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Understanding the mechanics behind pulling a roller over a smooth step involves analyzing the forces
and moments acting on the system. In this problem, the primary goal is to determine the minimum
force, P, required to initiate motion that lifts the 65-kg roller over a step. The solution requires a
comprehensive application of static equilibrium principles, considerations of the roller's weight, the
geometry of the setup, and the frictionless nature of the step surface. This in-depth exploration will
guide you through the step-by-step process of calculating the critical force needed to overcome the
initial resistance to movement, ensuring the roller just begins to climb over the step.

Understanding the System and Assumptions

System Description

The scenario involves a roller, modeled as a solid object with a mass of 65 kg, placed on a surface
before a step. The step is considered smooth, implying negligible friction between the roller and the
step surface. The force P is applied horizontally at a specific point on the roller, usually at a
convenient location such as the top or side, to initiate movement over the obstacle. The goal is to
determine the minimum magnitude of P that causes the roller to just start climbing the step.

Key Assumptions

e The surface is frictionless, eliminating the need to consider frictional forces at the contact
points.

e The roller is rigid, with a uniform mass distribution.

e The force P is applied horizontally and at a known point on the roller, typically at its highest
point or at the point of contact with the applied force.

e The step is smooth and rigid, providing a fixed obstacle over which the roller must climb.

e Gravity acts downward with an acceleration of 9.81 m/s2.



Analyzing the Geometry of the System

Determining Key Dimensions

To proceed with the analysis, identify the following dimensions:

e Radius of the roller, R

e Height of the step, h

The radius of the roller can be obtained from its diameter if given, or assumed based on problem
data. The height of the step is a critical geometric parameter, as the force P must generate enough
moment to rotate the roller about the edge of the step.

Locating the Center of Gravity

The center of gravity (CG) of the roller is at its geometric center, located at a distance R from the
contact point with the surface. When the roller is at rest, its weight acts vertically downward through
this point.

Establishing Equilibrium Conditions

Forces Acting on the System

e Weight of the roller, W = mg = 65 kg x 9.81 m/s? = 637.65 N
» Applied force, P, acting horizontally at a specified point

e Normal forces at the contact points, which are absent at the step surface due to the
smoothness assumption

Moments and Rotation

To initiate the roller's movement over the step, the applied force P must generate a moment about
the pivot point at the edge of the step that is sufficient to lift the opposite side of the roller. The
critical condition occurs when the roller is just about to rotate over the step, i.e., when the line of
action of the resultant forces aligns to produce zero net moment about the pivot point, indicating the



threshold of motion.

Step-by-Step Calculation of the Minimum Force P

Step 1: Identify the Pivot Point

The pivot point is typically at the corner of the step where the roller begins to lift. Assume this contact
point is at the lower edge of the step, providing a fulcrum for rotation. The roller will rotate about this
point when the applied force P creates a moment equal to the resisting moment due to the weight.

Step 2: Draw a Free-Body Diagram

Construct a free-body diagram showing:
e The weight W acting downward through the center of gravity
» The applied force P acting horizontally at its point of application

e The contact point at the step acting as a pivot

Step 3: Establish Geometric Relationships

Determine the following based on the geometry:

1. The horizontal distance from the pivot point to the point of application of P, denoted as d_p

2. The vertical distance from the pivot point to the center of gravity, denoted as h_cg

Step 4: Write the Moment Equation for Equilibrium

At the threshold of motion, the sum of moments about the pivot point is zero. The moments due to
the weight and the applied force must balance:

Pxdp=Wxh cg

Step 5: Calculate the Required Force P

Rearranged, the minimum force P is:



P=(Wxhacg) /dp

Step 6: Insert Numerical Values

Assuming the geometry provides specific distances, substitute the known values:

e W=637.65N

e h_cg and d_p are determined based on the radius R and the step height h

For example, if the applied force is at the top of the roller and the center of gravity is at the midpoint,
then h_cg =R, and d_p is the horizontal distance from the pivot to the point of force application.

Additional Considerations and Special Cases

Effect of Step Height

The height of the step directly influences the required force P. A taller step increases the moment arm
and thus requires a larger force to overcome the initial resistance.

Role of Friction (if any)

While the problem assumes a smooth step, in real scenarios, friction between the roller and the step
or surface could affect the minimum force. Including friction would involve adding frictional forces into
the equilibrium equations, generally increasing the required P.

Impact of Force Application Point

The location where P is applied significantly influences the magnitude of the force. Applying P at a
higher point on the roller increases the moment arm, reducing the necessary force.

Summary of the Calculation Process

1. Identify the pivot point at the step contact
2. Construct a free-body diagram and determine geometric parameters
3. Write the moment equilibrium equation about the pivot point

4. Express P in terms of known quantities



5. Substitute numerical values to calculate the minimum force P

Conclusion

Determining the minimum force P required to pull a 65-kg roller over a smooth step involves a
thorough understanding of static equilibrium, geometric relationships, and force-moment balance.
The key insight is that the force must generate a moment about the pivot point equal to or greater
than the resisting moment due to the weight of the roller. By applying the principles outlined above,
engineers and designers can accurately estimate the force necessary to initiate movement, which is
vital in applications involving machinery, transport, and safety assessments. The precise value
depends on the specific dimensions and application point of the force, but the foundational approach
remains consistent across scenarios.

Frequently Asked Questions

What is the main goal when calculating the minimum force P
to pull the roller over the smooth step?

The main goal is to determine the smallest force required to overcome the equilibrium and initiate the
roller's movement over the step.

Which physical principles are essential in solving for the
minimum force P in this problem?

The principles of static equilibrium, force balance, and friction (if any) are essential, along with
understanding normal forces and the weight of the roller.

How does the weight of the roller influence the calculation of
the minimum pulling force P?

The weight of the roller affects the normal force and the potential frictional force; it determines the
component of force needed to overcome to start rolling over the step.

Why is the step considered smooth in this problem, and how
does it affect the calculation?

A smooth step implies negligible or zero friction between the roller and the step, simplifying
calculations by removing frictional resistance from the force requirement.

What assumptions are typically made when determining the



minimum force P needed to roll the 65-kg roller over the step?

Assumptions often include the roller being a rigid body, the surfaces being frictionless (smooth), no
energy losses, and the force P acting at a specific point or angle to induce rolling.

How can the geometry of the roller and the step influence the
magnitude of the minimum force P?

The size and shape of the roller and the height and angle of the step determine the leverage and the
point of application of force, thus affecting the minimum force needed to initiate rolling.

Additional Resources

Determining the Magnitude of the Minimum Force \(P\) Needed to Pull the 65-kg Roller Over the
Smooth Step

Understanding the mechanics of pulling a roller over a smooth step involves a comprehensive
analysis of forces, moments, frictional considerations, and the geometry involved. This detailed
review explores the fundamental principles, assumptions, calculations, and considerations necessary
to determine the minimum force \(P\) required to achieve this task.

Introduction to the Problem

When trying to pull a roller over a step, the primary goal is to find the minimum force \(P\) that, when
applied, causes the roller to just begin to move over the step. The problem involves static equilibrium
conditions, frictional forces, and the geometry of the setup.

Key parameters:

- Mass of the roller: \(m = 65\, \text{kg}\)

- Weight of the roller: \(W = mg = 65 \times 9.81\, \text{m/s} "2 \approx 637.65\, \text{N}\)

- Nature of the step: assumed smooth (no friction between roller and step surface)

- Force application point and direction: typically horizontal or at an angle, often at the top of the roller
or at some height

- Geometry: radius of the roller (\(R\)), height and shape of the step, distances involved

Understanding the Physical Setup



Assumptions and Simplifications

- The roller is a rigid, uniform cylinder.

- The step surface is perfectly smooth, eliminating frictional resistance at the interface.

- The pulling force \(P\) is applied at a specified height and angle, often at the top of the roller for
maximum torque.

- The contact between the roller and the step is modeled as a point or line contact, depending on the
scenario.

- The system is analyzed at the verge of motion, i.e., just before the roller begins to roll over the step.

Typical Geometry

- The roller's radius: often denoted as \(R\).
- The step height: denoted as \(h\), which affects the point of contact and the torque arm.
- The location where \(P\) is applied: usually at the top of the roller or at some lever arm height.

Fundamental Concepts and Principles

Static Equilibrium

For the roller to just start moving over the step:

- The sum of vertical forces must be zero.

- The sum of horizontal forces must be zero.

- The sum of moments about any point must be zero.

Force Components and Torque

- The applied force \(P\) exerts a torque about the contact point with the step.

- The weight of the roller acts downward at its center of mass.

- Frictional forces at the contact points oppose motion, but since the surface is smooth, friction at the
step contact is negligible.

Condition for Initiation of Motion

- The minimum force \(P\) causes the roller to just begin to lift and roll over the step.
- This occurs when the torque due to \(P\) about the contact point exceeds the stabilizing torque due
to the weight \(W\).



Step-by-Step Calculation Approach

1. Establish the Geometry and Coordinates

- Define a coordinate system with origin at the contact point with the step.

- ldentify the position of the center of the roller relative to the contact point.

- Determine the point of application of \(P\), typically at the top of the roller or at a specified height
\(h_P\).

2. Analyze the Forces Acting on the Roller

- Gravity acts downward at the center: \(W = 637.65)\, \text{N}\).

- The applied force \(P\) acts at a known height and at an angle (if applicable), contributing both
horizontal and vertical components.

- Contact force at the step contact point: normal force \(N\), which in a smooth surface case, aligns
normal to the surface.

3. Identify the Critical Contact Point and Moment Arm

- The roller begins to lift at the contact point with the step as the force \(P\) increases.
- The torque about this contact point is critical: when the torque due to \(P\) surpasses the torque due
to the weight, the roller will lift and roll over.

4. Write Equilibrium Equations

- Sum of moments about contact point:

\[
\sumM =0

\]

- For the critical condition (just starting to lift), the net moment about the contact point equals zero:

\[
P\times h_{P} = W \timesd {W}
\]

where:

-\(h_P\) is the vertical distance from the contact point to the point of application of \(P\).
-\(d_{W}\) is the horizontal distance from the contact point to the line of action of the weight.



Deriving the Expression for \(P_{min}\)

1. Geometric Relationships

- For a roller of radius \(R\), the center is located at a height \(R\) above the surface.

- The step height \(h\) affects the point where the roller contacts the step.

- The critical moment occurs when the line of action of \(P\) creates a torque about the contact point
sufficient to lift the roller.

2. Calculation of Torque Due to \(P\)

- Assume \(P\) is applied at the top of the roller at height \(h_{P}\).
- The horizontal component of \(P\) (if applied at an angle \(\theta\)):

\[
P_x = P \cos \theta

\]

- The vertical component:

\[
P_y = P\sin \theta

\]

- The torque about the contact point:

\[
\tau P =P x\times h_{P}
\]

or, if \(P\) is applied horizontally at the top:

\[
\tau P = P \times R

\]

3. Calculation of the Stabilizing Torque Due to Weight

- The weight acts downward through the center, located horizontally at a distance \(d_{W}\) from the
contact point.
- For a roller just about to lift, this distance depends on the step height and the roller radius:

\[
d {W}=R-h
\]

- The torque resisting motion:



\[
\tau W = W \times d_{W}
\]

4. Equating Torques for Critical Condition

At the verge of motion:

\[
P \times R = W \times (R - h)
\]

Solving for \(P\):

\[
P_{min} = \frac{W \times (R - h)}{R}
\]

This simplified formula assumes ideal conditions with force applied horizontally at the top and no
friction at the step.

Refining the Calculation: Realistic Factors

Inclusion of Force Angle and Point of Application
- If the force \(P\) is applied at an angle \(\theta\), the effective torque:
\[

\tau_P = P \cos \theta \times h_{P}
\]

- The height \(h_P\) where force is applied affects the magnitude of \(P\).

Effect of Friction at the Contact with the Roller

- Although the surface is smooth, in real scenarios, some friction may exist.
- Friction can either aid or oppose the motion depending on the direction.
- The limiting friction force \(F_f\):

\[
Ff=\muN
\]

where \(\mu\) is the coefficient of friction and \(N\) is the normal force.



- Since the problem states smooth step, friction at the contact with the step is negligible; however,
friction between the roller and the surface it rolls on could influence the force \(P\).

Accounting for the Radius and Step Height

- The actual step height \(h\) impacts the torque arm.

- For larger \(h\), a greater \(P\) may be necessary.

- The geometry suggests that as \(h\) approaches \(R\), the force needed diminishes since the roller is
nearly lifted.

Numerical Example and Application

Suppose:

-\(R = 0.3\, \text{m}\)

- Step height \(h = 0.2\, \text{m}\)

- Force applied horizontally at the top (\(h_P = R = 0.3\, \text{m}\))
- No friction at the step, smooth surface

Calculate:

\[

P_{min} = \frac{W \times (R - h)}{R} = \frac{637.65 \times (0.3 - 0.2)}{0.3} = \frac{637.65 \times
0.1}{0.3} \approx 212.55\, \text{N}

\]

This indicates that a force of approximately 213
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