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PROGRAMME EDUCATIONAL ECTIVES (PEOs

PEO 1 : Graduates of the program will have a successful career of mechanical
engineering by imparting Mechanical Engineering concepts and
practical knowledge.

PEOQ 2 : Graduates of the program will pursue higher education and research
in the field of mechanical engineering.

PEQO 3: Graduates of the program will exhibit Scientific and Engineering
expertise and perform as a Professional Entrepreneur
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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 analyze 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.

PO- 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling 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 team work: 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 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.
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PROGRAM SPECIFIC OUTCOMES (PSOs)

PSO 1: Ability to apply the acquired Mechanical Engineering knowledge for

the development of composite materials for societal application.

PSO 2: Ability to apply the acquired Mechanical Engineering knowledge for

the development of automobile systems.
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| SEMESTER [FIRST YEAR]

Sl Course Course Code Course Title L Credits
No. Category
THEORY
1 PC MPCMT1010 Composite Materials 3 3
2 PC MPCMT1020 | Casting and Welding Technology | 3 3
3 PC MPCMT1030 Research Methodology and IPR 5 5
MPEMT1041 | Fatigue, Creep & Fracture
MPEMT1042 | CAD/CAM
4 PE-1 i i 3 3
MPEMT1043 Production Automation & CNC
Technology
MPEMT1044 | Materials Technology
MPEMT1051 | Machine Tool Technology
Computer Integrated
MPEMT1052 .
5 PE2 Manufacturl.ng . 3 3
MPEMT1053 | Press Tools in Metal Forming
MPEMT1054 Micro and Nano Manufacturing
6 PC MPCMT1170 | Advance manufacturing lab 2
7 PC MPCMT1180 Met_allurgy and Non-destructive 5
testing laboratory
8 Audit MAUMT1060 | Audit course -1 2 0
TOTAL 16 18
M.Tech Manufacturing Technology - Regulation -2019 3
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Il SEMESTER [FIRST YEAR]

Sl Course . .
No. Category Course Code Course Title L Credits
THEORY
1 PC MPCMT2010 Meta_l Cutting — Theory and 3 3
Practice
Advanced Manufacturing
2 PC MPCMT2020 PrOCesses 3 3
MPEMT2031 Rapid Manufacturing Processes
Manufacturing Management
3 PE-3 MPEMT2032 3 3
MPEMT2033 | Welding Application Technology
MPEMT?2034 | Material selection and safety
MPEMT2041 | Finite Element Method
MPEMT2042 Manufacturing of products from
non metalic materials
4 PE-4 Precision Endineen 3 3
MPEMT2043 recision Engineering
MPEMT2044 | High Speed Machining
5 PC MPCMT2110 | Metal Cutting Lab 2
6 PC MPCMT2120 | Advance welding Lab 2
7 Audit MAUMT?2130 | Audit course-II 2 0
8 PC MPCMT2140 | Mini-project 2
TOTAL 12 18
M.Tech Manufacturing Technology - Regulation -2019 4
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I SEMESTER [SECOND YEAR]

Sl Course Course . .
No. Category Code Course Title L| T| P | Credits
THEORY
Industrial Safety
MPEMT3011
1 OE MPEMT3012 | Hyman Resource Management 31070 3
MPEMT3013 | Project Management And
Costing
MPEMT3014 Optimization Techniques
MOEMT3021 | Flexible Manufacturing
Systems
2 PE-5 MOEMT3022 | Robotics 3lolo 3
MOEMT3023 | Mechanical Drives
Theory of Plasticity
MOEMT3024
PRACTICAL / SESSIONAL
3 ES MPJT3130 Dissertation Phase-I 0[0]20 10
TOTAL 60|20 16

M.Tech Manufacturing Technology - Regulation -2019 5
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IV SEMESTER [SECOND YEAR]

Sl Course

Course Code Course Title LIT|P Credits
No. Category

PRACTICAL / SESSIONAL

1 ES MPCMT4130 Dissertation Phase-II 0[0]|32 16

TOTAL 0]0]32 16

Audit course 1 &2

1. English for Research Paper Writing
2. Disaster Management

3. Sanskrit for Technical Knowledge
4. Value Education

5. Constitution of India

6. Pedagogy Studies

7. Stress Management by Yoga

8. Personality Development through Life Enlightenment Skills.

M.Tech Manufacturing Technology - Regulation -2019 6
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| SEMESTER
SUBJECT
CODE TITLE OF THE SUBJECT L | T P C QP
COMPOSITE MATERIALS 3 0 0 3 A
Pre -Requisite: Physical metallurgy
SYLLABUS
UNIT-1: (10 Hours)

FIBRE REINFORCED PLASTICS (FRP)

Definition; Types; General properties and characteristics; Reinforcing materials — particles,
fibers, whiskers; Properties of reinforcing materials; Matrix materials; Additives; Properties of
FRP materials; Applications.

UNIT- 2: (8 Hours)
MACROMECHANICAL BEHAVIOR OF FIBRE REINFORCED PLASTICS

Design variables; Selection of fiber-matrix and manufacturing process; Effects of mechanical,
thermal, electrical and environmental properties, Fiber orientation, Symmetric and asymmetric
structure; Effects of unidirectional continuous and short fibers; Lamination theory; Failure
theories.

UNIT -3: (10 Hours)
MICROMECHANICAL BEHAVIOR OF FIBRE REINFORCED PLASTICS

Strengthening methods, Elasticity of fibre composites, Plasticity and fracture of composites,
Crack propagation in fibre composites, Failure under compressive loads. Law of Mixtures, Shear
lag model, Laminated plate model, Eshelby’s models .

UNIT- 4: (8 Hours)
MANUFACTURING PROCESSES

Open mold processes — Hand layup, Spray up, Vacuum bag, Pressure bag & autoclave,
Centrifugal casting, Filament winding; Closed mold processes — Compression molding, Resin
transfer molding (RTM), Injection molding, Pultrusion; SMC & DMC products, etc.

UNIT- 5: (8 Hours)
ADVANCED COMPOSITES AND NANOCOMPOSITES

Processing and properties of advanced composites. Nanocomposites: Fabrication techniques,
properties, and applications. Recent developments and future trends in composite materials.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Explain the basic properties of matrix material and reinforcing materials.

CO2 Analyze the macro-mechanical behavior of fiber reinforced plastics.

COs3 Evaluate the mechanical properties of MMCs and their suitability for specific
applications.

CO4 Interpret the micro-mechanical behavior of fiber reinforced plastic

CO5 Select the suitable manufacturing technology to fabricate FRP.

CO6 Explore advanced composites and nanocomposites, including their fabrication
methods, properties, and cutting-edge applications.
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Teaching Methods: Chalk& Board

Text Books:
1. Robert M. Jones “ Mechanics of Composite Material”, 2nd Edition, Taylor and Francis,

2010.

2. Krishnan K. Chawle. “Composite Material: Science and Engineering”, 2nd Edition,
Springer, 2010

3. T.W.Clyne, P.J. Withers, “An Introduction to metal matrix composites”, Cambridge
University Press, 1993.

Reference Book:
1. F.C. Campbell “Structural Composite Materials”, 1st Edition, Materials Park, ASM
International,2010.
2. Haslehurst.S.E., "Manufacturing Technology ", 3rd Edition, ELBS, London, 1990.

CO-PO & PSO Mapping
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SUBJECT
CODE TITLE OF THE SUBJECT L | T P C QP
CASTING AND WELDING 3 0 0 3
TECHNOLOGY A
Pre -Requisite: Basic Manufacturing process
SYLLABUS
UNIT-1: (10 Hours)

Core making processes - design for moulding and casting - different moulding and casting
processes-function of the gating system-permanent mould casting-centrifugal casting investment
casting-mercast casting-continuous casting-low pressure casting.

UNIT-2: (8 Hours)
Melting and quality control of various steels and non-ferrous alloys, casting defects, fettling,
inspection and testing of castings, Manufacturing of Cast irons, Design for casting.

UNIT-3: (8 Hours)
Arc welding power sources-Different arc welding processes-solid state welding process
soldering, Brazing and adhesive bonding , metal surfacing and spraying, thermal cutting
processes.

UNIT-4: (10 Hours)
Welding metallurgy — Weld Metal Zones, Theory of solidification of metals and alloys,
Nucleation, Freezing of alloys, Epitaxial Solidification; Properties of HAZ.

Weldability criteria , Different types of joint configuration, different types of welding position-
design of weldments and joints.

UNIT-5: (10 Hours)
Inspection and testing of welding and casting — Defects, Destructive tests, Non destructive testing
techniques, surface treatments-safety aspects in welding processes, specific welding applications
and innovations.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Illustrate different casting methods in association with core making and mould
design.

CO2 Explain the process of melting and quality control aspect of casting.

CO3 Outline different metal joining processes and demonstrate the concept.

CO4 Describe the basic metallurgy of the melted and heat-affected zone of a metal or
alloy.

CO5 Evaluate the basic principle of advanced welding techniques and the appropriate
welding process for a particular application.

CO6 Evaluate the techniques for Inspection and testing of welded/cast products.

Teaching Methods: Chalk& Board
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Text Books:
1. Dr.R.S.Parmar “Welding processes and technology”, 3" Edition, Khanna Publishers,

2003.
2. Scrope Kalpakjian,, “Manufacturing processes for Engineering Materials”, 5" Edition,
Pearson, 2007.

Reference Book:
1. K.C.John “ Metal casting and Joining” , 1 edition, PHI Publishers, 2015.
2. H.S.Bawa “ Manufacturing Technology-I" 1% edition, Tata Mc Graw Hill Publishers New
Delhi, 2007.
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP

FATIGUE, CREEP &

FRACTURE
Pre -Requisite: Concept of variable stresses
SYLLABUS
UNIT:1 [8 Hours]

Types of fatigue loading and failure; Fatigue test procedures and the determination of endurance
limits; Analysis of fatigue behavior under combined stresses.

UNIT:2 [8 Hours]
Investigation into the influence of stress concentration on fatigue strength; Examination of notch
sensitivity; Identification of factors influencing fatigue behavior.

UNIT:3 [10 Hours]
Creep: Creep-stress-time temperature relations, Mechanics of creep in tension, bending, torsion,

creep buckling. Members subjected to creep and combined stresses.

UNIT:4 [8 Hours]
Overview of basic modes of fracture; Application of Griffith's theory to brittle fracture.
Application of Irwin’s theory of fracture to inelastic-plastic materials.

UNIT:5 [6 Hours]
Theories of linear elastic fracture mechanics; Study of stress intensity factors.
Introduction to fracture toughness testing.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Understand of the types of fatigue loading, failure modes, and the
principles behind fatigue testing, including the determination of
endurance limits.

Cco2 Develop proficiency in analyzing the effects of combined stresses on
fatigue behavior, considering stress concentration, notch sensitivity

COos3 Understand and able to analyze Mechanism of creep and it effects in
design components.

CO4 Interface various modes of fracture under different Theories.

CO5 Ability to conduct an experimental analysis on different materials
subjected to creep, fatigue and fracture mechanisms.

CO6 Apply theories of linear elastic fracture mechanics, including the
understanding of stress intensity factors and their role in fracture
toughness testing.

Teaching Methods: Chalk& Board / PPT/Video Lectures/Lecture by Industry Expert

Text Books:
1. J. M. Lessels, Strength and Resistance of Metals, John Wiley and Sons, 1954.
2. J. Marin, Mechanical Behaviour of Engineering Materials, Fourth edition, Prentice-Hall,
1962.
3. Y. Lee, J.Pan, R. Hathaway and M. Barkey, Fatigue Testing and Analysis — Theory and
practice, Butterworth-Heinemann; Elsevier Press, 2004.
4. S.A. Meguid, Engineering Fracture Mechanics, Elsevier Applied Science, 1989.

Reference Book:
1. G.E. Dieter, Mechanical Metallurgy, Third edition, McGraw Hill Education, 2017.
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2. N.E. Dowling, Mechanical Behaviour of Materials, Fourth edition, Pearson, 2012.
3. K. Hellan, Introduction to Fracture Mechanics, Mc-Graw Hill, 1985.
4. David Broek, The Practical Use of Fracture Mechanics, Springer; 1989
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SUBJECT

CODE TITLE OF THE SUBJECT L T P C QP

COMPUTER AIDED DESIGN AND
MANUFACTURING (CAD/CAM)

Pre -Requisite:

SYLLABUS

UNIT - 1: (09 Hours)
Product cycle- Design process- sequential and concurrent engineering- Computer aided design —
CAD system architecture- Computer graphics — co-ordinate systems- 2D and 3D
transformations- homogeneous coordinates — Line drawing -Clipping- viewing transformation-
Brief introduction to CAD and CAM — Manufacturing Planning, Manufacturing control-
Introduction to CAD/CAM —CAD/CAM concepts —-Types of production — Manufacturing
models and Metrics — Mathematical models of Production Performance

UNIT - 2: (09 Hours)
Geometric Modeling: Representation of curves- Hermite curve- Bezier curve- B-spline curves-
rational curves-Techniques for surface modeling — surface patch- Coons and bicubic patches-
Bezier and B-spline surfaces. Solid modeling techniques- CSG andB-rep

UNIT-3: (09 Hours)
Cad Standards : Standards for computer graphics- Graphical Kernel System (GKS) — standards
for exchange images- Open Graphics Library (OpenGL) — Data exchange standards — IGES,
STEP, CALS etc. — communication standards.

UNIT - 4: (09 Hours)
Introduction to NC systems and CNC — Machine axis and Co-ordinate system- CNC machine
tools-Principle of operation CNC- Construction features including structure- Drives and CNC
controllers-2D and 3D machining on CNC- Introduction of Part Programming, types — Detailed
Manual part programming on Lathe & Milling machines using G codes and M codes- Cutting
Cycles, Loops, Sub program and Macros- Introduction of CAM package

UNIT -5: (09 Hours)

Cellular Manufacturing And Flexible Manufacturing System (Fms):Group Technology(GT),Part
Families—Parts Classification and coding—Production flow Analysis—Cellular Manufacturing—
Composite part concept—Types of Flexibility — FMS — FMS Components — FMS Application
& Benefits — FMS Planning and Control — Quantitative analysis in FMS

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Understand the design process and apply computer-aided design (CAD)
concepts to create 2D and 3D models, including transformations and clipping.
CO2 Develop geometric models using curves and surface modeling techniques,

including Bezier and B-spline curves, and apply solid modeling techniques like
CSG and B-rep.

COos3 Implement CAD standards and data exchange formats, such as IGES, STEP,
and CALS, to ensure compatibility and communication between different CAD
systems.
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CO4 Design and program CNC machines using G codes and M codes, and apply part
programming concepts to perform 2D and 3D machining operations.

CO5 Analyze and implement cellular manufacturing and flexible manufacturing
systems (FMS), including group technology, part families, and production flow
analysis.

CO6 Evaluate and apply mathematical models of production performance to optimize
manufacturing processes and metrics, including quantitative analysis in FMS.

Teaching Methods: Chalk& Board

Text Books:
1. Groover, M. P., “Automation, Production Systems and Computer Integrated
Manufacturing”, 4t edition Prentice Hall, 2016.
2. Radhakrishnan, P.,Subramanyan, S., Raju,V., “CAD/CAM/CIM”, New Age International
Publishers(P) Ltd., 2006.

Reference Book:
1. Rao, P.N., “CAD/CAM principles and applications” 3" edition, Tata McGraw Hill, 2017
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP
PRODUCTION
AUTOMATION AND CNC 3 0 0 3 A
TECHNOLOGY
Pre -Requisite:
SYLLABUS
UNIT-1: (10 Hours)

Concept and scope of industrial automation — automation strategies , devices, drives and control
circuits in automation - Semi-automats, automats and transfer lines.

UNIT-2: (10 Hours)
Mechanical, electrical, hydraulic, pneumatic, electronic & hybrid automation system. Comparative
evaluation of automation system

UNIT-3: (12Hours)
Concepts, features, fundamentals, advantages and classification of NC systems - input media,
Design consideration of NC machine tools - machining centre - MCU functions

UNIT-4: (12 Hours)
Controls and System devices - Control loops of NC system, CNC concepts, reference pulse and
sampled data techniques, microprocessor and CNC adaptive control, ACO and ACC systems.

UNIT -5: (10 Hours)
Computer aided part programming - post processor — APT programming — programming for
CNC turning center, Machining center and CNC EDM.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Explain the functions and purposes of automation strategies, devices, and
control circuits.

CO2 Compare and contrast mechanical, electrical, hydraulic, pneumatic,
electronic, and hybrid automation systems based on their characteristics
and uses.

COos3 Classify and distinguish NC, CNC and DNC systems.

CO4 Describe CNC machine structures and system drives.

CO5 Create manual and APT part programs for 2D complex profiles and test
the programs through simulation.

CO6 Develop interpolation algorithms for control loops and Explain latest
developments in CNC system.

Teaching Methods: Chalk& Board

Text Books:
1. ScropeKalpakjian,, “Manufacturing processes for Engineering Materials”, 5™ edition,

PHI, 2007.
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2. Radhakrishnan, P., “Computer Numerical Control Machines”, 1% edition, New Central
Book Agencies, 2013.

Reference Book:
1. Yoram Korem., “Computer control of Manufacturing systems”, Mc Graw Hill, 1986.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
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SUBJECT
CODE TITLE OF THE SUBJECT L | T P C QP
MATERIALS TECHNOLOGY 3 0 0 3 A
Pre -Requisite: ASA and ORS system
SYLLABUS

UNIT -1 (10 Hours)
Classification of materials — mechanical properties of metals.
UNIT —1I: (12 Hours)

Plastic instability — strain hardening / work hardening — strengthening mechanisms — cold
working and recrystallization..

UNIT — HI: (10 Hours)
Plastic working of metals — formability of sheet metals — Forming Limit Diagram (FLD) — super
plastic forming

UNIT - 1V: (12 Hours)
Workability of bulk metals — workability diagrams — necking and fracture of metals
UNIT - V: (12 Hours)

Machinability of carbon steels and nonferrous metals — machinability index

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Classify the materials on basis of their mechanical properties
CO2 Outline different metal working process such as strain hardening, cold working
and recrystallization
COos3 Interpret the concept of plastic working and workability metals
CO4 Design a metal forming process that incorporates FLD principles and super
plastic forming techniques
CO5 Apply workability diagrams to predict and enhance the workability of bulk
metals.
CO6 Analyze machinability of carbon steels and nonferrous metals
Teaching Methods: Chalk& Board
Text Books:

1. Senand Bhattacharya,, “Principles of Machine Tools”, 2" edition, New Central Book
Agencies,2009.

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

Reference Book:
1. Acherkan, “Machine Tool Design”, Vol 2, University Press of the Pacific, 2000.

CO-PO & PSO Mapping
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP
COMPUTER INTEGRATED 3 0
MANUFACTURING A
Pre -Requisite:
SYLLABUS
UNIT-1: (09 Hours)

Introduction to Computer integrated Manufacturing Systems: Manufacturing Systems, Types of
Manufacturing Systems, , Machine Tools and related equipment®s, Material Handling Systems,
Computer monitoring and control, Manufacturing support systems, The Product Cycle and
CAD/CAM, Functions of computers in CIMS: CIMS Data Files, System Reports, Benefits of
Computer integrated Manufacturing Systems.

Fundamentals of Numerical Control: Basic concepts of NC, Classification of NC- Point to Point
and contouring, Incremental and absolute system, Open loop and closed loop system, Advantages
of NC.

UNIT- 11 : (09 Hours)
NC/ CNC Machine Tools: General architecture of CNC Machine, Components of the CNC
Systems: Machine Control Unit, CNC Driving system components: Hydraulic, Servo Motors,
Stepper Motors, Feedback Devices: Encoder, Resolver, Inductosyn, Tachometers, Counting
devices.

UNIT-111: (09 Hours)
Constructional Features of CNC Machines: Design considerations of CNC machines for
improving machining accuracy, Structural Members, Slide ways, bearings, Re-circulating ball
Screws, Spindle drives, Work holding devices and tool holding devices, Automatic tool changers.

UNIT-1V: (09 Hours)
N.C Part Programming: Introduction, NC/ CNC programming methods: Manual part
programming for turning and milling centers, G codes, M codes, canned cycles, Programming
with CAD/CAM integration, CAM packages for CNC part program generation, Practical
Exercises on CNC part programming.

Computer Controls in NC: CNC Technology: Functions of CNC Control in Machine Tools,
Advantages of CNC,

Direct Numerical Control (DNC Systems): Configuration of DNC system, Functions of DNC,
Communication between DNC computer & MCU, Advantages of DNC

UNIT-V: (09 Hours)
Adaptive Control: machining systems. Adaptive control optimization system, adaptive control
constraint system, applications to machining processes, Benefits of Adaptive control Machining.
Computerized Manufacturing Planning and Control Systems: Computer aided process planning,
Variant and Generative approaches, Computer integrated production planning and control
systems, Typical production planning and control system, Material planning systems, Capacity
planning, Shop Floor Control, Automatic identification, Automated data collection systems

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Design and analyze computer-integrated manufacturing systems (CIMS),
including CAD/CAM integration, NC/CNC machine tools, and material
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handling systems, to optimize manufacturing processes.

CO2 Develop and implement numerical control (NC) programs using G codes
and M codes, and apply CNC programming methods to perform machining
operations.

CO3 Design and analyze CNC machine tools, including their architecture,

components, and constructional features, to improve machining accuracy
and efficiency.

CO4 Apply computer controls in NC, including CNC technology and direct
numerical control (DNC) systems, to optimize machine tool performance
and productivity.

CO5 Analyze and implement adaptive control systems in machining processes
to optimize performance and productivity
CO6 Evaluate and apply computer-aided process planning (CAPP) approaches,

including variant and generative approaches, to optimize manufacturing
processes and improve productivity.

Teaching Methods: Chalk& Board

Text Books:
1. Groover, M. P., “Automation, Production Systems and Computer Integrated
Manufacturing”, 4" edition Prentice Hall, 2016.
2. Donatas T I'junclis, Keith E Mekie, “Manufacturing High Technology Hand Book”,

Marcel Decker.

Reference Book:
1. Paul Ranky, “Computer Integrated Manufacturing”, Pearson Education Limited,
2005.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
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SUBJECT
CODE TITLE OF THE SUBJECT L | T P C QP
PRESS TOOLS IN METAL FORMING 3 0 0 3 A
Pre -Requisite:
SYLLABUS
UNIT-I: (10 Hours)

Elements, classification of press tools - clearance between punch and die, shut height and daylight,
press tonnage calculation - Strip layout, Basic rules, economic layout, bridge size, calculation of plug
point/center of pressure.

UNIT —II: (10 Hours)
Types of Press tools, Types and Role of tooling in the deformation system - Tools for cold
extrusion, force analysis, analogue method, nomograms -

UNIT —I1I: (08 Hours)
Tool design - Punch pressure significances -Tolerancing cold extrudes based on VOI data - Design
chart for a complete sequence of producing a cold extrude.

UNIT -1V (10 Hours)
Forging Tools - Design of Upsetting tools. Bending and Forming tools, Dies for headers, transfer
mechanisms.

UNIT -V: (10 Hours)
Design of tool for deep drawing Cutting tools - methods of reducing forces, die pillar set, fine
blanking tools.

Course Outcomes: Upon successful completion of this course, students should be able to:

Cco1 Classify different elements of press tool operations

CO2 Illustrate concept of strip layout and calculation of plug point/center of pressure

CO3 Design the effect of forces and punching pressure during cold and hot working process.

CO4 Analyze the impact of punch pressure on tool design and the quality of cold extrudes.

CO5 Apply techniques to design effective deep drawing and cutting tools, including die pillar
sets and fine blanking tools.

CO6 Design die for upsetting, bending, forming forging and drawing operations

Teaching Methods: Chalk& Board

Text Books:
1. Paquin Jr,, “Die Design Fundamentals”, 3" edition, New York Industrial Press, 1987.

2. Dallas, B. Daniel,, “Progressive Dies”, Michigan-SME, 1994.

Reference Book:
1. Smith A David, “Die Design Hand Book”, SME, 1990.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 2 | 3 |4]5]6|7|8]9|10|11|12|1(2| 3
Co1 3
CO2 2 2
CO3 1 2 2
CO4 2 1 2
CO5 2 2
CO6 2 1 3
Avg. 2.0 15 | 225
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SUBJECT

CODE TITLE OF THE SUBJECT L T P C QP

MICRO AND NANO
MANUFACTURING

Pre -Requisite:

SYLLABUS

UNIT-I: (10 Hours)
Introduction: Importance of Nano-technology, Emergence of Nanotechnology, Bottom-up and
Top-down approaches, challenges in Nanotechnology. Nanomaterials Synthesis and Processing:
Methods for creating Nanostructures; Processes for producing ultrafine powders- Mechanical
grinding; Wet Chemical Synthesis of nanomaterials- sol-gel process, Liquid solid reactions.

UNIT —II: (8 Hours)
Structural Characterization: X-ray diffraction, Small angle X-ray Scattering, Optical Microscope
and their description, Scanning Electron Microscopy (SEM), Scanning Probe Microscopy (SPM),
TEM and EDAX analysis, Scanning Tunneling Microscopy (STM), Atomic force Microscopy
(AFM).

UNIT —I1I: (8 Hours)
Spectroscopic characterizations: Basic concepts of spectroscopy, operational principle and
application for analysis of nanomaterials, UV-VIS-IR Spectrophotometers, Principle of operation
and application for band gap measurement, Raman spectroscopy.

Surface Characterization: X-ray Photoelectron Spectroscopy (XPS), Auger electron
spectroscopy, Low Energy lon Scattering Spectroscopy (LEISS), Secondary lon Mass
Spectroscopy (SIMS), Rutherford Backscattering Spectroscopy (RBS).

UNIT —IV: (8 Hours)
Micro-fabrication Techniques: Lithography, Thin Film Deposition and Doping, Etching and
Substrate Removal, Substrate Bonding. MEMS Fabrication Techniques, Bulk Micromachining,
Surface Micromachining, High- Aspect-Ratio Micromachining.

UNIT -V: (6Hours)
Nanofabrication Techniques: E-Beam and Nano-Imprint Fabrication, Epitaxy and Strain
Engineering, Scanned Probe Techniques, Self-Assembly and Template Manufacturing.

MEMS devices and applications: Pressure sensor, Inertial sensor, Optical MEMS and RF-
MEMS, Micro-actuators for dual-stage servo systems.

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Explain different techniques for the synthesis and characterization of
nanomaterials

CO2 Describe the principles and purposes of each characterization method..

CO3 Apply UV-VIS-IR Spectrophotometry and Raman spectroscopy for band gap
measurement and nanomaterial analysis.

CO4 Select a micro and nano manufacturing method and identify key variables to
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improve quality of MEMS.

CO5 Explain the basics of micro and nano fabrication techniques.

CO6 Develop appropriate industrially-viable process, equipment and tools for a
specific product

Teaching Methods: Chalk& Board

Text Books:
1. Mark James Jackson, Microfabrication and Nanomanufacturing, 2" edition, CRC Press,

2008.

2. Gabor L. Hornyak, H.F Tibbals, Joydeep Dutta & John J Moore, Introduction to
Nanoscience and Nanotechnology, 1% edition, CRC Press, 20009.

3. Ray F. Egerton , Physical Principles of Electron Microscopy: An Introduction to TEM,
SEM, and AEM , Springer, 2005.

Reference Book:
1. Robert F Speyer, Thermal Analysis of Materials, Marcel Dekker Inc, New York, 1994.
2. B.D. Cullity - Elements of X-Ray Diffraction, 3rd edition, Prentice Hall, 2002.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP
RESEARCH METHODOLOGY 5 0 0 5
AND IPR
Pre -Requisite:
SYLLABUS
UNIT:1 [09 Hours]

Research Methodology: Introduction, Meaning of Research, Objectives of Research, Types of
Research, Research Approaches, Significance of Research, Research Methodology, Research and
Scientific Method, Research Process, Criteria of Good Research.

Defining the Research Problem: Research Problem, Selecting the Problem, Necessity of Defining
the Problem, Technique Involved in Defining a Problem, An Illustration.

UNIT:2 [09 Hours]
Reviewing the literature: Place of the literature review in research, Bringing clarity and focus to
research problem, Improving research methodology. Review of the literature, searching the
existing literature, reviewing the selected literature, literature review to find the research gape.
Research Design: Meaning of Research Design, Need for Research Design, Features of a Good
Design.

UNIT:3 [09 Hours]
Data Collection: Introduction, Experimental and Surveys, Collection of Primary Data, Collection
of Secondary Data, Selection of Appropriate Method for Data Collection, Case Study Method.
Statistical method, Various graphs, Basic Concepts concerning testing of hypotheses, procedures
of hypothesis testing, generalization and interpretation ,Regression analysis.

UNIT:4 [09 Hours]
Introduction: Structure and components of scientific reports, types of report, developing research
proposal. Thesis writing: different steps and software tools in the design and preparation of
thesis, layout, structure ,illustrations ,tables, bibliography, referencing.

UNIT:5 [09 Hours]
Intellectual property rights and patent law, techniques of writing a Patent, filing procedure,
technology transfer, copy right, royalty, trade related aspects of intellectual property rights
Publishing: design of research paper, citation and acknowledgement, plagiarism tools,
reproducibility and accountability.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Understand research methodology, including types, approaches, and
criteria for good research.

CO2 Define and select research problems effectively, using appropriate
techniques.

COos3 Conduct literature reviews to identify gaps and improve research
methodology.

CO4 Develop research designs that meet objectives and incorporate essential
features.

CO5 Apply diverse methods for data collection and statistical analysis in
research.

CO6 Gain knowledge of intellectual property rights (IPR), including patent
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law, copyright, and technology transfer, for protecting research
innovations.

Teaching Methods: Chalk& Board / PPT/Video Lectures/Lecture by Industry Expert

Text Books:

1.C.R. Kothari ,"Research Methodology: Methods and Trends", New Age International.
2.Ranjit Kumar, "Research Methodology: A Step by Step Guide for Beginners"”, SAGE
Publications Ltd.,

3. B.L. Wadehra,"Law Relating to Patents,Trademarks, Copyright Designs and Geographical
Indications”, Universal Law Publishing

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 2 3 4(/5|6|7(8 9100|1112 |1]| 2| 3
CO1 3 1 1
CO2 2 2 1 1
CO3 3 2 1 1
CO4 3 3 2 1 1
CO5 3 2 1
CO6 3 2 1
Avg. 2.83 2 1.5 1 1
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SUBJECT
CODE TITLE OF THE SUBJECT L|T| P C QP
ADVANCE MANUFACTURING 0 0 4 5
LABORATORY
Pre -Requisite: Basic concept on welding, Modern manufacturing process
SYLLABUS

LIST OF EXPERIMENTS : (Minimum six experiment)

1. Gear Manufacturing by universal milling machine
Arc and Gas welding
Study of G-Code and M- code .
Simulation study of a job by using G-code and M-code by CNC machine.
Programming to prepare a job through plane turning and facing operation by CNC.
Programming to prepare a stepped cylindrical job by CNC .
Studies on GTAW, GMAW processes
CAD software introduction with simple examples. Single object modeling.
Preparation of a model through 3D printing.

© oo NGk WD

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Simulation and manufacturing.

CO2 Understanding CNC modeling and make programme for turning operation in
CNC machine by using G-code amd M-code.

COos3 Study of welding technology and quality test

CO4 Ability to prepare CAD model and manufacture the model through 3D printing.
CO-PO & PSO Mapping
PROGRAMME OUTCOMES PSOs
Cos 1 2 (3| 4 | 5 |6|7|8|910|11 |12 |12
Co1 2 2
CO2 1 2 2
COo3 1 1 2
CoO4 2 2
Avg. 1.0 0.5 1.75 0.5
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP
ENGINEERING SOFTWARE 0 0 8 4
LAB
Pre -Requisite: Knowledge about Numerical Method
SYLLABUS

MINIMUM TWO FROM GROUP A,BAND C

(A) NUMERICAL COMPUTATION.

(Using MATLAB or other software/language)

1. Basics of MATLAB or similar software/language

2. Finding solution by Numerical Methods (including graphics) for the following:
a. Bisection Method
b. Newton-Raphson Method
c. Secant Method
d. Gauss Elimination Method
e. Initial-Value Problems (e.g. Runge-Kutta Method)
f. Boundary Value Problem (eg. Shooting Method)
g. Eigen Value Problem

(B) SOLIDS MODELING
(Using Solid Modelling software eg. AUTOCAD/ProE/CATIA/SolidWorks/ UNIGRAPHICS
etc.)

1. Learning the Basics of Solid Modelling Software

2. Modelling in 2D and image scanning.

3. Modelling in 3D of machine tool parts like gear details, machine tool beds, Tailstocks and
assembly drawings of machine tools like lathe machine components, power drives, jigs &
fixtures, power presses etc. Use of various types of surfaces in 3D modelling, animation
features and other editing entities in machine tool assemblies.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Ability to write the code to solve numerical problem.

Cco2 Determine optimum solution for numerical methods by using MAT LAB/
Other software / language for programme

COos3 Develop 2D and 3D models for different mechanical components by
modelingprogramms

CO4 Analyze different finite element methods for various engineering
problems

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 2 3|4 5 6|7|8|9|10 |11 |12 |1 ]| 2 3
Co1 1 2 1
CcO2 1 2 2
CO3 1 2
CO4 2 2
Avg. 1 13| 1.75 2
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Il SEMESTER
SUBJECT
CODE TITLE OF THE SUBJECT L T P C QP
METAL CUTTING - THEORY AND

PRACTICE 3100} 3 ) A

Pre -Requisite: Mechanics, Manufacturing Sciences

SYLLABUS

UNIT- I (09 Hours)

Geometry of Cutting Tools: Geometry of single-point cutting tool: Orthogonal Rake System
(ORS), Conversions between ASA and ORS systems .
Mechanics of Machining Processes: Orthogonal and Oblique cutting, Mechanics of Chip

formation: Types of chips, chip-breakers, Chip reduction coefficient, shear angle, shear strain,
Merchant’s analysis of metal cutting process - Various forces, power and specific energy in
cutting.

UNIT:2 [09 Hours]
Tool wear, Tool life, Machinabilty and Machining Economics: Wear Mechanisms, Types of tool
wear, Tool Life and Machinability, Problems on Economics of Machining.

Cutting Tool Materials: Desirable Properties of tool materials, Characteristics of Cutting Tool
Materials, Indexable inserts, Coated tools.

UNIT:3 [09 Hours]
Mechanics of Multipoint Machining processes: Drill Geometry & Mechanics of Drilling Process,

Geometry of Milling Cutters and Mechanics of Milling process, Mechanics of Grinding (plunge
grinding and surface grinding), Grinding wheel wear.

UNIT:4 [09 Hours]
Introduction to Heat Distribution in Machining, Effects of VVarious Parameters on Temperature :
Effects of cutting speed on tool temperature and workpiece heating, Influence of feed rate on heat
distribution in the cutting zone., Impact of depth of cut on tool temperature and material
deformation. Methods of Temperature Measurement in Machining, Hot machining techniques
and their applications in industry, Role of cutting fluids in heat dissipation and tool life
enhancement, Recent advancements in heat management strategies in machining processes.

UNIT:5 [09 Hours]
Processing and Machining — Measuring Techniques — Reasons for failure of cutting tools and
forms of wear-mechanisms of wear-chatter in machining-factors effecting chatter in machining-

types of chatter-mechanism of chatter.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Understanding the Orthogonal Rake System (ORS) and its application in tool
design, alongside converting between ASA and ORS systems for optimized tool
geometry.

CO2 Studying chip formation types and strategies for effective control, including the
application of chip-breakers to manage chip morphology.

CO3 Applying Merchant’s analysis to analyze various forces involved, determine
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power requirements, and calculate specific energy consumption in cutting
operations.

CO4 Exploring the mechanisms and types of tool wear influencing tool life, and
evaluating machinability factors affecting tool performance and economics.

CO5 Discussing the desirable properties and characteristics of cutting tool materials,
focusing on the advantages and applications of indexable inserts and coated
tools.

CO6 Investigating the effects of cutting parameters (speed, feed rate, depth of cut) on
tool and workpiece temperatures, and assessing the role of cutting fluids and
recent advancements in heat management strategies.

Teaching Methods: Chalk& Board/PPT/Video lecturer

Text Books:
1. M. C. Shaw, Metal cutting-Principles and Practices, 2" dedition, Cambridge University
press. 2005
2. P.N. Rao, “Manufacturing Technology” , 4th edition, Tata McGraw Hill,2018
3. Bhattacharya A, Metal Cutting: Theory and Practice, New Central Book Agency,
Kolkata, 2007

Reference Books
1. Winston A. Knight and Geoffrey Boothroyd, Fundamentals of Machining and Machine
Tools, 3" edition, Taylor & Francis Group, 2005.
2. Trent, E. M. and P. K. Wright, Metal Cutting, 4th edition., Butterworth-Heinemann, 2000
3. Boothroid D.G. & Knight W.A., Fundamentals of machining and machine tools,
Marcel Dekker, Newyork,

CO-PO & PSO Mapping
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SUBJECT
CODE TITLE OF THE SUBJECT L | T P C QP
ADVANCED MANUFACTURING
PROCESSES 3 0 0 3 A
Pre -Requisite: Basic manufacturing process, Advanced welding Technology
SYLLABUS
UNIT-1: (09 Hours)

Advances in casting processes: Introduction to solid state welding processes, Advantages and
applications and imitations, Classification of solid state welding processes and describe each
processes , Adhesive bonding , advantages and applications.Advances in casting: Stir casting
process, variables in stir casting process, advantages and application. High pressure molding,
metal injection molding, centrifugal casting Die casting process.

UNIT- 11 : (09 Hours)
Advances in welding: Introduction friction welding processes, advantages limitations and
applications, processes parameters, Friction welding of similar and dissimilar metals, Friction stir
welding process, parameters, applications, friction stir processing, Friction stir welding similar
and dissimilar materials, Electron beam welding process, Laser beam welding processes, Hybrid
welding process, advantages and limitations Defective analysis of friction welded components.

UNIT- 111 : (09 Hours)
Non-Traditional Machining: Introduction, need, AJM, Parametric Analysis, Process capabilities,
USM

—Mechanics of cutting, models, Parametric Analysis, WJM —principle, equipment, process
characteristics, performance, EDM — principles, equipment, generators, analysis of R-C circuits,
MRR, Surface finish, WEDM.

UNIT-1V : (09 Hours)
Surface treatment: Scope, Cleaners, Methods of cleaning, Surface coating types, and ceramic and
organic methods of coating, economics of coating. Electro forming, Chemical vapour deposition,
thermal spraying, lon implantation, diffusion coating, Diamond coating and cladding.

UNIT-V: (09 Hours)
Laser Beam Machining — Principle of working, equipment, Material removal rate, Process
parameters,

performance characterization, Applications.

Plasma Arc Machining — Principle of working, equipment, Material removal rate, Process
parameters,

performance characterization, Applications.

Electron Beam Machining - Principle of working, equipment, Material removal rate, Process
parameters, performance characterization, Applications.

Electro Chemical Machining — Principle of working, equipment, Material removal rate, Process
parameters, performance characterization, Applications.

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Understand and explain the principles and applications of advanced casting and
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welding processes

CO2 Compare and contrast different non-traditional machining methods, including
AJM, USM, WIM, EDM, and WEDM.

CO3 Understand and evaluate the surface treatment methods and their applications,
including cleaning, coating, and surface modification techniques.

CO4 Explain the principles and working of advanced machining processes, including
Laser Beam Machining, Plasma Arc Machining, and Electron Beam Machining.

CO5 Identify and describe the advantages and limitations of various advanced
manufacturing processes.

CO6 Design and select appropriate manufacturing processes for specific engineering
applications, considering factors such as material, cost, quality etc.

Teaching Methods: Chalk& Board

Text Books

1. R. S. Mishra, Friction Stir Welding and Processing, ASM International, 2007.

2. Heine, Loper and Rosenthal, “Principles of Metal Casting”, 3" edition, Tata McGraw-Hill,
New Delhi, 2008.

3. Process and Materials of Manufacturing by R. A. Lindburg, 4th edition, PHI

Reference Books

1. R. Venketa Rao, “Advanced Modeling and Optimization of Manufacturing Processes”,
Springer, 2013.

2. Introduction to Manufacturing Processes by John A Schey, Mc Graw Hill.

3. Micro Machining of Engineering Materials by J. Mc Geough, CRC Press.
4. Non-Traditional Manufacturing Processes by Gary F Benedict, CRC Press.
5. Advanced Methods of Machining by J. A Mc Geough, Springer.

CO-PO & PSO Mapping
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SUBJECT

CODE TITLE OF THE SUBJECT L, T |P C QP

RAPID MANUFACTURING PROCESSES 3 0 0 3 A

Pre -Requisite: Additive manufacturing, Non conventional Machining

UNIT-I: : (08 Hours)
Introduction: Introduction to Prototyping, Traditional Prototyping Vs. Rapid Prototyping (RP),
Need for time compression in product development, Usage of RP parts, Generic RP process,
Classification of RP.

UNIT- II: (10 Hours)
RP Software: software, Preparation of CAD models, Problems with STL files, STL file
manipulation, RP data formats: SLC,IGES& STEP. Photo polymerization RP Processes: Stereo-
lithography (SL), SL resin curing process, SL scan patterns, Micro-stereo-lithography,
Applications of Photo polymerization Processes.

UNIT- I : (12 Hours)
Powder Bed Fusion RP Processes: Selective laser Sintering (SLS), Powder fusion mechanism
and powder handling, SLS Metal and ceramic part creation, Electron Beam melting (EBM),
Applications of Powder Bed Fusion Processes.

Extrusion-Based RP Systems: Fused Deposition Modelling (FDM), Principles, Plotting and path
control, Applications of Extrusion-Based Processes.

Printing RP Processes: 3D printing (3DP), Technical challenges in printing, Printing process
modelling, Applications of Printing Processes

UNIT-1V: (08Hours)
Rapid Tooling: Conventional Tooling Vs. Rapid Tooling, Classification of Rapid Tooling, Direct
and Indirect Tooling Methods, Soft and Hard Tooling methods. Reverse Engineering: Reverse
Engineering (RE) Methodologies and Techniques, Selection of RE systems, RE software, RE
hardware, RE in product development.

UNIT-V: (06 Hours)
Errors in RP Processes: Pre-processing, processing, post-processing errors, Part building errors in
SLA, SLS, etc. RP Applications: Design, Engineering Analysis and planning applications, Rapid
Tooling, Reverse Engineering, Medical Applications of RP.

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Model complex engineering products and develop process plans for rapid
production

CO2 Use RP software to prepare CAD models and manipulate STL files for printing.

CO3 Analyze and select a rapid manufacturing technology for a given component

CO4 Assess the effectiveness and suitability of powder bed fusion, extrusion-based,
and printing RP processes for various applications.

CO5 Compare and contrast soft vs. hard tooling methods and assess the effectiveness
of RE techniques in product development
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CO6 ‘ Identify the errors during generation of STL files and minimize them.
Teaching Methods: Chalk& Board
Text Books

1. Chua Chee Kai., Leong Kah Fai., Chu Sing Lim, Rapid Prototyping: Principles and
Applications in Manufacturing, 3™ edition World Scientific, 2010.
2. lan Gibson., David W Rosen., Brent Stucker., Additive Manufacturing Technologies:
Rapid Prototyping to Direct Digital Manufacturing, Springer, 2010

Reference Books
1. Rafig Noorani, Rapid Prototyping: Principles and Applications in Manufacturing, 1%
edition, John Wiley & Sons, 2006.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1| 2 | 3 [4] 5 [6]7[8][9f10[11]12]1[2] 3
Co1 2 1 1

co2 2 |1 1 1

CO3 2 |1 2

CO4 2 2 1

CO5 2 |1

CO6 2 |2

Avg. 20 | 1.25 | 1.33 1.25
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SUBJECT

CODE TITLE OF THE SUBJECT L T P C QP

MANUFACTURING MANAGEMENT 3 0 0 3 A

Pre -Requisite: POM

SYLLABUS

UNIT-1: (12 Hours)
Competitive priorities and manufacturing strategy: Introduction, Historical perspective of
manufacturing management, Competitive priorities and operational strategy, Functional area
strategy and Capability, Case Study.

Demand Forecasting: Introduction, Quantitative Methods introduction, Time series and moving
averages method, Exponential Smoothing method, Regression Analysis Method, Qualitative
Methods.

UNIT- 11 : (8 Hours)
Facility Design: Introduction and History, Product design and process selection, Capacity
planning, Plant location and Plant layout.

UNIT-111: (10 Hours).
Inventory control: From EOQ to ROP, Independent Demand Inventory control & Economic
Order Quantity (EOQ), Dynamic lot sizing, Statistical inventory control models

UNIT-1V : (06 Hours)
MRP crusade: History, Need, Evolution, Dependent Demand & Material Requirement Planning
(MRP), Structure of MRP system, MRP Calculations.

UNIT-V: (10 Hours)
Production Planning and Control: Shop floor control, Production scheduling, Aggregate
planning, The JIT revolution: Just-in-Time System: origin & goals, Characteristics of JIT
Systems, Continuous Improvement, The Kanban System, Strategic Implications of JIT System

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Identify key decision areas for operations managers and researchers for design
of production planning and control systems.

CO2 Evaluate and interpret Demand Forecast for production planning.

COos3 Design an optimal facility layout and select appropriate product design
approach.

CO4 Apply EOQ and ROP models to optimize inventory levels and control
independent demand.

CO5 Analyze the evolution and structure of MRP systems to understand their impact
on inventory and production management.

CO6 Develop a comprehensive production planning and control strategy that
incorporates JIT principles, shop floor control, and effective scheduling

Teaching Methods: Chalk& Board

Textbooks:
1. Krajewski U and Ritzman LP, Operations Management: Strategy and Analysis,
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9'™edition,Pearson
Education Pvt Ltd., Singapore, 2002.
2. R. Panneerselvam, Production and Operation Management, third edition, PHI publication,2012

Reference Books
1. Chase RB, Aquilano NJ and Jacobs RF, Operations Management for Competitive
Advantage,10™ edition McGraw-Hill Book Company, NY, 2003

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 2 314|567 [8|9]|10 11 12 | 1| 2 3
Co1 2 2
CO2 2 2
CO3 2 2
CO4 2 2
CO5 2 1 2 1
CO6 3 1 1
Avg. 216 | 133 |2 1
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SUBJECT
CODE TITLE OF THE SUBJECT L T P C QP
WELDING APPLICATION
TECHNOLOGY 300 3 1 A
Pre -Requisite: Basic manufacturing process
SYLLABUS
UNIT-1I: (10Hours)

GAS AND ARC WELDING PROCESSES

Fundamental principles —Oxyacetylene welding, Shielded metal arc welding, Submerged arc
welding, TIG & MIG welding, Plasma arc welding and Electroslag welding processes —
advantages, limitations and applications..

UNIT- 11 : (08 Hours)
RESISTANCE WELDING PROCESSES

Spot welding, Seam welding, Projection welding, Resistance Butt welding, Flash Butt welding,
Percussion welding and High frequency resistance welding processes — advantages, limitations
and applications.

UNIT-1II : (10 Hours)
SOLID STATE WELDING PROCESSES

Cold welding, Diffusion bonding, Explosive welding, Ultrasonic welding, Friction welding,
Forge welding, Roll welding and Hot pressure welding processes — advantages, limitations and
applications.

Electron beam welding, Laser Beam welding, Friction stir welding, Under Water welding,
Welding automation in aerospace.

UNIT-1V : (10 Hours)
Materials, processes, fabrication and construction, use of automatic welding and systems in
automobile industry, automation

UNIT-V : (12 Hours)
DESIGN OF WELD JOINTS, WELDABILITY AND TESTING OF WELDMENTS

Various weld joint designs — Weldability of Aluminium, Copper, Stainless steels. Destructive and
non destructive testing of weldments

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Understand the fundamental principle of gas and arc welding processes

CO2 Illustrate the resistance welding processes

COos3 Discuss the method involved in solid state welding processes

CO4 Demonstrate the role of automatic welding systems in the automobile industry
and how they contribute to automation.

CO5 Develop a comprehensive quality control plan that incorporates materials
selection

CO6 Design of weld joints, weldability and testing of weldments

Teaching Methods: Chalk& Board
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Text Books:
1. Parmer R.S., “Welding Engineering and Technology”, 1st edition, Khanna Publishers,
New Delhi, 2008.
2.0.P. Khanna , “Welding Technology”,Dhanpat Rai Publications; 2013

Reference Books
1. Little R.L., “Welding and welding Technology”, Tata McGraw Hill Publishing Co., Ltd.,
New Delhi, 34th reprint, 2008.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 | 2 [3|4]5]6]7]8[9]10]11]12[1]2] 3
Co1 3 2

co2 2 2

CO3 3 2 1

CO4 2 1 3
CO5 2

CO6 2 2 |2

Avg. 233 |18 |2 13
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SUBJECT

CODE TITLE OF THE SUBJECT L | T P C QP

MATERIAL SELECTION AND SAFETY 3 0 0 3 A

Pre -Requisite:

SYLLABUS

UNIT-1I: (10 Hours)
INTRODUCTION:

Classification of design, Engineering materials and their physical properties applied to design,
Selection of material, Factors of safety in design, Endurance limit of material - Determination of
endurance limit for ductile material, Notch sensitivity, Principles of design optimization.

UNIT- 11 : (10 Hours)
Theories of failure, Rankine's formula, Johnson formula, Reduction of stress concentration.
Technologically important properties of materials, Physical, Chemical and Mechanical properties
of metals, Criteria of selection of materials like properties, cost, manufacturing process,
availability, legal and safety factors

UNIT-III : (8 Hours)
MATERIALS FOR CORROSION AND WEAR RESISTANCE

Materials for atmospheric, soil, water, acid and alkaline resistance, Corrosion prevention
coatings, material for Chemical and Petroleum industries, materials and coatings for wear
resistance.

UNIT-1V: (10 Hours)
MATERIALS FOR A UTOMOTIVE APPLICATIONS

Criteria of selecting materials for automotive components viz cylinder block, Cylinder head,
piston, piston ring, Gudgeon pin, connecting rod, crank shaft, crank case, cam, cam shaft, engine
valve, gear wheel, clutch plate, axle, bearings, chassis, spring, body panel - radiator, brake lining
etc.

UNIT-V: (06Hours)
Application of nonmetallic materials like ceramics MMCs for engine components, Polymers and
FRPs for exterior and interior..

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Classify Engineering material on the basis of physical properties

CO2 Illustrate theories of failure, Rankine's formula, Johnson formula, Reduction of
stress concentration

CO3 Develop a comprehensive material selection plan that balances properties, cost,
manufacturing, availability, and legal/safety considerations.

CO4 Identify the materials for corrosion and wear resistance

CO5 Evaluate how material choices affect component performance and cost.

CO6 Implement these materials in relevant automotive applications.

Teaching Methods: Chalk& Board
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TEXT BOOKS:
1. Gladius Lewis, “Selection of Engineering Materials”, Prentice Hall Inc. New Jersey,
USA, 1995.
2. CharlesJ A and Crane. F A.A., “Selection and Use of Engineering Materials”,3rd Edition,
Butterworths, London UK, 1996.

REFERENCE BOOKS
1. George Murray “Hand book of material selection for engineering application”, 1%
edition, Taylor & Francis, 1997

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 2 3 41567891011 12|12 3
Co1 3 1
CO2 2 3 1
CO3 1 2 3
CO4 2 2
CO5 2 2 3
CO6 3 1 1 3
Avg. 216 | 16 1 3 3 1]3



http://www.giet.edu/

GANDHI INSTITUTE OF ENGINEERING AND
TECHNOLOGY UNIVERSITY, ODISHA, GUNUPUR

www.giet.edu

DEPARTMENT OF MECHANICAL ENGINEERING

SUBJECT CODE TITLE OF THE SUBJECT L T P C QP
MANUFACTURING OF
PRODUCTS FROM NON 3 0 0 3 A
METALIC MATERIALS

Pre -Requisite: Composite material

SYLLABUS

UNIT-I : (08 Hours)
Polymers - molding of thermoplastics - plastic sheet forming process - machining of
thermoplastics - Thermosetting plastics - properties, molding processes and machining - other
processing methods for plastics - plastic component design.

UNIT-II : (08 Hours)
Rubber: Manufacturing process - Manufacturing techniques, materials design, sizing,
components, building, moulding and vulcanising of tyres - Belting — manufacture and types

of hose.

UNIT-III : (10 Hours)
Types, processing and manufacturing techniques of Glass vessels. Ceramic materials -
Processing of ceramic products.

UNIT-IV : (08 Hours)

Composite matearials, Fiber, particulate, whisker reinforced ceramics, properties of
reinforcements and matrix.

UNIT-V : (08 Hours)
Manufacturing Techniques and applications of different Composites namely PMC, MMC and
CMC.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Understand the molding and machining of polymers

CO2 Illustrate the techniques involved in rubber manufacturing and processing

COos3 Evaluate the procedure for processing and manufacturing of glass
Vessels.

CO4 Explain the fundamental processes involved in the manufacturing of
ceramic products.

CO5 Analyze how different reinforcements (fiber, particulate, whisker) and
matrices affect the properties of composite materials.

CO6 Apply appropriate manufacturing techniques to produce PMC, MMC,
and CMC for various applications.

Teaching Methods: Chalk& Board

TEXT BOOKS:
1. Blow C M,, “Rubber Technology and Manufacturing”, 2" edition ,Newman
Butterworths, 1977.
2. Natamai Subramanian Muralisrinivasan, “Introduction to Polymer Compounding:
Machinery and Technology”Vol 2, smithersrapra publications,2015
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REFERENCE BOOKS
1. Vanviack L.H, “Physical Ceramics for Engineers”, Addision Wesley Publication, 1964.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 [2[3[4[5]6]7[8]9]10 1112 1 |2
co1l 3 2
CO2 2
CO3 3
Co4 3
CO5 2
CO6 3 3
Avg. 2.66 25
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S%%JEET TITLE OF THE SUBJECT L T P C QP
FINITE ELEMENT METHOD 3 0 0 3
Pre -Requisite: Basic Mathematics, MOS, AMOS
SYLLABUS
UNIT:1 (09 Hours)

Introduction: Role of the Computer, General Steps of the Finite Element Method, Applications of
the Finite Element Method, Advantages of the Finite Element Method.

Introduction to the Stiffness (Displacement) Method: Definition of the Stiffness Matrix,
Derivation of the Stiffness Matrix for a Spring Element, Example of a Spring Assemblage,
Assembling the Total Stiffness Matrix by Superposition (Direct Stiffness Method), Boundary
Conditions, Potential Energy Approach to Derive Spring Element Equations.

UNIT:2 (09 Hours)

Development of Truss Equations: Derivation of the Stiffness Matrix for a Bar Element in Local
Coordinates, Selecting Approximation Functions for Displacements, Transformation of Vectors
in Two Dimensions, Global Stiffness Matrix, Computation of Stress for a Bar in the x-y Plane,
Solution of a Plane Truss.

Energy Approach to Derive Bar Element Equations: Potential Energy Approach to Derive Bar
Element Equations, Comparison of Finite Element Solution to Exact Solution for Bar, Galerkin’s
Residual Method and Its Use to Derive the One-Dimensional Bar Element Equations, Other
Residual Methods and Their Application to a One-Dimensional.

UNIT-3 (09 Hours)

Development of Beam Equations: Derivation of the Beam Stiffness matrices, Distributed
Loading, Potential Energy Approach to Derive Beam Element Equations, Galerkin’s Method for
Deriving Beam Element Equations.

Development of the Plane Stress and Plane Strain Stiffness Equations: Basic Concepts of Plane
Stress and Plane Strain, Derivation of the Constant-Strain Triangular Element Stiffness Matrix
and Equations, Treatment of Body and Surface Forces.

UNIT:4 (09 Hours)

Development of the Linear-Strain Triangle Equations: Derivation of the Linear-Strain Triangular
Element Stiffness Matrix and Equations.

Axisymmetric Elements: Derivation of the Stiffness Matrix, Solution of an Axisymmetric
Pressure Vessel, Applications of Axisymmetric Elements.

UNIT:5 (09 Hours)
Isoparametric Formulation: Isoparametric Formulation of the Bar Element Stiffness Matrix,
Rectangular Plane Stress Element, Gaussian and Newton-Cotes Quadrature (Numerical
Integration), Evaluation of the Stiffness Matrix and Stress Matrix by Gaussian Quadrature.
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Plate Bending Element: Basic Concepts of Plate Bending, Derivation of a Plate Bending Element
Stiffness Matrix and Equations.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Explain the finite element method's role, steps, and advantages.

CO2 Develop stiffness matrices for springs, bars, and beams.

COos3 Derive finite element equations for trusses, beams, and plane stress/strain.
CO4 Formulate axisymmetric, linear-strain triangle, and plate bending elements.
CO5 Apply isoparametric formulation and numerical integration.

CO6 Analyze and solve engineering problems using the finite element method.

Teaching Methods: Chalk& Board/ PPT/Video Lectures/Lecture by Industry Expert.

Text Books

1. J. N. Reddy, An introduction to the Finite Element Method, 3rd edition, McGraw-Hill, 2006.

2. R. D. Cook, D. S. Malkus and M. E. Plesha, Concepts and Applications of Finite Element
Analysis, 4th edition, John Wiley, 2007.

3. K. J. Bathe, Finite Element Procedures in Engineering Analysis, 2nd edition (reprint),
Prentice-Hall, 2009.

Ref. Books

1. O. C. Zienkiewicz and R. L. Taylor, The Finite Element Method, 7th edition, Butterworth-
Heinemann, 2013.

2. H.S.Govind Rao,Finite Element Methods vs. Classical Methods, New Age Pub.,1%
edition,2007.

3. . Shames & Clive Dym, Energy & Finite Element Methods in structural Mechanics—Irving H,
New Age Publications, 1st Edition, 2006.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
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S%%]EET TITLE OF THE SUBJECT L T P C QP
PRECISION ENGINEERING 3 0 0 3 A
Pre -Requisite: Product Designing and product development, Metallurgy
SYLLABUS
UNIT-I : (09 Hours)

Tolerance and fits: ISO and ISI designation, calculation of clearance and interference fits,
probability of clearance and interference fits in transitional fits, examples of applications of
various fits, concept of selective assembly, calculation of fits in selective assembly.

Concept of part and machine tool accuracy: Accuracy specification of parts and assemblies,
accuracy of machine tools, alignment testing of machine tools.

UNIT-1I : (09 Hours)
Concepts of Accuracy, Accuracy of machine tools - spindle and displacement accuracies -
accuracies of NC systems - numerical interpolation errors - displacement measurement system
and velocity lags.

Theory of dimensional chains: Definitions, concept of dimensional chain or tolerance stack,
Examples of right and wrong dimensioning. Basic theory of dimensional chains. Calculation of
tolerances in dimensional chains.

UNIT-III : (09 Hours)
Processing Systems ,Processing systems for nanometer accuracies - mechanism of metal
processing - nano physical processing of atomic bit units - nano chemical and electrochemical
atomic bit processing.

UNIT-IV : (09 Hours)
In-process measurement of position of processing unit - post-process and on-machine
measurement of dimensional features and surface mechanical and optical measuring systems -
nano positioning systems - guide systems for moving elements - servo control systems for tool
positioning — computer aided digital and ultra-precision position control.

UNIT-IV : (09 Hours)
Applications and future trends in nano technology - nano-grating systems - nano-lithography,
photolithography and electron beam lithography - machining of soft metals: diamond turning -
mirror grinding of ceramics - nano-mechanical parts and micro-machines.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Apply tolerance and fit concepts for accurate assembly.

CO2 Specify and evaluate part and machine tool accuracy.

CO3 Calculate dimensional chains and tolerances.

CO4 Design processing systems for nanometer accuracies.

CO5 Implement in-process and post-process measurement techniques.

CO6 Apply nano technology to develop innovative manufacturing solutions.
Teaching Methods: Chalk& Board
TEXT BOOKS:

1. R.L.Murty, ”Precision Engineering in Manufacturing”, 1st edition, New Age International
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Publishers, 2005.

2. V.Kovan, "Fundamentals of Process Engineering",1% edition, Foreign Languages
Publishing House,
Moscow, 1975

REFERENCE BOOKS
1. J.L.Gadjala, "Dimensional control in Precision Manufacturing”, McGraw Hill Publishers.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP

HIGH SPEED MACHINING 3 0

o
w
>

Pre -Requisite: Manufacturing science-lI

SYLLABUS

UNIT-I (09 Hours)
Introduction: Advanced Machining Processes, A new Era The Determinants of High-Speed
Machining: Weight, Materials, Machine Tools, Simple Processes and Systems, Fast Machining,
Response Time, and Throughput, Smart Machines, Tools, and Processes.

UNIT-II (09 Hours)
Importance and perspective of machining process, Schematic Representation of machining
system, Different types of motions to generate different shapes. Orthogonal and oblique cutting,
shear plane and shear strain, Computation of chip reduction coefficient, Velocity triangle,
different process variables, actual feed and actual depth of cut, Different types of chips,
computation of MRR for different processes.

UNIT-II (09 Hours)
Temperatures in metal cutting: Heat generation and temperature distribution in metal cutting
(Primary and secondary zone), Measurement of cutting temperature, Effect of process variables
and tool geometry in temperature rise.

Cutting fluid and surface roughness: Need for cutting fluid, characteristics of an efficient
lubricant, Different applications: flood, jet, mist and Z-Z cooling, Cutting fluid maintenance and
its disposal, Concept of dry cutting.

UNIT-1V (09 Hours)
Characteristics of High-Speed Machining: Machining Parameters. Machine-tool Technology:
Manufacturing and Multi-task Machining Systems, High-Speed Machining, Support Technology.
Advanced Cutting Tools: Cutting-Tool Materials, Cutting-Tool Design, Tool Guidance and
Stability, Chip Control, Burr Control, Stringent Finish Requirements, Cost and Quality,
Intelligent Tooling.

Precision Hard Machining , Advanced Milling Operations.

UNIT-V : (09 Hours)
Precision Tooling Interface: Connection and Interface, Tool Clamping, Balancing, Run-out. Dry
and Near-dry Machining: Environmental Impact, Dry Machining, Near-dry Machining, Reducing
Coolant Use.

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Analyze the determinants of high-speed machining and evaluate the
importance of machining processes in modern manufacturing.
CO2 Apply the principles of machining systems, including motion types,

cutting processes, and process variables, to design and optimize
machining operations.
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CO3

Calculate and analyze temperatures in metal cutting, including heat
generation, temperature distribution, and the effects of process variables
and tool geometry.

CO4

Design and evaluate cutting tools for high-speed machining, considering
materials, design, tool guidance, chip control, and finish requirements.

CO5

Implement advanced machining techniques, including precision hard
machining and advanced milling operations, to achieve high-quality
surfaces and precise dimensions.

CO6

Optimize tooling interfaces and machining processes to reduce
environmental impact, including dry and near-dry machining, and
minimize coolant use.

Teaching Methods: Chalk& Board

TEXT BOOKS:

1. BertP. Erdel, High Speed Machining, SME Publications, Michigan, 2003.
2. Dale Mickelson, Hard Milling and High Speed Machining, Industrial Press Inc, United
States, 2007 .

REFERENCE BOOKS
1. King, Robert “Handbook of high-speed machining technology”, Springer,1985.

CO-PO & PSO Mapping
PROGRAMME OUTCOMES PSOs
Cos 1/ 2 | 3 | 4 |5/]6|7|8]9]10|11 12 12
Co1 3 1 1
CO2 3 2 3
COos3 3 1 1
CoO4 3 2 3
CO5 2 1
CO6 2 1
Avg. 2.66 | 1.33 1 2.33
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SUBJECT CODE TITLE OF THE SUBJECT L|T| P | C/| QP
ADVANCED DESIGN ENGINEERING ol a 5
LABORATORY
SYLLABUS

CAD Model, reading and translation of CAD files.
Mesh generation for CAD model / parts.

Handling of sheetmetal features.

Boundary condition for static load case.

Linear static analysis of cantilever.

Analysis of 1-D stepped bar

Analysis of Composite Plate.

Composite Wing Analysis

9) Steady state thermal analysis of a simple plate.

10) Analyze different CFD problems.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Ability to model different CAD Model.

CO2 Mesh generation and Static analysis of CAD model by using Boundary
condition.

COos3 Analyze different CFD analysis for various engineering problems

CO4 Application of finite element methods to solve various engineering
problems

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1] 2 [ 3 [4] 5 [6|7]8]9l10[11]12]1]2] 3
co1 2| 2 1] 1
CO2 2| 2 1] 1
CO3 2 2 | 1 1] 1
Co4 2 2 | 1 1] 1
Avg. 2 2 |1 1] 1
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SUBJECT
CODE TITLE OF THE SUBJECT L T P C QP
COMPOSITE MODELING AND 0 0 4 5
TESTING LABORATORY
SYLLABUS
1. Analysis of tensile strength of composite material by electronic tensometer.
2. Analysis of compressive strength of composite material by UTM.
3. Analysis of impact strength of composite material by Charpy impact test.
4. Analysis of impact strength of composite material by 1zod impact test.
5. Determination of hardness of composite material by Brinnel hardness tester.
6. Determination of hardness of composite material by Rockwell hardness tester.
7. Determination of hardness of composite material by Vickers / micro-hardness tester.
8. Hardenability of steel by Jominy end quench test.
9. Sample preparation and study of microstructure.
10. Analysis of wear rate and co-efficient of friction by wear testing machine.
Course Outcomes: Upon successful completion of this course, students should be able to:
Cco1 Understand about the composite and its modelling.
CO2 To analyze various material properties , wear rate and co-efficient friction of
of composite material.
CO3 Calculation of hardenability of material.
CO4 Apply core concepts in material science to solve engineering problems
CO-PO & PSO Mapping
PROGRAMME OUTCOMES PSOs
Cos 1 2 |3|4| 5 |6|7|8|9]10 |11 |12 12| 3
Co1 2 2 2 1
CO2 2 2 2 1
COo3 2 1 2 1
CoO4 2 1 2 1
Avg. 2| 15 2 1
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11 Semester [Second Year]

SUBJECT CODE TITLE OF THE SUBJECT L T P C QP
FLEXIBLE MANUFACTURING 3 0 0
SYSTEMS
Pre -Requisite: Manufacturing proceses
SYLLABUS
UNIT:1 [10 Hours]

Understanding of FMS: Evolution of Manufacturing Systems, FMS: Definition, objective and
Need, FMS: components, Merits, Demerits and Applications, Flexibility in Pull and Push type.
Classification of FMS Layout: FMS: Layouts and their Salient features, Single line, dual line,
loop, ladder, robot centre type.

UNIT:2 [7 Hours]
Salient features of processing stations: Processing stations- Machining Centers, Turning centre,

Coordinate measuring machine (CMM), Washing/ Deburring station.

UNIT:3 [7 Hours]
MHS; An introduction: Material Handling System Conveyor, Robots, Automated Guided
Vehicle (AGV), Automated Storage Retrieval System (ASRS).

UNIT:4 [8 Hours]
Management Technology: Tool Management, tool magazine, Tool preset, identification, Tool

monitoring and fault detection, FMS: Configuration planning and routing, FMS: Production
Planning and Control, FMS: Scheduling and loading.

UNIT:5 [8 Hours]
Design of FMS: FMS: Performance Evaluation introduction, Analytical model of FMS,

Simulation model of FMS.
Case studies: Typical examples /case studies of FMS.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Classify and distinguish FMS and other manufacturing systems including
job-shop and mass production systems
CO2 Explain processing stations and material handling systems used in FMS
environments
COos3 Design and analyze FMS using simulation and analytical techniques and
Describe tool management in FMS
CO4 Analyze the production management problems in planning, loading,
scheduling, routing and breakdown in a typical FMS.
CO5 Explain Tool Management in FMS, including aspects like tool magazine,
tool preset, identification, monitoring, and fault detection
CO6 Simulate FMS operations to evaluate performance.
Teaching Methods: Chalk& Board/PPT/Video Lecturers
Text Books:

1. Groover,M.P “Automation, Production Systems and Computer Integrated
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Manufacturing”, fourth edition,Prentice Hall of India Pvt.Ltd. New Delhi 2015
2. Reza A Maleki “Flexible Manufacturing system” Prentice Hall of Inc New Jersey, 1991

Reference Book:
1. William W Luggen, “Flexible Manufacturing Cells and System”, first edition ,Prentice
Hall of Inc New Jersey, 1991.
2. John E Lenz “Flexible Manufacturing” ,marcel Dekker Inc New York, 1989

CO-PO & PSO Mapping
PROGRAMME OUTCOMES PSOs
CcoO1 2 1 1|1
CcO2 2 1 1|1 1
CO3 2 1 111
CcO4 2 1 1|1
Co5 2 111
CO6 2 1 1|1
Avg. 2 1 111 1
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SUBJECT
CODE TITLE OF THE SUBJECT L T P C QP
ROBOTICS 3 0 0 3
Pre -Requisite: Basic Mathematics, KDM, Mechanics
SYLLABUS
UNIT:1 (09 Hours)

Fundamentals of Robotics: Introduction Automation & Robotics robot applications robotic
systems, robot anatomy and robot configurations, Joint types used in robots, robot wrists, joint
notation schemes, work value for various robot anatomies, robot specifications, introduction to
robot arm dynamics. Robots end-effectors-classification of end-effectors, mechanical grippers,
magnetic grippers, electrostatic grippers, multiple grippers.

UNIT:2 (09 Hours)

Denavit- Hartenberg Approach, D-H Parameters, Position Representations, orientations, and
frame, mappings.

Robot Kinematics - Forward & reverse kinematics, forward and reverse transformation of two
DOF. Robot drives & control-pneumatic power drives, hydraulic systems, electric drives, robot
controllers-servo and non servo systems, motion control of robots, point to point and continuous
path control.

UNIT:3 (09 Hours)
Robot Sensors: Scheme of robotic sensors, contact type sensors, force, torque, touch, position,
velocity sensors, non-contact type sensors, electro-optical imaging sensors, proximity sensors.

Types of drives — Hydraulic, Pneumatic and Electric, Comparison of all such drives, DC servo
motors, Stepper motors, AC servo motor — salient features and applications.

UNIT:4 (09 Hours)
Industrial application of robot : Robot welding, Robot painting, Robot assembly, Robot
inspection, Robot packaging , Robot material handling, Robot pick and place, Robot drilling,
Robot cutting, Robot grinding , Robot polishing, Robot soldering, Robot spraying.

Robot application in agriculture, Robot application for landmine detection.

UNIT:5 (09 Hours)
Industry 4.0 - Definition — Goals and Design Principles - Technologies of Industry 4.0 , Robot in
industry 4.0, Scope and techniques of automation, Robotic process automation. RPA vs
Automation, Types of Bots, RPA Development methodologies, RPA business case, - RPA and
emerging ecosystem.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Explore robot applications and systems, understanding automation principles.

CO2 Analyze robot joints, wrists, and configurations, interpreting joint types and
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notation schemes.
Explain and solve the forward and inverse kinematics of robot by using D-H
cos parameters.
co4 Classify and explain the mechanical, magnetic, and electrostatic grippers,
evaluating contact and non-contact sensors.
Compare hydraulic, pneumatic, and electric drives, and discuss DC servo,
CO5 stepper, and AC servo motors and their applications.
COB Explore robot roles in welding, painting, assembly, and automation trends like
RPA and Industry 4.0 technologies.

Teaching Methods: Chalk& Board/ PPT/Video Lectures/Lecture by Industry Expert.

Text Books

1. S. R. Deb, Robotics Technology & Flexible Automation, Tata McGraw Hill,2" edition, 2003
2. M.P Groover, M Weiss, R M gnagel and N G Ordrey, “Industrial Robotics”, Tata McGraw-
Hill, New Delhi, 2008.

3. Y. Koren, Robotics for Engineers, McGraw Hill. 2008

Ref. Books

1. R.K. Mittal, 1 J Nagrath, “ Robotics and Control”, Tata McGraw Hill, 2003, 6th Reprint, 2007,
New Delhi.

2. S. K. Saha, “Introduction to Robotics” , McGraw-Hill Education India, New Delhi, 2008. 3.

Saeed B. Niku, “Introduction to Robotics: Analysis, Systems, Application”, Pearson education,
2011.

CO-PO & PSO Mapping
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SUBJECT
CODE TITLE OF THE SUBJECT L T P C QP
MECHANICAL DRIVES 3 0 0 3
Pre -Requisite:
SYLLABUS
UNIT:1 [08 Hours]

Design of Keys, Shaft and Couplings: Classification of keys and pins, Design of keys and pins,
Theories of failure, Design of shafts: based on strength, torsional rigidity and fluctuating load,
ASME code for shaft design.

UNIT:2 [08 Hours]
Design of Coupling: Types of shaft coupling, design of flange coupling . Design of Mechanical
Springs: Types of helical springs, Design of Helical springs, bulking of spring, spring surge, end
condition of springs

UNIT:3 [08 Hours]
Design of Flywheel: Functions, Coefficient of fluctuation of energy and Coefficient of
fluctuation of speed, energy storage in flywheel, stresses in flywheel, design of flywheel.

Design of clutch: Friction clutch, Cone clutch and Centrifugal clutch, Design of Brake : Block &
Band brake, Internal expanding shoe brake.

UNIT:4 [08 Hours]
Design of Gears: Review of kinematics of gears & terminology, interference, tooth profiles,
formative number of teeth etc. Design of Spur Gear drive, Helical Gear drive.

UNIT:5 [08 Hours]
Design of Bevel Gear Drive: Types of bevel gear, proportions of bevel gear, force analysis of
bevel gear drive, design of bevel gear drive. Design of Worm Gear Drive: Worm Gearing—
AGMA Equation; Worm-Gear force analysis Designing a Worm-Gear Mesh; Buckingham Wear
Load.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 understanding of the principles and applications of various types of mechanical
drives used in manufacturing systems.
CO2 develop the ability to design, analyze, and select appropriate mechanical drives

based on performance requirements, safety standards, and economic
considerations.

CO3 understand the manufacturing processes and quality control techniques for
producing and maintaining mechanical drive components.
CO4 acquire skills in the maintenance, lubrication, and condition monitoring of

mechanical drives, ensuring their long-term reliability and performance.

CO5 apply theoretical knowledge to practical problems, designing and optimizing
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mechanical drive systems for specific manufacturing applications.

CO6

stay informed about emerging trends and technologies in mechanical drives,
preparing them to innovate and improve manufacturing systems.

Teaching Methods: Chalk& Board/PPT/Video Lecturers

Text Books:
P.H. Black ,Machine Design, third edition, TMH.1968
Shigley ,Mechanical Engineering Design, tenth edition , TMH.2015

Reference Book:
1. Shigley & Mischke ,Hand book of Machine Design, second edition , McGraw Hill ,2004
2. Kent ,Mechanical Engineering Hand book Vol 1 & 2, twelfth edition, John Willey &
Sons,1950
3. Machine Tool Design Data Book, CMTI.

DESIGN DATA HAND BOOKS
1. S.M.Jalaluddin ,Design Hand Book;third edition Anuradha Agencies Publications 2014
2. K.Lingaiah, Machine Design Data Book, second edition, Tata Mcgraw Hill,2010

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
PO1| PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10]| PO11| PO12 | PSO1] PSO2| PSO3
coi1| 3 3
CcO?2 3 3 2
coz| 3 3
cosa| 3| 2|3
cos| 3| 3|3
cos| 3 3
Avg.| 3 |2.67|2.83
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP
THEORY OF PLASTICITY 3 0

Pre -Requisite: Mechanics of solids, Material science

SYLLABUS

UNIT:1 [08 Hours]

Invariance in terms of the deviatoric stresses, representative stress - Engineering and natural
strains, cubical dilation, finite strains co-efficients, Octahedral strain, strain rate and the strainrate
tensor.

UNIT:2 [08 Hours]
Yield criteria for ductile metal - Yield criteria for an anisotropic material. Stress - Strain
Relations — Plastic stress-strain relations, Prandtl Roeuss Saint Venant, Levy — Von Mises, Yield
locus, symmetry convexity, normality rule.

UNIT:3 [08 Hours]
Crystal Plasticity, the crystalline state, crystallographic indices, the preferential planes and
directions, critical shear stress.

UNIT:4 [08 Hours]
Theory of simultaneous slip, slip bands, the plastic bending in crystals, dislocations and crystal
growth, polycrystals and grain boundaries

UNIT:5 [08 Hours]
Plane plastic strain and the theory of the slip line filed, two dimensional problems of steady and
non steady motion, plastic anisotropy.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 demonstrate an understanding of invariance concerning deviatoric
stresses and representative stresses, and their implications in material
behavior under various loading conditions.

CO2 calculate finite strain coefficients, understand cubical dilation, and
analyze strain rate using tensorial representation, applying them to real-
world engineering scenarios.

CO3 gain knowledge of yield criteria for ductile metals and anisotropic
materials, including stress-strain relations and plastic stress-strain
behaviors according to theories like Prandtl-Roeuss, Saint Venant, Levy-
Mises, and understanding yield locus characteristics.

CO4 learn the fundamentals of crystal plasticity, including the crystalline
state, crystallographic indices, critical shear stress, and the role of
preferential planes and directions in material deformation.

CO5 gain insight into dislocations, their role in plastic deformation and crystal
growth, and the behavior of polycrystals and grain boundaries in
materials science and engineering.

CO6 apply the theory of simultaneous slip, analyze slip bands, plastic bending
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in crystals, and solve problems related to plane plastic strain and slip line
fields, addressing two-dimensional steady and non-steady motion and
plastic anisotropy.

Teaching Methods: Chalk& Board/PPT/Video Lecturers

Text Books:
1. Narayanasamy R, “Theory of Engineering Plasticity”, first edition, Ahuja Publications,

2000.
2. R.Hill, “The Mathematic theory of Plasticity”, second edition, Oxford Publication, 1998

Reference Book:
1. Johnson and Mellor, “Plasticity for Mechanical Engineers”, second edition, Ban
Nostrand, 1973.

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1| PSO2| PSO3
col| 3 3 2
coz2| 3 3 3
co3| 3 3 3
cos| 3 3 2
cos| 3 3 3
cos!| 3 3 3
Avg.| 3 3 | 2.67
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SUBJECT
CODE TITLE OF THE SUBJECT L T P C QP
BUSINESS ANALYTICS 3 0 0 3 A
Pre -Requisite: Baisc knowledge of finance and marketing
SYLLABUS
UNIT:1 [16 Hours]

Business analytics: Overview of Business analytics, Scope of Business analytics, Business
Analytics Process, Relationship of Business Analytics Process and organisation, competitive
advantages of Business Analytics.

Statistical Tools: Statistical Notation, Descriptive Statistical methods, Review of probability
distribution and data modelling, sampling and estimation methods overview.

Trendiness and Regression Analysis: Modelling Relationships and Trends in Data, simple Linear
Regression. Important Resources, Business Analytics Personnel, Data and models for Business
analytics, problem solving, Visualizing and Exploring Data, Business Analytics Technology.

UNIT:2 [12 Hours]

Organization Structures of Business analytics, Team management, Management Issues,
Designing Information Policy, Outsourcing, Ensuring Data Quality, Measuring contribution of
Business analytics, Managing Changes. Descriptive Analytics, predictive analytics, predicative
Modelling, Predictive analytics analysis, Data Mining, Data Mining Methodologies, Prescriptive
analytics and its step in the business analytics Process, Prescriptive Modelling, nonlinear
Optimization.

Forecasting Techniques: Qualitative and Judgmental Forecasting, Statistical Forecasting Models,
Forecasting Models for Stationary Time Series, Forecasting Models for Time Series with a
Linear Trend, Forecasting Time Series with Seasonality, Regression Forecasting with Casual
Variables, Selecting Appropriate Forecasting Models.

UNIT:3 [14 Hours]

Monte Carlo Simulation and Risk Analysis: Monte Carle Simulation Using Analytic Solver
Platform, New-Product Development Model, Newsvendor Model, Overbooking Model, Cash
Budget Model.

Decision Analysis: Formulating Decision Problems, Decision Strategies with the without
Outcome Probabilities, Decision Trees, The Value of Information, Utility and Decision Making.
Recent Trends in : Embedded and collaborative business intelligence, Visual data recovery, Data
Storytelling and Data journalism.

Course Outcomes: Upon successful completion of this course, students should be able to:
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Co1 Understand the concept of scope of business analytic and data analytics.

CO2 Analyze the ability of decisions making based on data analytic and deep
analytics.

COos3 Apply the technical skills in predicative and prescriptive modeling to support

business decision-making.

CO4 Develop the ability to translate Formulating Decision and Decision Strategies.

Teaching Methods: Chalk& Board/ PPT/Video Lectures/Lecture by Industry Expert

Text Books:

1. Schniederjans , D. G, Starkey, C.M. Business analytics and Principles, Concepts, and
Applications , 1st Edition, Pearson FT Press. 2016

Reference Book:

1. James. R.E, Business Analytics, 2nd Edition, pearsons Education. 2015

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1(2|3|4|5|6|7]38 9 10 11 12 | 1|2 3
CO1 2 2 2 2
CO2 2 3 3 3
CO3 2 3 2 2
CO4 2 2 3 2
Avg. 2 |25 |25 2.25
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SUBJECT
CODE TITLE OF THE SUBJECT L | T P C QP
INDUSTRIAL SAFETY 3 0 0 3 A
Pre -Requisite: Fundamentals of safety rules and information
SYLLABUS
UNIT:1 [8 Hours]

Industrial safety: Accident, causes, types, results and control, mechanical and electrical hazards,
types, causes and preventive steps/procedure, describe salient points of factories act 1948 for
health and safety, wash rooms, drinking water layouts, light, cleanliness, fire, guarding, pressure
vessels, etc, Safety color codes. Fire prevention and firefighting, equipment and methods.

UNIT:2 [8 Hours]

Fundamentals of maintenance engineering: Definition and aim of maintenance engineering,
Primary and secondary functions and responsibility of maintenance department, Types of
maintenance, Types and applications of tools used for maintenance, Maintenance cost & its
relation with replacement economy, Service life of equipment.

UNIT:3 [8 Hours]

Wear and Corrosion and their prevention: Wear- types, causes, effects, wear reduction methods,
lubricants-types and applications, Lubrication methods, general sketch, working and applications,
i. Screw down grease cup, ii. Pressure grease gun, iii. Splash lubrication, iv. Gravity lubrication,
v. Wick feed lubrication vi. Side feed lubrication, vii. Ring lubrication, Definition, principle and
factors affecting the corrosion. Types of corrosion, corrosion prevention methods.

UNIT:4 [8 Hours]

Fault tracing: Fault tracing-concept and importance, decision tree concept, need and applications,
sequence of fault finding activities, show as decision tree, draw decision tree for problems in
machine tools, hydraulic, pneumatic,automotive, thermal and electrical equipment’s like, I. Any
one machine tool, ii. Pump iii. Air compressor, iv. Internal combustion engine, v. Boiler, vi.
Electrical motors, Types of faults in machine tools and their general causes.

UNIT:5 [12 Hours]

Periodic and preventive maintenance: Periodic inspection-concept and need, degreasing, cleaning
and repairing schemes, overhauling of mechanical components, overhauling of electrical motor,
common troubles and remedies of electric motor, repair complexities and its use, definition, need,
steps and advantages of preventive maintenance. Steps/procedure for periodic and preventive
maintenance of: I. Machine tools, ii. Pumps, iii. Air compressors, iv. Diesel generating (DG) sets,
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Program and schedule of preventive maintenance of mechanical and electrical equipment,
advantages of preventive maintenance. Repair cycle concept and importance

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 | Understand different types of mechanical and electrical safety.

CO2 | Understand the concept about automobile, hydraulic, pneumatic and electrical device.

CO3 | Understand the concept of preventive maintenance of different automobile instruments.

CO4 | Apply the concept of overhauling of mechanism in automobile sector.

CO5 | Apply principles and procedures for periodic and preventive maintenance of mechanical
and electrical equipment.

CO6 | Implement preventive maintenance programs and schedules to optimize equipment
reliability and performance.

Teaching Methods: Chalk& Board/ PPT/Video Lectures/Lecture by Industry Expert

Text Books:

Morrow, H , Maintenance Engineering Handbook, 7th Edition, Mc Graw Hill Access Engineering
2008.

Garg, H.P, Maintenance Engineering, 2nd Edition, S. Chand and Company, 2010.

Reference Book:
1. Green, D.W, Perry, R.H, Pump-hydraulic Compressors, 8th Edition, Mc Graw Hill
Access 2008 .
2. Gunaratne, M, Foundation Engineering of analysis and design Data Handbook, 2nd
Edition, CRC Press, 2013

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs

Cos 1 2 3/4,5|6|7|8|910 |11 |12 1 2
Co1 2 1 1
COo2 3 1 2
CO3 2 1 1
CO4 2 1 2
CO5 3 1 1
CO6 2 2 2
Avg. | 2.33 1.16 15
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SUBJECT
CODE TITLE OF THE SUBJECT L T | P C QP
OPERATIONS RESEARCH 3 0 0 3 A
Pre -Requisite: Basic mathematics
SYLLABUS
UNIT:1 [10 Hours]

Optimization Techniques, Model Formulation, models, General L.R Formulation, Simplex
Techniques,Big-M and Two phase method.

Formulation of a LPP - Graphical solution - duality theory - dual simplex method - Sensitivity
Analysis. parametric programming.

UNIT:2 [8 Hours]
Transportation Problems: Methods for obtaining basic feasible solutions (NWCR, LCM &
VAM), Methods for obtaining optimum solution (Stepping stone & Modi method) Specific
features of transportation problem.

UNIT:3 [8 Hours]
Assignment Problem: Hungarian method for solving assignment problems. Maximization in
Assignment problem, Unbalanced assignment problem.

UNIT:4 [10 Hours]
Introduction, flow shop sequencing, n-jobs through two machines, n — jobs through three
machines, only

Project planning, scheduling, and controlling, - CPM/PERT.

UNIT:5 [10 Hours]
Introduction to decision theory, mini max (max. mini) — criterion and optimal strategy, - solution
of game with saddle point., dominance principle.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Understand the basic concept of simplex Techniques, and Linear programming.

CO2 Analyze, formulate and solve linear programming problems using appropriate
techniques.

COos3 Apply the concept of post optimal analysis in parametric programming.

CO4 Explain the application of transportation & assignment problems

CO5 Analyze the concept of scheduling, sequencing and networking.

CO6 Develop the concept on game theory, single server and multiple server models

Teaching Methods: Chalk& Board/ PPT/Video Lectures/Lecture by Industry Expert

Text Books:

1. Taha, H.A. Operations Research, An Introduction,9th Edition PHI, 2018
2. Wanger, H.M. Principles of Operations Research, 5th Edition, PHI, 2012.

Reference Book:
1. Libermann, H. Operations Research3rd Edition, Mc Graw Hill Publishing, 2009
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2. Pannerselvam,R. Operations Research 2nd Edition, PHI Publishing, 2015
3. Wagner, H.M. Principles of Operations Research, 2nd Edition, PHI Publishing, 2010

CO-PO & PSO Mapping

PROGRAMME OUTCOMES PSOs
Cos 1 | 2 [ 3[4a]s5]6]7[8]o]10][11]12]1]2
co1l 2 2

CO2 3 3

CO3 2 2

CO4 2 2

CO5 2 3 1

CO6 2 2

Avg. 216 |233 |10
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SUBJECT

TITLE OF THE SUBJECT L T P C P
CODE Q

COST MANAGEMENT OF

ENGINEERING PROJECTS 3 0 0 3 A
Pre -Requisite: Mathematics, Basics of costing
SYLLABUS
UNIT:1 [10 Hours]

Project Feasibility Analysis: Technical feasibility, commercial and financial viability,
Environment Analysis.

Project Engineering: Project Management Techniques : PERT, CPM, Project Scheduling
Crashing, PERT / COST, LOB

UNIT:2 [14 Hours]

Projects Financing alternatives, Sources of finance, their advantages, Choice of Financing mix,
Capital budgeting.
Costing: Fixed and variable cost. Break even analysis, Overhead allocation Techniques

UNIT:3 [16 Hours]

Project Organisation, management and control: Project organisation and control staffing,
Monitoring: cost, time and control and progress monitoring techniques. Product and service
pricing: Availability and quality based pricing for services.

Course Outcomes: Upon successful completion of this course, students should be able to:

Co1 Understand the basic fundamentals of project management and project
feasibility.

CO2 Identify the different stages involved in project planning.

COos3 Understand the concept of Project Scheduling and to analyze the Project
Feasibility.

CO4 Apply the concept of Break even analysis and overhead allocation Techniques.

Teaching Methods: Chalk& Board/ PPT/Video Lectures/Lecture by Industry Expert

Text Books:

1. Nagarajan .K. Project Management, 7th Edition, New Age International Publisher, 2015

Reference Book:
2. Wiest, J.D. Levy, F.K. Project Engineering and Management, 3rd Edition, Prentice Hall,
2009

CO-PO & PSO Mapping
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PROGRAMME OUTCOMES PSOs
Cos 12345678 91w 11 [12]1]2
co1l 2 |3
CO2 2 |2 |3
CO3 2 |2 |2
co4 2 |2 |2
Avg. 2 |2 |25
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SUBJECT
CODE TITLE OF THE SUBJECT L T P C QP
WASTE TO ENERGY 3 0 0 3 A
Pre -Requisite: Basic science and chemistry
SYLLABUS
UNIT:1 [16 Hours]

Introduction to Energy from Waste: Classification of waste as fuel — Agro based, Forest residue,
Industrial waste - MSW — Conversion devices — Incinerators, gasifiers, digestors

Biomass Pyrolysis: Pyrolysis — Types, slow fast — Manufacture of charcoal — Methods - Yields
and application — Manufacture of pyrolytic oils and gases, yields and applications

UNIT:2 [12 Hours]

Biomass Gasification: Gasifiers — Fixed bed system — Downdraft and updraft gasifiers —
Fluidized bed gasifiers — Design, construction and operation — Gasifier burner arrangement for
thermal heating — Gasifier engine arrangement and electrical power — Equilibrium and kinetic
consideration in gasifier operation.

Biomass Combustion: Biomass stoves — Improved chullahs, types, some exotic designs, Fixed
bed combustors, Types, inclined grate combustors, Fluidized bed combustors, Design,
construction and operation - Operation of all the above biomass combustors.

UNIT:3 [14 Hours]

Biogas: Properties of biogas (Calorific value and composition) - Biogas plant technology and
status - Bio energy system - Design and constructional features - Biomass resources and their
classification - Biomass conversion processes - Thermo chemical conversion - Direct combustion
- biomass gasification - pyrolysis and liquefaction - biochemical conversion - anaerobic digestion
- Types of biogas Plants — Applications - Alcohol production from biomass - Bio diesel
production - Urban waste to energy conversion - Biomass energy programme in India.

Course Outcomes: Upon successful completion of this course, students should be able to:

CO1 Understand different types of renewable energy sources and their utilization.
CO2 Understand the concepts of Fuel cells and their applications.

CO3 Apply the biomass gas conversion technique in direct combustion process.
CO4 Design Biomass gasification methods in downdraft and updraft gasifiers.

Teaching Methods: Chalk& Board/ PPT/Video Lectures/Lecture by Industry Expert
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Text Books:

1. Desai, A. Non Conventional Energy, 2nd Edition, New age International Publishers,
2011.

2. Khandelwal, K.C., Mahdi, S.S. Biogas Technology A Practical Hand Book, 2nd Edition
Tata McGraw Hill Publishing 2013.

Reference Book:
1. Challal, D. S. Food, Feed and Fuel from Biomass, 1st Edition, IBH Publishers, 2011.
2. Werko,C.Y. Hagan, E.B. Biomass Conversion and Technology,2nd Edition,John Wiley

& Sons, 2016.
CO-PO & PSO Mapping
PROGRAMME OUTCOMES PSOs
Cos 1 |2/3|4|5|6( 7 |8|9|10 (11 |12|1|2] 3
Co1 2 2
CO2 2 3
COo3 3 2
CO4 2 2
Avg. 2.25 2.25
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SL Course Course . [ :
E&egory Code Course Title L|T| P | Credits '
PRACTICAL / SESSIONAL 1
j Project | MPJTE3130 Dls_sertatlon Phase - I / Industrial 0lol20 10
Project ]
TOTAL 0/0/20 10;

*Students going for Industrial Project/Thesis will complete these courses through MOOCs.

IV Semester [Second Year]

Hours per I
SL. | Course Course . week i
No. | Category Code Course Title Credits
L | T| P
1 Project Dissertation Phase — II 0 0| 32 16
Total Credits: 16 |

Total Credits for the programme = 18 + 18 +16 +16 = 68



