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B. M. S. College of Engineering

Vision Mission
Promoting  Prosperity of mankind by | Accomplish excellence in the field of Technical
augmenting human resource capital through | Education through Education, Research and
Quality Technical Education & Training Service needs of society
Department of Mechanical Engineering
Department Vision Department Mission
To become a center of excellence in | ¢ To empower the students with the fundamentals for a
educating students to become successful career in the field of Mechanical engineering.
successful Mechanical Engineers * To continue their education through post-graduation,

Research & Development.
* To provide service to the society.

M. Tech. (Machine Design) Program

Program Educational Objectives: At the end of the program,

PEO 1

Graduates will have knowledge in the discipline of Machine Design with hands on skill in
using modern engineering tools to address real world engineering problems and be socially
responsible.

PEO 2

Graduates shall be successful in their career as analysts and designers of structural
components of conventional and advanced materials, participating in a team or individually
in an industry, research or academia.

PEO 3

Graduates shall be proficient in their communication, presentation and will be prepared to
engage in the process of life-long learning through professional development and research.

Program Outcomes: At the end of the PG program, graduates will have:

Ability to independently carry out research /investigation and development work to solve

PO 1 ;
practical problems

PO 2 Ability to write and present a substantial technical report/document

PO 3 Ability to demonstrate a degree of mastery over the area of Machine Design at a level
higher than the requirements in the bachelor program in Mechanical Engineering

PO4 Acquire in-depth knowledge in their professional domain and apply engineering
principles to solve complex problems

POS Demonstrate higher order skills in the development of scientific/technical knowledge and
usage of modern engineering & IT tools.

POG Develop lateral thinking and collaborate to conceptualise & create potential solutions to a

wide class of problems beneficial to the community




B. M. S. COLLEGE OF ENGINEERING, BENGALURU.
Draft Scheme of Instruction for M. Tech. (Machine Design) 2024 - 25

First Semester

S|. Course Course Credits Total
No. Type Code Name of the Course L T p Credits
1 BSC MME101 Applied Mathematics 3 0 0 3
2 IPCC MME102 Finite Element Method 3 0 1 4
3 PCC MME103 Advanced Mechanics of Solids 3 0 0 3
4 PCC MME104 Dynamics & Mechanism Design 3 0 0 3
5 PCC MME105 Vibration & Acoustics 3 0 0 3
6 PCCL MMEL106 | Design Laboratory 0 1 1 2
Research Methodology & IPR
7 NCMC MRMI19 (Online-NPTEL) 0 0 0 PP
Total 15 1 2 18
Second Semester
l\?g. CToyupr:e Course Code Name of the Course 1 Crerlts 5 CTr:;ai'ls
1 PCC MMMD201 | Advanced Machine Design 3 0 0 3
2 IPCC MMMD202 | Advanced Finite Element Method 3 0 1 4
3 PEC MMMD203 | Program Elective — 1 3 0 0 3
4 PEC MMMD204 | Program Elective — 2 3 0 0 3
5 PEC MMMD205 | Program Elective — 3 3 0 0 3
6 MDC MMMD206 | Open Elective - 1 3 0 0 3
7 PCCL MMMDL207 | Simulation Laboratory 0 1 1 2
8 SEC 24MMD271 | Python Programming & Applications 0 0 1 1
Total 18 1 3 22

Program Electives

Program Elective — 1 (Il Semester) Program Elective — 3 (Il Semester)
MMMD2031 | Composite Materials Technology MMMD2051 | Fracture Mechanics
MMMD2032 Statistical Modeling & Experimental MMMD2052 | Design for Manufacture & Assembly

Design MMMD2053 | Product Lifecycle Management
MMMD2033 | Additive Manufacturing
Open Elective — 1 (Il Semester)
Program Elective - 2 (Il Semester) MMMD2061 | Machine Learning
MMMD2041 | Tribol in Desi i i
0 ribo ogy in Design MMMD2062 Mechatrpmcs for Industrial

Mechanics & Control of Applications
MMMD2042 . . . - .

Robotic Manipulation MMMD2063 | Advanced Control Engineering
MMMD2043 | Principles of CAD/CAM/CAE

Note: Electives to be chosen one from each

group.

Elective will be offered for a minimum strength of

six candidates (out of 18)




Program Elective - 4 (lll Semester) Open Elective - 2 (lll Semester)
MMMD3011 Opt|m|z§t|on Te.chn|ques for MMMD3021 Bu5|'ness Analytlc.s _
Mechanical Design MMMD3022 | Design for Sustainability
MMMD3012 Fund.am.entals of NVH and its MMMD3023 Signal Processing in Mechanical
Applications Systems
MMMD3013 | Mechanics of Wind Turbines
Option - A
Third Semester - A
SI. Course Credits Total
No. Type Course Code Name of the Course 1 T 5 Credits
1 PEC MMMD301 Program Elective — 4 3 0 0 3
2 MDC MMMD302 Open Elective — 2 3 0 0 3
MDC / PEC MDC / MOOC - 12 Weeks
3 MMMD303 (Online-NPTEL) 3 0 0 3
Research Internship / Industry Internship
leading to Project Work / Startup
4 INT MINT304 (Two-semester duration; SEE in the IV 0 0 3 3
semester which leads to Project Work /
Startup)
5 NCMC MMMD306 Yoga for Health and Stress Management 0 0 0 pp
(Mandatory)
Total 9 0 3 12
Fourth Semester - A
Sl Course Course Code Name of the Course Credits Tote?l
No. Type L T ) Credits
Research Internship / Industry
Internship leading to Project Work /
Startup
1 INT MINTA401 (Two-semester duration; SEE in the IV 0 0 12 12
semester which leads to Project Work /
Startup)
Project
. (Two-semester duration; SEE in the IV
2 Project MPROJ402 semester which leads to Project Work / 0 0 16 16
Startup)
3 NCMC MMMDA403 Pedagogy Training (Mandatory) 0 0 0 0
4 NCMC MMMD404 MOOC - 8 Weeks 0 0 0 0
Total 0 0 28 28
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Option - B

Third Semester - B

SI. Course Credits Total
No. Type Course Code Name of the Course 1 = 5 Credits
1 PEC MMMD301 Program Elective — 4 3 0 0 3
2 MDC MMMD302 Open Elective — 2 3 0 0 3
3 MDC / PEC MXXX303 MDC / MOOC - 12 Weeks (Online) 3 0 0 3
4 INT 24INT33 Industry Internship 0 0 11 11
5 NCMC MMMD306 Yoga for Health and Stress Management 0 0 0 pp
(Mandatory)
Total 9 0 11 20
Fourth Semester - B
Sl. | Course Credits Total
No. Type Course Code Name of the Course 1 = 5 Credits
1 Project MPROJ41B Project 0 0 20 20
2 NCMC MMMD403 Pedagogy Training (Mandatory) 0 0 0 0
3 NCMC MMMD404 MOOC - 8 Weeks (NCM) 0 0 0 0
INT Total 0 0 20 20
Option - C
Third Semester - C
Course Type i
Sl P Course Code Name of the Course Credits TOtél
No. L T p Credits
1 PEC MMMD301 Program Elective — 4 3 0 0 3
2 MDC MMMD302 Open Elective — 2 3 0 0 3
3 MDC / PEC MMMD303 MDC / MOOC - 12 Weeks (Online) 3 0 0 3
4 MDC / PEC MMMD304 MDC / MOOC - 12 Weeks (Online) 3 0 0 3
5 Project MPROJ305 Project Phase — 1 (one-semester) 0 0 6 6
6 NCMC MMMD306 Yoga for Health and Stress Management 0 0 0 pp
(Mandatory)
Total 12 0 6 18
Fourth Semester - C
Sl. | Course Credits Total
No. Type Course Code Name of the Course 1 = 5 Credits
1 Project MPROJ41C Project 0 0 22 22
2 NCMC MMMD403 Pedagogy Training (Mandatory) 0 0 0 0
3 NCMC MMMD404 MOOC - 8 Weeks (NCM) 0 0 0 0
Total 0 0 22 22
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Syllabus for M. Tech. (Machine Design)
2024 - 25

First Semester
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Course Credits Marks
Name Applied Mathematics L|T]|P CIE SEE
Code MME101 31010 50 50

Course Content

Unit -1
Fundamentals of Linear Algebra: Vectors and vector spaces; Matrices and linear systems; Solution of AX
= b; Eigenvalues, eigenvectors; Diagonalization; Symmetric positive definite matrices, orthogonal
matrices, quadratic forms.

Unit -2
Applications of Linear Algebra: Regression, Clustering, Linear dynamical systems, Least squares,
Classification, and Other Applications

Unit-3
Differential Equations: Ordinary differential equations, First-order equations, Second-order linear
differential equations, boundary value problems; System of first-order ordinary differential equations;
Graphical and numerical methods, integral transforms, Special Functions, Partial differential equations
Unit -4
Probability and Statistics: Basic concepts, probability distributions, statistics: basic concepts,
Introduction to statistical learning, hypothesis testing, analysis of variance
Unit-5
Numerical Optimization: Unconstrained and constrained optimization, KKT conditions, Newton's
method, globalization strategies, quadratic programming, nonlinear programing
Alternate Assessment Tools
Students will solve fundamental and applied mathematical problems by hand and using software tools
like MATLAB/Python, etc.
Text Books
1 | Michael Greenberg, Advanced Engineering Mathematics, Second Edition, Pearson Education, 2002
(Indian Edition).
2 | Dennis Zill and Warren Wright, Advanced Engineering Mathematics, Fourth Edition, Jones and
Bartlett Student Edition, 2011 (Indian Edition).
Reference Books
1 | Peter O'Neil, Advanced Engineering Mathematics, Seventh Edition, Cengage Learning, 2012 (Indian
Edition).
2 | William Boyce and Richard DiPrima, Elementary Differential Equations and Boundary Value Problems,
Ninth Edition, Wiley Student Edition, 2012 (Indian Edition)
3 | John T Betts, Practical Methods for Optimal Control Using Nonlinear Programming, Third Edition,
SIAM, 2020.
4 | Gilbert Strang, Linear Algebra and Its Applications, Pearson, 2005.
Course Outcomes: At the end of the course the student will be able to:
Apply matrix methods for engineering problems
Solve differential equations of engineering systems
Conduct statistical analysis and hypothesis testing
Optimize general systems and engineering designs
Use computational tools for solving real-world problems
Scheme of Examination for Semester End Examination
To set two questions from each unit. Answer any five full questions selecting one from each unit.

uihlwWiN|—
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Course Credits Marks
Name Finite Element Method L|T|P CIE SEE
Code MME102 3001 1 50 50

Course Content

Unit-1

Introduction to Finite Element Method: Basic steps in Finite Element Method to solve mechanical
engineering solid mechanics problems: functional approach and Galerkin approach, displacement
approach: admissible functions, convergence criteria: conforming and non-conforming elements. element
characteristic equations, assembly procedure, boundary and constraint conditions.

Unit -2

Solid Mechanics : One-Dimensional Finite Element Formulations and Analysis — Bars- uniform, varying
and stepped cross section-Linear and Higher Order Elements, Formulation for Axial and Temperature Loads
with problems, Trusses: Basic element formulation for different boundary and loading condition with
problems, Beams- Linear element formulation for uniform cross-section, different loading and boundary
conditions with problems.

Unit-3
Two Dimensional Finite Element Formulations for Solid Mechanics Problems: Triangular Membrane
Element (CST), Four-noded Quadrilateral Membrane Element (QUAD 4) Formulations for in-plane loading
with sample problems. Shape functions for Higher-order Triangular and Quadrilateral membrane
elements, Triangular Axis symmetric basic Element formulation for axis symmetric loading. Serendipity
and Lagrange family Elements.

Unit-4
Three Dimensional Finite Element Formulations for Solid Mechanics Problems: Finite Element
Formulation of 4-noded Tetrahedral Element, 8-noded Hexahedral Element, Shape functions for Higher
order elements.

Unit-5
Dynamic Analysis: Finite Element Formulation for point/lumped mass and distributed mass system, Finite
Element Formulation for one dimensional dynamic analysis: bar and truss element.
Laboratory Component
Exercises on Finite element analysis and simulation using a commercial software for stress analysis.
Report writing on results of analysis.
Exercises are based on the following topics:
1. Use of computational tool like MATLAB and software for finite element formulation and simulation
of 1D element problem:s: bar, truss, beam
2. Two-dimensional problems: Static stress analysis of Curved beam, rectangular plate with
circular hole under tension/shear, single-edge notched beam in four-point bending
3. Torsion of Prismatic bar: Elastic solutions, finite element analysis of any chosen geometry.
4. Solution of eigenvalue problems
5. Introduction to nonlinearity: Nonlinear bending of a pipe/beam

Text Books
1 | T.R.Chandrupatla and A. D. Belegundu, Introduction to Finite Elements in Engineering, Prentice Hall,
3" Ed, 2002.

2 | S. M. Murigendrappa, Fundamentals of Finite Element Method, Interline, 2007.

Reference Books

Bathe K. J., "Finite Element Procedures”, Prentice-Hall, 2006.

Chennakesava R Alavala, Finite Element Methods — Basic Concepts & Applications, PHI, 2008.
J. N. Reddy, "Introduction to Finite Element Method", McGraw -Hill, 2006.

Cook R. D., “Finite Element Modeling for Stress Analysis”, Wiley, 1995.

ANlwiN|(—=
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Course Outcomes: At the end of the course the student will be able to:

1 | Apply principles of variation and integral formulation to develop governing equation for a
mechanical system

2 | Formulate one-dimensional, two-dimensional and axisymmetric elements for static and dynamic
structural analysis

3 | Analyse problems related to 1D, 2D elastic solids and solids of revolution.

Solve governing finite element equations for structures subjected to different loading and boundary
conditions

5 | Develop and Demonstrate the skills thorough use of commercial FEA packages to solve complex
problems.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from each unit.
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Course Credits Marks
Name Advanced Mechanics of Solids L|T]|P CIE SEE
Code MME103 31010 50 50

Course Content

Unit -1
Introduction to Stress: Definition and Notation for forces and stresses. Components of stresses,
equations of Equilibrium, Specification of stress at a point. Principal stresses and shear stresses. Stress
transformation, Stress components on an arbitrary plane, Stress invariants, Octahedral stresses.

Unit -2
Introduction to Strain: Deformation, Strain Displacement relations, Strain components, The state of
strain at a point, Principal strain, Strain transformation, Compatibility equations, Cubical dilatation.
Stress -Strain Relations and the General Equations of Elasticity: Generalized Hooke's; law in terms of
engineering constants. Existence and uniqueness of solution, Saint -Venant's principle, Principle of super
position and reciprocal theorem.

Unit-3
Two Dimensional Problems in Cartesian Co-Ordinates: Airy's stress function, investigation for simple
beam problems. Bending of a narrow cantilever beam under end load, simply supported beam with
uniform load.

Unit-4
Two Dimensional Problems in Polar Co-Ordinates: General equations, stress distribution
symmetrical about an axis, Thick cylinder, shrink fit, Strain components in polar co-ordinates, Rotating
disk and cylinder, Thermo-elastic stress —strain relations ,Thermal stresses in thin discs.

Unit-5
Torsion of Prismatic Bars: Torsion of Circular and elliptical cross section bars, Membrane analogy,
Torsion of thin walled closed tubes.
Energy Methods: Work done by forces and elastic strain energy stored, Begg's Deformeter, First
theorem of Castigliano, Theorem of virtual work.
Alternate Assessment Tools
Computation exercises using tools like MATLAB, Written assignments or any other AAT suggested by
faculty
Text Books
1 | Ansel C. Ugural, Saul K. Fenster, Advanced Mechanics of Materials and Applied Elasticity, Pearson
Education, 2011.
Timoshenko and Goodier, Theory of Elasticity, McGraw Hill Book Company.
L S Srinath, Advanced Mechanics of Solids, Tata Mcgraw Hill Company.
Arthur P Boresi and Richard J Schmidt, Advanced Mechanics of Materials, 6th Ed 2002
Reference Books
1 | Martin H Sadd, Elasticity: Theory, Applications and Numerics, Academic Press, 2009.
2 | Richard G Budynas, Advanced strength and applied stress analysis, Second Edition, McGraw Hill
International, Edition 1999.
Course Outcomes: At the end of the course the student will be able to:
1 | Apply basic concepts of Stress & strain tensors to formulate governing equations and methods of
solution to elasticity problems
2 | Evaluate displacements and stresses in solids and structures under different loads
3 | Apply principles of continuum mechanics to design a structure or component to achieve desired
performance under realistic constraints.
4 | Use MATLAB or equivalent software to evaluate and plot particular solutions for problems of
structural mechanics.

Niw|ro
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5 | Prepare a technical report and make presentation.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from each unit.
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Course Credits Marks

Name Dynamics and Mechanism Design L|T|P CIE SEE

Code MME104 31010 50 50

Course Content

Unit-1

Geometry of Motion: Introduction, analysis and synthesis, Mechanism terminology, planar, Spherical
and spatial mechanisms, mobility of planner and spatial mechanism, Grashoffs law, Equivalent
mechanisms, Unique mechanisms, Inversions of mechanism.

Unit - 2

Synthesis of Linkages: Type, number, and dimensional synthesis, Function generation, Path
generation and Body guidance, Precision positions, Structural error, Chebychev spacing, Two position
synthesis of slider crank mechanisms, Crank-rocker mechanisms with optimum transmission angle.
Motion Generation: Poles and relative poles, Location of poles and relative poles, polode, Curvature,
Inflection circle.

Unit-3

Graphical Methods of Dimensional Synthesis: Two position synthesis of crank and rocker
mechanisms, three position synthesis, four position synthesis (point precision reduction) Overlay
method, Cognate linkages.

Analytical Methods of Dimensional Synthesis: Freudenstein's equation for four bar mechanism
and slider crank mechanism, Examples, Bloch's method of synthesis, Analytical synthesis using
complex algebra.

Unit-4

Generalized Principles of Dynamics: Fundamental laws of motion, Generalized coordinates,
Configuration space, Constraints, Virtual work, principle of virtual work, Energy and momentum, Work
and kinetic energy, Equilibrium and stability, Kinetic energy of a system, Angular momentum,
Generalized momentum. Lagrange's Equation: Lagrange's equation from D'Alembert's principles,
Examples, Hamiltons equations, Hamiltons principle, Lagrange's, equation from Hamiltons principle,
Derivation of Hamiltons equations, Examples.

Unit-5

System Dynamics: Gyroscopic action in machines, Euler's equation of motion, Phase Plane
representation, Phase plane Analysis, Response of Linear Systems to transient disturbances.
Spatial Mechanisms: Introduction, Position analysis problem, Velocity and acceleration analysis.

Alternate Assessment Tools

Presentation on latest research on Mechanisms

Text Books

1 | Joseph Edward Shigley and John Joseph Uicker, “Theory of Machines and Mechanism” -
McGraw-Hill, 1995.

Greenwood, “Classical Dynamics”, Prentice Hall of India, 1988.

Reference Books

K. J. Waldron& G. L. Kinzel, “Kinematics, Dynamics and Design of Machinery”, Wiley India, 2007.

A. G. Ambekar, “"Mechanism and Machine Theory”, PHI, 2007.

Ghosh and Mallick, “Theory of Mechanism and Mechanism”, East West press 2007.

David H. Myszka, "Machines and Mechanisms”, Pearson Education, 2005.

vihlwin|—=

G. K. Grover “Mechanical Vibrations” NemChad and Bros. 1996.

Course Outcomes: At the end of the course the student will be able to:

1 | Carry out mobility analysis of mechanism and perform velocity and acceleration analysis of
complex planar mechanisms.
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Synthesize mechanisms for function generation and path generation.

3 | Analyze the dynamics of mechanical systems using D'Alemberts, Lagrange's, and Hamilton's
principles.

4 | Demonstrate the skills to use software to analyze mechanisms.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from each unit.
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Course Credits Marks

Name Vibration & Acoustics L|T|P CIE SEE

Code MME105 31110 50 50

Course Content

Unit-1

Review of Mechanical Vibrations:

Introduction: Elements of vibratory system, examples of vibratory motions, simple harmonic
motion, degrees of freedom. System with One Degree of Freedom: Equations of motion by
Newton’s method & Energy method, general solution, frequency response method. Undamped

free vibration and damped free vibration.

Unit -2

Forced Vibration of Single Degree of Freedom System: Undamped forced vibration — harmonic
excitation, damped forced vibration — harmonic excitation, rotating and reciprocating unbalance,
vibration isolation and transmissibility, system attached to moving support. Transient Vibration of
Single Degree of Freedom System: Introduction Response due to a General Excitation, Excitations
Whose Forms Change at Discrete Times, Transient Motion Due to Base Excitation, Laplace
Transform Solutions, Transfer Functions, Numerical Methods

Unit-3

Vibration Measurements: Introduction, transducers, vibration measuring instruments —
vibrometers and accelerometers, frequency measuring instruments, vibration exciters, signal
analysis.

Non Linear Vibrations: Introduction, Sources of nonlinearity, Qualitative analysis of nonlinear
systems. Phase plane method, Method of isoclines, Method of iteration

Unit-4

Continuous Systems: Introduction, continuous system — a simple exposition, separation of time
and space variables, problems governed by wave equation: longitudinal vibrations of rods &
torsional vibration of shaft, lateral vibration of beams.

Unit-5

Vibration Monitoring: Principles of vibration monitoring, misalignment detection, eccentricity
detection, cracked shaft, bowed and bent shaft, unbalanced shaft, looseness, rub, bearing defects,
gear fault, faults in rotating machines.

Fundamentals of Acoustics:

Human perception of sound, Sound wave propagation in 1-D, 3-D space. 3-D wave equation, Some

important acoustic quantities and relations, Acoustic Transducers: Various types of microphones.

Alternate Assessment Tools

Students are expected to undertake a literature review on specific topics as instructed and
comprehend them, rework and make a presentation and report of the same using any general
purpose FE software or computation tool like MATLAB programming.

Text Books

1 | William T. Thomson, Marie Dillon Dahleh and Chandramouli Padmanabhan, “Theory of
Vibrationwith Application”, 5th Ed, Pearson Education.

2 | S. Graham Kelly, “Fundamentals of Mechanical Vibration”- McGraw-Hill, 2000

3 | S.S. Rao, “Mechanical Vibrations”, Pearson Education, 6th Edition.

Reference Books

1 | J. S. Rao"Theory and Practice of Mechanical Vibrations".

Course Outcomes: At the end of the course the student will be able to:

1 | Model and analyse a free damped, undamped and forced response of a mechanical system.
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Develop equation and analyse the transient response of a single degree freedom system.

Access the response characteristics of a continuous mechanical system.

Mlw (N

Analyse and discuss the behavior of single degree freedom system for linear and non-linear
behavior.

5 | Analyse the engineering practical applications of vibrations and noise

6 | Undertake literature review on unfamiliar problems related to vibration, comprehend it and
make presentation to the engineering community.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from each unit.
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Course Credits Marks

Name Design Laboratory LI TP CIE SEE

Code MMEL106 ol 111 50 50

List of experiments

Material Characterization
e Uniaxial tension, compression, bending and shear tests on different materials
e Multiaxial / combined loading

Stress Analysis using strain gages
e Use of strain gage rosettes, strain gauge mounting, strain indicator
e Principal stresses and strains
o Different loading conditions like tension, bending, torsion, etc.

Stress analysis using photoelasticity
e Stress-optic law, fringe constant, isoclinics, isochromatics
e Determination of fringe constant
e Stress analysis: Disc, four-point bending, cranehook, etc.

Stress analysis under fatigue load
e HCF and LCF
e Fatigue test, S-N diagrams

Stress analysis using Digital Image Correlation
e Speckle pattern, Image capturing
e Displacement and strains through image correlation
e For different class of materials like wood, metal, plastic, composite, etc.

Course Outcomes: At the end of the course the student will be able to:

1 | Extract information pertinent to ASTM standards for experimentation and testing of materials.

2 | Conduct experiments as per standards

3 | Analyse and interpret the data by applying appropriate techniques and tools

4 | Prepare technical documentation and make effective presentation

Scheme of Examination for Semester End Examination

Laboratory Examination: Evaluation through experimentation, presentation and viva-voce.
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Course Credits Marks
Name Advanced Machine Design LT | P CIE SEE
Code MMMD201 31010 50 50

Course Content

Unit -1
Introduction: Role of failure prevention analysis in mechanical design, Modes of mechanical
failure, Review of failure theories for ductile and brittle materials including Mohr's theory
and modified Mohr's theory, Numerical examples.
Fatigue of Materials: Introductory concepts, High cycle and low cycle fatigue, Fatigue
design models, Fatigue design methods, Fatigue design criteria, Fatigue testing, Test
methods and standard test specimens, Fatigue fracture surfaces and macroscopic features,
Fatigue mechanisms and microscopic features

Unit - 2
Stress-Life (S-N) Approach: S-N curves, Statistical nature of fatigue test data, General S-N
behavior, Mean stress effects, Different factors influencing S-N behaviour, S-N curve
representation and approximations, Constant life diagrams, Fatigue life estimation using S-
N approach.
Strain-Life (e-N) approach: Monotonic stress-strain behavior, Strain controlled test
methods, Cyclic stress-strain behavior, Strain based approach to life estimation,
Determination of strain life fatigue properties, Mean stress effects, Effect of surface finish,
Life estimation by €-N approach.

Unit-3
LEFM Approach: LEFM concepts, Crack tip plastic zone, Fracture toughness, Fatigue crack
growth, Mean stress effects. Cyclic Plastic zone, Crack Closure, Small Fatigue cracks and
LEFM limitations. Plasticity extension and LEFM and Elastic Plastic Fracture Mechanics.

Unit -4
Notches and their effects: Concentrations and gradients in stress and strain, S-N approach
for notched membranes, mean stress effects and Haigh diagrams, Notch strain analysis and
the strain — life approach

Unit-5
Fatigue from Variable Amplitude Loading: Spectrum loads and cumulative damage,
Damage quantification and the concepts of damage fraction and accumulation, Cumulative
damage theories, Load interaction and sequence effects, Cycle counting methods, Life
estimation using stress life approach and strain life approach.
Alternate Assessment Tools
Presentation on the latest research on aspects of fatigue & fracture.
Text Books
1 | Ralph I. Stephens, Ali Fatemi, Robert, Henry o. Fuchs, “Metal Fatigue in engineering”,
John Wiley Newyork, Second edition. 2001
2 | Jack. A. Collins, "Failure of Materials in Mechanical Design”, John Wiley, New York
1992
3 | Robert L. Norton , “Machine Design”, Pearson Education India, 2000
Reference Books
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S. Suresh, "Fatigue of Materials”, Cambridge University Press, -1998

Julie. A. Benantine, "Fundamentals of Metal Fatigue Analysis”, Prentice Hall, 1990.

Wi |[—=

Fatigue and Fracture, ASM Hand Book, Vol 19, 2002.

Course Outcomes: At the end of the course the student will be able to:

1

Predict failure of engineering components using appropriate failure theories.

2 | Identify and explain the types of fractures of engineered materials and their
characteristic
features;
3 | Estimate life of components using stress life, strain life and LEFM approach.
4 | Analyze the machine members subjected to spectrum loads

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Course Credits Marks
Name Advanced Finite Element Method L| TP CIE SEE
Code MMMD202 3001 1 50 50

Course Content

Unit-1

Finite Element Procedures and Modeling
FE Analysis Procedures: Preliminary Analysis, Preprocessing procedures, Solution Techniques,
Post-processing procedures, FE modeling techniques, Patch test, error estimation

Unit -2

Structural Design using Finite Elements
Safety margin in design, Intuitive Design, Design Parametrization, Sensitivity Analysis, Structural
Optimization

Unit-3

Fundamentals of Nonlinearity

Introduction to nonlinear systems in solid mechanics, geometric nonlinearity, material
nonlinearity. Kinematic nonlinearity, force nonlinearity.

Nonlinear solid mechanics and solution procedures

Solution procedures for nonlinear algebraic equations. Newton—-Raphson method, modified
Newton—-Raphson method.

Unit-4

Plastic and nonlinear bending of Beams
Stages of plastic yielding, Analyses of stresses, Nonlinear stress-strain curve, residual stresses in
plastic bending, Numerical problems

Unit-5

Nonlinear Finite Element Analysis

Steps in the solution of nonlinear finite element analysis. State determination, residual calculation,
convergence check, linearization and solution. Nonlinear solution controls using commercial finite
element programs.

Laboratory Component

Modelling of orthotropic materials. Study of plasticity behaviour in simple plate structures with
discontinuities. Use of spring elements, rigid elements and joints. Modelling of nonlinear
materials, contact problems, metal forming processes, rolling and extrusion processes.

Text Books

1 | Nam-Ho Kim, Bhavani V Sankar, “Introduction to Finite Element Analysis and Design”,
Wiley, 2008.

2 | Sadhu Singh, "Theory of Plasticity and Metal forming Process”, Khanna Publishers, Delhi,
1999.

3 | Nam-Ho Kim, “Introduction to Nonlinear Finite Element Analysis”, Springer, 2015.
Reference Books

1 | J Chakrabarty, “Theory of Plasticity”, Butterworth, 2006.

2 | J. N. Reddy, “An Introduction to Nonlinear Finite Element Analysis”, Oxford University Press,
USA (2004).
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3 | Javier Bonet, Richard D. Wood, “Nonlinear Continuum Mechanics for Finite Element
Analysis”, Cambridge University Press (2008).

Course Outcomes: At the end of the course the student will be able to:

1 | Determine the modeling and analysis procedures to obtain structural response of
deformable bodies subjected to various types of loads.

2 | Examine the failure and interpret the behaviour in metallic materials using suitable yield criteria.

3 | Develop mathematical models for the nonlinear behaviour and solve the same using suitable
solution techniques.

4 | Model and analyse the nonlinear behaviour of different mechanical systems using advanced
software tools.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from each
unit.
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Program Elective - 1

Course Credits Marks
Name Composite Materials Technology L|T]|P CIE SEE
Code MMMD2031 31010 50 50
Course Content
Unit-1

Introduction to Composite Materials: Definition, Classification, Types of matrix material
and reinforcements, Characteristics & selection, Fiber composites, Laminated composites,
Particulate composites, Prepegs, and sandwich construction.

Unit - 2
Macro Mechanics of a Lamina: Hooke's law for different types of materials, Number of
elastic constants, Derivation of elastic constants for orthotropic material, Two - dimensional
relationship of compliance and stiffness matrix. Hooke's law for two-dimensional angled
lamina, Numerical problems. Invariant properties. Stress-Strain relations for lamina of
arbitrary orientation, Numerical problems.

Unit-3
Micro Mechanical Analysis of a Lamina: Introduction, Evaluation of the four elastic moduli,
Rule of mixtures, Numerical problems. Experimental Characterization of Lamina- Elastic
Moduli and Strengths
Failure Criteria: Failure criteria for an elementary composite layer or Ply, Maximum Stress
and Strain Criteria, Approximate strength criteria, Inter-laminar Strength, Tsai-Hill theory,
Tsai, Wu tensor theory, Numerical problem, practical recommendations.

Unit -4
Macro Mechanical Analysis of Laminate: Introduction, Code, Kirchoff hypothesis, Classical
Lamination Theory, Derivation of A, B, and D matrices, Hygroscopic effect, Special cases of
laminates, Numerical problems.

Unit-5
Manufacturing, Testing and Applications:
Layup and curing - open and closed mold processing, Hand lay-up techniques, Bag molding
and filament winding. Pultrusion, Pulforming, Thermoforming, Injection molding, Cutting,
Machining, joining and repair.
NDT tests — Purpose, Types of defects, NDT method - Ultrasonic inspection, Radiography,
Acoustic emission and Acoustic ultrasonic method.
Applications: Aircrafts, missiles, Space hardware, automobile, Electrical and Electronics,
Marine, Recreational and sports equipment-future potential of composites.
Alternate Assessment Tools
Faculty will specify at the beginning of the semester.
Text Books
1 | Autar K. Kaw, “Mechanics of Composite materials”, CRC Press, 2" Ed, 2005.
2 | Madhijit Mukhopadhay, “Mechanics of Composite Materials & Structures”, Universities
Press, 2004.
Reference Books
1 ‘ Mein Schwartz, "Composite Materials”, handbook, McGraw Hill, 1984.
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2 | P. K. Mallik, Marcel Decker, “Fiber Reinforced Composites”, CRC Press, 3™ ed, 1993.

w

Robert M. Jones, “Mechanics of Composite Materials”, Taylor & Francis, 1998.

4 | J. N. Reddy, "Mechanics of Laminated Composite Plates & Shells”, CRC Press, 2" Ed,
2004,

5 | Michael W Hyer, “Stress analysis of fiber Reinforced Composite Materials”, McGraw Hill
International, 2009.

Course Outcomes: At the end of the course the student will be able to:

1 | Identify the role of matrices and reinforcements used in practical composite structures.

2 | Analyze problems on micro and macro mechanical behavior of lamina.

3 | Assess the strength of laminated composite and predict its failure for given static
loading conditions.

4 | Develop understanding of different methods of manufacturing and testing of
composites.

5 | Make oral presentation on recent advancements in the field of composite materials and
structures.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Course Credits Marks
Name Statistical Modeling & Experimental Design L| T|P CIE SEE
Code MMMD2032 31010 50 50

Course Content

Unit -1
Statistical Modeling and Data Analysis: Introduction, Review of basic statistical concepts:
Concepts of random variable, Sample and population, Measure of Central tendency; Mean,
median and mode. lllustration through Numerical examples, Normal, Log Normal & Weibull
distributions. lllustration through Numerical examples.

Unit - 2
Introduction to Designed Experiments: Strategy of experimentation, Some typical
applications of experimental design, Basic principles, Guidelines for designing experiments,
A brief history of statistical design, Summary: Using statistical techniques in
experimentation.

Unit - 3
Factorial Experiments Basic definitions, The advantages of factorials, the two factorial
design. Introduction, Factorial Experiments Terminology: factors, levels, interactions, Two-
level experimental designs for two factors and three factors. Illustration through Numerical
examples.

Unit -4
Regression Analysis: linear and multiple Regression analysis, Mathematical models from
experimental data. lllustration through Numerical examples.

Unit-5
Signal to Noise Ratio: Evaluation of sensitivity to noise. Signal to Noise ratios for static
problems: Smaller-the-batter type, Nominal the-better-type, Larger-the better type. Signal
to Noise for Dynamic problems. lllustration through Numerical examples.

Alternate Assessment Tools

To be prescribed by concerned faculty at the beginning of semester

Text Books

1 | Design and Analysis of Experiments, Douglas C. Montgomery, 5th Edition Wiley India
Pvt. Ltd. 2007.

2 | Quality engineering using robust design, Madhav S. Phadke, Prentice Hall PTR,
Englewood Cliffs, New Jersey 07632, 1989.

Reference Books

1 | Thomas B. Barker, "Quality if experimental design”, Marcel Dekker Inc ASQC Quality
Press.1985.

2 | C.F. Jeff Wu Michael Hamada, “Experiments Planning Analysis and Parameter Design
Optimization”, Wiley Editions. 2002.

3 | L. W. Condra, “Reliability Improvement with design of Experiments”, 2"* ed, CRC Press,
2001

4 | Phillip j. Ross, “Taguchi Techniques for Quality Engineering”, 2" ed. McGraw Hill
International Editions, 1996.

Course Outcomes: At the end of the course the student will be able to:

Page 17



1 | Statistically model a population and fit in a suitable distribution for the population for
further analysis.

2 | Analyse and apply statistical concept in the design of experiments.

3 | Develop experimental models for 2 factors or 3 factors.

4 | Establish a regression pattern for given mathematical model established for

experiment and evaluate signal to noise ratio for sensitivity.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Course Credits Marks
Name | Additive Manufacturing L|T|P CIE SEE
Code | MMMD2033 3]01]0 50 50

Course Content

Unit -1
Introduction to Additive Manufacturing (AM), Classification, VAT Polymerization
techniques, Photo polymerization process modelling, Process benefits and Drawbacks,
Applications of VAT

Unit -2
Powder Bed Fusion Process(PBF), Process Parameters and Modelling, Applied Energy
Correlation, Powder Handling, Applications of PBF, Electron Beam Deposition
Extrusion Based Systems, Basic Principles, Plotting and Path Control Applications, Extrusion
velocity equations, Applications of FDM

Unit -3
Material Jetting (MJ) Fundamentals, Hagen-Poiseuille law, Numerical involving Reynolds
and Weber number for printing conditions, MJ process benefits and drawbacks, Applications
Binder Jetting principle, Materials used in BJ, process benefits and drawbacks, Applications
Unit-4
Latest methods for printing metal parts: Sheet Lamination, Direct-Write, Laser Transfer
DW, Laser Powder DED Process, Powder feeding and wire feeding, Ultrasonic AM, Focused
lon Beam

Unit-5
Post Processing of AM Parts: Support Material Removal, Surface Texture Improvement,
Machining Strategy
Introduction to Design for Additive Manufacturing (DFAM): Industry case studies from
industrial experts, Effect of printing direction on mechanical properties
Text Books
1 | lan Gibson, David Rosen, Brent Stucker, Additive Manufacturing Technologies, 3e,
Springer, 2014
2 | Diegel, Olaf, Axel Nordin, and Damien Motte,A Practical Guide to Design for Additive
Manufacturing, Springer, 2020.
Reference Books
1 | Amit Bandyopadhyay Susmita Bose, Additive Manufacturing, Second Edition, CRC
Press Taylor & Francis, 2020.
2 | CP Paul, AN Junoop, Additive Manufacturing: Principles, Technologies and
Applications, McGrawHill, 2021.
Course Outcomes: At the end of the course the student will be able to:
1 | Understand the principles and process parameters of additive manufacturing
processes
2 | Explore different additive manufacturing processes and suggest suitable methods for
building a particular componens
3 | Identify design constraints and relate AM processes
Suggest post processing operation (s) for suitable applications
5 | Solve additive manufacturing problems for industrial components.
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Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Program Elective - 2

Course Credits Marks
Name Tribology in Design L|T]|P CIE SEE
Code MMMD2041 3]1]01|0 50 50
Course Content
Unit-1

Introduction to Tribology: Introduction, Friction, Wear, Wear Characterization, Regimes of
lubrication, Classification of contacts, lubrication theories, Effect of pressure and temperature
on viscosity. Newton's Law of viscous forces, Flow through stationary parallel plates. Hagen
Poiseuille theory, viscometers. Numerical problems, Concept of lightly loaded bearings, Petroff's
equation, Numerical problems.

Unit -2
Hydrodynamic Lubrication: Pressure development mechanism. Converging and diverging
films and pressure induced flow. Reynolds's 2D equation with assumptions. Introduction to
idealized slide bearing with fixed shoe and Pivoted shoes. Expression for load carrying capacity.
Location of center of pressure, Numerical problems.

Unit-3
Journal Bearings: Introduction to idealized full journal bearings. Load carrying capacity of
idealized full journal bearings, Sommerfeld number and its significance, Comparison between
lightly loaded and heavily loaded bearings, Numerical problems.
Hydrostatic Bearings: Hydrostatic thrust bearings, annular pad, rectangular pad bearings,
types of flow restrictors, expression for discharge, load carrying capacity and condition for
minimum power loss, numerical problems.

Unit-4
Antifriction bearings: Advantages, selection, nominal life, static and dynamic load bearing
capacity, probability of survival, equivalent load, cubic mean load, bearing mountings.
Introduction to porous and gas lubricated bearings. Governing differential equation for gas
lubricated bearings, Equations for porous bearings and working principal.

Unit-5
Magnetic Bearings: Introduction to magnetic bearings, Active magnetic bearings. Different
equations used in magnetic bearings and working principal. Advantages and disadvantages of
magnetic bearings, Electrical analogy, Magneto-hydrodynamic bearings.
Alternate Assessment Tools
Presentation on latest research on tribology

Text Books
1 | Mujamdar B. C "Introduction to Tribology of Bearing”, Wheeler Publishing, New Delhi
2001.

2 | Radzimovsky, "Lubrication of Bearings - Theoretical principles and design” Oxford Press
Company, 2000.

Reference Books

1 | Dudley D. Fuller " Theory and practice of Lubrication for Engineers", New
YorkCompany.1998

2 | Oscar Pinkus, Beno Sternlicht, “Theory of hydrodynamic lubrication”, McGraw-Hill, 1961
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3 | G W Stachowiak, A W Batchelor, “Engineering Tribology”, Elsevier, 1993
4 | William Brian Rowe, "Hydrostatic and hybrid bearings, Butterworth 1983.
5 | F. M. Stansfield, Hydrostatic bearings for machine tools and similar applications,

Machinery Publishing, 1970.

Course Outcomes: At the end of the course the student will be able to:

1

Comprehend basics of tribology and related sciences, theoretical background about
processes in tribological system, mechanisms and forms of interaction of friction surfaces.

2 | Analyze hydrodynamic, hydrostatic bearing

3 | Select bearings based on various tribological factors to be considered in moving and
rotating parts.

4 | Understand the application and limitations Magnetic and porous bearings.

5 | Undertake literature survey on unfamiliar problems related to Tribology, comprehend it

and make presentation to the engineering community.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from each
unit.
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Course Credits Marks
Name Mechanics & Control of Robotic Manipulation L|T|P CIE SEE
Code MMMD2042 31010 50 50

Course Content

Unit -1
Introduction: History of robotics, Applications, anatomy and classification, degrees of freedom
Spatial descriptions and Transformations: position vector, Rotation matrix,
homogeneous transform, compound transformations, transform equations, other forms of
representation of orientation: fixed and Euler angles, 2 —vector representation, angle — axis
representation, euler parameters

Unit -2
Forward Kinematics: Introduction, Link description, link connection description, Denavit-
Hartenberg parameters, Derivation of link transformations, concatenating link
ransformations, actuator space, joint space and Cartesian space

Unit-3
Inverse Kinematics: Introduction, Solvability : existence of solution, multiple solutions and method
of solution; algebraic vs geometric approach, algebraic solution by reduction to polynomial
Instantaneous Kinematics: Jacobians, changing a Jacobian’s frame of reference, resolved
rate motion control, singularities

Unit-4

Trajectory Generation: Introduction, general considerations in path description and generation,
Joint space schemes: cubic polynomial, cubic polynomial for a path with via points, linear function
with parabolic blends, linear function with parabolic blends for a path with via points, Cartesian space
schemes: Cartesian straight line motion, geometric problems with Cartesian paths, path generation
at run time

Linear control: Feedback control, second order linear system response, PD control,
disturbance rejection and steady state error, PID control, modeling and control of a single
joint, architecture of PUMA 560 robot controller

Unit-5

Nonlinear control: Structure of a manipulator's dynamic equations, feed forward control,
computed torque control,adaptive control, task oriented control, force control

Alternate Assessment Tools

Faculty will specify the details at the beginning of semester.

Text Books

1 ‘ Craig J J, Introduction to Robotics: Mechanics and Control, 3/E, Pearson Education India, 2008.
Reference Books

1 | Ghosal A, Robotics: Fundamental Concepts & Analysis, Oxford University Press, 2006

2 | Peter Corke, Robotics, Vision and Control: Fundamental Algorithms in MATLAB, Springer, 2017.
Course Outcomes: At the end of the course the student will be able to:
Represent position and orientation of a rigid body in 3D space
Perform forward and inverse kinematics of serial manipulators
Perform velocity analysis using Jacobian
Plan trajectory in joint and cartesian space
Design controllers for robot motion

mmihlwiN|—=
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Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Course Credits Marks
Name Principles of CAD/CAM/CAE L|T]|P CIE SEE
Code MMMD2043 31010 50 50

Course Content

Unit -1
Introduction to CAD/CAM/CAE Systems: Overview, Definitions of CAD, CAM and CAE,
Integrating the Design and Manufacturing Processes through a Common Database-A
Scenario, Using CAD/CAM/CAE Systems for Product Development-A Practical Example.
Components of CAD/CAM/CAE Systems: Hardware Components, Vector-Refresh (Stroke-
Refresh) Graphics Devices, Raster Graphics Devices, Hardware Configuration, Software
Components, Windows-Based CAD Systems.

Unit - 2
Basic Concepts of Graphics Programming: Graphics Libraries, Coordinate Systems,
Window and Viewport, Output Primitives - Line, Polygon, Marker Text, Graphics Input,
Display List, Transformation Matrix, Translation, Rotation, Mapping, Other Transformation
Matrices, Hidden-Line and Hidden-Surface Removal, Back-Face Removal Algorithm,
Rendering, Shading, Ray Tracing, Graphical User Interface, X Window System.

Unit-3
Geometric Modeling Systems: Wireframe Modeling Systems, Surface Modeling Systems,
Solid Modeling Systems, Modeling Functions, Data Structure, Euler Operators, Boolean
Operations, Representation and Manipulation of Curves: Types of Curve Equations, Conic
Sections, Circle or Circular Arc, Ellipse or Elliptic Arc, Hyperbola, Parabola, Hermit Curves,
Bezier Curve, B-Spline Curve, Composition of B-Spline Curves, Non uniform Rational B-
Spline (NURBS) Curve

Unit -4
Representation and Manipulation of Surfaces: Types of Surface Equations, Bilinear
Surface, Coon's Patch, Bicubic Patch, Bezier Surface, Evaluation of a Bezier Surface, B-Spline
Surface, Evaluation of a-B-Spline Surface, NURBS Surface, Interpolation Surface, Intersection
of Surfaces.

Unit-5
CAD and CAM Integration Overview of the Discrete Part Production Cycle, Process
Planning, Manual Approach, Variant Approach, Generative Approach, Computer-Aided
Process Planning Systems, CAM-I CAPP, MIPLAN and Multi CAPP, Met CAPP, ICEM-PART,
Group Technology, Classification and Coding, Existing Coding Systems, Product Data
Management (PDM) Systems.
Alternate Assessment Tools
Presentation on latest development on the CAD software.
Text Books
1 | Kunwoo Lee, "Principles of CAD/CAM/CAE systems”-Addison Wesley, 1999.
2 | Radhakrishnan P, "CAD/CAM/CIM"-New Age International, 2008.
Reference Books
1 | Ibrahim Zeid, "CAD/CAM — Theory & Practice”, McGraw Hill, 1998.
2 | Bedworth, Mark Henderson & Philip Wolfe, “Computer Integrated Design and
Manufacturing” - McGraw Hill Inc., 1991.
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3 | Pro-Engineer, Part modeling Users Guide, 1998.

Course Outcomes: At the end of the course the student will be able to:

1 | Interpret the role of computers in various activities of product development.

2 | Create and manipulate the geometric entities like lines, curves, surfaces and 3D
objects.

3 | Create an assembly of parts using software package as an engineering tool.

4 | Connect the activities of CAD and CAM.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Program Elective - 3

Course Credits Marks
Name Fracture Mechanics L | T P CIE SEE
Code MMMD2051 3101]0 50 50
Course Content
Unit-1

Fracture mechanics fundamentals: Introduction and historical review, ductile and brittle
fracture, Modes of fracture, Fracture mechanics approach to design, NDT methods used in
fracture mechanics, Stress concentration due to elliptical hole, Linear elastic fracture
mechanics, Airy stress function, Stress intensity factor, Solution to crack  problems,
Determination of Stress intensity factors and plane strain fracture toughness, Kic test
technique, numerical method, Effect of finite size, Special cases, Numerical problems.
Unit -2
Plasticity effects: Plastic zone, effective crack length, Irwin plastic zone correction. Dugdale
approach, size and shape of the plastic zone for plane stress and plane strain cases, Thickness
effect, numerical problems.
Energy release rate, Griffith’'s criteria, Energy release rate, compliance approach, crack
resistance, R-curve, Compliance, stable and unstable crack growth, equivalence.
Unit -3
Elastic-plastic fracture mechanics: J-integral, path independence, features and limitations,
equivalence, Jic test method, engineering approach, Tearing modulus, Crack-tip opening
displacement, experimental determination of CTOD, equivalence.
Unit-4
Fatigue failure: Crack growth, crack propagation laws, crack propagation life, effect of
overload, crack closure, variable amplitude service loading, environment-assisted fracture,
factors influencing, liquid metal embrittlement, design considerations
Unit-5
Dynamics of crack: Crack speed and kinetic energy, dynamic stress intensity and elastic
energy release rate, crack branching, principles of crack arrest, crack arrest in practice,
dynamic fracture toughness.
Alternate Assessment Tools
Students are expected to carry out literature review on fracture mechanics analysis of
components, evaluate fracture mechanics parameters for specimen with different crack
configurations using a commercial finite element analysis software, prepare a term paper, and
make presentations.
Text Books
1 | Prashant Kumar, Elements of Fracture Mechanics, Tata McGraw Hill, 2011.
2 | David Broek, Elementary Engineering Fracture Mechanics, Springer Netherlands, 2011.
Reference Books
1 | Anderson T. L., Fracture Mechanics-Fundamentals and Application, CRC Press, 1995.
2 | Ramesh K, Engineering Fracture Mechanics, Online Solutions Publishing, 2007.
Course Outcomes: At the end of the course the student will be able to:
1 ‘ Develop governing equations based on theory, concepts and principles of fracture
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mechanics

2 | Apply principles to characterize status of crack in a structure under different loads and
perform failure analysis of engineering structures

3 | Solve theoretical and practical problems to acquire judgment and skills

4 | Evaluate fracture mechanics parameters, predict crack propagation and provide alternate
solutions

5 | Simulate and analyze behavior of cracked structure using a commercial analysis tool to
perform fracture mechanics analysis.

6 | Prepare a technical report/term paper and make oral presentation.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from each
unit.
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Course Credits Marks
Name | Design for Manufacture & Assembly L|T|P CIE SEE
Code | MMMD2052 3/]0]0 50 50

Course Content

Unit -1
Design process overview: Conceptual and configuration design of products and
assemblies, criteria and concepts in design, Dimensional management & tolerance analysis:
GD & T, Datum features, stack-up analysis

Unit - 2
Selection of Materials and Shapes: Overview of engineering materials, standards for
materials selection, Selection of shapes, Co-selection of materials and shapes, Effect of
composition, processing and structure on material properties

Unit -3
Performance of materials: Design of static structures, design for fatigue resistance,
corrosion resistance, wear resistance, and other properties, Design with metals, plastics and
composites

Unit-4
Manufacturing aspects of design: Design for manufacture and assembly, Manufacturing
processes and their selection, Modeling of manufacturing process, Manufacturing cost
estimation

Unit-5
Case studies: Design for casting, Design for machining, injection molding, design for
automation, Printed circuit board design
Text Books
1 | Materials Selection and Design, Vol. 20, ASM Hand book, 1997.
2 | Geoffrey Boothroyd, Peter Dewhurst, Winston Knight, “Product design for manufacture
and assembly”, Marcel Dekker. Inc. CRC Press, Third Edition, 2002.
3 | Goerge Dieter & Linda Schmidt, “Engineering Design” - McGraw-Hill Higher Education,
5e, 2013.
Reference Books
1 | James D. Meadows, Geometric Dimensioning & Tolerancing: Applications and
Techniques for Use in Design, Manufacturing and Inspection, Marcel Dekker, NY,
1995.
Course Outcomes: At the end of the course the student will be able to:
1 | Identify the role of manufacturing and assembly in product development
2 | Apply manufacturing considerations in the design and development of components
and processes
3 | Apply geometrical dimensioning and tolerances issues in mechanical design.
4 | Analyze effect of material, process and design on manufacturability of product
Scheme of Examination for Semester End Examination
To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Course Credits Marks
Name | Product Lifecycle Management L|T]|P CIE SEE
Code | MMMD2053 3/]0]0 50 50

Course Content

Unit -1
Introduction to Product Lifecycle Management
Definition and objectives of PLM, Importance of PLM in modern industry, Lifecycle phases:
Idea, Design, Manufacture, Use, End-of-Life, Historical evolution of PLM, PLM vs. related
concepts (e.g., PDM, ERP, SCM)

Unit -2
Product Design and Development in PLM
Concept development and requirements engineering, Collaborative design and CAD
integration, Design for manufacturability and sustainability, Versioning and change
management

Unit-3

PLM Tools and Technologies

Overview of major PLM software platforms (Siemens Teamcenter, PTC Windchill, Dassault
ENOVIA), Integration with CAD, ERP, and SCM systems, Data management and digital thread
concepts, Configuration management

Unit -4
Manufacturing, Supply Chain, and Lifecycle Support
PLM support in manufacturing planning and execution, Role of PLM in supplier
collaboration, Product lifecycle cost management, Compliance and regulatory
considerations

Unit-5
PLM Strategy, Trends, and Case Studies
Implementing a PLM strategy in an organization, Challenges and success factors, Trends:
Digital Twin, loT, Al in PLM, Case studies from automotive, aerospace, and consumer
products’ industries
Text Books
1 | Michael Grieves, Product Lifecycle Management: Driving the Next Generation of Lean Thinking,
McGraw-Hill Education
2 | John Stark, Product Lifecycle Management (Volume 1): 21st Century Paradigm for
Product Realisation, Springer,
3 | Saaksvuori & Immonen, Product Lifecycle Management: A Guide to New Product
Development, Springer
Reference Books
1 | Anil Mital, Anoop Desai, Anand Subramanian, Engineering Design and Product
Development, Academic Press
2 | Clement Fortin and Marco Macchi, Product Lifecycle Management in the Digital
Twin Era, Springer,
Course Outcomes: At the end of the course the student will be able to:
1 | Explain the significance of PLM methodologies for product development and lifecycle
processes.
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2 | ldentify lifecycle-related issues in product design, manufacturing, and support

3 | Apply PLM concepts and tools to support product design, development, and
engineering change management.

4 | Assess the impact of PLM practices on product sustainability, innovation, and global
competitiveness across industries.

5 | Utilize PLM software platform to manage product data, support collaboration, and
ensure configuration control throughout the product lifecycle.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Open Elective - 1 (Il Semester)

Course Credits Marks
Name | Machine Learning L|T|P CIE SEE
Code MMMD2061 3101]0 50 50
Course Content
Unit - 1

Introduction to Machine Learning: Definition, Supervised and unsupervised learning, Terminology,
Machine learning workflow, Applications, Fatigue fracture analysis and materials design,
Regression: Simple linear regression, Multiple linear regression, Gradient descent, Feature
engineering, Polynomial regression, Examples: Indentation for material hardness and strength and
Vickers hardness for metallic glasses and ceramics.

Unit-2
Classification: Logistic regression, k- nearest neighbor, Regularization, Support vector machines

Unsupervised Learning: Clustering, Dimensionality reduction, Anomaly detection

Unit-3
Neural Networks: Introduction, Architecture, Forward propagation and implementation, Training,
Activation functions, Examples and Applications.

Unit-4
Reinforcement learning: Introduction, Key concepts, Return, Policies, State-action value function,
Q-learning, Algorithm refinement, Examples and applications.

Unit-5
Practical Aspects and System Design: Model selection, Bias, Variance, Learning curves, Spring mass
damper system, Additive manufacturing, Indentation analysis for materials property prediction,
Design of polymer matrix composite materials, Design for Manufacturing.

Alternate Assessment Tool: Laboratory Component

Programming assignments and course project

Text Books

1 | Wing Kam Liu, Zhengtao Gan, Mark Fleming, Mechanistic Data Science for STEM
Education and Applications, Springer, 2021.

2 | Peter Bruce, Andrew Bruce, and Peter Gedeck. Practical Statistics for Data Scientists:
50+ Essential Concepts Using R and Python. O'Reilly Media, 2020.

3 | Gareth James, Daniela Witten, Trevor Hastie, Robert Tibshirani, An Introduction to
Statistical Learning with Applications in R, Springer, 2013.

Reference Books

1 | Ethem Alpaydin, Introduction to Machine Learning. MIT Press, 2014.

2 | Christopher M Bishop, M. Jordan J. Kleinberg B. Scholkopf. Pattern Recognition and
Machine Learning, Springer 2006.

3 | Tom Mitchell, Machine Learning, McGraw-Hill Science, 1997.

MOOCS:

1 | https://onlinecourses.nptel.ac.in/noc21_cs24/preview

2 | https://www.coursera.org/specializations/machine-learning-introduction

3 | https://www.coursera.org/professional-certificates/ibm-machine-learning

Course Outcomes: At the end of the course the student will be able to:

1 | Prepare data for machine learning algorithms
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Demonstrate machine learning algorithms for regression, classification, and clustering problems

Model and train simple neural networks

Apply reinforcement learning for solving engineering problems

uibhlw|nN

Implement the machine learning algorithms to analyze, solve and infer problems in engineering
design

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer five full questions selecting one from each

unit.
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Course Credits Marks
Name | Mechatronics for Industrial Applications L|T]|P CIE SEE
Code | MMMD2062 31]0]0 50 50

Course Content

Unit -1
Introduction: Definition and Introduction to Mechatronic Systems. Modeling & Simulation
of Physical systems, Overview of Mechatronic Products and their functioning, measurement
systems. Control Systems, simple Controllers. Study of Sensors and Transducers: Pneumatic
and Hydraulic Systems, Mechanical Actuation System, Electrical Actual Systems, Real time
interfacing and Hardware components for Mechatronics.
Unit - 2
Electrical Actuation Systems: Electrical systems, Mechanical switches, Solid state switches,
solenoids, DC & AC motors, Stepper motors. System Models: Mathematical models:-
mechanical system building blocks, electrical system building blocks, thermal system
building blocks, electromechanical systems, hydro-mechanical systems, pneumatic systems.
Unit -3
Signal Conditioning: Signal conditioning, the operational amplifier, Protection, Filtering,
Wheatstone Bridge, Digital signals, Multiplexers, Data Acquisition, Introduction to digital
system processing, pulse-modulation. MEMS and Microsystems: Introduction, Working
Principle, Materials for MEMS and Microsystems, Micro System fabrication process,
Overview of Micro Manufacturing, Micro system Design, and Micro system Packaging.
Unit -4
Data Presentation Systems: Basic System Models, System Models, Dynamic Responses of
System, Mechatronic System Applications, Fault Finding, Design, Arrangements and
Practical Case Studies

Unit-5
Digital Twin & its applications: Digital twin technology - Definition, history, and evolution
of digital twins in engineering and manufacturing; Digital Twin Architecture and
Components; Real-Time Data Integration and Decision-Making; Applications of Digital
Twins in Mechatronics to enhance design, simulation, and predictive maintenance in
mechatronic systems.
Text Books
1 | W. Bolton, Mechatronics: Electronic Control Systems in Mechanical & Electrical
Engineering, 7e, Pearson, 2023.
2 | T R Hsu, MEMS and Microsystems design and manufacture, Tata McGraw-Hill
Education, 2002.
3 | Manisha Vohra, Digital Twin Technology: Fundamentals & Applications, Wiley, 2022.
Reference Books
1 | Devdas Shetty and Richard A. Kolk, “Mechatronics System Design”, Cengage Learning,
2" ed, 2011.
2 | Michel B. Histand and David. Alciatore, “Introduction to Mechatronics & Measurement
Systems”, McGraw Hill, 2002.
3 | Zhihan Lyu, Handbook of Digital Twins, CRC Press, 2024.
Course Outcomes: At the end of the course the student will be able to:
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1 | Understand multi-disciplinary nature of modern engineering systems.

2 | Model and analyze mechanical and electrical systems and their connection.

3 | Analyze the integration of mechanical, electronics, control and computer engineering
in the design of mechatronics systems.

4 | Analyze issues of design, fabrication, and packaging of Microsystems.

5 | Understand advanced application of mechatronics systems as digital twins enhancing
the productivity of industry.

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Course Credits Marks
Name Advanced Control Engineering L|T|P CIE SEE
Code MMMD2063 3/]01]0 50 50

Course Content

Unit -1
Introduction & Mathematical Foundation:
Introduction, Feedback & its effects, Types of Feedback Control Systems.
Complex variable concept, Frequency-domain plots, Differential equations, Laplace
transform & its application to the solution of linear ODEs, Impulse-response & transfer
functions of linear systems, Stability of linear control systems, BIBO stability — Continuous-
data systems, Relationship between characteristics equation roots & stability, Zero input and
asymptotic stability of continuous-data systems, Methods of determining stability, Routh-
Hurwitz criterion, MATLAB tools & case studies.

Unit - 2
Modeling of Dynamic Systems: Introduction to Modeling of Mechanical Systems,
Introduction to Modeling of Simple Electrical Systems, Modeling of Active Electrical
Elements: Operational Amplifiers, Introduction to Modeling of Thermal Systems,
Introduction to Modeling of Fluid Systems, Sensors and Encoders in Control Systems, DC
Motors in Control Systems, Systems with Transportation Lags (Time Delays), Linearization of
Nonlinear Systems, Analogies, MATLAB tools.

Unit - 3
Time-Domain Analysis of Control Systems: Time Response of Continuous-Data Systems:
Introduction, The Unit-Step Response and Time-Domain Specifications, Steady-State Error,
Time Response of a Prototype First-Order System, Transient Response of a Prototype
Second-Order System, Speed and Position Control of a DC Motor, Time-Domain Analysis of
a Position-Control System, Basic Control Systems and Effects of Adding Poles and Zeros to
Transfer Functions, Dominant Poles and Zeros of Transfer Functions, Basic Control Systems
Utilizing Addition of Poles and Zeros

Unit -4

Root Locus Analysis: Introduction, Basic Properties of the Root Loci, Properties of the Root
Loci, Design Aspects of the Root Loci, Root Contours (RC): Multiple-Parameter Variation
Frequency-Domain Analysis: Introduction, Resonant Peak, Resonant Frequency and
Bandwidth of the Prototype Second-Order System, Effects of Adding a Zero & Pole to the
Forward-Path Transfer Function, Relative Stability: Cain Margin and Phase Margin, Stability
Analysis with the Bode Plot, Relative Stability Related to the Slope of the Magnitude Curve
of the Bode Plot

Unit-5
Design of Control Systems: Introduction, Design with the PD Controller, Design with the
Pl Controller, Design with the PID Controller, A Hydraulic Control System, Controller Design
Text Books
1 | Automatic Control Systems, B C Kuo, F Golnaraghi, John Wiley & Sons, 2014.
2 | Control Systems Engineering, 6™ Edition, Norman S Nise, Wiley India - 2011
Reference Books
1 ‘ Modern Control Engineering, Katsuhiko Ogata, Pearson Education, 2004.
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2 | Modern Control Systems, Richard C Dorf & Robert H Bishop, Prentice Hall, 2008

3 | E-book: Feedback Systems: An Introduction for Scientists & Engineers, Karl J Astrom
& Richard M Murray, Version v2.10b, Princeton University Press -
http://www.cds.caltech.edu/~murray/books/AM05/pdf/am08-complete 22Feb09.pdf

Course Outcomes: At the end of the course the student will be able to:

1 | Identify the components of control systems given real life situation

2 | Develop transfer function models and state-space models of single input single
output, linear time invariant systems

3 | Analyse the time response of first and second order systems

4 | Evaluate the stability of systems using various methods

5 | Design PID controllers

Scheme of Examination for Semester End Examination

To set two questions from each unit. Answer any five full questions selecting one from
each unit.
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Course Credits Marks
Name Simulation Laboratory L|T]|P CIE SEE
Code MMMDL207 0] 1 1 50 50

Course Content

Exercises involving

Structural Analysis: Bending, buckling and modal analysis: Plates, stiffened-panels,
parametric studies

Thermal analysis: Plates under different boundary conditions involving conduction,
convection and radiation

Thermal Stress Analysis: Thick-walled cylinder with a fluid at high temperature and outer
surface exposed to atmosphere subjected to different temperature boundary conditions.

CFD Analysis: Analysis of a fluid flow, Pressure and Velocity, Fluid flow over cylinder, flow in a
duct

Analysis of Joints: Stress analysis of Welded joint for different types of weld, Stress analysis of
bolted joint, Shear stress, contact stress, Stress analysis of bonded joints

Optimization: Shape Optimization of a rotating annular disk, Design optimization of a
flywheel, Topology Optimization of a Bracket.

Fatigue Analysis: Failure Analysis of specimen under cyclic loads, Life estimation, Damage
assessment, Parametric Studies.

Course Outcomes: At the end of the course the student will be able to:

1 | Develop finite element models for static and dynamic analysis

2 | Apply boundary conditions and analyze the problems to evaluate primary variables.

3 | Solve and simulate real-time problems for stress and failure in different domains like structures,
thermal, fluid flow, fatigue, etc.
4 | Demonstrate skills in use of reputed commercial finite element analysis package.

5 | Present the results in the form of a technical report.

6 | Carry out independent investigation/development work in solving a real-time problem.
Scheme of Examination for Semester End Examination

Laboratory Examination: Evaluation based on Write-up, Execution, Presentation and Viva-
voce.
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Course Credits Marks
Name Python Programming & Applications L|T]|P CIE SEE
Code 24MMD271 001 50 50

Course Content

Part-A: Introduction to Python as programming language
Exercises involving
Basics: Datatypes-Numbers, List, Tuple, String, Set, Dictionary, Type conversion, 1/0 and
import, operators, Handling Errors in python
Logical and conditionals: Logical expressions, Conditional execution, loops), File Operations

Functions, Modules, packages: Function definition, Calling and defining functions,

Arguments, local and global variables, Using modules, package and its use.

Object oriented programming: Python Classes and objects, Creation of classes, Class

Methods.

Python Libraries:

NumPy: N-dimensional array, Random numbers, Matrix operations.

Pandas: Data Frame, read write csv file, Filtering, Slicing.

Matplotlib: Format strings in plot, Line plot, Scatter plot, Bar chart, Pie chart, Histograms.
Part-B: Application of Python programming to Mechanical Engineering

Exercises involving

Engineering Mechanics: Statics: Forces in Structures (Trusses, Friction etc)., Dynamics: Path

of Projectile, Moving Rigid bodies.

Strength of Materials: Shear Force, Bending moment and Deflection diagrams for beams

subjected to different loads.

Kinematics: Kinematic analysis of various mechanisms.

Design of Machine Elements: Shaft subjected to combined torsion, bending and axial loads.

Mechanical Vibration: Analysis of Spring mass system, Car suspension system.

Text Books

1 | Python Crash Course: A Hands-On, Project-Based Introduction to Programming by Eric

Matthes, 2" Edition.

2 | Learn Python the Hardway by Zeo A Shaw, 3" Edition.

3 | Python for Scientists and Engieers-Concepts and Applications by Rakesh Nayak and

Nishu Guptha, CRC Press, Taylors and Francis, 1° Edition.

4 | Python and Matplotlib essentials for Scientists and Engineers by Matt A Wood, Margon

& Claypool Publishers.

Reference Books

1 | Python for Data Analysis by Wes McKinney, O'Reilly Media, Inc, USA

2 | Python for Data Analysis: A Step-By-Step Guide to Master the Basics of Data Science and

Analysis in Python Using Pandas, Numpy and Ipython by Andrew Park, 2016

3 | Introducing Python by Bill Lubanovic, O'Reilly Media, 2014.

4 | Python Essential Reference, 4™ Edition by David M. Beazley, Pearson Education, 2009.

5 | Learning with Python: How to Think Like a Computer Scientist, Allen Downey, Jeffrey

Elkner and Chris Meyers, Dreamtech Press, 2015.

6 | Learning to Program using Python by Cody Jackson, Second Edition, 2014.
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7 ‘ Programming Python, Mark Lutz, O'reilly Media, 2015

E-BOOKS:

1 | http://www.onlineprogrammingbooks.com/learning-program-using-python/

2 | http://www.greenteapress.com/thinkpython/thinkpython.pdf

MOOCS:

1 | https://www.coursera.org/learn/python-basics

2 | https://www.edx.org/course/introduction-computer-science-mitx-6-00-1x-8

3 | https://www.class-central.com/mooc/4174/coursera-python-data-structures

Course Outcomes: At the end of the course the graduate will be able to:

1 | Learn the python programming skills

2 | Write python scripts, functions to solve engineering problems

3 | Visualize the solutions from the python code.

4 | Explain the relevance of data analysed for complex engineering problems.

Scheme of Examination for Semester End Examination

Laboratory Examination: Evaluation of programming script, execution and viva-voce.
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