Design A Double-dwell Cam To Move A
Follower From 0 To 2.5 In In 60 Deg,
Dwell For 120 Deg, Fall 2.5in

Design A Double-dwell Cam To Move A Follower From 0 To 2.5 In In 60 Deg,
Dwell For 120 Deg, Fall 2.5in is a specific task in cam design that involves
creating a mechanism capable of precise motion control with distinct phases:
an ascent, a dwell period, and a descent. This type of cam profile is
essential in various mechanical systems such as automation equipment, textile
machinery, and engine valve timing, where specific timing and movement
sequences are crucial for optimal performance. Designing such a cam requires
a clear understanding of kinematic principles, cam profile generation, and
the application of mathematical tools to ensure smooth operation, durability,
and efficiency. In this comprehensive guide, we explore the steps involved in
designing a double-dwell cam to achieve the specified motion profile, along
with tips on optimization and common considerations.

Understanding the Motion Profile and
Requirements

Before diving into the design process, it is vital to understand the specific
motion profile and its parameters:

Key Parameters

Follower movement from 0 to 2.5 inches

Movement angle: 60 degrees

Dwell period: 120 degrees

Fall (return) of follower: 2.5 inches

Overall Motion Phases

1. Rise Phase: Follower moves from 0 to 2.5 inches over 60°



2. Dwell Phase: Follower remains at 2.5 inches for 120°

3. Fall (Return) Phase: Follower drops back to 0 inches over the remaining
angular span (typically 60°)

This profile ensures the follower ascends quickly, maintains a dwell (pause)
to allow for processing or other functions, and then returns to the initial
position. The challenge lies in designing a cam profile that enforces these
phases smoothly and reliably.

Fundamentals of Cam Design for Double-Dwell
Profiles

Designing a cam profile for this motion involves understanding the
fundamental principles of cam kinematics, including the types of cam
profiles, follower motion laws, and the mathematical tools used for profile
generation.

Types of Cam Profiles

e Radial (Plate) Cam: The cam rotates around a fixed axis with a follower
moving radially.

e Horizontal or Reciprocating Cam: The follower moves linearly along a
fixed path while the cam rotates or moves.

For our application, a radial cam with a roller or flat-faced follower is
typically used, providing smooth motion and ease of manufacturing.

Follower Motion Laws

The follower’s displacement as a function of cam angle (6) is described by a
motion law. For the double-dwell profile, the key phases are:

- Acceleration (rise): Follower accelerates from 0 to maximum displacement.
- Constant velocity (dwell): Follower maintains maximum displacement.
- Deceleration (fall): Follower returns to zero displacement.

Mathematically, the motion law must be continuous and differentiable to
ensure smooth operation, avoiding abrupt changes in velocity or acceleration



that can cause wear or vibrations.

Step-by-Step Design Process

Designing a double-dwell cam involves several systematic steps. Below is a
detailed process to achieve the specified motion profile.

1. Establish the Angular Domains for Each Phase

Given:

- Rise over 60° (0° to 60°)

- Dwell for 120° (60° to 180°)
- Fall over 60° (180° to 240°)

Total cam rotation: 240°, but designs may be normalized to 360° for symmetry.

2. Define the Displacement Function

Displacement y(6) is a function of cam angle 6, with boundary conditions:

- At 8 =0° y=0
60°, y = 2.5 in

180°, y = 2.5 in (dwell)
- At 8 = 240°, y = 0 in
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The function y(8) should be designed for each phase:

- Rise (0° to 60°): Use a smooth polynomial or trigonometric function to
model the rise.

- Dwell (60° to 180°): y(®) = constant (2.5 in)

- Fall (180° to 240°): Use a reverse of the rise function or a symmetric
polynomial to model fall.

3. Select Appropriate Motion Laws for Rise and Fall
Common choices include polynomial (e.g., cubic or quintic), sinusoidal, or
cycloidal functions. For smooth acceleration and deceleration, a cosine-based
cycloidal law is popular.

Example: Cycloidal motion law

- For rise:

\[



y(\theta) = y {max} \times \frac{l - \cos \left( \frac{\pi \theta}{2 \times
60} \right)}{2}
\1

- For fall (similar in reverse):

\ [

y(\theta) = y {max} \times \frac{l + \cos \left( \frac{\pi (\theta - 180)}{2
\times 60} \right)}{2}

\1]

Note: Adjust functions based on the desired smoothness and acceleration
profiles.

4. Generate the Cam Profile Equation
Using the displacement function, derive the corresponding cam profile
geometry:

- For a radial cam with a roller follower:

\ [
r(\theta) = y(\theta) + R {f}
\]

where \( R {f} \) is the roller radius.

- Plot the profile in polar coordinates to visualize the shape.

5. Verify Kinematic Conditions and Constraints

Ensure that:

- The maximum velocity and acceleration are within the limits of the
mechanism.

- The profile is free of discontinuities or sharp corners.

- The follower motion matches the specified displacement over the correct
angular spans.

6. Optimize for Manufacturing and Durability

Adjust the profile to minimize stress concentrations, facilitate
manufacturing, and reduce wear:

- Use smooth curves.
- Avoid abrupt changes in curvature.
- Incorporate fillets or rounded transitions.



Practical Considerations in Double-dwell Cam
Design

Designing a double-dwell cam is not only about the ideal mathematical profile
but also involves practical considerations to ensure functionality and
longevity.

Material Selection

Choosing durable materials like hardened steel or composites can extend the
cam’s lifespan, especially under high loads.

Cam Profile Accuracy

Precision in manufacturing is critical. Use CNC machining, CNC grinding, or
EDM processes for high accuracy.

Lubrication and Maintenance

Proper lubrication reduces friction and wear, especially during dwell periods
where the follower remains stationary.

Testing and Validation

Prototype testing helps identify unexpected issues such as vibrations or
insufficient dwell times, allowing for iterative improvements.

Applications and Benefits of Double-dwell Cam
Profiles

Double-dwell cams are widely used in systems requiring precise timing and
controlled pauses. Some applications include:

- Automated machinery: For indexing and positioning operations.

- Textile machinery: To control the movement of needles or yarn guides.
- Engine valve mechanisms: To manage intake and exhaust timing.

- Packaging equipment: For timed release or transfer operations.



Advantages include:

- Precise control over follower motion.

- Ability to incorporate pauses without complex mechanisms.
- Smooth operation with minimal vibrations.

- Flexibility in designing complex motion sequences.

Conclusion: Key Takeaways for Designing a
Double-dwell Cam

Designing a cam to move a follower from O to 2.5 inches over 60°, dwell for
120°, then fall 2.5 inches involves:

- Understanding the motion phases and their angular spans.

- Selecting suitable mathematical functions (like cycloidal laws) for smooth
acceleration and deceleration.

- Generating the cam profile based on displacement laws and geometry.

- Ensuring the design meets kinematic, manufacturing, and durability
requirements.

- Validating the design through simulation and testing.

This process combines theoretical principles with practical engineering
considerations, resulting in efficient, reliable cam mechanisms that fulfill
complex motion profiles. By following these detailed steps, engineers can
create optimized double-dwell cams tailored to various industrial
applications, enhancing automation, precision, and performance.

Keywords: double-dwell cam, cam profile design, follower motion, cam
kinematics, cycloidal cam, motion law, cam manufacturing, cam optimization,
mechanical design

Frequently Asked Questions

What is the primary purpose of designing a double-
dwell cam with these specifications?

The primary purpose is to control the follower's movement precisely, enabling
it to move from 0 to 2.5 inches in 60°, dwell for 120°, and then fall back by
2.5 inches, ensuring smooth operation in mechanical systems.



How do the dwell segments affect the cam's motion
profile?

Dwell segments pause the follower's movement, allowing for specific
positioning or timing during operation, with 120° dwell providing a period
where the follower remains stationary after the initial movement.

What considerations are important when designing the
cam profile for these movements?

Design considerations include smooth acceleration and deceleration, avoiding
sudden changes in velocity, ensuring the cam profile provides the correct
rise, dwell, and fall angles, and maintaining structural integrity.

How can the cam be designed to ensure the follower
moves exactly 2.5 inches in 60°?

By calculating the cam's radius variation corresponding to the desired
displacement over the 60° rise segment, ensuring the profile provides the
correct lift at each angle within that range.

What is the significance of the 120° dwell period in
the cam's operation?

The 120° dwell period allows the follower to remain stationary, which can be
useful for timing tasks, holding positions, or performing operations that
require a pause before the fall.

How does the fall of 2.5 inches over an unspecified
angle affect the cam design?

The fall must be designed to occur smoothly after the dwell, with the cam
profile decreasing the radius to achieve the 2.5-inch downward movement,
typically over a specified angle to ensure proper timing and motion.

What types of cam profiles are suitable for
achieving these specific movements?

Profiles such as the harmonic or modified parabolic cams, which provide
smooth, continuous motion with controlled acceleration, are suitable for
achieving these precise movements.

Can this cam design be adapted for different
displacement or dwell angles?

Yes, the design can be modified by adjusting the cam profile and angles to



accommodate different displacement values or dwell durations, depending on
application requirements.

What are common challenges faced when designing a
double-dwell cam with these specifications?

Challenges include ensuring smooth transitions between movements, avoiding
sudden jerks, maintaining accurate timing, and manufacturing precision to
faithfully reproduce the cam profile.

What tools or software are recommended for designing
such a cam profile?

CAD software like AutoCAD, SolidWorks, or specialized cam design tools such
as CamDesigner or KISSsoft can be used to accurately model and analyze the
cam profile for these specifications.

Additional Resources

Design A Double-dwell Cam To Move A Follower From 0 To 2.5 In In 60 Deg,
Dwell For 120 Deg, Fall 2.5in

In the realm of mechanical engineering, especially in cam design, creating a
mechanism that precisely controls follower motion is both an art and a
science. The task of designing a double-dwell cam to move a follower from a
position of zero displacement to 2.5 inches within a 60-degree rotation,
maintain a dwell period for 120 degrees, and then return to the original
position over another 60 degrees, embodies this intricate balance. Such a cam
profile must ensure smooth motion, minimal wear, and accurate timing-all
critical in applications like automation, engine valves, and indexing
mechanisms.

This article delves into the detailed process of designing this specific
double-dwell cam, discussing the fundamental principles, geometric

construction, mathematical formulations, and practical considerations
involved in creating a reliable and efficient cam profile.

Understanding the Cam Profile Requirements

Before diving into the design process, it's essential to understand the core
requirements and what they imply for the cam profile.

Motion Profile Breakdown

| Segment | Operation | Angle (degrees) | Follower Displacement | Description



| 1 | Rise | 0° — 60° | O to 2.5 inches | Follower moves from rest to maximum

displacement |

| 2 | Dwell | 60° — 180° | Constant at 2.5 inches | Follower remains
stationary |

| 3 | Fall | 180° — 240° | 2.5 inches to 0 | Follower returns to rest
position |

| 4 | Dwell | 240° — 360° | Constant at O inches | Follower remains
stationary before the cycle repeats |

Key Design Parameters

- Maximum displacement (h): 2.5 inches

- Rise angle (6 rise): 60°

- Dwell angle (6 dwell): 120°

- Fall angle (6 fall): 60°

- Total cycle (360°): Complete rotation of cam

The goal is to generate a cam profile that smoothly accelerates and

decelerates the follower during the rise and fall phases, with stationary
dwells in between.

Fundamental Principles of Double-Dwell Cam Design

Designing a double-dwell cam involves understanding the kinematic
relationships between the cam profile and follower motion.

Types of Cam Motions

- Uniform acceleration/deceleration: Ensures smooth motion without abrupt
changes.

- Simple harmonic motion: Uses sine functions for smooth start and end.

- Parabolic or cycloidal motions: For more complex smoothness and
acceleration control.

Choosing the Motion Law

For this design, a parabolic or cycloidal motion law is often preferred due

to their gentle acceleration profiles, minimizing wear and shock. The
cycloidal motion is particularly popular for its simplicity and smoothness.

Geometric Construction of the Cam Profile
Step 1: Defining the Displacement Function

For the rise and fall segments, the follower displacement \( s(\theta) \) as



a function of cam angle \( \theta \) can be modeled as:

\ [
s(\theta) = h \times \text{Motion Law}(\theta)

\1
where \( h = 2.5\, \text{in} \).

A commonly used cycloidal motion law for a rise from 0 to \( h \) over an
angle \( \theta_r \) (here, 60°) is:

\ [

s(\theta) = h \times \left( \frac{\theta}{\theta r} - \frac{1}{2\pi} \sin
\left( \frac{2\pi \theta}{\theta r} \right) \right)

\1

for \( 0 \leq \theta \leq \theta r \).

Similarly, during the fall from \( h \) to 0 over \( \theta f \) (another
60°), the displacement is:

\ [

s(\theta) = h \times \left( 1 - \left( \frac{\theta - \theta {mid}}{\theta f}
- \frac{1}{2\pi} \sin \left( \frac{2\pi (\theta - \theta {mid})}{\theta f}
\right) \right) \right)

\1

where \( \theta {mid} \) is the start angle of the fall segment (180°).

Step 2: Constructing the Cam Profile

- Draw a base circle representing the cam's fundamental circle.

- For each segment (rise, dwell, fall, dwell), compute the corresponding
radial distance from the cam center at discrete angles.

- Connect these points smoothly to form the cam profile, ensuring the
follower displacement matches the designed motion law.

Step 3: Handling the Dwell Segments

- During dwell angles (60° — 180°, 240° — 360°), the radius remains constant,
corresponding to the maximum or minimum displacement.

- These points form flat sections on the cam profile, indicating no follower
movement.

Mathematical Derivation and Equations
Displacement during the Rise

\ [



s(\theta) = h \times \left( \frac{\theta}{\theta r} - \frac{1}{2\pi} \sin
\left( \frac{2\pi \theta}{\theta r} \right) \right), \quad 0 \leq \theta \leq
60™\circ

\1]

Displacement during the Fall

\ [

s(\theta) = h \times \left( 1 - \left( \frac{\theta - 180"\circ}{\theta f} -
\frac{1}{2\pi} \sin \left( \frac{2\pi (\theta - 180™\circ)}{\theta f} \right)
\right) \right), \quad 180™\circ \leq \theta \leq 240"\circ

\1

Dwell Segments

- For \( 60™\circ < \theta < 180™\circ \), \( s(\theta) = h \).
- For \( 240™\circ < \theta < 360™\circ \), \( s(\theta) = 0 \).

Radial Profile Equation

The cam's radius at any angle \( \theta \) is:
\[

r(\theta) = r 0 + s(\theta)

\1

where \( r 0 \) is the base circle radius, chosen to accommodate the maximum
follower displacement plus clearance.

Practical Considerations in Cam Design

Designing a theoretical profile is only part of the process; practical
constraints influence the final shape.

Material and Manufacturing

- Material selection: Durability and machinability are critical.

- Manufacturing method: Cam can be machined from metal, cast, or fabricated
using CNC techniques for precision.

Wear and Lubrication

- Smooth profiles reduce wear.
- Adequate lubrication extends cam life.

Dynamic Forces and Stress

- Calculations of acceleration and inertia forces are necessary to ensure the
cam and follower can withstand operational stresses.



- Proper support and bearing selection mitigate deflections and vibrations.
Clearance and Follower Type

- The follower may be roller or flat-faced, influencing the cam profile and
contact stresses.
- Adequate clearance prevents jamming.

Simulation and Validation
Before manufacturing, the designed profile should be validated:

- Kinematic simulation: Using CAD or motion analysis software to verify
follower displacement over the cycle.

- Static analysis: Ensuring stresses are within permissible limits.

- Prototyping: Building a physical model to observe real-world performance.

Conclusion: Crafting a Precise and Efficient Double-dwell Cam

Designing a double-dwell cam to move a follower from 0 to 2.5 inches over
60°, dwell for 120°, and fall back over 60° involves meticulous planning,
precise calculations, and thoughtful consideration of practical constraints.
By employing smooth motion laws like cycloidal or parabolic profiles,
engineers can ensure efficient, reliable, and long-lasting cam operation.

This process underscores the importance of a deep understanding of
kinematics, geometry, and material science. With careful design and
validation, such cams serve as vital components in countless mechanical
systems, exemplifying the harmony of theoretical principles and real-world
application.

Further Reading and Resources

- "Cam Design and Manufacturing" by K.V. Sharma

- "Mechanical Design of Cam Profiles" by G. D. Ramachandran

- CAD simulation tools like SolidWorks or AutoCAD for profile validation
- Educational videos on cam kinematics and motion laws

By mastering these principles, engineers can craft sophisticated cam profiles
tailored to a wide array of industrial needs, ensuring precise motion control
in complex machinery.
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