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Introduction

In the world of mechanical engineering, mastering the concepts presented in Hibbeler's Dynamics is essential for
both students and practicing professionals. Chapter 14, in particular, tackles the intricacies of relative motion and
kinematic relationships—topics that frequently appear in design and analysis projects. Whether you're preparing for
exams, working on a research project, or simply brushing up on fundamentals, having a reliable set of solutions is
invaluable. This article offers a comprehensive, step by step walk through of the most common problems found in
Chapter 14, with a special focus on the unique chapter 14 solutions Hibbeler Dynamics Gataxiset. By the end,
you’ll not only understand how to solve each problem but also why the solutions work, giving you deeper insight
into the mechanics behind the mathematics.

Overview of Chapter 14 in Hibbeler Dynamics

Chapter 14 is dedicated to the analysis of relative motion in mechanical systems. The key topics covered include:

¢ Relative velocity and acceleration of points on rigid bodies

« Translational and rotational components of motion

¢ Velocity and acceleration of points in a moving reference frame
» Application of the Coriolis effect in rotating systems

e Problem solving strategies for complex mechanisms

Understanding these concepts is vital for designing mechanisms such as gear trains, linkages, and rotating
machinery. The problems in this chapter often combine multiple concepts, requiring a systematic approach to break
down the motion into manageable parts.

Key Concepts and Formulas

Before diving into the solutions, let’s recap the essential equations that frequently appear in Chapter 14:

. Relative velocity:v. B=v_A +v_B/A
. Relative acceleration:a B=a_A+a B/A+2(<'red"d’2+xr B/A+<r fE xr_B/A)
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3. Coriolis acceleration: 2(<'r e6"6 ¢
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. 19%0"0 2E x (<'r %0"0 *
. Angular velocity and acceleration relationships: <’ O C /dt, ; O CE/dt

Mastering these relationships will allow you to tackle any problem in the chapter with confidence.
Problem 1: Relative Velocity of a Point on a Rotating Disk

**Problem Statement:** A disk of radius 0.5 m rotates at a constant angular speed of 10 rad/s. Find the velocity of
point P located 0.3 /m from the center, measured in the inertial frame.

Solution Steps:

1. Identify the reference frame: the inertial frame (lab).
2. Determine the position vector r_P/O = 0.3 /m.



3. Apply the relative velocity formula for pure rotation: v_P = <’ r %08 60.
4. Compute the cross product: v_P = 10 /rad/s x 0.3 /m = 3 /m/s (direction tangent to the circle).
5. Answer: The velocity of point P is 3 /m/s tangentially.

This straightforward example illustrates how angular velocity translates into linear speed at a given radius.
Problem 2: Acceleration of a Point on a Translating and Rotating Link

**Problem Statement:** Link AB translates horizontally at 2 m/s while rotating about point A with an angular velocity
of 4 /rad/s. Point B is 1 /m from A. Find the acceleration of point B in the inertial frame.

Solution Steps:

1. Express the translational velocity of point A: v_A =2 /m/s (horizontal).

2. Compute the velocity of B relative to A:v_B/A =<1 %0"6 O B + ad/s x 1 /m = 4 /m/s (tangential).

3. Relative velocity of B:v_B =v_A +v_B/A =(2/m/s + 4 /Im/s) = 6 /m/s (direction depends on geometry).

4. Calculate relative acceleration: a_B/A =; r %06"06 2E x (<’ r %6"6 'a Since ; O 166¢7F ¢B E), centripetal term
dominates: a_B/A = 4 /rad/s x (4 /rad/s x 1 /m) = 16 /m/s? (radial inward).

5. Add translational acceleration of A (zero if constant speed):a_B=a A +a B/A=0+ 16 /m/s?2 = 16 /m/s? (radial
inward).

6. Answer: The acceleration of point B is 16 /m/s2 directed toward A.

This problem demonstrates the importance of distinguishing between translational and rotational components.

Problem 3: Velocity of a Point on a Rotating Frame Using the Coriolis Effect

**Problem Statement:** A platform rotates with angular velocity 3 rad/s. A particle moves radially outward at 0.5 m/s
relative to the platform. Determine the particle’s velocity in the inertial frame.

Solution Steps:

Define the radial unit vector e_r and tangential unit vector e_;,a

Relative velocity in platform frame: v_rel = 0.5 /m/s /e_r.

Relative velocity in inertial frame:v=v_rel +<'r .

Compute <'r"O2+ad/s xr(e_;,’ vIW&R " O 60 tPxample radius).

Result: v=0.5/e_r+ 3 /e_;, t66x 6aeVcG2'a

Magnitude: |v| = sqrt(0.52 + 32) "H 3.04 /m/s.

Answer: The inertial velocity is 3.04 /m/s, with radial and tangential components as shown.
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This example highlights how the Coriolis term contributes to the inertial velocity when a particle moves within a
rotating frame.

Problem 4. Acceleration of a Point in a Rotating System with Angular
Acceleration

**Problem Statement:** A shaft rotates with angular acceleration 2 rad/s2. Point C is located 0.8 m from the shaft
axis. Find the acceleration of point C.

Solution Steps:

1. Compute angular velocity: < O + ad/s initially (starting from rest).
2. Use the acceleration formula:a=; r"2E x (<'r"a



3. Firstterm:; r" O "+ ad/s? x 0.8 /m = 1.6 /m/s? (radial outward).
4. Second term:<'r fE xr) =0 (since <’ O 'a
5. Answer: The acceleration of point C is 1.6 /m/s2 directed radially outward.

Even when starting from rest, angular acceleration alone can generate significant linear acceleration.
Problem 5: Velocity of a Point on a Gear Train (Gataxi Problem)

**Problem Statement:** In a gear train described in the “Gataxi” section of Chapter 14, gear A drives gear B with a
ratio of 4:1. Gear A rotates at 120 /rpm. Find the linear velocity of point D on gear B’s rim.

Solution Steps:

Convert gear A’s speed to rad/s: 120 /rpm x 2< 6¢ O "&Sr + ad/s.

Determine gear B’s angular speed: <¢0" O E_A/ 4 = 3.14 /rad/s.

Assume gear B’s radius r_B = 0.25 /m.

Compute linear velocity: v_D = <¢d" r %06" O 2& B + ad/s x 0.25 /m = 0.785 /m/s.
Answer: The linear velocity of point D is 0.785 /m/s.
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This problem, often referred to as the “Gataxi” example, illustrates how gear ratios affect the motion of points on
different gears.

Common Pitfalls in Chapter 14 Problem Solving

Students frequently encounter the following challenges when tackling Chapter 14 questions:

¢ Confusing reference frames: Always specify whether the velocity or acceleration is measured in the inertial or
rotating frame.

« Neglecting the Coriolis term: In rotating systems, the 2(<’ r e+&VA’ FW m can be significant.

» Overlooking centripetal acceleration: Even with constant angular velocity, radial acceleration exists.

« Incorrect sign conventions: Use consistent unit vectors (e_r, e_;,A U+¢’ Fo void sign errors.

Addressing these pitfalls early can streamline the solution process and reduce errors.

Study Tips for Mastering Chapter 14

Visualize the motion: Sketch free body diagrams and vector arrows for each point.
Practice with varied radii: Change the radius in sample problems to see how velocity and acceleration scale.
Use dimensional analysis: Verify units at every step.
Group study: Discuss different approaches to the same problem; this deepens understanding.

5. Review the derivations: Understanding the origin of the relative acceleration formula helps in applying it
correctly.
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Additional Resources for Chapter 14 Solutions

For those seeking further practice or alternative explanations, consider the following resources:

* Hibbeler's Dynamics textbook, Chapter 14 solutions manual.
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