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PROGRAMME EDUCATIONAL OBJECTIVES (PEO)

1.

The graduates acquire ability to create mathematical model, design, analysis and
synthesis the system integration based on the knowledge of mechanical,
electrical, electronic, control, computer, communication, fluid and other
engineering domains.

The graduates use their talent, self-confidence, knowledge and engineering
practice which facilitate them to pursue position of scientific and/or managerial
leadership in their career paths.

The graduates apply their consciousness of moral, professional responsibilities
and motivation to practice life-long learning in a team work environment.

PROGRAMME OUTCOMES (PO)

1.

2.

10.

11.

12.

13.

Graduate will demonstrate strong basics in mechanics and its design, electronics
engineering serves the foundation for the Programme.

Graduate will be familiar about the importance of the sensors, signal conditioning,
and control system design for the appropriate use of mechatronic system
developments.

Graduate able to demonstrate the effective use of actuators and its elements for
the generation, control and conversion of energy for the typical automation.
Graduate able to develop the mechatronic systems by the integration of
mechanical, electrical, electronics, fluid, and other multidisciplinary systems.
Graduate able to build the real time automation system within realistic
constraints such as industrial, economic, environmental, ethical, social, health
and safety.

Graduate will become familiar with modern automation tools and such as
incorporating robots and vision based intelligence automation.

Graduate will acquire the capability to identify, formulate and solve engineering
problems related to mechatronic systems.

Graduate will has an understanding of social, professional and ethical
responsibility when developing automated system.

Graduate will be able to communicate effectively both in verbal and nonverbal
forms.

Graduate will be trained towards developing and understanding the impact of
development of mechatronics system on global, economic, environmental and
societal context.

Graduate will be capable of understanding the value for life-long learning and
motivating them to involve the research works.

Graduate will be able to design and develop innovative/ manufacturable /
marketable / environmental friendly systems useful to the nation and the society.
Graduate will be able to emerge as a successful entrepreneur.
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ANNA UNIVERSITY : : CHENNAI 600 025

AFFILIATED INSTITUTIONS
REGULATIONS - 2017

M.E. MECHATRONICS ENGINEERING

| TO IV SEMESTERS CURRICULUM AND SYLLABUS

SEMESTER |
SL. COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY PERIODS L |T]| P C
THEORY
MR5101 Con_ceptsf in Electronics 0 2
Engineering >
1. or FC 4 3
MR5102 Concepts of Machines and 2|0
Mechanisms
5 MAG156 App!led Mathematics for EC 4 410l o 4
Engineers
3. | MR5103 Sensors and Signal PC 5 2 | 4
Conditioning
4, MR5104 Control System Design PC 5 3 10| 2 4
5. MR5105 Microcontroller and PLC PC 3 310 0 3
6. Professional Elective — | PE 3 3]0 0 3
PRACTICALS
7. MR5111 Modelmg, Simulation and PC 5 0 0 2 1
Analysis Laboratory
TOTAL 28 18 8 22
SEMESTER I
SL. COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY PERIODS L |T]| P C
THEORY
1 MR5251 Design of Machine Elements EC 5 4 1ol o 4
and Product Developments
2. MR5252 Mechatronics System Design FC 5 3]0 2 4
3. MR5201 Machine Vision PC 3 310 0 3
4 MR5202 Drives ar_1d Actuators for PC 5 310 2 4
Automation
5. Professional Elective — 11 PE 3 310 0 3
6. Professional Elective — llI PE 3 310 0 3
PRACTICALS
7. MR5211 Microcontroller Laboratory PC 4 00| 4 2
8. MR5212 Machine Vision Laboratory PC 4 010 4 2
9. MR5213 Technical Seminar EEC 2 010 2 1
TOTAL 35 18 | 2 | 16 | 26




SEMESTER Il

SL. | COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY | Srodps | L | T| P | C
THEORY
1. MR5391 Industrial Robotics PC 3 310 0 3
2. Elective - IV PE 3 310 0 3
3. Elective - V PE 3 310 0 3
PRACTICALS
4. | MR5311 | Project Work Phase | | EEC 12 0 |0[12]| 6
TOTAL 21 9 |o]|12] 15
SEMESTER IV
SL. | COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY | roips | L [T| P | C
PRACTICALS
1 | MR5411 Project Work Phase II EEC 24 24 | 12
TOTAL 24 0 |0]24] 12

TOTAL CREDITS TO BE EARNED FOR THE AWARD OF THE DEGREE = (22+ 26+15+12) = 75




FOUNDATION COURSES (FC)

SL. COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY PERIODS
1 MR5101 Con_ceptsf in Electronics FC 4
Engineering
Concepts of Machines and FC
2. MR5102 Mechanisms 4
3 MA5156 App!led Mathematics for EC 4
Engineers
Design of Machine
4, MR5251 Elements and Product FC 5
Developments
5 MR5252 Mec_hatromcs System EC 5
Design
PROFESSIONAL CORE (PC)
SL. COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY PERIODS
1. | MRsi03 | Sensorsand Signal PC 5
Conditioning
2. MR5104 Control System Design PC 5
3. MR5105 Microcontroller and PLC PC 3
4 MR5111 Modelmg, Simulation and PC 2
Analysis Laboratory
5. MR5201 Machine Vision PC 3
6. MR5202 Drives apd Actuators for PC 5
Automation
7. MR5211 Microcontroller Laboratory PC 4
8. MR5212 Machine Vision Laboratory PC 4
9. MR5391 Industrial Robotics PC 3




PROFESSIONAL ELECTIVES(PE)

SEMESTER | (Elective 1)

SL. | COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY PERIODS L T P C
1. | MR5001 Nonlinear Systems Dynamics PE 3 3 0 0 3
2. | MR5002 Computer Aided Inspection PE 3 3 0 0 3
3. | MR5003 Digital Manufacturing PE 3 3 0 0 3
Modeling and Finite Element PE 3
4. | MR5004 Analysis of Electromechanical 3 0 0 3
Systems
s, | MRsons | SO e e eionand | PE S EBDEE
SEMESTER Il (Elective Il & III)
SL. | COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY PERIODS L T P C
1. | MR5006 Micro and Nano Systems PE 3 3 0 0 3
> | MR5007 Embedded S_ystems with PE 3 3 0 0 3
Advanced Microcontrollers
3. | PD5091 Product Lifecycle Management PE 3 3 0 0 3
4. | MR5008 Human Machine Interface PE 3 3 0 0 3
5. | MR5009 Machine Learning PE 3 3 0 0 3
6. | MR5010 Haptics and Augmented Reality PE 3 3 0 0 3
7. | MR5011 Communication Protocols PE 3 3 0 0 3
8. | MR5012 Solid State Drives PE 3 3 0 0 3
9 | cM5071 :\r/lwger:tgsgttulz:%duct Design and PE 3 3 0 0 3
SEMESTER III (Elective IV &V
SL. | COURSE CONTACT
NO. CODE COURSE TITLE CATEGORY PERIODS L T P C
1. | MF5075 Industrial Safety PE 3 3 0 0 3
> | MR5013 Industrial Automation for PE 3 3 0 0 3
Mechatronics
3. | MR5014 | Advanced Control Systems PE 3 3 0 0 3
4. | CP5292 Internet of Things PE 3 3 0 0 3
5. | MR5015 Biomechatronics PE 3 3 0 0 3
6. | MR5016 Advanced Computer Vision PE 3 3 0 0 3
7. | MR5017 gg%?::grgﬁgp“ters and PE 3 3 1ol o | 3
8. | MR5018 Automotive Electronics PE 3 3 0 0 3
9. | MR5019 Marine Mechatronics PE 3 3 0 0 3
10. | MR5020 é\rglgi?\gzr;or Mechatronics PE 3 3 0 0 3
11. | MR5021 Medical Mechatronics PE 3 3 0 0 3
12. | MF5074 Entrepreneurship Development PE 3 3 0 0 3
13. | cM5092 II\EAr;\::L?QQSQ:]g)onsmous PE 3 3 0 0 3
14. | CM5073 Green Manufacturing PE 3 3 0 0 3




EMPLOYABILITY ENHANCEMENT COURSES (EEC)

SL.

COURSE

CONTACT

NO. CODE COURSE TITLE CATEGORY PERIODS L T P C
1 MR5213 Technical Seminar EEC 2 0 0 1
2. MR5311 Project Work — Phase | EEC 12 0 0 12 6
3. MR5411 Project Work - Phase |l EEC 24 0 0 24 12




MR5101 CONCEPTS IN ELECTRONICS ENGINEERING L TP C
2 0 2 3
OBJECTIVES:
e To understand the basics and working principles of electronic components and their
applications.
UNIT I ELECTRONIC COMPONENTS AND DEVICES 7

Resistors, capacitors, inductors, transformers — types and properties - junction diodes, zener
diodes, transistors and thyristors - types-operating mechanism-characteristics and applications.
LED - characteristics and applications

UNIT Il OPERATIONAL AMPLIFIERS AND APPLICATIONS 7
Operational amplifiers — principles, specifications, characteristics and applications- arithmetic
operations, integrator, differentiator, comparator, schmitt trigger, instrumentation amplifiers,
active filters, linear rectifiers, waveform generators, A/D converters, feedback and power
amplifiers, sine wave oscillators

UNIT Il DIGITAL ELECTRONICS 6
Number systems — Logic gates — Boolean algebra — Simplification of Boolean functions— Study
of Combinational Logic Circuits-Full Adder, Code Converters, Multiplexers, Encoder and
Decoders, Study of Sequential Logic Circuits-Flip-flops, Counters, Shift registers — D/A
Converters.

UNIT IV MEASURING INSTRUMENTS 5
Rectifiers and Filters - Regulated Power Supply — Switching Power Supplies, Thermal
Considerations. Measurement of voltage, current, frequency and power using Multi meters,
oscilloscopes, recorders, data loggers, signal sources, counters, analyzers and printers.

UNIT V POWER MANAGEMENT 5
Pulse width modulation and pulse position modulation — batteries—SMPS - sensors, actuators
and controllers energy consumption -power optimization of integrated system.

TOTAL: 30 PERIODS
OUTCOMES:
This course is intended for learning the fundamentals and applications of Electronic
Components, Devices, analog circuits, digital circuits, test and measuring instruments. Further,
students will learn to develop customized electronics components for mechatronic applications.

REFERENCES

1. Helfrick A.D and Cooper .W. D. “ Modern Electronic Instrumentation and
Measurements Techniques”, Prentice Hall, 2008.

2. Jocob Mill Man, Microelectronics Digital and Analog Circuits & Systems — McGraw-
Hill, 2004.

3. Malvino & Leach, Digital Principles &Application, TMH, 2002.

4, Mill Man and Halkias, “Electron Devices and Circuits”, McGraw-Hill 2004.

5. Ray & Chaudary, Linear Integrated Circuits, New Age, 2006.



LABORATORY L T P C
0O 0 2 O

OBJECTIVES:

To give hands on experience on basic electronics unit developments for the mechanical
stream students.

LIST OF EXPERIMENTS

1.  Study of digital storage oscilloscope.

2. Experimentation with CRO.

3.  Design of DC power supplies

4.  Design of inverting amplifier and non-inverting amplifiers

5.  Design of Instrumentation amplifier.

6. Design of analog filters.

7.  Design of combinational circuits and sequential circuits.

8.  Design of A/D converters and D/A converters.

9.  RC Servo motor driver circuit.

10. Design of stepper motor driver circuit.

TOTAL: 30 PERIODS

OUTCOMES:

Upon Completion of the course, the students will be able to:
¢ The laboratory experiments provides a hands on experience onboard electronics
developments particularly the students come from mechanical stream.

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:

1.
2.
3

CRO-1
DSO-1
DC Power supply

5V —-5No’s

12V, 10A- 1 No

24V, 10A or higher - 1 No
Function generator-1
OP-Amp trainer kit (inverting and non-inverting amplifier module)
Analog filters trainer kit
Sequential circuit trainer kit
Combination circuit trainer kit
A/D Converter trainer kit -1 No

10. D/AConverter Trainer kit-1 No

11. Driver Circuit Module for servomotor-1 No

12. Driver Circuit module for stepper motor-1 No

13. Multi-Meter, bread board, and solder machine.

14. Electronic components for power supply (transformer, regulator, diode,

capacitors) -5 No’'s
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MR5102 CONCEPTS OF MACHINES AND MECHANISMS L TP C
2 2 0 3

OBJECTIVES:

¢ To impart knowledge of basic mechanical engineering to the students.

UNIT | MECHANISMS 12

Definition — Machine and Structure — Kinematic link, pair and chain — classification of
Kinematic pairs — Constraint& motion - Degrees of freedom — Slider crank — Single and double
— Crank rocker mechanisms — Inversions — applications. Kinematic analysis and synthesis of
simple mechanisms — Determination of velocity and acceleration of simple mechanisms.

UNIT II FRICTION 12
Types of friction — friction in screw and nuts — pivot and collar — thrust bearings — collar bearing
— plate and disc clutches — belt (flat &vee) and rope drives — creep in belts — Jockey pulley —
open and crossed belt drives — Ratio of tensions — Effect of centrifugal and initial tension —
condition for maximum power transmission.

UNIT I GEARING AND CAMS 12
Gear profile and geometry-nomenclature of spur and helical gears — law of gearing —
interference requirement of minimum number of teeth in gears-gear trains-simple and
compound gear trains determination of speed and torque in epicyclic gear trains-Cam profile-
different types of followers.

UNIT IV VIBRATION 12
Free, forced and damped vibrations of single degree of freedom systems — force transmitted to
supports — vibration Isolation — vibration absorption — torsional vibration of shafts — single and
multirotor systems — geared shafts — critical speed of shafts.

UNIT V MACHINE TOOLS 12
Machine tool construction-features — operations of lathe, milling machine, drilling machine —
Drive system for machine tools — mechanical, hydraulic and electric stepped and variable
speeds — spindle speeds and feed drives-linear and reciprocation motion generation.

TOTAL: 60 PERIODS
OUTCOMES:
e The students will understand the concepts, design, construction and properties of

mechanical elements and machines.

REFERENCES

1. Bansal R.K, “Theory of Machines”, Laxmi Publications (P) Itd., New Delhi. 2011.

2. G.C.Sen and A. Bhattacharya, “Principles of Machine Tools”, New Central book
Agency, 1999.

3. Joseph Edward Shigley, Charles R.Mischke, “Mechanical Engineering Design”,
Mcgraw Hill International Edition, 2008.

4. Malhotra .D.R. and Gupta .H.C. “The Theory of Machines” SatyaPrakasam, Tech.
India Publications, 1989.

5. R.S.Khurmi and Gupta, “Theory of Machines” Eurasia Publishing House Pvt Ltd.
2012.
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MA5156 APPLIED MATHEMATICS FOR ENGINEERS L TP C
4 00 4
OBJECTIVES :

This course is designed to enrich the knowledge in various advanced mathematical techniques
such as matrix theory, calculus of variations, probability and random variables, Laplace
transforms and Fourier transforms. The fundamental concepts in these areas will be more
useful for the students to model the engineering problems and solving them by applying these

methods.

UNIT I MATRIX THEORY 12
The Cholesky decomposition - Generalized Eigenvectors - Canonical basis - QR factorization -
Least squares method - Singular value decomposition.

UNIT Il CALCULUS OF VARIATIONS 12
Concept of variation and its properties — Euler’s equation — Functional dependant on first and
higher order derivatives — Functionals dependant on functions of several independent variables
— Variational problems with moving boundaries — Isoperimetric problems - Direct methods : Ritz
and Kantorovich methods.

UNIT I PROBABILITY AND RANDOM VARIABLES 12
Probability — Axioms of probability — Conditional probability — Baye’s theorem - Random
variables - Probability function — Moments — Moment generating functions and their properties
— Binomial, Poisson, Geometric, Uniform, Exponential, Gamma and Normal distributions —
Function of a random variable.

UNIT IV LAPLACE TRANSFORM TECHNIQUES FOR PARTIAL

DIFFERENTIAL EQUATIONS 12
Laplace transform - Definitions - Properties — Transform error function - Bessel’s function -
Dirac delta function - Unit step functions — Convolution theorem — Inverse Laplace transform :
Complex inversion formula — Solutions to partial differential equations : Heat equation - Wave
equation.

UNIT V FOURIER TRANSFORM TECHNIQUES FOR PARTIAL DIFFERENTIAL

EQUATIONS 12
Fourier transform : Definitions - Properties — Transform of elementary functions - Dirac delta
function — Convolution theorem — Parseval’'s identity — Solutions to partial differential
equations : Heat equation - Wave equation - Laplace and Poison’s equations.

TOTAL : 60 PERIODS
OUTCOMES: :
After completing this course, students should demonstrate competency in the following skills:
e Apply various methods in matrix theory to solve system of linear equations.
e Maximizing and minimizing the functional that occur in various branches of
engineering disciplines.
e Computation of probability and moments, standard distributions of discrete and
continuous random variables and functions of a random variable.
o Application of Laplace and Fourier transforms to initial value, initial-boundary value
and boundary value problems in Partial Differential Equations.

12



REFERENCES :

1. Andrews L.C. and Shivamoggi, B. "Integral Transforms for Engineers”, Prentice Hall of
India Pvt. Ltd., New Delhi, 2003.

2. Bronson, R. “Matrix Operations”, Schaum’s outline series, 2" Edition, McGraw Hill,
2011.

3. James, G., “Advanced Modern Engineering Mathematics
Education, 2004.

4. Johnson, R.A., Miller, | and Freund J., "Miller and Freund’s Probability and Statistics for
Engineers", Pearson Education, Asia, 8" Edition, 2015.

5. O'Neil, P.V., "Advanced Engineering Mathematics ", Thomson Asia Pvt. Ltd., Singapore,
2003.

6. Sankara Rao, K., “Introduction to Partial Differential Equations”, Prentice Hall of India
Pvt. Ltd., New Delhi, 1997.

. 3™ Edition, Pearson

MR5103 SENSORS AND SIGNAL CONDITIONING L T P C
3 0 2 4
OBJECTIVES:
e To learn the various types of sensors, transducers and signal conditioning circuits for
Mechatronics system development

UNIT | INTRODUCTION 7
Basics of Measurement — Classification of errors — Error analysis — Static and dynamic
characteristics of transducers — Performance measures of sensors — Classification of sensors
— Sensor calibration techniques — Sensor Output Signal Types.

UNIT Il MOTION, PROXIMITY AND RANGING SENSORS 10

Motion Sensors — Brush Encoders, Potentiometers, Resolver, Encoders — Optical, Magnetic,
Inductive, Capacitive, LVDT — RVDT — Synchro — Microsyn, Accelerometer.,— GPS, Range
Sensors — RF beacons, Ultrasonic Ranging, Reflective beacons, Laser Range Sensor (LIDAR).

UNIT 1l FORCE, MAGNETIC AND HEADING SENSORS 8
Strain Gage, Load Cell Magnetic Sensors —types, principle, requirement and advantages:
Magneto resistive — Hall Effect — Current sensor Heading Sensors — Compass, Gyroscope,
Inclinometers.

UNIT IV OPTICAL, PRESSURE AND TEMPERATURE SENSORS 8
Photo conductive cell, photo voltaic, Photo resistive, LDR — Fiber optic sensors — Pressure —
Diaphragm, Bellows, Piezoelectric, Temperature — IC, Thermistor, RTD, Thermocouple.

UNIT V SIGNAL CONDITIONING 12
Need for Signal Conditioning — DC and AC Signal conditioning — Filter and Isolation Circuits —
Operational Amplifier Specifications, Characteristics and Circuits — Voltage, Current and Power
Amplifiers — Transmitting Circuits — Fundamentals of Data Acquisition System.

TOTAL : L=45+P(30)=75 PERIODS
OUTCOMES:
e The students will learn the principles of various sensors and transducers and also able to
study the characteristics of sensors.
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REFERENCES
1. Bolton W., “Mechatronics”, Thomson Press, 2003.

2. Bradley D.A., and Dawson, Burd and Loader, “Mechatronics”, Thomson Press India Ltd.,
2004

3. Ernest O. Doeblin, “Measurement system, Application and Design”, Tata McGraw Hill
Publishing Company Ltd., Fiftieth Edition, 2004

4. Patranabis D., “Sensor and Actuators”, Prentice Hall of India (Pvt) Ltd.,
2005.

5.  Renganathan S., “Transducer Engineering”, Allied Publishers (P) Ltd., 2003

LAB COMPONENT L
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OBJECTIVES:

e To learn and gather the practical experience on sensors and its measurements for
mechatronics system development.

LIST OF EXPERIMENTS

1. Study on various kinds of sensors and its characteristics.

2. Study on signal conditioning units.

3. Experimentation on voltage, current, power, and frequency measurement.

4 Strain gage, load cell and torque transducer characterization & applications — data

acquisition & instrument control.

5. Experimentation with tactile sensor for force and touch detection.

6. LVDT, acoustics ranging, Hall Effect sensor and ultrasonic distance measurement
applications.

7. Temperature & Optical transducers Characterization — Data Acquisition & Instrument
Control.

8. Study on eddy current sensor for thickness measurement.

0. Study on ultrasonic sensors for material fault diagnosis.

10. Experimentation on laser sensor for non-contact dimension measurement.

11. Study on Experimentation with Gyroscope, Accelerometer and magnetometer.

12. Experimentation with speed and position measurement using encoders.

TOTAL: 30 PERIODS
OUTCOMES:
Upon Completion of the course, the students will be able to:
e Students able to come with suitable sensor selection for the mechatronics system
development based on the laboratory experience.

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:
1. Temperature Sensors (RTD, Thermocouple, Thermistor, & IC Temperature
sensor)- 1 in Each
2. Optical sensors (Photovoltaic, Photo Conductive, Photo Transistor, & Photo
Diode) - 1 in Each
Strain Gauge Trainer — 1 No’s
Load cell Trainer — 1 No's
Torque Transducer Trainer — 1 No’s
LVDT, Acoustics Ranging and Hall Effect Trainer — 1 No’s on Each

o gk w
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Pressure sensor, ultrasonic senor Trainer — 1 No’s on Each

8. Proximity sensor (Eddy current, optical, inductive, capacitive principle) —1 No’s
on Each

9. Gyroscope, Accelerometer and Magnetometer Trainer — 1 No’s on Each

10. Encoders( Absolute, incremental)— 1 No’s on Each

11. Tactile sensor (force and touch) Trainer— 1 No

12. DAQ card —5No

13. PC-5
MR5104 CONTROL SYSTEM DESIGN L T P C
3 0 2 4
OBJECTIVES:
o To understand dynamics, design and analysis of control systems to meet the desired
specifications.
UNIT | SYSTEM REPRESENTATION AND MODELLING 9

Introduction and need for Control Systems with examples — Feedback systems — Block Diagram

— Definition of Process variable, Set-point, Manipulated variable and Final control element with
examples -Open loop and Closed loop systems — Transfer Function Model — State Space Model
— Mathematical Modelling of Mechanical, Electrical, Pneumatic and Hydraulic systems — Block
Diagram reduction — Signal flow graph.

UNIT II DESIGN OF FEEDBACK CONTROL SYSTEM 9
Feedback systems — Block Diagram — Definition of process variable, set —point, manipulated
variable and final control element with examples — characteristics of on —off,P, PI, PD and PID
controllers — Implementation issues of PID controller — Modified PID controller — Tuning of
controller.

UNIT Il TIME AND FREQUENCY DOMAIN ANALYSIS 9
Time response of First & Second order systems — Time domain specifications - steady state
errors and error constants — Routh Hurwitz criterion — Root locus — Bode Plot — Polar Plot —
Nyquist stability criterion — Stability analysis — Experimental determination of Transfer Functions

UNIT IV CONTROL SYSTEM DESIGN 9
Root locus approach to control system design — lead, lag, lag-lead compensation using time
domain analysis. control system design using frequency domain analysis - lead, lag, lag-lead
compensation using frequency domain analysis— P, PIl, and PID controllers — tuning methods
and rule.

UNIT V CONTROL AND ANALYSIS OF SERVO MOTOR 9
Servo motor — Mathematical Modelling of Servo Motor — Analysis of Servo motor system using
Routh Hurwitz criterion, Root locus, Bode Plot, Polar Plot and stability analysis — Implementation
of P, Pl , PD and PID controllers for servo motor and analysis - bumpless control transfer
between manual and PID Control- anti-windup control using PID Controller.

L=45+P(30)=75 PERIODS
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OUTCOMES:
o The students will know the various types of control systems and their modelling. with
reference to mode controls, and determination of stability in time and frequency domain.

REFERENCES

1. A. NagoorKani, “Control Systems”, RBA Publications (P) Ltd., 2014.

2. B.C. Kuo, “Automatic Control Systems”, Prentice Hall of India Pvt. Ltd., New Delhi, 2004.

3. L.J.Nagrath and Gopal, “Control System Engineering”, New Age international (P) Ltd., 2006.
4. K.Ogata, “Modern Controls Engineering®, Prentice Hall of India Pvt. Ltd., New Delhi, 2005.
5

M. Nakamura .S.Gata&N.Kyura, Mechatronic Servo System Control, Springer.

LABORATORY L T P C
0O 0 2 0
OBJECTIVES:
e To study the classical concepts behind the control system design for various systems in
both time and frequency domain.

LIST OF EXPERIMENTS

Series, cascaded, feedback system modelling.

State space modeling

Study on time domain representation and specifications
Study on Routh-Hurwitz criterion and Root locus techniques
Study on frequency domain representation and specifications
Bode plot and polar plot technique

Study on tuning and finding of controller gain using combination of PID controllers.
Study on velocity vs. torque control.

Study on position vs. torque control.

Study on various motion control systems

Boom~Nourwnk

TOTAL: 30 PERIODS
OUTCOMES:
Upon Completion of the course, the students will be able to:
e The outcome of this laboratory is to create familiarization with control system design for
various systems.

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:
1. MATLAB/ SCILAB — Control System Tool Box with - 15 No’s
2. Motion control PLC with motor, load setup and feedback setup-1

16



MR5105 MICROCONTROLLER AND PLC (PROGRAMMABLE L T P C
LOGIC CONTROLLERS) 3 0 0 3

OBJECTIVES:

This course is intended for learning the Introduction and Architecture of Microcontroller,
Fundamentals of Assembly language Programming, Programming of Microcontroller and
Interfacing of Microcontroller. This course is also gives the ideas of Fundamentals.
Architecture and Operations of programmable logic controller, Problem solving using logic
ladder diagrams and communication in PLCs.

UNIT | INTRODUCTION TO MICRO CONTROLLER 9
Microprocessors and Microcontrollers — CISC and RISC - Fundamentals of Assembly
language Programming — Instruction to Assembler — C Programming for Microcontrollers —
Compiler and IDE — Introduction to Embedded systems - Architecture 8051 family - PIC
18FXXX — family — Memory organization

UNIT II PROGRAMMING OF 8051 MICROCONTROLLER 9
Instruction set — Addressing modes — I/0O Programming-Timer/Counter - Interrupts — Serial
communication of 8051.

UNIT 1l PROGRAMMING OF PIC18FXXX MICROCONTROLLER 9
Instruction set — Addressing modes — I/0O Programming-Timer/Counter - Interrupts — Serial
communication, CCP, ECCP PWM programming of PIC18FXXX.

UNIT IV PERIPHERAL INTERFACING 9
Interfacing of Relays, Memory, key board, Displays — Alphanumeric and Graphic, RTC, ADC
and DAC, Stepper motors and DC Motors, 1°C, SPI with 8051 and PIC family

UNIT V PLC PROGRAMMING 9
Fundamentals of programmable logic controller — Functions of PLCs — PLC operations —
Evaluation of the modern PLC — Memory— Selection of PLC — Features of PLC — Architecture
— Basics of PLC programming — Developing Fundamental wiring diagrams — Problem solving
using logic ladder diagrams — communication in PLCs — Programming Timers — Programming
counters — Data Handling.
TOTAL : 45 PERIODS

REFERENCES

1. Frank D. Petro Zella, “Programmable logic controller” McGraw — Hill Publications, 1998

2. James W. Stewart, “The 8051 Micro controller hardware, software and interfaciung,
regents Prentice Hall, 2003.
3. John B. Peatman, PIC programing, McGraw Hill International, USA, 2005.

4. John B. Peatman, Design with Micro controllers, McGraw Hill International, USA, 2005.

5. Kenneth J. Aylala, “The 8051 Micro controller, the Architecture and Programming
applications”,2003.

6. Muhammad Ali Mazidi and Janice GillispicMazdi, “The 8051 Microcontroller and
Embedded Systems” Pearson Education, Inc 2006.
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MR5111 MODELING, SIMULATION AND ANALYSIS LABORATORY L T P C
00 2 1
OBJECTIVES:
e To learn the drawing, modeling, simulation and assembly of machines and its
components.

LIST OF EXPERIMENTS

1. 2D modeling and 3D modeling of components such as
Bearing.

Couplings.

Ball screw.

Gears.

Sheet metal components

Jigs, fixtures and die.

Structures and frames

2. Modeling and simulation of mechanism
e 4 Bar chain
Slider crank,
Ball and screw,
Rack and pinion.
Belt and chain drives.
e Quick return and elliptical trammel.
3. Assembly and simulation of system
e Serial manipulators
e Automotive systems
¢ Manufacturing machineries
4, Analysis of mechanical components
e Introduction to FEA packages.
¢ Machine elements (link, gear, joints) under static loads and dynamic
loads.

TOTAL: 30 PERIODS
OUTCOMES:
Upon Completion of the course, the students will be able to:
e The computer aided modeling and simulation laboratory will give the hands on experience
on modeling the mechanical structure and its elements and also it delivers the Assembly
and simulation of Machine and mechanisms.

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:
PC with Solidworks & FEA packages -15 No’s
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MR5251 DESIGN OF MACHINE ELEMENTS AND PRODUCT L T P C
DEVELOPMENTS 4 0 0 4
OBJECTIVES:
e To impart the knowledge in the design of machine elements and product design used in
mechatronics systems.

UNIT | INTRODUCTION 12
Introduction to national and international symbols- Engineering materials and their physical
properties and applied to design- Selection of materials- selection for new design and material
considerations-Factors of safety in design- Dimensioning and detailing- Fithess and tolerance-
Surface finish and machining symbols —Product development- Elementary concept of
functional, aesthetic and form design- Principles of design optimization- Future trends- CAD.

UNIT Il STATIC AND VARIABLE STRESSES 12
Static and variable loading in machine elements- Stress concentration- Goodmen and
soderberg method of design- Design of power transmission shafts- Subjected to torsion,
bending and axial loads- Design of close coiled helical spring -Design of couplings- Muff,
Flange, Bushed and pin types.

UNIT I DESIGN OF TRANSMISSION ELEMENTS 12
Design of gears - Selection and specification- Principle of hydrodynamic lubrication — Design of
journal bearings — Selection and specification of anti-friction bearings — Life rating of roller
bearings.

UNIT IV PRODUCT DESIGN AND DEVELOPMENT 12
Quality function development (QFD) - product design and specification, design for
manufacturability (DFM), design for assembly and disassembly, human factors in design
ergonomics, creativity in design, TRIZ- axiomatic design.

UNIT V FINITE ELEMENT ANALYSIS 12
Basic Concept of FEA - finite element analysis of one dimensional and two dimensional
problems-variational formulation of B.V.P. — Ritz Method-Examples related to one-dimensional
and two-dimensional problems.

TOTAL: 60 PERIODS
OUTCOMES:
e The students will learn the design of machine elements, product design concepts and

introduction to finite element analysis.

REFERENCES

1. George E.Dieter, Linda C.Schmidt, “Engineering Design”, McGraw-Hill International
Edition, 4th Edition, 2009, ISBN 978-007-127189-9.

2. Jain R.K., “Machine design”, Khanna Publishers, Delhi, 2006.

3. Khurmi R.S and Gupta J.K, “A Text Book of Machine Design”, Eurasia Publishing House
(P) Ltd, New Delhi, 2006.

4. PSG Design data Handbook, Kalaikhathir Publications, CBE 2002.

5. Ramamurthi, V., “Finite Element Method in Machine Design”, Narosa Publishing House,

January 2009, ISBN: 978-81-7319-965-3

Shigley J.E. “Mechanical Engineering Design”, McGraw-Hill Book Co.,Delhi,2004.

Spotts N.F. “Design of Machine Elements”, Prentice-Hall of India, 2004.
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MR5252 MECHATRONICS SYSTEM DESIGN L T P C
3 0 2 4
OBJECTIVES:

e To impart through knowledge in system modelling, system identification and simulation of

mechatronic system.

UNIT I INTRODUCTION 7
Mechatronics system overview — recent advancements — application — key elements —
mechatronics system design process.

UNIT Il MODELING OF SYSTEM 12
Need for modeling — systems overview — representation of systems (block diagram, signal flow
graphs, transfer function and state space) - Modeling technique ( analytical and identification
techniques) — direct method- analogue approach — bond graph approach — modeling of
electrical, mechanical, thermal, fluid and hybrid systems — system identification methods
overview — Least square method.

UNIT I SIMULATION 12
Simulation fundamentals — simulation life cycle — Monte Carlo simulation — solution for model
equations and their interpretations zeroth and first and second order system and its response —
scaling — validation — hardware in loop simulation (HIL) - Controller prototyping — simulation
systems in software environment.

UNIT IV DESIGN OPTIMIZATION 7
Optimization — problem formulation - constraints — over view of linear and nonlinear
programming techniques — other optimization techniques- optimal design of mechatronics
system with case studies.

UNIT V CASE STUDIES ON BUILDING A MECHATRONICS SYSTEM 7
Modeling and simulation of automotive system - power window, engine timing, building clutch
look up - antilock braking system ABS and automatic transmission controller - modeling of
stewart platform with actuators.

L=45+P(30)=75 PERIODS
OUTCOMES:
The students will gain the basic system modeling, simulation and design optimization for
mechatronics systems developments.

REFERENCES

1. Bolton, “Mechatronics — Electronic Control Systems in Mechanical and Electrical
Engineering”, Addison Wesley Longman Ltd., 2009.

2. Bradley, D. Dawson, N.C.Burd and A.J. Loader, “Mechatronics: Electronics in Product
and Process”, Chapman and Hall, London, 1999.

3. Brian morriss, “Automated Manufacturing Systems — Actuators Controls, Sensors and

Robotics”, McGraw Hill International Edition, 2000.
4. Devadas Shetty, Richard A.Kolkm, “Mechatronics System Design”, PWS Publishing
Company, 2009
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LABORATORY L T P C

OBJECTIVES:
e To learn the system design and its integration for modeling the mechatronics
systems.

LIST OF EXPERIMENTS

1. Modeling of various types of electrical motors and with gear train.

2. Modeling and simulation of automotive system.
e Power window.
e Engine timing.
e Building clutch look up.
e Antilock braking system ABS.
e Automatic transmission controller.

3. Modeling of 6 DOF articulated robot.

4. Modeling of SCARA robot.

5.  Modeling and Simulation of mobile robot.

6. Modeling of stewart platform with actuators.

7. Modeling of conveyor and object sorting system using various sensors.

8. Modeling of quadcopter.

TOTAL: 30 PERIODS

OUTCOMES:

Upon Completion of the course, the students will be able to:
¢ The students will acquire the hands on experience in design, modeling and
simulation of mechatronic system.

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:

Adam’s Software and MATLAB software packages are to be used to carryout the
listed experiments.
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MR5201 MACHINE VISION L
3 0 0
OBJECTIVES:

¢ To impart knowledge on imaging machine vision and its applications.

UNIT I INTRODUCTION 8
Human vision — Machine vision and Computer vision — Benefits of machine vision — Block
diagram and function of machine vision system implementation of industrial machine vision
system — Physics of Light — Interactions of light — Refraction at a spherical surface — Thin Lens
Equation

UNIT Il IMAGE ACQUISITION 12
Scene constraints — Lighting parameters — Lighting sources, Selection — Lighting Techniques —
Types and Selection — Machine Vision Lenses and Optical Filters, Specifications and Selection
— Imaging Sensors — CCD and CMOS, Specifications — Interface Architectures — Analog and
Digital Cameras — Digital Camera Interfaces — Camera Computer Interfaces, Specifications and
Selection — Geometrical Image formation models — Camera Calibration

UNIT I IMAGE PROCESSING 10
Machine Vision Software — Fundamentals of Digital Image — Image Acquisition Modes — Image
Processing in Spatial and Frequency Domain — Point Operation, Thresholding, Grayscale
Stretching — Neighborhood Operations, Image Smoothing and Sharpening — Edge Detection —
Binary Morphology — Colour image processing.

UNIT IV IMAGE ANALYSIS 6
Feature extraction — Region Features, Shape and Size features — Texture Analysis — Template
Matching and Classification — 3D Machine Vision Techniques — Decision Making.

UNIT V MACHINE VISION APPLICATIONS 9
Machine vision applications in manufacturing, electronics, printing, pharmaceutical, textile,
applications in non-visible spectrum, metrology and gauging, OCR and OCV, vision guided
robotics — Field and Service Applications — Agricultural, and Bio medical field, augmented
reality, surveillance, bio-metrics.
TOTAL: 45 PERIODS

OUTCOMES:

e The outcome of this course is to apply the vision concepts in various mechatronics

applications.

REFERENCES

1. Alexander Hornberg, “Handbook of Machine Vision”, First Edition

2. EmanueleTrucco, Alessandro Verri, “Introductory Techniques For 3D Computer Vision”,
First Edition

3. Eugene Hecht, A.R. Ganesan “Optics”, Fourth Edition

4. Rafael C.Gonzales, Richard.E.Woods, “Digital Image Processing Publishers”, Fourth
Edition
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MR5202 DRIVES AND ACTUATORS FOR AUTOMATION L T P C
3 0 2 4
OBJECTIVES:
= To impart knowledge in the area of hydraulic, pneumatic electric actuators and their
control.
UNIT | FLUID POWER SYSTEM GENERATION AND ACTUATORS 9

Need for automation, Classification of drives-hydraulic, pneumatic and electric —comparison —
ISO symbols for their elements, Selection Criteria. Generating Elements- Hydraulic pumps
and motor gears, vane, piston pumps-motors-selection and specification -Drive characteristics
— Utilizing Elements- Linear actuator — Types, mounting details, cushioning — power packs —
accumulators.

UNIT II CONTROL AND REGULATION ELEMENTS 9
Control and regulation Elements—Direction, flow and pressure control valves--Methods of
actuation, types, sizing of ports. Spool valves-operating characteristics-electro hydraulic servo
valves-Different types-characteristics and performance

UNIT Il CIRCUIT DESIGN FOR HYDRAULIC AND PNEUMATICS 9
Typical Design methods — sequencing circuits design - combinational logic circuit design-
cascade method - Karnaugh map method- Electrical control of pneumatic and hydraulic
circuits-use of relays, timers, counters, Programmable logic control of Hydraulics Pneumatics
circuits, PLC ladder diagram for various circuits, motion controllers, use of field busses in
circuits.

UNIT IV ELECTRICAL ACTUATORS 9
D.C Motor-Working principle, classification, characteristics, Merits and Demerits,
Applications- AC Motor- Working principle, Types, Speed torque characteristics, Merits and
demerits, Applications Stepper motor- principle ,classification, construction. Piezo electric
actuators — Linear actuators Hybrid actuators — Applications

UNIT V ELECTRICAL DRIVE CIRCUITS 9
DC Motors - Speed, direction and position control using H-bridge under PWM mode. Control
of AC motor drives — Need for V/ F drives — Energy saving AC drives. — Stepper Motor — Drive
circuits for speed and position control, BLDC motor — Controller — Switched reluctance motor.
L=45+P(30)=75 PERIODS
OUTCOMES:
The students able to familiar with basic concepts of hydraulic, pneumatics and electric drives
and their controlling elements and also gather the knowledge on designing the hydraulic and
pneumatic circuits using ladder diagram.

REFERENCES

1. Antony Esposito, “Fluid Power Systems and Control”, Prentice-Hall, 2006.

2. Peter Rohner, Fluid Power Logic Circuit Design”, The Macmillan Press Ltd.,
London, 1979.

3. W.Bolton, “Mechatronics, Electronic Control Systems in Mechanical and Electrical
Engineering”, Pearson Education, 2003.

4. GopalK.Dubey, “Fundamentals of Electrical Drives”,Narosa Publications, 2001.
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LABORATORY L T P C
0O 0 2 O

OBJECTIVES:

To study the functional aspects of different pneumatic and hydraulic Components and its
use in circuits and also to train the student in designing different pneumatic and hydraulic
circuits for different applications.

LIST OF EXPERIMENTS
Hydraulic and Pneumatic Drives
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Simulation of speed control circuits in a hydraulic trainer.
Simulation of hydraulic circuits in a hydraulic trainer.
Simulation of single and double acting cylinder circuits using different directional control
values.
One shot and regenerative pneumatic circuits.
Simulation of ladder logic program.
Sequencing of pneumatic circuits.
Simulation of logic and electro-pneumatic circuits.
Simulation of electro pneumatic sequencing circuits.
Simulation of PLC based electro pneumatic sequencing circuits.
To design and connect the circuits for the given problem (case study).
ectrical Drives
Speed and torque characterization and control of DC motors.
Speed and Torque characterization and control of AC motors.
Speed and torque characterization and sequence control of stepper motor
Electrical energy planning and management of autonomous system.
Closed loop position and velocity control of a DC servo motor.
Tuning of P, Pl and PID controller using simulation software.
TOTAL: 30 PERIODS

OUTCOMES:
Upon Completion of the course, the students will be able to:

The outcome of this laboratory is to create familiarization with fluid power drives and its
electronic control for automation application.

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:

1. Hydraulic Trainer with Pump and Valves

2. Pneumatic Trainer with Compressor and Valves

3. Electro Pneumatic Trainer

4. Electro Hydraulic Trainer

5. Hydraulics and Pneumatics Simulation Software

6. System Controlled DCMotor with Feedback Setup

7. System Controlled ACMotor with Feedback Setup

8. System Controlled Stepper Motor Setup

9. MATLAB/SCILAB/ any other Software for Controller Tuning.
10. PC-7
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MR5211 MICROCONTROLLERS LABORATORY L T P C
0 4 2

0
OBJECTIVES:
e Tointroduce and train the students to use microcontroller for actuation and control
of speed

LIST OF EXPERIMENTS

Assembly language programming and simulation of 8051 in Keil IDE.

Alphanumeric and Graphic LCD interfacing using X8051 & PIC Microcontroller.
Sensor interfacing with ADC to X8051 & PIC.

DAC & RTC interfacing to X8051 & PIC.

Timer, Counter and Interrupt program application for X8051 and PIC.

Step motor (unipolar & bipolar motor) and PWM servo motor control to interfacing with
X8051.

. UART serial programming in X8051 and PIC.

8. PC Interfacing of stepper motor - Unipolar & Bipolar.

9. Programming of ARM Processor for sensor interface.

10. Programming of ARM Processor for display interface.

11. Stepper motor and Servo motor control using ARM processor.

12. Serial communication of ARM processor with computation platform.

13. Programming on single board computers for sensor and actuator interface.

14. Programming on communication and control between single board computers for machine
to machine communication.

ouhkwnNE

TOTAL: 60 PERIODS
OUTCOMES:
Upon Completion of the course, the students will be able to:

e To use microcontroller and other processor to control different motors like DC motor,
stepper motor, servo motor etc.,

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:
1. 8051 Microcontroller Trainer Kit with Software-3 No’s
PIC Trainer Kit with Software -3 No’s
ARM 7 Trainer Kit with Software - 3 No’s
Single Board Computer Evaluation Board with Software -3 No’s
Computers- 12 No’s
ADC interface- 3
Servomotor — 3 no’s
Stepper motor -3 no’s

©No O WN
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MR5212 MACHINE VISION LABORATORY L T P C
0O 0 4 2
OBJECTIVES:
e To gather the practical exposure on machine vision elements, lighting technique,
processing softwares and algorithms

LIST OF EXPERIMENTS

Study on different kinds of vision sensors.

Study on lighting techniques for machine vision

Study on Design of Machine Vision System.

Experimentation on image acquisition towards the computation platform.
Pre-processing techniques in image processing

Edge detection and region of interest extraction.

Experimentation with image processing algorithm for feature extraction.
Experimentation with pattern recognition.

Vision based pallet inspection.

Vision based Gear parameter measurement.

Vision based classification of objects.

ol
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TOTAL: 60 PERIODS
OUTCOMES:
Upon Completion of the course, the students will be able to:
e The students will acquire the hands on experience in machine vision techniques.

LIST OF EQUIPMENT FOR A BATCH OF 30 STUDENTS:

CMOS Camera (USB/Ethernet)- 1 No

CCD Camera (USB/Ethernet)- 1 No

Standard Boom Stand(Bench top setup) - 2 No's

Extension Tube (5mm to 50mm) - 2 No's

Lenses (between 3mm to 50mm focal length)- 2 No's

Tele-centric lense - 1 No

Lighting (Coaxial, ring lighting, Diffused, backlighting) - 1 No Each.
Machine vision software - 2 NO's

PC-2 No's

©CoNO~®WNE

MR5391 INDUSTRIAL ROBOTICS LTPC

300 3

OBJECTIVE:

e To teach students the basics of robotics, construction features, sensor applications, robot
cell design, robot programming and application of artificial intelligence and expert

systems in robotics.

UNIT | INTRODUCTION AND ROBOT KINEMATICS 10
Definition need and scope of Industrial robots — Robot anatomy — Work volume — Precision
movement — End effectors — Sensors.

Robot Kinematics — Direct and inverse kinematics — Robot trajectories — Control of robot
manipulators — Robot dynamics — Methods for orientation and location of objects.
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UNIT Il ROBOT DRIVES AND CONTROL 9
Controlling the Robot motion — Position and velocity sensing devices — Design of drive
systems — Hydraulic and Pneumatic drives — Linear and rotary actuators and control valves —
Electro hydraulic servo valves, electric drives — Motors — Designing of end effectors —
Vacuum, magnetic and air operated grippers.

UNIT 1 ROBOT SENSORS 9
Transducers and Sensors — Tactile sensor — Proximity and range sensors — Sensing joint
forces — Robotic vision system — Image Representation - Image Grabbing —Image processing
and analysis — Edge Enhancement — Contrast Stretching — Band Rationing - Image
segmentation — Pattern recognition — Training of vision system.

UNIT IV ROBOT CELL DESIGN AND APPLICATION 9
Robot work cell design and control — Safety in Robotics — Robot cell layouts — Multiple
Robots and machine interference — Robot cycle time analysis. Industrial application of
robots.

UNIT V ROBOT PROGRAMMING, ARTIFICIAL INTELLIGENCE AND EXPERT

SYSTEMS 8
Methods of Robot Programming — Characteristics of task level languages lead through
programming methods — Motion interpolation. Artificial intelligence — Basics — Goals of
artificial intelligence — Al techniques — problem representation in Al — Problem reduction and
solution technigues - Application of Al and KBES in Robots.

TOTAL: 45 PERIODS

OUTCOME:
The student will be able to design robots and robotic work cells and write program for
controlling the robots. The student will be able to apply artificial intelligence and expert
systems in robotics.

REFERENCES

1. Deb, S.R.” Robotics Technology and Flexible Automation”, Tata Mc Graw-Hill, 1994.

2. Groover,M.P., Weis,M., Nagel,R.N. and Odrey,N.G., “Industrial Robotics Technology,
Programming and Applications”, Mc Graw-Hill, Int., 1986.

3. Jordanides,T. and Torby,B.J., ,"Expert Systems and Robotics “, Springer —Verlag, New
York, May 1991.

4. K.S.Fu, Gonzalez, R.C. and Lee, C.S.G., “Robotics Control, Sensing, Vision and
Intelligence”, McGraw Hill, 1987.

5. Klafter,R.D., Chmielewski, T.A. and Negin,M., “Robotics Engineering — An Integrated
Approach”, Prentice-Hall of India Pvt. Ltd., 1984.

6. Koren,Y., “Robotics for Engineers”, McGraw-Hill, 1987.

7. Kozyrey, Yu. “Industrial Robots”, MIR Publishers Moscow, 1985.
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MR5001 NONLINEAR SYSTEMS DYNAMICS T P C
0 O

L
3 3
OBJECTIVES:

e To impart through knowledge in basic and advance multi body mechanical system

dynamics and its mathematical preliminaries.

UNIT | INTRODUCTION TO DYNAMICS 9
Particle Mechanics-Rigid Body Mechanics- Deformable Bodies-Constrained Motion- -
Kinematics- Rotation- Translation- Velocity- Acceleration Equations —Mechanics of
Deformable Bodies- Floating Frame Reference Formulation —Inertia- Generalized Forces-
Equation of Motions- Multi Body Systems- Sub Systems- Friction and Spring Nonlinear
Model- Nonlinear Dynamic Equations Formulation

UNIT Il COMPUTATIONAL METHODS FOR DYNAMIC ANALYSIS 10
Jacobian Matrix- Newton-Pasphon Method- Nonlinear Kinematic Constrain Equation —
System Mass Matrix- External and Elastic Forces- Acceleration Vector — Lagrangian
Multiplier - langarge’s equation — kinetic energy — Hamilton Equation- Hamilton vector field-
Euler-Lagrangian equation- generalized reaction forces —state vector and equation
formulation

UNIT 1l NONLINEAR SYSTEMS AND CONCEPTS 10
Linear System Time Invarying and Linearization - Linear Time Varying and Linearization —
Input and Output Stability - Lyapunov Stability Analysis — Asymptotically stability - Popov’s
and circle criterion —- Perturbed System — Chaos — periodic orbits- Index theory and limit
cycle — center manifold theory- normal forms- Nonlinear analysis- Poincare maps- -
bifurcations - maps- vector fields - Methods — Control System Design using Lyapunov’s
direct method

UNIT IV SYSTEM CHARACTERIZATION 9
Stability, controllability, observability - Phase Plane Analysis- Phase Portrait- Limit Cycle-
Describing Function- Assumption — Limit Cycles

UNIT V CONTROL OF NONLINEAR MECHANICAL SYSTEMS 7
Double inverted pendulum — nonlinear machineries — robot- suspension system- aircraft.

TOTAL : 45 PERIODS
OUTCOMES:

e On successful completion of this course, all students will have ability to understand
and analysis the multi-body system dynamics for mechanical systems.

e Students able to develop an equation and able to understand the behaviour of the
nonlinear systems.

REFERENCES
1. Ahmed A. Shabana, Dynamics of multibody Systems, Third Edition, Cambridge
University Press, 2005.
2. Brian L. Stevens, Frank L. Lewis, Aircraft Control and Simulation, Wiley India Pvt Ltd;
Second edition, 2010.
3. Hasan Khalil, Nonlinear systems and control, Third edition, Prentice Hall, 2002.
4. MahmutReyhanoglu, Dynamics and control of a class of under actuated mechanical
systems, IEEE Transactions on Automatic Control, 44(9), 1999.
5. Stephen Wiggins, Introduction to applied nonlinear dynamics system and Chaos,
Second Edition, Springer-Verlag, 2000.
6. Wei Zhong and Helmut Rock, Energy and passivity based control of the double inverted
pendulum on a cart, IEEE, 2001.
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MR5002 COMPUTER AIDED INSPECTION L T P C
3 00 3
OBJECTIVES:

e To make the learner to design and fabricate inspection methods and systems

incorporating electronic systems for inspection and quality control in engineering.

UNIT | FUNDAMENTALS AND CONCEPTS IN METROLOGY 9
Standards of measurement — Analog and digital measuring instruments-comparators —
Limits, Fits and Tolerances — Gauge design — Angular measurements — Surface
Roughness — Form errors and measurements.

UNIT Il INSPECTION AND GENERAL MEASUREMENTS 12
Inspection of gears and threads — Tool makers’ microscope — Universal measuring
machine — use of Laser interferometer in machine tool Inspection — use of laser in on-line
Inspection — Laser micrometer — Laser Alignment telescope.

UNIT 1l OPTO ELECTRONICS IN ENGINEERING INSPECTION 6
Use of opto electronics in Tool wear measurement — Micro hole measurement and surface
Roughness — Applications in In-Process measurement and on line Inspection.

UNIT IV MACHINE VISION 9
Fundamentals of Image Processing — Steps involved in Image Processing — Machine
Vision applications in manufacturing and metrology.

UNIT V COORDINATE METROLOGY AND QUALITY CONTROL 9
Co-ordinate measuring machines — Applications and case-studies of CMM in Inspection —
Use of Computers in quality control — Control charts — Reliability.

TOTAL : 45 PERIODS

OUTCOMES:
e The students will acquire the knowledge on computer aided inspection of various
geometries
REFERENCES
1. Anil.K.Jain,“Fundamentals of Digital Image Processing”, Prentice Hall of India Pvt.
Ltd., 2004.

2. Dale.H. Besterfield,“Total Quality Management”, Pearson Education Asia, 2002.

3. Jain R.K., “Engineering Metrology”, Khanna Publishers, 2000.

4. Manuals of C.M.M. and Systems.

5. Robert G. Seippel, “Opto Electronics for technology and engineering”, Prentice Hall,

New Jersey, 1989.

MR5003 DIGITAL MANUFACTURING L T P C
3 00 3
OBJECTIVES:

e To explain in detail about the various Mechatronics elements in CNC machines and

also programming of CNC machines.
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UNIT | INTRODUCTION OF NC, CNC, DNC AND ADAPTIVE CONTROL 6
Classification of machine tools — types, functions and processes - fundamentals of NC and
CNC technologies Adaptive control - types, application and benefits - general configuration
of adaptive control and function — reasons for process change - practical problems with
adaptive control - example for feedback and adaptive control.

UNIT Il MECHATRONIC ELEMENTS IN CNC MACHINE TOOLS 9
CNC systems - configuration of the CNC system — interfacing — monitoring — diagnostics -
machine data - compensations for machine accuracies - PLC in CNC — PLC programming
for CNC, steps in programming and case studies - machine structure -types of loads on
CNC machine - guide ways and types - mechanical transmission elements - elements for
rotary motion to linear motion - ball screw and types - roller screw and types - rack and
pinion - various torque transmi