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I. COURSE OVERVIEW:

The Mechanical Vibrations course provides students with a fundamental understanding of vibration phenomena
in mechanical systems. It covers the principles of vibration analysis, modeling, and design of mechanical
systems subjected to oscillatory motion. Students will learn to analyze single-degree-of-freedom (SDOF) and
multi-degree-of-freedom (MDOF) systems, understand vibration measurement techniques, and apply methods to
reduce and control vibrations in engineering systems. The course emphasizes both theoretical foundations and
practical applications, preparing students for real-world engineering challenges in automotive, aerospace,
structural, and industrial systems.

II. COURSES OBJECTIVES:
The students will try to learn
I. The basic concepts of mechanical vibrations and phenomena of transmissibility.
II. The mechanical systems with/ without damping for 1/ multi degrees of freedom environment.
II1. Application of vibration measuring instruments and machine monitoring systems.
IV. The analytical methods in solving problems of vibrations along with mode shapes.

[II. COURSE OUTCOMES:
At the end of the course students should be able to:
CO1 Derive analytical responses of SDOF systems for undamped/damped free vibration, forced excitation,
transmissibility, vibration isolation, and shock inputs (impulse, step, ramp, arbitrary convolutions,
Laplace solutions).
CO2 Decompose 2-DOF systems into principal modes and evaluate their undamped/damped free and forced
responses, and design undamped vibration absorbers.
CO3 Develop matrix formulations using stiffness, flexibility, and influence coefficients; solve eigenvalue
problems; interpret normal mode properties; and execute modal analysis for free/forced vibration.
CO4 Model torsional vibrations of multi-rotor and geared systems and interpret discrete-time system
behavior with appropriate solution strategies (matrix inversion, matrix iteration).
CO5  Select and interpret vibration measurements using instruments such as vibrometers, velocity meters,
and accelerometers and explain their working and applicability.
CO6  Perform frequency-domain diagnostics and numerical vibration solutions using concepts like
Rayleigh’s method, Stodola iteration, Rayleigh-Ritz, Raleigh-Stodola, and Holzer/Holzer-type
techniques for machine health, root-cause, and failure analysis.



Module — I: SINGLE DEGREE OF FREEDOM SYSTEMS (10)

Single degree of freedom systems: Undamped and damped free vibrations; forced vibrations coulomb damping;
Response to excitation; rotating unbalance and support excitation; vibration isolation and transmissibility,
response to non-Periodic Excitations: Unit impulse, unit step and unit ramp functions; response to arbitrary
excitations, the convolution integral; shock spectrum; System response by the laplace transformation method.

Module — II: TWO DEGREE FREEDOM SYSTEMS (09)
Two-degree freedom systems: Principal modes, undamped and damped free and forced vibrations; undamped
vibration absorbers.

Module — III: MULTI DEGREE FREEDOM SYSTEMS (10)
Multi degree freedom systems: Matrix formulation, stiffness and flexibility influence coefficients; Eigen value
problem; normal modes and their properties; Free and forced vibration by Modal analysis.

Method of matrix inversion; Torsional vibrations of multi-rotor systems and geared systems; Discrete Time
systems; Vibration measuring instruments: Vibrometer, velocity meters and accelerometers.

Module — IV: FREQUENCY DOMAIN VIBRATION ANALYSIS (10)
Frequency domain vibration analysis: Overview, machine train monitoring parameters, data base development,
vibration data acquisition, trending analysis, failure node analysis, root cause analysis.

Module — V: NUMERICAL METHODS (09)
Numerical methods: Raleigh‘s stodola's, Matrix iteration, Rayleigh- Ritz Method and Holzer's methods.
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