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Program Educational Objectives

PEO1-Graduates will have knowledge in the discipline of Materials and Manufacturing processes

with hands on practice in using advanced material characterisation and advanced
manufacturing technology to address real world engineering problems.

PEO2-Graduates will be successful in their career independently or in a group as materials and

manufacturing professionals in an Industry/Research /Academia.

PEO3-Graduates will be proficient in their communication, presentation skills and will be

prepared to engage in the process of life-long learning through professional development
and research.

Programme Outcomes

EIS. Program Outcomes (PO)
PO1 An ability to independently carry out research /investigation and development work to
solve practical problems
PO2 An ability to write and present a substantial technical report/document
An ability to demonstrate mastery in the area of Manufacturing Science and
PO3 Engineering at a level higher than the undergraduate program in Mechanical

Engineering




BMS COLLEGE OF ENGINEERING, BENGALURU
Autonomous College under VTU
Scheme of Instruction for First Semester M. Tech. in Manufacturing Science and
Engineering 2020-2021 onwards. CREDIT BASED

l. : :
ilo Course Code Course Title Credits CREDITS
L [T |P|S

1 20MEMSPCMS | Machining Science & Technology 3 3

2 20MEMSPCMC | Advanced Material Characterization 3 3
Techniques

3 20MEMSPCPM | Plasticity and Metal Forming 3 3

4 20MEMSPCCM | Composite Materials 3 1 4

5 20MEMSPEZZ | Elective -1 3 3

6 | 20MEMSPEZZ | Elective-2 3 3

7 20MEMSPCML | Advanced Material Characterization 1 1
Lab

8 20ALLPICRM Research Methodology 2 2

Total 20 2 22

Note: Two electives to be chosen from the list below:
Elective will be offered for a minimum strength of six candidates (out of 18) / eight
Candidates (out of 24)

Course Elective — 1

20MEMSPENT | Nanotechnology
20MEMSPETQ | Total Quality management
20MEMSPEAJ | Advanced Joining process

Course Elective — 2

20MEMSPEME

MATLAB Applications for Engineers

20MEMSPECS

Corrosion and Surface Engineering

20MEMSPEAM

Advanced Manufacturing Processes




BMS COLLEGE OF ENGINEERING, BENGALURU

Autonomous College under VTU
Scheme of Instruction for Second Semester M. Tech. in Manufacturing Science and
Engineering 2020-2021 onwards

CREDIT BASED

SI. No

Course Code Course Title Credits CREDITS
L (T
20MEMSPCTD | Tool Engineering Design 3
2 20MEMSPCRO | Robotics 3 4
3 20MEMSPCFM | Finite Element Analysis for 3 4
Manufacturing
4 20MEMSPEZZ | Elective -3 3 3
5 20MEMSPEZZ | Elective -4 3 3
6 20MEMSOEZZ | Institution Engineering Elective | 4 4
7 20MEMSPCMT | Advanced Manufacturing 1
Technology Lab
Total 19 22

Note: Two electives to be chosen from the list below:
Elective will be offered for a minimum strength of six candidates (out of 18) / eight
Candidates (out of 24)

Course Elective — 3

20MEMSPECC

Computer control of Manufacturing systems

20MEMSPEAE

Advanced Engineering Materials

20MEMSPEID

Industrial Design and Ergonomics

Course Elective — 4

20MEMSPEDM | Design for Manufacture
20MEMSPEND | Nondestructive Testing
20MEMSPEME | Micro Electro - Mechanical Systems (MEMS)

Institution Engineering Elective

20MEMSOECE

Computational methods in Engineering analysis

20MEMSOEDE

Design of Experiments




BMS COLLEGE OF ENGINEERING, BENGALURU

Autonomous College under VTU

Scheme of Instruction for Third Semester M. Tech. in Manufacturing Science and
Engineering 2020-2021 onwards

CREDIT BASED

SI. No

Course type

Course Code

Course Title

Credits

CREDITS

L

T

Program Core 6

20MEMSPCP1

Project work

Phase-I

0

0

08

08

Program Core 7

20MEMSPCNT

Internship

10

10

(Program Core/
Elective - Domain/
Management)

20MEMSPCPL

Product
Lifecycle
Management

02

01

03

Program core

20MEMSPCSR

Technical
Seminar

01

01

Audit -1
Non Credit
Mandatory Course

20MEMSNCM1

Online
courses-
MOQOCs

Professional
English for
research paper
and proposal
writing

Yoga and
meditation for
stress
management

Personality
development

Total

02

19

01

22

AUDIT COURSES

a. Online courses- MOOCs

b Professional English for research paper and proposal writing

c. Yoga and meditation for stress management

d. Personality development




BMS COLLEGE OF ENGINEERING, BENGALURU

Autonomous College under VTU
Scheme of Teaching for 2020-22
Scheme of Instruction for IV Semester M. Tech. (Manufacturing Science and Engineering)

2020-21 onwards CREDIT BASED
SI-No %c;ggse Subject Code Course Title Credits CREDITS
L T P S
1 Program 20MEMSPCP2 Project work
20 20
Core 8 Phase-11
2 Program 20MEMSMEBA | Business
Elective Analytics
(Domain/MF 50MEMSMECM | Cost 0
anagement Management  of
Stream) Engineering
Projects
3 Audit -2 20MEMSNCM2 Online courses-
Non Credit MOOCs
Mandatory
Course Professional
English for
research  paper
and proposal
writing 0
Yoga and
meditation  for
stress
management
Personality
development
Total 02 20 22

AUDIT COURSES

a. Online courses- MOOCs

b Professional English for research paper and proposal writing

c. Yoga and meditation for stress management

d. Personality development




Typical structure of the curriculum

S g = £ o o = ‘§ E % g
?) E@awa%=%§&.§§§$'§§—é
= | ZEPHPEEEEEE|s855z2 3¢
@ SEO0|la0laR|OCRlaZ|w | £ 3220 F0
I 02 14 06 - - - - - 22
II - 12 06 04 - - - - 22
I - 03 - - 08 01 |10 02 Units | 22
v - - 02 - 20 - - 02 Units | 22
Total: | 02 29 14 04 28 01 |10 |- 88
Credits
Credits through courses = = 49/88 = 56%
Credits through Project/Seminar/Internship = 39/88 = 44%
Manufacturing Materials Management
Subjects subjects subjects
Machining Science & Technology | Advanced Material | Total Quality management
Characterization Techniques
Plasticity and Metal Forming Composite materials Research Methodology
Advanced Joining process Nanotechnology Industrial  Design  and
Ergonomics
MATLAB  Applications  for | Corrosion and Surface | Design of Experiments
Engineers Engineering
Advanced Manufacturing | Advanced Engineering | Business Analytics
processes Materials
Tool Engineering Design Nondestructive Testing Cost ~ Management  of
Engineering Projects
Robotics Micro Electro - Mechanical
Systems (MEMS)
Finite Element Modeling
Computer Control of
Manufacturing Systems
Design for Manufacture
Computational ~ methods  in
Engineering analysis
Product Lifecycle Management




MACHINING SCIENCE & TECHNOLOGY

Subject Code 20MEMSPCMS | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

Mechanics of Metal Cutting: Mechanism of chip formation, Orthogonal & Oblique cutting, types
of chips, built-up edge, Determination of shear plane angle, forces on the chips, forces in
orthogonal cutting, Merchant circle diagram and analysis, theory of Ernst and Merchant, comments
on shear plane angle, theory of Lee & Shaffer, friction in metal cutting, power & energy
relationship, specific cutting energy, velocity relationship, shear-strain, factors affecting forces and
power, Problems. 11 Hours
Unit-2

Geometry of Cutting Tools: Single point and multi point cutting tools, tool angle specifications—
ISO and ASA systems, effect of cutting parameters on tool geometry.

Tool Materials and Their Properties: Characteristics of tool materials, types of tool materials,
recommended cutting speeds for the above tools and tool inserts

Tool Wear and Tool Life: Sudden & gradual wear, crater wear, flank wear, mechanisms of tool
wear, tool failure criteria-direct and indirect, tool life equations, effect of process parameters on
tool life, Problems. 6 Hours
Unit-3

Measurement of Cutting Forces: Reasons for measuring cutting forces, dynamometer
requirements, Classification of cutting force dynamometers — mechanical, hydraulic, pneumatic,
optical, inductance, piezoelectric, and strain gage type dynamometers, Dynamometers for lathe,
drilling and milling, calibration of dynamometers

Economics of Machining: Introduction, elements of total production cost, optimum cutting speed
and tool life for minimum cost, optimum cutting speed and tool life for maximum production,
Problems. 6 Hours

Unit-4

Recent Developments in machining: Hot machining, cryogenic machining, high speed
machining, hard machining, micromachining, hybrid Machining and machining of composites
5 Hours

Unit-5

Introduction to modern machining- History, need, classification
Process description, mechanism of metal removal, effect of parameters, advantages and limitations
of Ultrasonic Machining (USM), Abrasive Jet Machining (AJM), Abrasive Water Jet Machining

(AWJM), Abrasive Flow Machining (AFM), Magnetic Abrasive Finishing (MAF), Electro
chemical machining (ECM), Chemical Machining (CHM), Electrical Discharge Machining
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(EDM), Laser Beam Machining (LBM), Electron Beam Machining (LBM), Plasma Arc
Machining (PAM)

Introduction to modeling — Empirical, simulation and analytical models, modeling of USM,
AWJM, EDM and LBM 11 Hours
TEXT BOOK:

1. Fundamentals of metal cutting & Machine Tools - by B.L.Juneja & G.S — Sekhar - Wiley
Eastern.

2. Advanced machining process - Vijay K. Jain, Allied Publishers PVT. Limited

REFRENCE BOOKS:

1. Metal Cutting Principles - M.C. Shaw - Oxford Publication

2. Metal Cutting - Dr. B.J.Ranganath -Vikas Publications.

3. Fundamentals of machining and machine tools - Boothroyd and Knight — Taylor and Francis
4. Production Technology - HMT - Tata Mc Graw Hill

5. Modern Machining Process - P.C Pandy & H.S. Shan - Tata McGraw Hill

E-BOOKS:
1.http://ceb.ac.in/knowledgecenter/EBOOKS/Metal%620Machining%20%20Theory%20an
d% 20Applications%620-%20Thomas%20Childs.pdf

2. http://www.download4referencebook.com/journals/nontraditional-machining-processes
MOOCS:

1. http://nptel.ac.in/downloads/112105127/

2. http:/ffmcet.in/MECH/MEG6402_uw.pdf

3. http://nptel.ac.in/courses/112105126/36

Course Out comes

CO1 | Analyze cutting forces in turning and learn problem solving skills in both analytical
and graphical methods
CO2 | Classify cutting tool materials and choose cutting variables for a particular application.
Elaborate on tool wear & mechanisms and tool geometry
COos3 Categorize cutting force measuring instruments and choose them for a particular
application. Evaluate machining costs. Discuss recent developments in machining
CO4 Classify nontraditional machining techniques and highlight its importance. Illustrate
mechanism of material removal and discuss the process parameters, advantages &
limitations, applications. Develop models for material removal rate for industrially
relevant NTM techniques.
CO5 Make oral presentations and prepare report on analytical and simulation models
pertaining to machining
Scheme of Examination:

Answer five full questions selecting one from each unit. To set one question each from units 2, 3
and 4 and two questions each from units 1 and 5.


http://www.download4referencebook.com/journals/nontraditional-machining-processes
http://nptel.ac.in/courses/112105126/36

ADVANCED MATERIAL CHARACTERISATION TECHNIQUES

Subject Code 20MEMSPCMC | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Unit-1

INTRODUCTION TO THE COURSE: Relevance of advanced characterization to materials
development, surface characterization techniques. Optical microscopy-principle, types and
applications 07 Hours

Unit-2
ADVANCED DIFFRACTION TECHNIQUES: Introduction; X-Ray, their production &
properties Review of basic diffraction theory; XRD; Various SAXS techniques and its applications
in characterizing material SAXS,GISAXS LEED and RHEED, EXAFS, SEXAFS/NEXAFS

09 Hours
Unit-3
Neutron radiation; neutron sources; Small angle neutron scattering; Instrumentation, XPS patterns;
Spin orbital Splitting; Quantitative analysis, Chemical effect, Chemical shift, XPS imaging Auger
electron generation; Principle, Chemical effect, Quantitative analysis, Depth profiling,
Applications. 09 Hours

Unit-4

ADVANCED SPECTROSCOPIC TECHNIQUES: Electromagnetic spectroscopy, UV-Visible

Spectroscopy, Photo-luminescence spectroscopy, Infra-red spectroscopy, Raman spectroscopy.
07 Hours

Unit-5

ADVANCED MICROSCOPIC TECHNIQUES: Introduction; Electron-materials interactions;

TEM: HR, HAADF, STEM, In-situ TEM; SEM, In-situ SEM, AFM, STM, EBSD 07 Hours

REFERENCES

Materials Characterization Techniques Sam Zhang, Lin Li, Ashok Kumar; CRC press, (2008)
Transmission Electron Microscopy; D.B. Williams and C.B. Carter, Plenum Press (2004)
Modern ESCA The Principles and Practice of X-Ray Photoelectron Spectroscopy, Terry L.Barr,
CRC press, (1994)

Scanning Electron Microscopy and X-ray Microanalysis by Joseph Goldstein, Dale E.
Newbury, David C. Joy, and Charles E.; Springer Science (2003)

Advanced Techniques for Materials Characterization, Materials Science Foundations
(monograph series) A. K. Tyagi, Mainak Roy, S. K. Kulshreshtha and S. Banerjee;, Volumes 49 —
51 (2009)
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L. Yang, Materials Characterization: Introduction to microscopic and spectroscopic, Wiley.
ASM Handbook, Vol. 9, Metallography and Microstructures, ASM International, USA.
Goodhew, Humphreys and Beanland, Electron Microscopy and Microanalysis, Taylor and Francis.
Hatekayama and Quinn, Thermal analysis techniques, Wiley.

MOOCS:

1. http://nptel.ac.in/courses/113104004/

2. http://nptel.ac.in/course.php?disciplineld=112

3. http://nptel.ac.in/courses/113106032/

4. http://nptel.ac.in/syllabus/syllabus.php?subjectld=113107033

Course Out comes

Co1 Familiarize with relevance of advanced characterization methods and optical
microscopy

COo2 Analyze qualitatively and quantitatively different materials structure using
advanced diffraction techniques, XPS instrumentation and patterns

COo3 Explain and analyze materials using advanced spectroscopy techniques

CO4 Select appropriate advanced microscopic techniques to the analysis and
characterization of materials

CO5 Present and Write technical report/document regarding advanced material
characterization

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 1, 4
and 5 and two questions each from units 2 and 3.
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http://nptel.ac.in/courses/113104004/
http://nptel.ac.in/course.php?disciplineId=112
http://nptel.ac.in/courses/113106032/
http://nptel.ac.in/syllabus/syllabus.php?subjectId=113107033

PLASTICITY AND METAL FORMING

Subject Code 20MEMSPCPM | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

Brief review of elastic and plastic behavior of metals:

Continuous, homogeneous and isotropic bodies, Concept of stress and strain, types of stresses and
strains, description of stress and strain at a point, plane stress and strain, stress and strain in three
dimensions, Principal Stresses and strains, Shear strain, Yield criteria for ductile metals — Von
Mise’s criterion, Tresca’s criterion, Relationship between tensile yield stress and shear yield stress
using Von Mise’s and Tresca’s criterion, problems on yield criteria.

True stress and strain, relation between conventional stress and strain and true stress and strain,
problems on true stress and strain, mathematical representation of strain hardening, hydrostatic
and deviator components of stress and strain and problems, flow curves for different materials,
yield locus, yield surface, octahedral sheer stress and shear strain 11 Hours

Unit-2

Fundamentals of Metal Working:

Classification of forming processes, Hot working, Cold Working, Warm Working, Mechanics of
Metal Working, flow stress determination - plain strain compression test, Temperature in metal
working, Metallurgical Structure, friction and lubrication-sticking and sliding friction,
Workability limit diagram and residual stresses 6 Hours

Unit-3
Forging: Classification, forging equipment, determination of compressive stress for plate and disc,
open and closed die forging, residual stresses in forgings, forging defects and problems
6 Hours
Unit-4
Rolling of metals: Classification of Rolling mills, forces and geometrical relationships in rolling,
simplified analysis of rolling load, theories of cold and hot rolling, roll separating force, Power
loss in bearings, torque and power, front and back tensions, defects in rolled products and problems
5 Hours

Unit-5
Extrusion: Classification, extrusion equipment, Process variables, Analysis of extrusion
processes, tube extrusion, production of seamless pipe and tubing, extrusion defects and problems.

12



Drawing: Analysis of wire drawing, Rod and wire drawing, dies in drawing, tube drawing,
analysis of tube drawing, Residual stresses, redundant work and estimation, optimal cone angle
and dead zone formation, defects and problems. 11 Hours

TEXT BOOK:

1. Mechanical Metallurgy - Dieter G.E. - Mc Graw Hill Publications.
REFRENCE BOOKS:

1. Metals Handbook — ASM - Volume Il - ASM

2. Fundamentals of working of Metals - Sach G. - Pergamon Press.

E BOOKS:
1.http://staff.uny.ac.id/sites/default/files/pendidikan/aan-ardian-mpd/3c-handbook-metal-

forming.pdf
2. http://killerwall.net/USA/survman/Manuals/Metal-Forming(2).pdf

MOOCS:

1. http://web.iitd.ac.in/~pmpandey/MEL120 html/Metal%20Forming%20Processes.pdf
2. http://nptel.ac.in/courses/112106153/

3. http://nptel.ac.in/downloads/112106153/

Course Out comes

CO1 | Discuss elastic and plastic behavior of metals. Differentiate metal working techniques
and describe parameters influencing metal working

CO2 | Analyze cold, hot and warm working processes. Discuss factors influencing metal
working processes

CO3 | Build equations to find load in forging, rolling, extrusion and drawing

CO4 | Analyze process variables in forging, rolling, extrusion and drawing techniques.
Discuss defects in forging, rolling, extrusion and drawing and choose applications
CO5 | Make oral presentations and prepare report on analytical and simulation models
pertaining to metal forming

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 2, 3
and 4 and two questions each from units 1 and 5.
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http://staff.uny.ac.id/sites/default/files/pendidikan/aan-ardian-mpd/3c-handbook-metal-forming.pdf
http://staff.uny.ac.id/sites/default/files/pendidikan/aan-ardian-mpd/3c-handbook-metal-forming.pdf
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COMPOSITE MATERIALS

Subject Code 20MEMSPCCM | CIE Marks | 50
L-T-P-S 3-0-1-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

Introduction: Definition, Reason for composites, Types, Constituents, interface, Role of interface.
Fabrication of composites (Advanced Techniques): Production of MMC’s by Diffusion
bonding, Infiltration technique, and Insitu fabrication. FRP’s by Hand Layup, Pressure and
Vacuum bagging processes, Resin transfer Molding Technique. CMC’s by Infiltration technique
and Chemical Vapour deposition technique. Introduction to Nano composites. 6 Hours

Unit-2

Machining of composites: Conventional Cutting, machining and drilling, Problems associated,
water jet machining and Electric discharge machining. Damage and repair of composites.
Testing of Composites; Destructive (Tensile, Compression, Flexural, ILSS, and HDT) & non-
destructive (ultrasonic, thermography, shearography & X-ray radiography)

Application Developments —Aerospace, Automobile, electrical and electronics, marine,
recreational and sports equipment. 6 Hours

Unit-3

Micro Mechanical Analysis of a Lamina: Introduction, Evaluation of the four elastic moduli by
Strength of Materials Approach, Ultimate strengths of unidirectional lamina, Longitudinal Tensile
Strength, Longitudinal Compressive Strength ,Transverse Tensile Strength ,Transverse
Compressive Strength ,In-Plane Shear Strength, Numerical problems.

Macro Mechanics of a Lamina: Introduction, Hooke's law for different types of materials,
Number of elastic constants, relationship of compliance and stiffness matrix. 10 Hours
Unit-4

Macro Mechanics of a Lamina Hooke's law for two-dimensional-unidirectional lamina, angle
lamina, engineering constants for an angle lamina -Stress-Strain relations for lamina of arbitrary
orientation, Numerical problems.

Biaxial Strength Theories: Macro mechanical Failure Theories: - Maximum stress theory,
Maximum strain theory, Tsai-Hill theory, Tsai, Wu tensor theory, Comparison of Failure Theories,
Numerical problems. 10 Hours
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Unit-5
Laminated Composites: Introduction, laminate code, Kirchhoff’s Plate Theory, Classical
Laminated Plate Theory, Failure Analysis and Design of Laminates: Introduction , Special Cases
of Laminates, Failure Criterion for a Laminate, Design of a Laminated Composite
7 Hours
Reference Books:
1. Composite Science and Engineering by K. K. Chawla Springer Verlag 1998.

2. Mechanics of Composite Materials BY Autar K. Kaw SECOND EDITION 2006
3. Engineering Composite Materials -Bryan Harris. The Institute of Materials, London
4. Fiber Reinforced Composites by P. K. Mallick, Marcel Dekker,Inc
5. Mechanics of Composite Materials, Robert M. Jones, McGraw Hill Kogakusha Ltd.1998
6. Engineering Mechanics of Composite Materials, I. M. Daniel and O. Ishai, 1994 Oxford
University Press.
E-BOOKS

1. www.ae.iitkgp.ernet.in/ebooks/
2. www.rjafari.iut.ac.ir/sites/.../Imechanics of composite materials.pdf

MOOCS:
1. nptel.ac.in/courses/112104168/, nptel.ac.in/courses/101104010/,
2. https://nptel.ac.in/courses/112/104/112104229/
3. nptel.ac.in/courses/.../lISc.../Composite%20Materials/New_index1.html

Course Out comes

CO1 | Identify the different reinforcement and matrix materials to synthesis components
which find innovative applications.

CO2 | Selection of a processing/ fabrication technique of composite materials and testing to
satisfy the service conditions.

CO3 | Analyze the micro and macro mechanical characteristics of a
unidirectional/bidirectional lamina and to develop stress-strain relationships for
evaluating mechanical properties.

CO4 | Failure analysis of laminates and design considerations based on failure of individual
lamina

CO5 | Analyze the current research and present case studies with technical reports.

Scheme of Examination: Answer five full questions selecting one from each unit. To set one
question each from units

1, 2 and 5 and two questions each from units 3 and 4.
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Lab Component [13 hours]:

1. Fabrication of Fiber Reinforced Plastic (FRP) composites using hand layup varying ingredients

[Week 1 to 3]
2. Fabrication of FRP composites by Vacuum bag process varying ingredients. [Week 4 and 5]
3. Fabrication of Metal matrix composites using stir casting process. [Week 6 and 7]
4. Manufacturing of Metal matrix composites using Squeeze casting. [Week 8 and 9]
5. Testing of FRP composites (Tensile and Bending) [Week10and11]
6. Testing of metal matrix composites (Hardness, Tensile) [Week12and13]
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COUSE ELECTIVE-1:

NANO TECHNOLOGY
Subject Code 20MEMSPENT | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03
Course Content:
Unit-1

Metal based nanocomposites — Necessity of Nano-composites (limitations of micon-composites),
Classification of metal matrix nano composites (MMNCs) & types of fillers, Different preparation
techniques of MMNCs (Liquid, Semi-Solid and Solid route), Limitations of MMNCs, Wettability
& agglomeration 6 hours
Mechanical Behaviour of Al & Mg Nanocomposites — Room temperature tensile, hardness and
tribological properties, Examples of improvement in mechanical, electrical and magnetic
properties, Applications of MMNCs 5 hours

Unit-2

Polymer based nanocomposites — Classification (types of fillers and polymers), Applications
with examples of improvement in mechanical, electrical and magnetic properties, Fabrication
methods using Melt intercalation, sol-gel, direct mixing, in-situ, Types of hardeners and its role,
Fabricating nano particle reinforced FRPs 6 hours

Polymer based -carbon nanocomposites — Types of carbon reinforced polymer nano composites,
improvement in mechanical properties, Mechanics of fracture in CNT-Polymer composites,
directional properties of CNT composites, Introduction to hybrid Nano-composites, Applications
: 5 hours
Unit-3

Mechanics of polymer nanocomposites — Factors influencing the performance of
nanocomposites Polymer-filler interface, pull-out strength, , failure mechanics, mechanical
behavior & stress transfer, Introduction to mathematical modelling of strength and stiffness in
nanocomposites. 6 hours

Unit-4

Advanced Characterization Techniques for Nanostructures — FESEM, SPM, Confocal and
NSOM, TEM, MRFM, XRD, XPS, SIMS, AES - capabilities and applications of these techniques
for nanostructure characterization 5 hours

Unit-5
Testing of nanocomposites — Overview of mechanical tests and relevance of Standards, Principle
of DMTA, TMA, DSC, TGA, nanocomposite characterization using DMA, TGA, DSC, TMA

6 hours
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Text Books:

1. Aluminum and Magnesium Metal Matrix Nanocomposites- Lorella Ceschini et al.- Springer
Nature Singapore Pte Ltd. 2017 DOI 10.1007/978-981-10-2681-2.

2. Polymer Science and Technology - Joel R. Fried - Prentice- Hall, Inc. Englewood Cliffs, N.
J., USA - 2000.

REFERENCE Materials:

1. D.Brabazon and A.Raffer - Advanced Characterization Techniques for Nanostructures, Micro
and Nano Technologies 2010, 59-91, https://doi.org/10.1016/B978-0-8155-1583-8.00003-X

2. Thomas Hanemann and Dorothée Vinga Szab - Polymer-Nanoparticle Composites: From
Synthesis to Modern Applications, Materials 2010, 3, 3468-3517; doi:10.3390/ma3063468.

3. Nanocomposites Science and Technology Physical Properties of Carbon Nanotubes - P. M.
Ajayan, L.S. Schadler, P. V. Braun , R. Saito, Carbon Nanotubes (Carbon, Vol 33) - M. Endo, S.
lijima, M.S. Dresselhaus Wiley publishers 2006 ISBN: 978-3-527-60517-0

E-BOOKS:

1.Carbon Nanotubes — A scientometric study by Werner Marx and Andreas Barth
nptel.ac.in/courses/118102003/

2. http://www.zums.ac.ir/files/research/site/ebooks/nanotechnology/nano-technology.pdf
3. http://web.pdx.edu/~pmoeck/phy381/workbook%20nanoscience.pdf
https://link.springer.com/chapter/10.1007/978-3-319-92234-8 12

MOOCS:

1. https://www.coursera.org/learn/nanotechnologyl

2. https://www.edx.org/course/nanotechnology-fundamentals-purduex-nano530x

3. http://nptel.ac.in/courses/118102003/

5. http://nptel.ac.in/course.php?disciplineld=112

Course Outcomes

CO1 | Understand the classification and fabrication techniques of nano-composites,
identify their applications
CO2 | Identify their applications based on tailored properties
CO3 | Analyze the mechanics of particle-matrix interface, mechanics of load transfer and
failure mechanisms
CO4 | Identify the modern tools for property characterization the needs for testing
Standards
CO5 | Present case studies with technical reports on current research in the relevant field

Scheme of Examination:
Answer five full questions selecting one from each unit.
To set one question each from units 3, 4 and 5 and two questions each from units 1 and 2.
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http://nptel.ac.in/course.php?disciplineId=112

TOTAL QUALITY MANAGEMENT

Subject Code 20MEMSPETQ | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

INTRODUCTION: Basic, concepts of Total Quality Management, Principles of TQM, Quality

in Manufacturing and Service Systems, Leadership Concepts, Benchmarking - Re-engineering -

Concurrent Engineering. 6 Hours

Unit-2

PRINCIPLES OF TOTAL QUALITY MANAGEMENT: Elements of Total Quality

Management— A Customer Focus — Fact-Based Management— Continuous Improvement —

Teamwork and Participation. Customer Perception of Quality, Customer Complaints, Service

Quality, Customer Retention, Employee Involvement, Malcolm Baldrige National Quality Award,

Award Criteria. Benefits of TQM. The Deming Management Philosophy — Profound Knowledge

—The Impact of Profound Knowledge — Deming’s 14 Points for Management- PDCA Cycle, The

Juran Philosophy — The Juran Quality Trilogy. The Crosby Philosophy. The Taguchi Loss

Function, 5S, Kaizen, Performance Measures 11 Hours

Unit-3

TOQM TOOLS

Ishikawa ‘s Seven Quality Tools, Ishikawa Fish bone diagram —Nominal Group Technique —

Quality Circles — Flow Charts — Pareto Analysis— Poka Yoke (Mistake Proofing),Process, Quality

Function Deployment (QFD), House of Quality, QFD Process, Benefits, Total Productive

Maintenance (TPM) Concept, Improvement Needs, FMEA, Stages of FMEA, cybernetic Analysis
11 Hours

Unit-4

QUALITY BY DESIGN:

Introduction — Rationale for implementation — Benefits— Teams — Communication models —

Implementation — Tools — Misconceptions and Pitfalls 6 Hours
Unit-5
QUALITY MANAGEMENT STANDARDS Introductory aspects only) 5 Hours

a. The ISO 9001:2000 Quality Management System Standard

b. The ISO 14001:2004 Environmental Management System Standard

c. 1ISO 27001:2005 Information Security Management System

d. ISO / TS16949:2002 for Automobile Industry

e. CMMI Fundamentals and Concepts

TEXT BOOKS:

1. A New American TQM Four Practical Revolutions in Management” —Shoji Shiba, Alan
Graham and David Walden,— Productivity Press, Portlans (USA) , 1993
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2. Management for Total Quality” —N Logothetis- Prentice Hall of India, New Delhi, 1994.
REFERENCE BOOK:

1. The Quality Improvement Hand Book, -Roger C Swanson, Publisher Vanity Books
International, New Delhi, 1995.

2. Total Quality Management — Kesavan R — | K International Publishing house Pvt. Ltd, 2008
E BOOKS:

1. http://psbm.org/Ebooks/Total%20Quality.pdf

2. http://www.mescenter.ru/images/abook_file/Total Quality Management _and_Six_Sigma.pdf
MOOCs:
1.https://www.mooc-list.com/course/fundamentals-six-sigma-guality-engineering-and-
management-edx?static=true

2. https://www.mooc-list.com/course/quality-management-uninettuno?static=true

Course Out comes

Co1 Describe management policies of quality control and implementation of quality
standards.

COo2 Develop an understanding on the necessary information and skills needed to
manage, control and improve quality practices in the organization through TQM
Philosophy

COos3 Apply the reactive and proactive improvement methodologies for problem solving
in organizations.

CO4 Demonstrate the importance of team work in problem solving processes and
analyze implementation of quality by design.

CO5 Present case studies with technical reports on current research in the relevant field

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 1, 4
and 5 and two questions each from units 2 and 3.
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ADVANCED JOINING PROCESS

Subject Code 20MEMSPEAJ | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Unit 1
Distortion-methods to avoid distortion, Stresses in joint design. Electro Slag .Welding Electron
Beam Welding, Plasma arc Welding, Laser Beam Welding, Explosion Welding, Diffusion

Welding, Ultrasonic Welding, Friction welding and Thermit welding. 9 Hours
Unit 2
Welding and cladding of dissimilar materials, overlaying and surfacing. Advanced soldering and
brazing processes - different types. Welding of plastics. 7 Hours
Unit 3

Inspection of Welds: Destructive techniques like Tensile, Bend, Nick break, Impact & Hardness.
Non-Destructive techniques like X' rays, Ultrasonic, Magnetic particle, Dye Penetrant, Gamma
ray inspection. Welding Symbols- Need for, representing the welds, Basic weld symbols, Location
of Weld, Supplementary symbols, Dimensions of welds, Examples. 9 Hours

Unit 4

Welding Design - Introduction, Principles of sound welding design, Welding joint design. Welding
positions, Allowable strengths of welds, under steady loads. Quality Control in Welding -
Introduction, Quality assurance v/s Quality control, Weld quality, Discontinuities in welds, their
causes and remedies and Quality conflicts. 7 Hours

Unit5

Computer-Aided Welding Design - Introduction, welding analysis, Engineering design v/s
welding design, perspectives in welding design, solution to the welding design problems.
Computer-Aided Welding Analysis: Computer-aided welding graphics, cautions and conclusions.

7 Hours

Reference Books

(1) Welding Engineering Handbook - A.W.S.
(2) Welding Engineering - Rossi - McGraw Hill.
(3)Advanced Welding processes — Nikodaco & Shansky — MIR
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(4) Welding Technology - O.P. Khanna
(5). Welding for Engineers - Udin, Funk & Wulf
E-BOOKS:

1.https://www.wilhelmsen.com/globalassets/marineproducts/welding/documents/wilhelmsen-

ships-service---unitor-welding-handbook.pdf

2. https://pubs.aws.org/Download_PDFS/WHB-1.9PV .pdf

MOOCS:

1. http://nptel.ac.in/courses/112107090/

2. http://nptel.ac.in/courses/112107089/

Course outcomes:

CO1 | Familiar with various advanced welding techniques

CO 2 | Understand the advanced welding practices in Industries and their comparative merits
and demerits.

CO 3 | Select the right kind of welding techniques for joining raw materials of various
thicknesses

CO 4 | Select appropriate welding technique suitable for joining various types of metals.

CO5 | Analyse the current research and present case studies with technical reports

Scheme of Examination:

Answer five full questions selecting one from each unit. To set one question each from units 2, 4
and 5 and two questions each from units 1 and 3.
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COURSE ELECTIVE-2

MATLAB APPLICATIONS FOR ENGINEERS

Subject Code 20MEMSPEME | CIE Marks | 50
L-T-P-S 2-0-1-0 SEE Marks | 50
Total no. of Lecture Hours. | 26 Exam Hours | 03

Course Content for Contact Hours: 26(L)+13(P) (13 Weeks Program)

UNIT - |

Introduction to Matlab Programming, Errors and Approximations:

Basics of Programming, Array operations, Loops and Control Statements, Scripts and Functions,
Plotting and Output. Errors and Taylor’s Series, Round Off Errors; and Iterative Methods, Step-
wise Methods and Error Propagation. (6L+3P) Hours

UNIT - 11

Numerical Differentiation and Integration:

Differentiation in Single Variable, Higher order differentiation, Partial differentials, Numerical
Integration, Multiple Applications of Integration Formulae, In-Built MATLAB Integration
Functions (6L+3P) Hours

UNIT - 111

Solving Linear and Non-linear Equations: Basics of Linear Algebra, Gauss Elimination and

Back-Substitution, Gauss-Siedel Method. Nonlinear Equations in Single Variable, MATLAB

command fzero & fsolve, Fixed point iteration and Newton-Raphson Method in single variable.
(6L+3P) Hours

UNIT - IV

Ordinary Differential Equations: Introduction and Euler’s Method, Runge-Kutta method (RK

methods of lower and higher orders), ODE series of in-built MATLAB standard functions for

solving differential equation (4L+2P) Hours

UNIT -V

Regression and Interpolation:

Linear Least Squares Regression, Nonlinear and Functional Regression, Interpolation Functions
used in MATLAB. (4L+2P) Hours
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Text Books:

1. Rudra Pratap, “Getting Started with MATLAB, A Quick Introduction for Scientists and
Engineers”, OXFORD university press, 2002.

. Laurene V. Fausett, “Applied Numerical Analysis using MATLAB”, Pearson, 2008.
. Amos Gilat, “MATLAB: An Introduction with Applications”, John Wiley & Sons, Inc., 2017.
Reference Books:

2
3
4.
1. Chapra S.C. and Canale R.P. (2006) Numerical Methods for Engineers, 5th Ed., McGraw Hill.
2. F. B. Hildebrand (1974) Introduction to Numerical Analysis, 2nd Ed., McGraw Hill.

3. Wen Shen (2015) An Introduction to Numerical Computation, World Scientific.

4. W. H.Press, S. A. Teukolsky, W. T. Vetterling & B. P. Flannery (2007) Numerical Recipes in
C++- The Art of Scientific Computing,

E-BOOKS:
1. https://onlinecourses.nptel.ac.in/noc20 ge05/unit?unit=116&lesson=117

2. https://archive.org/details/IntroductionToNumerical Analysis/page/n5/mode/2up

MOOCS:
1. https://nptel.ac.in/courses/103/106/103106118/

2. https://ocw.mit.edu/courses/mathematics/18-335j-introduction-to-numerical-methods-spring-
2019/index.htm

3. https://nptel.ac.in/courses/127/106/127106019/

Lab Component: Students are instructed to write MATLAB script and function files to solve
engineering problems using standard MATLAB inbuilt libraries.

Moduel 1: MATLAB scripts for preliminary problems (Week 1 and Week 2).

Moduel 2: Interpolations & solving system of transcendental equations (Week 3 and Week 4).
Moduel 3: Solve Newton equations of motion and Eigen Value Problem (Week 5 and Week 6).
Moduel 4: To find functional minima using optimisation algorithms (Eg: catenary)(Week 7 and
Week 8).

Moduel 5: RK4 and RK5 methods to solve first order ode (Week 9 and Week 10).

Moduel 6: Adaptive time stepping algorithm using RKF45 method to solve ode (Week 11, 12
and Week 13).
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Course Outcomes:

Upon completion of this course, the student will be able to:

Co1

Understand Numerical Methods by Programming Approach.

CO2

Perform Numerical Integration and Differentiation.

CO3

Solving system of linear and non-linear equations.

CO4

Solving ODE’s and interpret the results.

CO5

Perform regression and interpolations using standard MATLAB routines.

Scheme of Semester End Examination:

Answer Five Full questions selecting one from each unit.

To set one question each from unit I, IV, V and Two questions each from units | & I1I.
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CORROSION AND SURFACE ENGINEERING

Course Code 20MEMSPECS | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

CORROSION

Definition, classification, forms of corrosion, expressions for corrosion rate. Emf and galvanic
series - merits and demerits, Forms of corrosion - Uniform, pitting, intergranular, stress corrosion,
corrosion fatigue, dezincification, erosion corrosion, crevice corrosion - Cause and remedial
measures

CORROSION IN INDUSTRIES: Boiler water - corrosion by carbon di oxide and unstable salts -
corrosion prevention methods by treatment. Cooling water - specification, types of scales and
causes - use of antiscalant. Maintenance of boilers - protection of boilers during off loading, high
temperature corrosion, turbine corrosion 10 Hours

Unit-2

CORROSION TESTING

Corrosion failure — Inspection and analysis of corrosion damage. Purpose of corrosion testing,
Susceptibility tests for intergranular corrosion- Stress corrosion test. Salt spray test humidity and
porosity tests, accelerated weathering tests. ASTM standards for corrosion testing. Atomic Scale
Machining of Surfaces. 07 Hours

Unit-3

CORROSION BEHAVIOR OF MATERIALS:

Selection of material for various corrosive environments - Corrosion of Steels, Stainless Steel,
Aluminum alloys, Copper alloys, Nickel and Titanium alloys — Corrosion of Polymers, Ceramics
and Composite materials. 06 Hours

Unit-4

INTRODUCTION TO SURFACE ENGINEERING AND SURFACE ENGINEERING
METHODS

Definition of surface engineering, diffusion techniques, deposition methods, Electroless plating
and Anodizing - Cathodic protection, metallic, organic and inorganic coatings, corrosion
inhibitors, surface preparation, Coating Characterization: Measurement of coatings thickness.
porosity & adhesion of surface coatings . Measurement of residual stress & stability, Surface
microscopy & topography by scanning probe microscopy 10 Hours
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Unit-5
SPECIAL SURFACING PROCESSES - CVD and PVD processes, sputter coating. Laser and
ion implantation. Arc spray. Plasma spray. Flame spray. HVOF. 06 Hours

REFERENCE BOOKS:

1. Fontana and Greene. “Corrosion Engineering". McGraw Hill Book Co. New York. USA 1983.
2. Raj Narayan. "An Introduction to Metallic Corrosion and its prevention”. Oxford & 1BH.

New Delhi. 1983.

3. Kenneth G Budinski."Surface Engineering for Wear Resistance™. Prentice Hall Inc.. Engelwood
Cliff. New Jersey. USA 1988

4. Uhlig. H.H . "Corrosion and Corrosion Control”. John Wilcy & Sons. New York. USA. 1985.
5. ASM Metals Handbook. Vol .5. "Surface Engineering”. ASM Metals Park. Ohio. USA. 1994.
6. ASM Metals Handbook. Vol.I3,"Corrosion".ASM Metals Park. Ohio. USA. 1994

E-BOOKS:
1.https://app.knovel.com/web/toc.v/cid:kpHCDEOQOOOD/viewerType:toc/root_slug:handbook-
corrosion-data
2. http://uotechnology.edu.ig/dep-materials/lecture/fourthclass/SurfaceEng2.pdf

MOOCS
1. http://nptel.ac.in/courses/112105053/

Course Out comes

Co1 Describe different forms of corrosion, corrosion mechanisms in industries.
Cco2 Analyze different types and reasons for corrosion in industries.
CO03 Coating characterization and Selection of material for various corrosive

environments.
CO4 Corrosion control using conventional & special coating techniques.
CO5 Present case studies with technical reports on current research in the relevant field.

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units
2, 3, and 5 and two questions each from units land 4.
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ADVANCED MANUFACTURING PROCESSES

Subject Code 20MEMSPEAM | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Unit-1

Injection moulding-

Elements of plastic moulding tools — injection moulds (initial considerations) — shot capacity,
number of cycles per minute, clamping force, number of impressions. Types of injection
moulding tools — 2 plate and 3 plate moulding tools. Design considerations: position of gate, type
of gate runners, parting surface, ejection system, core, cavity, Mould shrinkage, taper and
tolerances,

Tool construction:

Side cores, methods of actuating side cores, split moulds, methods of actuating, split moulds,
moulds of threaded components. Internal under-cuts, external undercuts, moulds with under-feed
system. Ejection methods - pin, sleeve, and stripper — plate ejection, blade ejection, air ejector,
double ejection, delayed action ejection etc. Multi — colour moulding tools. Defects in moulded
components and their remedies. 11 Hours

Unit-2

Metal Injection Moulding (MIM)

Metal Injection Moulding: Introduction, Steps in MIM, Advantages, Requirements, Materials
Processed by MIM. Plastic moulding techniques: Compression moulding tool, transfer moulding
tool, Design principles of compression and transfer moulding tools.

Plastic processing techniques: Extrusion, blow moulding, forming, calendaring etc. 06 Hours

Unit-3

Self-Propagating high temperature synthesis (SHS) Process: Introduction, Advantages,
Process, Parameters to be considered, Types of products and Applications

High Velocity Forming Process: Introduction - comparison of conventional and high velocity
forming methods - Types of high velocity forming methods- explosion forming process-electro-
hydraulic forming, electro magnetic forming. 06 Hours

UNIT 4

Powder Metallurgy- Processes Introduction to powder metallurgy, Benefits of Powder
Metallurgy, Limitations and Applications, Production of Powders, Powder Treatment, Powder
Characteristics, Compaction of powders, High temperature compaction, Pre Sintering and Post
Sintering operations,
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Mechanical Alloying: Introduction, Process, Milling parameters, Process Control Agents,
Process Variables, Mechanism of Alloying, Powder Contamination, Consolidation, Types of
Mills, Oxide dispersion strengthened alloys, Reactive milling, Applications. 11 Hours

UNIT5

Introduction to Additive Manufacturing: Introduction to AM, AM evolution, Distinction
between AM & CNC machining, Advantages of AM, AM process chain: Conceptualization, CAD,
conversion to STL, Transfer to AM, STL file manipulation, Machine setup, build , removal and
clean up, post processing. 5 Hours

REFERENCE BOOKS:

1. Dominic v. Rosato, Injection molding handbook, CBS publishers

2. Rao, P.N, ‘Manufacturing Technology’, Tata McGraw Hill, 1996

3. Kalpakjian, S, ‘Manufacturing Engineering and Technology’, Addison-Wesly, 1995.

4. Suryanarayana, Mechanical Alloying an Introduction.

5. P. C. Angelo and R. Subramanian, Powder Metallurgy — Science , Technology and
Applications, PHI Publications, 2009.

MOOCS:

1. https://www.ielm.ust.hk/dfaculty/ajay/courses/ieem215/lecs/6 plastics.pdf

2. http://www.m-ep.co.jp/en/pdf/product/novaduran/molding.pdf

COURSE OUTCOMES

CO1 | Describe various techniques to synthesize plastic components

CO2 | llustrate mechanical alloying and powder metallurgy processes for different materials

CO3 | Synthesis of various components using Metal injection technique and additive
manufacturing technique.

CO4 | Selection of suitable fabrication technique based on industrial requirement

CO5 | Present case studies with technical reports on current research in the relevant field

Scheme of Examination: Answer five full questions selecting one from each unit. To set one
question each from units 2,3 and 5 and two questions each from units 1 and 4.
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ADVANCED MATERIAL CHARACTERIZATION LAB

Subject Code 20MEMSPCML CIE Marks 50
L-T-P-S 0-0-1-0 SEE Marks 50
Total no. of practical classes 13 Exam Hours | 03

Lab Experiments:

1. Specimen preparation and microstructure studies using Optical Microscope and Scanning
electron Microscope

2. Material analysis using XRD

3. Fatigue Testing, Wear analysis, Porosity studies of materials

Course Out comes

Co1 Synthesize and test composites/Nano composites with respect to wear and
porosity

COo2 Identification of phases of materials using XRD

(O] Perform microstructure and elemental analysis using Optical Microscope

and Scanning Electron Microscope

CO4 Capability to Acquire, Report and Analyze experimental data




RESEARCH METHODOLOGY

Subject Code 20ALLPICRM CIE Marks 50
L-T-P-S 2-0-0-0 SEE Marks 50
Total no of classes 26 Exam Hours 03

Course Content:

Module 1:

Meaning and sources of research problem, , Objectives and Characteristics of research — Errors in
selecting research problem, Research methods Vs Methodology - Types of research-Criteria of
good research — Developing a research plan.

Module 2:

Investigations of a research problem - Selecting the problem - Necessity of defining the problem
— Data collections-analysis- Importance of literature review in defining a problem - Survey of
literature -Necessary instrumentations

Module 3:

How to write paper-conference articles-poster preparation, thesis report writing, inclusion of
references, journal reviewing process, journal selection process, filling about journal template,
developing effective research proposal-plagiarism-research ethics

Module 4:

Nature of Intellectual property, IPRs- Invention and Creativity - Importance and Protection of
Intellectual Property Rights (IPRs) — procedure for grant of patents and patenting under PCT-types
of patents-technological research and innovation- international cooperation on IP.

Module 5:

A brief summary of: Patents-Copyrights-Trademarks, patent rights-licensing and transfer of
technology-patent databases-case studies on IPR-Geographical indications-new developments in
IPR-protection of IPR rights

REFERENCE BOOKS:
1. Garg, B.L., Karadia, R., Agarwal, F. and Agarwal, U.K., 2002. An introduction to Research
Methodology, RBSA Publishers.
2. Kothari, C.R., 1990. Research Methodology: Methods and Techniques. New Age
International. 418p.
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. Anderson, T. W., An Introduction to Multivariate Statistical Analysis, Wiley Eastern Pvt.,
Ltd., New Delhi

. Sinha, S. C. and Dhiman, A.K., 2002. Research Methodology, Ess Ess Publications. 2

. Subbarau NR-Handbook of Intellectual property law and practise- S Viswanathan Printers
and Publishing Private Limited 1998.

COs and POs for Research Methodology

CcO PO

CO1 | Ability to write and present a substantial technical report/document PO2

CO2 | Able to demonstrate a degree of mastery over the area of specialization | PO3
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TOOL ENGINEERING DESIGN

Subject Code 20MEMSPCTD | CIE Marks 50
L-T-P-S 3-0-0-0 SEE Marks 50
Total no. of Lecture Hours. | 39 Exam Hours 03

Use of Tool Design Data Handbook is permitted in the examination
Course Content:

Unit-1

INTRODUCTION: Tool design procedure, drafting practice and drawing layout, abbreviations
and shortcuts in tool drawings, tools of the tool maker, EDM application in tool manufacturing,
ferrous and non-ferrous tooling materials, non-metallic tooling materials, factors affecting heat
treatment, problems encountered during heat treatment of tooling 05 Hours

Unit-2

DESIGN OF SINGLE POINT CUTTING TOOLS: Force and power requirement in turning,
Types of single point tools, design of shank dimensions based on strength and rigidity, problems
on shank dimensions, tool signature (ASA), selection of tool geometry, influence of tool geometry
on tool life, inserts and chip breakers.

DESIGN OF DRILL: Force and power requirement in drilling, Types of drills, tool angles, design
of twist drill, problems on design of twist drill.

DESIGN OF MILLING CUTTER: Force and power requirement in milling, Types of milling
cutters, tool angles, design of plain milling cutter, problems on design of plain milling cutter.
DESIGN OF TOOLS FOR INSPECTION AND GAUGING: Introduction, work piece quality
criteria, principles of gauging, types of gages and their applications, amplification and
magnification of error, gage tolerances, selection of material for gages, indicating gages, automatic
gages, gauging positionally tolerance parts, problems. 11 Hours

Unit-3

JIGS AND FIXTURES: Differences between jigs and fixtures, Design principles, Economic
analysis, Principles of location: 3-2-1 and 4-1-1 types of location, types of locators, redundant
location, Clamping: clamping principles, types of clamps - mechanical, hydraulic, vacuum and
magnetic.

DRILL JIGS: Drill bushes, Template, plate, channel, diameter, leaf, box, pot, angular, turnover,
indexing jigs.

FIXTURES: Turning and milling fixtures, indexing type of fixtures. 6 Hours

Unit-4
PRESS TOOLS: Sheet metal operations, Classification, components of simple die, drive
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mechanisms, die accessories, press features, press working dies- simple, progressive, compound,
and combination, punch and die clearances, shear action. 6 Hours

Unit-5

PRESS TOOLS DESIGN: Center of pressure. Scrap strip layout, Computation of
capacities/tonnage requirements, Design of blanking die and progressive die

Bending-bend allowance, spring back, edge bending die design

Drawing-Single, double and triple action dies, factors affecting drawing, drawing die design,
forming limit criteria, deep drawing & redrawing methods, defects in formed parts 11 Hours

TEXT BOOKS:

1. Tools Design - Cyril Donaldson, George H.LeCain, V C Goold and Joyjeet Ghose, McGraw
Hill Education (India) Private Limited, New Delhi, 2015.

2. Metal Cutting and Tool design - Dr. B.J. Ranganath, Vikas Publishing house, 1993.

REFERENCE BOOKS:

1. Metal cutting theory and Tool Design- Arshinav MIR Publications

2. Press Tools Design and Construction - P. H. Joshi, S. Chand Publisher, 2010

3. Introduction to Jigs & Fixtures- Kempster. ELBS, Edn. 1974.

4. Fundamentals of Tools Design- ASTME — Prentice Hall India Publications — 1983.
5. Jigs and Fixtures - Prakash Hiralal Joshi, Tata McGraw-Hill Education, 2010

MOOCS:
http://nptel.ac.in/courses/112105126/35

Course Out comes

CO1 | Analyze tool design procedure, drafting practice and drawing layout, abbreviations
and shortcuts in tool drawings. Choose materials for tooling. Discuss factors
affecting heat treatment
CO2 | Analyze forces in turning, milling & drilling and design of tools for the same. Choose
inspection tools and design them
CO3 | Design jigs and fixtures for specific applications
CO4 | Classify press tools, analyze simple, progressive & compound dies and discuss shear
action. Design blanking, bending and drawing dies
CO5 | Make oral presentations and prepare report on advancements in tooling

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 1, 3
and 4 and two questions each from units 2 and 5.

35


https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Prakash+Hiralal+Joshi%22
http://nptel.ac.in/courses/112105126/35

ROBOTICS

Subject Code 20MEMSPCRO | CIE Marks 50
L-T-P-S 3-0-1-0 SEE Marks 50
Total no. of Lecture Hours. | 39 Exam Hours 03

Unit-1

FUNDAMENTAL CONCEPTS OF ROBOTICS: Historical evolution of robotics, Automation
and robotics, Definition of robots, Laws of robots, Robot anatomy, Basic features of the
manipulator and manipulator arm configurations, Specification of Robots, Resolution,
Repeatability and Accuracy of a Manipulator, Economic and Social aspects of robotics.06 Hours

Unit-2

ROBOT POWER SYSTEMS AND END EFFECTORS:

Basic components of Pneumatic, hydraulic and electrical drive systems. Pneumatic and hydraulic
actuators, AC, DC and stepper motors. End effectors — types- Mechanical - Slider crank
mechanism, Screw type, Rotary actuators, cam type, Magnetic -Vacuum — Adhesive, gripping
problems, Remote-Cantered compliance devices.

SENSING and ROBOT VISION: Internal state and External state sensors, Optical and Non-
optical position sensors - Velocity and Acceleration sensors, Range sensors, Proximity sensors,
touch sensor, Slip sensor, Force —Torque sensor.

Robot vision - Functions, sensing and digitizing-imaging, devices, lighting techniques, analogue
to digital signal conversion, image storage, image processing and analysis-image data reduction,
segmentation, feature extraction, object recognition. 09 Hours

Unit-3

ROBOT ARM KINEMATIC ANALYSIS AND COORDINATE TRANSFORMATIONS:
Direct coordinate problems, Rotation Matrices, Composite Rotation matrices, Rotation matrices
with Euler angle representation- Homogeneous coordinates and transformations, Composite
homogeneous transformations , Links Joints and their parameters, The DH representation and
applications, Inverse kinematic solution. 10 Hours

Unit-4

TRAJECTORY PLANNING AND GENERATION: Introduction, Joint space schemes
(Example-A cubic Trajectory), Joint space schemes with via points (Example-A cubic Trajectory
with via points). Cartesian space schemes, Straight line and circular motion. 07 Hours

Unit-5

Concepts of INTERNET OF ROBOTIC THINGS (IoRT): Concept, Emerging IoRT
Technologies, baseline technologies of IoRT Sensors and Actuators, Communication protocols
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used by different IoRT applications. I0RT Platforms Architecture, IoRT Applications.

MICRO AND NANO ROBOTICS: Future trends, Micro/Nano robotics overview-Scaling
effect-Actuators of Micro/Nano robotics system-Micro/nano grippers-Wall climbing micro robot
working principles-Biomimetic robot- Nanorobot in targeted drug delivery system. 07 Hours

TEXT BOOKS:
1. Robotics Engineering An integrated approach - Richard D Klafter, Thomas A Chmielewski,
Michael Negin — Prentice Hall of India Pvt. Ltd. - Eastern Economy Edition, 1989.

2. Robotics: Control Sensing, Vision, intelligence - Fu KS Gomaler R C, Lee C S G - McGraw
Hill Book Co.- 1987.

REFERENCE BOOKS:

1. Handbook of Industrial Robotics - Shuman Y. Nof - John Wiley & Sons, New York - 1985.
2. Robotics Technology and Flexible Automation - Deb SR - McGraw Hill BookCo. - 1994,
3 Robotics for Engineers , Yoram Koren, McGraw Hill International.

4 Robot Technology Fundaments”- Keramas, Thomson Vikas Publication House.

5 Company Fundamentals of Robotics Analysis and Control” -Schilling, PHI.

6 Introduction to Robotics”-Niku, Pearson Education, Asia.

7 Bharat Bhushan., “Springer Handbook of Nanotechnology”, Springer, 2004. 11.

8 Julian W. Gardner. “Micro sensor MEMS and Smart Devices”, John Wiley & Sons, 2001

MOOCS:
https://www.edx.org/course/robot-mechanics-control-part-i-snux-snu446-345-1x
https://www.edx.org/course/robot-mechanics-control-part-ii-snux-snu446-345-2x

Course Out comes

CO1 | Gain thorough knowledge in fundamentals of robot manipulators like architecture, end-
effectors and drive systems

CO2 | Study in detail about internal state and external state sensors used in robot manipulators,
Apply the techniques of computer vision to robot manipulation

CO3 Develop kinematic arm equation through Direct and Inverse kinematics

CO4 Plan Trajectory for robot manipulators and develop motion diagrams
Familiarize with IoRT Technologies, Micro and Nano robotics applications.

CO5 Present case studies with technical reports on current research in the field of robotics
Write, Simulate and Execute robot programs,
Identify and analyze robot arm configurations, drives and sensors

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 1, 4
and 5 and two questions each from units 2 and 3.
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LAB COMPONENT (13 HOURS)

. Study of robot arm configurations and drive systems of robots

Exercises in Programing of Industrial Robot for Pick and place, Continuous path
applications, Simulation and practical exercises.

Loading and unloading of components in to CNC machining centers using robots
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FINITE ELEMENT ANALYSIS FOR MANUFACTURING

Subject Code 20MEMSPCFM | CIE Marks 50
L-T-P-S 3-0-1-0 SEE Marks 50
Total no. of Lecture Hours. 39 Exam Hours 03

Course Content

Unit-1

Fundamental concepts: Principles of Elasticity: stresses-principal, maximum shear and
Vonmises stresses, Equilibrium equations, strain-displacement relationships in matrix form —
Constitutive relationships for plane-stress, plane-strain, Axisymmetric and 3D, Boundary
conditions.

Potential energy and equilibrium, Rayleigh-Ritz method and Galerkin method-applied to simple
problems on axially loaded members, cantilever, simply supported beams, with point loads and
distributed loads.

Introduction to FEM, basic concept, historical background, general applicability, engineering
applications, general description, comparison with other methods of analysis, commercial
packages-preprocessor, solver and post processor. 05 Hours

Unit - 2

Solid Mechanics: One-Dimensional Finite Element Formulations and Analysis —

Bars: Introduction; Finite Element Modeling — Element Division; Numbering Scheme; Coordinate
and Shape Functions; Potential Energy Approach; Assembly of Global Stiffness Matrix and Load
Vector; Treatment of Boundary Conditions; Temperature Effects; Numericals.

Truss-Local and Global co-ordinate systems, Trusses —assumptions, formulation of Truss element,
Numericals

Beam- Hermite functions, formulation of beam. Numericals 12 Hours

Unit-3

Two-dimensional Finite Element Formulations for Solid Mechanics Problems:

Formulation of triangular and quadrilateral elements. Formulation of axis symmetric triangular
elements. Numericals

Convergence criteria-requirements of convergence of a displacement model, Displacement models
and shape functions for Higher order elements in triangular, quadrilateral elements. Lagrangian
and serendipity elements. Iso parametric, sub parametric and super parametric elements. 12 Hours

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. 5 Hours
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Unit-5

Finite Element in Manufacturing Processes: Types of Nonlinearity, Plasticity Fundamentals,
Material Behavior Models, Yielding Criteria, Governing Equations, Finite Element Formulation
for Large Deformation Processes. 5 Hours

Simulation (Lab) Exercises:

1.
2.

Linear and Non Linear Analysis of Bars and Beams
Stress analysis in Curved beam in 2D, rectangular plate with circular hole under Uniform
Tension

3. Simulation of bending pipe process

4. Analysis of Welded Joints: FE Modeling and Failure Analysis

5. Melting Using Element Death

6. Metal Forming analysis. Solving metal rolling problem 26 hours
TEXT BOOKS:

1. T. R. Chandrupatla and A. D. Belegundu, Introduction to Finite Elements in Engineering,

Prentice Hall, 3rd Ed, 2002.

Lakshminarayana H. V., Finite Elements Analysis— Procedures in Engineering, Universities
Press, 2004.

G. W. Rowe, C. E. N. Sturgess, P. Hartley and 1. Pillinger, Finite-Element Plasticity and
Metal forming Analysis,Cambridge University Press, 1991

REFERENCE BOOKS:

1.
2.

4.
S.

Rao S. S., Finite Elements Method in Engineering- 4th Edition, Elsevier, 2006
P. Seshu, Textbook of Finite Element Analysis, PHI, 2004.

J. N. Reddy, Introduction to Finite Element Method, McGraw -Hill, 2006.
Bathe K. J., Finite Element Procedures, Prentice-Hall, 2006.

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

E-Books / Web References
http://nptel.ac.in/courses/112104115/

MOOCs

1.

Finite Element Method (FEM) Analysis and Applications
https://www.edx.org/course/finite-element-method-fem-analysis-tsinghuax-70120073x
A Hands-on Introduction to Engineering Simulations
https://www.edx.org/course/hands-introduction-engineering-cornellx-engr2000x
https://www.mooc-list.com/course/finite-element-method-fem-analysis-and-applications-
edx?static=true
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https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=G.+W.+Rowe&search-alias=books&field-author=G.+W.+Rowe&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=C.+E.+N.+Sturgess&search-alias=books&field-author=C.+E.+N.+Sturgess&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=P.+Hartley&search-alias=books&field-author=P.+Hartley&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_4?ie=UTF8&text=I.+Pillinger&search-alias=books&field-author=I.+Pillinger&sort=relevancerank
http://nptel.ac.in/courses/112104115/
https://www.edx.org/course/finite-element-method-fem-analysis-tsinghuax-70120073x
https://www.edx.org/course/hands-introduction-engineering-cornellx-engr2000x
https://www.mooc-list.com/course/finite-element-method-fem-analysis-and-applications-edx?static=true
https://www.mooc-list.com/course/finite-element-method-fem-analysis-and-applications-edx?static=true

4. https://www.coursetalk.com/providers/mit/courses/finite-element-analysis-of-solids-and-

fluids-i
5. https://online-learning.tudelft.nl/courses/linear-modeling-fem/

COURSE OUTCOMES
At the end of Course, Student will be able to

Co1

Apply fundamentals of theory of elasticity to continuum problems.

COo2

Formulate finite elements like bar, truss and beam elements for linear static structural
analysis.

CO3

Develop models for 2D and axisymmetric finite elements

CO4

Solve problems of limited complexity in structural domain

CO5

Utilize finite element software to simulate practical problems

CO6

Identify issues related to Finite Element in Manufacturing Processes

Scheme of Examination::
Answer Five Full questions selecting one from each unit.
To set one question each from unit 1, 4, 5 and Two questions each from units 2 & 3.
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COURSE ELECTIVE 3

COMPUTER CONTROL OF MANUFACTURING SYSTEMS

Subject Code 20MEMSPECC | CIE Marks 50
L-T-P-S 3-0-0-0 SEE Marks 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:
Unit-1
Introduction: Basic concepts in Manufacturing Systems, Fundamentals of numerical control,
advantages limitations of N.C systems-classification of N.C systems, design consideration of N.C
machine tools — increasing productivity with N.C machines, Machining center and tooling for
CNC machines.
System devices: Drives, feedback devices, counting devices digital to analog converters.

11 Hours
Unit-2
Control Loops of CNC Systems: Introduction, Control of Point-to-point Systems, Control loops
in Contouring Systems, operation of a two axis system, Reference Pulse Technique, Sampled-Data
Technique. 5 Hours
Unit-3
Adaptive control systems: Introduction, Adaptive control with optimization, Adaptive control
with Constraints. ACC for turning
CNC part programming: Introduction, manual part programming, computer aided part
programming, Post processors, Examples. 6 Hours
Unit-4
Flexible Manufacturing Systems: Definition and components of FMS, where to apply FMS,
FMS Workstations, Material Handling and Storage System, FMS Layout configurations,
Computer Control System, Planning the FMS, Analysis methods for FMS, Applications and
Benefits. 6 Hours
Unit-5
Computerized Manufacturing Planning System: Computer Aided Process Planning, Computer-
Integrated Production Planning Systems, Material Requirements Planning (MRP), Output reports
and benefits of MRP, Capacity Planning
Computer Networks in Manufacturing and future automated Factory: Hierarchy of
Computer in Manufacturing, Local Area Networks, Trends in Manufacturing, Future Automated
Factory, Human workers in the Future Automated factory.
Introduction to digital manufacturing 11 Hours
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Text Books:

1. Computer control of manufacturing systems - Yorem Koren, Tata McGraw-Hill edition,
2005.

2. Automation Production Systems And Computer Integrated Manufacturing — Mikell
P.Groover, Pearson, 2016

Reference Books:

2. Computer Aided Design and Manufacturing - Dr.Sadhusingh, Khanna Publishers, 2002
Reference Books

1. Simulation modeling and Analysis - Avverill M Law, TMH, 2008.

2. Martin J. Numerical control of machine tools

MOOCS:
1. http://nptel.ac.in/courses/112102103/
2. http://nptel.ac.in/courses/112102101/

Course Out comes
CO1 | Classify CNC machines, discuss design considerations of CNC machines and elaborate
on productivity increase with the application of CNC. Discuss the applications of
drives and feedback devices in CNC
CO2 | Discuss control loops in CNC
CO3 | Discuss adaptive control in machining.
Compose part programming for deferent machining operations
CO4 | Propose FMS layout configurations and discuss analysis methods for FMS.
Discuss application of computers in process planning and computer networks in
industries
CO5 | Make oral presentations and prepare report on advancements in CNC and automation

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 2,3,
and 4 and two questions each from units 1 and 5.
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ADVANCED ENGINEERING MATERIALS

Subject Code 20MEMSPEAE | CIE Marks 50
L-T-P-S 3-0-0-0 SEE Marks 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Unit-1

Ferrous Materials: Fe-C phase diagram, Composition Properties and applications of: low carbon
steel, dual phase steels, micro-alloyed steels, weathering steels, free cutting steels, medium carbon
steels, high strength structural steels, are formed steels, martensitic stainless steels, austenitic
stainless steels. Tool Materials — Classification, properties, heat treatment of high speed steel,
medium duty tools, tools for cold and hot forming, tools for high speed cutting. Cast Iron, Gray C
I, White C I, Malleable C I, Nodular C I or Ductile Iron, Vermicular Graphite Iron, properties and
applications 11 Hours

Unit-2

Polymeric Materials: Thermoplastics, thermosetting plastics, industrial polymerization methods,
Processing and forming techniques. Elastomers, material preparation Ceramic Materials:
Classification ,properties and applications. Processing of ceramics, — Pressing, dry-pressing,
isostatic pressing, hot pressing, slip casting, extrusion, thermal treatment, verification, properties
and applications. Engineering Ceramics — Alumina, silicon nitride, silicon carbide 11 hours

Unit-3

Super alloys: Ni, Fe and Co based super alloys, properties and applications. Bio-Materials, Bio

compatibility, Applications, properties and applications. Magnetic Materials: Magnetic fields,

types of magnetism, soft magnetic materials, hard magnetic materials, properties and applications.
6 Hours

Unit-4

Semi-conducting Materials:  Intrinsic and extrinsic semi conduction, The Hall effect,
semiconductor devices, properties and applications. Superconducting Materials: Meissner effect,
current flow and magnetic fields in superconductors, high critical temperature superconducting

oxides 6 Hours
Unit-5

Introduction — Rare earth and refractory metals and their applications. Resources, principles,
techniques and limitations for the production of rare and refractory metals. 5 Hours
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Text Book:

1. W.F. Smith, Principles of Materials Science and Engineering, Mc Graw Hill, New York
(1994)

References:

1. W.D. Callister, An Introduction to Materials Science & Engineering, John Wiley & Sons
(2007)

2. V. Raghavan, Material Science and Engineering, Prentice Hall of India, 2004.

3. R. Sharma, Heat Treatment: Principles and Techniques, Prentice Hall of India (2004)
E-BOOKS:

1. http://nptel.ac.in/courses/113108051/

2. http://nptel.ac.in/courses/112104122/

Course Out comes

Co1 Describe different types of advanced ferrous and nonferrous, materials with
properties and applications in engineering components

CO2 Study the Properties & applications to select suitable semi & super conducting
materials for industrial applications.

CO03 Categorize polymeric materials and ceramic materials with various processing
techniques

CO4 | Synthesis of rare earth and refractory materials based on application

CO5 Present case studies with technical reports on current research in the relevant field.

Scheme of Examination: Answer five full questions selecting one from each unit. To set one
question each from units 3, 4 and 5 and two questions each from units 1 and 2.
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INDUSTRIAL DESIGN AND ERGONOMICS

Subject Code 20MEMSPEID | CIE Marks 50
L-T-P-S 3-0-0-0 SEE Marks 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

Introduction: An approach to industrial design - elements of design structure for industrial design
in engineering application in modem manufacturing systems.

Ergonomics and Industrial Design: Introduction - general approach to the man-machine
relationship-workstation design-working position. 06 Hours

Unit-2

Control and Displays: shapes and sizes of various controls and displays-multiple displays and
control situations - design of major controls in automobiles, machine tools etc., - design of furniture
design of instruments.

Ergonomics and Production: Ergonomics and product design ergonomics in automated systems-
expert systems for ergonomic design, anthropomorphic data and its applications in ergonomic
design limitations of anthropomorphic data - use of computerized database. 11 Hours

Unit-3

Visual Effects of Line and Form: The mechanics of seeing psychology of seeing, general
influences of lined and form.

Colour: colour and light - colour and objects - colour and the eye colour consistency - colour terms
- reactions to colour and colour continuation - colour on engineering equipments. 11 Hours

Unit-4
Aesthetic Concepts: Concept of unity - concept of order with variety - concept of purpose style
and environment - Aesthetic expressions. Style-components of style - house style, observations

style in capital goods. 06 Hours
Unit-5

Industrial Design in Practice: General design - specifying design equipments - rating the
importance of industrial design — industrial design in the design process. 05 Hours
TEXT BOOKS:

1. Industrial design for Engineers - Mayall W.H. - London Cliffee Books Ltd. - 1988.
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2. Applied Ergonomics Hand Book - Brien Shakel (Edited) - Butterworth Scientific, London —
1988.

E-BOOKS:
1. http://textofvideo.nptel.iitm.ac.in/107103004/lec40.pdf

MOOCS:
1. http://nptel.ac.in/courses/107103004/

Course Out comes

CO1 | llustrate general approaches to the man- machine relationship and design of work
station and analyze various control and displays in various industries
CO2 | Design and develop an effective expert systems for ergonomic design and Identify
visual effects of line & form and analyze mechanics of seeing psychology with some
case studies
CO3 | Design an industrial equipment in perspective of ergonomics and give a detailed
technical reports on ergonomic standards used in industries
CO4 | Identify visual effects of line and form and analyze mechanics of seeing psychology
CO5 | Present case studies with technical reports on current research in the relevant field

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 1, 4
and 5 and two questions each from units 2 and 3.
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COURSE ELECTIVE 4

DESIGN FOR MANUFACTURE

Subject Code 20MEMSPEDM | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

Material and process selection — Introduction, Advantages of applying DFMA, General
requirements of early materials and process selection, Selection of Manufacturing processes,

Process capabilities, Selection of materials, Primary process/ materials selection, Systematic
selection of processes and materials. Case studies on machining sequence 06 Hours

Unit-2

Engineering Design features — Dimensioning, Tolerances, General Tolerance, Geometric
Tolerances, Assembly limits, achieving larger machining tolerances, Screw threads, Ground
surfaces, holes. Examples

Datum features — Functional datum, machining sequence, manufacturing datum, changing the
datum. Examples

Component design — Machining Considerations — Drills, Milling cutters, Drilling, Keyways,
Dowels, Screws, Reduction in machining areas, Simplification by separation and amalgamation,
work piece holding, surface grinding, Examples 11 Hours

Unit-3

Component design — Casting Considerations — Pattern, Mould, parting line, cast holes, machined
holes, identifying parting line, special sand cores, designing to obviate sand cores. Examples
Design for Injection molding and Sheet metal working — Injection molding materials, Molding
cycle, Systems, molds, machine size, cycle time, Cost estimation, Insert molding, Design
guidelines, Introduction to sheet metalworking, Dedicated Dies and Press working, Press
selections, Design Rules. 11 Hours

Unit-4
Design for Die casting and Powder metal processing — Die casting alloys, cycle, machines, dies,

finishing, Assembly techniques, Design principles, Powder metallurgy processing, stages,
compaction characteristics, Tooling, Sintering, Design guidelines. 05 Hours
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Unit-5

Geometric Tolerance — Symbols, Three datum concept of dimensioning, Straightness,
concentricity, Run-out, Location Tolerance, Assembly of parts having concentric cylinders,
Control of feature location by true position, Body of revolution, Roundness, Profile dimensioning,
Tapers, Shaft of two diameters. Examples. 06 Hours

TEXT BOOKS:
1. Product Design for Manufacture and Assembly — Geoffrey Boothroyd - Peter Dewhurst -
Winston Knight — Marcel Dekker, Inc. — Newyork - Second Revison, ISBN 0-8247-0584-X.
2. Designing for Manufacturing — Harry Peck - Pitman Publications — 1983.
3. Dimensioning and Tolerancing for Quantity Production — Merhyle F Spotts —Inc. Englewood
Cliffs - New Jersey - Prentice Hall, 5th edition.
E-BOOKS:
1. http://nptel.ac.in/courses/112101005/
2. http://nptel.ac.in/courses/112101005/11
Course Out comes
CO1 | Choose materials and processes for designed component
CO2 | Discuss design considerations of inspection, cutting tools and fasteners
CO3 | Discuss design considerations of casting, injection moulding and sheet metal operations
CO4 | Discuss design considerations of die casting and powder metallurgy tools.
Discuss geometric tolerances
CO5 | Make oral presentations and prepare report on current research on product design

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 1, 4
and 5 and two questions each from units 2 and 3.
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http://nptel.ac.in/courses/112101005/11

NONDESTRUCTIVE TESTING

Subject Code 20MEMSPEND | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. | 39 Exam Hours | 03

Course Content:

Unit-1

Introduction to Non Destructive Testing:  Scope and advantages of NDT, Selection of NDT
methods, Visual Optical Methods: Boroscopes, Image sensors, Magnifying Systems. Liquid
Penetrant Testing: Basic principle, Procedures, Selection of penetrant method, Equipment,
Types of dyes and Developers.

Magnetic Particle Testing: Methods of generating magnetic field, Types of magnetic particles
and Suspension liquids, Steps in inspection, Principles and methods of demagnetization

applications and limitations. 11 Hours
Unit-2

Eddy Current Testing: Principles, Elements of Eddy current Inspection, Operation variables,
inspection coils, and detectable discontinuities by Eddy Current Testing. 6 Hours
Unit-3

Radiographic Testing: Principles, Radiation sources- X-rays and Gamma rays, X-ray generation,
X-ray absorption and atomic scattering, Image formation, Image quality, Radio graphic films,
Methods of viewing radiographs, Digital Radiography, Precautions against radiation hazards.

6 Hours
Unit-4
Ultrasonic inspection: Basic equipment, Advantages and disadvantages, Applicability,
Characteristics of ultrasonic waves, Variables inspection, Attenuation of ultrasonic beams,
Inspection methods: - Pulse echo, A, B, C scans transmission.
Transducer elements couplets, search units, contact types and immersion types, inspection
standards-standard reference blocks, Indian standards for NDT. 10Hours

Unit-5
Holography: Basics of Holography, Advantages, limitations and applications of holography,

Types of holograms, Principles of optical holography, Recording and reconstruction — Principles
of Acoustical holography, Near-field acoustic holography and Microwave holography.  6Hours

REFERENCE BOOKS:
1. Non Destructive Testing - Mc Gonnagle JJ — Garden and reach New York.
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2. Non Destructive Evolution and Quality Control - volume 17 of metals hand book 9 edition
Asia internal 1989.

3. The Testing instruction of Engineering materials - Davis H.E Troxel G.E wiskovil C.T -
McGraw hill.

E-BOOKS:

1.https://www.asnt.org/Store/ProductDetail?productKey=f3f52371-81eb-4cd3-b463
179a55ec36a5.

2. [BOOK] Nondestructive evaluation: theory, techniques, and applications. PJ Shull - 2002 -
books.google.com

MOOCS:
1. https://onlinecourses.nptel.ac.in/nocl6 mmO7/preview
2. http://nptel.ac.in/courses/114106035/1

Course Out comes

Co1 Categorize the Basic principles, techniques, applications and limitations of NDT
methods

CO2 Selection of appropriate NDT method for Engineering applications various
components.

COos3 Interpret various casting, welding and other manufacturing defects using suitable
NDT techniques.

CO4 Identify the codes, specifications and standards in NDT.

CO5 Present case studies with technical reports on current research in the relevant field

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 2, 3
and 5 and two questions each from units 1 and 4.
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MICRO ELECTRO - MECHANICAL SYSTEMS (MEMS)

Subject Code 20MEMSPEME | CIE Marks | 50
L-T-P-S 3-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. 39 Exam Hours | 03

Course Content:

Unit-1

Introduction: Concepts of MEMS (Micro Electro mechanical system)- Principles, application and
design.

Classification: & Consideration: Mechanical systems, Fludic systems; example & MEMS
Architecture, Introduction to Micro-fabrication & Micromachining.

Devising & Synthesis: Micro Accelerometers as Micro Electro Mechanical Micro-devices

11 Hours
Unit-2
Modeling of Micro Electro Mechanical System& Devices: Model developments of micro
electromagnetic, mechanics and its application to MEMS. 6 Hours
Unit-3

Modeling of Micro Electro Mechanical Devices: Direct current Micro machines induction micro
machine synchronous micro machine, permanent-magnet stepper micro motors.

Controls of MEMS: Analog control of MEMS, Sliding mode control of MEMS, Digital control
of MEMS. 11 Hours

Unit-4
Materials for MEMS: Substrate and wafers, Active substrate material, silicon, Silicon compound,
Silico pezoresisters, Gallium arsenide, Quartz, piezoelectric crystals, Polymers.

5 Hours
Unit-5
Micro System Packaging: Over view of mechanical packaging of microelectronics micro system
packaging, Interfaces in micro system packaging, Packaging technologies. 6 Hours
TEXT BOOKS:

1. Max J. Madou: “Fundamentals of Micro Fabrication”- The science of miniaturization-,
Nanogen corporation, USA, CRC press, March 2002.

2. Sergey Edward Lyshevski: “Nano-And Micro Electro Mechanical Systems” — Second
edition, CRC press, Boca Ratron London.
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REFERENCE BOOKS:

1. Sherif sedky: “Integrated MEMS”- Artech House, Boston London.
2. N. Maluf : “Introduction To Micro Mechanical Systems Engineering” —, Artech House,
Norwood, MA, 2000.
3. Tai — Ran Hsu: “MEMS And Micro Systems: Design And Manufacture” — Tata Mc Graw

Hill, 2002.

E-BOOKS:

1. http://textofvideo.nptel.iitm.ac.in/117105082/lecl.pdf

MOOCS:

1. http://nptel.ac.in/courses/117105082/

2. http://nptel.ac.in/courses/117105082/

Course Out comes

Co1 Classify and apply the concepts of MEMS based on its applications.

COo2 Identify control mechanisms of MEMS and synthesize the designed
MEMS for pre defined application

COos3 Modeling of MEMS to evaluate better performance

CO4 Select a system packaging based on its performance

CO5 Present case studies with technical reports on current research in the

relevant field

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 2, 4
and 5 and two questions each from units 1 and 3.
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http://textofvideo.nptel.iitm.ac.in/117105082/lec1.pdf
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INSTITUTION ENGINEERING ELECTIVES OFFERED

BY

MANUFACTURING SCIENCE AND ENGINEERING

Institution Engineering Elective

20MEMSOECE

Computational methods in Engineering analysis

20MEMSOEDE

Design of Experiments
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ELECTIVE -V (Institutional)

COMPUTATIONAL METHODS IN ENGINEERING ANALYSIS

Subject Code 20MEMSOECE | CIE Marks | 50
L-T-P-S 4-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. 52 Exam Hours | 03

Course Content:

Unit-1

Approximations and Round off Errors: Significant figures, accuracy and precision, error

definitions, round off errors and truncation errors. Mathematical modeling and Engineering

problem solving, simple mathematical model, Conservation Laws of Engineering.

Roots of Equations: Bracketing methods-Graphical method, Bisection method, False position

method, Newton- Raphson method, Secant Method. Multiple roots, Simple fixed point iteration.
15 Hours

Unit-2

Roots of Polynomial: Polynomials in Engineering and Science, Muller’s method, Bairstow’s

Method Graeffe’s Roots Squaring Method.

Numerical Differentiation and Numerical Integration: Newton —Cotes and Gauss Quadrature

Integration formulae, Integration of Equations, Romberg integration, Numerical Differentiation

Applied to Engineering problems, High Accuracy differentiation formulae. 15 Hours

Unit-3

System of Linear Algebraic Equations And Eigen Value Problems: Introduction, Direct

methods, Cramer’s Rule, Gauss Elimination Method, Gauss-Jordan Elimination Method,

Triangularization method, Cholesky Method, Partition method, error Analysis for direct methods,

Iteration Methods. 08 Hours

Unit-4
Eigen values and Eigen Vectors: Bounds on Eigen Values, Jacobi method for symmetric

matrices, Givens method for symmetric matrices, Householder’s method for symmetric matrices,
Rutishauser method for arbitrary matrices, Power method, Inverse power method. 07 Hours

Unit-5

Linear Transformation: Introduction to Linear Transformation, The matrix of Linear

Transformation, Linear Models in Science and Engineering

Orthogonality and Least Squares: Inner product, length and orthogonality, orthogonal sets,

Orthogonal projections, The Gram- schmidt process, Least Square problems, Inner product spaces.
07 Hours
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Text Books:

. S.S.Sastry “Numerical Analysis for Engineers”-Tata McGraw Hill Edition.

. Steven C.Chapra, Raymond P. Canale “Numerical Methods for Engineers”- fourth Edition, Tata
McGraw Hill.

. M K.Jain, S.R.K Iyengar, R K. Jain "Numerical Methods for Scientific and Engg. Computation”.
NEW AGE INTERNATIONAL Publishers.

Reference Books:
Pervez Moin “Application of Numerical methods to Engineering”.
David. C. Lay, “Linear Algebra and its applications” -3rd edition, Pearson Education.

E-BOOKS :

1. http://nptel.ac.in/syllabus/103106074/

2. http://nptel.ac.in/syllabus/syllabus_pdf/103106074.pdf
MOOQOCS:

1. https://onlinecourses.nptel.ac.in/nocl6 chQl/preview

Course Out comes

CO1 | Construct and analyze mathematical models of physical applications.

CO2 | Find the roots of polynomials, algebraic, transcendental or simultaneous system
of equations in science and engineering problems

CO3 | Integrate and differentiate a function for given set of tabulated data with greater
accuracy for engineering problems

CO4 | Solve system of linear algebraic equations and compute Eigen values and Eigen
vectors of matrices

CO5 | Present case studies with technical reports on current research in the relevant field

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 3, 4
and 5 and two questions each from units 1 and 2.
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DESIGN OF EXPERIMENTS

Subject Code 20MEMSOEDE | CIE Marks | 50
L-T-P-S 4-0-0-0 SEE Marks | 50
Total no. of Lecture Hours. 52 Exam Hours | 03

Course Content:

Unit-1

Quality by Experimental Design:

Quality, Western and Taguchi quality philosophy, Elements of cost, Noise factors causes of
variation, Quadratic loss function and variation of quadratic loss functions.

Robust Design: Steps in robust design: parameter design and tolerance design, Parameter design
strategy, Tolerance deign strategy, Reliability improvement through experiments, illustration
through numerical examples.

Experimental Design: Classical experiments: factorial experiments, terminology, factors. Levels,
Interactions, Treatment combination, randomization, 2-level experimental design for two factors
and three factors. 3-level experiment deigns for two factors and three factors, factor effects, factor
interactions, Fractional factorial design, Saturated design, Central composite designs, Illustration
through numerical examples. 15 Hours

Unit-2

Measures of Variability:

Measures of variability, Concept of confidence level, Statistical distributions: normal, log normal
and Weibull distributions. Hypothesis testing, Probability plots, choice of sample size, illustration
through numerical examples. Analysis and interpretation of experimental data: Measures of
variability, Ranking method, column effect method and plotting method, Analysis of variance
(ANOVA), in factorial experiments. YATE‘s algorithm for ANOVA, Regression analysis,
Mathematical models from experimental data, illustration through numerical examples. 8 Hours

Unit-3

Taguchi’s Orthogonal Arrays:

Types orthogonal arrays, Selection of standard orthogonal arrays, Linear graphs and interaction
assignment, dummy level technique, Compound factor method, modification of linear graphs,
Column merging method, Branching design, Strategies for constructing orthogonal arrays. Signal
to Noise ratio (S-N Ratios) Evaluation of sensitivity to noise, Signal to noise ratios for static
problems, Smaller — the — better types, Nominal — the —better — type, larger — the- better — type.
[llustrations through numerical examples. 15 Hours
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Unit-4
Inner and Outer arrays: Taguchi‘s inner and outer arrays, Illustrations through numerical
examples. 7 Hours

Unit-5

Reliability Improvement Through Robust Design:

Role of S-N ratios in reliability improvement; Case study; Illustrating the reliability improvement
of routing process of a printed wiring boards using robust design concepts. 7 Hours

Text Books:

1. Madhav S. Phadake, —Quality Engineering using Robust Designl, Prentice Hall,1989.

2. Douglas Montgomery, —Design and analysis of experiments|, Willey India Pvt. Ltd., 2007.
3. Phillip J. Ross, Taguchi, —Techniques for Quality Engineeringl, McGraw Hill Int. Ed., 1996.

Reference Books:

1. Thomas B. Barker, —Quality by Experimental Designl, Marcel Dekker IncASQC Quality Press,
1985

2. C.F. Jeff Wu, Michael Hamada, —Experiments planning, analysis and parameter design
optimizationl, John Willey Ed., 2002

E-BOOKS:
http://nptel.ac.in/courses/111104075/2

MOOCS
http://onlinevideolecture.com/?course id=554&lecture no=8

Co1 Choose an appropriate experiment to evaluate a new product design or process
improvement through experimentation strategy.

CO2 Data analysis and interpretation of experimental results.

CO3 Plan, design, and conduct experimental investigations efficiently and effectively.

CO4 Understand strategy in planning and conducting experiments and review recent
advances in experimentation and give a oral presentation.

CO5 Present case studies with technical reports on current research in the relevant field
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ADVANCED MANUFACTURING TECHNOLOGY LAB

Subject Code 20MEMSPCMT CIE Marks | 50
L-T-P-S 0-0-1-0 SEE Marks | 50
Total no. of practical 13 Exam 03
classes Hours

Lab Exercises:

1.Part programming using G and M codes

2.Fabrication of components in CNC turning and CNC milling machines

3.Process capability studies on Abrasive water jet Cutting and Wire EDM

Course Out comes

CO1 | Write and simulate part programs for turning and milling components
CO2 | Ability to fabricate Turning and Milling components
(O] Estimate Process capabilities of abrasive water jet cutting and wire EDM for

different materials
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111 SEMESTER
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INTERNSHIP

Subject Code 20MEMSPCNT | CIE Marks 100
L-T-P-S 0-0-10-0 SEE Marks 100
Total no. of Lecture Hours. | - Exam Hours | 3

Course outcomes

Co1

Understand the structure, culture and working of an industry and gain awareness of

possible careers.

CO2

Identify the application of various industrial practices and find solution of problems by
integrating knowledge and skills.

COs3

Perform efficiently in taking up assigned responsibilities.

CO4

Communicate effectively and professionally with individuals and while working in

groups.

CO5

Prepare technical reports and make oral presentation.

PROJECT WORK (I PHASE)

Subject Code 20MEMSPCP1 CIE Marks | 100
L-T-P-S 0-0-08-0 SEE Marks | 100
Total no. of Lecture Hours. | - Exam Hours | 3

Course outcomes

CO1 | Choose a problem applying relevant knowledge and skills acquired during the course
in the domain with the help of literature review.

CO2 | Formulate the specifications of the project work, identify a set of feasible solutions and
prepare and execute project plan considering professional, cultural and societal factors.

CO3 | Conclude problem solving methodology using literature survey.

CO4 | Document the same and make oral presentation
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TECHNICAL SEMINAR

Subject Code 20MEMSPCSR CIE Marks | 50
L-T-P-S 0-0-0-1 SEE Marks | 50
Total no. of Lecture Hours. | - Exam Hours | -

Course outcomes

Co1

Identify and select a research/journal paper related to materials, characterization,

manufacturing or analysis.

CO2

Classify appropriate content and sources, through literature survey, that can be

summarized and integrated into presentation.

COs3

Understand the content of the selected research/journal paper.

CO4

Prepare a technical seminar report and communicate effectively through oral presentation

using multimedia tools)
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PRODUCT LIFECYCLE MANAGEMENT

Subject Code 20MEMSPCPL CIE Marks 50
L-T-P-S 2-0-1-0 SEE Marks 50
Total no. of Lecture Hours. | 26 Exam Hours 03

Course Content:

UNIT-1
Introduction to PLM, Definition, Corporate Challenges, System Architecture, Information models
and product structures, Reasons for deployment of PLM Systems 02 Hours
UNIT-2

Product Lifecycle Management Systems, Product development and Engineering, Production, After
Sales, sales and marketing, Sub-contracting, Sourcing and Procurement. Product Structure case
studies, with examples of ship, cellular phones, structure of customizable products.

Integration of PLM with other applications, Database integration, System Roles, ERP, CAD,
Configurators, EALI. 07 Hours

UNIT-3

Deployment of PLM system, Stages of deployment, leading a PLM project, Need for change
understanding, PLM Maturity model, Choosing system, Realization stage of project,
Accomplishing change in organization. Business benefits, Costs of Quality, PLM Software
licenses, Database licenses, Maintenance of Equipment, licenses. 04 Hours

UNIT-4

Challenges of PLM in manufacturing and engineering industry, Life cycle thinking, Value added

services and after sales, Traceability, Case studies of High tech and Engineering product, Product

Management, Capital goods manufacturing customer specific variable product.

Role of Product management in Collaborative business development, CIM, Concurrent

engineering, Tools for collaboration, International Standardization organizations, CPC, CPDM.
07 Hours

UNIT-5

Basic behavior of product and lifecycles, metrics for performance review, Data management view,
PLM as business strategy tool, Time to Market, time to react, Time to volume, time to service,
Significance of product management, collaboration and electronic business for manufacturing
industry. 06 Hours
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Textbooks and References:
1. Product Lifecycle Management, Antti Saaksvuori, Anselmi Immonen, 2" Edition,

Springer, Berlin.

2. Product Lifecycle Management, 21% Century paradigm for product realization, 2" Edition,

Springer, Berlin.

REFERENCE BOOKS:
1. Product Lifecycle Management driving the next generation, Michael Grieves, Tata Mc

Graw Hill

2. Configuration management metrics, Frank B Watts, Elsevier
3. Product Lifecycle Management Geometric Variations, Max Giordano, Luc Mathieu,

Francois Villeneuve, Wiley publications USA

MOOCS:
1. https://academy.3ds.com/en/learn-online

E-Books:

1.

https://s3-eu-west-1.amazonaws.com/gxmedia.galileo-
press.de/leseproben/3030/sappress_product_lifecycle_management.pdf

Course Outcomes: At the end of the course the student is expected to:

CO1 | Analyze product lifecycle management systems for new product development and give a
detailed technical report on current research

CO2 | Evaluate and make use of the best tools and practices for product development make use
of current software tools and evaluation models

CO3 | Give a detail presentation of current PLM based systems and architecture for
manufacturing and allied industries with some case studies

CO4 | Compare various PLM approaches during decision making in industries and use cases

CO5 | Demonstrate the use of PLM concepts in new product design and development processes.

Lab Component: 1 Hours workload/week (handled for 2 hours) (13 classes)

Module 1: Development of conceptual model using Sketching and idea presentation

Module2: Use of CAD tools such as CATIA/Solid works to develop the model

Module 3: Analysis of the CAD model for developing engineering connections

Module 4: Use of Analysis software for analyzing the developed model

Module 5: 3D printing the model for realization of the concept into prototypes for form and fit
conformance

Module 6: Use of Product Lifecycle Management Tool to create manuals and product service

manuals.

Module 7: e-commerce platforms for product launch and tracking.
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Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 1, 3
and 5 and two questions each from units 2 and 4.
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IV SEMESTER
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PROJECT WORK (PHASE-II)

Subject Code 20MEMSPCP2 CIE Marks | 100
L-T-P-S 0-0-20-0 SEE Marks | 100
Total no. of Lecture Hours. Exam Hours | 3

Course outcomes

CO1 | Develop experimental planning and use appropriate techniques and tools to conduct
experiments

CO2 | Evaluate and critically examine the outcomes. Conclude the results and identify
relevant applications.

CO3 | Document the findings and prepare a report in the prescribed format.

CO4 | Publish the outcomes of the project work in a reputed journal, make effective

presentation of the work
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BUSINESS ANALYTICS

Subject Code 20MEMSMEBA CIE Marks 50
L-T-P-S 2-0-0-0 SEE Marks 50
Total no. of Lecture Hours. | 26 Exam Hours 03

Course Content:

UNIT-1
Introduction to Business Analytics (BA): Definition, Importance, Evolution, Impact and
challenges, Scope of BA, Data and Data Types, Models, Problem solving using BA.

Prescriptive Analytics: Statistical methods for data summary, Frequency Distribution, Histograms,
Cumulative relative frequency distribution, Percentiles and quartiles, Cross tabulation and pivot
tables, Pivot chart, Simple problems.

Descriptive Statistical Measures: Population and Population Samples, Arithmetic Mean and
Median and Mode of data, measures of Dispersion- range, Interquartile range, Variance, Standard
deviation, Chebyshev’s theorem, Standardized values, calculating Z, Co-efficient of Variation,
Correlation, Simple problems. 07 hours

UNIT-2

Probability distribution and data modeling: Basic concepts of probability, classical and relative
frequency, Rules and Formulae, conditional probability, Expected value of discrete random
variable, Expected value in decision making.Binomial  Distribution, Poissions distribution,
Uniform Distribution, Normal Distribution, Exponential Distribution, Continuous distribution.
Statistical Inference: Hypothesis testing, One Sample Test Hypothesis, Two tailed test of
Hypothesis for mean, ANOVA, Chi-square test Simple Problems 07 hours

UNIT-3
Predictive Analysis: Trend lines, Simple Linear regression, Multiple Linear regression, Qualitative
and Judgmental Forecasting, Regression based seasonal Forecasting models, Moving Averages

models, Introduction to Monte Carlo techniques. Simple Problems 04 hours
UNIT-4
Prescriptive Analysis: Linear Optimization- LPP formulation 04 hours
UNIT-5
Multi period production planning models, Decision strategies with and without outcome
probabilities, Decision Trees 04 hours

Textbooks and References:
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1. Business Analytics James Evans, 2" Edition, Pearson Learning, 2017
2. Business Analytics for Mangers, Wolfgang Jank, Springer 2011

REFERENCE BOOKS:

1. Business Intelligence Guidebook, From Data Integration to Analytics, Rick Sherman,
Elsevier, 2015
2. Business Analytics: Data Analysis and Decision Making, S. Christian Albright, Wayne L
Winston, sixth edition, Cengage Learning 2017
3. Data Analytics Basics for Managers, Harvard Business Review Press, 2018
MOOCS:
1. https://nptel.ac.in/courses/110/107/110107092/
2. https://nptel.ac.in/courses/110/105/110105089/
3. https://nptel.ac.in/courses/110/106/110106050/
E-Books:
1. https://www.researchgate.net/publication/327669859 Business_Analytics_Concept_and

Applications
2. https://www.cgma.org/Resources/DownloadableDocuments/business-analytics-

briefing.pdf
3. https://informationashvins.files.wordpress.com/2012/04/varshney icassp2012.pdf

Course Outcomes: At the end of the course the student is expected to:

Co1 Analyze data in real time environments for meaningful decision making in
industries.

CO2 Evaluate probabilities of events and develop plans for the eventual probabilities
in the real world scenarios

CO03 Improve processes through optimization techniques for quick decision making.

CO4 Develop and test hypothesis for new methods and processes

CO5 Generate meaningful data and analysis to help make and take decisions in the
design and manufacturing setups

Scheme of Examination:
Answer five full questions selecting one from each unit. To set one question each from units 3, 4
and 5 and two questions each from units 1 and 2.
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