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VISION STATEMENT OF VELLORE INSTITUTE OF TECHNOLOGY 

• Transforming life through excellence in education and research. 

 

MISSION STATEMENT OF VELLORE INSTITUTE OF TECHNOLOGY 

• World class Education: Excellence in education, grounded in ethics and critical 

thinking, for improvement of life. 

• Cutting edge Research: An innovation ecosystem to extend knowledge and solve 

critical problems. 

• Impactful People: Happy, accountable, caring and impactful workforce and students. 

• Rewarding Co-Creations: Active collaboration with national & international industries 

& universities for productivity and economic development. 

• Service to Society: Service to the region and world through knowledge and 

compassion. 

 

VISION STATEMENT OF THE SCHOOL OF MECHANICAL ENGINEERING 

To be a leader in imparting world class education in Mechanical Engineering, leading 

to nurturing of scientists and technologists of highest caliber who would engage in 

sustainable development of the globe. 

 

MISSION STATEMENT OF THE SCHOOL OF MECHANICAL ENGINEERING 

• To create and maintain an environment for Excellence in Instruction, Learning 

and Applied Research in the area of Mechanical and allied disciplines. 

• To equip our students with necessary knowledge and skills for higher education 

/ employment. 

• To meet the social demands.  



 

 

B.Tech Mechanical Engineering 

Specialization in Manufacturing Engineering 

 

PROGRAMME EDUCATIONAL OBJECTIVES (PEOs) 

1. Graduates will be engineering practitioners and leaders, who would help solve 

industry's technological problems. 

2. Graduates will be engineering professionals, innovators or entrepreneurs 

engaged in technology development, technology deployment, or engineering 

system implementation in industry. 

3. Graduates will function in their profession with social awareness and 

responsibility. 

4. Graduates will interact with their peers in other disciplines in industry and 

society and contribute to the economic growth of the country. 

5. Graduates will be successful in pursuing higher studies in engineering or 

management. 

6. Graduates will pursue career paths in teaching or research. 

  



 

 

B.Tech Mechanical Engineering 

Specialization in Manufacturing Engineering 

 

PROGRAMME OUTCOMES (POs) 

PO_1: Engineering Knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals, and an engineering specialization to the 

solution of complex engineering problems. 

PO_2: Problem Analysis: Identify, formulate, review research literature, and 

analyse complex engineering problems reaching substantiated 

conclusions using first principles of mathematics, natural sciences and 

engineering sciences. 

PO_3: Design/Development of Solutions: Design solutions for complex 

engineering problems and design system components or processes that 

meet the specified needs with appropriate consideration for the public 

health and safety, and the cultural, societal, and environmental 

considerations. 

PO_4: Conduct Investigations of Complex Problems: Use research-based 

knowledge and research methods including design of experiments, 

analysis and interpretation of data, and synthesis of the information to 

provide valid conclusions for complex problems 

PO_5: Modern Tool Usage: Create, select, and apply appropriate techniques, 

resources, and modern engineering and IT tools including prediction and 

modelling to complex engineering activities with an understanding of the 

limitations. 

PO_6: The Engineer and Society: Apply reasoning informed by the contextual 

knowledge to assess societal, health, safety, legal and cultural issues and 



 

 

the consequent responsibilities relevant to the professional engineering 

practice. 

PO_7: Environment and Sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts, and 

demonstrate the knowledge of, and need for sustainable development. 

PO_8: Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

PO_9: Individual and Teamwork: Function effectively as an individual, and as a 

member or leader in diverse teams, and in multidisciplinary settings. 

PO_10: Communication: Communicate effectively on complex engineering 

activities with the engineering community and with society at large, such 

as, being able to comprehend and write effective reports and design 

documentation, make effective presentations, and give and receive clear 

instructions. 

PO_11: Project Management and Finance: Demonstrate knowledge and 

understanding of the engineering and management principles and apply 

these to one’s own work, as a member and leader in a team, to manage 

projects and in multidisciplinary environments. 

PO_12: Life-long Learning: Recognize the need for and have the preparation and 

ability to engage in independent and lifelong learning in the broadest 

context of technological change. 

 

  



 

 

B.Tech Mechanical Engineering 

Specialization in Manufacturing Engineering 

 

PROGRAMME SPECIFIC OUTCOMES (PSOs) 

On completion of B. Tech. Mechanical Engineering Specialization in Manufacturing 

Engineering programme, graduates will be able to 

PSO_1: Model, design and analyse mechanical systems and components taking 

into account social, economic and environmental implications 

PSO_2: Realize components and products using appropriate materials and 

machine tools 

PSO_3: Work professionally in Manufacturing and related systems 

 

 



Vellore Institute of Technology

Bachelor of Technology in Mechanical Engineering
Specialisation in Manufacturing Engineering

School of Mechanical Engineering

—————————————————————————————————————————————————————————

Programme Credit Structure Credits

Foundation Core Courses 56
Basic Sciences and Mathematics 24
Engineering Sciences 17
Humanities, Social Sciences and
Management (HSM) 15

Discipline-linked Engineering Science Courses 13
Discipline Core Courses 49
Discipline Elective Courses 21
Open Elective Courses 03
Project and Internship 09
Total Graded Credit Requirement 151
Non-Graded Credit Requirement 11

Basic Sciences and Mathematics 24
L T P C

BPHY101L Engineering Physics 3 0 0 3
BPHY101P Engineering Physics Lab 0 0 2 1
BCHY101L Engineering Chemistry 3 0 0 3
BCHY101P Engineering Chemistry Lab 0 0 2 1
BMAT101L Calculus 3 0 0 3
BMAT101P Calculus Lab 0 0 2 1
BMAT102L Differential Equations and

Transforms
3 1 0 4

BMAT201L Complex Variables and Linear
Algebra

3 1 0 4

BMAT202L Probability and Statistics 3 0 0 3
BMAT202P Probability and Statistics Lab 0 0 2 1

Engineering Sciences 17

BMEE102P Engineering Design Visualisa-
tion Lab

0 0 4 2

BEEE101L Basic Electrical Engineering 2 0 0 2
BEEE101P Basic Electrical Engineering Lab 0 0 2 1
BECE101L Basic Electronics 2 0 0 2
BECE101P Basic Electronics Lab 0 0 2 1
BMEE201L Engineering Mechanics 2 1 0 3
BCSE101E Computer Programming: Python 1 0 4 3
BCSE103E Computer Programming:Java 1 0 4 3

Humanities, Social Sciences and Management 15

BENG101N Effective English Communica-
tion (NGC)

0 0 4 2

BENG101L Technical English Communica-
tion

2 0 0 2

BENG101P Technical English Communica-
tion Lab

0 0 2 1

BENG102P Technical Report Writing 0 0 2 1
BSTS101P Quantitative Skills Practice I 0 0 3 1.5
BSTS102P Quantitative Skills Practice II 0 0 3 1.5
BSTS201P Qualitative Skills Practice I 0 0 3 1.5
BSTS202P Qualitative Skills Practice II 0 0 3 1.5
BFLE200L Foreign Language 2 0 0 2
BHSM200L HSM Elective 3 0 0 3

Discipline-linked Engineering Science Courses 13

BMEE209L Materials Science and Engineer-
ing

3 0 0 3

BMEE209P Materials Science and Engineer-
ing Lab

0 0 2 1

BMEE211L Engineering Optimization 2 1 0 3
BMEE407L Artificial Intelligence 2 1 0 3
BMEE308L Control Systems 2 0 0 2
BMEE308P Microcontrollers and Interfacing

Lab
0 0 2 1

Discipline Core Courses 49

BMEE202L Mechanics of Solids 3 0 0 3
BMEE202P Mechanics of Solids Lab 0 0 2 1
BMEE203L Engineering Thermodynamics 2 1 0 3
BMEE204L Fluid Mechanics and Machines 3 0 0 3
BMEE204P Fluid Mechanics and Machines

Lab
0 0 2 1

BMEE206P Machine Drawing Lab 0 0 4 2
BMEE207L Kinematics and Dynamics of

Machines
3 0 0 3

BMEE207P Kinematics and Dynamics of
Machines Lab

0 0 2 1

BMEE210L Mechatronics and Measurement
Systems

3 0 0 3

BMEE210P Mechatronics and Measurement
Systems Lab

0 0 2 1

BMEE301L Design of Machine Elements 3 1 0 4
BMEE302L Metal Casting and Welding 3 0 0 3
BMEE302P Metal Casting and Welding Lab 0 0 2 1
BMEE303L Thermal Engineering Systems 3 0 0 3
BMEE303P Thermal Engineering Systems

Lab
0 0 2 1

BMEE304L Metal Forming and Machining 3 0 0 3
BMEE304P Metal Forming and Machining

Lab
0 0 2 1

BMEE306L Computer Aided Design and Fi-
nite Element Analysis

3 0 0 3

BMEE306P Computer Aided Design and Fi-
nite Element Analysis Lab

0 0 2 1
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Vellore Institute of Technology

BMEE401L Computer Integrated Manufac-
turing

3 0 0 3

BMEE401P Computer Integrated Manufac-
turing Lab

0 0 2 1

BMEE402L Heat and Mass Transfer 3 0 0 3
BMEE402P Heat and Mass Transfer Lab 0 0 2 1

Discipline Elective Courses 21

BMEE212L Quality Control and Improve-
ment

3 0 0 3

BMEE305L Manufacturing Planning and
Control

3 0 0 3

BMEE307L Product Design and Develop-
ment

3 0 0 3

BMEE309L Lean Manufacturing 3 0 0 3
BMEE310L Supply Chain Management 3 0 0 3
BMEE316E Industrial Robotics 3 0 2 4
BMEE319E Advanced Material Characteri-

zation Methods
3 0 2 4

BMEE403L Design of Jigs, Fixtures and
Press Tools

3 0 0 3

BMEE406E Advanced Manufacturing Pro-
cess

3 0 2 4

BMEE410L Industrial Revolution 4.0 3 0 0 3
BMEE412E Manufacturing Systems Design 3 0 2 4

Open Elective Courses 03

Engineering Disciplines | Projects | Sciences | Humani-
ties | Social Sciences | Liberal Arts | Economics | Finance|
Entrepreneurship | Management | Skills | Reading

Project and Internship 9

BMEE399J Summer Industrial Internship 1
BMEE497J Project-I 3
BMEE498J Project-II / Internship 5
BMEE499J One Semester Internship 14

Non-Graded Credit Requirement 11

BMEE101N Introduction to Engineering 1
BSSC101N Essence of Traditional Knowl-

edge
2

BSSC102N Indian Constitution 2
BEXC100N Extracurricular Activities 2
BCHY102N Environmental Sciences 2
BHUM101N Ethics and Values 2.
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BMEE101N Introduction to Engineering L T P C 

0 0 0 1 

Pre-requisite Nil Syllabus version 

1.0 

Course Objective: 

 To make the student comfortable and get familiarized with the facilities available on
campus

 To make the student aware of the exciting opportunities and usefulness of engineering to
society

 To make the student understand the philosophy of engineering

Course Outcome: 

 To know the infrastructure facilities available on campus

 To rationally utilize the facilities during their term for their professional growth

 To appreciate the engineering principles, involve in life-long learning and take up
engineering practice as a service to society

General Guidelines 

1. Student should observe and involve in the activities during the induction programme.
Both general activities and those which are discipline-specific should be included
here.

2. Student should get familiarized with the infrastructure facilities available on campus
during the general induction, school induction programme and also from the
institutional website.

3. Student should attend the lecture by industries, including those on career
opportunities, organized by the School and probably involve in ‘Do-it-yourself’
projects or projects involving reverse-engineering.

4. Activities under ‘Do-it-Yourself’ will be detailed by the School.
5. Student should prepare a report on the activities and observations, as per the

specified format, and submit the same in institutional LMS, VTOP for further
evaluation

General instruction on formatting: Document to be prepared with the titles given in 
the template; Arial type with font size of 12 to be used; photographs can be included 
in the document as per the requirement; 1.5 line spacing to be used. 

Mode of Evaluation: Evaluation of the submitted report and interaction with the students 

Recommended by Board of Studies 02.07.2021 

Approved by Academic Council No. 63 Date 23.09.2021 
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BCHY102N Environmental Sciences L T P C 
  0 0 0 2 
Pre-requisite NIL Syllabus version 
  1.0 
Course Objectives:  
The course is aimed at students to 

1. Understand and appreciate the unity of life in all its forms and their 
implications of life style on the environment. 

2. Identify the different causes for environmental degradation. 
3. Analyze individual’s contribution to environmental pollution. 
4. Evaluate the impact of pollution at the global/local level and find 

solutions for remediation. 
Course Outcomes   
At the end of the course, the students will be able to: 

1. Recognize the environmental issues in a problem-oriented, interdisciplinary    
perspective. 

2. Classify the key environmental issues, the science behind those problems and 
potential solutions. 

3. Demonstrate the significance of biodiversity and its preservation. 
4. Identify various environmental hazards. 
5. Design various methods for the conservation of resources. 
6. Formulate action plans for sustainable alternatives that incorporate science, 

humanity, and social aspects. 
Module: 1 Environment and Ecosystem 5 hours 
Environment: definition; Earth–life support system. Ecosystem definition, components and 
types. Key environmental problems, their basic causes and sustainable solutions. Food 
chain, food web and their significance, Energy flow in ecosystem; Ecological succession- 
stages involved, primary and secondary succession - hydrarch, mesarch, xerarch. 
Module: 2 Biodiversity 4 hours 
Biodiversity-definition, levels and importance. Species: roles: types: extinct, endemic, 
endangered and rare species. Hot-spots –Significance, Mega-biodiversity. Threats to 
biodiversity due to natural and anthropogenic activities, Conservation methods. GM crops- 
advantages and disadvantages.  
Module: 3 Sustaining Environmental Quality 4 hours 

Environmental hazards: definition, types, causes and solutions: Biological (Malaria, 
COVID-19), Chemical (BPA, heavy metals), and Nuclear (Chernobyl); Air, water and soil 
quality management and conservation; Solid waste management methods. 
Module: 4  Clean and Green Energy 5 hours 
Renewable energy resources: Solar energy-thermal and photovoltaic; Hydroelectric 
energy. Wind energy, Ocean thermal energy; Geothermal energy; Energy from biomass; 
Hydrogen energy; Solar-hydrogen revolution. Electric and CNG vehicles. 

Module: 5 Environmental Protection Policies 4 hours 
Environmental Protection (EPA) objectives; Air Act, water Act, Forest conservation Act 
and Wild life protection Act. Environmental Impact Analysis: guidelines, core values. 
Impact assessment methodologies. 

Module: 6  Sustainable development 4 hours 
Effect of population-urban environmental problems; Population age structure; Sustainable 
human societies: tools in economics, sustainable development goals SDGs and promoting 
awareness. Women and child welfare, Women empowerment.  
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Module: 7 Global Climate Change 4 hours 
Global climate change and green-house effect. Kyoto Protocol-carbon credits, The Paris 
Agreement, carbon sequestration: definition, types and methodologies.  Ozone layer 
depletion: causes and impacts. Mitigation of ozone layer depletion- Montreal Protocol. Role of 
Information Technology in environment.  

Total Lecture hours: 30 hours 

Assessment: Seminars, Quiz, Case Studies, Final Assessment Test. 

Text Books 
1. G. Tyler Miller and Scott E. Spoolman (2016), Environmental Science, 15th Edition, 
Cengage learning. 
2. Benny Joseph, (2012), Environmental Science and Engineering, 5th Edition, Tata 
McGraw Hill Education Private Limited, New Delhi, India. 
 
Reference Book(s) 
1. David M. Hassenzahl, Mary Catherine Hager, Linda. R. Berg (2011), Visualizing 
Environmental Science, 4th Edition, John Wiley & Sons, USA. 
2. Raj Kumar Singh, (2012), Environmental Studies, Tata McGraw Hill Education Private 
Limited, New Delhi, India. 
3. George Tyler Miller, Jr. and Scott Spoolman (2012), Living in the Environment – 
Principles, Connections and Solutions, 17th Edition, Brooks/Cole, USA. 
 
Recommended by Board of Studies 14-02-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE209L Materials Science and Engineering L T P C 
  3 0 0 3 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 

1. To impart knowledge on the correlation between structure-property of materials. 
2. To provide knowledge on mechanical properties of materials and strengthening 

mechanisms. 
3. To give insight into advanced materials such as polymers, ceramics and composites 

and their applications. 
 
Course Outcomes 
       At the end of the course, the student will be able to 

1. Compare different structures based on the atomic arrangement.  
2. Examine various phases of metals and alloys using phase diagrams. 
3. Assess the mechanical behaviour of materials according to the standards. 
4. Recommend suitable heat treatment and surface hardening processes. 
5. Propose the suitable material based on the structure-property relationships. 

 
Module:1 Fundamentals to Materials engineering 3 hours 
Historical perspective of materials, materials science, Materials engineering, Materials 
classification, Materials tetrahedron, Engineering requirement of advanced materials and 
smart materials – Diversified applications. 
Module:2 Crystallography and Defects 6 hours 
Fundamental Concepts, Crystal geometry, Unit Cell, Classification of Lattices – Bravais 
Lattice - Point coordinates, Crystallographic Directions and Planes, Weiss zone law 
applications - Single and Poly crystalline materials, Non-crystalline/Amorphous Materials. 
Crystal Structure of Metals, Ceramics and Polymers, Defects in crystals – point defects, line 
defects (dislocations), Characteristics of Dislocations, Slip Systems, Slip in Single Crystal, 
Deformation by Twining, surface defects and volume defects, Microscopic examination. 
Module:3 Solidification, Diffusion and Phase Transformation 8 hours 
Nucleation - Homogeneous and Heterogeneous Nucleation- Growth of crystals- Planar 
growth – dendritic growth. Diffusion: Introduction – Fick’s Law of Diffusion - Diffusion 
Mechanisms, Steady state and non-steady state diffusion. Basics of phase diagram, Gibb’s 
phase rule, Lever rule,  Unary phase Diagrams, Binary Isomorphous and Eutectic Systems, 
Interpretation of Phase Diagram, Iron – iron carbide phase diagram – Slow cooling of hypo 
and hyper eutectoid steels, Phase transformations in steels and cast iron.  
Module:4 Mechanical behaviour of Materials 7 hours 
Hardness Testing of Materials, Tensile properties of the materials, Effect of strain rate, 
Impact Testing, Fracture of Metals – Ductile Fracture, Brittle Fracture, Ductile to Brittle 
Transition Temperature (DBTT), Fatigue – Endurance limit, Fatigue test, S-N curves, factors 
affecting fatigue, structural changes accompanying fatigue; Creep and stress rupture– 
mechanism of creep – stages of creep and creep test, Mechanisms of Strengthening in 
Metals and alloys. 
Module:5 Heat Treatment 7 hours 
Isothermal Transformation diagrams and Continuous Cooing Transformation diagram. 
Principles of heat treatment, Annealing, Concept of Recovery, Recrystallization and Grain 
Growth, Normalizing, Hardening, Tempering, Solutionizing, Ageing, Special heat treatment 
processes: Austemepering, Martempering, Ausforming, Hardenability of steel, Microstructure 
changes during heat treatment.  
Surface hardening processes - Carburizing – Nitriding – Cyaniding and carbo-nitriding, 
Induction and flame hardening, Laser and Electron beam hardening. 
Module:6 Metallic Materials 6 hours 
Steels – Types of Steels, Effect of alloying elements on structure and properties of steels, 

Agenda Item 65/46 - Annexure - 42

Proceedings of the 65th Academic Council (17.03.2022) 1305



Alloy Steel – Tool and Die Steel, Stainless steel, Speciality steel, Cast iron- White, Grey, 
Malleable and Nodular - Properties and application of cast irons. Non-ferrous Alloys, 
Aluminium, copper, Nickel, Magnesium and Titanium.  
Module:7 Non-metallic and Composite Materials & Economic, 

Environmental, and societal issues in materials Science and 
Engineering 

6 hours 

Ceramics: types, properties and application of ceramics; Glass: classification of glass, 
properties and application of glass; Polymer: classification of polymers - properties and 
application of polymers; Fibers: Natural Fibers/Synthetic Fibers; Composites: Classification 
of Composite Materials, Properties and Application of Composite Materials. 
Module:8 Contemporary Issues 2 hours 
 
 Total Lecture hours: 45 hours 
Text Books 
1. William D. Callister Jr., David G. Rethwisch, Callister's Materials Science and 

Engineering, 2018, 10th edition, John Wiley & Sons, Inc., United states. 
2. William F Smith, Javad Hasemi and Ravi Prakash, Materials science and 

Engineering, 2017, 5th edition, McGraw Hill Publications. 
Reference Books 
1. Michael F. Ashby, Materials Selection in Mechanical Design, 2016, 5th edition, Elsevier  

Butterworth-Heinemann. 
2 Donald R. Askeland, Science and Engineering of Materials, SI Edition, 2015, 7th edition, 

Springer, Boston, MA. 
3 Raghavan V, Materials Science and Engineering,   2015, 6th edition, Prentice Hall India 

Learning Private Limited, United Kingdom. 
4 Sidney Avner, Introduction to Physical Metallurgy, 2017, 2nd edition, McGraw Hill 

Education 
Mode of Evaluation: CAT / Written assignment / Quiz / FAT  
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE209P Materials Science and Engineering Lab L T P C 
  0 0 2 1 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objective 
1. To impart practical exposure on optical microscopy, furnace, and mechanical testing 

equipment.  
2. To provide hands-on experience on image analysis software. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Investigate the phases in the microstructure of samples. 
2. Assess the mechanical properties as per the ASTM standards. 
3. Develop and propose the industrial heat treatments. 
 
Indicative Experiments   
1. Thermal analysis of Pb-Sn alloy (To produce cooling curve and report the eutectic 

temperature. 
2. Metallographic sample preparation. 
3. To study the microstructure of Ferrous Materials a) Steel b) Stainless Steel c) Cast 

Iron. 
4. To study the microstructure of Non- Ferrous Materials. 
5. Cold work and annealed microstructure of alloys (Ferrous/Non-ferrous). 
6. Heat Treatment of Steel (Annealing, Normalising, Quenching and Tempering). 
7. Age hardening studies of Aluminium alloys. 
8. Study of surface hardened Steel – Case Depth, hardness and microstructure. 
9. Hardness measurement of ferrous and non-ferrous alloys. 
10. Hardenability of Steels by Jominy end quench test according to ASTM standards. 
11. Tensile property evaluation of ductile and brittle materials according to ASTM 

standards. 
12. Quantitative metallography and image analysis 

Total Laboratory Hours 30 hours 
Text Book(s) 
1. William D. Callister Jr., David G. Rethwisch, Callister's Materials Science and 

Engineering, 2018, 10th edition, John Wiley & Sons, Inc., United states 
2. William F Smith, Javad Hasemi and Ravi Prakash, Materials science and 

Engineering, 2017, McGraw Hill Publications, 5th edition. 
3. Lab Manual prepared by course faculty member 
Reference Books 
1. Michael F. Ashby, Materials Selection in Mechanical Design, Elsevier  Butterworth-

Heinemann, 2016, 5th edition. 
2 Donald R. Askeland, Science and Engineering of Materials, SI Edition, 2015, 7th edition, 

Springer, Boston, MA 
3 V. Raghavan, Materials Science and Engineering,   2015, 6th edition, Prentice Hall India 

Learning Private Limited, United Kingdom 
4 Michael F. Ashby, Materials Selection in Mechanical Design, Elsevier  Butterworth-

Heinemann, 2016, 5th edition. 
Mode of assessment: Continuous assessment / FAT / Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE211L Engineering Optimization L T P C 
  2 1 0 3 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To impart knowledge on linear, non-linear optimization problems and techniques to solve 
them. 
2. To develop modelling skills and to solve engineering optimization problems. 
3. To demonstrate the use of software to solve optimization problems. 
4. To develop the skills of using modern heuristic search algorithms. 
Course Outcomes 
       At the end of the course, the student will be able to 
1. Formulate the engineering problems as optimization problems. 
2. Identify optimality conditions for unconstrained and constrained optimization problems. 
3. Solve linear programming problems. 
4. Apply suitable algorithm and solve constraint & unconstraint optimization problems.  
5. Justify modern heuristic search algorithms for solving optimization problems. 
Module:1 Optimum Problem Formulation 6 hours 
Introduction to Optimization – Statement of an Optimization Problem – Classifications of 
Optimization problem – Optimum Problem Formulation: Problem Formulation Process, 
Application problems related Engineering Design and Manufacturing.  
Module:2 Optimality Criterion  6 hours 
Introduction – Optimality Criterion: Single variable problems – Optimality criterions for 
unconstraint problems. Multivariable Optimization problems – Optimality criterion for 
constrained optimization problems: Lagrangian Multiplier, Kuhn-Tucker Conditions  – 
Exercise problems to identify optimality conditions for unconstrained and constrained 
problems (Hand Calculation). 
Module:3 Linear Programming 8 hours 
Introduction – Standard form of a LPP problem - Graphical solution for LPP – Simplex 
Method – Revised Simplex method – Duality in LPP – Modelling of Transportation problem 
as an Optimization problem – Exercise problems (limited to simplex method – 
Demonstration: Solving LPP problems using software tool (MATLAB). 
Module:4 Non-Linear Programming – Unconstrained Optimization 

I 
5 hours 

Introduction – Standard form of an unconstrained problem – Unimodal and Multimodal 
functions – Introduction to One Dimensional minimization methods: Elimination method: 
Fibonacci  Method. Interpolation methods: Newton Method Exercise problems (hand 
calculation – Newton and Secant method) – Solving 1D problems using software tool 
(MATLAB). 
Module:5 Non-Linear Programming – Unconstrained Optimization 

II 
6 hours 

Multi variable unconstraint optimization algorithms: Univariate Method – Pattern directions – 
Conjugate Direction method (Powell’s method) - Steepest Descent method – Exercise 
problems (hand calculation – Univariate and Steepest Descent method) Demonstration: 
Solving unconstraint problems using software tool (MATLAB). 
Module:6 Non-Linear Programming – Constrained Optimization 5 hours 
Introduction - Standard form of a constrained problem – Transformation methods- Penalty 
function method: Interior and Exterior methods - Exercise problems: Converting constrained 
problem into unconstrained problems using various penalty function – Demonstration: 
Solving Constraint problems using software tool (MATLAB). 
Module:7 Modern Methods of Optimization 7 hours 
Introduction: Heuristics, Meta-Heuristics, Combinatorial Optimization problems – Examples 
of P, NP, NP-complete and NP-Hard problems – Introduction to Genetic Algorithm, 
Simulated Annealing – Particle Swarm Optimization - Demonstration: Working of GA, SA, 
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PSO using Software tools (MATLAB). 
Module:8 Contemporary Issues 2 hours 
 Total Lecture hours: 45 hours 
Text Book(s) 
1. Rao S.S, Engineering optimization: theory and practice, 2020, 5th Edition, John Wiley 

& Sons, Inc., USA. 
2. Deb K, Optimization for engineering design: Algorithms and examples, 2012, PHI 

Learning Pvt. Ltd., India. 
Reference Books 
1. Arora J.S, Introduction to Optimum Design, 2016, 4th Edition, Academic Press. 
2. Igor Griva, Stephen G. Nash, Ariela Sofer, Linear and Non-Linear Optimizaton, 2009, 2nd 

Edition, Society of Industrial and Applied Mathematics. 
Mode of Evaluation: CAT / written assignment / Quiz / FAT  
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE308L Control Systems L T P C 
2 0 0 2 

Pre-requisite Nil Syllabus version 
1.0 

Course Objectives 
1. To expose the students to classical methods of control engineering, physical system

modelling and control.
2. To enable the students to design control system for various applications.
3. To enrich the ability of the students to analyse the performance of dynamic control

systems.
Course Outcome 

  At the end of the course, the student will be able to 
1. Apply the concepts of control systems and modelling techniques.
2. Develop various representations of system based on the first principles approach.
3. Infer the domain specifications from the time and frequency response.
4. Analyse the stability of closed-loop systems using different techniques.
5. Demonstrate the state-space representation and modern control theory.
6. Design appropriate control systems for different applications.

Module:1 Introduction 2 hours 
Concept of control system, Classification of control systems – Open-loop and closed-loop 
control systems, Examples of control systems- Effects of feedback, Feedback 
Characteristics. 
Module:2 Model Representations 4 hours 
Transfer Functions of LTI Systems, Concepts of Poles and Zeros, Block diagram, 
Determining the Transfer function from Block Diagrams, Signal flow graphs – Reduction 
using Mason’s gain formula. 
Module:3 Modelling of Physical Systems 5 hours 
Development of mathematical models: mechanical, electrical, electromechanical, Thermal, 
Hydraulic and Pneumatic systems. 
Module:4 Time Response Analysis 6 hours 
Standard test signals, Time response of first order systems and second order systems, 
Transient response of second order systems – Time domain specifications, Steady state 
errors and error constants, General Controllers – P, PI, PD and PID controllers. 
Module:5 Stability Analysis 4 hours 
The concept of stability – Routh-Hurwitz’s stability criterion – qualitative stability and 
conditional stability – Root Locus Technique: Concept of root locus – Construction of root 
locus. 
Module:6 Frequency Response Analysis 4 hours 
Frequency domain specifications, Bode plot, Phase margin and Gain margin, Polar plots, 
Nyquist Criteria. 
Module:7 Introduction to State Space Analysis 3 hours 
Concepts of state, state variables and state model, Modelling system in state space, Solving 
the time invariant state equations, State Transition Matrix, Concepts of Controllability and 
Observability. 
Module:8 Contemporary Issues 2 hours 

Total Lecture hours: 30 hours 
Text Book(s) 
1. Nagrath I.J, and Gopal M, Control Systems Engineering, 2017, 6th edition, New Age 

International Publishers. 
2. Ogata K, Modern Control Engineering, 2015, 5th Edition, Prentice Hall of India Pvt. 

Ltd. 
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Reference Books 
1. Norman S Nise, Control Systems Engineering, 2018, 7th edition, John Wiley and Sons, 

Inc. 
2. Benjamin C. Ku, Farid Golnaraghi, Automatic Control Systems, 2017, 10th edition, 

McGraw-Hill Education. 
Mode of Evaluation: CAT / Written assignment / Quiz / FAT / Seminar / Case studies 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE308P Microcontrollers and Interfacing Lab L T P C 
  0 0 2 1 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To expose the students to fundamentals of Microcontrollers. 
2. To understand the functions of microcontroller programming and interfacing. 
3. To enable the students to design appropriate microcontroller-based systems. 
 
Course Outcomes 
      At the end of the course, the student will be able to 
1. Demonstrate and interface microcontroller with sensors and actuators. 
2. Develop speed control techniques using microcontroller. 
3. Construct the simulation model using control system tool box. 
 
Indicative List of Experiments   
1 Study of embedded systems using microcontrollers and its architectural features. 
2 Push button, Keypad and Display Interfacing with microcontroller.  
3 Programming Traffic Light Control using microcontroller. 
4 Interfacing Ultrasonic Sensor with microcontroller. 
5 Open loop Speed and direction control of a DC motor using microcontroller. 
6 Closed loop Speed control of a DC motor based on PID Controller using 

microcontroller. 
7 Interfacing Stepper motor with microcontroller. 
8 Microcontroller Interfacing and Data transmission using RF/Bluetooth/WIFI.  
9 Development of a line following robot. 
10 Development of IoT enabled data transmission from sensors. 
11 Creating linear models of your control system using transfer function, state-space, and 

other representations using MATLab Control System toolbox. 
12 Interface and visualize system behaviour in the time domain and frequency domain 

using MATLab control system toolbox. 
Total Laboratory Hours 30 hours 

Text Book(s) 
1. Nagrath I.J., and Gopal M., Control Systems Engineering, 2017, 6th edition New Age 

International Publishers. 
2. K. Ogata, Modern Control Engineering, 2015, 5th Edition, Prentice Hall of India Pvt. Ltd. 
3. Lab Manual prepared by course faculty members. 
Reference Books 
1. Norman S Nise, Control Systems Engineering, 2018, 7th edition John Wiley and Sons, 

Inc 
2. Benjamin C. Ku and Farid Golnaraghi, “Automatic Control Systems”, 2017, 10th edition 

McGraw-Hill Education. 
Mode of assessment: Viva-voce examination, Lab performance & FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE407L Artificial Intelligence L T P C 
2 1 0 3 

Pre-requisite BMAT202L, BMAT202P Syllabus version 

1.0 
Course Objectives 

1. To provide basic understanding on Artificial Intelligence with its sub-sets.
2. To impart knowledge of search algorithm, logics, reasoning and uncertainty.
3. To introduce the basic concepts of  machine learning and its application in

mechanical engineering.
Course Outcome 
At the end of the course, the student will be able to 

1. Translate the characteristics of artificial intelligence and its sub-sets.
2. Implement appropriate algorithm for problem solving by searching.
3. Construct the logical agents and familiar in the application of  fuzzy in AI.
4. Design the decision making algorithm with the reasoning of uncertainties.
5. Develop machine learning programs based on supervised, unsupervised and

reinforcement learning.
6. Experiment the benefit of neural network in deep learning.
7. Apply machine learning approach to solve problems related to mechanical

engineering.

Module:1 Foundation of AI 4 hours 
Introduction – Foundations of AI – Evolution of AI – Intelligent Agents: Agents and 
environments, Concept of rationality, structure of agents – Structure of Knowledge based 
system - Risks and Benefits of AI.  
Module:2 Problem-solving by searching 6 hours 
Uninformed search: Breath first search, Depth first search, iterative deepening – Heuristic 
search: Greedy search, A*search – Adversarial search: Minimax search, alpha-beta-pruning.   
Module:3 Logic (Knowledge, reasoning and planning) 8 hours 
Propositional Logic – First Order Logic – Inference in First Order Logic – Knowledge 
representations – automated planning. Fuzzy: Fuzzy sets, operation and properties, Feature 
of membership functions, fuzzification and defuzzification, Fuzzy logic rules based system.    
Module:4 Reasoning with uncertainty 6 hours 
Quantifying uncertainty – Probabilistic reasoning – Making Simple Decisions – 
Making Complex Decisions – Multiagent decision making.   
Module:5 Machine Learning 6 hours 
Supervised learning: Decision trees, linear regressing and classification, and support vector 
machine – Unsupervised:  Clustering, dimensionality reduction, Principal component 
analysis –   Reinforcement: Passive and active reinforcement learning.  
Module:6 Deep Learning 7 hours 
Simple feedforward networks – Computation graph for deep learning – Convolution neural 
networks – Learning algorithms – generalization – Recurrent Neural Networks - Deep 
reinforcement learning.  
Module:7 Use cases 6 hours 
AI in manufacturing process: Materials characterization and machine process – AI in 
logistics and supply chain management – Prediction of  mechanical system failure – 
diagnostic system – Human-in-loop for Machine human collaborative task.  
Module:8 Contemporary Issues 2 hours 

Total Lecture hours: 45 hours 

Text Books 
1. Russell S, Norvig P, Artificial Intelligence - A Modern Approach, 2021, 4th edition, 

Prentice Hall. 
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 2. Ivan Vasilev, Advanced Deep Learning with Python: Design and implement 
advanced next-generation AI solutions using TensorFlow and PyTorch, 2019, 1st 
edition, Packt Publishing Ltd. 

Reference Books 
1. Bishop C. M, Pattern Recognition and Machine Learning, 2011, 2nd edition, Springer. 
2. Nilsson N.J, Artificial Intelligence: A New Synthesis, 1998, 1st edition, Morgan 

Kaufmann.  
Mode of Evaluation: CAT / Written assignment / Quiz / FAT / 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE202L Mechanics of Solids L T P C 
3 0 0 3 

Pre-requisite BMEE201L Syllabus version 
1.0 

Course Objectives 
1. To understand the fundamental concepts of mechanics of deformable solids; including

static equilibrium, geometry of deformation, and material constitutive behaviour.
2. To provide students with exposure on systematic methods for solving engineering

problems in solid mechanics.
3. To discuss the basic mechanical principles underlying modern approaches for design of

various structural members subjected to axial load, torsion, bending, buckling, transverse
shear, and combined loading.

4. To build the necessary theoretical background for structural analysis and design courses.
Course Outcomes 
At the end of the course, the student will be able to 
1. Analyse stresses and strains in simple and compound bars
2. Illustrate the relationship among load, shear force and bending moment for various

beams
3. Evaluate the bending and shear stresses for beams with varying cross sections
4. Calculate the slope and deflection of various beams
5. Apply torsion equation for shafts and helical springs
6. Analyse the failure of columns, thin and thick shells

Module:1 Simple stresses and strains 9 hours 
Definition/derivation of normal stress, shear stress, and normal strain and shear strain – 
Stress-strain diagram for brittle and ductile materials - Poisson’s ratio & volumetric strain – 
Elastic constants – relationship between elastic constants and Poisson’s ratio – Generalised 
Hook’s law – Deformation of simple and compound bars – Creep – Strain energy – 
Resilience – Gradual, sudden, impact and shock loadings – thermal stresses. 
Module:2 Bi-axial stress system 6 hours 
Introduction – Stresses on an inclined section of a bar under axial loading – compound 
stresses – Normal and tangential stresses on an inclined plane for biaxial stresses – Two 
perpendicular normal stresses accompanied by a state of simple shear – Mohr’s circle of 
stresses and strain, Strain rosette – Principal stresses and strains – Analytical and graphical 
solutions. Theories of failures. 
Module:3 Shear Force and Bending Moment 6 hours 
Definition of beam – Types of beams – Concept of shear force and bending moment – S.F 
and B.M diagrams for cantilever, simply supported and overhanging beams subjected to 
point loads, uniformly distributed loads, uniformly varying loads and combination of these 
loads – Point of contra flexure – Relation between S.F., B.M and rate of loading at a section 
of a beam. 
Module:4 Stresses in beams 6 hours 
Theory of simple bending – Assumptions – Derivation of bending equation - Neutral axis – 
Determination of bending stresses – section modulus of rectangular and circular sections 
(Solid and Hollow), I, T, Angle and Channel sections – Design of simple beam sections, 
Shear Stresses: Derivation of formula – Shear stress distribution across various beams 
sections like rectangular, circular, triangular, I, T sections. 
Module:5 Deflection of beams 5 hours 
Deflection of beams by Double integration method – Macaulay’s method – Area moment 
theorems for computation of slopes and deflections in beams – Conjugate beam method. 
Module:6 Torsion 5 hours 
Introduction to Torsion – derivation of shear strain – Torsion formula – stresses and 
deformations in circular and hollow shafts – Stepped shafts – shafts fixed at the both ends, 
stresses in helical springs. 
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Module:7 Thin and Thick Cylinders, Columns 6 hours 
Thin cylinders and shells – deformation of thin cylinders and shells; Thick Cylinders, Shrink 
fits, Compounding.  
Theory of columns – Long column and short column - Euler’s formula – Rankine’s formula. 
Module:8 Contemporary Issues 2 hours 

 
 Total Lecture hours: 45 hours 
Textbooks 
1. Ferdinand P. Beer, E. Russell Johnston, John T. DeWolf, David F. Mazurek, Sanjeev 

Sangh, Mechanics of Materials, 2020, 8th Edition, McGraw Hill Education, India. 
2. Russell C. Hibbeler, Mechanics of Materials in SI Units, 9th Edition; 2018,   Pearson 

Education, India. 
Reference Books 
1. James M. Gere, Barry J. Goodno, Mechanics of Materials, 2019, 9th Edition, Cengage 

Learning India Pvt. Ltd. 
2. Rattan S. S., Strength of Materials, 2017, 3rd edition, McGraw Hill Education, India. 
3. Ramamrutham S, Narayanan R, Strength of Materials, 2020, 20th Edition, Dhanpat Rai 

Publishing Company, India. 
4. Popov E. P, Nagarajan S, Lu Z. A; Mechanics of materials, SI version, 2015, Prentice-

Hall of India. 
5. James M. Gere, and Stephen Timoshenko, Mechanics of Materials; 2004, 2nd edition, 

CBS publishers and distributors. 
Mode of Evaluation: CAT, Written assignment, Quiz , FAT  
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE202P Mechanics of Solids Lab L T P C 
  0 0 2 1 
Pre-requisite BMEE201L Syllabus version 
  1.0 
 
Course Objectives 
1. To impart practical skills in investigating the mechanical behavior of materials. 
2. To demonstrate the importance of testing standards in the determination of mechanical 

properties. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Evaluate elastic constants of engineering materials as per the ASTM standards. 
2. Develop stress-strain diagram of engineering materials as per the ASTM standards. 
3. Examine the impact behavior of ductile materials as per the ASTM standards. 

 
Indicative Experiments   
1. Tensile and compression tests on the given specimens for determining Young’s 

modulus of materials using Universal Testing Machine. 
2. Determination of the Poisson’s ratio of a metallic specimen in the linear elastic range 

of loading.  
3. Estimation of Notch Toughness of the metallic bar using Charpy/Izod Impact Testing 

Machines. 
4. Determination of the ultimate shear strength of mild steel specimen by double shear 

test. 
5. Determination of Young’s modulus of the metallic/non-metallic beam using the 

deflection test method.  
6. Verification of the Maxwell’s Reciprocal Theorem.  
7. Determination of the Maximum bending stress of a mild steel beam using deflection 

test method. 
8. Hardness tests using Brinell and Rockwell test rigs. 
9. Estimation of the stiffness and the rigidity modulus of the given helical spring under 

axial loading. 
10. Torsion test on mild steel or cast-iron specimens to find out modulus of rigidity. 
11. Verification of the Euler buckling equations using steel columns subjected to different 

end conditions. 
12. Strain measurement of the given beam using the Rosette Strain Gauge. 

Total Laboratory Hours 30 hours 
 
Text Book(s) 
1. Ferdinand P. Beer, E. Russell Johnston, John T. DeWolf, David F. Mazurek, Sanjeev 

Sangh, Mechanics of Materials, 2020, 8th Edition, McGraw Hill Education, India. 
2. Russell C. Hibbeler, Mechanics of Materials in SI Units, 2018,  9th Edition, Pearson 

Education, India. 
3.  Lab Manual prepared by course faculty members 
 
Reference Books 
1. James M. Gere, Barry J. Goodno, Mechanics of Materials, 2019, 9th Edition, Cengage 

Learning India Pvt. Ltd. 
2. Rattan S. S, Strength of Materials, 2017, 3rd edition, McGraw Hill Education, India. 
3. Ramamrutham S, Narayanan R, Strength of Materials, 2020, 20th Edition, Dhanpat 

Rai Publishing Company, India. 
4. Popov E. P, Nagarajan S, Lu  Z. A; Mechanics of materials, SI version, 2015, 
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Prentice-Hall of India. 
5. James M. Gere, and Stephen Timoshenko, Mechanics of Materials; 2004, 2nd edition, 

CBS publishers and distributors. 
Mode of assessment: Viva-voce examination, Lab performance & FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE203L Engineering Thermodynamics L T P C 
  2 1 0 3 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To apply the laws of thermodynamics and describe their significance. 
2. To provide fundamental knowledge of ideal and real gases. 
3. To analyse vapour, gas power cycles and determining properties of gas mixtures. 
4. To establish the relationship between commonly measurable properties and the 

properties that cannot be measured directly. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Demonstrate the understanding of basic thermodynamics concepts such as systems, 

forms of energy - work and heat, temperature.  
2. Analyse the properties of pure substances, ideal and real gases. 
3. Apply the first law of thermodynamics for closed and open systems. 
4. Apply the second law of thermodynamics and entropy principles for engineering 

systems. 
5. Analyse the performance of vapour and gas power cycles.  
6. Evaluate the mixture properties using gas laws.  
7. Assess the substance properties using thermodynamic relations.  
Module:1 Introduction and basic concepts of thermodynamics  4 hours 
Systems and control volume, properties of a system, state and equilibrium, quasi-static 
equilibrium, processes and cycles, forms of energy, pressure, work and heat transfer, 
temperature and the Zeroth law of thermodynamics. 
Module:2 Properties of pure substances 6 hours 
Phases of a pure substance, phase change process of pure substances, property diagrams 
for phase change processes, vapour property tables, Ideal gas equation of state, real gases- 
Van der Waals equation of state, compressibility factor, Benedict-Webb Rubin equation. 
Module:3 The first law of thermodynamics 8 hours 
Energy analysis of closed and open systems, energy analysis of steady flow devices-boiler, 
turbine, heat exchangers, pumps and nozzles, energy analysis of unsteady flow processes, 
limitations of the first law of thermodynamics. 
Module:4 The second law of thermodynamics 8 hours 
Thermal energy reservoirs, heat engines, heat pumps and refrigerators, Kelvin-Planck and 
Clausius statement and their equivalence, reversible and irreversible processes, Carnot 
cycle, Carnot principles, thermodynamic temperature scale, Entropy, Clausius-inequality, 
TdS equations, entropy change, entropy balance, the increase of entropy principles, Exergy- 
availability and irreversibility. 
Module:5 Vapour and gas power cycles 9 hours 
Carnot vapour power cycle,  Ideal Rankine cycle, ideal re-heat Rankine cycle, ideal 
regenerative Rankine cycle, the effect of isentropic efficiencies, Air standard assumptions, 
Otto, Diesel cycle, Brayton, Stirling cycle and Ericsson cycles. 
Module:6 Gas mixtures 4 hours 
Composition of the gas mixture, mole and mass fractions, Dalton’s law, Amagat’s law, 
properties of gas mixtures. 
Module:7 Thermodynamic property relations 4 hours 
Maxwell relations, Clapeyron equation, General equations for du, dh, ds, Cv and Cp, Joule- 
Thomson coefficient. 
Module:8 Contemporary Issues 2 hours 
 Total Lecture hours: 45 hours 
Text Books 
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1. Yunus A. Cengel, Michael A. Boles and Mehmet Kanoglu, Thermodynamics: An 
Engineering Approach, 2019, 9th Edition, McGraw Hill Education. 

Reference Books 
1. Michael J Moran, Howard N Shapiro, Daisie D. Boettner and Margaret B. Bailey 

Fundamentals of Engineering Thermodynamics, 2015, 8th Edition, Wiley. 
2. Nag P. K., Engineering Thermodynamics, 2017, 6th Edition, McGraw Hill Education. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT. 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE204L Fluid Mechanics and Machines L T P C 
  3 0 0 3 
Pre-requisite NIL Syllabus version 
  1.0 
Course Objectives 
1. To apply hydrostatic law, principle of mass and momentum in fluid flows, concepts in 

Euler’s and Bernoulli equations.  
2. To provide fundamental knowledge of fluids, its properties and behaviour under various 

conditions of internal and external flows.  
3. To determine the losses in a flow system, flow through pipes, boundary layer concepts. 
4. To familiarize the student with the various pumps and turbines. 
Course Outcomes 
At the end of the course, the student will be able to 
1. Demonstrate the significance of fluid properties and laws of fluid statics to engineering 

systems. 
2. Describe the flow fields using Lagrangian and Eulerian approaches. 
3. Formulate suitable governing equations to solve fluid flow problems. 
4. Analyse the viscous flow through pipes and determine various losses. 
5. Perform dimensional analysis of various flow problems.  
6. Apply the boundary layer concept and predict the flow separation. 
7. Analyse the performance of hydraulic pumps and turbines. 
Module:1 Fluid Statics and Buoyancy 8 hours 
Definition of fluid, Concept of continuum, Fluid properties, Rheological classification, 
Pascal’s Law and Hydrostatic pressure and its measurement -Manometry. 
Hydrostatic forces on Plane, Inclined and Curved surfaces, Buoyancy, Condition of 
Equilibrium for Submerged and Floating Bodies, Centre of Buoyancy.  
Module:2 Fluid Kinematics  5 hours 
Description of fluid motion – Lagrangian and Eulerian approach, Types of flows, Control 
volume, Material derivative and acceleration, Streamlines, Pathlines and Streaklines, Stream 
function and velocity potential function, The Reynolds transport theorem.  
Module:3 Fluid Dynamics 5 hours 
The continuity equation, The Euler and Bernoulli equations – venturimeter, orificemeter, Pitot 
tube,  Momentum equation and its application – forces on  pipe bends, moment of 
momentum, The Navier–Stokes Equations. 
Module:4 Viscous Flow in pipes 6 hours 
General Characteristics of pipe flow, Fully-developed laminar flow, Hagen Poiseuille 
equation, Turbulent flow, Darcy–Weisbach equation, Moody chart, major and minor losses, 
Multiple pipe systems. 
Module:5 Dimensional Analysis 5 hours 
Dimensional homogeneity, Rayleigh’s method, Buckingham π theorem, Non-dimensional 
numbers, Model laws and distorted models, Modelling and similitude. 
Module:6 Boundary layer flow 5 hours 
Boundary layers, Laminar flow and turbulent flow, Boundary layer thickness, Momentum 
integral equation, Drag and lift, Separation of boundary layer, Methods of preventing the 
boundary layer separation. 
Module:7 Hydraulic Machines 9 hours 
Introduction - Centrifugal pumps – Work done - Head developed - Pump output and 
Efficiencies - priming - minimum starting speed - performance of multistage pumps - 
Cavitation - methods of prevention - Pump characteristics – Classification of hydraulic 
turbines - Pelton wheel - Francis turbine - Kaplan and Propeller turbines - - Specific speed - 
Theory of draft tube - Governing - Performance characteristics - Selection of turbines. 
Module:8 Contemporary issues 2 hours 

 
 Total Lecture hours: 45 hours 
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Text Books 
1. Som S K, Gautam Biswas, Chakraborty S, Introduction to Fluid Mechanics and Fluid 

Machines, 2017, McGraw Hill. 
2. Fox and McDonald, Introduction to Fluid Mechanics, 2020, 10th Edition, Wiley. 
Reference Books 
1. Yunus A. Cengel and John. M. Cimbala, Fluid Mechanics: Fundamentals and 

Applications, 2019, 4th Edition, McGraw Hill. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE204P Fluid Mechanics and Machines Lab L T P C 
  0 0 2 1 
Pre-requisite NIL Syllabus version 
  1.0 
Course Objectives 
1. To train students practically with the procedures for measuring the co-efficient of 

discharge of orifice, mouthpiece, notches, orifice meter and venturi meter. 
2. To train the students to determine the friction factor and minor losses in pipe 

components. 
3. To equip the students to perform experiments in hydraulic machines and analyse the 

results. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Perform experiments on various flow measuring devices to calibrate them. 
2. Perform experiments to determine friction factor and minor losses in pipe components. 
3. Conduct experiments on hydraulic machines to assess their performance. 
 
List of Experiments  

1 Determination of coefficient of discharge of an orifice.   

2 Determination of coefficient of discharge of a mouthpiece.   

3 Determination of coefficient of discharge of a rectangular/ triangular notch.  

4 Determination of coefficient of discharge of a venturi meter / orifice meter. 

5 Estimation of friction factor of a pipe. 

6 Estimation of minor losses in pipe fittings. 

7 Verification of the Bernoulli Theorem.  

8 Study and calibration of a pitot static tube. 

9 To study the performance of a centrifugal pump. 

10 Study the performance of a Pelton Turbine.  

11 Determination of static pressure distribution around an air foil.  

Total Laboratory Hours  30 hours 
Text Books 

1 Som S K, Gautam Biswas, Chakraborty S, Introduction to Fluid Mechanics and Fluid 
Machines, 2017, McGraw Hill 

2 Lab Manual prepared by course faculty 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE206P Machine Drawing Lab L T P C 
  0 0 4 2 
Pre-requisite BMEE102P Syllabus version 
  1.0 
Course Objectives 
1. To provide the knowledge of design practices for common machine elements. 
2. To train students to excel in part and assembly drawing of mechanical components. 
3. To impart skills in applying CAD tools for conceptualizing product. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Use CAD tools efficiently to design machine elements. 
2. Demonstrate the use of ISO/BIS standards in machine drawing. 
3. Apply the concepts of conventional tolerancing and GD&T principles. 
4. Illustrate the relative motion among parts in mechanical assembly. 
 
Indicative Experiments   
1. Introduction to Machine Drawing: Study of Drawing Sheet Layout and Drawing 

Standards. Use of software packages for machine drawing and drafting. 
2. Basics of Machine Drawing: Study of basic specifications and conventional 

representation of standard components i.e.Bolts, Screw, Rivets, Keys, Pins, Washers; 
Surface Roughness and Welding symbols in machine drawing. 

3. Basic of Limits, Fits and Tolerances: Study of fundamental of Deviations, Shaft and 
Hole Terminology, Method of placing limit dimensions. Study of different types of Fits 
and Tolerances.  Reading of machining grade.  Use of tolerance tables.  

4. Introduction to Limits, Fits and Tolerances in Machine Drawing: Incorporating 
Geometrical Tolerance and Dimensioning, GD&T Symbols, LMC, MMC, concept in 
engineering drawing.  

5. Part Modeling of machine components: 3D Modeling of standard machine 
components i.e. Shaft, Pulley, Springs, Plummer-Block, Bracket.  

6. Detailed Drawing of Part: Drafting of standard machine part components into 
production drawing-Orthographic Projection and Isometric Projection.  

7. Modeling and Assembly of machine elements: 3D Modeling of standard machine 
elements i.e.Universal Coupling, Bench Vice, Radial Engine.  

8. Detailed Drawing of Assembly: Drafting of standard assembly elements into 
Orthographic, Isometric and Section view. Applying Bill of Material concept.  

9. Exploded Assembly Drawing: Understanding step of assembly of components.  
1
0. 

Motion Study of Assembly: Applying motion among components in assembly.  
Understanding Constraints Relations and Degree of Freedom.  

Total Laboratory Hours 60 hours 
Text Books 
1. Bhatt N. D, Machine Drawing, 2008, Charotar Publishing House Pvt. Limited, India. 
2. French, T. E, Vierch, C. J, and Foster, R. J., Engineering Drawing and Graphic 

Technology. 
3.  Lab Manual prepared by course faculty members. 
Reference Books 
1. Narayana K.L., Kannaiah, P., and Venkata Reddy K, Machine Drawing, 2016, 5th  Ed., 

New Age International Publishers, India. 
2. John K. C., Text Book of Machine Drawing, 2009, PHI Learning Pvt. Ltd. 
3. Lockhart, S., Giesecke, F. E., Dygdon, J., Spencer, H., Mitchell, A., Johnson, C., Good

man, M., Technical Drawing with Engineering Graphics,  2016, Prentice Hall, United 
Kingdom. 

4. Lakshminarayanan, V., and Mathur, M. L., Text Book of Machine Drawing (with 
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Computer 
Graphics), 2007, 12th Ed, Jain Brothers, India. 

5. SP 46: 1988 Engineering Drawing Practice for Schools and Colleges, 1988, Bureau of 
Indian Standards. 

6. Design Data: Data Book of Engineers by PSG College, 2019, 4th Ed., Kalaikathir 
Achagham Coimbatore publication, India. 

Mode of assessment: Viva-voce examination, Lab performance & FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Agenda Item 65/46 - Annexure - 42

Proceedings of the 65th Academic Council (17.03.2022) 1273



BMEE207L Kinematics & Dynamics of Machines L T P C 
  3 0 0 3 
Pre-requisite BMEE201L Syllabus version 
  1.0 
Course Objectives 
1. To enable students to understand the fundamental concepts of mechanisms. 
2. To facilitate students to understand the functions of cams, gears, and flywheel. 
3. To impart knowledge on design of mechanisms and dynamic loads acting on the 
mechanism. 
4. To give an insight on the concepts of balancing, vibration and speed governing devices. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Examine the kinematic behaviour of various planar mechanisms. 
2. Construct velocity and acceleration diagrams for various planar mechanisms. 
3. Analyse kinematics of cam and gear-train mechanisms. 
4. Investigate the dynamic forces acting on planar mechanisms. 
5. Analyse the balancing of masses and vibrations of mechanical systems. 
6. Assess the characteristics of governors and gyroscopic effects. 
Module:1 Mechanisms and kinematics 6 hours       
Introduction, mechanisms and machines, terminology, planar mechanism - Kinematic 
diagram and inversion, Mobility, Coincident joints, Grubbler and Grashoff’s law, Four bar, 
single and double slider mechanisms and their inversions. 
Module:2 Velocity and Accelerations in Mechanisms 8 hours        
Velocity and acceleration in planar mechanisms - Relative velocity method, Coriolis 
component of acceleration, Kennedy’s Theorem, Instantaneous Centre method. 
Module:3 Kinematic analysis of Cams and Gears 7 hours        
Cams: Types of cams – Types of followers – Definitions – Motions of the followers – Layout 
of cam profiles.  Gear: terminology, fundamental of gearing, involute profile, interference and 
undercutting, minimum number of teeth, contact ratio - Gear trains: simple, compound and 
epicyclic. 
Module:4 Synthesis of planar mechanism   4 hours        
Two position and Three position synthesis of planar mechanism - Graphical and analytical 
methods - Freudenstein equation.  
Module:5 Dynamic Force Analysis 6 hours        
Introduction-D’ Alembert’s principle-static and inertial force analysis of reciprocating engine-
Equivalent dynamic system. Turning moment diagram-four stroke engine-multicylinder 
engine-design of flywheel of IC engine-design of flywheel rim- design of flywheel of punching 
press. 
Module:6 Balancing and Vibration 8 hours        
Static and Dynamic Balancing of Rotating Masses, Balancing of Reciprocating Masses. 
Introduction to vibration - Terminologies - Single degree of freedom- damped and 
undamped- free and forced vibration – Vibration isolation and Transmissibility. Transverse 
vibrations of shafts – Whirling of shaft -Torsional vibration of single rotor and two rotors’ 
systems. 
Module:7 Governors and Gyroscope  4 hours        
Governors: Centrifugal Governors- types and its characteristics - Working principle of 
electronic governor. Gyroscope – Gyroscopic Effects on the Movement of airplanes and 
Ships – Gyroscope Stabilization. 
Module:8 Contemporary Issues 2 hours 
 Total Lecture hours: 45 hours 
Text Book(s) 
1. Rattan S. S, Theory of Machines, Tata McGraw Hill, 2019 
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Reference Books 
1. Joseph Edward Shigley and John Joseph Uicker Jr., Theory of Machines and 

Mechanisms SI Edition, 2014, Oxford University Press 
2 Norton R. L, Kinematics and Dynamics of Machinery, , 2017, McGraw-Hill Education 
3 Norton R. L., Design of Machinery, An Introduction to the Synthesis and Analysis of 

Mechanisms and Machines, 2019McGraw-Hill Higher Education 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE207P Kinematics & Dynamics of Machines Lab L T P C 
  0 0 2 1 
Pre-requisite BMEE201L Syllabus version 
  1.0 
Course Objective 
1. To impart practical skills in analyzing different mechanism.  
2. To familiarize the use of cams and gears. 
3. To demonstrate the importance of governors and gyroscopes. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Determine the kinematic behaviour of various planar mechanisms. 
2. Analyse the free, forced, and damped vibration of different systems. 
3. Investigate the performance of various governors and the gyroscope. 
 
Indicative Experiments   
1. Study of different planar mechanisms   
2. Determination of the Coriolis component of acceleration 
3. Kinematic analysis of gear and gear train 
4. Cam synthesis and jump phenomenon 
5. Determination of the natural vibration of the spring mass system 
6. Determination of the free torsional vibration of two rotor system 
7. Determination of the radius of gyration of bifilar & trifilar system 
8. Determination of the critical speed of the whirling shafts with different fixings 
9. Determination of equilibrium speeds of Watt governor   
10 Determination of equilibrium speeds of Porter governor 
11 Determination of equilibrium speeds of Hartnell governor 
12 Determination of gyroscopic couple acting on a rotating disc 

Total Laboratory Hours 30 hours 
Text Book(s) 
1. Rattan S. S, Theory of Machines, Tata McGraw Hill, 2019. 
2. Lab Manual prepared by course faculty members. 
Reference Books 
1. Joseph Edward Shigley and John Joseph Uicker Jr., Theory of Machines and 

Mechanisms SI Edition, 2014, Oxford University Press 
2 Norton R. L, Kinematics and Dynamics of Machinery, 2017, McGraw-Hill Education 
3 Norton R. L, Design of Machinery, An Introduction to the Synthesis and Analysis of 

Mechanisms and Machines, 2019, McGraw-Hill Higher Education 
Mode of assessment: Viva-voce examination, Lab performance & FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE210L Mechatronics and Measurement Systems L T P C 
  3 0 0 3 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To familiarize key elements of mechatronics system, impart knowledge of the elements 

and techniques involved in mechatronics systems for industrial automation. 
2. To impart the theoretical and practical aspects of measurement system design. 
3. To give insight to the principles of sensors & actuators, and their interfacing with DAQ. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Demonstrate the basic concepts, applications and elements of mechatronic systems. 
2. Analyze various measuring instruments for different applications. 
3. Compare various types of sensors and actuators used in mechatronics systems. 
4. Apply the concept of signal processing and use of interfacing systems. 

 
Module: 1 Basics of Mechatronics Systems 6 hours 
Basic concepts in mechatronics, Mechatronics systems design approach, Key elements of 
mechatronics system,  Role of sensors, actuators and measurements-Feedback in 
mechatronics systems- Emerging application areas of mechatronics. 
Module: 2 Measurement System  6 hours 
Introduction to measurement, Standards of measurement, Modes of measurement, 
generalized measurement system, Applications of Measurement System, Errors in 
measurement, sources of errors. Specifications: Sensitivity, resolution, bias, dead space- 
Static and dynamic characteristics- System response. 
Module: 3 Basic Sensors 7 hours 
Position and Speed Measurement- Proximity Sensors and Switches, Potentiometer, Linear 
Variable Differential Transformer, Digital Optical Encoder; Stress and Strain Measurement - 
Electrical Resistance Strain Gauge, Measuring Resistance Changes with a Wheatstone 
Bridge, Measuring Different States of Stress with Strain Gauges. 
Module: 4 Advanced Sensors 7 hours 
Force Measurement with Load Cells; Temperature Measurement- Liquid-in-Glass 
Thermometer, Bimetallic Strip, Electrical Resistance Thermometer, Thermocouple; Vibration 
and Acceleration Measurement - Piezoelectric Accelerometer; Pressure and Flow 
Measurement; Capative sensors- Fiber optic sensors-Semiconductor Sensors and 
Microelectromechanical Devices:IMU,Gyroscope. 
Module: 5 Actuators  6 hours 
Electromagnetic Principles-Solenoids and Relays-Electric Motors- DC Motors-Stepper 
Motors-Hydraulics- Hydraulic Valves, Hydraulic Actuators;  Pneumatics. 
Module:6 Data Acquisition 6 hours 
Introduction to Data Acquisition-Quantizing Theory-Analog-to-Digital Conversion- Digital-to- 
Analog Conversion-Signal Conditioning-Computer Based Instrumentation Systems-Software 
Design and Development-Data Recording and Logging-The Intelligent Multivariable 
Measurement System. 
Module:7 Measurement Systems 5 hours 
Linear and angular measurements – taper measurement, threads, surface finish, inspection 
of straightness, flatness and alignment- Comparators - Gear testing-Coordinate measuring 
machines, Optical Tool Maker’s Microscope, Profile Projector. 
Module:8 Contemporary Issues 2 hours 

 
 Total Lecture hours: 45 hours 
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Text Book(s) 
1 Alciatore, D.G. and Histand, M.B. Introduction to mechatronics and measurement 

systems. 2019, New York, Ny: Mcgraw-Hill Education. 
2 Bewoor, A.K. and Kulkarni, V.A., Metrology & Measurement, 2009, McGraw-Hill 

Education. 
Reference Books 
1. DeSilva, C.W., Farbod Khoshnoud, Li, M. and Halgamuge, S.K, Mechatronics : 

Fundamentals and Applications. Boca Raton: 2016, CRC Press, Taylor & Francis 
Group. 

2 William Charles Bolton, Mechatronics: electronic control systems in mechanical and 
electrical engineering. 2019, Harlow, England: Pearson.  

3. Thomas G. Beckwith, Roy D. Marangoni, John H. Lienhard, Mechanical Measurements, 
2009, Pearson Education. 

4 Cesare Onwubolu Godfrey C Fantuzzi, Mechatronics: Principles and applications, 2020, 
S.L.: Butterworth-Heinemann Ltd. 

5 Bentley, J.P. (2008). Principles of measurement systems. Harlow Pearson Prentice Hall. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT. 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Agenda Item 65/46 - Annexure - 42

Proceedings of the 65th Academic Council (17.03.2022) 1278



BMEE210P Mechatronics and Measurement Systems Lab L T P C 
  0 0 2 1 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To integrate the mechanical systems with electrical, electronics and computer systems for 

providing multidisciplinary approach. 
2. To familiarize the use of transducers, sensors and actuators. 
3. To use of software tools for measurement, perception and signal conditioning. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Practice the various fluid power systems.  
2. Implement different sensors for various industrial applications. 
3. Caliberate measuring instruments and measure various geometrical features. 
 
Indicative Experiments   

1.  Design and analysis of hydraulic, pneumatic and electro-pneumatic circuits using  
automation software and hardware. 

2.  Stepper motor, Traffic light, HMI Programming  interface using a PLC. 
3.  Force and Torque measurement using strain gauge.  
4.  Measurement of speed and displacement using linear and rotary sensors.  
5.  Pressure measurement systems using sensors.  
6.  Temperature measurement using RTD and thermocouple. 
7.  Vibration and acceleration measurements using Piezo electric sensor.  
8.  Development of data logging using virtual instrument software.  
9.  Calibration and dimensional measurement using Micrometer, Mechanical 

Comparator, Vernier Caliper and Dial Gauge. 
10.  Measurement of flatness of the object using dial gauge and taper angle using Bevel 

Protractor, Dial Gauge and Sine-Bar. Measurement of bores by using Micrometer 
and Dial bore indicator. 

11.  Measurement of Gear tooth thickness by using Gear tooth Vernier. 
12.  Surface roughness measurement of machined component. 

Total Laboratory Hours 30 hours 
Text Books 
1. Autor: Anthony Esposito (2014). Fluid power with applications. Editorial: Harlow: 

Pearson Education Limited. 
2. Rabiee, M. (2018). Programmable logic controllers : hardware and programming. Tinley 

Park, Il: The Goodheart-Willcox Company, Inc. 
3.  National Instruments (Firm (2003). LabVIEW : measurements manual. Austin, Tex.: 

National Instruments. 
4.  Lab Manual of prepared by course faculty members. 
Reference Books 
1. Fluid Power: Hydraulics and Pneumatics, 3rd Edition, Lab Manual.  
2.  LabVIEW TM User Manual LabVIEW User Manual. (2003).  
Mode of assessment: Viva-voce examination, Lab performance & FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE301L Design of Machine Elements L T P C 
  3 1 0 4 
Pre-requisite BMEE202L, BMEE202P  Syllabus version 
  1.0 
Course Objectives 
1. To impart the knowledge on materials selection in design  
2. To familiarize the effects of various types of loading on machine parts. 
3. To develop the design methodology for mechanical components used in industries. 
4. To adopt various standards in the design process. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Evaluate the design of machine components using theories of failure. 
2. Analyse machine components subjected to dynamic loads against fatigue failure. 
3. Recommend suitable mechanical springs for various applications. 
4. Design shafts, keys and couplings as per the international standards. 
5. Investigate the design aspects of temporary and permanent joints. 
6. Design and develop the engine components. 
 
Module:1 Introduction to Design 8 hours 
Design Process – Factors Considered in Design – Selection of Materials – Use of Standards 
in Design – Direct, Bending and Torsional Stresses in Machine Elements - Factor of Safety – 
Design Stress – Theories of Failures. 
Module:2 Fatigue Strength 8 hours 
Stress Concentration – Theoretical Stress Concentration Factor – Size Factor – Surface 
Finish Factor – Fatigue Stress Concentration Factor – Notch Sensitivity – Variable and 
Cyclic Loads – Fatigue Strength – S-N Curve – Gerber, Soderberg and Goodman Equations 
– Combined Cyclic Stresses – Minor’s rule – Basquin’s equation. 
Module:3 Design of Mechanical Springs 8 hours 
Stresses and Deflections of Helical Springs – Extension Springs – Compression Springs – 
Springs for Fatigue Loading, Energy Storage Capacity – Leaf Springs – Helical Torsion 
Springs – Flat Spiral Springs.  
Module:4 Design of Shafts, Keys and Couplings 9 hours 
Design of Solid and Hollow Shafts for Strength and Rigidity – Design of Shafts for Combined 
Bending, Torsion and Axial Loads – Design of Keys-Stresses in Keys – Design of Rigid and 
Flexible couplings. 
Module:5 Design of Permanent Joints and Threaded 

Fasteners 
9 hours 

Design of Riveted Joints – Design of Welded Joints – Design of Bolted Assembly – Direct 
Loading and Eccentric Loading. 
Module:6 Design of Cotter and Knuckle Joints 8 hours 
Introduction to Cotter and Knuckle Joints - Design of Cotter Joints – Spigot and Socket, 
Sleeve and Cotter, Gib and Cotter – Design of Knuckle Joint. 
Module:7 Design of Engine Components 8 hours 
Introduction to IC engine components – Classification - Design of Flywheel – Design of 
Connecting Rod – Design of Crankshaft – Design of Piston.  
Module:8 Contemporary Issues 2 hours 
 
 Total lecture hours: 60 hours 
Text Book(s) 
1. V. B. Bhandari, Design of Machine Elements, 2020, 5th Edition, Tata McGraw Hill. 
Reference Books 
1. Richard G. Budynas and Keith Nisbett J, Shigley Mechanical Engineering Design, 2020, 
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11th Edition (in SI Units), McGraw Hill 
2. Harsha, A. P., Hornberger, L. E., Shoup, T. E., Spotts, M. F., Design of Machine 

Elements, 2019, Pearson India Education Services Pvt. Limited. 
3. Robert L. Norton, Machine Design, 2018, 5th Edition, Pearson. 
4. Juvinal, R.C and Kurt M.Marshek, Machine Component Design, 2016, Wiley. 
5. PSG Design Data: Data Book of Engineers, 2020, Kalaikathir Achchagam. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE302L Metal Casting and Welding L T P C 
  3 0 0 3 
Pre-requisite BMEE209L, BMEE209P Syllabus version 
  1.0 
Course Objectives 
1. To provide an insight on the casting fundamentals and processes. 
2. To impart knowledge on the welding processes for developing various joints. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Interpret the solidification characteristics for designing gating system. 
2. Demonstrate working principle of various casting processes. 
3. Use various melting practices and explore casting defects. 
4. Apply suitable welding process for different functional requirements. 
5. Examine weld defects and suggest suitable methods to assess weld quality. 
 
Module:1 Casting Fundamentals 7 hours 
Solidification of pure metals and alloys. Mechanism of columnar and dendritic growth. 
Concept of progressive and directional solidifications. Solidification time and Chvorinov's 
rule. Principles of fluid flow: Bernoulli’s theorem and law of mass continuity. Gating system-
components and functions. Design of the gating System. Different types of gates. Gating 
ratio and its functions. Definition and functions of the riser. Types of risers and their 
application. Design of riser. Aspiration effect. Use of insulating material and exothermic 
compounds in risers. 
Module:2 Expendable Mould Casting  6 hours 
Sand casting – Types and properties of sand – Types, features and steps involved in sand 
mould – Pattern making, pattern allowances – Mould and Core materials – Core making, 
chaplets – Sand-moulding machines – Procedural steps and applications of Shell mould 
casting, Plaster and Ceramic mould casting, Lost-foam Casting, Investment mould casting. 
Module:3 Permanent Mould Casting 5 hours 
Procedural steps and applications of Vacuum casting, Slush casting, Low-pressure casting, 
Die-casting – hot chamber and cold chamber, Centrifugal casting, Squeeze casting, 
Thixomolding and Rheocasting, Casting Techniques for single-crystal components. 
Module:4 Melting Technology and Casting Defects 6 hours 
Melting furnaces for ferrous and non-ferrous foundries. Electric and fuel fired furnaces. 
Induction Furnaces; Types of Furnaces, Electromagnetic Stirring, power supplies; Recent 
developments in energy considerations. Melting practice – ferrous, non-ferrous metals and 
alloys and composites. Melting practices; Fluxing, inoculation, degassing and grain 
refinement treatments. Control of pouring temperature Heat treatments of castings, Shop 
floor melt quality tests. 
Residual stresses and Casting defects and factors responsible for them. Different inspection 
and testing methods to evaluate the casting. 
Module:5 Joining Processes 8 hours 
Classification of welding processes –Fusion welding: Oxy-fuel gas welding - types of 
flames and uses, Arc welding: power sources -methods of arc initiation and maintenance, 
arc stability, duty cycle, metal transfer. Non-consumable electrode - GTAW, PAW, AHW. 
Consumable electrode - SMAW, SAW, GMAW, FCAW, EGW, ESW. Electrodes and its 
coatings. Beam welding (EBW & LBW). 
Solid State welding: Cold welding and roll bonding, Ultrasonic welding, Friction welding, 
Friction stir welding, Resistance welding, Explosion welding, Diffusion welding, Thermit 
welding. 
Brazing, Soldering and adhesive bonding: Principle of Operation, advantages, Limitations 
and application. 
Module:5 Fundamentals of welding 5 hours 
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Solidification of the weld metal, Heat flow in welding, Metallurgical transformation in and 
around weldment, Implication of cooling rates, Heat affected zone (HAZ), Shielding gases, 
Classification of Filler metals and Fluxes, Weldability of plain carbon steels, Low Carbon 
Steels, Stainless steels and Aluminium Alloys. 
Module:7 Welding Defects and Testing 6 hours 
Spatter, Under-cutting, and over lapping Crack- Initiation and Propagation - Incomplete 
Penetration, Inclusions, Porosity and blowholes, Lack of fusion, Distortion (Distortion and 
residual stresses, Concept of distortion, Types of distortion, Control of welding distortion) 
causes and remedies for weld defects. 
Testing and Inspection of welding: Visual Inspection, Weldability, Destructive testing of 
welds, Non-destructive testing of welds and Hot Cracking Tests. 
Module:8 Contemporary Issues 2 hours 
 
 Total Lecture hours: 45 hours 
Text Books 
1. John K.C, Metal casting and Joining, 2015, PHI publications.   
2. P. L. Jain, Principles of Foundry Technology, 2009, 5th edition, TMH Publications. 
3. Parmar R.S, Welding Engineering and Technology, 2013, Khanna Publishers. 
Reference Books 
1. Serope Kalpakjian, and Steven Schmid, Manufacturing Engineering and Technology, 

2020, 8th edition, Pearson education. 
2. P.N. Rao, Manufacturing Technology Foundry, Forming and Welding, 2003, 2nd Edition. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE302P Metal Casting and Welding Lab L T P C 
  0 0 2 1 
Pre-requisite BMEE209L, BMEE209P Syllabus version 
  1.0 
Course Objectives 
1. To provide an insight on foundry practices. 
2. To impart practical exposure on the effect of welding parameters on joint characteristics. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Assess the properties of moulding sand and demonstrate the melting practices. 
2. Evaluate the effect of welding parameters on microstructure and weld quality. 
3. Investigate the weldability of various materials. 
 
Indicative Experiments   
1. Determination of permeability, shear strength and compression strength of the given 

foundry sand. 
2. Determination of the grain fineness of the given foundry sand. 
3. Determination of clay content for the given moulding sand sample and to study the 

variation of compression strength for various moisture contents. 
4. Determination of flowability for the given foundry sand. 
5. Prepare the mould for the given pattern with the core using two boxes and three – box 

moulding process. 
6. Foundry melting practice – demonstration. 
7. To study the effect of heat input on microstructure of weld metal and HAZ of Al / Ni 

alloys performed under GTAW process. 
8. To study the effect of FSW process parameters (tool rotational speed, axial load, and 

travel speed) on the butt welding of Al alloy.  
9. Study the bead on plate experiment (bead profile, penetration, and its dilution) on 

Austenitic stainless steel by using GMAW process. 
10. To study the weldability of plastic material using ultrasonic welding machine. 
11 To study the residual stress measurement of the friction stir welded specimen  

(Demonstration). 
12. Effect of shielding gases on the weld performance of GMAW process. (Case study) 

Total Laboratory Hours 30 hours 
Text Books 
1. John K.C, Metal Casting and Joining, 2015, PHI publications.   
2. P. L. Jain, Principles of Foundry Technology, 2009, 5th edition, TMH Publications. 
3. Parmar R.S, Welding Engineering and Technology, 2013, Khanna Publishers. 
3. Lab Manual prepared by course faculty 
Reference Books 
1. Srinivasan N. K., ‘Foundry Technology’, 1986, Khanna Publications 
2. Richard L Little, Welding and welding technology, 2020, Mc Graw Hill 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE303L Thermal Engineering Systems L T P C 
   3 0 0 3 
Pre-requisite BMEE203L Syllabus version 
  1.0 
Course Objectives 
1. To guide the students to apply the laws of thermodynamics in applications of thermal 

systems. 
2. To help students gain essential and basic knowledge of various types of internal and 

external combustion engines and train them with the procedures for the testing of 
engines and fuels. 

3. To equip the students to analyse steam turbine, gas turbine cycles, refrigeration and air –
conditioning systems. 

 
Course Outcome 
At the end of the course, the student will be able to 
1. Apply the thermodynamics laws to the working of IC engines. 
2. Analyze performance parameters of IC engines. 
3. Design a steam nozzle for thermal power plant and analyze the performance of 

reciprocating air compressors. 
4. Analyze the performance parameters of steam and gas power cycles. 
5. Compare various refrigeration systems based on their performance. 
6. Evaluate the cooling load requirements for conditioned space. 
 
Module:1 IC Engines 7 hours 
Working principle of 2-stroke and 4-stroke SI and CI engines - Valve and port timing 
diagrams, Wankel engine, simple carburettor - Ignition system - Combustion stages in SI 
and CI engine - Knocking and detonation - Fuel injection system - MPFI, CRDI, GDI – Rating 
of fuels - Cooling system, Lubrication system - super charging and Turbo charging. 
Module:2 IC Engines Performance 6 hours 
Performance test - Measurement of Brake power, Indicated power and Frictional power, 
Fuel consumption, Air consumption - Heat balance test - Morse test and Retardation test on 
IC engine. 
Module:3 Air Compressor 6 hours 
Reciprocating compressors - Construction - Working - Effect of clearance volume – Multi-
staging – Volumetric efficiency – Isothermal efficiency. 
Module:4 Steam nozzle 6 hours 
Steam Nozzles – One-dimensional steady flow of steam through a convergent and divergent 
nozzle – Metastable flow. 
Module:5 Steam turbine and Gas turbine 6 hours 
Steam turbine – Impulse and Reaction turbine – Performance 
Gas turbine - Open and Closed cycle gas turbine, Reheating, Regeneration and Intercooling. 
Module:6 Refrigeration 6 hours 
Air refrigeration system - Vapour compression refrigeration system - Components - Working 
- P-H and T-S diagrams - Calculation of COP - Effect of sub-cooling and super-heating – 
Selection and properties of refrigerant - Vapour absorption system - NH3 - water system, 
Vapour adsorption system. Cryogenic engineering - Introduction, Application, Cryo-coolers. 
Module:7 Air-conditioning 6 hours 
Types of air-conditioning system and its working principle – Psychrometry - Psychrometric 
properties, processes and chart – heating and cooling load calculations. 
Module:8 Contemporary Issues 2 hours 
 
 Total Lecture hours: 45 hours 

Agenda Item 65/46 - Annexure - 42

Proceedings of the 65th Academic Council (17.03.2022) 1285



Text Book 
1. Rajput R.K., Thermal Engineering, 2017, 10th Edition, Laxmi Publications (P) Ltd. 
Reference Books 
1. Ganesan, V., Internal combustion engines. 2012, McGraw Hill Education (India) Pvt Ltd. 
2. Manohar Prasad., Refrigeration and Air Conditioning, 2015, 3rd Edition, New Age 

International. 
3. Soman, K., Thermal Engineering. 2011, PHI Learning Pvt. Ltd. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT. 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE303P Thermal Engineering Systems Lab L T P C 
  0 0 2 1 
Pre-requisite BMEE203L Syllabus version 
  1.0 
Course Objectives 
1. To apply theoretical knowledge gained in theory and get hands-on experience of the 

topic. 
2. To train students practically with the procedures for testing of engines, air compressor, 

refrigeration and air conditioning. 
3. To equip the students to analyse the experimental data of  IC engines, air compressor,  

refrigeration and air conditioning. 
Course Outcomes 
At the end of the course, the student will be able to 
1. Conduct the experiments on IC engines to assess their performance. 
2. Perform experiments on refrigeration and air conditioning systems to predict their COP. 
3. Conduct the experiments on air compressor and air blower to assess their performance. 
 
Indicative Experiments   
1. Draw the valve timing and port timing diagram for the given engines and compare with 

the theoretical value and give your comments. 
2. Compare the properties of different fuels by performing flash point, fire point, viscosity 

and calorific value tests and find out which is suitable for the better performance of the 
given engine. 

3. Compare the performance of a single-cylinder CI engine connected with different 
dynamometers and suggest a suitable dynamometer for better accuracy of the results. 

4. Compare the energy distribution of a single-cylinder CI engine connected with different 
dynamometers and suggest a suitable dynamometer for better accuracy of the results. 

5. Do the performance test on a single-cylinder SI engine and compare your results with 
the engine specifications. Suggest a suitable method to improve the accuracy of your 
results. 

6. Determine the friction power of a given four-cylinder petrol engine by performing Morse 
test and compare the results with Willan’s line method. 

7. Determine the friction power of a given single-cylinder diesel engine by performing 
retardation test and compare the results with Willan’s line method. 

8. Determine the actual index of compression and compare with the isentropic 
compression for a given reciprocating air compressor. 

9. Compare the performance of air blower with different vane profiles. 
10. Calculate the COP of the given vapor compression refrigeration system and air-

conditioning system and compare with the theoretical calculation. 
11. Compare the power output for the steam turbine at different load conditions. 
12. Compare the boiler efficiency for different load levels for the given boiler. 

Total Laboratory Hours 30 hours 
Text Book 
1. Lab manual prepared by the faculty. 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE304L Metal Forming and Machining L T P C 
  3 0 0 3 
Pre-requisite BMEE209L, BMEE209P Syllabus version 
 1.0 
Course Objectives 
1. To impart knowledge on the basic principles of metal forming theories and processes. 
2. To give an insight on metal cutting theories, machine tools, and machining processes. 
Course Outcomes 
At the end of the course, the student will be able to 
1. Develop the yield criterion and workability behaviors of materials. 
2. Evaluate various bulk and sheet metal forming processes for different functional 

requirements. 
3. Demonstrate various machine tools and machining operations. 
4. Analyse the mechanics of metal cutting processes. 
5. Investigate the heat flow, tool life and tool wear during metal cutting process. 
Module:1 Fundamentals of Metal Forming 6 hours 
Stress-Strain relations in elastic and plastic deformation, stress tensor, yield criteria, yield 
locus, octahedral shear stress and shear strains, invariants of stress strain, slip line field 
theory plastic deformations of crystals temperature and strain rate dependence, 
determination of flow stress- Slab analysis - Upper bound analysis - Slip line field analysis, 
recrystallization, Deformation zone geometry - Numerical problems. 
 
Module:2 Bulk Forming of Metals 7 hours 
Forging: Classification of forging processes – Forging machines & equipment’s – Forging 
pressure & load in open die forging and closed die forging – Friction hill – Die-design 
parameters – Metal flowlines in forging – Forging defects – Residual stresses in forging - 
Powder metallurgy forging. 
Rolling: Classification of rolling processes – Types of rolling mills – Expression for rolling 
load – Forces and geometrical relationships in rolling – Effect of front & back tension – 
Friction hill – Defects in rolled product. 
Extrusion: Classification of extrusion processes – Extrusion equipment’s – Deformation, 
lubrication & defects – Extrusion of tubes & seamless pipes – Hydrostatic extrusion.  
Drawing: Drawing equipment’s & Dies – Determination of drawing force & power – 
Estimation of redundant work – Optimal cone angle & dead zone formation – Drawing 
variables – Tube drawing processes. 
Module:3 Sheet Metal Forming 5 hours 
Conventional processes, Forces in circular cup drawing, Redrawing, drawing of tubes from 
annular sheet dies, forming limit diagram, forming with hydrostatic pressure, explosive 
forming, electrohydraulic forming, magnetic pulse forming, HERF, electromagnetic forming. 
Forming limit criteria, defect in formed parts, principles and process parameters- Advantages 
-Limitations and Applications. 
Module:4 Machine Tools and Operations 6 hours 
Generating motions of machine tools, Machines using single-point tools, operations and 
process parameters – work and tool holding in engine lathe, horizontal-boring machine, 
shaping machine, planning machine. 
Machines using multipoint tools, operations and process parameters – drilling machine, 
horizontal-milling machine, vertical-milling machine, broaching machine, taps and dies.  
Machines using abrasive wheels, operations and process parameters – horizontal-spindle 
surface-grinding machine, vertical-spindle surface-grinding machine, cylindrical-grinding 
machine, internal-grinding machine, centerless grinding machines. 
Cutting tool nomenclatures. Numerical expressions and simple problems on machining time 
and material removal rate. 
Module:5 Mechanics of Metal Cutting 7 hours 
Orthogonal & oblique cutting, shear plane angle, shear stress and strain, principal chip 
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types, theoretical determination of cutting forces – Ernst and Merchant’s theory, Lee and 
Shaffer’s theory, Oxley’s theory. shear angle relation, friction in metal cutting, energy in 
cutting process, Kronenberg relation and velocity relation, chip deviation and other effects on 
cutting forces, stress on tool, stress distribution, Dynamometers for measuring forces in 
turning, milling and drilling, numerical problems. 
Module:6 Heat Flow in Metal Cutting and Tool Life 7 hours 
Heat generation in metal cutting, heat at tool-work interface, heat at tool-chip interface, heat 
in absence of flow zone, Temperature distribution in metal cutting, Measurement of cutting 
temperature – Work-tool Thermocouple, direct thermocouple measurements, radiation 
methods, evaluation of machinability. 
Tool life, Taylor’s equation, tool failure, variables affecting the tool life causes of tool failures, 
forms of wear in metal cutting, cutting tool materials, cutting Fluids, action of coolants and 
lubricants, application of cutting fluids, surface roughness in machining and its 
measurement, tool geometries for improved surface finish, economics of metal-cutting 
operations. 
Module:7 Gear generation and Unconventional machining 

methods 
5 hours 

Gear generating principles - Gear Hobber - Gear finishing methods - Bevel gear generator. 
Classification of unconventional machining process – Principle of AJM, WJM, USM, EDM, 
ECM, LBM – Process characteristics – Applications. 
Module:8 Contemporary Issues 2 hours 
 Total Lecture hours: 45 hours 
Text Books 
1. B.L. Juneja, Fundamentals of Metal Forming Processes, 2010, 2nd edition, New Age 

International. 
2. K.C. Jain, A.K. Chitale, Textbook of Production Engineering, 2014, PHI Learning Pvt. 

Ltd. 
Reference Books 
1. George E Dieter, Mechanical Metallurgy, Tata McGraw Hill, 1988 
2. Helmi A. Youssef, Hassan A. El-Hofy, Mahmoud H. Ahmed, Manufacturing 

Technology: Materials, Processes, and Equipment, 2011, CRC Press, Taylor & 
Francis Group 

3. Heinz Tschaetsch, Metal Forming Practise, 2005, Springer Berlin Heidelberg New 
York  

4. Hosford W.F. Caddell R.M., Metal Forming – Mechanics and Metallurgy, 2011, 4th 
edition, Cambridge University Press. 

5. Geoffrey Boothroyd and Winston. A. Knight, Fundamentals of Machining and Machine 
Tools, 2005, CRC Press, 3rd edition 

6. Amitabha Battacharyya, Metal Cutting: Theory and Practice, 2011, New Central Book 
Agency 

7. Amitabha Ghosh and A.K. Mallik, Manufacturing Science, 2010, 2nd edition, East-West 
Press. 

8. Dixit U.S. and Ganesh Narayanan R, Metal Forming: Technology and Process 
Modelling, 2013, McGraw-Hill Education, Noida 

9. P.N. Rao, Manufacturing Technology: Metal Cutting and Machine Tools, 2018, Volume 
2, 4th Edition, McGraw Hill Education. 

10. Serope Kalpakjian, and Steven Schmid, Manufacturing Engineering and Technology, 
2020, 8th edition, Pearson education.  

11. P. L. B. Oxley, “The Mechanics of Machining”, 1989, Ellis Horwood Ltd. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT. 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE304P Metal Forming and Machining Lab L T P C 
  0 0 2 1 
Pre-requisite BMEE209L, BMEE209P Syllabus version 
 1.0 
Course Objectives 
1. To provide practical exposure on deformation behavior of ferrous and non-ferrous metals. 
2. To impart hands-on experience on machine tools and machining processes. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Investigate the deformation characteristics of ferrous and non-ferrous metals as per 

ASTM standard. 
2. Evaluate the effect of cutting parameters in machining operations. 
3. Generate various features on components through machining operations. 
 

Indicative Experiments  
1. Erichsen cupping test to determine the formability of ferrous metals and nonferrous 

metals. 
2. Rolling of ferrous metals and non-ferrous metals. 

3. Compression test for flow stress analysis. 

4. Deformation and recrystallization in copper. 

5. Cold work-annealing cycle for deformation of low carbon steel. 

6. Study the effect of cutting parameters on temperature generation in machining. 
7. Measurement and analysis of cutting forces in turning operation. 

8. Measurement of surface finish in grinding operation. 

9. Grinding of single point cutting tool using tool and cutter grinder. 

10. Gear manufacturing in milling machine. 
11. Helical gear cutting using gear hobbing and gear shaping. 

12. Programing and profile cutting in wire-EDM. 

Total Laboratory Hours 30 hours 
Text Books 

1. B.L.Juneja, Fundamentals of Metal Forming Processes, 2010, New Age International, 
2nd edition. 

2. Geoffrey Boothroyd and Winston. A. Knight, Fundamentals of Machining and Machine 
Tools, 2005, CRC Press, 3rd edition. 

3. K. C. Jain, A. K. Chitale, Textbook of Production Engineering, 2014, PHI Learning Pvt. 
 4. Lab Manual prepared by course faculty. 

Reference Books 

1. Amitabha Ghosh and Asok Kumar Mallik, Manufacturing Science, 2010, 2nd edition, 
East-West Press. 

2. Dixit U.S. and Ganesh Narayanan R, Metal Forming: Technology and Process 
Modelling, 2013, McGraw-Hill Education, Noida. 

3. Dieter G.E., Mechanical Metallurgy, 1995, McGraw-Hill. 
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4. Hosford W.F. Caddell R.M., Metal Forming – Mechanics and Metallurgy, 2011, 4th 
edition, Cambridge University Press. 

5. Amitabha Battacharyya, “Metal Cutting, Theory and Practice”, 1984, New Central Book 
Agency.  

6. Hassan Abdel-Gawad ElHofy, Fundamentals of Machining Processes (Conventional 
and Nonconventional Processes), 2018, CRC press, 3rd Edition. 

7. Rao P.N., Manufacturing Technology: Metal Cutting and Machine Tools, 2018, Volume 
2, 4th Edition, McGraw Hill Education. 

Mode of assessment: Continuous assessment, FAT, Oral examination  

Recommended by Board of Studies 09-03-2022 

Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE306L Computer Aided Design and Finite Element Analysis L T P C 
  3 0 0 3 
Pre-requisite BMEE202L,  BMEE202P Syllabus version 
  1.0 
Course Objectives 
1. To impart knowledge on the design of engineering products and processes at continuum scale. 
2. To give insight to convert the physical problem into an engineering problem through geometrical 

and numerical modelling capabilities. 
3. To familiarize the application of finite element methods on structural, thermal and dynamic 

problems. 
4. To develop the knowledge and skills needed to evaluate design solutions. 

 
Course Outcome 
At the end of the course, the student will be able to 
1. Develop concept model into CAD model using geometric modelling techniques. 
2. Apply suitable product data exchange techniques to convert geometric model into numerical 

model. 
3. Generate mathematical representation of curves, surfaces and solids using interpolation and 

approximation concepts. 
4. Formulate 1D and 2D finite element equations at element and assembly level for static structural, 

thermal and dynamic applications. 
5. Apply finite element formulations using linear and quadratic shape functions to compute desired 

results. 
6. Solve complex engineering problem using the first principles and commercial CAD/FEM tools. 
 
Module:1 Introduction to CAD 4 hours 
Raster-scan graphics-Coordinate systems-Database structures for graphic modelling-Engineering 
Data Management system- Transformation of geometry-3D Transformations-Clipping-Hidden 
line/surface removal-Colour-Shading 
Module:2 Geometric modelling – Analytical and Synthetic curves 4 hours 
Requirements of geometric modelling-Wireframe modelling-analytical curves-Cubic spline-Bezier 
spline-B-spline-NURBS- Solving analytical and synthetic curve problems 
Module:3 Geometric modelling – Surface and solid modelling-CAD 

Standards 
5 hours 

Surface representation-Analytical and Synthetic surfaces-Solid representation methods-constrained 
based modelling-parametric modelling- Standardisation in graphics-Exchange of modelling data-
software modules-software development-Efficient use of CAD software 
Module:4 Introduction to approximation methods 4 hours 
Introduction to Finite Element Method - Direct formulation - Minimum total potential energy formulation 
- Variational approach - Weighted Residual formulation – Weak Formulation 
Module:5 Interpolation Functions 8 hours 
Polynomial form of interpolation functions - Simplex, Complex, Multiplex elements, Selection of order 
of interpolation functions, Convergence requirements, Global local and natural coordinates system. 
Derivation of shape function equation for various elements: One dimensional element (linear, 
quadratic and cubic), Two dimensional elements – linear, bilinear and quadratic - Beam element. 

Module:6 Analysis of One Dimensional and Two-dimensional problems 14 hours 
Generic form of 1D finite element equations –Bar, Truss, Beam -1D thermal – Isoparametric 
elements-Numerical Integration-Problem solving 
Generic form of 2D finite element equations - Triangular element - Rectangular elements- - 
Applications in solid mechanics (plane stress, plane strain and axisymmetric) and heat transfer 
Module:7 Dynamic Problems 4 hours 
Dynamic analysis using finite element method -Eigen value and Eigen vectors- 1D Bar and Beam-
vibration problems –Problem solving 
Module:8 Contemporary Issues  2 hours 
 Total Lecture hours: 45 hours 
Text Books 
1 Ibrahim Zeid, “Mastering CAD/CAM”, 2013, McGraw Hill Education (India) P Ltd., SIE. 
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2 Rao S. S., Finite Element Method in Engineering, 2010, 5th edition, Butterworth-Heinemann. 
Reference Books 
1.  Saeed Moaveni, Finite Element Analysis, Theory and Application with ANSYS, 2021, Pearson 

Fifth Edition. 
2. Tirupathi R. Chandrupatla and Ashok D. Belugundu, Introduction to Finite Elements in 

Engineering, 2011, 4th Edition, Prentice Hall. 
3. Seshu. P, Finite Element Analysis, 2013, Prentice Hall of India. 
4. J.N.Reddy, Introduction to Finite Element Method, 2019, McGraw -Hill International Edition. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE306P Computer Aided Design and Finite Element Analysis 
Lab 

L T P C 

  0 0 2 1 
Pre-requisite BMEE202L, BMEE202P Syllabus version 
  1.0 
Course Objectives 
1. To enable the student’s skills in CAD and FEM software that can be used and 

implemented for various engineering applications. 
2. To develop proficiency in the application of the finite element method (modelling, 

analysis, and interpretation of results) to realistic engineering problems. 
 
Course Outcomes 
      At the end of the course, the student will be able to 
1. Create CAD and FE models for trusses, frames, plate structures, machine parts, and 

engineering components using general-purpose CAD and FE software. 
2. Evaluate and interpret the results of FEA analysis of engineering problems. 
 
Indicative Experiments   
1. Parametric modelling – Curves, solids and surfaces 6 hours 
2.  Importing and exporting the CAD models to analysis software 2 hours 
3. Analysis of loading and stress distribution in a simple & stepped bar 

with different cross section area and analysis of a 2D Truss structure 
6 hours 

4. Analysis of beam deflection under different types of loading 4 hours 
5. Analysis of stress on a flat plate with a hole at its centre 2 hours 
6. Heat transfer analysis using pure conduction and heat generation. 2 hours 
7. Axis-symmetric analysis  2 hours 
8. Determining the natural frequencies and mode shapes for simple 

structure 
2 hours 

9. Perform harmonic analysis on simple structure and plot the frequency 
response function.  

2 hours 

10 Analysis of a 3D model 2 hours 
Total Laboratory Hours 30 hours 

Text Books 
1 Ibrahim Zeid, “Mastering CAD/CAM”, 2013, McGraw Hill Education (India) P Ltd., SIE. 
2 Rao S. S., Finite Element Method in Engineering, 2010, 5th edition, Butterworth-

Heinemann. 
3 Lab Manual of prepared by course faculty members 
Reference Books 
1.  Saeed Moaveni, Finite Element Analysis, Theory and Application with ANSYS, 2021, 

Pearson Fifth Edition. 
2. Tirupathi R. Chandrupatla and Ashok D. Belugundu, Introduction to Finite Elements in 

Engineering, 2011, 4th Edition, Prentice Hall. 
3. Seshu. P, Finite Element Analysis, 2013, Prentice Hall of India. 
4. Reddy J.N, Introduction to Finite Element Method, 2019, McGraw -Hill International 

Edition. 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
 
 
 
 
 

Agenda Item 65/46 - Annexure - 42

Proceedings of the 65th Academic Council (17.03.2022) 1294



BMEE401L Computer Integrated Manufacturing L T P C 
  3 0 0 3 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To impart knowledge of CIM, various concepts of automation and applications. 
2. To provide in-depth knowledge on digital manufacturing, IoT and Industry 4.0. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Differentiate the concepts of automation, CIM, CAD, and CAM.  
2. Develop CNC part programs. 
3. Interface real-time simulation with intelligent CNC machine tools using Digital Twins. 
4. Apply CAM software tools for solving real time component machining.  
5. Analyze the automated flow lines through FMS. 
6. Visualize the concepts of future automated factory environments to digital transformation. 

Module:1 Basics of CIM and Automation 6 hours 
Introduction to Automation, Basic elements of automated systems- levels of automation, 
Advanced automation functions, Automation to Autonomy. Introduction to Computer 
Integrated Manufacturing, computerized elements of a CIM system, Evolution of Computer 
Integrated Manufacturing, Nature and role of the elements of CIM System, Product life cycle 
Management and Collaborative Product Development. 
Module:2 Computer Numerical Control 6 hours 
Principles elements of CNC system, Typical CNC Machine Tools, Designation of Axis and 
Motion of CNC Machines, Practical design considerations for CNC machined parts, CNC 
Controllers-Open architecture, PC based, Look ahead functions, Parallel kinematic Machine 
Tools, Multitasking CNC machines. 
Module:3 CAM Programming  7 hours 
Manual part programming, Computer assisted part programming, Automated programming 
of CNC-machine tools, Machining of Free form surfaces, Tolerance based Machining, 
Automatic Feature Recognition in CAM Programming, Knowledge based machining,  
Module:4 Intelligent Manufacturing systems  6 hours 
Artificial Intelligence and Machine Learning impact on CNC Machining, Intelligent fully 
autonomous CNC Machine tool, Real-Time Machine Monitoring, Real-time CAM 
simulation for Digital Manufacturing and Digital Twins. 
Module:5 Computerized Manufacture Planning and Control 

System 
6 hours 

Computer Aided Process Planning, Retrieval and Generative Systems, benefits of CAPP, 
computer integrated production management system, Integration CAD/CAPP/CAM/CNC 
based on STEP Standards, ISO14649 STEPNC in Machining, Computer Aided Quality 
Control, Shop floor control. 
Module:6 Group Technology and Flexible Manufacturing 

Systems 
6 hours 

Fundamentals of Group Technology-types of part families and Flexible Manufacturing 
Systems, types of FMS, FMS components, Material handling and storage system, 
applications, benefits, computer control systems. 
Module:7 Future of Automated Factory 6 hours 
 Digital Transformation in manufacturing-Trends and Challenges, Industry 4.0, functions, 
applications and benefits. Internet of Things (IOT), IOT applications in manufacturing, Big-
Data and Data Analytics in manufacturing, Blockchain in Manufacturing, cyber-physical 
manufacturing systems. 
Module:8 Contemporary Issues 2 hours 
 Total Lecture hours: 45 hours 
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Text Books 
1. Mikell P Groover, Automation, Production Systems and Computer-Integrated 

Manufacturing, 2019, 5th edition, Pearson. 
2. Xun Xu, Integrating Advanced Computer-Aided Design, Manufacturing, and 

Numerical Control: Principles and Implementations, 2015, IGI Global. 
3. Radhakrishnan P, CADC/CAM/CIM, 2018, New Age International (P) Ltd. 
Reference Books 
1. Kant Vajpayee S, Principles of Computer Integrated Manufacturing, 1999, Prentice Hall 

of India, New Delhi. 
2. Rao P.N, Tewari N. K. Computer Aided Manufacturing Tata McGraw Hill Pub, 2017, 

New Delhi. 
3. Ercan Oztemel, Intelligent Manufacturing Systems, Smart Factories and Industry 

4.0: A General Overview, 2019, 1st Edition. 
4. Yáñez, Fran, and Brea, Francisco Yáñez. The 20 Key Technologies of Industry 4. 0 and 

Smart Factories: The Road to the Digital Factory of the Future. 2017, Independently 
Published. 

Mode of Evaluation: CAT, Written assignment, Quiz, FAT  
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE401P Computer Integrated Manufacturing Lab L T P C 
  0 0 2 1 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To impart knowledge on CAM & CIM software for various engineering applications. 
2. To develop proficiency in the application of CIM to the realistic engineering problems. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Develop CNC programs for various geometries using CAM and CIM software. 
2. Evaluate and interpret flexible integrated digital factory systems. 
 
Indicative Experiments  
1. Manual Programming for CNC Tuning / Milling Machine. 
2. Offline verification of CNC program using CNC controller simulator. 
3. CAD/CAM based Part Programming and operation of a 3 axis CNC Milling Machine. 
4. Demonstrate automatic feature recognition using CAM software. 
5. CNC tool path verification and optimization using digital manufacturing software. 
6. Simulation to predict and optimize performance of CNC machining operations. 
7. Demonstrate factory shop floor data collection methods. 
8. Modeling and Simulation of CIM system using software. 
9. Simulation on flexible manufacturing systems. 
10 Virtual Reality simulation of digital manufacturing machinery and factory. 

Total Laboratory Hours 30 hours 
Text Books 
1. Xun Xu, Integrating Advanced Computer-Aided Design, Manufacturing, and 

Numerical Control: Principles and Implementations, 2015, IGI Global. 
2. Hans Bernhard Kief, Helmut A. Roschiwal, Karsten Schwarz, The CNC Handbook: 

Digital Manufacturing and Automation from CNC to Industry 4.0, 2021, Industrial Press. 
3. Lab Manual prepared by course faculty. 
Reference Books 
1. Mikell P. Grover, Automation, Production Systems and Computer-Integrated 

Manufacturing, 2019, Pearson Education, New Delhi. 
2. Radhakrishnan P, Computer Numerical Control Machines and Computer Aided 

Manufacture, 2018, New Age International (P) Ltd. 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE402L Heat and Mass Transfer L T P C 
  3 0 0 3 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To impart a comprehensive knowledge of various modes of heat and mass transfer. 
2. To empower the students for solving heat transfer problems in the industry. 
3. To equip the student in the design of heat exchangers. 
Course Outcomes 
At the end of the course, the student will be able to 
1. Solve the steady and unsteady heat conduction problems for simple geometries 
2. Analyse the natural and forced convective heat transfer processes 
3. Design the heat exchangers using the LMTD and effectiveness-NTU methods 
4. Solve the radiation heat transfer problems 
5. Analyse the various mass transfer processes 
Module:1 Conduction – I 8 hours 
Fundamental laws; Identification of significant modes of heat transfer in practical 
applications. General equation of heat conduction in cartesian, cylindrical and spherical 
coordinates; One Dimensional steady state conduction in simple geometries - plane wall, 
cylindrical and spherical shells; Electrical analogy; Conduction in composite walls and shells; 
Critical thickness of insulation; Thermal contact resistance; Overall heat transfer coefficient; 
One dimensional steady conduction heat transfer with internal heat generation in plane 
walls, cylinders and spheres. 
Module:2 Conduction – II 7 hours 
Extended surfaces (Fins). Conduction shape factor; Unsteady state heat transfer - Systems 
with negligible internal resistance - Lumped heat capacity analysis; Infinite bodies - flat plate, 
cylinder and sphere; Semi-Infinite bodies - Chart solutions. 
Module:3 Forced Convection 7 hours 
Equations of conservation of mass, momentum and energy. Boundary layers for flow over a 
flat plate, curved objects and flow through circular pipes. External flow over flat plate, 
cylinder, sphere and bank of tubes; Internal flow through circular and non - circular pipes. 
Module:4 Natural Convection 5 hours 
Flow over vertical, horizontal and inclined plates; Flow over cylinders and spheres; 
Combined free and forced Convection; Introductory concepts of boiling and condensation. 
Module:5 Heat Exchangers 6 hours 
Classification of heat exchanger, LMTD, AMTD, Design of heat exchanger; Concentric pipe 
heat exchanger, shell and tube heat exchanger, cross - flow heat exchanger; Analysis 
epsilon - NTU method; Introduction to compact heat exchanger. 
Module:6 Radiation 6 hours 
Terminology and laws; black body, gray body; Radiation from real surfaces; Effect of 
orientation - view factor; Equivalent emissivity method, electrical analogy - surface and 
space resistances. Radiation shields. 
Module:7 Mass Transfer 4 hours 
Basic concepts - diffusion mass transfer - Fick’s law of diffusion - steady state molecular 
diffusion - convective mass transfer - momentum, heat and mass transfer analogy - 
convective mass transfer correlations. 
Module:8 Contemporary Issues 2 hours 
 Total Lecture hours: 45 hours 
Text Books 
1. Yunus A Cengel and Afshin J Ghajar, Heat and Mass Transfer: Fundamentals and 

Applications, 2015, 5th edition, McGraw-Hill. 
2. Sachdeva R C, Fundamentals of Engineering Heat and Mass Transfer, 2017, 5th 

edition, New Age International. 
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3. Necati Ozisik M, Heat Transfer –A Basic Approach, 2016, McGraw Hill, New York. 
Reference Books 
1. Theodore L. Bergman, Adrienne S. Lavine, Frank P. Incropera, David P. DeWitt, 

Fundamentals of Heat and Mass Transfer, 2018, 8th edition, Wiley. 
2. J P Holman and Souvik Bhattacharyya, Heat Transfer, 2016, 10th edition, McGraw-Hill. 
3. Kothandaraman, C.P, “Fundamentals of Heat and Mass Transfer”, 2015, New Age 

International, New Delhi. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE402P Heat and Mass Transfer Lab L T P C 
   0 0 2 1 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To impart a comprehensive knowledge of various modes of heat and mass transfer. 
2. To empower the students for solving heat transfer problems in the industry. 
3. To equip the student in the design of heat exchangers. 
 
Course Outcomes 
At the end of the course, the student will be able to 
1. Conduct the experiments on different heat transfer modes  
2. Conduct the experiments on pin fin to assess its performance 
3. Understand the various pool boiling regimes 
4. Demonstrate the mass transfer mechanism 
 
Indicative Experiments   
1. Determination of the thermal conductivity of a given metal sample and comparison with 

tabulated values. 
2. Determination of the thermal conductivity of a given liquid and comparison with 

tabulated values. 
3. Heat conduction in spherical coordinate system. 
4. Study of heat conduction by electrical analogy: experiment on a composite wall. 
5. Determination of rate of heat transfer in natural convection from a cylinder 

2 hours and comparison with theoretical calculations. 
6. Determination of rate of heat transfer in forced convection from a heated pipe and 

comparison with theoretical calculations. 
7. Prediction of temperature distribution and efficiency of a pin fin under forced and free 

convection and comparison with theoretical calculations. 
8. Study of the regimes of pool boiling and determination of critical heat flux. 
9. Determination of emissivity of a given surface. 
10. Determination of Stefan-Boltzmann constant and comparison with reference value. 
11. Demonstration of condenser, heat pipe and mass transfer apparatus. 
 Laboratory examinations (model and final) 

Total Laboratory Hours 30 hours 
Text Books 
1. Yunus A Cengel and Afshin J Ghajar, Heat and Mass Transfer: Fundamentals and 

Applications, 2015, 5th edition, McGraw-Hill. 
2. Sachdeva R C, Fundamentals of Engineering Heat and Mass Transfer, 2017, 5th 

edition, New Age International. 
3. Necati Ozisik M, Heat Transfer –A Basic Approach, 2016, McGraw Hill, New York. 
4. Lab Manual prepared by course faculty 
Reference Books 
1. Theodore L. Bergman, Adrienne S. Lavine, Frank P. Incropera, David P. DeWitt, 

Fundamentals of Heat and Mass Transfer, 2018, 8th edition, Wiley. 
2. J P Holman and Souvik Bhattacharyya, Heat Transfer, 2016, 10th edition, McGraw-Hill. 
3. Kothandaraman, C.P, “Fundamentals of Heat and Mass Transfer”, 2015, New Age 

International, New Delhi. 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE212L Quality Control and Improvement L T P C 
  3 0 0 3 
Pre-requisite BMAT202L, BMAT202P Syllabus version 
  1.0 
Course Objectives 

1. Develop the understanding of process variability and quality control.  
2. Present a problem oriented in depth knowledge, underlying concepts, tools, and 

application of quality control.  
3. Demonstrate the ability to design and implement acceptance sampling and reliability 

principles. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Evaluate the basic statistical concepts and quality tools an industrial case.  
2. Demonstrate the ability to design, use, and interpret control charts for variables and 

attributes 
3. Determine the process capability indices for real time processes and demonstrate Six-

Sigma 
4. Design a sampling plan to construct OC curve and evaluate its effectiveness 

for a given process. 
5. Implement the philosophy of Taguchi’s DOE and other process improvement methods  
6. Apply the reliability concepts to solve real time industry problem. 

 
Module:1 Introduction to Statistical Quality Control 5 hours 
History of Quality Control - Statistical Quality Control and Statistical Process Control – Need 
for Statistical Concepts – Important Quality Control Tools - Quality costs and Quality loss – 
Quality Assurance – Taguchi’s Quality Loss Function - limitation of SQC - Service Quality 
Module:2 Control Charts For Variables 7 hours 
Control Charts for Variables - Control Charts for X¯ and R - process capability – 
interpretation-  Control Charts for X¯ and S - Control Chart for Individual Measurements - 
Applications of Control Charts for Variables 
Module:3 Control Charts for Attributes 6 hours 
Control Chart for Fraction-Nonconforming (OC curve of the control chart, variable sample 
size, nonmanufacturing application, the OC function and ARL calculation); Control Charts 
for Nonconformities or Defects; Choices Between Attribute and Variable Control Charts, 
Guideline for Implementing Control charts. 
Module:4 Process Capability Analysis and six sigma 5 hours 
PCA analysis using a histogram and probability plot, process capability ratios, Performance 
index calculation, PCA using a control chart, estimating natural tolerance limits of a process. 
Six sigma - Concept of six sigma, methods of six sigma, DMAIC methodology, DFSS 
methodology, six sigma control chart, case studies. 
Module:5 CUSUM Control Charts 6 hours 
Cumulative-Sum (CUSUM) Control Charts - CUSUM Control Chart basic principles for 
monitoring the shift in process mean, CUSUM design parameters, CUSUM for large shifts -  
Exponentially Weighted Moving Average (EWMA)  control chart (EWMA control chart for 
monitoring process mean, design of an EWMA control chart. 
Module:6 Acceptance Sampling 7 hours 
The Acceptance-Sampling - Definition of a Single-Sampling - Advantages and 
Disadvantages of Sampling - Types of Sampling Plan -  OC Curve - Designing a Single-
Sampling Plan - Double, Multiple, and Sequential - The Dodge–Romig Sampling Plans – 
Producers risk Consumers risk - AOQL LTPD calculation. 
Module:7 Reliability Engineering 7 hours 
Definition of Reliability – Relationship between MTTF and MTBF - Hazard rate, Reliability 
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Distributions, System reliability, Reliability block diagrams: series, parallel and mixed 
configuration - Achieving Product reliability – Maintainability and availability - Simple 
problems 
Module:8 Contemporary Issues: 2 hours 
 
 
 

Total Lecture hours: 45 hours 

Text Books 
1. Amitava Mitra - Fundamentals of Quality Control and Improvement, 4th Edition, Wiley 
2. Eugene L. Grant and Richard S. Leaven Worth, Statistical Quality Control, 2017, 7th 

edition, TMH.  
3. Charles Ebeling, An Introduction To Reliability And Maintainability Engineering. 2017, 

Mc Graw Hill. 
Reference Books 
1. Douglus C. Montgomery. Introduction to Statistical Quality Control, 2013, 7th Edition, 

John Wiley &Sons. 
2. Statistical Quality Control. M. Mahajan, 2016, Dhanpat Rai & Sons January. 
3. L.S.Srinath, Reliability Engineering, 2005, Affiliated East west press. 
Mode of Evaluation: CAT, Written assignment, Quiz and FAT. 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE305L Manufacturing Planning and Control L T P C 
3 0 0 3 

Pre-requisite Nil Syllabus version 
1.0 

Course Objectives 
1. To impart knowledge on operations strategy, product planning and forecasting.
2. To develop skills to estimate and use appropriate process planning, layouts location and

facility location.
3. To understand the importance of capacity planning, management, production scheduling

and controlling systems.
Course Outcome 
At the end of the course, the student will be able to 
1. Take the decisions in conversion process, manufacturing strategy, product planning and

forecasting product demand
2. Take the decisions in process planning and design, performance measures, capacity

planning
3. Take the decisions in selection of facilities location and design the facilities layout
4. Generate the aggregate plans, master schedules, short-term schedules
5. Generate material requirements planning and strategies for manufacturing excellence.

Module:1 Operations Strategy 5 hours 
Operations and Productivity: Operations / manufacturing, Operations for goods and services, 
Operations for Goods and Services, The Productivity Challenge, Decision making in an 
organization / conversion process. 
Operations Strategy: A global view of operations, Developing missions and strategies, 
Competitive priorities, Issues in operations strategy, Strategy development and 
implementation, Strategic planning, Core competencies and outsourcing, Global operations 
strategy options. 
Module:2 Product planning and Forecasting 7 hours 
Design of Goods and Services: Goods and services selection, Generating new products, 
Product development, Issues for product design, Product development continuum, Defining 
a product, Documents for production - product life-cycle, Service design, Transition to 
production. 
Forecasting: Types, Strategic importance, Steps, Approaches, Time-Series, Forecasting 
methods, Monitoring and controlling forecasts.   
Module:3 Process planning 5 hours 
Process Strategy: Process Strategies, Selection of equipment, Process analysis and design, 
Special considerations for service process design, Production technology, Technology in 
services, Process redesign. 
Module:4 Facilities location 6 hours 
Location Strategies: The Strategic importance of location - supply chain considerations, 
Factors affecting location decisions, Methods of evaluating location alternatives - costing 
alternative locations - scoring models - geometric models, Locating multiple facilities, Service 
location strategy, Location of facilities on networks, Geographic information systems. 
Module:5 Layout of facilities 7 hours 
Layout Strategies: Strategic importance of layout decisions - Types of layout – product 
layouts, process layouts, fixed-position layouts, hybrid/combination layouts, cellular Layouts, 
service layouts, Designing product layouts and line-balancing, Designing process layouts – 
measure of effectiveness. 
Module:6 Capacity planning and Constraint management 6 hours 
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Capacity planning and Constraint Management: Defining and measuring capacity, 
Determinants of effective capacity, Design of effective capacity, Bottleneck analysis and the 
theory of constraints, Break-even analysis, Reducing risk with incremental changes, 
Applying expected monetary value, Applying investment analysis to strategy-driven 
investments, Forecasting capacity requirements, Developing capacity strategies, Evaluating 
Alternatives. 
Module:7 Production planning, Scheduling, MRP and Inventory 

Control 7 hours 
Hierarchy of planning decision, Planning process, Approaches for aggregate planning, 
Master schedule, Short-term schedules, Control of schedules. 
MRP process and extensions to MRP. 
Inventory control, JIT systems, Lean operations, Toyota Production System 
Module:8 Contemporary Issues 2 hours 
 
 Total Lecture hours: 45 hours 
Text Book 
1. Jay Heizer, Barry Render, Munson Chuck, and Sachan Amit, Operations Management, 

2017, 12th Edition, Pearson. 
Reference Books 
1. Stevenson William J,Operations Management, 2018, 13th Edition,  McGraw-Hill. 
2. Mahadevan B, Operations Management: Theory and Practice, 2010, 2nd Edition, 

Pearson India. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE307L Product Design and Development L T P C 
  3 0 0 3 
Pre-requisite Nil Syllabus version 
  1.0 
Course Objectives 
1. To discuss about Product requirement analysis, concept generation, detailed design 

verification by quick design techniques. 
2. To provide students with technical and practical knowledge and skills required to engage 

in Product development projects and intellectual property rights. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Illustrate the basics of product design and development processes and organisation 

policies. 
2. Infer the workplace management, health and safety management. 
3. Apply the methods of generating, evaluating and testing to select the best product 

concept. 
4. Demonstrate  the methods of design problem solving and concept generation to testing.  
5. Practice the industrial design and Design for X. 
6. Infer the process of intellectual property rights. 
 
Module:1 Introduction  7 hours 
The design process –product life cycle –product development process – Collaborative 
product development – concurrent engineering - Strategic Planning and Opportunity 
Identification for new products – Identifying Market Opportunities – Communication with 
Stake holders in line with organizational policy and requirements  
Module:2 Organizational Competency Management 6 hours 
Organization’s policies and procedures for working with colleagues, Competency, skills and 
knowledge requirements for working effectively; health and safety management – OSHA; 
Competency development, Training need analysis; skills need analysis 
Module:3 Product Specifications  5 hours 
Voice of Customer – customer survey – need gathering methods – Explore systematically - 
Establishing product specification -competitive benchmarking; House of Quality, Lean 
Thinking 
Module:4 Problem Solving 5 hours 
Need for design creativity - Creative thinking – creativity and problem solving – TRIZ- 
Morphological approach 
Module:5 Concept Generation 5 hours 
Concept Generation - Concept Screening- Concept Scoring – Concept Testing methods - 
Case Studies 
Module:6 Embodiment Design and Industrial design 6 hours 
Introduction to embodiment design – product architecture – Configuration Design – 
Parametric Design - Test and Validation – Detail design - Industrial design – human factors 
design 
Module:7 Design for X, Prototype and IP 9 hours 
Design for Manufacture - Design for Assembly - Design for serviceability – design for 
environment –- Design for Quality - Reliability – Sustainability. Failure Mode and Effect 
Analysis - Test and Inspection –Warranty; Cost evaluation –categories of cost – overhead 
costs – activity based costing Prototyping and Testing; Product Testing- Standards, 
Certification and Documentation. – Intellectual Property Rights  - Patents, Design Patents, 
Trade Marks, Trade Secrets and copyrights 
Module:8 Contemporary issues 2 hours 
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 Total Lecture hours: 45 hours 

Text Book 
1. Karl T. Ulrich, Steven D. Eppinger, Product Design and Development, 2015, 6th 

Edition, McGraw-Hill. 
Reference Books 
1. George E. Dieter, Linda C. Schmidt, Engineering design, 2017, 4th Edition, McGraw-

Hill. 
2. Kevin Otto, Kristin Wood, Product Design, 2004, Pearson Education.  
3. Armstrong S, Engineering and Product Development Management: The Holistic 

Approach, 2001, Cambridge University Press. 
Mode of Evaluation: CAT, written assignment, Quiz, FAT. 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE309L Lean Manufacturing L T P C 
3 0 0 3 

Pre-requisite NIL Syllabus version 
1.0 

Course Objectives 
1. To provide practical level understanding of the key elements of lean production systems.
2. To impart knowledge on systematic approach for implementing value stream mapping.
3. To inculcate the practice of operational excellence through Toyoto’s way.
Course Outcomes 
At the end of the course, the student will be able to 
1. Identify key requirements and concepts in lean production system.
2. Apply the stability and standardized work systems.
3. Demonstrate the JIT and Jidoka and implement Lean culture.
4. Map the value chain, predict the value addition and apply the value stream.
5. Implement the 14 principles of Toyoto’s operational excellence.
Module:1 Lean Production System 5 hours 
Birth of lean production: Types of production systems-Craft Production-Mass Production-
Ford System, Growing Dysfunction, Birth of lean production, Virtue of necessity, Lean 
revolution at Toyota. 
Lean production system: Why lean production? Systems and Systems thinking, Basic image 
of lean production, Customer focus, Muda, Mura, Muri. 
Module:2 Stability and Standardized work 7 hours 
Stability: Standards in lean system, 5S system, Total Productive Maintenance. 
Standardized work: Lean thinking, Why standardized work? Elements of standardized work, 
Charts Used to Defne Standardized Work, Manpower reduction, Overall efficiency versus 
Individual efficiency, Standardized Work and Kaizen, Common layouts. 
Module:3 Just-in-Time Production 7 hours 
Why JIT, Principles of JIT, JIT system, Kanban, Kanban rules, Expanded role of 
conveyance, Production levelling, Three types of pull systems, Value stream mapping. 
Jidoka Concept: Development of Jidoka concept, Why Jidoka, Poka-Yoke, Inspection 
systems and zone control, using Poka-Yokes and Implementing Jidoka 
Module:4 Involvement, Hoshin planning, and 

Culture 
6 hours 

Involvement: Why involvement? Terrible waste of humanity, Activities supporting 
involvement, Kaizen circle activity, Practical kaizen training, Suggestion programs. 
Hoshin planning: What is planning? Why plan? Problems with planning, Hoshin planning, 
Hoshin planning system, Four phases of hoshin planning. 
The culture of Lean Production: What is lean culture? How does lean culture feel? 
Module:5 Value Stream Management Process 6 hours 
Why Use Value Stream Management? Attributes of Value Stream Management,  
Commit to Lean: Management Push or Worker Pull? Key Management Activities, Invest in 
Your People, Short-Term Pains and Long-Term Gains, Implementing Lean Transforms a 
Business Culture, Commitment checklist. 
Choose the Value Stream: What Is a Value Stream? Selecting Value Streams for 
Improvement, Additional Considerations for Value Stream Selection. 
Learn about Lean: Training and Doing, Key Concepts of Lean, Three Stages of Lean 
Application, Identify Non-Lean Conditions 
Module:6 Value Stream Mapping 6 hours 
Map the Current State: Value Stream Mapping, How to Map the Current State, Case 
Study. 
Identify Lean Metrics: Fundamentals, Steps for Identifying Lean Metrics, Premiere 
Manufacturing Case Study, Help Identify Wastes, Lean Manufacturing Assessment. 
Map the Future State: Focus on three stages - Customer demand - Continuous flow - 
Leveling.  
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Create and Implement Kaizen Plans: Value Stream “Kaizen” Events, Planning Recap, 
Prepare for Implementation, Recommendations. 
Module:7 The world-class power of the Toyota 

way 
6 hours 

The Toyota Way: using operational excellence as a Strategic Weapon, A storied history: 
How Toyota became the World’s Best Manufacturer, 14 principles of Toyota way (Part 1 
Philosophy: long-term systems thinking; Part 2 Process: struggle to flow value to each 
customer; Part 3 People: respect, challenge, and grow your people and partners toward a 
vision of excellence; Part 4 Problem Solving: think and act scientifically to improve toward a 
desired future, Part 5 Conclusion: Be thoughtful and evolve your enterprise). 
Module:8 Contemporary Issues 2 hours 
 
 Total Lecture hours: 45 hours 
Text Books 
1. Pascal Dennis, Lean Production Simplified: A Plain-Language Guide to the World's 

Most Powerful Production System, 2015, Third Edition, CRC Press-Taylor & Francis, 
UK. 

2. Don Tapping, Tom Luyster and Tom Shuker, Value Stream Management: Eight 
Steps to Planning, Mapping, and Sustaining Lean Improvements, Productivity Press, 
New York, 2002 

3. Jeffrey K. Liker, The Toyota Way: 14 management principles from the world’s 
greatest manufacturer, 2021, Second edition, MaGraw-Hill Edition. 

Reference Books 
1. Masaaki Imai, Gemba Kaizen: A Commonsense, Low-Cost Approach to Management, 

1997, MaGraw-Hill. 
2. James P. Womack and Daniel T. Jones, Lean Thinking: Banish Waste & Create Wealth 

in Your Corporation, 2001, Revised Edition, Simon & Shuster. 
3. Mike Rother, Learning to See: Value Stream Mapping to Create Value & Eliminate 

MUDA, 2003, Lean Enterprise Institute. 
4. Jeffrey K Liker and Divid Meier, The Toyota Way Field Book: A Practical Guide for 

Implementing Toyota’s 4Ps, 2006, Tata MaGraw-Hill Edition. 
5. John Allen, Charles Robinson and David Stewart, Lean Manufacturing: A Plant Floor 

Guide, 2001, Society of Manufacturing Engineers, Michigan. 
6. Mike Rother, “Toyota Kata: Managing People for Improvement, Adaptiveness, and 

Superior Results”, 2010, Tata MaGraw-Hill Edition. 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE310L Supply Chain Management L T P C 
  3 0 0 3 
Pre-requisite NIL Syllabus version 
  1.0 
Course Objectives 

1. Provide an overview and conceptual understanding of Supply Chain Management. 
2. Introduce theoretical models and applications in the area of Supply Chain 

Management. 
3. Equip the students with tools and concepts to manage and improve Supply Chain for 

operational excellence. 
 
Course Outcome 
At the end of the course, the student will be able to 
1. Understand supply chain need, and analyze the strategies, and drivers of performance 

of the supply chain. 
2. Evaluate different distribution and network design options. 
3. Analyze the impact of information in achieving coordination. 
4. Optimize inventory level in a Supply Chain.  
5. Evaluate different transportation modes and pricing strategies.  
6. Analyze the challenges in the global Supply Chain network as well as in maintaining 

sustainability of the Supply Chain. 
 
Module:1 Introduction to Supply Chain Management 5 hours 
Definition – Stages – Objective - Importance of SC Decisions - Decision Phases - Process 
views of a SC  
Module:2 Strategic Fit and Drivers of Performance 6 hours 
SC Strategies - Achieving strategic fit - Uncertainty and Capabilities of SC - Steps and 
Challenges in achieving the fit – Scope - Measures of performance - Drivers of SC 
performance - roles and impact on financial performance 
Module:3 Distribution Systems and Networks 6 hours 
Role of distribution – Influence of drivers on distribution systems - Distribution Network 
Options – Impact of online sales on distribution 
Factors influencing network design decisions – phases in design decisions - models – facility 
location – capacity allocation 
Module:4 Coordination and Technology in Supply Chain 6 hours 
Lack of coordination and Bullwhip Effect – Vendor Managed Inventory and Collaborative 
Planning, Forecasting and Replenishment - Role of IT in the supply chain – Macro 
processes - Customer Relationship Management –Internal supply chain management – 
Supplier Relationship Management - Supply chain IT in practice – Future of IT in supply 
chain. 
Module:5 Planning & Managing Inventories in a Supply Chain 7 hours 
The role of cycle inventory in a supply chain –Managing multi echelon cycle inventory – 
Estimating cycle inventory – related costs in practice – the role of safety inventory in a 
supply chain – managing safety inventory in a multi echelon supply chain – estimating and 
managing safety inventory in practice. 
Module:6 Sourcing, Transporting and Pricing of Products 7 hours 
Sourcing decisions in supply chain – transportation in the supply chain – transportation 
infrastructure – suppliers of transport services – transportation modes and trade-offs – 
pricing and revenue management in the supply chain. 
Module:7 Global and Sustainable Supply Chains 6 hours 
Trend towards globalization - Challenges – Off shoring Decisions – Risk and Uncertainty in 
Global SCM – Sources – Sustainability in Supply Chain – Role and importance – 
sustainability pillars and drivers – best practices. 
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Module:8 Contemporary Issues 2 hours 
 
 Total Lecture hours: 45 hours 

Text Book(s) 
1. Chopra, S. and Meindl, P., Supply Chain Management: Strategy, Planning & 

Operations, 2018, 7th edition, Pearson India Education Services Pvt. Ltd., India. 
Reference Books 
1.  Simchi-Levi, D. Simchi-Levi, E. Ravi Shankar, and Kaminsky, P., Designing & Managing 

the Supply Chain: Concepts, Strategies & Case Studies, 2019, 3rd Edition, McGraw-Hill, 
New York. 

2. Janat Shah, Supply Chain Management, Text and Cases, 2016, 2nd edition, Pearson 
India Education Services Pvt. Ltd., India. 

3. Martin Christopher, Logistics and Supply Chain Management, 2016, 5th edition, Pearson 
Education Limited, UK. 

Mode of Evaluation: CAT, Digital Assignment, Quiz, FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE316E Industrial Robotics L T P C 
  3 0 2 4 
Pre-requisite BMEE207L, BMEE207P Syllabus version 
  1. 0 
 
Course Objectives 
1. To impart knowledge on the fundamentals of industrial robot types and their positioning 

systems.   
2. To impart the mathematic foundation of robot manipulators, trajectory planning, and 

control.  
3. To provide knowledge to design, fabricate, and control the manipulator robotics with 

gripper system. 
 

 
Course Outcome 
At the end of the course, the student will be able to 
1. Specify various types of Robots for industrial applications with sound knowledge of the 

positioning system.  
2. Represent the rigid body motion and its transformation mathematically.  
3. Solve and model the kinematics equations of various manipulator configurations.  
4. Solve and model the differential motion and dynamics of various manipulator 

configurations.  
5. Compute the collision-free trajectory planning. 
6. Identify the challenges and control problems in manipulator robotics.  
7. Design and fabricate the gripping system for selected robot applications. 

 
Module:1  Anatomy and Positioning System of robot  5 hours 
Introduction to Industrial robotics – Manipulator configuration (examples with product 
specification): two link planar, Cartesian, Cylindrical, Polar, Articulated, SCARA, Delta and 
Stewart platform – CAD modelling of manipulator configuration (students by own) – Analysis 
of Positioning Systems (Actuator + Gear reduction unit): open-loop study with stepper motor, 
Closed-loop study with servo motor – Precision in Positioning system: control resolution, 
accuracy and repeatability– Harmonic drives in robotic manipulators.  
Module:2 Configuration space and Rigid body motion 4 hours 
DOF – C-space: Topology and representation, velocity constraints – Rigid body Motion: 
Description of position, orientations and frames – Changing descriptions from frame to frame 
(Homogeneous matrix) – Operation: Translation, rotation (rotation and Euler matrix) and 
transformation – Denavit-Hartenberg representation – Numerical.  
Module:3  Robot kinematics 8 hours 
Forward and Inverse kinematics: Two link planar (RR), cylindrical robot (RPP) and 
articulated arm (RRR) with Modelling and 3D virtual realization – other manipulators 
configurations: 6DOF articulated robotic arm, SCARA and Stewart platform.  
Module:4  Differential motion and dynamics of robot 8 hours 
Angular velocity – Velocity kinematic: Jacobian for 2 link planar (RPP), cylindrical robot 
(RPP) and articulated arm (RRR) – Forward and inverse dynamics of simple pendulum, 
double stage pendulum and two link planar.  
Module:5  Manipulator Trajectory planning 7 hours 
Path Planning – Trajectory planning – Classification of Trajectory planning -  Join space 
schemes: Cubic polynomials – Cubic polynomials via point – Higher order polynomials – 
Linear function with parabolic blends – Cartesian space schemes: Geometric problems with 
Cartesian paths –  two link planar trajectory planning.   
Module:6  Manipulator control  5 hours 
Linear control of manipulator: second-order linear system, control of second order system 
trajectory following control, disturbance rejection – Non-linear control: Control problems in 
manipulators, multi-input and multi-output control system – Lyapunov stability analysis – 
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adaptive control.  
Module:7 Gripper Design   6 hours 
Gripper definitions and conceptual basics – Grasping in Natural system – Prehension 
strategy – Gripping procedure, conditions and force – Gripper Flexibility – Gripper 
classification – Requirements and gripper characteristics – Planning and selection of 
grippers – Impactive mechanical grippers: Single and multi-grippers– Ingressive gripper – 
Astrictive prehension – Special grippers: Microgrippers, soft grippers, compliance gripper.  
Module:8 Contemporary Issues 2 hours 
 Total Lecture hours: 45 hours 
Text Book 
1. Craig, John. J. (2008), Introduction to Robotics: Mechanics and Control, Second 

Edition, Pearson Education, New Delhi.  
Reference Books 
1 Bruno Siciliano  (2010) Robotics Modelling, Planning and Control, Springer-Verlag 

London Limited 2010. 
2 Mikell P. Groover, Mitchell Weiss (2013), Industrial Robotics Technology – 

Programming and Applications, McGraw Hill Edition 2. 
3  F. C. Park and K. M. Lynch (2017), Introduction To Robotics Mechanics, Planning, And 

Control, First Edition, Cambridge University Press.  
4 Gareth J.Monkman, Stefan Hesse (2007) Robot Grippers, WILEY-VH Verlag GmbH & 

Co, KGaA, Weinheim.  
Mode of Evaluation: CAT / written assignment / Quiz / FAT 
Indicative Experiments   
1. Develop the code to realize the Forward kinematics equation for the 

selected manipulator configuration. Matlab: Minimum 2DOF to Maximum of 
4DOF. 

3 hours 

2. Develop the code to realize the Inverse kinematics equation for the 
selected manipulator configuration. Matlab: Minimum 2DOF to Maximum of 
4DOF 

3 hours 

3. Develop the code to realize the trajectory planning of single link arm using 
cubic polynomial equation and plot the response of position, velocity and 
acceleration. Matlab/Python 

3 hours 

4. Develop the code to realize the trajectory planning of single link arm using 
linear function with parabolic blend (LFPB) and plot the response of 
position, velocity and acceleration. Matlab/Python 

3 hours 

5. Realization of selected manipulator configuration in the virtual 
environment. [Coppeliasim, gazebo simulator, Sim-Mechanics (Matlab-
Simulink) and any other virtual simulator].  

3 hours 

6. Teach the industrial robot with appropriate Tool Centre Point (TCP) valve 
and USER Frame valve for the given tool and targeted location using three 
point teaching approach.  [Simulation/Robo machine]. 

3 hours 

7. Program the Industrial robot to execute a 2D profile in a selected plane by 
recording the vertices of the 2D geometry profile using target teaching 
approach.                      [Simulation/Robo machine]. 

3 hours 

8. Program the Industrial robot to execute a 2D profile in a selected plane 
using position register, offset and other special functions (Target 
calculation approach).  [Simulation/Robo machine]. 

3 hours 

9. Interface an End of Arm Tool (EOAT) for the selected industrial robot and 
establish the Digital Input connection to communicate the EOAT. 
[Simulation/Robo machine]. 

3 hours 

10. Design the robotic work cell for the given application along with all system 
integration components. Estimate the cycle time info with task profile. 
[Simulation only]. 

3 hours 

Total Laboratory Hours 30 hours 
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Textbook 
Lab Manual prepared by the Faculty member. 
Mode of assessment: Viva-voce examination, Lab performance & FAT 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE319E Advanced Materials Characterization Methods L T P C 
3 0 2 4 

Pre-requisite BMEE209L, BMEE209P Syllabus version 
1.0 

Course Objectives 
1. To provide insight into the structural information using various characterization

technique.
2. To understand theory and practice of diffraction phenomena.
3. To understand the various characterization techniques available for metallic materials.

Course Outcomes 
At the end of the course, the student will be able to 
1. Describe the various specimen preparation methods for microscopic and spectroscopic

techniques.
2. Explain the diffraction phenomena and indexing of materials.
3. Demonstrate different structural information by various microscopy.
4. Elucidate the operation of SEM, TEM and EBSD.
5. Explain the advanced characterization techniques such as insitu and other combined

techniques.
6. Apply advanced lighting, thermal, chemical and imaging techniques for materials

characterization.

Module:1 Structural Analysis 5 hours 
Specimen Preparation Techniques – Polishing and Etching, Development of microstructure, 
Grain Size Measurements, Quantitative Metallography. 
Module:2 Diffraction and Imaging 7 hours 
Crystallography, Bragg’s Law, Radiation Interaction and Response Signals, X-Ray 
Diffraction, XRD Analysis, Phase Analysis, Powdered and Textured Diffraction 
Fundamentals of Imaging: magnification, resolution, depth of field and depth of focus, 
aberration and astigmatism; X-Ray reflectivity, Edward sphere, Kikuchi pattern, Indexing, 
Texture of materials. 
Module:3 Microscopy and Spectroscopy 7 hours 
Basic principles of operation (optical, SEM, AFM, TEM), Principles of Optical and Electron 
Microscopy, Estimation and comparison of grain size, grain boundary area through various 
microscopes, Volume fraction, Structure revealed through various microscopy and 
comparison. Basic principles of operation of EDS, WDS, EPMA, and ToF SIMS. 
Module:4 Advanced Characterization Techniques 7 hours 
Introduction to Orientation Imaging Microscopy (OIM), 3-Dimensional FIB/EBSD, Insitu 
testing facilities, Nano indentation, Combined spectroscopy and microscopy techniques, 
Temperature related measurement (TG+DTA) and DSC, Thermomechanical physical 
simulator, Gleeble, Neutron diffraction techniques. 
Module:5 Surface Properties 6 hours 
Microscopic Methods for Characterizing Surface Properties, Spectroscopic Methods for 
Characterizing Surface Properties. 
Module:6 Electrical Characterization Techniques 5 hours 
Electrical resistivity in bulk and thin films, Hall effect, Magnetoresistance. 
Module:7 Magnetic Characterization Techniques 6 hours 
Introduction to Magnetism, Measurement Methods, Measuring Magnetization by Force, 
Measuring Magnetization by Induction method. Types of measurements using 
magnetometers: M-H loop, temperature dependent magnetization, time dependent 
magnetization, Measurements using AC susceptibility, Magneto-optical Kerr effect, Nuclear 
Magnetic Resonance, Electron Spin Resonance. 
Module:8 Contemporary Issues 2 hours 

Total Lecture hours: 45 hours 
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Text Books 
1. Materials Characterization, 2019, Volume 10, ASM Handbook. 
2. Dalip Singh Verma, Latif Ullah Khan Shalendra Kumar, Sher Bahadar Khan, Handbook 

of Materials Characterization, , 2018, Springer International Publishing. 
Reference Books 
1. 
 

Ranganathan N., Materials Characterization Modern Methods and Applications, 2016, 
CRC press.  

Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Indicative Experiments   
1. Metallographic preparation of metallic specimens 
2. Grain Size determination by linear intercept methods   
3. Observation of structures by optical microscopy and Scanning Electron Microscopy 
4. Demonstration and Indexing of XRD peaks 
5. XRD peak identification by various methods: manual, database and software 
6. Study of fracture surface of materials by Scanning Electron Microscopy 
7. Image formation (bright and dark) and interpretation by Scanning Electron Microscopy 
8. Demonstration of Nano Indentation and X-Ray Diffraction Residual stress 
9. Demonstration of Spectroscopic analysis (ICPMS and XPS) 
10. Demonstration of Transmission Electron Microscopy and Electron Backscattered 

Diffraction  
Total Laboratory Hours 30 hours 

Text book 
Lab manual prepared by the Faculty member 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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BMEE403L Design of Jigs Fixtures and Press Tools L T P C 
3 0 0 3 

Pre-requisite Nil Syllabus version 
1.0 

Course Objectives: 
1. To impart knowledge on the principles of jigs and fixtures design, locating principles,

locating elements and clamping Devices.
2. To design and analyze  Jigs, Fixtures and dies for press working.
3. To select appropriate work holding devices for various applications.
Course Outcome: 
At the end of the course, the student will be able to 
1. Justify the requirements of jigs and fixtures for manufacturing, testing and assembly.
2. Design and develop locating and clamping systems for the given component based on

geometrical and dimensional features.
3. Design and develop jigs fixtures, press tools and forming dies for various manufacturing

processes.
4. Design of smart work holding for industrial applications.
5. Suggest and design appropriate tools for various manufacturing processes.

Module:1 Tool Design 4 hours 
Tool engineering – tool classifications– tool design objectives – tool design in manufacturing- 
challenges and requirements- standards in tool design-tool drawings -surface finish – fits 
and tolerances - tooling Materials. 
Module:2 Locating elements 4 hours 
Jigs and Fixtures- basic elements – degrees of freedom- principles of location – locating 
methods and devices – function and advantages of jigs and fixtures -redundant location. 
Module:3 Clamping elements 4 hours 
Principles of clamping – mechanical actuation – pneumatic and hydraulic actuation standard 
parts – types of clamps-clamping force calculation-design of clamps-smart work holding 
devices. 
Module:4 Design of Jigs 7 hours 
Types of jigs; plate, latch, channel, box, post, angle plate, angular post, turnover, pot jigs- jig 
bushes- types of bushes- automatic drill jigs-rack and pinion operated - air operated jigs - 
design and development of jigs for specified components. 
Module:5 Design of Fixtures 8 hours 
General principles of boring, lathe, milling and broaching fixtures - grinding, planning and 
shaping fixtures, assembly, inspection and welding fixtures- modular fixtures – quick change 
fixtures-design and development of fixtures for specified component. 
Module:6 Design of Press Tool and Dies 8 hours 
Press working terminologies – operations – types of presses – press accessories – 
computation of press capacity – strip layout – material utilization – shearing action – 
clearances – press work materials – centre of pressure- design of various elements of dies –
design of blanking, piercing dies-  compound and progressive dies - design considerations in 
forging, extrusion, casting and plastic dies. 
Module:7 Design of Forming Dies 8 hours 
Difference between bending and drawing – blank development for above operations – types 
of bending dies – press capacity – spring back – knockouts – direct and indirect – pressure 
pads – ejectors – variables affecting metal flow in drawing operations – draw die inserts – 
draw beads- ironing – design and development of bending, forming, drawing, reverse 
redrawing and combination dies – blank development for axisymmetric, rectangular and 
elliptic parts – single and double action dies. 
Module 8 Contemporary issues: 2 hours 
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Total Lecture hours: 45 hours 
Text Books 
1. Donaldson C, Tool Design, 2012, Tata McGraw-Hill. 
2. Edward G Hoffman, Jigs & Fixture Design, 2004, Thomson – Delmar Learning, 

Singapore. 
Reference Books 
1. Kempster, Jigs & Fixtures Design, 1978, The English Language Book Society. 
2. Joshi, P.H, Jigs & Fixtures, 2004, 2nd Edition, Tata McGraw-Hill Publishing Company 

Limited, New Delhi. 
3. Hiram E Grant, Jigs and Fixture, 2003, Tata McGraw-Hill, New Delhi. 
4 Fundamentals of Tool Design, 1983, CEEE Edition, ASTME. 
Mode of Evaluation: CAT, written assignment, Quiz, FAT. 
Recommended by Board of Studies 09-03-2022
Approved by Academic Council No. 65 Date 17-03-2022
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BMEE406E Advanced Manufacturing Processes L T P C 
3 0 2 4 

Pre-requisite BMEE302L, BMEE302P, BMEE304L, BMEE304P Syllabus version 
1.0 

Course Objectives 
1. To impart knowledge on the advancements of metal forming and metal casting

processes.
2. To give an insight on specialized moulding process, micromachining and finishing

processes with potential applications in medical field.
3. To facilitate students to understand the advanced machining and hybrid machining

processes.

Course Outcomes 
At the end of the course, the student will be able to 
1. Demonstrate the basics of advanced metal forming and metal casting processes.
2. Discuss various advanced metal casting process with industrial applications.
3. Select the appropriate machining process based on tool-workpiece interaction and

source of energy for the end product.
4. Recognize the material removal mechanism and process parameters of ultra-precision

machining process and micromanufacturing process.
5. Identify and use various hybrid machining process for state of art application.

Module:1 Advanced Metal forming Process 6 hours 
Unconventional Forming Methods: Classification, Process Principle, Applications, 
Equipment’s, Process Analysis and Die Design of Explosive Forming, Stretch forming, 
Contour roll forming Laser Beam Bending and Laser Assisted Deep Drawing. Micro Forming 
Processes: Classification, Process Principle and Applications of Conventional Micro Forming 
Processes, Unconventional Micro-Forming Processes. 
Module:2 Advanced Metal casting Process 5 hours 
Metal mould casting basics, continuous casting, permanent mould casting, pressure die 
casting, Vacuum mould casting, Evaporative pattern casting (EPC)- Hybrid and vacuum, 
Ceramic shell investment casting.  
Module:3 Specialized Molding Techniques 6 hours 
Injection moulding using pressurized gas assistance, Injection moulding using reaction gas 
assistance, Injection Moulding for Thin-Wall Applications, Multi-Material Injection Moulding, 
Water-Assisted Foaming, Moulding by direct compounding, Injection Compression Moulding. 
Ultrasonic Molding Technology: Recent Advances and Potential Applications in the Medical 
Industry, Variable Mold Temperature Technologies, Micro injection molding-Issues in 
Molding Parts with Microfeatures, Influencing Factors in Microinjection Molding, Applications. 
Module:4 Welding-Based Additive Manufacturing (WAM) 6 hours 
Classification of WAM by motion controller, raw material and heat source. Powder-bed AM: 
Selective laser sintering (SLS), Selective Laser Melting (SLM) and Electron Beam Melting 
(EBM). Wire-feed based WAM: Wire and Laser Additive Manufacturing (WLAM), Electron 
Beam Freeform Fabrication (EBF3), Wire and Arc Additive Manufacturing (WAAM). 
Module:5 Ultra-Precision Machining 6 hours 
Diamond turning- mechanism of material removal - process Parameters and Optimization- 
tool path strategies in surface generation- applications. 
Module:6 Micromanufacturing 7 hours 
Focused ion beam (FIB) Micro-/Nano-fabrication, Laser Micro structuring. Hot Embossing, 
Hot punching, Roller Embossing, Applications-Micro optical devices, Micro fluidic devices. 
Net Shape Manufacture of Freestanding Ceramic Micro-components through Soft 
Lithography, micro-fields-activated sintering technology (Micro-FAST). Micromachining- 
Micro turning, Micro grinding, Ultra Sonic Micromachining, Abrasive Water Jet Micro 
Machining, Chemical and Electro Chemical Micro Machining – Electric discharge micro 
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machining, Laser Beam Micro Machining. Handling for Micromanufacturing. 
Module:7 Hybrid Machining Process (HMPs) 7 hours 
Classification of Hybrid Machining process, Elements of Hybrid Machining Technology 
(Hybrid Machine Tools, Hybrid Tooling, Hybrid Machining Processes, Metrology System, 
Work Handling System, Process Monitoring Technique). Vibration assisted grinding, 
Vibration Assisted EDM, Ultrasonic assisted ECM. Heat Assisted HMPs, Laser assisted 
turning, laser-assisted ECM(LAECM), Laser-Assisted EDM (LAEDM). Magnetic Field 
assisted EDM, Magnetic field Assisted electro discharge deposition (EDD) process. Electro 
chemical discharge machining (ECDM), Electro chemical honing, Electro chemical discharge 
grinding. 
Module:8 Contemporary Issues 2 hours 

Total Lecture hours: 45 hours 
Text Books 
1. Kalpakjian and Schmid, Manufacturing Processes for Engineering Materials, 2017, 5th 

edition, Prentice Hall. 
2. Hassan Abdel-Gawad ElHofy, Fundamentals of Machining Processes (Conventional 

and Nonconventional Processes), 2018, 3rd Edition, CRC press. 
3. A. Ghosh, and A.K. Mallik, Manufacturing Science, Affiliated East-West Press Pvt. Ltd.

New Delhi.
4. V.K.Jain, Micro manufacturing processes, 2013, CRC Press.
Reference Books 
1. Balasubramaniam R, Sarepaka RV, Subbiah S. Diamond turn machining: Theory and 

practice. 2017, CRC press. 
2. Heine R. W., Loper C. R., and Rosenthal P. C. Principles of Metal Castings, 1997, 2nd 

Edition, Tata McGraw Hill, New Delhi.  
3. Murty, R. L., Precision Engineering in Manufacturing, New Age International (P) 

Limited, New Delhi. 
4. Mark J. Jackson, Micro and Nano fabrication, 2010, CRC Press, Taylor & Francis 

Group 
5. Yi Qin, Micro-Manufacturing Engineering and Technology, 2010, Elsevier Publisher, 

ISBN: 978-0-8155-1545-6 
6. MuammerKoc, TrugelOzel, Micro manufacturing, Design and manufacturing of micro 

products, 2011, Wiley Publishers 
Mode of Evaluation: CAT, Written assignment, Quiz, FAT 
Indicative Experiments 
1. Learn the forming characteristics of sheet metal specimens with Deep Drawing 

operation. 
2. Extrude a cylindrical cup by backward extrusion, determine the load variation with the 

thickness of the bottom of the cup. 
3. Evaluate the machinability of difficult to machine materials by EDM die sinking and 

EDM milling. 
4. Evaluate the process parameters (Wire feed, wire tension, wire material, WWR) for 

machining the given material by WEDM process. 
5. Study on Electric discharge coating process by P/M tool and conventional tool. 
6. Study on Micro turning process parameters on the given job. 
7. Experimental investigation on metals and alloys by micro drilling process and analyzing 

the responses and tool wear. 
8. Experimental Analysis on drill preparation by micro drilling on natural fiber composites 

and studying the roundness error. 
9. Experimental study on slot preparation by micro milling on metals and alloys. 
10. Experimental study on slot preparation by micro milling on natural fiber composites. 

Total Laboratory Hours 30 hours 
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Text book 
Lab manual prepared by the Faculty member 
Mode of assessment: Continuous assessment, FAT, Oral examination 
Recommended by Board of Studies 09-03-2022
Approved by Academic Council No. 65 Date 17-03-2022
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BMEE399J Summer Industrial Internship L T P C 
0 0 0 1 

Pre-requisite NIL Syllabus version 
1.0 

Course Objectives: 
1. The course is designed so as to expose the students to industry environment and to

take up on-site assignment as trainees or interns.

Course Outcome: 
1. Demonstrate professional and ethical responsibility.
2. Understand the impact of engineering solutions in a global, economic, environmental

and societal context.
3. Develop the ability to engage in research and to involve in life-long learning.
4. Comprehend contemporary issues.

Module Content  
Four weeks of work at industry site. 
Supervised by an expert at the industry. 

Mode of Evaluation: Internship Report, Presentation and Project Review 

Recommended by Board of Studies 09-03-2022

Approved by Academic Council No. 65 Date 17-03-2022
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BMEE497J Project - I L T P C 
0 0 0 3 

Pre-requisite NIL Syllabus version 
1.0 

Course Objectives: 
To provide sufficient hands-on learning experience related to the design, development and 
analysis of suitable product / process so as to enhance the technical skill sets in the chosen 
field. 

Course Outcome: 
1. Demonstrate professional and ethical responsibility.
2. Evaluate evidence to determine and implement best practice.
3. Mentor and support peers to achieve excellence in practice of the discipline.
4. Work in multi-disciplinary teams and provide solutions to problems that arise in multi-

disciplinary work.

Module Content  
Project may be a theoretical analysis, modeling & simulation, experimentation & analysis, 
prototype design, fabrication of new equipment, correlation and analysis of data, software 
development, applied research and any other related activities. 
Can be individual work or a group project, with a maximum of 3 students. 
In case of group projects, the individual project report of each student should specify the 
individual’s contribution to the group project. 
Carried out inside or outside the university, in any relevant industry or research institution. 
Publications in the peer reviewed journals / International Conferences will be an added 
advantage. 

Mode of Evaluation: Assessment on the project - project report to be submitted, 
presentation and project reviews 

Recommended by Board of Studies 09-03-2022

Approved by Academic Council No. 65 Date 17-03-2022
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BMEE498J Project – II / Internship L T P C 
0 0 0 5 

Pre-requisite NIL Syllabus version 
1.0 

Course Objectives: 
To provide sufficient hands-on learning experience related to the design, development and 
analysis of suitable product / process so as to enhance the technical skill sets in the chosen 
field. 

Course Outcome: 
1. Formulate specific problem statements for well-defined real life problems 

with reasonable assumptions and constraints.
2. Perform literature search and / or patent search in the area of interest.
3. Conduct experiments / Design and Analysis / solution iterations and document the 

results.
4. Perform error analysis / benchmarking / costing.
5. Synthesize the results and arrive at scientific conclusions / products / solution.
6. Document the results in the form of technical report / presentation.

Module Content  
1. Project may be a theoretical analysis, modeling & simulation, experimentation &

analysis, prototype design, fabrication of new equipment, correlation and analysis of
data, software development, applied research and any other related activities.

2. Project can be for one or two semesters based on the completion of required number of
credits as per the academic regulations.

3. Can be individual work or a group project, with a maximum of 3 students.
4. In case of group projects, the individual project report of each student should specify the

individual’s contribution to the group project.
5. Carried out inside or outside the university, in any relevant industry or research

institution.
6. Publications in the peer reviewed journals / International Conferences will be an added

advantage.

Mode of Evaluation: : Assessment on the project - project report to be submitted, 
presentation and project reviews.  

Recommended by Board of Studies 09-03-2022

Approved by Academic Council No. 65 Date 17-03-2022
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