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Syllabus Structure (Admission Batch: 2023-24)



School/ Department: School of Mechanical Sciences
Programme: Robotics and Artificial Intelligence

Abbreviation used:
	AC
	Audit course
	LC
	Laboratory Course
	PA
	Practical Assessment

	PC
	Professional Core
	PR
	Project/ Practical/ Internship
	L
	Lecture

	PE
	Professional Elective
	SE
	Seminar/ Expert Lecture/ Etc.
	T
	Tutorial

	OE
	Open Elective
	IA*
	Internal Assessment
	P
	Practical

	MC/BS/HS
	Mandatory/ Common Course 
	EA
	End-Semester Assessment
	
	

	ACC
	Advanced Competency Course

	*Internal Assessment Mark (40 marks) consists of (i) Mid Semester (20 marks), (ii) Quiz/ Assignment/Attendance (20 marks)



3rd Semester


	Sl. No.
	Subject
Type
	Subject Code
	Subject
Name
	Teaching Hours
	Credit
	Maximum Marks

	
	
	
	
	L
	T
	P
	
	IA
	EA
	PA
	Total

	1
	BS
	BH2459
	Mathematics – III
	3
	0
	0
	3
	40
	60
	-
	100

	2
	PC
	MS2121
	Introduction to Robotics and AI 
	3
	0
	0
	3
	40
	60
	-
	100

	3
	PC
	MS2101
	Kinematics and Dynamics of Machines
	3
	0
	0
	3
	40
	60
	-
	100

	4
	PC
	MS2123
	Materials and Manufacturing
	3
	0
	0
	3
	40
	60
	-
	100

	5
	ACC
	MS2125
	Digital Manufacturing and Industry 4.0
	3
	0
	0
	2
	40
	60
	-
	100

	6
	HS
	BH2437
	Organizational Behaviour
	3
	0
	0
	2
	40
	60
	-
	100

	7
	LC 
	MS2521
	Machine Drawing Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	8
	LC 
	MS2523
	Mechatronics Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	9
	LC 
	MS2525
	Numerical Computation Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	10
	ACC 
	MS2527
	Advanced Digital Manufacturing Lab
	0
	0
	3
	1.5
	-
	-
	100
	100

	Total
	18
	0
	12
	22
	240
	360
	400
	1000


















	Mathematics – III 

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	Mandatory/ Common Course
	Course Code:
	BH2459



Course Outcome :
At the end of the course the student will be able to:
	CO 1
	Demonstrate the use of common numerical methods such as numerical solutions of equations, interpolation, differentiation and integration etc.

	CO 2
	Recognize mathematical model of heat equations, wave equations and their solution by appropriate method.

	CO 3
	Understand the different terminology in probability and have clear concept on probability distribution functions both in continuous and discrete case.

	CO 4
	Select appropriate statistical tools to investigate a research hypothesis, perform data analysis by applying relevant methodology and interpret result in a variety of settings.



UNIT-I: Elementary Numerical Methods 							(7 Hours)
Solution of algebraic and transcendental equations by Newton-Raphson and secant method. 
Interpolation: Lagrange’s method, divided difference method, Newton’s forward and backward method. Numerical Integration: Trapezoidal and Simpson’s Rule. 

UNIT- 2: Applied PDE’s 									(7 Hours)
Elementary PDE’s: separation of variables method to simple problems. One dimensional wave equation:  solution by separation of variables and use of Fourier series,  D' Alembert's solution of wave equation. Normal forms of PDE’s.One dimensional heat equation: solution by Fourier series.

UNIT-3: Basic Probability and Probability Distributions 				(7 Hours)
Probability spaces, conditional probability, independence, Random variables (discrete and continuous), probability mass and density functions, cumulative distribution functions, moments of random variables, mean and variance. 
Discrete Probability distributions: Binomial, Poisson and hyper-geometric distributions. Continuous Probability distributions: exponential, uniform and normal distributions.

UNIT-4: Applied Statistics 									(7 Hours)
Random sampling, estimation of parameters, maximum likelihood estimation, confidence intervals, testing of hypotheses for mean and variance.
Regression and correlation analysis: fitting of straight lines (method of lest squares), correlation coefficient with basic properties.

Text Books:
1. Advanced Engineering Mathematics by E. Kreyszig, John Willey & Sons Inc. 10th Edition.
2.  Ronald E. Walpole, Raymond H. Myers, Sharon L. Myers & Keying Ye, “Probability & Statistics for Engineers & Scientists", Eighth Edition, 2007, Pearson Education Inc., New Delhi. 

Reference Books:
1. Ordinary and Partial Differential equations by J. Sinha Roy and S. Padhy, Kalyani Publishers.
1. Higher Engineering Mathematics by B. V. Ramana, McGraw Hill Education.
1. Engineering Mathematics by Pal and S. Bhunia, Oxford Publication.
1. Stochastic Processes, 2nd Edition by Roy D. Yates, Rutgers and David J. Goodman, John Wiley and Sons, INC.

	COs and POs Mapping 

	Course Outcome
	
	Expected Mapping with Programme Outcomes 
(1- Weak Correlation; 2- Medium correlation; 3- Strong Correlation)
	

	
	PO-1
	PO-2
	PO-3
	PO-4
	PO-5
	PO-6
	PO-7
	PO-8
	PO-9
	PO-10
	PO-11
	PO-12

	CO-1
	3
	3
	3
	3
	3
	3
	2
	-
	2
	-
	2
	3

	CO-2
	3
	3
	3
	3
	3
	2
	2
	-
	-
	-
	2
	2

	CO-3
	3
	3
	3
	3
	3
	2
	3
	-
	2
	-
	-
	3

	CO-4
	3
	3
	3
	3
	3
	2
	2
	-
	2
	-
	2
	3























	Introduction to Robotics and AI

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	Professional Core
	Course Code:
	MS2121



Course Objectives:
1. Demonstrate knowledge of industrial robots, characteristics, end effectors, actuators and sensors.
1. Apply spatial transformation to obtain forward and inverse kinematics.
1. Identify appropriate AI methods to solve a given problem. Examine the useful search techniques, knowledge representation techniques, Inference methods; learn their advantages, disadvantages and comparison. Understand important concepts like Expert Systems, AI applications.
Course Outcomes:
At the end of the course, students will be able to
1. Differentiate types of robots and robot grippers. 
1. Apply basic principles of AI in solutions that require problem solving, inference, perception, knowledge representation and learning. 
1. Understand AI, its current scope and limitations, and societal implications. 
1. Analyze forces in links and joints of a robot. 

UNIT-I: Introduction:							                     6 Hours
Introduction to Robotics-classification with respect to geometrical configuration (Anatomy), Industrial robots’ specifications. Selection based on the Application. Controlled system & chain type: Serial manipulator & Parallel Manipulator. Components and characteristics of Industrial robots.
UNIT-II: Sensors, Drives and Grippers                                                                           6 Hours
Sensors: Characteristics of sensing devices, Criterion for selections of sensors, Classification, & applications of sensors. Internal sensors: Position sensors, & Velocity sensors, External sensors: Proximity sensors, Tactile Sensors, & Force or Torque sensors. Drives: Basic types of drives. Advantages and Disadvantages of each type. Selection / suitability of drives for Robotic application. Controllers, Types of Controller and introduction to close loop controller Grippers, Mechanical Gripper-Grasping force, mechanisms for actuation, Magnetic gripper vacuum cup gripper considerations in gripper selection & design. 
UNIT-III: Transformation and Kinematics of Manipulators:		                     	8 Hours
Kinematics-Manipulators Kinematics, Rotation Matrix, Homogeneous Transformation Matrix, D-H transformation matrix, D-H method of assignment of frames. Direct and Inverse Kinematics for industrial robots. Differential Kinematics for planar serial robots 
UNIT-IV: Introduction to Artificial Intelligence: 			                                    14 Hours
Overview: Approaches of AI. Intelligent agents, Artificial Intelligence programming techniques.
Knowledge Representation and Reasoning: Ontology, predicate logic, situation calculus, description logics, reasoning with defaults, reasoning about knowledge, sample applications. 
Problem-solving through Search: forward and backward, state-space, blind, heuristic, problem reduction, alpha-beta pruning, mini max, constraint propagation, neural, stochastic, and evolutionary search algorithms, sample applications.
Applications of AI (vision/robotics etc.)

Text Books:
1. John J. Craig, Introduction to Robotics, Pearson Education Inc., Asia, 3rd Edition, 2005.
1. S. K. Saha, Introduction to Robotics, TATA McGraw Hills Education, 2014.
1. Russell, Stuart and Norvig, Peter, Artificial Intelligence: A Modern Approach" Prentice Hall, 2003.
Reference Books: 
1. Mittal, R. K., & Nagrath, I. J. (2003). Robotics and control. Tata McGraw-Hill.
1. S. B. Nikku, Introduction to Robotics – Analysis, Control, Applications, 3rd edition, John Wiley & Sons Ltd., 2020. 
1. Mikell Groover, Mitchell Weiss, Roger N. Nagel, Nicholas Odrey, Ashish Dutta, Industrial Robotics 2nd edition, SIE, McGraw Hill Education (India) Pvt. Ltd., 2012. 
1. R. D. Klafter, Thomas A. Chmielewski and Michael Negin, Robotic Engineering – An Integrated Approach, EEE, Prentice Hall India, Pearson Education Inc., 2009. 
1. Aleksander, Igor and Burnett, Piers, Thinking Machines Oxford, 1987. 
1. Bench-Capon, T. J. M., Knowledge Representation: An approach to artificial intelligence Academic Press, 1990. 
1. Genesereth, Michael R. and Nilsson, Nils J, Logical Foundations of Artificial Intelligence Morgan Kaufmann, 1987. 
1. Michael Negnevitsky, Artificial Intelligence: A Guide to Intelligent Systems (3rd Edition), 2011. 
1. Vinod Chandra S.S., Anand Hareendran S, "Artificial Intelligence and Machine Learning", 2014. Luger " Artificial Intelligence", Edition 5, Pearson, 2008.
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	Kinematics and Dynamics of Machines

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	Professional Core
	Course Code:
	MS2101


Prerequisites: Engineering Mechanics, Mechanics of Solid, Engineering Mathematics, Material Science

Course objectives:
1. This course is ideal vehicle for introducing the mechanical engineering students to the process of design. The objectives of the course learning are:
1. The objective of kinematics is to achieve various means of transforming motion to a specific kind needed in various applications.
1. The objective of dynamics is analysis of the behaviour of a given machine or mechanism when subjected to dynamic force.
1. The objectives of Kinematics and dynamics of machines are to use the general concepts which are previously studied with illustrative examples to developing methods and performing analysis of real designs.
1. Hence the KDM involves a great deal of creative details.

Course Outcome:
On successful completion of this course the students should be able to:
CO1: Able to do Basic Kinematic concepts and definitions of Mechanism
CO2: Conversion with Kinematic Analysis and synthesis
CO3: Able to understand the concept of friction in power transmission
CO4: Understanding balancing in machine components

UNIT-1								                                       9 Hours
Kinematic fundamental: Introduction to mechanisms and its terminologies - Degree of freedom – Mobility - Kutzbach criterion - Grubler’s criterion for planar mechanisms, Grashoff’s law, Kinematic Inversions of 4-bar chain - Single slider and double slider crank chains, Quick return mechanism, Limiting positions, Mechanical advantage - Transmission angle and toggle position, Ratchets and escapements, Indexing Mechanisms, Rocking Mechanisms, Straight line generators.
Kinematic Analysis: Graphical analysis of position, velocity and acceleration of simple mechanisms having turning, sliding and rolling pair, Coriolis acceleration using graphical relative motion method, Aronhold-Kennedy Theorem, Instantaneous center method - Four bar and slider crank mechanisms - Analytical method for four bar and slider crank mechanisms.
Mechanism Synthesis: Classification of kinematic synthesis problems - Two position synthesis of slider crank and crank rocker mechanisms, Three position synthesis of double rocker mechanism, Chebychev spacing for precision positions, Freudenstein analytical method.

UNIT-2								                                           9 Hours Cams: Fundamental law of Cam, Cam Terminology, Classification of Cams and followers, Analysis of follower motions (Displacement, velocity, Acceleration and jerk) – Simple Harmonic, Uniform Velocity and Constant Acceleration & Retardation Types, Generation of Cam Profiles by Graphical Method.
Mechanism Trains: Spur gear terminology and definitions, fundamental law of gearing, Theory of shape and action of tooth properties and methods of generation of standard tooth profiles, Standard proportions, Force analysis, Interference and Undercutting, Gear trains, Speed ratio, train value, Parallel axis gear trains, Epicyclic Gear Trains
Friction Effects: Single plate and cone clutches, Anti friction bearing, friction circle, friction axis.
Flexible Mechanical Elements: Belt and chain drives, Initial tension, Effect of centrifugal tension on power transmission, Maximum power transmission capacity, Belt creep and slip.
Brakes: Internal expanding shoe brake.

UNIT-3  									                               9 Hours Mechanism for Control (Governors): Governors - Watt, Porter, Proell, Hartnell. Performance parameters: Sensitiveness, Stability, Hunting, Isochronism. Governor Effort and Power, Controlling Force & Controlling Force Curve, Friction & insensitiveness, Comparison between governor and flywheel.
Mechanism for Control (Gyroscope): Introduction to Gyroscopes. Gyroscopic forces and Couple. Effect of Gyroscopic Couple on Aeroplanes, Gyroscopic stabilization of ship, Stability of Two Wheelers and Four Wheelers. Rigid disc at an angle fixed to rotating shaft.

UNIT-4											       9 Hours
Balancing of rotating components and linkages: Static and Dynamic Balancing, Balancing of Single Rotating Mass by Balancing Masses in Same plane and in Different planes. Balancing of Several Rotating Masses rotating in same plane and in Different planes. Effect of Inertia Force due to Reciprocating Mass on Engine Frame, Partial balance of single cylinder engines. Balancing of locomotive: variation of tractive force, swaying couple, hammer blow.

Text Books: 
1. Kinematics and Dynamics of Machinery by R L Norton, Tata MacGrawHill
1. Theory of Machines and Mechanisms by John J. Uicker Jr., Gordon R. Pennock and Joseph E. Shigley, Oxford University Press
1. Theory of Machines by S.S.Rattan, Tata MacGrawHill
1. Theory of Machines by Thomas Bevan, CBS Publications

Reference Books:
1. Kinematics and Dynamics of Machinery by Charles E. Wilson and J. Peter Saddler, Pearson Education
1. Mechanism and Machine Theory by J.S. Rao and R.V. Dukipatti, New Age International.
1. Theory of Mechanisms and Machines by A. Ghosh & A. K. Mallick, East WestPress.
1. Kinematics and Dynamics of Machines by G.H. Martin, McGraw-Hill.
1. Mechanisms and Dynamics of Machinery by Hamilton H Mabie and Charles F Reinholtz, John- Wiley and Sons.
1. Kinematics, Dynamics, and Design of Machinery by Kenneth J Waldron and Gary L Kinzel, John-Wiley and Sons.
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	Materials and Manufacturing

	Hours/Week L-T-P :
	3-0-0
	Credits :
	3

	Course Type :
	Professional Core
	Course Code:
	MS2123



Course Objectives:
The main objective of this course is to familiarize the students with the concept of materials and manufacturing and to utilize the concepts in different non-conventional techniques.
Course Outcomes:
At the end of the course, students will be able to
CO1: Understand the basic concept of materials and atomic structure.
CO2: Apply the concept of phase diagram and Phase Transformations
CO3: Identify the concept and properties of Ceramics and its applications.
CO4: Analyze the importance of advanced machining process in manufacturing.
UNIT-I   Introduction to material Science:                                                                    	9 Hours
Organization, Schedule and Classification of Materials, Atomic Structure, Interatomic Bonding, Structure of Crystalline Solids and Imperfections in Solids, Diffusion and Mechanical Properties of Metals, Dislocations and Strengthening Mechanisms
UNIT-II    Materials properties and Characteristics                                                    	9 Hours
Phase Diagrams: Iron-Carbon System and Phase Transformations, Applications and Processing of Metal Alloys, Aluminium Alloys, Composite Systems Reinforced Composite, Corrosion and Degradation of Materials, Electronic Materials, Continuation of Electronic Materials, Bio-Compatible material
UNIT-III    Conventional Manufacturing                                                                    	 9 Hours
CNC lathe, Optical Microscope, Surface profilometer, Scanning Electron Microscope (SEM), 
UNIT-IV: Introduction to Advanced Manufacturing                                                  	       9 Hours
Smart materials, Shape Alloy material, Die sinking EDM, Micro-EDM, Wire-EDM, USM, Chemical Machining
Text Books:
1. W. D. Callister and C. G. Rethwisch: Materials Science and Engineering: An Introduction, 10th edition, John Wiley & Sons, 2018. 
Reference Books: 
1. D. R. Askeland, P. P. Fulay and W. J Wright: The Science and Engineering of Materials, 6th Edition, Cengage Learning, 2011.
 2. J. F. Shackelford: Introduction to Materials Science for Engineers, Pearson, 2015.
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	Digital Manufacturing and Industry 4.0

	Hours/Week L-T-P :
	3-0-0
	Credits :
	2

	Course Type :
	Advanced Competency Course
	Course Code:
	MS2125



Course Objectives:
To study the various aspects of digital manufacturing, importance of DM in Product Life-cycle Management and Supply Chain Management in the digital work environment. 

Course Outcomes:
At the end of the course, students will be able to
CO1: Impart knowledge to use various elements in the digital manufacturing. 
CO2: Differentiate the concepts involved in digital product development life cycle process and supply 
chain management in digital environment. 
CO3: Select the proper procedure of validating practical work through digital validation in Factories. 
CO4: Implementation the concepts of IoT and its role in digital manufacturing. 

UNIT-I     Introduction                                                                                                       	8 Hours
Need – Overview of Digital Manufacturing and the Past – Aspects of Digital Manufacturing: Product life cycle, Smart factory, and value chain management – Practical Benefits of Digital Manufacturing – The Future of Digital Manufacturing. 

UNIT-II     Digital Life Cycle & Supply Chain Management:     			       	    12 Hours                                                                                                             
Collaborative Product Development, Mapping Requirements to specifications – Part Numbering, Engineering Vaulting, and Product reuse – Engineering Change Management, Bill of Material and Process Consistency – Digital Mock up and Prototype development – Virtual testing and collateral. Overview of Digital Supply Chain - Scope& Challenges in Digital SC - Effective Digital Transformation - Future Practices in SCM.

Smart Factory – Levels of Smart Factories – Benefits – Technologies used in Smart Factory – Smart Factory in IoT- Key Principles of a Smart Factory – Creating a Smart Factory – Smart Factories and Cybersecurity.

UNIT-III     Industry 4.0:                                                                                               	 8 Hours
Introduction – Industry 4.0 –Internet of Things – Industrial Internet of Things – Framework: Connectivity devices and services – Intelligent networks of manufacturing – Cloud computing – Data analytics –Cyber physical systems –Machine-to-Machine communication – Case Studies. 

UNIT-IV  Study of Digital Twin: Basic Concepts                                                        	8 Hours
– Features and Implementation – Digital Twin: Digital Thread and Digital Shadow- Building Blocks – Types – Characteristics of a Good Digital Twin Platform – Benefits, Impact & Challenges – Future of Digital Twins. 

Text Books:
1. Zude Zhou, Shane (Shengquan) Xie and Dejun Chen, Fundamentals of Digital Manufacturing Science, Springer-Verlag London Limited, 2012.
2. Alasdair Gilchrist, “Industry 4.0: The Industrial Internet of Things”, A press, 2016. 

Reference Books: 

1. Lihui Wang and Andrew Yeh Ching Nee, Collaborative Design and Planning for Digital Manufacturing, Springer-Verlag London Limited, 2009
2. Andrew Yeh Chris Nee, Fei Tao, and Meng Zhang, “Digital Twin Driven Smart Manufacturing”, Elsevier Science., United States, 2019. 
3. Alp Ustundag and Emre Cevikcan, “Industry 4.0: Managing The Digital Transformation”, Springer Series in Advanced Manufacturing., Switzerland, 2017 
4. Ronald R. Yager and Jordan Pascual Espada, “New Advances in the Internet of Things”, Springer., Switzerland, 2018. 
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	Organizational Behaviour

	Hours/Week L-T-P :
	3-0-0
	Credits:
	2

	Course Type :
	Mandatory/ Common Course
	Course Code:
	BH2437



Course Objectives: 
1. To understand how individual, groups and structure have impacts on the organizational effectiveness.
2. To learn the basic concepts of Organizational Behaviour and its applications in contemporary organizations.
3. To appreciate the theories and models of organizations in the workplace to creatively and innovatively engage in solving organizational challenges.
4. To learn and appreciate different cultures and diversity in the workplace.
Course Outcome:
1. Able to analyse and compare different models used to explain individual behavior related to motivation.
1. Understanding how individual, groups and structure have impacts on the organizational effectiveness.
1. Learning the basic concepts of Organizational Behaviour and its applications in contemporary organizations.
1. Learning and appreciating the different cultures and diversity in the workplace. Understanding the group dynamics and demonstrating skills required to work in teams.
UNIT-I: Individual Level 									11 Hours   
The study of Organizational Behaviour: Definition, Meaning, Why study OB; Learning – Principles of learning and learning theories: Classical Conditioning and Operant conditioning, Personality- Meaning, Determinants, Types of Personality, Perception- Perceptual Process, perceptual errors, Attitude (cognitive dissonance), Motives and Motivation-Nature and Process, Theories of Motivation (Herzberg, Maslow, ERG, Vroom’s expectancy theory) .
UNIT-II: Group level-I 									6 Hours 
Groups in Organizations –Nature, Types, Group formation, Determinants, factors contributing to Group Cohesiveness, Group Decision Making Process: Brainstorming and Nominal group technique 
UNIT-III: Group level-II 									6 Hours
Types of Leadership- Effective Leadership, Styles of leadership: Autocratic, Democratic and Lassiez faire, Leadership Theories-Trait Theory and Contingency Theory(SLT, Path-goal theory and Fred Fiedler’s model), Conflict- Types of conflict, Conflict Resolution Techniques, Emotional Intelligence, Emotions and Stress in workplace.
UNIT-IV: Structural level 									7 Hours
Organizational Culture: Cultural dimension and organizational effectiveness, Organizational Change: Types of change, Process of change, Reasons to change, Resistance to change and managing resistance to change.
Text Books: 
1. Stephens P Robbins, Organisational Behaviour, PHI
1. K. Aswatthappa, Organisational Behaviour, HPH

Reference Books:
1. Kavita Singh, Organisational Behaviour, Pearson
1. D.K.Bhttacharya, Organisational Behaviour, OUP
1. PradeepKhandelwal, Organisational Behaviour, TMH
1. Keith Davis, Organisational Behaviour, McGrawHill
1. Nelson Quick, ORGB, Cengage Learning


	Machine Drawing Lab

	Hours/Week L-T-P :
	0-0-3
	Credits:
	1.5

	Course Type :
	Laboratory Course
	Course Code:
	MS2521


Course Objectives:
This course is expected to:
1. To understand and apply standards in drawing machine component
1. To understand the concept of various tolerances and fits used for component design
1. To familiarize in drawing assembly, orthographic and sectional views of various machine components
1. Use CAD packages to Create solid models and Generate orthographic projections of machine components and assembly
Course Outcomes:
CO1: Follow the standards to create machine drawings.
CO2: Apply limits and tolerances to assemblies and choose appropriate fit.
CO3: Develop solid models of machine components and assembly, and Construct sectional and orthographic views of components.
CO4: Make use of CAD packages for solid modeling of machine parts and Create bill of materials.
(Sheets:4, CAD:3)
List of Experiments:
1. Introduction to Standardization, Inter-changeability, Selective Assembly, Limits, Fits, Tolerance, Tolerance of form and position, Grades of tolerance, Standard tolerances 
Symbols used in machine drawing: Machining symbols, Welding symbols.
1.  Drawing of Machine Elements (Any 4)
1. Cutter Joint, 
2. Knuckle Joint
3. Flange Coupling
4. Flexible Coupling
5. Oldham Coupling
6. Solid and Bush shaft bearing
7. Socket and Spigot Joint
1. Assembly Drawings (Manual & Using Application Packages): (Any 2)
8. Screw jack. 
9. Engine: Piston and connecting rod. 
10. Stop Valve 
11. Relief Valve
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	Mechatronics Lab

	Hours/Week L-T-P :
	0-0-3
	Credits:
	1.5

	Course Type :
	Laboratory Course
	Course Code:
	MS2523


Course Objective: The main learning objective of this course is to prepare the students for:
1. Measuring of physical quantity such as displacement, force and temperature and also the operation of signal conditioning circuits
2. Applying a suitable sensor and image processing technique for Mechatronics systems.
3. Design appropriate circuits to automate and control the hydraulic, pneumatic and electric actuators.
4. Apply PLC, PID and 8085 microcontroller as a control unit Mechatronics system.
5. Developing a model of pneumatic and hydraulic circuits by using simulation software.
Course Outcomes:
CO1. Measuring of physical quantity such as displacement, force and temperature and also the operation of signal conditioning circuits.
CO2. Applying a suitable sensor and image processing technique for Mechatronics systems.
CO3. Design appropriate circuits to automate and control the hydraulic, pneumatic and electric actuators.
CO4. Apply PLC, PID and 8085 microcontroller as a control unit in Mechatronics system.
List of Experiments
1. Stepper motor interface.
2. Speed control of DC motor.
3. Sensor Interface
4. Robotic Kit assembly and disassembly
5. Study of PLC and its applications.
6. Demonstrate PLC and Ladder diagram: preparation downloading and running.
7. Execute ladder diagram for different logical gates. 
8. Execute ladder diagram for different logical gates using timers and counters.
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	Numerical Computation Lab

	Hours/Week L-T-P :
	0-0-3
	Credits:
	1.5

	Course Type :
	Laboratory Course
	Course Code:
	MS2525



Course Objectives: 
The course aims to provide the knowledge of computer programming to write the codes for the numerical methods learned in “Numerical Analysis” using C language and/or MATLAB.
Course Outcomes: Upon successful completion of the course, students will be able to:
CO1. Write computer programs to solve engineering problems with MATLAB and/or PYTHON Language
CO2. Implement numerical methods in MATLAB /C Language.
CO3. Analyze and evaluate the accuracy of common numerical methods.
CO4. Ability to use approximation algorithm in real world problem.
List of Experiments
1. Basics of MATLAB or similar software/language
2. Finding solution by Numerical Methods (including graphics) for the following: (Minimum 06problems)
a) BisectionMethod
b) Newton-RaphsonMethod
c) SecantMethod
d) Gauss EliminationMethod
e) NumericalDifferentiation
f) Numerical Integration (e.g. Newton CotesQuadrature)
g) Curve fittingMethod
h) Initial-Value Problems (e.g. Runge-Kutta Method)
i) Boundary Value Problem (eg. ShootingMethod)
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	Advanced Digital Manufacturing Lab

	Hours/Week L-T-P :
	0-0-3
	Credits:
	1.5

	Course Type :
	Laboratory Course
	Course Code:
	MS2527



Course Objective:
1. To analyze the different software to solve manufacturing problems
1. To learn the codes of CNC 
1. To Perform experiments in EDM,ECM and 3D printing.

	Course Outcomes:
Upon completion of  this course, the students will be able to:

	CO1:
	Use the softwares  like Auto MOD,PROOD,SLAM-II to solve real world problems

	CO2:
	Write programs for CNC machining

	CO3:
	Prepare model using 3D printing

	CO4:
	Analyze MRR,TWR and other parameters in unconventional machining processes 


    List of experiments:
1. To learn the application of the following software to manufacturing problems: 
Auto MOD Software., PROMOD, SLAM-II , CAFIMS , Flexsim 
1. Introduction to CNC machines
1. Study of different codes for different operations
1. Write a program for CNC to obtain a specified job 
1. Experimental Study of MRR on EDM 
1. Experimental Study of TWR on EDM 
1. Experimental Study of Surface Roughness on EDM  
1. Experimental Study on ECM 
1. Experimental Study on 3D Printing 
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School/ Department: School of Mechanical Sciences
Course: B. Tech., Programme: Mechanical Engineering (Robotics and Artificial Intelligence)
Abbreviation used:

	AC
	Audit course
	LC
	Laboratory Course
	PA
	Practical Assessment

	PC
	Professional Core
	PR
	Project/ Practical/ Internship
	L
	Lecture

	PE
	Professional Elective
	SE
	Seminar/ Expert Lecture/ Etc.
	T
	Tutorial

	OE
	Open Elective
	IA*
	Internal Assessment
	P
	Practical

	MC/BS/HS
	Mandatory/ Common Course 
	EA
	End-Semester Assessment
	
	

	ACC
	Advanced Competency Course

	*Internal Assessment Mark (40 marks) consists of (i) Mid Semester (20 marks), (ii) Quiz/ Assignment/Attendance (20 marks)




4th Semester

	Sl. No.
	Subject
Type
	Subject Code
	Subject
Name
	Teaching Hours
	Credit
	Maximum Marks

	
	
	
	
	L
	T
	P
	
	IA
	EA
	PA
	Total

	1
	PC
	MS2122
	Robot Dynamics and Control
	3
	0
	0
	3
	40
	60
	-
	100

	2
	PC
	MS2124
	Soft Computing and Applications
	3
	0
	0
	3
	40
	60
	-
	100

	3
	PC
	MS2126
	Solid Mechanics and Design
	3
	0
	0
	3
	40
	60
	-
	100

	4
	PC
	MS2128
	Thermal and Fluid Science
	3
	0
	0
	3
	40
	60
	-
	100

	5
	ACC
	MS2130
	Intelligent Manufacturing 
	3
	0
	0
	2
	40
	60
	-
	100

	6
	HS
	BH2439
	Engineering Economics
	3
	0
	0
	2
	40
	60
	-
	100

	7
	LC 
	MS2522
	CAD/CAE Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	8
	LC 
	MS2524
	Material Testing and Machine Dynamics Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	9
	LC 
	MS2526
	Robotics and Automation Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	10
	LC 
	MS2528
	Fluid Thermal Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	11
	Summer Internship and Research Experience (SIRE - I) *

	Total
	18
	0
	12
	22
	240
	360
	400
	1000




*Minimum 4 weeks of Summer Course / Training / Internship / Skill Course / etc. after 4th Semester






















	ROBOT DYNAMICS AND CONTROL

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	PC
	Course Code:
	MS2122



Course Objectives: After the completion of this course, the students will be able to:  
1. Select, design, analyze, implement, and evaluate effective controllers for a number of different robotics platforms and applications. 
2. The dynamics of robot arms, mobile robots and quadrotors. 
3. Position and force control for robots. 
4. The basics of configuration spaces for robotic systems. 
5. Controller synthesis and stability.  
Course Outcomes: 
CO1: Describe generalized co-ordinates, Jacobian matrix Mass Distribution and equation of motion. 
CO2: Develop the static force model and inverse dynamic model of multi-degree of freedom manipulator. Evaluate dynamics of robot using Lagrangean and Hamiltonian mechanics.
CO3: Describe the control architecture of robot manipulator. 
CO4: Evaluate linear and nonlinearities in control system. 
CO5: Explain various force control strategies.	
 UNIT I (Jacobians: Velocities Analysis)                                 		                       (10 hours)                                                          
Forward Kinematics. (DH parameter) Inverse Kinematics Workspace, Differential kinematics , notation for time-varying position and orientation,  linear and rotational velocity of rigid bodies, more on angular velocity,  motion of the links of a robot, velocity "propagation" from link to link, jacobians, singularities.

UNIT II (Dynamics analysis and static forces)                       				(10 hours)
Jacobian derivation Manipulability , Lagrange equation of motion Kinetic and Potential energyInertia tensor Reflected/ effective moment of inertia, Manipulator Equation Examples and properties Forward and inverse dynamics, Newton-Euler algorithm. Static Force analysis of robot, Transformations of forces and moments between co-ordinate frames.

UNIT III (Force control of manipulators)                                               		  	   (10 hours)
Application of industrial robots to assembly tasks, a framework for control in partially constrained tasks, the hybrid position/force control problem, force control of a mass—spring system, the hybrid position/force control scheme. Feedback control of single link manipulator.

  UNIT IV (Robot Control)						   			  (10 hours)
Joint PD control  Selecting gains Practical considerations, Joint PID control  Feedforward control  PD control  feedforward, Stiffness and compliance Impedance control 

TEXT BOOKS:
1. John J. Craig, "Introduction to Robotics – Mechanics and control”, 3rd edition, Prentice hall, 2022. 
7. Groover. M.P., Weis. M., Nagel. R.N. and Odrey.N.G. “Industrial Robotics Technology, Programming and Applications”, Mc Graw-Hill, Int., 2012. 

REFERENCES: 
1. K.S.Fu, Gonzalez, R.C. and Lee, C.S.G. “Robotics Control, Sensing, Vision and Intelligence”, McGraw Hill, 1987.
2. Saeed B. Niku, “Introduction to Robotics: Analysis, Control, Applications”, 2nd edition, John Wiley & sons, Inc., 2020
3. Klafter. R.D., Chmielewski, T.A. and Negin. M. “Robotics Engineering – An Integrated Approach”, Prentice-Hall of India Pvt. Ltd., 2006.
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	SOFT COMPUTING AND APPLICATIONS

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	PC
	Course Code:
	MS2124


Course Objectives:
1. To introduce the ideas of fuzzy sets, fuzzy logic and use of heuristics based on humanexperience.
1. To provide the mathematical background for carrying out the optimization associated withneural network learning
1. To learn various evolutionary Algorithms.
1. To become familiar with neural networks that can learn from available examples and generalize to form appropriate rules for inference systems.
1. To introduce case studies utilizing the above and illustrate the Intelligent behavior ofprograms based on soft computing

Course Outcomes:
CO1: Understand the fundamentals of fuzzy logic operators and inference mechanisms
CO2: Understand neural network architecture for AI applications such as classification andClustering.
CO3: Learn the functionality of Genetic Algorithms in Optimization problems
CO4: Use hybrid techniques involving Neural networks and Fuzzy logic

UNIT 1 
INTRODUCTION TO SOFT COMPUTING AND FUZZY LOGIC	8 Hours
Introduction - Fuzzy Logic - Fuzzy Sets, Fuzzy Membership Functions, Operations on Fuzzy Sets,Fuzzy Relations, Operations on Fuzzy Relations, Fuzzy Rules and Fuzzy Reasoning, FuzzyInference Systems

UNIT II 
NEURAL NETWORKS							                      8 Hours
Supervised Learning Neural Networks – Perceptrons - Backpropagation -Multilayer Perceptrons –Unsupervised Learning Neural Networks – Kohonen Self-Organizing Networks

UNIT III 
GENETIC ALGORITHMS						                              8 Hours
Chromosome Encoding Schemes -Population initialization and selection methods – Evaluationfunction - Genetic operators- Cross over – Mutation - Fitness Function – Maximizing function.

UNIT IV 
NEURO FUZZY MODELING						                      8 Hours
ANFIS architecture – hybrid learning – ANFIS as universal approximator – Coactive Neuro fuzzymodeling – Framework – Neuron functions for adaptive networks – Neuro fuzzy spectrum – Analysisof Adaptive Learning Capability


Text Books:
1. J.S.R.Jang, C.T. Sun and E.Mizutani, “Neuro-Fuzzy and Soft Computing”, PHI / Pearson
Education 2004.
2. S.N.Sivanandam and S.N.Deepa, "Principles of Soft Computing", Wiley India Pvt Ltd,
2011.

Reference Book:
1. S.Rajasekaran and G.A.VijayalakshmiPai, "Neural Networks, Fuzzy Logic and Genetic
Algorithm: Synthesis & Applications", Prentice-Hall of India Pvt. Ltd., 2006.
2. George J. Klir, Ute St. Clair, Bo Yuan, “Fuzzy Set Theory: Foundations and Applications”
Prentice Hall, 1997.
3. David E. Goldberg, “Genetic Algorithm in Search Optimization and Machine Learning”
Pearson Education India, 2013.
4. James A. Freeman, David M. Skapura, “Neural Networks Algorithms, Applications, and
Programming Techniques, Pearson Education India, 1991.
5. Simon Haykin, “Neural Networks Comprehensive Foundation” Second Edition, Pearson
Education, 2005
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	SOLID MECHANICS AND DESIGN

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	PC
	Course Code:
	MS2126


Course Outcomes:
After completing this course, the students should be able to
CO1: Recognize various types loads applied on machine components of simple geometry and understand the nature of internal stresses that will develop within the components
CO2: Evaluate the strains and deformation that will result due to the elastic stresses developed within the materials for simple types of loading.
CO3: Understand the design principles.
CO4: Able to design of shaft and springs.

UNIT I										    8 hours
SIMPLE STRESSES & STRAINS: Elasticity and plasticity – Types of stresses & strains–Hooke’s law–stress–strain diagram for mild steel–Lateral strain, Poisson’s ratio& volumetric strain– Bars of varying section–composite bars–Temperature stresses-Principal planes and principal stresses -Mohr’s circle - Relation between elastic constants.

SHEAR FORCE AND BENDING MOMENT: Definition of beam–Types of beams–Concept of shear force and bending moment – S.F and B.M diagrams for cantilever, simply supported and overhanging beams subjected to point loads, u.d.l, uniformly varying loads and combination of these loads–Point of contra flexure – Relation between S.F, B.M and rate of loading at a section of abeam.

UNIT II									                   10 Hours
FLEXURAL STRESSES: Theory of simple bending – Assumptions – Derivation of bending equation, Determination bending stresses – section modulus of rectangular and circular sections(Solid and Hollow).
DEFLECTION OF BEAMS: Bending into a circular arc – slope, deflection and radius of curvature–Differential equation for the elastic line of a beam–Determination of slope and deflection for cantilever and simply supported beams subjected to point loads,-U.D.L uniformly varying load.

UNIT III									                    10 Hours
CONCEPTS OF MACHINE DESIGN: Modes of failure, factor of safety concepts. Design of shafts based on strength, Torsional Rigidity, Types of helical springs, Design of Helical springs.

UNIT IV										          6 Hours
Design of Joints: Riveted joint, welded joints

Text Books:
1. Strength of materials -GH Ryder, Mc Millan publishers IndiaLtd.
2. Solid Mechanics, byPopov.
3. Mechanical Engineering Design, J.E.Shigley, C.R.Mischke, R.G.Budynas and K.J.Nisbett, TMH.
4. Design of Machine Elements, V.B. Bhandari, Tata McGrawHill.
5. Machine Design Theory and Practice, Deutschman, D., Michels, W.J. and Wilson, C.E. Macmillan,
Reference Books:
1. Strength of Materials -By Jindal, UmeshPublications.
2. Analysis of structures by VaziraniandRatwani.
3. Mechanics of Structures Vol-III, byS.B.Junnarkar.
4. Strength of Materials byS.Timoshenko
5. Strength of Materials by Andrew Pytel and FerdinondL. SingerLongman.
6. Fundamentals of Machine Component Design by R.C.Juvinall and K.M.Marshek, John Wiley & Sons
7. Machine Design, P.C.Sharma and D.K.Agrawal, S.K.Kataria&Sons
8. Machine Design, Pandya and Shah, CharotarBookStall
9. Machine Design, Robert L. Norton, Pearson EducationAsia.
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	THERMAL AND FLUID SCIENCE

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	PC
	Course Code:
	MS2128



Course Objective:
To apply basic principles of thermodynamics, fluid dynamics and heat transfer to the complexities of real-life thermal-fluid systems
Course Outcomes:
1. Analyze several aspects of thermal engineering from the basics to applied parts
2. Apply fundamentals of thermodynamic cycles and heat transfer concepts to real-world thermal systems
3. Describe fundamentals of power plants starting from thermodynamics to various components
4. Apply basic principles of fluid mechanics to pipe flows and fluid machinery

UNIT I 										          8 Hours
First law of thermodynamics for control mass and control volume systems, combined first and second laws of thermodynamics: flow and non-flow processes. Flow analysis of steam in nozzle using SFEE, nozzle efficiency and factors that affect the efficiency. Second Law of thermodynamics, Properties of pure substances, Vapor compression and reverse Brayton cycles, vapor absorption cycle, basics of psychrometry, reciprocating, rotary and centrifugal compressors
UNIT II										          8 Hours
Air-standard cycles: Otto cycle, Diesel Cycle, Dual cycle, thermodynamic analysis of SI & CI Engine, Engine Efficiencies.
Description of steam power plant: ideal and actual Rankine cycles, reheat and regenerative cycles, and their limitations, feed water heaters and analysis, application of Rankine to nuclear power plants.
Basics of boiler, boiler attachments, super heaters, impulse and reaction steam turbines, flow nozzles, types of condensers, and cooling towers and their analysis

UNIT III								                                 8 Hours
Introduction to Bernoulli’s principle and application convergent nozzle, divergent nozzles, diffusers, venturimeter, orifice meter and siphon.
Viscous flow in pipes, Reynold’s number, friction factor, pipe network, calculations for flow rate, head loss in pumping power.

UNIT IV									                      8 Hours
Euler’s equation for turbo machines, basics of Pelton wheel, Francis turbine, Kaplan Turbine, and centrifugal pump: hydraulic, mechanical and different energy efficiencies, performance characteristics and working principle.
Text Books:
1. Fundamentals of Thermodynamics, C. Borgnakke, R.E. Sonntag, John Wiley and Sons, 7th Edition
2. Fundamentals of Heat and Mass Transfer, F. P. Incropera, D. P. Dewitt, T. L. Bergman, A. S. Lavine, Wiley India Publication, 6th Edition
3. S. K. Som, G. Biswas, S. Chakraborty, Introduction to fluid Mechanics and Fluid Machines, 3rd Edition, McGrawhill



Reference books:
1. Thermal engineering by P. L. Ballaney
2. Thermodynamics - An Engineering Approach, Y. Cengel, M.A. Boles, M. KanogluMcGraw Hill, 9th Edition
3. Fluid Mechanics - Fundamentals and Applications, Y.Cengel, J.M.Cimbala
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	INTELLIGENT MANUFACTURING

	Hours/Week L-T-P :
	3-0-0
	Credits:
	3 

	Course Type :
	ACC
	Course Code:
	MS2130


Course Objectives:
Course Outcomes: After completion of the course, the students will be able to:
1. Summarize the concepts of computer integrated manufacturing systems and manufacturing communication systems.
2. Identify various components of knowledge based systems.
3. Demonstrate the concepts of artificial intelligence and automated process planning.
4. Select the manufacturing equipment using knowledge based system for equipment selection.
5. Apply various methods to solve group technology problems and demonstrate the structure for knowledge based system for group technology.

UNIT I:                                                                                                        		8 hours
Computer Integrated Manufacturing Systems Structure and functional areas of CIM system,- CAD, CAPP, CAM, CAQC, ASRS. Advantages of CIM. Manufacturing Communication Systems - MAP/TOP, OSI Model, Data Redundancy, Top- down and Bottom-up Approach, Volume of Information. Intelligent Manufacturing System Components, System Architecture and Data Flow, System Operation.

UNIT II:                                                                                                        		8 hours
Automated Process Planning - Variant Approach, Generative Approach, Expert Systems for Process Planning, Feature Recognition, Phases of Process planning. Knowledge Based System for Equipment Selection (KBSES) - Manufacturing system design. Equipment Selection Problem, Modeling the Manufacturing Equipment Selection Problem, Problem Solving approach in KBSES, Structure of the KRSES.

UNIT III:								                      8 hours
Group Technology: Models and Algorithms Visual Method, Coding Method, Cluster Analysis Method, Matrix Formation-Similarity Co efficient Method, Sorting-based Algorithms, Bond Energy Algorithm, Cost Based method, Cluster Identification Method, Extended CI Method. 
Knowledge Based Group Technology - Group Technology in Automated Manufacturing System. Structure of Knowledge based system for group technology (KBSC IT) — Data Base, Knowledge Base, Clustering Algorithm.

UNIT IV:										8 hours
Application of AI to Industrial Planning and Decision Making, Speicial Purpose Resource, Design in Planning to Make More Efficient Plans
Text Books:
1. Andrew Kusiak, “Intelligent Manufacturing Systems”,PrenticeHall, 1990.
2. Mikell P. Groover, “Automation, Production Systems and Computer integrated Manufacturing”, 8th edition, PHI,2008
Reference Books:
1. Mohammad Jamshidi,“Design and Implementation of Intelligent Manufacturing Systems: From Expert Systems, Neural Networks to Fuzzy Logic”, 1st Edition, 1995.
2. Lucia Knapčíková, Michal Balog,“ Industry 4.0:Trends in Management of Intelligent ManufacturingSystems”,Springer,2019835441
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	ENGINEERING ECONOMICS                                                                                      

	Hours/Week L-T-P :
	3-0-0
	Credits :
	2

	Course Type :
	HS
	Course Code:
	BH2439



Course Objectives: 
1. To develop the ability to understand core economic terms: concepts & theories.
2. To identify key micro and macroeconomic indicators.

Course Outcomes: 
CO1: The students developed the knowledge of basic economic problems and the relationship 
between engineering technology and economics.
CO2:The students has an understanding of  the demand determinants and the methods of demand forecasting of a product.
CO3: Sensitizing the students to the changing environment of banking scenario and to understand 
the functions of RBI.
CO4: To explain the function of different market structures.

UNIT I                                                                                                                                6 Hours
Time value of money- Interest - Simple and compound, nominal and effective rate of interest, Cash flow diagrams, Principles of economic equivalence.
Evaluation of engineering projects-Present worth method, Future worth method, Annual worth method, Internal rate of return method, Cost benefit analysis for public projects.
Depreciation- Depreciation of capital assert, Causes of depreciation, Methods of calculating depreciation (Straight-line method, Declining balance method), after tax comparison of project.

UNIT II                                                                                                                                8 Hours
Cost and revenue concepts, Basic understanding of different market structures, Determination of equilibrium price under perfect competition (Simple numerical problems to be solved), Break Even Analysis-linear approach (Simple numerical problems to be solved).
Banking -Commercial bank, Functions of commercial bank, Central bank, Functions of Central Bank.
Inflation-Meaning of inflation, types, causes, measures to control inflation.
National Income-Definition, Concepts of national income, Method of measuring national income.The Circular Flow of Income, Different measures of National Income, GNP, GDP. Concept of Money and its function; Unemployment, its types, causes and Stagflation; Exchange Rate and its determination.
UNIT III                                                                                                                              6 Hours
Engineering Economics- Nature, Scope, Basic problems of an economy, Micro Economics and Macro Economics.
Demand- Meaning of demand, Demand function, Law of Demand and its exceptions, Determinants of demand, Demand Estimation and Forecasting, Elasticity of demand & its measurement (Simple numerical problems to be solved)


UNIT IV                                                                                                                              6 Hours
Supply-Meaning of supply, Law of supply and its exception, Determinants of supply, Elasticity of supply, Determination of market equilibrium (Simple numerical problems to be solved).
Production-Production function, Laws of returns: Law of variable proportion,
Law of returns to scale. 
Basic Concepts of Market; Monopoly, Perfect Competition, Oligopoly and Monopolistic Competitive Market. 

Text Books
1. Riggs, Bedworth and Randhwa, “Engineering Economics”, McGraw Hill Education India
2. DevigaVengedasalam “Principles of Economics”, Oxford University Press.

ReferenceBooks: 
1. William G.Sullivan, ElinM.Wicks, C. PatricKoelling“Engineering Economy”, Pearson
2. R. PaneerSelvam, “Engineering Economics”, PHI
3.  S.P.Gupta, “Macro Economics”, TMH.
4. S.B. Gupta,”Monetary Economics”, Sultan Chand and Co.
5. Mankiew, N G, “Principles of Microeconomics”, Eighth Edition, Cengage Learning, 2016.     6. Sikdar, S, “Principles of Microeconomics”, Third Edition, OUP, 2020.
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	CAD/CAE  LABORATORY

	Hours/Week L-T-P :
	0-0-3
	Credits:
	1.5

	Course Type :
	LC
	Course Code:
	MS2522



Course objectives:
To impart knowledge on how to prepare drawings for various mechanical 
components using any commercially available 3D modeling software's

Course Outcomes: At the end of the course, the student will be able to
CO1: Use the modern engineering tools necessary for engineering practice.
CO2: Draw 2D part drawings, sectional views, and assembly drawings as per standards.
CO3: Create 3D Model on any CAD software.
CO4: Convert 3D solid models into 2D drawings and prepare different views, sections, and 
dimensioning of part models.

List of Experiments: 

1. CAD Introduction. 
1.  Sketcher 
1.  Solid modeling – Extrude, Revolve, Sweep and variational sweep, Loft 
1.  Surface modeling – Extrude, Sweep, Trim and Mesh of curves, Freeform. 
1.  Feature manipulation – Copy, Edit, Pattern, Suppress, History operations etc. 
1. Assembly - Constraints, Exploded Views, Interference check.
1. Drafting - Layouts, Standard & Sectional Views, Detailing & Plotting. Exercises in modeling and drafting of mechanical components-assembly using parametric and feature based packages like PRO-E/SOLIDWORKS /CATIA/NX  
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	MATERIAL TESTING AND MACHINE DYNAMICS LABORATORY

	Hours/Week L-T-P :
	0-0-3
	Credits:
	1.5

	Course Type :
	LC
	Course Code:
	MS2524



Course Objectives:
1. Determine the tensile strength/ compressive strength/ bending strength of materials by Universal Testing Machine
1. Identify the Strain measurement using Strain Gauge
1. Apply the concept of estimation of Spring Constant under Tension and Compression
1. Analyze the Brinnel, Rockwell and Vickers Hardness strength of materials
1. Verify the static and dynamic balancing.
1. Study the effect of gyroscopic couple and operations of robotic arm.

Course Outcomes:
Uponcompletionofthis course,thestudentswillbe ableto:

CO1: Determine the tensile strength/ compressive strength/ bending strength of materials by 
          Universal Testing Machine.
CO2: Identify the Strain measurement using Strain Gauge.
CO3: Apply the concept of estimation of Spring Constant under Tension and Compression.
CO4: Analyze the Brinnel, Rockwell and Vickers Hardness strength of materials.
CO5: Learning the Special purpose mechanism (governor, Gyroscope CAM and 
followers etc. used in designing of a machine.
CO6: Measure the amplitude of vibration in damped and un-damped vibrating system


List of Experiments: (Any TEN)
1. Determination of tensile strength/ compressive strength/ bending strength of materials by Universal Testing Machine
2. Determination of Impact strength of material (Charpy and Izod)
3. Determination of Hardness strength of materials (Brinnel, Rockwell andVickers)
4. Determination of Rigidity modulus of material
5. To determine gyroscopic couple on Motorized Gyroscope.
6. To perform experiment on watt and Porter Governors to prepare performance 
characteristic Curves, and to find stability & sensitivity
7. To perform experiment on Proell Governors to prepare performance characteristic 
Curves, and to find stability & sensitivity.
8.To perform the experiment for static balancing on static balancing machine.
9.To perform the experiment for dynamic balancing on dynamic balancing machine.
10. To calculate the time period of compound.
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	ROBOTICS AND AUTOMATION LAB

	Hours/Week L-T-P:
	0-0-3
	Credits:
	1.5

	Course Type:
	LC
	Course Code:
	MS2526



Course objectives
1. To introduce the functional elements of Robotics
1. To impart knowledge on the direct and inverse kinematics
1. To introduce the manipulator differential motion and control
1. To educate on various path planning techniques
1. To introduce the dynamics and control of manipulators
1. 
Course outcomes: On successful completion of the course, students will be able to:
CO1: Understand basic concept of robotics.
CO2:Analyze Instrumentation systems and their various applications.
CO3:Know about the differential motion add statics in robotics
CO4:Know about the various path planning techniques

List of experiments
1. Simulation of Mathematical Model of Robot.
2. Forward and Inverse Dynamic Analysis of a 2-DOF Robotic Manipulator using Software Tools.
3. Building and Programming a Simple Arduino-Based Robot for basic movement.
4. Construct a robotic arm using servo motors or stepper motors and program the arm to perform 
various tasks, such as picking up objects, sorting the colour, or drawing shapes.
5. Designing a 3D Model of a Robotic Arm and Grippers Using Software
6. Implement a PID controller for a robotic arm or mobile robot and simulate its performance in 
    tracking a desired trajectory.
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	THERMAL ENGINEERING LABORATORY-1

	Hours/Week L-T-P :
	0-0-3
	Credits:
	1.5

	Course Type :
	LC
	Course Code:
	MS2528



Course Objectives:
1. To identify the behaviour of analytical models introduced in lecture to the actual behaviour of    
     real fluid flows.
2. To explain the standard measurement techniques of fluid mechanics and their applications.
3. To illustrate the students with the components and working principles of the Hydraulic 
machines different types of Turbines, Pumps, and other miscellaneous hydraulics machines.
4. To analyze the laboratory measurements and to document the results in an appropriate format.

Course Outcomes:

Students who successfully complete this course will have demonstrated ability to:

CO1: Describe the measurement techniques of fluid mechanics and its appropriate application.
CO2: Interpret the results obtained in the laboratory for various experiments.
CO3: Compare the results of analytical models introduced in lecture to the actual behavior of 
           real fluid flows and draw correct and sustainable conclusions
CO4: Perform test on centrifugal pump, reciprocating pump, turbines.

List of Experiments:
Any 10 experiments from the following

1. Experiments on flow through pipes and application of Bernoulli’s principle
2. Determination of metacentric height and application to stability of floating bodies.
3. Determination of Cv and Cd of orifices.
4. Experiments on impact of jets
5. Experiments on performance of centrifugal pump / reciprocating pump
6. Experiments on performance of IC Engine
7. Experiments on Reynold’s Apparatus
8. Study on Pelton / Francis / Kaplan Turbine
9. Study of steam power plant.
10. Study of gas turbine power plant.
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