AAE 340 

 Dynamics and Vibrations

Description: 

Kinematics and kinetics of particles and rigid bodies. Topics include a particle in orbit, systems of particles, vibrations, Euler’s equations of motion, Eulerian angles, and aerospace vehicle dynamics. 

Format: 3hrs of lecture per week

Credit hours: 3

Status: Required, Sem. 6

Offered: Fall and Spring

Prerequisite: MA 303 or MA 304

Course Instructor:  J. Longuski, K. Howell

Text: None

Assessment Method: 3 in class Exams 60%, Homework, 20%, Final Exam 20%

Course Objective:

Students will develop an ability to model and analyze the motion of rigid bodies subjected to external forces and moments. This course prepares students to simulate the motion of aircraft and spacecraft, as in the courses AAE421 and 440.

Prerequisite knowledge:

1.   Statics of particles and rigid bodies

2.   Particle kinematics and dynamics

3.   Multivariate calculus

4.   Linear algebra

5.   Differential equations

6. Matlab for numerical integration of ordinary differential equations

Topics: 

1.  Mass-Spring-Damper           7 lectures

· undamped free vibrations

· under-, critically- and over-damped free vibrations

· amplification factor and phase angle for forced vibrations

· resonance

2.  Review of Kinematics         2 lectures

· basic kinematic equation

· coordinate systems (cylindrical, spherical, etc.)

3. Numerical Integration        1 lecture

· Euler , Runge-Kutta

· MATLAB ode toolbox

4. Review of Particle Dynamics  8 lectures

· free body diagrams; kinematics; Newton's laws; equations of motion

· integrals of motion; conservation of linear and angular momentum 

conservation of total mechanical energy

· principles of linear/angular impulse and momentum

· principles of work and kinetic energy

· orbital mechanics

5. Systems of Particles         7 lectures

· Newton's and Euler's laws for systems of particles

· integrals of motion

· rocket problem

· collisions

6. Rigid Body Dynamics          13 lectures

· degrees of freedom

· moments and products of inertia

· inertia matrix and coordinate transformations

· principal axes and principal moments of inertia

· Euler's theorem

· derivation of Euler's equations of motion

7. Euler Angles                 4 lectures

· sequences (e.g. 313)

· angular velocities in terms of Euler angles

· free motion of an axisymmetric rigid body

· body cone and space cone 

8. Aerospace Applications       1 lecture

Relationship of course to program objectives:

This course provides the essential technical component (1) of rigid body (vehicle) dynamics. Students develop basic engineering skills (2a) in solving dynamics problems and simulating spacecraft motion in MATLAB.

Course:  AAE 340

The following table indicates which of the AAE Program Outcomes are addressed and assessed in the course.

	By graduation, students will have:
	Included?

	I.  technical knowledge of aerospace engineering
	

	Structures & Materials
	

	Dynamics & Controls
	

	Aerodynamics
	

	Propulsion
	

	Design
	

	II.  basic engineering skills:
	

	1. an ability to formulate and solve problems, including:
	

	a.  computational methods and tools
	

	b. experimental procedures and tools
	

	c. open-ended and design problems
	

	2. an ability to work in teams
	

	3. the ability to communicate their work to others:
	

	a. in writing
	

	b. orally
	

	c. graphically
	

	4. a habit of professional conduct
	

	III.  opportunities for engaging in:
	

	1. research and  independent study
	

	2. cooperative education and internship
	

	3. study abroad and similar international experiences
	

	4. professional society participation
	

	IV.  an appreciation for the social impact of engineering solutions, and, specifically, the role of aerospace technology in today’s world.
	


*Note:  "Maybe" means that the inclusion of this outcome is at the discretion of the instructor. 
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