Savitribai Phule Pune University
Final Year of Mechanical Engineering (2015 Course)

Course Code : 402043 Course Name : Dynamics of Machinery

Teaching Scheme: Credits Examination Scheme:

Theory : 04 Hrs Per Week TH | : 04 Theory ‘ In-Sem :30 PR :--

Practical | : 02 hrs per week T™W | : 01 ‘ End-Sem :70 OR :25

T™W :25

Pre-requisites: Strength of Materials, Engineering Mechanics, Engineering Mathematics and
Numerical Methods,

Course Objectives:
e To conversant with balancing problems of machines.
e To understand fundamentals of free and forced vibrations.
e To develop competency in understanding of vibration and noise in Industry.
e To develop analytical competency in solving vibration problems.
e To understand the various techniques of measurement and control of vibration and noise.
Course Outcomes:
On completion of the course, students will be able to -
e Apply balancing technique for static and dynamic balancing of multi cylinder inline and radial
engines.
e Estimate natural frequency for single DOF undamped & damped free vibratory systems.
e Determine response to forced vibrations due to harmonic excitation, base excitation and
excitation due to unbalance forces.
e Estimate natural frequencies, mode shapes for 2 DOF undamped free longitudinal and
torsional vibratory systems.
e Describe vibration measuring instruments for industrial / real life applications along with
suitable method for vibration control.
e Explain noise, its measurement & noise reduction techniques for industry and day today life
problems.

Course Contents

UNIT 1: Single Degree of Freedom Systems — Free Vibration 10 Hrs
Fundamentals of Vibration : Elements of a vibratory system, vector representation of S.H.M., degrees
of freedom, Introduction to Physical and Mathematical modeling of vibratory systems : Bicycle,
Motor bike and Quarter Car. types of vibration, equivalent stiffness and damping, formulation of
differential equation of motion (Newton, D’ Alembert and energy method)

Undamped free vibrations: Natural frequency for longitudinal, transverse and torsional vibratory
systems.

Damped free vibrations: Different types of damping, Viscous damping — over damped, critically
damped and under damped systems, initial conditions, logarithmic decrement, Dry friction or
coulomb damping - frequency and rate of decay of oscillations.

UNIT 2: Single Degree of Freedom Systems - Forced Vibrations 8 Hrs
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Forced vibrations of longitudinal and torsional systems, Frequency Response to harmonic excitation,
excitation due to rotating and reciprocating unbalance, base excitation, magnification factor, Force
and Motion transmissibility, Quality Factor. Half power bandwidth method, Critical speed of shaft
having single rotor of undamped systems.

UNIT 3: Two Degree of Freedom Systems — Undamped Vibrations 8 Hrs
Free vibration of spring coupled systems — longitudinal and torsional, torsionally equivalent shafts,
natural frequency and mode shapes, Eigen value and Eigen vector by Matrix method, Combined
rectilinear and angular motion, Vibrations of Geared systems.

UNIT 4: Balancing 8 Hrs

Static and dynamic balancing, balancing of rotating masses in single and several planes, primary and
secondary balancing of reciprocating masses, balancing in single cylinder engines, balancing in
multi-cylinder in-line engines, direct and reverse cranks method -radial and V engines.

UNIT 5: Measurement and Control of Vibration 8 Hrs

A) Measurement. Vibration Measuring Instruments, Accelerometers, Impact hammer, Vibration
shakers, Vibration Analyzer, Vibration based condition monitoring, Analysis of Vibration Spectrum,
Standards related to measurement of vibration, Human response to vibrations.

B) Control : Vibration control methods, passive, semi active (Introduction to Electro-Rheological &
Magneto-Rheological dampers) and active vibration control, control of excitation at the source,
control of natural frequency, Vibration isolators, Tuned Dynamic Vibration Absorbers, Introduction
to Torsional Damper

UNIT 6: Introduction to Noise 6 Hrs

Fundamentals of noise Sound concepts, Decibel Level, white noise, weighted sound pressure level,
Logarithmic addition, subtraction and averaging, sound intensity, noise measurement, sound fields,
octave band, sound reflection, absorption and transmission, acoustic material & its characteristics,
Noise control at the Source, along the path and at the receiver, pass-by-noise, Reverberation chamber,
Anechoic Chamber, Human Exposure to Noise and Noise standards.

Books

Text :
1. S. S. Rao, Mechanical Vibrations, Pearson Education Inc. New Delhi.
2. G. K. Grover, Mechanical Vibrations, New Chand and Bros.,Roorkee
3. Wiiliam J Palm III, Mechanical Vibration, Wiley India Pvt. Ltd, New Delhi
4. Uicker J. John, Jr, Pennock Gordon R, Shigley Joseph E., Theory of Machines and
Mechanisms, International Version, OXFORD University Press, New Delhi.
5. M L Munjal, Noise and Vibration Control, Cambridge University Press India

References :

1. Weaver, Vibration Problems in Engineering, 5th Edition Wiley India Pvt. Ltd, New Delhi.

2. Bell, L. H. and Bell, D. H., Industrial Noise Control — Fundamentals and Applicationsl,
Marcel Dekker Inc.

3. Alok Sinha, Vibration of Mechanical System, Cambridge university Press , India

4. Debabrata Nag, Mechanical Vibrations, Wiley India Pvt. Ltd, New Delhi.

5. Kelly S. G., Mechanical Vibrations, Schaums outlines, Tata McGraw Hill Publishing Co.
Ltd., New Delhi.
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6. Meirovitch, L., Elements of Mechanical Vibrationsl, McGraw Hill.

7. Ver, Noise and Vibration Control Engineering, Wiley India Pvt. Ltd, New Delhi.

8. Bies, D. and Hansen, C., Engineering Noise Control - Theory and Practice, Taylor and
Francis.

9. Shrikant Bhave, Mechanical Vibrations Theory and Practice, Pearson, New Delhi

Term Work shall consist of following experiments and assignments:

A] Compulsory Experiments (Sr. No. 1 to 6)

1. Balancing of wheel / rotor on computerized balancing machine OR Experimental
verification of dynamic balancing of rotating masses.

2. To determine the natural frequency of damped vibration of single degree freedom system
and to find it‘s damping coefficient.

3. To obtain frequency response curves of single degree freedom system of vibration for
different amount of damping.

4. To verify natural frequency of torsional vibration of two rotor system and position of
node.

5. To determine natural frequency of transverse vibration of beam using vibration analyzer.

6. Noise measurement and analysis using vibration Analyzer.

B] Any Two Experiments from the following :
1. To determine critical speed of shaft with single rotor.
2. Experimental verification of principle of dynamic vibration absorber.
3. Experiment on shock absorbers and to plot its characteristic curve.
4. A case study (Industrial visit / In-house) based on Conditioning Monitoring and Fault
Diagnosis.

C] List of Compulsory Assignment :
1. Simulation (using suitable software) of free response of SDOF damped system to
demonstrate different damping conditions by solving differential equation numerically.

OR
2. Simulation (using suitable software) of total response of SDOF damped system to

harmonic excitation by solving differential equation numerically.
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