
M.E. 8207 Vibration Analysis

Term: Fall 2016
Instructor: Dr. “Nat” C. Nataraj
Classes: Mondays 2:45-5:45, CEER 312 (also offered by distance learning)
Office: Tolentine 126C/118, 610-519-4994
Office Hours: Mondays 10:00-11:30
E-mail: nataraj@villanova.edu; nataraj.villanova@gmail.com
Web page: http://vcads.org

Course Description

Objectives:

The main objective of this course is to provide an advanced understanding of vibration
theory and to establish its direct relation to real physical systems. The emphasis will be
on development of mathematical modeling techniques, and the formulation of differential
equations of motion for various systems.

The course will start with a review of elementary vibration concepts and will cover general
methods for practical systems under various forcing conditions. The course will cover con-
tinuous system modeling using variational methods and discretization techniques including
an introduction to finite element modeling. We will also touch upon nonlinear aspects of
real systems. The emphasis throughout will be on computer solution techniques to reflect
current industrial practices.

Prerequisites:

The students are expected to have had some exposure to vibration in undergraduate ed-
ucation (or equivalent industrial experience). It is also expected that the students have
an adequate background in basic mathematics including differential equations and matrix
theory. In addition, the assignments will require basic computer programming skills.

Attendance Policy:

Attendance is required at all examinations which will be announced in advance. Make-
up tests for excused absences from examinations must be arranged before the scheduled
examination time. It is strongly recommended that the students attend all the class sessions.
It is imperative that the students participate actively in the class sessions by asking and
answering questions.

mailto:nataraj@villanova.edu
mailto:nataraj.villanova@gmail.com
http://vcads.org
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Grading:

Homework will be assigned every week and should be submitted promptly for grading and
subsequent discussion. Solutions will be discussed in class. An individual term project will
be required of each student. The project topic may be either selected by the student, with
approval, or be specified by the instructor. It is initiated at the mid-term date and is due
in the last class week. Each student is required to make an oral presentation on the term
project in addition to submitting a written report.

The semester grade is based on the following relative weights (may change based on our
discussions in class). Homework: 25%. The remaining 75% will be determined from the
best three subscores from the following.

Test #1 25%
Test #2 25%
Term Project 25%
Final Exam (comprehensive) 25%

Grades:

F < 65% C- < 70% < C < 75% < C+ < 80%< B- < 82% < B < 85% < B+ < 87% < A-
< 90% < A

Texts:

1. Nataraj, C., 2012, Vibration of Mechanical Systems, CENGAGE.

2. Meirovitch, L., 1967, Analytical Methods in Vibrations, Prentice Hall.

Supplementary reading material:

Technical papers and texts as appropriate will be placed online and will be required reading
for the course.

Computer Software:

All students are required to learn to use MATLAB, an interactive scientific software which
can be used for numerical analysis, matrix computation, and graphics.
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Other Issues

Communication If you are (or can be) on campus, and need to see me, please contact
Ms. Shaunda Williams (610 519-4981, shaunda.williams@villanova.edu) to make an ap-
pointment. I prefer that you contact me by e-mail rather than by phone. When you send
an e-mail, in general, I will try to get back to you within a day unless I am traveling. I will
not answer long technical e-mails; please come in or we will set up a phone or computer-
based conversation. I will try to set up an office hour every week through Blackboard, Goto
or some such thing.

When you send me any file larger than 100KB, for example, homework or project, please
send to nataraj.villanova@gmail.com. Always put “ME 8207 Vibration Analysis” in your
subject line. If you don’t follow these rules, I cannot promise that I will see it since I get a
lot of e-mails.

Academic Integrity All assignments must be in accordance with the Villanova Code of
Academic Conduct. Violations of the code of Academic Integrity and will be dealt with
appropriately by the office of the Vice President for Academic Affairs. Responsibility for
maintaining the code of academic integrity does not rest solely with the faculty. It is
the responsibility of students to report violations to the code of academic integrity to the
instructor.

It is the fervent hope of this instructor that the students come to this class motivated
to learn the material. A final grade is only a partial reward; the real reward should be
the understanding and intellectual stimulation I hope to instil in each of you. Hence, any
cheating would be self-defeating. I am not responsible for policing and do not want to
be diverted from my essential mission of teaching. However, if I discover any cheating I
am required by university policy to report all instances to the VPAA; and the penalties
are pretty severe. At that point, it will be out of my hands; please don’t put me in that
position.

Please see the last page for the Engineer’s Code of Ethics.

Disabilities It is the policy of Villanova to make reasonable academic accommodations
for qualified individuals with disabilities. If you are a person with a disability (non-physical)
please register with the Learning Support Office by contacting
Learning.support.services@villanova.edu or 610-519-5176 as soon as possible. Registration
is needed in order to receive accommodations.

The Office of Disability Services collaborates with students, faculty, staff, and community
members to create diverse learning environments that are usable, equitable, inclusive and
sustainable. The ODS provides Villanova University students with physical disabilities
the necessary support to successfully complete their education and participate in activities
available to all students. If you have a diagnosed disability and plan to utilize academic

mailto:Learning.support.services@villanova.edu
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accommodations, please contact Gregory Hannah, advisor to students with disabilities at
610-519-3209 or visit the office on the second floor of the Connelly Center.

The following links provide more detail for non-physical disability, and for physical disabil-
ity.

Syllabus:

• Review of elementary vibration of single and two degree of freedom systems

• Multiple degree of freedom systems

• The eigenvalue problem

• General methods of response analysis

• Computational techniques

• Continuous system modeling and analysis - strings, rods, beams and plates

• Discretization procedures and variational methods

• Introduction to Finite Element Modeling of vibrating systems

• Topics in nonlinear vibration analysis

The following sections are likely to be covered from Meirovitch (in addition to other material
based on my text): 1-1, 1-2, 1-3, 1-8, 1-9; 2-1 to 2-9; 3-1 to 3-5; 4-1 to 4-5, 4-9 to 4-12; 5-1
to 5-14; 6-1 to 6-4; 7-1 to 7-14; 10-1 to 10-5.

http://www1.villanova.edu/villanova/learningsupport.html
http://www1.villanova.edu/villanova/studentlife/disabilityservices.html
http://www1.villanova.edu/villanova/studentlife/disabilityservices.html



