant if the torque is applied in a way that balances any
resistive forces, but generally, with a constant torque and no other forces, the angular
acceleration is constant, so angular velocity changes. However, if the question assumes
equilibrium or no acceleration, then the angular velocity remains constant.

Does applying a constant torque to a flywheel result in a
constant angular acceleration?

No, applying a constant torque results in a constant angular acceleration, not a constant
angular velocity.

Which quantity remains constant if a flywheel is spun
up with a constant torque, assuming no other forces
oppose motion?

The angular acceleration remains constant; angular velocity increases over time.

If a torqued flywheel reaches a steady rotational speed,
which mechanical quantity will be constant?

The angular velocity becomes constant once the net torque is zero; prior to that, angular
acceleration is constant.

Under what conditions does the angular momentum of a
flywheel remain constant when a constant torque is
applied?

Angular momentum remains constant if the torque applied is zero or balanced by opposing
forces; otherwise, it changes.



When a constant torque is applied to a flywheel, which
quantity related to rotational motion remains
unchanged at any instant?

The torque itself remains constant, but other quantities like angular velocity or angular
momentum change over time unless specific conditions are met.

In the scenario where a constant torque is applied to a
flywheel, which quantity's rate of change remains
constant?

The angular acceleration, since torque divided by moment of inertia remains constant.

Is the rotational kinetic energy of a flywheel constant
when a constant torque is applied?

No, the rotational kinetic energy increases over time because angular velocity increases as
torque is applied.

Additional Resources
Constant Torque Applied to a Flywheel: Which Mechanical Quantity Remains Constant?

Understanding the behavior of mechanical systems under torque application is
fundamental in the fields of mechanical engineering, physics, and rotational dynamics.
When a constant torque is applied to a flywheel, several quantities related to its motion
and energy state respond in characteristic ways. This review explores the core principles,
the physical implications, and the specific quantities that remain constant in such a
scenario.

Introduction to Flywheels and Torque

A flywheel is a rotating mechanical device that stores rotational energy. It is typically a
heavy wheel or disk that resists changes in rotational speed owing to its moment of
inertia. Flywheels are widely used in engines, power systems, and machinery to smooth
out fluctuations in power delivery.

Torque is a measure of the rotational force applied to an object. When a torque (\(\tau\)) is
applied to a flywheel, it influences the angular velocity (\(\omega\)) and the kinetic energy

stored within the flywheel.

Key considerations:



- The relationship between torque and angular acceleration (\(\alpha\)) is given by
Newton's second law for rotation:

\[

\tau = I \alpha

\l

where:

-\(I\) = moment of inertia

-\(\alpha\) = angular acceleration

- When the torque is constant, it impacts the angular velocity over time.

Fundamental Quantities in Rotational Dynamics

Before examining which quantities stay constant, it's essential to understand the primary
mechanical quantities involved:

- Angular displacement (\(\theta\)): The angle rotated by the flywheel.

- Angular velocity (\(\omega\)): The rate of change of angular displacement, \(\omega =
d\theta/dt\).

- Angular acceleration (\(\alpha\)): The rate of change of angular velocity, \(\alpha =
d\omega/dt\).

- Kinetic energy of rotation (\(KE_{rot}\)): The energy stored due to rotation:
\[

KE {rot} =\frac{1}{2} I \omega™?2

\]

- Work done by torque (\(W\)): The energy transferred to or from the flywheel as it rotates.

Impact of Applying Constant Torque to a Flywheel

Applying a constant torque to a flywheel initiates rotational acceleration, influencing
several quantities:

1. Angular Velocity (\(\omega\))



Since torque is constant, the angular acceleration is also constant:

\[
\alpha = \frac{\tau}{I}
\]

Given that:

\[
\omega = \omega O + \alpha t
\]

where \(\omega 0\) is the initial angular velocity, the angular velocity increases linearly
with time when torque is applied uniformly.

Conclusion: \(\omega\) is not constant; it increases with time under a constant torque.

2. Angular Acceleration (\(\alpha\))
From Newton's second law for rotation:

\[
\alpha = \frac{\tau}{I}
\]

- If both \(\tau\) and \(I\) are constant, \(\alpha\) remains constant.

Conclusion: Angular acceleration remains constant when a constant torque is applied,
assuming the moment of inertia does not change.

3. Angular Displacement (\(\theta\))
The angle rotated over time:

\[
\theta = \omega O t + \frac{1}{2} \alpha t"2
\]

- As \(\alpha)) is constant, \(\theta\) increases quadratically with time.

Conclusion: Angular displacement is not constant; it accelerates as the flywheel speeds up.

4. Kinetic Energy (\(KE_{rot}\))
Given by:

\[
KE {rot} =\frac{1}{2} [ \omega”™2



\]

- Since \(\omega\) increases linearly with time under constant torque, the kinetic energy
increases quadratically over time.

Conclusion: The rotational kinetic energy does not remain constant; it increases as the
flywheel speeds up.

5. Power (\(P\))
Power transmitted to the flywheel:

\[
P = \tau \omega
\]

- As \(\omega\) increases linearly with time, the power delivered to the flywheel increases
proportionally.

Conclusion: Power is not constant; it increases over time.

Which Quantities Remain Constant?

Given the above analysis, it is evident that several quantities change dynamically when a
constant torque is applied. However, some quantities either stay constant or are
unaffected by the application of torque:

1. Moment of Inertia (\(I\))
- The moment of inertia is a geometric and mass property of the flywheel.

- It does not change unless the physical structure of the flywheel is altered.

Conclusion: The moment of inertia remains constant in the typical scenario where the
physical properties of the flywheel are unchanged.

2. Torque (\(\tau\))
- By assumption, the applied torque is constant.

Conclusion: The applied torque remains constant.

3. Angular acceleration (\(\alpha\))

- Since \(\alpha = \tau / 1\), and both \(\tau\) and \(I\) are constant, \(\alpha\) remains
constant.

Conclusion: Angular acceleration remains constant under these conditions.

4. Total Mechanical Energy Input



- The work done by the torque:

\[

W = \tau \theta

\]

increases with the angular displacement \(\theta\), which increases over time.
- The energy stored in the flywheel increases correspondingly.

Conclusion: The total energy input increases over time, so it is not constant.

5. Angular velocity (\(\omega\))
- As established, \(\omega\) increases linearly, so it is not constant.

6. Kinetic Energy (\(KE {rot}\))
- As \(\omega\) increases, kinetic energy increases quadratically; thus, it is not constant.

7. Power (\(P\))

- Since power depends on \(\omega\), and \(\omega\) increases, power does not remain
constant.

Summary of Constant Quantities

| Quantity | Behavior in constant torque scenario | Constant? |

| Moment of Inertia (\(I\)) | Physical property, unchanged unless the flywheel is altered |
Yes |

| Applied Torque (\(\tau\)) | Assumed to be constant | Yes |

| Angular Acceleration (\(\alpha\)) | Derived from \(\tau/I\), both constant | Yes |

| Angular Velocity (\(\omega\)) | Increases linearly over time | No |

| Angular Displacement (\(\theta\)) | Increases quadratically over time | No |

| Rotational Kinetic Energy | Increases as \(\omega\) increases | No |

| Power (\(P\)) | Increases proportionally with \(\omega\) | No |

Physical Intuition and Practical Implications

The core takeaway is that applying a constant torque to a flywheel results in a steady
angular acceleration, but not in a steady angular velocity or energy. This has several
practical implications:



- Energy Accumulation: The flywheel stores increasing amounts of rotational energy as it
accelerates under constant torque. This is useful in energy storage applications, where the
goal is to build up stored rotational energy over time.

- Control Considerations: Since angular velocity is not constant, systems relying on a
flywheel must account for the increasing speed and energy, especially in scenarios where
precise control or steady output is required.

- Design of Flywheels: Engineers often select flywheels with particular moments of inertia
to control the rate of acceleration when applying torque, balancing the need for quick
energy storage against the risk of excessive speeds.

- Real-world Limitations: In practical systems, factors such as friction, air resistance, and

bearing losses introduce energy dissipation, complicating the ideal analysis. These factors
tend to reduce the energy stored over time unless compensated.

Conclusion

In the scenario where a constant torque is applied to a flywheel, the key mechanical
quantity that remains constant is the moment of inertia (\(I\)). This is because \(I\) is a
fixed physical property of the flywheel's geometry and mass distribution, unaffected by the
applied torque.

Furthermore, the applied torque (\(\tau\)) and the angular acceleration (\(\alpha\)) are also
constant, provided the system remains ideal and the physical properties stay unchanged.

On the other hand, the angular velocity, kinetic energy, power, and angular displacement
are not constant; they increase with time as the flywheel accelerates.

In essence:

- The
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