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	Prerequisite
	Engineering Mathematics, Theory of Machines



	Course Objective:
· To explain the fundamentals of vibration theory, relevant terminology, and their significance in engineering applications.
· To analyze and model single-degree-of-freedom (SDOF) systems using analytical and numerical approaches. 
· To demonstrate the use of vibration measurement instruments and interpret vibration signals acquired from data acquisition systems.
· To apply and evaluate vibration control strategies such as damping, isolation, and tuned absorbers in automotive system design.
· To interpret and integrate NVH principles into engineering design decisions to reduce noise, vibration, and harshness in practical applications.

	Modules
	Lec.

	Module-I: Fundamentals of Single-DOF Vibration
Introduction to vibration: Definitions, terminology, and relevance in smart manufacturing (machine health, part quality). Elements of a vibratory system: Mass, spring, and damper. Simple Harmonic Motion (SHM). Undamped Free Vibration: Equation of motion using Newton's second law and energy methods; natural frequency. Damped Free Vibration: Viscous damping, equation of motion. System response based on damping ratio: Underdamped, critically damped, and overdamped.
	9

	Module II: Single-DOF Forced Vibration
Forced vibration with harmonic excitation. Response of undamped systems: Resonance. Response of damped systems: Steady-state solution, amplitude, and phase angle. Frequency Response: Magnification Factor and Phase Angle plots with MATLAB.
Principle of transmissibility (force and motion). Design of isolation systems. Vibration Measurement: Principles of seismometers and accelerometers. Introduction to Two-Degree-of-Freedom Systems, Principle of the Dynamic Vibration Absorber (DVA), vibration Damping Materials, vibration modes, FEA mode analysis.
	9

	Module-III:  Measurement and Diagnostic Tools
Practical guide to accelerometers, force transducers, and microphones; mounting techniques and common errors. Data Acquisition (DAQ) Systems: Overview of hardware and software. Vibration Analysis Techniques, ISO 2631
	9

	Module-IV:  Automotive Design for NVH Control
Stiffening and tuning the body structure; strategic placement of weld points. Vibration Isolation: Understanding and selecting effective bushings, mounts, and dampers (engine mounts, cabin mounts). Acoustic Absorption and Insulation: Use of materials like sound packages, hood liners, and foam to treat air-borne noise, Road and Wind Noise, Component-Level NVH: Design considerations for vehicles, Introduction to harshness and applications, Combustion noise, Mechanical Noise, Shaft Imbalance, NVH target setting and Benchmarking. 
	9

	Total Hours
	36



COURSE OUTCOMES: At the end of the course students will be able to
	CO1
	Describe the fundamental concepts of vibration and its significance in mechanical systems.

	CO2
	Apply mathematical models to analyze the free and forced vibration response of single-degree-of-freedom systems.

	CO3
	Analyze vibration data using appropriate techniques to identify sources of vibration and noise.

	CO4
	Apply vibration isolation and damping techniques to control vibration in automotive systems.

	CO5
	Evaluate NVH performance and propose design modifications for improved vibration and noise characteristics.
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	Text book:
· S. S. Rao, "Mechanical Vibrations", 6th Edition, Pearson.
· Katsuhiko Ogata, "Modern Control Engineering", 5th Edition, Prentice Hall.
· Mark W. Spong, Seth Hutchinson, and M. Vidyasagar, "Robot Modelling and Control", Wiley.
· “Mechanical Vibrations” by V.P. Singh, Dhanpat Rai & Co.
Reference book:
· W. T. Thomson and M. D. Dahleh, "Theory of Vibration with Applications", 5th Edition, Pearson.
· Norman S. Nise, "Control Systems Engineering", 8th Edition, Wiley.
· F. Nof, "Handbook of Industrial Robotics", 2nd Edition, Wiley.



Evaluation scheme 
	Internal Assessment
	MID Semester Exam
	End Semester Exam

	30%
	20 %
	50%

	Assignment, MCQ, Report Submission, Quiz, Class Test, Presentation
	MCQ or Test
	Theory Paper



Explain the fundamental principles of ISO 2631 for the evaluation of human exposure to whole-body vibration. Describe the importance of frequency weighting (Wk, Wd) and how the "Comfort Criteria" differ from "Health Caution Zones" in industrial or automotive environments.

