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SNo | Subject Name Cat. | L P | Internal | External | Total | Credits
| Code Marks Marks | Marks
1 Functional English HS 4 - 40 60 100 3
2 Engineering Mathematics BS 3 - 40 60 100 3
3 Mathematical Methods BS 3 - 40 60 100 3
4 Engineering Chemistry BS 3 - 40 60 100 3
5 Programming with C ES 3 - 40 60 100 3
6 Professional Ethics, Values & - i ] %0 - 100 g
Patents
. Basic Communication Skills - ) 3 Y - - 5
Lab
8 Engineering Chemistry Lab BS - 3 25 50 75 2
9 Computer Programming Lab ES - 3 25 50 75 2
TOTAL 20 9 315 510 825 24
HS: Humanities and Social Sciences
ES: Engineering Sciences
BS: Basic Sciences
PC: Professional Course
PE: Professional Elective
OE: Open Elective
PW: Project Work
MC: Mandatory Course (No Credits)
L: Lecture
T: Tutorial
P: Practical
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PROGRAMMING WITH C
(Common to ECE,EEE,CIVIL and Mechanical)

COURSE OBJECTIVE:

e To gain experience about structured programming
* To help students to understand the implementation of C language
e To understand various features in C

COURSE OUTCOME:

CO1: Study and Understand basics of computer Hardware and Software.

CO2: Study, Analyze and Understand logical structure of computer programming and different
constructs to develop programs in C language.

CO3: Understand and Analyze simple data structures and use of pointers and dynamic memory
allocation technique.

CO4: Create files and apply file I/O operations.

UNIT - I:

INTRODUCTION: Computer systems, Hardware and Software Concepts,

PROBLEM SOLVING: Algorithm / Pseudo code, flowchart, program development steps,
computer languages: machine, symbolic and high-level languages, Creating and Running
Programs: Writing, Editing(vi/emacs editor), Compiling( gcc), Linking and Executing in under
Linux.

BASICS OF C: Structure of a C program, identifiers, basic data types and sizes. Constants,
Variables, Arthmetic , relational and logical operators, increment and decrement operators,
conditional operator, assignment operator, expressions, type conversions, Conditional
Expressions, precedence and order of evaluation, Sample Programs.

UNIT - II:

SELECTION ~ MAKING DECISION: TWO WAY SELECTION: if-else, null else, nested
if, examples, Multi-way selection: switch, else-if, examples.

ITERATIVE: loops- while, do-while and for statements, break, continue, initialization and
updating, event and counter controlled loops, Looping applications: Summation, powers,
smallest and largest.

ARRAYS: Arrays- concepts, declaration, definition, accessing elements, storing elements,
Strings and String Manipulations, 1-D arrays, 2-D arrays and character arrays, string
manipulations, Multidimensional arrays, array applications: Matrix operations, checking the
symmetricity of a Matrix.

STRINGS: concepts, c strings.

UNIT - III:
FUNCTIONS MODULAR PROGRAMMING: Functions, basics, parameter passing, storage
classes extern, auto, register, static, scope rules, block structure, user defined functions, standard

library functions, recursive tions, Recursive solutions for fibonacci series, towers of Hanoi,
header files, C Preprocessoffekample ¢ programs, Passing 1-D arrays, 2-D arrays to"fnctions.
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UNIT -1V

POINTERS: pointers- concepts. initialization of pointer variables. poimters and function
arguments, passing by address- dangling memory, address arithmetic. character pomters and
functions, pointers 1o pointers, pointers and multi-dimensional arrays, dynamic memory
management functions, command line arguments

UNIT - V:

ENUMERATED, STRUCTURE AND UNION TYPES: Derived types -structures-
declaration, definition and initialization of structures, accessing structures, nested structures,
arrays of structures, structures and functions, pointers to structures, self-referential structures,
unions, typedef, bit-fields, program applications.

UNIT - VI:
FILE HANDLING: Input and output- concept of a file, text files and binary files, Formatted
1/0, File I/O operations, example programs.

TEXT BOOKS:

1. Programming in C, Reema Thareja, OXFORD.
2. The C programming Language by Dennis Richie and Brian Kernighan 2™ ed..

REFERENCE BOOKS:

1. Programming in ANSI C, Dr.E.Balaguruswamy, Tata McGraw-Hill Education.

2. Problem Solving and Program Design in C, Hanly, Koffman, 7" ed, PEARSON.

3. C Programming, A Problem Solving Approach, Forouzan, Gilberg, Prasad, CENGAGE.
4. Programming in C, Second Edition by Ashok N.Kamthane, Pearson.
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COMPUTER PROGRAMMING LAB '
(Common to ECE,EEE,CIVIL and Mechanical)

COURSE OBJECTIVE:

The purpose of this course is to introduce to students to the field of language. The students will
be able to enhance their analyzing and problem solving skills and use the same for writing
programs in C.

COURSE OUTCOMES:

e After completion of this C Programming Lab, students should be able to:

 : Study, analyse and understand logical structure of computer programming and different
constructs to develop programs in C Language.

e Know how to write, compile and debug programs in C Language.

e Understand and analyse data types, typecasting and operator precedence.

* Analyse the use of conditional and looping statements to solve problems associated with
conditions and repetitions. ’

* Explain and analyse simple data structures, use of pointers and dynamic memory
allocation techniques.

¢ Summarize the role of functions involving the idea of modularity, know how to create
files and apply file I/O operations.

SYLLABUS:

EXERCISE 1:

a) Write an Algorithm, Flowchart and Program to calculate the area of triangle using the
formula Area = (s (s-a) (s-b) (s-c)) 1/2 where s= (a+b+c)/2.

b) Write an Algorithm, Flowchart and Program to find the largest of three numbers using
ternary operator.

¢) Write an Algorithm, Flowchart and Program to swap two numbers without using a
temporary variable.

EXERCISE 2:

a) Write a C program to find the roots of a quadratic equation.

b) Write a C program, which takes two integer operands and one operator form the user,
performs the operation and then prints the result. (Consider the operators +,-.*, /, % and
use Switch Statement).

EXERCISE 3:

a) Write a C program to find the sum of individual digits of a positive integer and find the
reverse of the given number.

b) Write a C program to ?erate all the prime numbers between 1 and n, where n is a value

supplied by the user. %"
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EXERCISE 4:

a) Write a C Program to print the multiplication table of a given number n up 1o a given
value, where n is entered by the user.

b) Write a C Program to enter a decimal number. and calculate and display the binary
equivalent of that number.

¢) Write a C Program to check whether the given number is Armstrong number or not.

EXERCISE 5:

a) Write a C program to interchange the largest and smallest numbers in the array.
b) Write a C program to input two m x n matrices, check the compatibility and perform
addition and multiplication of them.

EXERCISE 6:

a) Write a C Program to find both the largest and smallest number of an array of integers
b) Write a C Program to find transpose of a matrix.

EXERCISE 7:

Write C programs that use both recursive and non-recursive functions for the following
a) To find the factorial of a given integer.
b) To find the GCD (greatest common divisor) of two given integers.

EXERCISE 8:

Write a C Program for the following.
a) To find Fibonacci sequence
b) Write C programs illustrating call by value and call by reference
concepts.

EXERCISE 9:

Write C Programs for the following string operations without using the built in functions - to
concatenate two strings

a) To append a string to another string

b) To compare two strings

EXERCISE 10:

Write C Programs for the following string operations without using the built in functions
a) To find the length of a string
b) To find whether a given string is palindrome or not

EXERCISE 11:

Write a C program that uses functions to perform the following operations:
a) To insert a sub-string in to given main string from a given position.
b) To delete n Characters from a given position in a given string.
¢) Toreplace a character of string either from beginning or ending or at a specified

location. %
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ENERCISE 12:
a)  Write a C program to implement a linear search.
b) Write a C program to implement binary scarch
¢) Write a C program to implement sorting of an array of elements.

EXERCISE 13:
a) Write C Program to reverse a string using pointers
b) Write a C Program to compare two arrays using pointers

¢) Write a C program to swap two numbers using pointers
EXERCISE 14:

Examples which explores the use of structures, union and other user defined variables

EXERCISE 15:

a) Write a C program which copies one file to another.
b) Write a C program to count the number of characters and number of lines in a file.

¢) Write a C Program to merge two files into a third file. The names of the files must be
entered using command line arguments.

TEXT BOOKS:

1. Programming in C, Reema Thareja, OXFORD .
2. The C programming Language by Dennis Richie and Brian Kernighan 2 ed..

REFERENCE BOOKS:

1. Programming in ANSI C, Dr.E.Balaguruswamy, Tata McGraw-Hill Education.

2. Problem Solving and Program Design in C, Hanly, Koffman, 7 ed, PEARSON.

3. C Programming, A Problem Solving Approach, Forouzan, Gilberg, Prasad, CENGAGE.
4. Programming in C, Second Edition by Ashok N.Kamthane, Pearson.
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I B. Tech. - 11 SEMESTER

S.No Subject Name Cat. | L | T | P | Internal | External | Total | Credits
Code Marks Marks | Marks

] Interactive English HS | 4 | - | - 40 60 100 3

2 | Engineering Physics BS | 3 |1]- 40 60 100 3
Integral Transforms & Vector

3 BS | 3 |1]- 40 60 100 3
Calculus

4 | Engineering Mechanics ES 301 - 40 60 100 3

5 | Engineering Drawing ES 1 | -4 40 60 100 3

6 | Environmental Studies ES 4 | - | - 40 60 100 >
Enhancing Communication

7 BS - -3 25 50 75 2
Skills Lab

8 | Engineering Physics Lab BS -1 - 13 25 50 75 2

9 | Engg Work Shop ES -1 -3 25 50 75 2

TOTAL 18 | 3 |13 315 510 825 24
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ENGINEERING MECHANICS
( Common to ME,CE STUDENTYS)

COURSE OBJECTIVES:

The course is mainly intended
¢ To impart the basic concepts and fundamentals of Engineering Mechanics and the
principles of various force systems under static and dynamic conditions

e To develop the problem solving skills of engineering mechanics essential for mechanical
engineering

COURSE OUTCOMES:

At the end of this course student will acquire ability to

e Determine the resultant of the given force systems.

e Construct free body diagrams and develop equilibrium equations.

* Understand the concepts of friction and to apply in real life problems.

e Determine the centroid, center of gravity and Moment of Inertia of areas, bodies and
composite sections.

e Understand the dynamic analysis of rigid body motion and analyze the dynamic
equilibrium of moving bodies

e Apply the work-energy principle to particles and connected systems

UNIT - I:

Introduction to Engineering Mechanics-Basic concepts

RESULTANT OF COPLANAR CONCURRENT FORCE SYSTEM: Parallelogram law,
Graphical method, Method of resolution.

EQUILIBRIUM OF FORCE SYSTEMS: Free body diagrams, Equations of Equilibrium for
coplanar concurrent force system, Lami‘s theorem.

MOMENTS: Moment of Force and its Applications, Principle of moments — Couples and
Resultant of Force Systems.

UNIT - II:

FRICTION: Introduction, Classification of friction, Laws of Friction, Coefficent of Friction,
Angle of Friction, Angle of Repose, Frictional Forces on moving bodies, Wedge friction, Ladder
friction.

UNIT - III:

CENTROID: Centroids of simple figures (from basic principles)-Centroids of composite
figures, Centre of Gravity: Centre of Gravity of simple body (from basic principles), Centre of
gravity of composite bodies, pappus theorem.

UNIT -IV:
AREA MOMENTS OF INERTIA: Definition, Radius of gyration, Parallel axis theo%ﬁ/

perpendicular axis theorem, ments of Inertia of composite figures, polar moment of Inertia.
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ADVANCED OPTIMIZATION TECHNIQUES

Course Objectives
X To create awareness of the importance of various optimization techniques and project
scheduling applicable to engineering techniques.

Course Outcomes
x Capable of applying optimization techniques in engineering applications.
X Ability to use linear & nonliear programming techniques.
X Ability to develop schedule for projects and apply PERT & CPM techniques

UNIT -I

Single Variable NonLinear Unconstrained Optimization: One dimensional Optimization
methods, Unmodal function, elimination method, Fibonaowethod, golden section method,
interpolation methodgjuadratic & cubic interpolation methods.

UNIT -II

Multi Variable Non -Linear Unconstrained Optimization: Direct search method+
Univariant Methodtpattern search methods3 R Z H @Hb§k/+Jeeves, Roseamck search
methods t+gradient methods, gradient of function, steepest decent method, Fletcher reeves
method,VariableMetric method.

UNIT -l

Geometric Programming: Polynomials tarithmetic tgeometric inequalitytunconstrained
G.Pzconstrained G.P

Dynamic Programming: Multistage decision process, principles of optimality, examples,
conversion of final problem to an initial value problem, application of dynamic programming,
production inventory. Allocation, scheduling replacement.

UNIT -1V

Linear Programming: Formulation +Sensitivity analysis. Change in the constraints, cost
coefficients, coefficients of the constraints, addition and deletion of variable, constraints.
SIMULATION : Introduction £Types +Steps tapplication xinventory queuing tthemal
system.

UNIT -V
Integer Programming: Introduction xformulation tGomory cutting plane algorithmZero
or one algorithm, branch and bound method.

Pagel



UNIT -VI

Stochastic Programming Basic concepts of probability theory, random variables
Distributions, mean, variance, Correlation, co variance, joint probability distribution,
stochastic linear, dynamic programming

REFERENCE BOOKS:

1. Optimization theory & ApplicationsS.S RapNew Age International

2. Introductory to operation research, Kasan& Kunsaringer

3. Optimization Techniques theory and practice, M.C Joshi, K.M &Moudgalya,
NarosaPublications.

4. Operation Researchd.A. Taha, Tata McGraill Publications

5. Optimization in operations research, R.L Rar@irentice Hall

6. Optimization Techniques, Benugundu&Chandraputla, Pearson Asia

Page2
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ADVANCED THERMODYNAMICS

CourseObjectives

X To create awareness of the importance of thermodynamic principles in engineering
applications such as I.C engine combustion,

X To understand thermodynamic applications in psychometric, refrigeration and heat
transfer

X To understand the basic principles povegcles and its relation with combustion
processes

X To understand various methods of direct energy conversion

CourseOutcomes

X A student will be able to apply various laws of thermodynamics for combustion
phenomena in IC engine

X A student will be able to select and design air conditioning or psychometric process
depending on application and comfort conditions.

x A student will be able to study of combustion phenomena in IC engines

x A student will be able to understand various epeanversion methods like fuel cells
etc.

UNIT -I

Review Of Thermodynamic Laws And Corollaries Transient flow analysis, Second law
thermodynamics, Entropy, Availability and unavailability, Thermodynamic potential. Maxwell
relations, Specific heat relatis, Mayer's relation. Evaluation of thermodynamic properties of
working substance

UNIT -1l

Exergy: Concept of exergysecond law efficiency, exergy change of a system, exergy transfer
by heat, work and mass, the decrease of exergy principle and edestgyction, Exergy
balance for open and closed systems.

Irreversibility: Introduction- irreversibility for closed and open systetsteady flow process
-second law efficiency of steady flow devices.

UNIT -1l

P.V.T Surface Equation of state, Real ghshavior, Vander Waal's equation, Generalization
compressibility factor, Energy properties of real gases, Vapor pressure, Clausius, Clapeyro
equation, Throttling, Joul&@hompson coefficient, Nereactive mixtures of perfect gases.
Governing laws, Evaluatioof properties, Psychometric mixture properties and psychometric
chart, Air conditioning processes, cooling towers Real gas mixture.

Page3



UNIT -IV

Combustion: Combustion Reactions, Enthalpy of formation. Entropy of formation, Reference

levels of tables. Engy of formation, Heat reaction, Adiabatic flame temperature generated
product Enthalpies, Equilibrium. Chemical equilibrium of ideal gassed, Effect efaamting

JDVHV HTXLOLEULXP LQ PXOWLSOH UHDFWLRQV WKH YHQW
phase equilibrium, The Gibbs phase rule.

UNIT -V

Power Cycles Review binary vapor cycle, egeneration and combined cycles, Second law
analysts of cycles, Refrigeration cycles, Thermodynamics of irreversible processes,
Introduction, Phenomenological laywOnsageReciprocity relation, Applicability of the
Phenomenological relations, Heat flux and entropy production, Thermodynamic phenomena,
Thermoelectric circuits.

UNIT -VI

Direct Energy Conversion Introduction: Fuel cells, Thermo electric energyhermionic
power generation, Thermodynamic devices magneto Hdydemic generations and
Photovoltaic cell

REFERENCE BOOKS:

1. Basic and Applied Thermodynamics, P.K.Nag, Tata McGraw Hill.
2. Thermodynamics, Holman, Tata McGraw Hill.

3. Engineering hermodynamics, PL.Dhar, Elsevier Publications

4. Thermodynamics for Engineers, DoolitNeesse, John Wiley & Sons
5. Thermal Engineering, Soman, PHI Publishers

6. Thermal Engineering, Rathore, Tata McGraw Hill.

Page4
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ADVANCED HEAT AND MASS TRANSFER

Course Objectives
X To understand the basic principles of mass transfer occurring in process industry and
other applications
X To study advanced heat transfer methods of two dimensional concepts
x To familiarize the basic concepts of various equations and empirical laws pertaining
X to convection and radiation and also phase transfer phenomena

CourseOutcomes

x A student will be ald to apply the laws of various modes of heat transfer depending on
application

X A student will be able to solve two dimensional equations in Cartesian coordinates by
exact methods

x A student will be able to calculate heat transfer rate associated with phase change heat
transfer

X A student will be able to estimate mass diffusion phenomena applied to process
industries

UNIT -

Brief Introduction to Different Modes Of Heat Transfer. Conduction: Generaheat
Conduction equaticinitial and boundary conditions.

Transient Heat Conduction Lumped system analysis, Heisler chagsntinfinite solid-use
of shape factors in conducti®D transient heat conductigaroduct solutions.

UNIT -1l

Finite Difference Methods For Conduction ID & 2D steady state and simple transient heat
conduction problemsnplicit and explicit methods.

Forced Convection Equations of fluid flowconcepts of continuity, momentum equations
derivation of energy equatiemehods to determine heat transfer coefficient: Analytical
methodsdimensional analysis and concept of exact solution. Approximate mettegptal
analysis.

UNIT -1l

External Flows: Flow over a flat plate: integral method for laminar heat trarsgefficient

for different velocity and temperature profiles, Application of empirical relations to variation
geometriedor laminar and turbulent flows.

Internal Flows: Fully developed flow: integral analysis for laminar heat transfer coefficient
types of flow-constant wall temperature and constant heat flux boundary conditions
hydrodynamic&thermal entry lengths; use of empirical correlations.

UNIT -1V

Pageb



Free Convection Approximate analysis on laminar free convective heat traifassinesq
approximationdifferent geometriesombined free and forced convection.

Boiling and condensation Boiling curvecorrelations1 XVVHOW{V WKHRU\ RI ILOP
on a vertical plat@assumptions & correlations of film condensation for different geometries.

UNIT -V

Radiation Heat Transfer. Radiant heat exchange in grey, rgrey bodies, with Transmitting,
Reflecting and absorbing media, specular surfaces, gas radiadiiation from flames.

Gas Radiation Radiation transfer in enclosures containing absorbing and enitialia-
interaction of radiation with conduction and Convection.

UNIT -VI
Mass Transfer. Concepts of mass transf@iffusion & convective mass transfer analogies
significance of nordimensional numbers.

REFERENCE BOOKS:

. Principals of Heat Transfer, Frank Kreith, Cengage Learning

. Elements of Heat Transfer, E. Radha Krishna, CRC Press/2012

. Heat Transfer, RK Rajput, S.Chand

. Introduction to Heat Transfer, SK Som, PHI

. Engineering Heat & Mass Transfer, MaheshhBegg, Lakshmi Publications
. EngineeringHeat & Mass Transfer, Sarit K. Das, DhanpatRai

. Heat TransferP.K.Nag TMH

~NoO ok, WNBE
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ADVANCED IC ENGINES
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Course Objectives
X To create awareness of the importance of working principles of I.C. Engines
x To familiarize various techniques to use alternate fuel technology
x To understand different exhaust emissions with the use of alternate fuels.
X To understand thieasic concepts of recent trends with change of engine configuration

Course Outcomes
X A student will be able to differentiate the phenomena of combustion in SI and CI
engines
x A student will be able to apply alternative fuel technology for gasoline asdldie|

UNIT -

Introduction: Engine TypestDesign and operating Parameters.

Spark Ignition Engines: SI Engine mixture requirements, Injection systems Monopoint,
Multipoint injection and direct injection.

Compression Ignition Engines Direct and indirect injection systems#DI,CRDI,
Combustion chamberst Fuel spray behaviort spray structure, spray Penetration and
evaporationzair motion.

UNIT -1l

Gas Exchange Processe¥olumetric Efficiency +Flow through portsiSupercharging and
Turbo chargingCharge MotionMean velocity and Turbulent characteristieSwirl, Squish
tPrechamber Engine flows.

UNIT -l
Recent Trends Lean Burn EnginestStratified charge EnginesHCCI enginestPlasma
Ignition - Wankel engine, Stirling cycle engine, freetpisEngine and Adiabaticengine.

UNIT -IV
Pollutant Formation And Control
Pollutant +Sources+Formation of carbon monoxide, Unburnt hydrocarbon, NOx, Smoke
Particulate mattetMethods of controlling EmissionsCatalytic converters and Particuldieps,
Methods of measurements and Introduction to emission norms and Driving cycles

UNIT -V

Alternative Fuels: Liquid fuels - Alcohol, Methanol, Ethanol, Gaseous fueldydrogen,
Natural Gas and Liquefied Petroleum &eisperties, productiostorage, dispensing, fuel kits,
Merits and Demerits, Engine Modifications, use of Bio fuels.

Page7



UNIT -VI

Electric Vehicles Introduction, EV-components, batteries, charges, drives tractive force,
transmission, power devices and controfi&édvantages and Déglvantages

Fuel Cell Power Vehicles Fuel cell vehicle Efficiency, Types of fuel cellsfuel cell hybrid
vehicleFuel cell solar vehicle, solar car electrical system, Benefits, fuel regulations.

REFERENCE BOOKS:

1. Internal combustion engines fundamentblsywood J.B.McGraw Hill

2. Internal combustion EngingBlathur& R.P. Sharma@hanpatRaiPublications

3. Hybrid and Alternative Fuel Vehicle3ames D. HaldermaRrentice Hall 4th ed.
4. Internal Combustion Enging¥. GanesanTMH Pub, 2008

5. Alternate fuelsSS ThipseJAICO Publishers, 2010

6. Alternative Fuel Technolog¥rjavec, AriasYesdee publications, 2007

INTERNAL | EXTERNAL | TOTAL
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| GAS DYNAMICS

Course objectives:
X To create awareness of the importance of principles of various turbo machines
x To understand the basic fundamentals of compressible flow concepts
X To study nordimensional numbers in compressible flow and to solve the simple
compressible flow problems
X To understand the effect of compressibility in nozzles and diffusers
X To understand the design criteria of nozzles and diffusers
X To solve isentropic aapressible flow problems

Course outcomes:

X Apply the fundamental flow equations (conservation of mass and momentum and
energy) and basic solution techniques in solving compressible one dimensional flow.

x Obtain first order solutions for compressibiéernal flows for variable geometry
ducts.

x Obtain first order solutions for compressible internal flows with friction and heat
transfer.

x Evaluate basic supersonic flight and associated propulsion systems.

UNIT -I

Fundamental Aspects d Gas Dynamics Introduction, Isentropic flow in a stream tube,
speed of sound, Mach waves; One dimensional Isentropic Flow: Governing equations,
stagnation conditions, critical conditions, maximunchége velocity, isentropic relations.

UNIT -II
Normal Shock Waves Shock waves, stationary normal shock waves, normal shock wave
relations in terms of Mach number

UNIT -l

Oblique Shock Waves: Oblique shock wae relations, reflection of obliquehock waves,
interaction of oblique shock waves, conical shock waves; Expansion Waves: iRtapell
flow, reflection and interaction of expaon waves, flow over bodies inveing shock and
exparsion waves

UNIT -IV

Variable Area Flow: Equations for variablarea flow, @erating characteristics of nozzles,
convergetrdivergent supersonic diffusers; Adiabatic Flow in a Duct with Friction: Flow in a
constant area ductjdtion factor variations, and the Fanno line

UNIT -V
Flow With Heat Addition Or Removal: Onedimensional flow in a constant area duct
neglectingviscosity, variable area flow with heat additio, onedimensional constant

Page9



area flow wth both heat eshange and fricon.

UNIT -VI

Generalized Quasi One-Dimensional Flow: Governing equation sand influe:
coefficients, solution procedure for generalized flow with and without sonic pbmo:
Dimersional Compressible Flow: Governing equationstticity considerations, the velocity
potential, linearized sations, linearizd subsonic flow, lineaded supesonic flow, method of
characteristics.

REFERENCE BOOKS:

1. Gas DynamicsE. RathakrishngrPrentice Hall of India Pvt. Ltd

2. The dynamics and thermodynamics of compressible fluid flow, Ascher H. Shapiro,
The Ronaldress Co

3. Elements of Gas Dynamics, HW.Lipmann and A. Roshko, Dover Publications

4. Compressible Fluid Dynamics, Thomson P.A, McGidily

Pagel0
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FUELS AND COMBUSTION

Course Objectives

X To create awareness of the importance of working principles of combustion, and
familiarize the knowledge of various types of fuels

X To familiarize various processing methods of solid fuels

X To understand principles of refining liquid fuels, and various types of gaseous fuels and
their production

x To familiarize the concept of air fuel ratios for various types of fuel, their importance
in combustion and different types of combustion phenomena.

CourseOutcomes
x A student will be able to know the processing of solid fuels
x A Student will be able to know various methods of gasification of liquid fuels
x A student will be able to understand the production of various methods of gaseous fuels
x A student will be able to estimate air fuel ratio based on the fuel, adiabatic temperatures
and understand the kinetics of combustion

UNIT -I

Fuels detailed classificationtConventional and Unconventional Solid, Liquid, gaseous fuels
and nuclear fuelstOrigin of Coal £Analysis of coal, CoaktCarburization, Gasification and
liquefaction xLignite: petroleum based fuelsproblems associated with very low calorific
value gases: Coal GatBlast Furnace Gas Alcohols and Biogas.

UNIT -lI

Principles Of Combustion: Chemical compositiorFlue gas analysigdew point of products

+ Combustion stoichiometry, Chemical kinetickRate of reactiont Reaction orderz
Molecularity +Zeroth, first, second and third order reactiensomplex reactionstchain

reactims, Theories of reaction Kinetics* HQHUDO R[LGDWLRQ EHKDYLRU RI +

UNIT -1l
Thermodynamics Of Combustion Enthalpy of formationtHeating value of fuel Adiabatic
flame, TemperatureEquilibrium composition of gaseous mixtures.

UNIT -1V

Factorgnfluencing flame velocity and thickness flame stabilizatinffusion flames
Combustion Appliances Gas burners Functional requirement of burners, Gas burner
Classification $Stoker firing Ppulverized system of firing.

UNIT -V
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Laminar And Turbulent F lames Propagation And Structure Flame stability £Burning
velocity of fuels tMeasurement of burning velocityfactors affecting the burning velocity,
Combustion of fuel, droplets and spray€ombustion systemgPulverized fuel furnacex
fixed Entrained and Fluidized Bed Systems.

UNIT -VI
Environmental Considerations Air pollution *Effects on Environment, Human Health etc.,
Principal pollutantstLegislative MeasurexMethods of Emission control.

REFERENCE BOOKS:

1. Combustion FundamentaRoger A strehlowMcGraw Hill

2. Fuels and combustipharma and Chander Mohdrata McGraw Hill

3. Combustion Engineering and Fuel Technoldgliyaha A.K. Oxford and IBH

4. Principles of CombustigriKannethK.Kuo, Wiley and Sons

5. An Introduction to Corhustion Stephen R. Turn®cGraw Hill

6. Combustion Engineerin@ary L. Berman & Kenneth W. RaglandcGraw Hill
7. CombustionSarkay McGraw Hill
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MEASUREMENTS FOR THERMAL ENGINEERING

Course Objectives
To make the student
X Introduce to analyze experimental error, static and dynamic characteristics of

instruments

X Learn the working of various measuring instruments used in the field of thermal
engineering

X Learn the measurement of properties like thermal conductivity of solids, liquids and
gases

X Learn the measurement of transport properties like diffusion, congduatat transfer

X Introduce to electronic control systems associated with automatically controlling the
measuring parameters

X Introduce to applications and important features of various measuring instruments

CourseOutcomes
The student will be able to
X Use appropriate instrument for measurement of specific parameter
X Analyze experimental error, Static and Dynamic characteristics of instruments
x Use appropriate instrument measurement of transport properties
x Practically apply the principles of measuremenéngineering applications / projects.

UNIT -

Instrument classification, static and dynamic characteristics of instruments, experimental error
analysis, systematic and random errors, statistical analysis, uncertainty, reliability of
instruments, Vadble resistance transducers, capacitive transducers, piezoelectric transducers,
photoconductive transducers, photovoltaic cells, ionization transducers, Hall effect transducers

UNIT -1l
Dynamic response considerations, Bridgman gauge, McLeod gdRigani thermal
conductivity gauge, Knudsen gauge, Alphatgoiage.

UNIT -1l

Flow measurement by drag effects; faote anemometers, magnetic flow meters, flow
visualization methods, interferometer, Laser Doppler anemometer, Temperature measurement
by meclanical effect, temperature measurement by radiation, transient response of thermal
systems, thermocouple compensation, temperature measurements spagghflow.

UNIT -IV
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Thermal conductivity measurement of solids, liquids, and gases, measuregestifusion,
convection heat transfer measurements, humidity measurementfiykeaeters,Detection

of thermal radiation, measurement of emissivity, reflectivity and transmissivity, solar radiation
measurement.

UNIT -V
Review of open and closed loopntrol systems and servo mechanisms, Transfer functions of
Mechanical Systems, input and output systems.

UNIT -VI

Measurement Analysis : Chemical, thermal, magnetic and optical gas analyzers,
measurement of smoke, dust and moisture, gas chromatogsggieirometry, measurement
of pH, Review of basic measurement techniques.

REFERENCE BOOKS:

1. Experimental methods for engineers, Holman, J.P., Mc&tidw1 988

2. Intelligent Instrumentation, Barney, Prentice Hall of India, 1988

3. Measurements andstrumentation in Heat Engineering, Prebrashensky.V.,Vol.1 and 2,
MIR Publishers, 1980

4. Instrumentation Devices and systems, Raman,C.S., Sharma, G.R., Mani, V.S.V., Tata

McGraw Hill, New Delhi, 1983.

. Measurements System Application and BesDoeblin, McGraw Hill, 1978

. Principles of Measurements and Instrumentatiorris. A.S Prentice Hall of India, 1998

o O1
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FINITE ELEMENT METHOD FOR THERMAL ENGINEERING

Course objectives:
X To make student to understand the basics of finite element analysis and its applications
in engineering with one dimensional and two dimensional elements.

Course outcomes
X Student can haveowledge on basics of Finite Element analysis
X Student can analyze different elements like bar, truss, beam and triangular elements
using FEM.
X Student can solve problems related one dimensional heat transfer, fluid flow and torsion
problems.

UNIT -

Basic Concepts Of The Finite Element Method Introduction, working of finite element
method, comparison of finite element method with exact, FDM and FVM. Methedighted
UHVLG XD O ¥metln®fbr 3N he@tfconduction and fluid flow.

UNIT -lI

Interpolation Functions For General Element Formulation Compatibility and
completeness requirements, Polynomial forms fBrdlementsgeometric isotropy, triangular
elements, rectangular elements, isoparamftrinulation, axisymmetric elements, Numerical
Integration (:D and 2D).

UNIT -l

1-D SteadyState Heat Transfer FE Formulation using linear and quadratic elements,
Numerical problems in composite walls and fins of uniform cross section use linear elements.
1-D Transient Heat Transfer: Derivation ofelement matrices, solution techniques, Numerical
problem with 2 elements.

UNIT -IV

2-D SteadyState Heat Transfer FE Formulation using linear triangle elements, Problem
modeling and boundary conditions.

Axisymmetric Heat Transfer: Finite element formulatin using linear triangular elements,
Problem modeling and boundary conditions.

UNIT -V

Applications In Fluid Mechanics: Finite Element formulation of-D and 2

D Steady, incompressible, inviscid, irrotational fluid flows, Problem modeling and boundary
conditions.
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UNIT -VI

Mesh Generation & Fem Software Convergence requirementgesh generation using
tessellation methodQuadtree method and Octree metihesh refinemenh, p, x and r
refinement band widthpreprocessotsolution post processeuse of software.

REFERENCE BOOKS:

1. Introduction to Finite elements in Engineering, ChandraptiBelagonduy Universities
Press.PHI, Third edition, 2002

2. The finite element method in Heat Transteewis R.W. et alWiley-Blackwell, 1996

3. Finite element method in Heat transfer and fluid dynamicd. Reddy CRC press,
third edition, 2010

4. The Finite Element Method for Fluid Dynamj€@lek C Zienkiewicz, Robert L Taylor,
P. Nithiarasu, Elsevier i edition, 2013
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HYDROGEN AND FUEL CELL TECHNOLOGIES
Course objectives:

X To enlighten on various technologiealvancements, benefits and prospects of utilizing
hydrogen/fuel cell for meeting the future energy requirements.

X To detail on the hydrogen production methodologies, possible applications and various
storage options

X To discuss on the working of a typicalefucell, its types and to elaborate on its
thermodynamics and kinetics

X To analyze the cost effectiveness and@mdliness of Fuel Cells

Course outcomes
X Good understanding of hydrogen as alternate fuel for present and future engines
x Fundamentallygtrong understanding on the working of various fuel cells, their relative
advantages/ disadvantages and hydrogen generation/storage technologies

UNIT -I

Hydrogen +Basics And Production Techniques

Hydrogen tphysical and chemical properties, salieharacteristics. Production of hydrogen
+ steam reforming+ water electrolysis+ gasification and woody biomass conversian
biological hydrogen productiotphoto dissociationtdirect thermal or catalytic splitting of
water

UNIT -lI

Hydrogen Storageand Applications

Hydrogen storage optionscompressed gagliquid hydrogen+Hydride +chemical Storage
+

Eomparisons, CarbeNano tubegSafety and management of hydrogen

UNIT -1l

Applications of Hydrogen

Hydrogen fuel application#nternal combustion enginesturbines and jet engines.
Hybrid elective vehiclesships and submarines

UNIT -IV

Fuel Cells

History #principle- working - thermodynamics and kinetics of fuel cell procepgrformance
evaluation of fuel cellkcomparison on battery Vs. fuetll

UNIT -V
Fuel Cell Aypes Types of fuel cellstAFC, PAFC, SOFC, MCFC, DMFC, PEMF@&elative
merits and demerits
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UNIT -VI

Application of Fuel Cell And Economics

Fuel cell usage for domestic power systems, large scale power generation, Automabéde, Sp
Economic and environmental analysis on usage of Hydrogen and Fuel cell, Future trends in
fuel cells

REFERENCE BOOKS:

1. Fuel Cells +Principles and Application¥iswanathan, B and M AuliceScibiph
Universities Press (2006)

2.Hydrogen and Fuelells: A Comprehensive GuidRebecca L. and Busby
Penn Well Corporation, Oklahoma (2005)

3. Hydrogen and Fuel Cells: Emerging Technologies and Applications, Bent Sorensen
(Sorensen) Elsevier, UK (2005)

4. Fuel Cell and Their Application&ordesch, K and G.Simada&iley-Vch, Germany
(1996)

5. Fuel Cells: Theory and Applicatiphlart, A.B and G.J.Womagcrentice Hall,
NewYork Ltd., London (1989)

6. The Hydrogen Economyeremy Rifkin Penguin Group, USA (2002)
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THERMAL & NUCLEAR POWER PLANTS

Course objectives:

X To create the awareness of working of thermal and nuclear power plants along with
economics

X To understand the importance of steam power plants, their limitations and to familiarize
the working principles of boilers, condensers and steam turbines

x To familiarize the working principle of gas turbine plants, stress the need for waste heat
recovery ad various methods of nuclear power.

X To understand the principles of various flow meters in power plants and stress the need
for pollution control

Course outcomes:
X A student will be able to analyze the flue gases
X A student will be able to opt various methods for waste heat recovery
X A student will be able to justify the economics for requirement of nuclear power plants
X A student will be able to measure various parameters involved in power plants and
suggestarious remedies to control pollutants.

UNIT -

Introduction : Sources of energy, Type of Power plants. Direct energy conversion system,
Energy sources in India, Recent developments in power generation, Combustion of coal,
Volumetricanalysis, Gravimetricralysis, Fuel gas analysis.

Steam Power Plant Introduction. General layout of steam power plant, Modern coal, Fired
Steam,Steam power plant, Power plant cycle, Fuel Handling, Combustion equipment, Ash
handling,Dustcollectors

UNIT -1l

Steam Generators Types, Accessories. Feed water heaters, Performance of boiling, Water
treatment, Cooling towers, Steam turbines. Compounding of turbines, Steam condensers, Jet
and surface condensers.

UNIT -1l

Gas Turbine Power Plant Open and Closed cycle gas turbinnps, Cogeneration.
Combined cycle power plant, Analysis, Waste heebvery, IGCC power plant, Fluidized bed,
Combustion, Advantages, Disadvantages

UNIT -IV
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Nuclear Power Plant Nuclear physics, Nuclear Reactor, Classification, Types of reactors,
Site selection, Method of enriching uranium, Application of nuclear power plant. Nuclear
Power PlanBafety: BtProduct of nuclear power generation, Economics of nuclearpower plant,
Nuclear poweplant in India, Future of nuclear power.

UNIT -V

Economics & Power Generation Factors affecting the economics, loading factors,
Utilization factor, Performance and operating characteristics of power plant,eeoimdmic

load sharing, Depreciation, Energy rate, Criteria for optimum loading. Specific economic
enegy problem

UNIT -VI

Power Plant Instrumentations Classification, Pressure measuring instrument,

Temperature measurement and Flow Measurement, Analysis of combustion gases, Pollution
types, Methods of control.

REFERENCE BOOKS:

1. Power Plant Engineerin®.K.Nag TMH Publications

2. Power Plant Engineerin®.K.Rajput Lakshmi Publications
3. Power Plant Engineerin®.C.SharmaKataria Publications
4. Power Plant Technologi.M. EI-Wakil, TMH Publications
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ADVANCED THERMAL ENGINEERING LAB ORATORY

Course Objectives:
To make the student learn

X

X
X
X

x

X
X

Measurement of compressibility factor of real gases

Estimation of dryness fraction of steam

Analysis of exhaust gases and flame propagation

Performance test of variable compression ratio diesel engine , R& AC systems and heat
pipe

Pin fin experiment under forced and natural convection

Double pipe heat exchanger performance under parallelcamder flow conditions
Evacuated tube concentrator

Courses Outcomes:
The student will be able to

X

X
X
X

X

X

X

Measure the compressibility factor of real gases

Estimate the dryness fraction of steam

Analyze exhaust gases and flame propagation

Conduct performance test on variable compression ratio diesel engine , R& AC systems
and heat pipe

Conduct performance test on pin fin under forced and natural convection

Conduct performance test on double pipe heat exchanger under parallel and counter
flow conditions

Test the evacuated tube concentrator

LIST OF EXPERIMENTS:
Any TEN Experiments

©CoNok,rwhE

Compressibility factor measurement of different real gases.

Dryness fraction estimation of steam.

Performance test on a variable compression (MCR) diesel engine.
Exhaust gas analysis with gas analyzer.

COP of refrigeration system.

Performance of an agonditioning system.

Pin fin experiment under natural convection heat transfer conditions.
Pin fin experiment undeofced convection heat transfer conditions.

. Double pipe heat exchanger with parallel and counter flow.

10 Finned tube heat exchanger.
11. Performance of heat pipe.
12. Evacuated tube concentrator.
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COMPUTATIONAL FLUID DYNAMICS

Course objectives:
X To understand basic concepts and principles of fluid mechanics
x To develop various types of flows, models and develop algorithms
X To study various methods of grid generation
x To create the awareness of the importance of principles of fluid dynamics in
engineering

Course outcomes:
x A student will be able to apply the knowledge of CFD, which is useful for engineering
applications suchs aerodynamic, heat transfer, turbachinery etc,.
X A student will be able to apply his knowledge of CFD for advanced topics like
conjugate heat transfer and use effectively different software packages relevant to CFD.
X A student will be able to undersid CFD modeling
x A Student will be able to write algorithms for CFD techniques for steady flows

UNIT 4

Introduction t o Numerical Methods Finite Difference, Finite Element and Finite Volume
Methods, Classification of Partial Differential EquatioasSolution of Linear Algebraic
Equations+Direct and Iterative Approaches.

UNIT -lI

Finite Difference Methods 7 D\ O R U 1 \tFBH forimdlation for 1D and 2D steady state
heat transfer problem&Cartesian, cylindrical and spherical-aalinate systemsboundary
conditions £Un steady state heat conductiafrrors associated with FDEEXxplicit Method
1Stability criteria zImplicit Method +Crank Nicolson method2-D FDE formulation zADI
+ADE

UNIT 4l

Finite Volume Method: Formation of Basic rules focontrol volume approach using 1D
steady heat conduction equatiarinterface Thermal Conductivity Extension of General
Nodal Equation to 2D and 3D Steady heat conduction and unsteady heat conduction

UNIT 4V

FVM t o Convection and Diffusion: Concept of Elliptic, Parabolic and Hyperbolic Equations
applied to fluid flow +tGoverning Equations of Flow and Heat transtSteady 1D Convection
Diffusion +Discretization Schemes and their assessm@&neatment of Boundary Conditions

UNIT &
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Calculation of Flow Field: Vorticity & Stream Function MethodStaggered Grid as Remedy
for representation of Flow Field Pressure and Velocity CorrectionsPressure Velocity
Coupling- SIMPLE & SIMPLER (revised algorithm) Algorithm.

UNIT VI
Turbulent Flows: Direct Numerical Simulation, Large Eddy Simulation and RANS Models
Compressible Flows Introduction- Pressure, Velocity and Density Coupling.

REFERENCE BOOKS:
1. Computational Fluid Flow and Heat Transfigluralidharan& SundarajanNarosa Pub
2. Numerical heat transfer and fluid flo®.V. PatankaHemisphere Pub. House
3. An Introduction to Computational Fluid Dynamj¢/M Method +H.K. Versteeg
W. Malalasekhara PHI Publications
4. Computational Fluid Dynami¢cé&nderson TMH Publications
5. Computational Methods for Fluid Dynamjé2rziger, PericSpringer
6. Computational Fluid Dynamics, T.J. Chung, Cambridge University
7. ComputationaFluid Dynamics, APracticalApproachHu, Yeoh, Liu (Elsevier)
8. Text Book of Fluid Dynamics, Frank ©Hton, CBS Publishers
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DESIGN OF THERMAL SYSTEMS

Course objectives:
X To create awareness of the importance of Heat exchangers design,
x To understand the basic principles of designrandellingof heat exchangers
X To familiarize principles of design of heat exchangers pertaining to industry
X To understand the basic principles of different types of heat exchangers and cooling
towers

Course outcomes:
x A student will be able to select heat exchanger as per its application in engineering
x A student will be able to do root design heat exchanges
x A student will be able to understand selection and design of cooling towers
x A student will be able to select and design of heat exchangers for advanced applications
like process industry

UNIT -I

Classification Of Heat ExchangersIntroduction, Recuperation & regeneration, Tabular heat
exchangers, Double pipe, shell & tube heathexger, Plate heat Exchangers, Gaskef=e

heat exchanger. Spiral plate heat exchanger, Lamella heat exchanger, extended surface heat
exchanger, Plate fin and Tabular fin.

UINT -lI

Basic Design Methods bHeat Exchanger Introduction, Basic equations in design, Overall
heat transfer coefficient, LMTD method for heat exchanger analysis, Parallel flow, and Counter
flow, Multi passcross flow heat exchanger design calculations:

UNIT -1l

Double Pipe Heat ExchangerFilm coeficient for fluids in annulus, fouling factors, calorific
temperature, Average fluid temperature, The calculation of double pipe exchanger, Double
pipe exchangers in series parallel arrangements, Shell & Tube Heat Exchangers: Tube layouts
for exchangers, &8fle heat exchangers, Calculation of shell and tube heat exchangers, Shell
side film coefficients, Shell side equivalent diameter, The true temperature differenc®in a 1
heat exchanger. Influence of approach temperature on correction factor. Shplessiae

drop, Tube side pressure drop, Analysis of performance2ohdat exchanger and design of

shell & tube heat exchangers, Flow arrangements for increased heat recovery, the calculation
of 2-4 exchangers.
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UNIT -IV

Condensation @& Single Vapours Calculation of horizontal condenser, Vertical condenser,
De-Super heater condenser, Vertical condess&Cooler, Horizontal Condens&ubcooler,
Vertical reflux type condenser, Condensation of steam.

UNIT -V

Vaporizers, Evaporators and Reboilers Vapoizing processes, Forced circulation
vaporizing exchanger, Natural circulation vaporizing exchangers, Calculations of a reboiler,
ExtendedSurfaces: Longitudinal fins. Weighted fin efficiency curve, Calculation of a Double
pipe fin efficiencycurve. Calculdaon of a double pipe finned exchanger, Calculation of a
longitudinal fin shell andube exchanger.

UNIT -VI

Direct Contact Heat Exchanger Cooling towers, relation between wet bulb & dew point
temperatures, The Lewis number and Classification of coaingrs, Cooling tower internals
and theroll of fill, Heat Balance. Heat Transfer by simultaneous diffusion and convection,
Analysis ofcooling tower requirements, Deign of cooling towers, Determination of the number
of diffusion units,Calculation of coohg tower performance.

REFERENCE BOOKS:

1. Process Heat Transfdd.Q.Kern TMH Publications

2. Cooling TowersJ.D.Gurney and I.A. CotteMaclaren Publications

3. Heat Exchanger DesigA.P.Fraas and M.N.Ozisicjohn Wiely& sons
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ADVANCED REFRIGERATION AND AIR CONDITIONING

Course objectives:
To enable the student
x Understand the principles of refrigeration and air conditioning.
x Calculate the cooling load for different applications.
X Select the suitable equipment for a particular application.
x Design and implement refrigeration and air conditioning systems using standards.

Course Outcomes:
The student will be able to
x Differentiate between various refrigeration systems
X Apply refrigeration and air conditioning principles
x Design refrigeration systems
x Design air conditioning systems

UNIT

Vapour Compression Refrigerationn Performance of Complete vapowmpression system.
Components of Vapor Compression SystemThe condensing unitx Evaporators +

Expansion valvex Refrigerants + Properties + ODP & GWP - Load balancing of vapor
compression Unit.

Compound Compression Flash intercooling * flash chamber £ Multi-evaporator &

Multistage systems.

UNIT I

Production Of Low Temperature: Liquefaction system; Cascade SysterApplications.+

Dry ice system.

Vapor Absorption System Simple and modified aquaammonia systentRepresentation
on Enthalpy £oncentration diagram. LithiumtBromide system Three fluid systetHCOP.

UNIT

Air Refrigeration : Applications Air Craft Refrigeration-Simple, Bootstrap, Regenerative
and Reduced ambient systemBroblems based on different systems

Steam Jet Refigeration System Representation on-3 and ks diagramszlimitations and
applications

Unconventional Refrigeration System Thermaoelectric +Vortex tube & Pulse tubet
working principles.

UNIT 4V
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Air -Conditioning: Psychometric properties and processgSonstruction of Psychometric
chart. Requirements of Comfort Aitconditioning + Thermodynamics of human body
Effective temperature and Comfort chaParameters influencing the Effective Temperature.
Summerwinter and year round aitconditioning systems.

UNIT -V
Cooling Load Calculations Psychometriaa Comfort air conditioning -Factors affecting
human comforttCooling Load calculations.

UNIT VI

Air -Conditioning Systems All Fresh air, Recirculated air withand without bypass, with
reheat system&Calculation of Bypass Factor, ADP, RSHF, ESHF and GSHF for different
systems.

Components: Humidification and dehumidification equipmeriSystems of Air cleaningt
Grills and diffuserstFans and blowerst Measurement and control of Temperature and
Humidity.

REFERENCE BOOKS:

1. Refrigeration & Air ConditioningC.P. Arora TMH Publications

2. Refrigeration & Air ConditioningArora&Domkundway DhanpatRai Publications
3. Refrigeration and Air ConditioningtoeckerMcGraw Hill Publications

4. Principles of RefrigeratigrRoy. J. Dossatlohn Wiley Publications

5. Refrigeration and Air Conditioninghnanthanarayand@ MH Publications
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GAS TURBINES AND JET PROPULSION

Course objectives:
x To make student to acquire knowledge on power generation through gas turbine.
X To make student to gain knowledge in the application of gas turbine in the field of jet
propulsion.
X To make student aware of combustion chambers

Course outcomes:
x Student can know the methods of improving thermal efficiency and specific power
output of a gas turbine cycle.
X Students can aware working of various military profiles like RarRjdse jet, Turbojet
and Turboprop etc.
X Student can study drawing velocity triangles of turbine blades and compressor blades.

UNIT -
Introduction : Cycles for Gas turbine, Performance of Gas turbines, open and closed cycle gas
turbine analysis, Componerdaé Turbine, Combustors for gas turbine, fuel requirements.

UNIT -II

Axial Flow Compressors Principle of operation, Momentum or Filament analysis and energy
transfer in rotors, Losses & coefficients of performance, cascade characteristics, overall
performance, compressor characteristics, surging, choking and stalling.

UNIT -l
Axial Flow Gas Turbines. Elementary Theory, Turbine and nozzle efficiencies, Degree of
reaction, Impulse turbine analysis, Reaction turbine analysis, comparison of Tugase ty

UNIT -IV

Applications of Gas Turbines Typical applications of gas turbinetectric power generation
applicationsmarine application locomotive applicatiorsitomotive applicationsircraft
applicationsprocess applications, additional featuregya$ turbine enginegsends in future
development.

UNIT -V

Jet Propulsion: Introduction, Air breathing Jet engines, classificafitam jet, pulse jet, Turbo
jet, Turbo prop, Thrust, EfficieneRam, Thermal, Transmission, overall. Effect of forward
speed, ditude, Thrust augmentatierAfter burning, wateralcohol mixtures, Bleed burn cycle
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UNIT -VI
Rocket Propulsion Principle, classificatioithemical, rockesolid propellant, liquid
propellant, advantages, free radical, Nuclear, Electro dynamic, plpsotan propulsion

REFERENCE BOOKS:

1. Gas TurbinesGanesan YTMH, 3rd Edition
2. Gas turbines and propulsive systeiisajuriaP.R DubeyS.PDhanpatRai pub.
3. Gas turbines and jet & rocket propulsidftathur M.L, Sharma R.P. Standard Publishers
4. GasTurbine TheoryCohenH, RogersandSaravanamuthu Hohn Wiley
5. Turbines, Compressors and Fariahya S.H Tata McGrawHill.
6. Aero-thermodynamics of gas turbine and rocket propul<Bomrdon Oates
AIAA Education series
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ENERGY CONSERVATION AND MANAGEMENT

Course objectives:

X To create awareness of the importance of the energy auditing and determination of
evaluation methods of engineering projects

X To understand the principles of energy management for various types of industries

X To understand the need and necessity of energy auditing and estimate the budget for
industry

X To understand the importance of resadle energies in the scenario of depletion of
conventional energy resources

Course outcomes:
x A student will be able to grasp the importance of energy auditing
x A student will be able to estimate the requirement of any proposed industry

UNIT -

Introduction : Principles of energy management. Managerial organization, Functional areas
for i) manufacturing industry, ii) Process industry, iii) Commerce, iv) Government, Role of
Energy manager in each of these organizations. Initiating, Organizing amagmg energy
management programs

UNIT -II

Energy Audit: Definition and concepts, Types of energy audits, Basic energy concepts,
Resources for plant energy studies, Data gathering, Analytical techniques. Energy
Conservation: Technologies for energy comagon, Design for conservation of energy
materials, Energy flow networks, Critical assessment of energy usage. Formulation of
objectives and constrains, Synthesis of alternative options and technical analysis of options,
Process integration.

UNIT -1l
Economic Analysis Scope, Characterization of an investment project. Types of depreciation,
Time value of money. Budget considerations, Risk analysis.

UNIT -IV

Methods Of Evaluation Of Projects Payback, Annualized costs, Investor's rate of return,
Present wdh, Internal rate of return, Pros and cons of the common method of analysis,
Replacement analysis.
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UNIT -V

Alternative Energy Sources SOLAR ENERGY: Types of devices for solar energy
collections, Thermal storage system, Control systems. Wind Enésgilability, Wind
Devices, Wind Characteristics, performance of turbines and systems.

UNIT -VI

Energy Conservation In Electric Utility And Industry : Energy cost and two part tariff,
energy conservation in utility by improving load factlmad curveanalysis energy efficient
motors, Energy conservation in illuminating system, importance of power factor in energy
conservation power factor improvement methods, energy conservation in industries.

REFERENCE BOOKS:

1. Energy Management PrincipléSB Smith Pergamon Press

2. Energy ManagementV.R.Murthy and G.Mc.KayBS Publication
3. ManagementH.Koontz and CyrillDonnelMcGraw Hill

4. FinancialManagementS.C.KuchhalChaitanya Publishing House
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SOLAR ENERGY TECHNOLOGY

Course objectives:

X To understand the students potential and importance oftormventional energy
sources

X To understanthe concept of Solar radiation and Energy conversion

X To understandPV technology principles and techniques of various solar cells /
materials for energy conversion.

X To understandeconomical and environmental merits of solar energy for variety of
applicatons.

Course Outcomes
x Knowledge on radiation principles with respective solar energy estimation
x Be familiar with various collecting techniques of solar energy and storage
X PV technology principles and techniques of various solar cells / materials for energy
conversion will be learnt
x Economic and environmental merits of solar energy for variety of applications will be
understood

UNIT -

Solar Radiation: Source of radiationtSun earth relationshipextraterrestrial radiatior
Atmospheric attenuatiogTerrestrial radiatiofradiation on a horizontal surfaces and inclined
planes- relations between monthly, daily and hourly radiation and components of the
radiationstsolar darts £Critical radiationMeasurement of global, direct and diffuse solar
radiation- pyroheliometer, pyranometer, pyrogeometer, sunshine recaraeroverview of
solar radiation data in India.

UNIT -II

Solar Flat Plate Collectors Design consideratianclassification Flat plate collectorsair
heating collectors liquid heatinf emperature distributiongieat renoval rate Useful energy
gain- Losses in the collectoffer efficiency of flat plate collectorsselective surfaces.

UNIT -1l |

Solar Concentric Tube Collectors Tubular solar energy collectors analysis of concentric tube
collector ttesting of flat plate collectors. Concentric collectedsmits to concentration+
concentrator mounting+ tracking mechanism- performance analysis focug solar
concentrators: Heliostats.

UNIT -IV
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Photovoltaic Systems Conversion of Solar energy into ElectricityPhotovoltaic Effect,
Photovoltaic material Solar Cell tModule zSilicon solar cell, Efficiency limits, Variation of
efficiency with bad-gap and temperature, Efficiency measurements, High efficiency cells,
Recent developments in Solar CeR/ systems applications

UNIT -V
Energy Storage Sensible Heat Storag#Liquid media storagetSolid media storagetLatent
heat storage Phasechange material&=Chemical storage

UNIT -VI

Industrial Applications Of Solar Heat: Solar Thermal Power Plant, Solar Desalination, Solar
Water Heating, Solar Air Heating, Solar Drying, Solar Cooking, Solar Greenhouse technology:
Fundamentals, desigmodeling and applications

REFERENCE BOOKS:

1. Solar Cells and Their Applications, L D. Partain, L M. Fraas, John Wiley and Sons, 2010

2. Solar Energy Engineering, SoterisKalogirou, Academic Press, 2009

3. Solar Energy, Sukhatn®P, Tata McGrawviHill Education, 2008

4. Handbook of Photovoltaic Science and Engineering, A Luque, S Hegedus, John Wiley and
Sons, 2003

5. Solar Energy Fundamentals, Design, Modeling and Applications, G. N. Tiwari,
NarosaPublishing House Pvi.td., 2002

6. Solar EnergyFundamentals & Applications, H.P. Garg and J. Prakash Me@aw-Hill,
2000.
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RENEWABLE ENERGY TECHNOLOGY

Course Objectives:
X To understand the students potential and importance ofcormventional energy
sources
X To under the methods of extracting solar energy, wind energy ocean energy and
geothermal energy.

Course Outcomes:

x Student can knowhe working of flat plate collector, concentrating collectors to extract
solar energy.

X Student can know the power generation through horizontal and vertical axis wind
turbines.

X Student can know the extraction methods of OTEC, Wave energy and powerigenerat
through MHD.

x Student can aware of applications of solar energy

UNIT -

Introduction : Energy ScenariagSurvey of Energy Resource€lassificationtNeed for Non
Conventional Energy Resources.

Solar Energy. The Sun- SunEarth RelationshipiSolar radiation +Attention Radiation
measuring Instruments.

UNIT -II

Solar Energy Applications Solar water Heating, Space heatisgctive and Passive heating
+Energy storagetselective surfacesolar stills and pondssolar refrigerationtphotovoltaic
generation.

UNIT -1l

Wind Energy: Wind *characteristicstwind energy conversion systemsypes +Betz model
tInterference FactotPower CoefficientzTorque Coefficient and thrust coefficierdlift
machines and drag machinematching telectricitygeneration..

Geothermal Energy. Structure of EarthtGeothermal RegiongHot springs tHot Rocks +
Hot Aquifers tAnalytical Methods to estimate Thermal Potentdlarnessing Techniques
Electricity Generation Systems.
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UNIT 4V

Energy from Oceans Tidal Energy; TidestDiurnal and SemiDiurnal NaturetPower from
Tides.

Wave Energy. Waves = Theoretical Energy Availablet Calculation of period and phase
velocity of wavestwave power systemasubmerged devices.

Ocean Thermal Energy Principles tHeat ExchangergPumping requirement&Practical
Considerations

UNIT -V

Bio #£nergy: Biomass Energy SourcesPlant Productivity, Biomass WastessAerobic and
Anaerobic bieconversion processesRaw Materials and properties of ByasBio-gas pant
Technology and Status The Energetic and Economics of Biomass systetrBiomass
gasification zBiodiesel

UNIT -VI
Direct Energy Conversion Systems Fuel Cells and Solar CeHhermionic and
Thermoelectric Generatio®tMHD GeneratotOpen and Close8ystems.

REFERENCE BOOKS:

1. Renewable Energy Resources, JohnTwidell&Tony Weir, Routledge Publishers

2. Non-Conventional Energy Sources, G.D Rai, (4th ed.), Khanna Publishers

3. Renewable Energy Resources, G.N.Tiwari and M.K.Ghosal, NBuwsécation Ltd

4. Renewable Energy Resources, G.N.Tiwari and M.K.Ghosal, Narosa Publication Ltd
5. Non-Conventional Energy, Ashok V Desai, Wiley Eastern
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ENVIRONMENTAL POLLUTION AND CONTROL

Course objectives:

X The course has been designed to improve the understanding of the students about
different pollution control strategies and the skills of application of remediation
techniques to combat pollution in three environmental compartments i.e. air, water and
soil.

X The course will also be dealing about the sources of pollution in air, soil, water, thermal
and noise and the impacts these sources on the environment and health.

X In addition, the students will be given the training to develop the particular kills required
in pollution related structured research.

Course outcomes:
X Understanding of air/water pollution regulations and their scientific basis
x Apply knowledge for thg@rotection and improvement of the environment
X Ability to monitor marine and nucledand/soil noise and thermabllution control
systems

UNIT -I
Introduction : Classification of Pollution and Pollutants, Causes, Effects and Sources of
Pollution

UNIT -II

Air Pollution : Primary and Secondary Pollutants, Automobile Pollution, Industrial Pollution,
Ambient Air Quality Standards, Air pollution sampling and Measurentgrgs of pollutant
sampling and measuremehmbient air samplingollection of gaseous airpollutants
collection of particulate pollutantstock sampling, analysis of giollutantssulfur dioxide
nitrogen dioxide, carbon monoxide, oxidants and ozone hydrocagaotisulate matter.

UNIT -l
Water Pollution: Point and Nofpoint Source of Paition, Major Pollutants of Water, Water
Quality Requiremenfor Different Uses, Global water crisis Issues.

UNIT -IV

Marine And Nuclear Pollution: Misuse of International Water for Dumping of Hazardous
Waste, Coastal Pollution Duelitdustrial EffluentsNuclear Power Plants, Nuclear Radiation,
Disasters and Impact§enetically Disorders.

UNIT -V
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Land/Soil Pollution: Effects of urbanization on land degradation, Impact of Modern
Agriculture on Soil, Effect on Environment and Life sustenaAbatement measures.

UNIT -VI
Noise and Thermal Pollution: Sources of Noise, Effects of Noise, Industrial Noise
Occupational Health Hazards, Therr@amforts, Heat Island Effect, Radiation Effects

REFERENCE BOOKS:

1. Introduction to Engineering arfscience Manster, G.MPearson Publishergp04.
2. Environmental Pollution Control Engineerifgao, E.SWiley Eastern Ltd., 1991
3. Pollution Control in Process Industrj&dahajan, S.R Tata McGrawHill, 1985

4. Air Pollution Control TheoryCrawford,M., TMH, 1976.
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AIRCRAFT AND SPACE PROPULSION

Course objectives:
X To enhance the knowledge of the studentaimrafts and space propulsion
X To gain insight on the working principle of rocket engines, different feed systems,
propellants and their properties and dynamics of rockets.

Course outcomes:
X On successful completion of this course the student will be tablenderstand the
working of different types of aircraft and rocket propulsion systems and their
performance characteristics.

UNIT -I

Gas Dynamics

Wave motion Compressible fluid flow through variable area devieSdagnation state Mach
Number and its influence and properties, Isentropic Flow, Rayleigh and Fanno Flow,
Deflagration and DetonatioNormal shock and oblique shock waves

UNIT -lI

Thermodynamics d Aircraft Engines

Theory of Aircraft propulsiontThrust +Variousefficiencies =Different propulsion systems
+Turboprop £Ram JetxTurbojet, Turbojet with after burner, Turbo fan and Turbo shaft.
Variable thrustnozzles+vector control

UNIT -l

Performance Characteristics @ Aircraft Engines

Engine- Aircraft matding zDesign of inlets and nozzlesPerformance characteristics of
Ramijet, Turbojet, Scramjet and Turbofan engines.

UNIT 4V

Rocket Propulsion

Theory of rocket propulsiorRocket equationgEscape and Orbital velocityMulti-staging
of Rockets+Spacemissions tPerformance characteristigd. osses and efficiencies

UNIT -V

Solid Propellant Rocket Engines Combustion of solid propellantstability of the burning
surfacetsolid propellant composition preparatisgesign of propellant graingrends insolid
propellant rocket development
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UNIT -VI

Liquid Propellant Rocket Engines

IntroductionPerformance analysis of ideal rocket matdeparture from ideal performante
theoretical specific impulse calculatichsombustor design principlescooling of rocket
motorsztliquid rocketsystems

REFERENCE BOOKS:

1. Mechanics and Thermodynamics of Propulsihilip G. Hill and Carl R. Peterspn
Wesley Publishing Company, New York, 2009

2. Principles of Jet Propulsion and Gas Turbjzagrow N.J, John Wiley and Sons
New York, 1970.

3. Aircraft and Missile Propulsigrzucrow N.J, Vol. I and Vol. Il, John Wiley and Sons Inc,
New

4. Fundamentals of Compressible Fldsv M.Yahya New Age International Pvt Ltd, 2003.

5. Principles of Guidedissile DesignBonney E.A. Zucrow N.JVan Nostranc Co., 1956

6. Jet Propulsion Engines, Lancaster O.E., Princeton Legacy Library
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CRYOGENIC ENGINEERING

Course Objectives:
At the end of the completion of the course the student will be able to
X Understand the mechanism of variation of properties of materials at low temperatures
X Apply the principles of thermodynamics to analyze the-lemperature air separation
systems.
x Apply the principles of thermodynamics to the analyze gas liquefaction systems.
X Understand use of effective and environmentally safe cryogenic technology for
applications in industry, construction, agriculture, medicine and living organisms.

Course Outcomes:

x Student can know the working of flat plate collector, concentrating collectors to extract
solar energy.

X Student can know the power generation through horizontal and vertical axis wind
turbines.

x Student can know the extraction methods of OTEC, Wave energy and power generation
through MHD.

X Student can aware of applications of solar energy

UNIT -I

Introducti on To Cryogenic SystemsMechanical Properties at low temperatures, Properties
of Cryogenic Fluids

GAS LIQUEFACTION: Minimum work for liquefaction, Methods to protect low
temperature, Liquefaction systems for gages other than Neon, Hydrogen and Helium

UNIT-II

Liquefaction Cycles Carnot Liquefaction Cycle, F.O.M. and Yield of Liquefaction Cycles,
Inversion Curve Joule Thomson Effect, Linddampson Cycle Precooled Lindampson
Cycle, Claude<ycle, Dual Cycle, Helium Refrigerated Hydrogen Liquefaction Systems.
Critical components in Liquefaction Systems

UNIT -l

Separation d Cryogenic Gases Binary Mixtures, FC and HC. Diagrams,Principle of
Rectification, Rectification Column AnalysisMcCabeThiele Method. Adsorption Systems
for purification

UNIT -IV

Cryogenic Refrigerators. J.T. Cryocoolers, Stirling Cycle Refrigerators, G.M. Cryocoolers,
Pulse Tube Refrigerators, Regenerators usedCmyogenic Refrigerators, Magnetic
Refrigerators.
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UNIT -V

Handling of Cryogens Cryogenic Dewar Construction and Design, Cryogenic Transfer
Lines. Insulations used in Cryogenic Systems, Different Types of Vacuum Pumps,
Instrumentation to measure Flow, Level and Temperature.

UNIT -VI
Applications: Applications of Cryogenics in Space Programs, Superconductivity, Cryo
Metallurgy, Medical applications.

REFERENCE BOOKS:

1. Cryogenic System&Randall F.BarronMcGraw Hill

2. Cryogenic Engineeringscott R.B, Van Nostrand and Co

3. Cryogenic TechnologyRobert W.VancegJohnwiley& Sons, Inc., New York, London
4. Cryogenic Process Engineering, Klaus D.Timmerhaus, Plenum Press New York
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COMPUTATIONAL METHODS LABORATO RY

Course Objectives:
To make the student understand
X Solution of problems of heat conduction using fem software
X Solving problems involving heat transfer from fins by writing program codes in MAT
lab software
X Solving problems containing flow and heat transfer using FVM software

Course Outcomes:
The student will be able to
X Write program source codes to some heat transfer problems and solve them using MAT
lab
X Solve some heat transfer problems using FEM softw
X Solve certain problems involving flow and heat transfer using FVM software

LIST OF NUMERICAL PROBLEMS

Any TEN numerical problems

The following problems are solved using MATLAB, FEM and FVM software.

Two dimensional steady state heat conduction in a slab.

One dimensional unsteady state heat conduction in a slab.

Heat transfer from a rectangular fin.

Heat transfer from a triangular fin.

Laminar flow through a rectangular duct.

Laminar natural convection from a vertical plate.

Parallel flow double pipe heat exchanger.

Counter flow heat exchanger.

. Solution of a Tridiagonal matrix (TDM) using Thomas algorithm.

10 Solution of a second order ordinary differential equation by fowrtdler Runge
Kutta Method.

11 .Solutionof simultaneous first order ordinary differential equations by feartterRunge
Kutta Method.

©CoNoh,rwNE
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COMPUTATIONAL METHODS IN ENGIN
EERING

Course Objectives:
x Know how to solve system of equations, ordinary differential equations and partial
differential equations numerically.
x Understand correlation and regression.
X Know optimization techniques in solving lineanteger and fractional programming
problems.

Learning Outcomes:
Student will be able to
X Findthe solutions of system of linear and non linear equations.
X Solveordinary and partial differential equations numerically.
x Find correlation coefficient and regression.
X Optimizelinear, integer and fractional programming problems.

UNIT -I

Introduction to numerical methods applied to engineering Problems:

Solving system of linear equations by Gauss Seidel and Relaxation me@bbdisg system
of nonlinear equations by NewteRaphson method.

UNIT -II

Numerical Solutions of Ordinary Differential Equations:

Boundary Value Problem&hooting Methodsolution through a set of equationderivative
boundaryconditions- Rayleigh Ritz Method.

UNIT -1l

Numerical Solutions of Partial Differential Equations:

Finite-Difference Approximations to Derivatives, Laplace Equattedacobi Method ADI
Method, Parabolic EquatiotCrank Nicolsen method.

UNIT -IV

Applied Statistics:

Correlation Analysis Correlation Coefficient+coefficient of Correlation for grouped bi
variate datazcoefficient of determinationtTest of significance for correlation coefficient.
Regression AnalysisSimple linear regressionMultiple linear regression.

UNIT -V
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Optimization Techniques:

Linear Programming ProblemtSimplex Method, Artificial variable methodBig-M Method,
Integer Programming ProblemBranch and Bound Method, Linear Fractional Programming
Problem.

UNIT -VI

Curve fitting and approximation of functions:

Least squarapproximation fitting of notinear curves by least squareeomputer programs
HYPERBOLIC PARTIAL DIFFERENTIAL EQUATIONS: Solving wave equation by
finite differencesstability of numerical methodmethod of characteristics wave equation in
two space dimesion-computer programs.

TEXT BOOKS:

1. 6WHYHQ & &KDSUD 5D\PRQG 3 &DQDOH 31 XPHWIeWDO OHWK
Hill

2. &XUWLV ) *HUDOG 3DUWLFN 2 :KHDWO\ ~"$8/8skeyHB8IQXPHUL

REFERENCE BOOKS:

1. Douglas J.FairesSs LFKHG% XUGHQ 1XPHULFDOptbHsWH§RGYV"™ % URRN\
company,1998.Second edition.

2. :DUG &KHQH\ DQG 'DYLG .LQFDLG 31 XPHULFDO PDWKHPDW
publishing company1999, Fourth edition.

3. 5LOH\ . ) 0 3 +REVRQ DQG %H QretHdls- fod DpWKiesP &nd/ L F D
HQJLQHHULQJ" &DPEULGJH 8QLYHUVLW\ SUHVYV

4. S.S.Sastry, Introductory Methods of Numerical Analysis, PHI.

5. Basic StatisticstAgarrval, B.L. Wiley 1991, ? edition.

6. Operations ResearchS.D. Sarma.
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ADVANCED MECHANICS OF SOLIDS

Course Objectives:
x To familiarize with the concepts of stresses and strains in un symmetric bending and
torsion using classical methods.

Learning Outcomes:
Student will be able to
x Apply WKH WKHRU\ RI HODVWLFLW\ LQFOXGLQJ VWUDLC
relationships.
Analyzesolid mechanics problems using classical and energy methods.
Solvetorsion problems in bars and thin walled methods.
Solvefor stresses and deflection beam under unsymmetrical loading.
Asseswarious failure criteria in engineering problems.

X X X X

UNIT -

Theories of Stress and Strain:Definition of stress at a poinstress notation, principal
stressegdifferential equations of motion of a deformable body, deformation of a deformable

body, strain theory, principal strains.

StressiStrain Temperature Relations Elastic and nonrHODVWLF UHVSRQVH RI D V|
law, anisotropic elasticity, Isotropic elasticity, initiation of yield, yield criteria.

UNIT -lI
Shear Center:
Bending axis and shear censtrear center for aadymmetric and unsymmetrical sections

UNIT -l

Unsymmetrical bending

Bending stresses in Beams subjected to nonsymmetrical bending; deflection of straight beams
due to nonsymmetrical bending

UNIT -IV

Curved Beam Theory.

Winkler Bach formula for circumferential streskmitations #* correction factorszadial
stress incurved beamstclosed ring subjected to concentrated and uniform fstrdsses in
chain links.

UNIT -V

Axi-Symmetric Problems:

Rotating Discs flat discs, discs of uniform thickness, discs of uniform strength, rotating
cylinders
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UNIT -VI

Torsion:

Linear elastic solution, Prandtl elastic membrane (SBém) analogy, narrow rectangular
cross section, hollow thin wall torsion members, multiple connected cross setkidiasv
thin wall torsionmembers, Thin wall torsion members with restrained ends.

TEXT BOOKS:
1. %RUHVL 6LGHERWWRP 3$GYDQFHG OHFKDQ L"reditich] PDWHU
2. 'U 6DGKX VLQJK 36WUHQJWK RI PD'WikHdLDOV " .KDQQD 3XE

REFERENCE BOOKS:

1. 7LPRVFKHQNR 6 3 DQG *RRGLHD VW L F3i- Wi RuklisietsD Z
39 Edition.

2./ 6 6ULQDWK 33$GYDQFHG OHFKDQLFV RI 6ROLGV" O0OF*UDZ
3 edition.
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ANALYSIS AND SYNTHESIS OF MECHANISMS

Course Objectives:
X To introduce the concepts used for kinematic analysis of planar and spatial
mechanisms.
x To familiarize with the concepts of force analysis and synthesis of mechanisms.

Learning Outcomes:
Student will be able to
x Determinethedisplacementyelocity and accelerations of links of mechanism.
Apply path curvature characteristics in analysis of mechanisms.
Apply analytical and synthesis techniques in design of mechanisms.
Determinethe forces and torque acting by performing force analysis.
Apply forward and reverse kinematic analysis techniques in performance evaluation of
manipulators.

X
X
X
X

UNIT -I

Introduction : Elements of Mechanisms,degrees of freedkartchback equation and grublers
criterion -applications of Grublers criterion, transmission anglegtreme values of
transmission angles , toggle positions.

Displacement, Velocity and Acceleration Analysis (Analytical methods only):Analysis
for four bar andgingle slider crank mechams.

UNIT -lI

Path Curvature Theory: Introduction , fixed and moving centrodes , inflentipoints and
inflection circle Euler Savary Equation , Bobilliers Construction , Collineation axis ,
Bobillier theorem ,Hartmann construction , Bressecle , Return circle , Cusp Points |,
Crunode points.

UNIT -1l

Kinematic Synthesis: Introduction , type, dimensional and number Synthesis , synthesis for
functiongeneration, path and motion generation ,Chebyschev Spacing of accuracy points
Graphical Synthesis TechniquesMotion generation for two prescribed positions and three
prescribedpositions + path generation for three prescribed positions without and with
prescribed timingtfunction generation for three prescribed positions.

UNIT -IV

Analytical Synthesis Techniquesfour bar and slider crank function generator with three
accuracy pointause of complex numbers and dyasithree prescribed positions for motion,
path and function generation using dyad.

UNIT -V
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Static Force Analysis: Static equilibrium , equilibrium of two and three force members |,
equilibrium of four force members , static force analysis of four bar and slider crank
mechanisms.

Dynamic Force Analysis:D Alembert Principle , dynamic analysis of four bar mechanism
and singleslider crank mechanisntdynamically equivalent systentinertia of Connecting
Rod zinertia force and torque in reciprocating Engine ( Analytical Method only).

UNIT -VI
Spatial Mechanisms D-H transformation matrix; forward kinematic analysis of serial
manipulatorsiReverse kinematic analysisterative solution techniques.

TEXT BOOKS:

1. (UGPDQ DQG 6DQGRU "$GYDQFHG OHFKDQLVP "HVLJIQ 9R(
1984.

2. 6 6 5DWWDQ ¢ 7KHRU\ RI ODFKLQHV" 7TDWDOF*UDZ +LOO

REFERENCE BOOKS:

1. 8SLFNHU 3HQQRFN DQG 6KLJOH\ ~ 7KHRU\ RI PDFKLQHV |
Press,2010.

2. SPLWDEKD*KRVK DQG $VKRN . XPDU ODOOLN 3 7KHRU\ RI (
West Press pvt Ltd"2edition.

3. BREHUW / 1RUWRQ ~ 'HVLJQ RI GﬂlBNﬁC@itth\' 7DWD OF*UDZ
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MECHANICAL VIBRATIONS

Course Objectives:
x Formulate mathematical models of problems in vibrations using Newton's second law
or energy principles.
x Determine a complete solution to the modeled mechanical vibration problems.
x Correlate results from the mathematical model to physical characteoistiws actual
system.
x Design of a mechanical system using fundamental principles developed in the class.

Learning Outcomes:
Student will be able to
X Understandthe causes and effects of vibration in mechanical systems and their
classification.
x Developschematic models for physical systems and formulate governing equations of
motion.
X Understandhe role of damping, stiffness and inertia in mechanical systems.
X Analyzerotating and reciprocating systems and design machine supporting structures,
vibration isolators and absorbers.
X Calculatefree and forced vibration responses of multi degree freedom systems using
modal analysis.
X Analysisand design for the control/ to reduce vibration effects in machinery.

UNIT -I

Fundamentals of Vibrations Analysis

Introduction; Elements of vibration; classification of vibration; vibration analysis procedure;
spring elements+ equivalent stiffness; mass or inertia elements; damping elements
equivalent damping; types of damping; definitions and terminology; singptadnic motion.

UNIT -1l

Free Vibration Analysis - Single Degree Of Freedom Systems :

Undamped VibrationsDifferent methods for equation of motianl H Z W R&gdndlaw,

"Y$ O H P E pirlddipl®,Vprinciple of virtual displacement, principle of conservatidn o
HQHUJ\ 5D\OHLJKfV PHWKRG

Damped Vibrations:Differential equation of motion; critical damping coefficient and
damping ratio;damped natural frequency; logarithmic decrement; energy dissipated in
viscous damping

Page7



UNIT -l

Forced Vibration Analysis (Single Degree Of Freedom SystemiResponse of damped and
undampedsystems to harmonic excitation; frequency response curve; magnification factor;
harmonic excitation of the base, vibration isolation, transmissibility, forcentiasi®n to
foundations.

Vibration measuring instrumentst working principle of Seismic mass, vibrometer,
accelerometer

UNIT -IV

Damped and Undamped Vibrations +Two degree of freedom systeniree and forced
vibrationanalysis of a two degree of freedom systedifferent methods for the formulation
of equation equations of motion, natural frequencies, principal modgshysical
interpretation and orthogonality; general method, eigen value method

UNIT -V

Torsional Vibr ations: Torsionalvibration of one, two and three rotor system; Equivalent
shafting; torsional vibration of a geared system; coordinate couptiisgatic and dynamic
coupling; whirling of rotating shafts

UNIT -VI

Vibrations of continuous systems Vibrations of springs, bars and beams, formulation of
equation ofmotion, characteristic equation, eigen values, identification of hode and mode
shapes.

TEXT BOOKS:
1. * . *URYHU 1LJDP 2*0HFKDQLFDO 9LEUDWI®I@On 1HP &KI
2. SS.RDR 3*0HFKDQLFDO YLEUDWItBQ SHDUVRQ ,QGLD

REFERENCE BOOKS:

7KRPVRQ 3 7KHRU\ RI 9LEUDWLRQ ZLWedithk8 SOLFDWLRQ " ¢
9 36LQJK "OHFKDQLFDO YLEUDWLRQ™ 'KDQSDW5DL &R
Schaum6 HULHY ~ OHFKDQLFDO-HILE'Ydtiww\LRQ"~ 0OF*UDZ

) 6 7VH ORUVH +LQNOH "OHFKDQLFDUeflittdAUDWLRQ ~ & %6

Pwnh PR
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THEORY OF ELASTICITY AND PLASTICITY

Course Objectives:
X To introduce the basic concepts of theory of elasticity

Learning Outcomes:
Student will be able to
x Determine stress distribution and strain components for simple and symmetric
problems
x analyzethree dimensional problems using equilibrium and compatibility equations
x Determine stresses induced in beams of different cross sections
Apply concepts of plasticity to determine the shear stresses and strain energy

UNIT -

Elasticity : Two dimensionalstress analysis plane stress plane strain- equations of
compatibility-stress function boundary conditions.

Problem in rectangular coordinates :Solution by polynomials Saint Venent's principles
determinatiorof displacement simple beam probieas.

UNIT -II

Problems in polar coordinates :General equations in polar coordinatesress distribution
symmetricalabout axis- strain components in polar coordinatesimple and symmetric
problems.

UNIT -l

Analysis of stress and strain in threedimensions Principle stressekiomogeneous
deformationsstrain spherical and deviatoric stre$g/drostatic strain.

General theorems :Differential equations of equilibrium and compatibilitdisplacementt
uniquenessf solution- reciprocal theorem.

UNIT -IV
Bending of prismatic bars Stress function bending of cantilever beambeam of
rectangular crossection- beams of circular crossection.

UNIT -V

Plasticity : Plastic deformation of metalsstructure of metals deformation- creep stress
relaxation ofdeformation- strain rate condition of constant maximum shear stresadition
of constant strain energyapproximate equation of plasticity.
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UNIT -VI
Methods of solving practical problems :The characteristic methedengineering method:
compressiof metal under presstheoretical and experimental data drawing.

TEXT BOOKS:
1. 6 3 7LPRVKHQNR - . *RRGLHU 37KMHRIitionRl (ODVWLFLW\’

REFERENCE BOOKS:

1. (3 8QNVRY “$EHUIQILEKHRU\ RI 3ODVWLFLW\ %XW
publications,1961

2. +RIIPDQ DQG 6DFNV 37KHRU\-HI, ey ¥ &RVI953. W\~ OF*UDZz
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TRIBOLOGY

Course Objectives:
x To know the selection of lubricating system for different types of bearings in various
environmental conditions;
X To understand the principles of design of Hydrostatic and Hydro Dynamic bearings.

Learning Outcomes:
Student will be able to

X Selectthe appropriate bearing materials.

x Select the rolling element bearing for the given conditions.

x Designhydrostatic, hydrodynamic and air lubrication systems used in bearings.

X Minimize the boundary friction and dry friction.

UNIT -

Introduction : Nature of surfaces and contatirface topography, friction and wear
mechanisms, weanaps, effect of lubricantsnethods of fluid film formation.

Lubrication : Choice of lubricants, types dfil, grease and solid lubricantadditives
lubrication systemand their selection.

UNIT -II

Selection of rolling element bearingsNominal life, static and dynamic capac#yguivalent
load,probabilities of survivalcubic mean load bearing mounting aitt, pre loading of
bearings, conditioning monitoring using shock pulse method.

UNIT -l

Hydrostatic Bearings: Thrust bearing®pad coefficientsrestriction optimum film thickness
journalbearingstdesign procedureaerostatic bearings; thrust bearimgel journal bearings
+design procedure.

UNIT -IV

Hydrodynamic bearings Fundamentals of fluid form@an+ Reynold] Vequation;
hydrodynamic journabearingstSommerfield number, performance parametetsptimum
bearing with maximum load capacity friction * heat generated and heat dissipated.
hydrodynamic thrust bearings; Raimondi and Boyd solution for hydrodynamic thrust bearings
- fixed tilting pads, single and rfiipple pad bearing®ptimum condition with largest
minimum film thickness.

UNIT -V
Seals Different typemechanical seals, lip seals, packed glands, soft piston seals, mechanical
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piston rodpacking, labyrinth seals and throttling bushes, oil flinger rangs$ drain grooves
selection of mechanical seals.

UNIT -VI

Failure of Tribological components Failure analysis of plain bearings, rolling bearings,
gears and sealgjear analysis using soap and ferrography.

Dry rubbing Bearings: porous metal bearinggnd oscillatory journal bearinggualitative
approactonly.

TEXT BOOKS:

1. 5RZH :: 29 'LRQRJKXH "+\GURVWDWLF DQG +\EULG EHDULC(
Publishers Ltd,1983.

2. &ROODFRWW 5 $ B:0HFKDQLFDO )DXOW GLDJQRaUOYV DQG I
Hall, London ,1977.

3. %HUQDUG - +DPURFN 3)XQGDPHQWDOMWIRJol®¥*4.G ILOP OX

REFERENCE BOOKS:

1. 1HDOH O- (GLWRU B37ULERORJ\ KDQG %RRN" 1HXPDQQ %

2. &8RQQRU DQG %R\G --2 (GLWRUVOX&W DRIW IURSQ KHD@JE. EHRHRL
McGraw Hill Book & Co.,1968.

3. 6KLJOH\ - ( &KDUOHV 3 OHFKDQLFDO (QJL ®EdiahL QJ 'HV L JIC
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4 1- |- 40 60 100 3

ROTOR DYNAMICS

Course Objectives:
X To develop expertise regarding rotor dynamics and vibration in rotating machinery.
X To expose the concepts of rigid rotor dynamics, rotor vibration and critical speeds.

Learning Outcomes:
Student will be abléo

X Analyzevibrations in rotating machinery.
Determinethe whirling speed of rotor.
Identify the effect of bearings on rotor vibrations.
Monitor the condition of rotors

X X X

UNIT -I

Introduction to Vibration and the Laval -Jeffcott Rotor Model: Co-ordinate systems,
steady state rotanotion, elliptical motion, single degree of freedom systems, free and forced
vibrations.

UNIT -II
The two degrees of freedom rotor system, translational motion, natural frequencies and
natural modes, steady state respongmbmlance, the effect of flexible support.

UNIT -l

Torsional Vibration in Rotating Machinery: modeling of rotating machinery shafting
multi degree ofreedom systemsdetermination of natural frequencies and mode shapes
branched systemdHolzer mehod.

UNIT -IV

Rigid Rotor Dynamics and Critical Speeds:rigid disk equation- rigid rotor dynamics
rigid rotor on flexible rotor - the gyroscopic effect on rotor dynamieswhirling of an
unbalanced simple elastic rotor, simple shafts with several disKect of axial stiffness
determination of bending critical speedSampbell diagram.

UNIT -V

Influence of Bearing on Rotor Vibration: Support stiffness on critical speedsiffness and
dampingcoefficients of journal bearingsomputation ananeasurements of journal bearing
coefficients- mechanics of hydro dynamic instabititiialf frequency whirl and resonance
whip- design configurations of stable journal bearings
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UNIT -VI

Balancing and Condition Monitoring of Rotors: Single planebalancing, multiplane
balancing,balancing of rigid rotors, balancing of flexible rotors noise spectrum, real time
analysis, knowledge based expert systems.

TEXT BOOKS:
1. - 6 5DBRWRU '\Q DAY International Publishers, New Delhi, 2004.
2. 6 7TLPRVKHQNR "+ <RXQJ DQG : "HDYHU SOLEUDWL

(QJLQHHULQJ " -RKQ :LOH\

REFERENCE BOOKS:

1. :HQJ-HQJ &KHQ DQG - (GJHU *XQWHU 3, QWiHR@MFWLRQ \
6\WWHPV" 7UDIIRUG 3XEOLVKLQJ /WG /RQGRQ

2. T.Yamamoto a® < ,VKLGD 3/LQHDU DQG 1RQOLQHDU 5RWRUG\
ZLWK $SSOLFDWLRQV ~ -RKQ :LOH\ DQG 6RQV ,QF 1HZ <Rl

3. - 6 5DR 39LEUDWRU\ &RQGLWLR Mar0aeubwsRikbL iQoliseR | 0D F |
2000.
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DESIGN FOR MANUFACTURING AND ASSEMBLY

Course Objectives:
X To introduce the design factdatgs will ease the manufacturing and assembly.

Learning Outcomes:
Studentwill be able to
X Incorporatethe process constraints & other influencing factors for design.
x Designa metal casting product considering trouble shooting elements.
x Designa defect free weldment.
X Selectappropriate material and manufacturing processruadyct development.
x Planan assembly for ease of manufacture and automation.
UNIT -I
Design for manufacturing: Reduce the cost of manufacturing process, understanding the
process ancconstraints, standard components and process, consider the impaEMof
decisions and other factors.

UNIT -lI

Machining processes:Overview of various machining processgeneraldesign rules for
machiningdimensional tolerance and surfaoeughnesesign for machining+ ease +
redesigning of component®r machining easewith suitable examples. General design
recommendations for machined parts.

UNIT -l
Design consideration in metal casting Mold and gating system design, directional
solidification, androuble shooting.

UNIT -IV
Design for Welding Selection of materialgor joining, welding defects, minimize the
residual stressesetc. design for forging and sheet metal and powder metal process.

UNIT -V

Plastics: Visco elastic and creep behavior in plastiesign guidelinesfor plastic
componentglesign consideration®r injection mouldingxdesign guidelines for machining
and joining of plastics

UNIT -VI

Design for assembly and automationApplication of design for manufacture and assembly
with selectionof materials and ranking of processes like casting, injectionldimy, sheet

metal working, die casting, powder metal process, investment casting and hot forging, design
for assembly and automation.
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TEXT BOOKS:

1. *HRUJH ( 'LHWHU 3 (QHRHODWHWLDHYVBURFHVVLQJ $SSUR
Hill International ,2°Editon, , 2001

2. *HRIUH\%RRWKUR\G

SHWHU 'HZKXUVW
CRC Press,'8Edition, 2010.

S3URGXFW '"HVLJIC

REFERENCE BOOKS:

1. 2 OROOR\ 3'HVLJQ IRU ODQXIDFWXULQJ DQG $VVHPEO)
,PSOHPHQWD W laRiQ{all&1RE8S P D Q
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GEAR ENGINEERING

Course Objectives:
X To know the design of gears like spur, helical, bevel and worm gears against different
types of failures.
X To learn the concepts of gear box design along with optimization parameters.

Learning Outcomes:

Student will be able to
x Selectand design approptegear for the given application and against the failure.
x Designthe gear box to an application.
X Optimizethe parameters of gear like weight, space etc.

UNIT -I

Introduction : Principles of gear, Nomenclature, types of gear teeth profi@gcloid and
Involute, geamanufacturing processes and inspection, selection of right kind of gears.
Gear Failures. Gear tooth failure modes tooth wear, tooth breakage, pitting, scoring,
lubricationfailures, gear box casing problems.

UNIT -lI

Spur Gears- Tooth lbads, Principles of Geometry, Design considerations and methodology,
CompleteGHVLJQ RI VSXU JHDU WHHWK FRQVLGHULQJ /HZLV EH
load and wear load)esign of gear shaft and bearings.

UNIT -l

Helical gears Tooth loads, Principles of Geometry, Design considerations and methodology,
Complete GHVLJQ RI KHOLFDO JHDU WHHWK FRQVLGHULQJ /H.
dynamic load and wear loabgesign of gear shaft and bearings.

UNIT -IV

Bevel gears- Tooth lbads, Principles of Geometry, Design considerationsiattiodology,

Complete GHVLJQ RI EHYHO JHDU WHHWK FRQVLGHULQJ /HZL
dynamic load and wear loaDgsign of gear shaft and bearings.

Worm gears - Tooth loads, Principles of ®enetry, Design considerations and methodology,
Complete GHVLJQ RI EHYHO JHDU WHHWK FRQVLGHULQJ /HZL
dynamic load and wear loabgsign of gear shaft and bearings.

UNIT -V
Gear trains: Simple, compound and epicyclic gear traiRay diagrams, Design of a gear
box of anautomobile +Constant Mesh and sliding type.
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UNIT -VI

Optimal Gear design Optimization of gear design parameters, Weight minimization,
Constraints in geatrain design space, interference, strength, dynansimnsiderations,
rigidity etc., Compact design of gear trains.

TEXT BOOKS:

1. 7 9 6XQGDUDMDQPXUWK\ 1 6KDQPXJDP "ODFKLQH 'HLVJQ
Chennai

2. ODOHHY DQG +DUWPDQ 30DFKLQH '"HVLJQ ™ & % 6 3XEOLV

3. 3 'HVLJQ 'DWD + D Q GticraRBobdk HopuQeWPhi Iid Delhi

4, 3 '"HVLJQ 'DWD +DQG %RRN" $Ch&ElWdd GKD 3XEOLFDWLRQV

REFERENCE BOOKS:
1. +HQU\ ( OHUULW 3*HDU HQJLQHHULQJ" :KHHOHU SXEOLVK
2. 'DUOH : '"XGOH\ 33UDFWLFDCGH{ HOlcagpariy. JQ°~ OF*UDZ
3. Norton, "Machine Design An Integrated Approach”, 2nd Edition, Pearson Publications,
2000.

Note: Design data book is allowed for the examinations.
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NON-DESTRUCTIVE EVALUATION

Course objectives:
X To understand the principles behind various NDT techniques.
X To study about NDEBquipmentand accessories.
X To learn working procedures of various NDT techniques.

Course Outcomes:
After Completion of this course students will be able to
x Demonstrate good grounding in the area of NDT.
X To select proper NDT Method for his application
X Understand the utilization of test and measurement appropriate to the area of his
study/problem

UNIT -

Ultra Sonic Hardness Testing: Flaw Detection Using Dye Penetrants. Magnetic Particle
Inspection introduction to electrical impedance, Principles of Eddy Current testing, Flaw
detection using eddy currents.

UNIT -lI
Holography: Principles and practices opt@al holography, acoustical, microwaveray
and electron beam holography techniques.

UNIT -l

Introduction to XRay Radiography: The Radiographic processRay and Gamma ray
Sources, Geometric Principles, Factors Governing Exposure, Radio grapkensscr
Scattered Radiation, Arithmetic of exposure, Radiographic image quality and detail visibility,
Industrial Xray films.

UNIT -IV

X-Ray Radiography processes: Fundamentals of processing techniques, Process control, the
processing Room, Special Processing techniques, Paper Radiography, Sensitometric
characteristics of xay films, Film graininess signal to noise ratio in radiograghs,
photographic latent image, Radiation Protection

UNIT -V

Introduction to Ultrasonic Testing: Generation of ultrasonic waves, Horizontal and shear
waves, Near field and far field acoustic wave description, Ultrasonic pretragyht beam,
direct contacttype, Angle beam, Transmission/reflection type, and delay line transducers,
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acoustic coupling and media, Transmission and pulse echo methedanABscan, Cscan,
F-scan and can modes.

UNIT -VI

Ultrasonic tests:Flaw sizing in ultrasonic inspectiolAVG, Amplitude, Transmission,
TOFD, Satellite pulse, Mukimodal transducer, Zonal method using focused beam. Flow
location methods, Signal processing in Ultrasonic NDT; Mimics, spurious echos and noise.
Ultrasonic flaw evaluation.

Applications
1. NDT in flaw analysis of Pressure vessels, piping
2. NDT in Castings, Welded constructions, etc., Case studies.

TEXT BOOKS:
1. Ultrasonic testing by Krautkramer and Krautkramer
2. Ultrasonic inspection 2 Training for NDT : E. A. Gingel, Prometheus Press.

REFERENCE BOOKS:
1. ASTM Standards, Vol 3.01, Metals and alloys.
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MATERIAL TECHNOLOGY

Course Objectives
X To gain andunderstanding of the relationship between the structure, properties,
processing, testing and applications of strengthening mechanism, modern metallic,
smart, noAmetallic, advanced structural ceramic and composite materials so as to
identify and select stable materials for various engineering applications.

Course Outcomes
After Completion of this course students will be able to

X Students will get knowledge on mechanism of plastic deformatiostagmgthening
mechanism.

x Students will be able to learn te&ucture, properties and applications of modern
metallic materials, smart materials noretallic materials and advanced structural
ceramics.

x Students will be able to understand the importance of advanced composite materials
in application to sophisticademachine and structure of components.

UNIT -I

Classification of materials and their properties, Bonds in Solids, Crystallographic planes and
directions, Elasticity in metals and polymers, mechanism of plastic deformation, role of
dislocations, vyield stres shear strength of perfect and real crystals, strengthening

mechanism, work hardening, solid solution, grain boundary strengthening.

UNIT -lI

Poly phase mixture, precipitation, particle, €iiband dispersion strengtheningffect of
temperature, strain and strain rate on plastic behavior, super plasticity, deformation of non
crystalline material.

UNIT -1l

Modern metallic Materialsiron-Iron Carbide Diagram, TTT Diagram, Dual phase steels,
high strength low alloy (HSLA) t8el, transformation induced plasticity (TRIP) Steel,
maraging steel, intermetalics, Ni and Ti aluminides.Smart materials Classification, shape
memory alloys, metallic glass, quasi crystal and nano crystalline materials.

UNIT -IV

Non-metallic materials: Hgmeric materials Classification, properties and applications,
production techniques for fibers, foams, adhesives and coatings, structure, properties and
applications of engineering polymers.

UNIT -V
Advanced structural ceramics: Ceramic materials Classification, properties and applications,
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WC, TiC, TaC, AI203, SiC, Si3 N4, CBN and diamepmaperties, processing and
applications.

UNIT -VI

Advanced structural composites: Introduction, types of congasiaterials, properties,
processing and applicatioMotivation of selection, cost basis and service requirements,
selection for mechanical properties, strength, toughness, fatigue and creep.

TEXT BOOKS:

1. Mechanical behavior of materials/Thomas H.Cayt2nd Edition, McGravHill, 2000

2. Mechanical Metallurgy/George E.Dieter/McGraw Hill, 1998

3. Introduction to Physical Metallurgy, Sidney H. Avner, US, 2nd Edition, 2007 Tata
McGrawHill, Noida, 1985.

REFERENCE BOOKS:

1. Selection and use of Engimieg Materials 3e/Charles J.A/Butterworth Heiremann.

2. Materials Science and Engineering, William D. Callister, 8th Edition, 2010.

3. Material Science and Metallurgy, kodgire V.D, 12th Edition, Everest Publishing House
2002.

Page22



| M.TECH-I-SEMESTER | L | T | p | INTERNAL 1 EXTERNAL | TOTAL | ~pepirg
ELECTVE MARKS MARKS | MARKS
4. |- 40 60 100 3

ADVANCED COMPUTER AIDED DESIGN

Course Objectives:

X Model the 3@ geometric information of machine components including assemblies,
and automatically generate 8 production drawings, understand the basic analytical
fundamentals that are used to create and manipulate geometric models in a computer
program.

X Improve visualization ability of machine components and assemblies before their
actwal fabrication through modeling, animation, shading, rendering, lighting and
coloring.

X Model complex shapes including freeform curves and surfaces.

X Integrate the CAD system and the CAM system by using the CAD system for
modeling design Information and camting the CAD model into a CAM model for
modeling the manufacturing Information.

X Use fullszale CAD/CAM software systems designed for geometric modeling of
machine Components and automatic generation of manufacturing information.

Course Outcomes
After Completion of this course students will be able to
X Understand the concepts of wireframe, surface and solid modeling.
X Understand part modeling and part data exchange standards (VDA, IGES, and STEP).
x Develop knowledge in 20 ransformations, 3D Transformations
x Understand the Assembly Modeling, Assembly tree, and Assembly Methods.
X The Students become experts on Visualization and computer animation Techniques.
UNIT -I
Introduction to CAD: Introduction to CAD, CAD input devices, CAD output devices, CAD
Software, Typical Product Cycle, Implementation of CAD process, Application of CAD,
Benefits of CAD, Requirements of geometric modeling, Geometric construction methods,
Modeling features: Diting features, modeling features, editing features, annotations,
dimensioning, tolerance and hatching features, display control features, analysis and
optimization features, programming features, plotting features.

UNIT -1l

Modeling Tools: Coordinate systm, limits, grid, snap, line type and line weight, basic
geometric commands, layers, display control commands, editing commands.Feature based
Modeling: Introduction, Feature Entities, Parametric, and Feature Manipulations.

Geometric Modeling: Types ofcurves and curve manipulations, Types of surfaces and
surface manipulations,

Solid modeling: Geometry and Topology, Boundary representatiofrrgjy, Constructive

Solid Geometry (CSG)+ Euler + Poincare formula- examples, Sweeping, Solid
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manipulations.

UNIT -111

Transformations and Mechanical tolerance

Transformations: 2D and 3D Transformations.

Product data Exchange:Evaluation of datatexchange format, IGES data representations
and structure, STEP Architecture.

UNIT -1V

Geometric tolerance: ' D W X P ¢ of WélefaHices, tolerance modeling and representation,
tolerance analysisworstcase arithmetic method, wotsdse statistical method, Monte

Carlo simulation method.

UNIT -V

Mass properties and Mechanical assembly

Mass Property Calculations:Mass, centri, Moment of inertia, second moments and
product of inertia, property mapping.

Collaborative Design:Traditional design, Collaborative Design, Principles and Approaches.
Assembly Modeling:Introduction, Assembly Modeling, Assembly Tree, Assembly
Planning,

Mating Conditions, BottomtUp and TopxDown Assembly Approaches with examples

UNIT -VI

Visualization and Computer animations

Visualization: Introduction, Model clean up, Hiddehine Removal, Hidden Surface
Removal, Hidden Solid Removal, Shading, Calors

Computer Animation: Introduction, Conventional animation, Computer animation,
Entertainment animation, Engineering animation, Animation types, Animation techniques.

TEXT BOOKS:
1. Mastering CAD/CAM, lbrahim Zeid, TMH, New Delhi
2. CAD/CAM Concepts anfpplications, Alavala, PHI, New Delhi

REFERENCE BOOKS:

1. CAD/CAM, PN Rao, PHI

2. Computer Graphics, Alavala, PHI, New Delhi

3. Computer integrated Manufacturing, Harrington, Huntington, New York.

4. Computer integrated design and Manufacturing, BedviiEh McGraw Hill, New York.
5. Computer Graphics and Animation, M.C.Trivedi, JAICO

6. Computer aided Design in Manufacturing, Valliere, Prentice Hall, New Jersey.
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- 6 25 50 75 3

MACHINE DYNAMICS LAB

X To study the behavior of machine elements experimentally when subjected to
dynamic forces.

Learning Outcomes:
Student will be able to
x Determine gyroscopic effect of rotating body.
X Assess the whirlingpeed of shaft.
x Estimate the natural frequency of undamped torsional vibration of rotor.
x Perform dynamic balancing of rotating and reciprocating masses.

List of Experiments:

Natural frequency of simple pendulum.
Radius of Gyration compound pendulum.
Moment of inertia of bifilar.

Moment of inertia of Trifilar.

Natural frequency of single rotor system.
Natural frequency of double rotor system.
Natural frequency of single rotor with damping.
Natural frequency of spring mass system.
Undamped free Wrations of beam.

10 Damped free vibrations of beam.
11.Force vibrations of beam.

12.Force vibration beam with damped.
13.Journal Bearing Apparatus.

14.Balancing of Reciprocating Masses.

15. Friction and Wear Apparatus.
16.Balancing of Rotating Masses.

17. Motorized Gyroscopic Couple Apparatus.

©CoNoh,rwNE
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FINITE ELEMENT METHODS

Course Objectives:
X To introduce the concepts of finite element method to solve engineering problems.

Learning Outcomes:
Student will be able to
X Apply variational and weighted residual methods to solve differential equations.
X Analyzel-D bar and beam problems using finélement method.
x Develop finite element formulations and solve-® structural problems using
triangular and rectangular elements.
X Analyzevibration problems for frequencies and mode shapes.

UNIT -

Formulation Techniques Methodology, engineeringroblems and governing differential
equations,variational methodgotential energy method, Raleigh Ritz method, strong and
weak forms, weighted residual methods.

UNIT -lI

Finite Element Method: Concepts of discretization, types of elements, interpolation
function, nodenumbering scheme, assembly and boundary conditions, application of FEM,
advantages and disadvantages of FEM.

UNIT -l
Analysis of 1D Problems Bar and beam elemerntshape functions, stiffness matrix, load
vectors,determination oflisplacements, strains and stresses.

UNIT -IV

Two Dimensional problems Analysis of 2D problems using constant strain triangle
element,Heat Transfer problems: Conduction and convection, examptes dimensional
fin. axisymmetric formulations.

UNIT -V
Isoparametric formulations: Sub, iso and superparametric elements, four noded
qguadrilateral element,numerical integrati@@uassian quadrature approach.

UNIT -VI

Dynamic Analysis Finite element formulation in dynamic problems in structures using
LagragianMethod, consistent and lumped mass models, free vibration analysis, longitudinal
and transverse vibrations , mode superposition methods and reduction techniques.
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TEXT BOOKS:

1. Chandraputla, Ashok and Belegundu?® , QW URGXFWLRQ WR )LQLWH (OHPH:
Prentice+Hall,2011

2. 66 5DR  37KH )LQLWH (OHPHQW OHWK®BdtionQ (QJLQHHULQ

REFERENCE BOOKS:
1. -1 5HGG\ 33$Q LOQWURGXFWLRQ WR )LQLYEHiti¢® HPHQW OHW|

2. C.S..ULVKQDPXUWK\ 3)LQLWHKHRHRHDG BYROWILRPLQJI 7D\
Hill, 2" Edition.

3. 'DU\O / /RIJDQ 3$ ILUVW FRXUVH LQ ILQLWH HOHPHQW PHVW
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GEOMETRICAL MODELING

Course Objectives:
X To highlight the importance of geometric modeling in design and manufacturing.

Learning Outcomes:
Student will be able to
x Usevarious mathematical equatibmrepresent curves.
Apply the cubic splines in modeling of a product.
Select appropriate synthetic curves in modeling process.
Implementthe surface modeling for design of various consumer products.

X X X

UNIT -
Introduction: Definition, explicit and imficit equations, parametric equations.

UNIT -lI

Cubic Splines1:Algebraic and geometric form of cubic spline, tangent vectors, parametric
space of acurve, blending functions, four point form, reparametrization, truncating and
subdividing of curvesGraphic construction and interpretation, composite pc curves.

UNIT -1l
Bezier Curves Bernstein basis, equations of Bezier curves, properties, derivatives.

UNIT IV :
B-Spline Curves B-Spline basis, equations, knot vectors, properties and derivatives.

UNIT -V

Surfaces %WLFXELF VXUIDFHV &RRQTV V>Syulinge BitfdcesYoddrfacddJofV X U
revolutions, sweep surfaces, ruled surfaces, tabulated cylinder, bilinear surfaces, Gaussian
curvature.

UNIT -VI

Solids Tricubic solid, Algebraic and getetric form.

Solid modeling conceptsWire frames, boundary representation, half space modeling,
spatial cell, celdecomposition, classification problem.

TEXT BOOKS:

1. ,EUDKLP =HLG #R$HR®HO DQG 3UDFWLFH"~ 7DWD OF*UDZ +L

2. Roger &Adams SODWKHPDWLFDO (OHPHQWYV IRU &RPSXWHU *UD
Hill,2"d Edition.
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REFERENCE BOOKS:
1. OLFKHDO ( ORUWHQVRQ 3*HRPHWUlHEitoRGHOLQJ  OF*UD?Z
2. Computer Aided Design and Manufacturing, K.Lalit Narayan, K.MallikarjunaRao, MMM

Sarar, PHI Publishers,"? Edition.
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EXPERIMENTAL STRESS ANALYSIS

Course Objectives:
X To understand the relation between the mechanics theory and experimental stress
analysis.
X To highlight the new experimental methods to determine stresses and strains.

Learning Outcomes:
Student will be able to
X Measure strains using different types ot gauges
x Evaluate stresses using modern techniques of experimental methods

UNIT -

Introduction : stress, strain, plane stress and plane strain conditions, compatibility conditions.
Problemsusing plane stress and plane strain conditions, stress functions, mohrs circle for
stress strain, thred@imensional stress strain relations.

UNIT -lI

Strain Measurement and Recordings various types of strain gauges, electrical resistance
strain gauges,samconductor strain gauges, strain gauge circuits. introduction, static
recording and data logging, dynamic recording at very low frequencies, dynamic recording at
intermediate frequencies, dynamic recording at high frequencies, dynamic recording at very
high frequencies.

UNIT -l
Photo elasticity. photo elasticitypolariscopeplane and circularly polarized light, bright and
dark fieldsetups, photo elastic materiatsochromatic fringestisoclinics.

UNIT -IV

Three dimensional Photo elasticity:introducton, locking in model deformation, materials

for threedimensional photo elasticity, machining cementing and slicing -ireensional
models, slicing the model and interpretation of the resulting fringe patterns, effective stresses,
the sheadifference nethod in three dimensions, applications of the fraegss method, the
scatteredight method.

UNIT -V

Brittle coatings: introduction, coating stresses, failure theories, brittle coating crack patterns,
crack detection, ceramic based brittle coatingssim based brittle coatings, test procedures
for brittle coatings analysis, calibration procedures, analysis of brittle coating data.
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Moire Methods: Introduction, mechanism of formation of moire fringes, the geometrical
approach tomoirdringe analysis, the displacement field approach to nfdimge analysis,

out of plane displacement measurements, out of plane slope measurements, sharpening and
multiplication of moirefringes, experimental procedure and techniques.

UNIT -VI

Birefringent Coatings: Introduction, coating stresses and strains, coating sensitivity,
coating materials,application of coatings, effects of coating thickness, fringeorder
determinations in coatings, stress separation methods.

TEXT BOOKS:
1. Timoshenke® G *RRGLHU-U "7KHRU\ RI (ODVWLFLW\" OF*UDZ +
Ltd, 3e

REFERENCE BOOKS:

1. /RYH $ + 3% WUHDWLVH RQ ODWKHPDWDEXOSWKHMRU\ RI (O
2. 'DOO\ DQG 5LOH\ " ([SHULPHQWDBHY VWUHVY DQDO\VLV" OF
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FRACTURE MECHANICS

Course Objectives:
X To introduce the concepts of fracture and damage tolerant design using theories of
fracture

Learning Outcomes:
Student will be able to
x determine stress intensity factors by applying Linear Elastic and Elastic
Plastic fracture mechanics
x apply fatigue concepts in predicting the life of components
x Formulate and solve problems involving the static, fatigue or impact loading of
flawed structures.

UNIT -

Introduction : Prediction of mechanical failure. macroscopic failure modes; brittle and
ductile behavior.fracture in brittle and ductile materiaisharacteristics of fracture surfaces;
inter-granular and intragranular failure, cleavage and muerctility, growth of fatigue
cracks, the ductile/brittle fracture transition temperature for notched and unnotched
components. Fracture at elevated tempeeat

UNIT -l
*ULIILWK YV dog&pOof\éhevgy release rate, G, and fracture energy, R. modification
for ductilematerials, loading condition§.onceptof R curves.

UNIT -l

Linear Elastic Fracture Mechanics, (LEFM):Three loading modes and tktate of stress
ahead of therack tip, theories of fracture, stress concentration factor, stress intensity factor
and the material parameter the critical stress intensity factor, crack tip plasticity, effect of
thickness on fracture toughness.

UNIT -IV

Elastic-Plastic Fracture Mechanics; (EPFM)The definition of alternative failure
prediction parameters, crack tip opening displacement, and the J integral. measurement of
parameters and examples of use.

UNIT -V

Fatigue: definition of terms used to descrilf@igue cycles, high cycle fatigue, low cycle
Fatigue, meastress R ratio, strain and load controlNSurves. Goodman rule and Miners
rule. micromechanics of fatigue damage, fatigue limits and initiation and propagation control,
leading to a considerat of factors enhancing fatigue resistance. total life and damage
tolerant approaches to life prediction.
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UNIT -VI

Creep deformation: The evolution of creep damage, primary, secondary and tertiary creep.
Micro-mechanisms of creep in materials and the obldiffusion. Ashby creep deformation
maps. Stress dependence of creeppower law dependence. Comparison of creep
performance under different conditions extrapolation and the use of Larskfiller
parameters.creefatigue interactions. examples.

TEXT BOOKS:

1. 7/ $QGHUVRQ 23)UDFWXUH OHFKDQLFV )XQGDPHQWDOV L
Ed..

2. % /DzZQ 3)UDFWXUH RI %ULWWOH 6ROLGYV" &DPEULGJH 6F

3. -) .QRWW 3)XQGDPHQWDOV RI )UDFWXUH OHFKDQLFV"™ %

REFERENCE BOOKS:

1. -) .QRWW 3 :LWKH\ 3:RUNHG H[DPSOHV LQ )UDFWXL
Materials,29 Edition.

2. 6 6XUHVK 3)DWLJXH RI ODWHULDOVWVeEdi@dhPEUL G JH 8QLYHU

3. / % )UHXQG DQG 6 6XUHVK 3:7KLQ )@dyPmEWR03DOV  &DI
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ADVANCED OPTIMIZATION TECHNIQUES

Course Objectives:
X To impart the knowledge of various solution procedures.
X To introduce different methodologies of designing.

Learning Outcomes:
Student will be able to
x Classifythe optimization problems.
X Solvethe design issues by using techniques of classical optimization.
x Designvarious mechanical elements.
X Apply genetic algorithm for solving the design problems.

UNIT -I :

Introduction: Classification of optimization problems, concepts of design vector, design
constraints,desigrspace constraints surface, objective function, surface and multilevel
optimization, parametric linear programming.

UNIT -II

Classical Optimization Techniques:Single variable optimization, multilevel Optimization
without constraints + multilevel optimizdéion with equality and inequality constraints
Lagrange multipliers methods Kuh#ifucker conditions.

UNIT -l

Non z*Linear Optimization: Onezlimensional minimization methodsibonacci method,
Goldensection method,

Unconstrained Optimization methods HoRNH DQG MHHYHV PHWKRGYV
method,gradient of afunction, Cauchy method, FletchReeves method, Types of penalty
methods for handling constraints.

UNIT -IV

Applications of Optimization in Design and Manufacturing Systems Some typical
applicationslike optimization of path synthesis of a faoar mechanism, minimization of
weight of a cantilever beam, optimization of springs and gears, general optimization model of
a machining process, optimization of arc welding parameters, and general procedure i
optimizing machining operations sequence.

UNIT -V

Non-Traditional Optimization Techniques: Genetic algorithm (GA)- Differences and
similarities between conventional and evolutionary algorithms, working principle,
reproduction, crossover, mutation, témation criteria, different reproduction and crossover
operators, GA for constrained optimization, draw backs of GA.
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UNIT -VI

GENETIC PROGRAMMING (GP): Principles of genetic programming, terminal sets,
functional sets, differences between GA & GP, randoopulation generation, solving
differential equations using GP.

Concepts of simulated annealing, ANN, optimization of fuzzy systems.

TEXT BOOKS:
1. .DO\DQPR\ 'HE 32SWLPL]DWLRQ IRU (QJL QHEHitibh QJ 'HVLJIQ
2. S.S.Ra0 *(QJLQHHULQJ 2SWLPL]DWLR®EditiaHZ $JH 3XEOLVKHU

REFERENCE BOOKS:

1. " ( *ROGEHUJ $GGLVRQ 3 *HQHWLF DOJRULWKPV LQ 6H
OHDUQLQJ" :HVOH\ 3IXEOLVKHUV

.DO\DQPR\ '"HE 30XOWL REMHFWL Phblistkecs B BUitieBn DOJR UL W KF
-DVELUSURUD 3, QWURGXFWLRQ WR 2SWLPXP 'HVLJIQ~’
Publishers,3 Edition.

4. &( (EHOLQJ '$Q ,QWURGXFWJLRQ WR 5HOLDELOLW\ DQC
Waveland Printgers Inc., 2009

, WDJRYVN\ LOGEMQAYIKHRU\ DQG 3UDFWLFH" 'RYHU 3XEOLFI

wn

o
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THEORY OF PLATES AND SHELLS

Course Objectives:
x Theory of plates and shelfgrovides the knowledge about the bending aspects of
plates, Differential analysis of loaded plates.
x Behavior of plate material when it is fabricated into shells, different theories which
explain about cylindrical shell loaded symmetrically, investigateso@mding of
cylindrical shells.

Course Outcomes
X At the end of the course the students should be able to.
x Explainthe bending aspects of plates.
x Understandispects of Symmetrical Bending of Circular Plates.
x Usedifferent equations for combined lateral aneplane loading on plates.
x Conceptualizehe types of shells.
X Analyzeusing different theories of cylindrical shells.

UNIT -I

Bending Of Long Rectangular Plates To A Cylindrical Surface Differential equation for
cylindrical bending of plates Cylindrical bending of uniformly loaded rectangular plates
with simply supported edgesCylindrical bending of uniformly loaded rectangular plates
with built-in edges

Pure bending of plates:Slope and curvature of slightly bent plateRelations between
bending moments and curvature in pure bending of pl&esticular cases of pure bendigg
Strain energy in pure bending of plates.

UNIT -1l

SYMMETRICAL BENDING OF CIRCULAR PLATES: Differential equation for
symmetrical bending of laterally loaded ciraufgates- Uniformly loaded circular plates
Circular plate with a circular hole at the centeCircular plate concentrically loaded
Circular plate loaded at the center.

Small deflections of laterally loaded platesThe differential equation of the deftion
surface- Boundary conditions Alternate method of derivation of the boundary condition
Reduction of the problem of bending of a plate to that of deflection of a membrane

UNIT -1l

SIMPLY SUPPORTED RECTANGULAR PLATES : Simply supported rectangulplates
under sinusoidal loadNavier solution for simply supported rectangular plates.
Rectangular plates with various edge conditions:Bending of rectangular plates by
moments distributed along the edgeRectangular plates with two opposite edgespgm
supported and the other two edges clamped.
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UNIT -IV
Continuous Rectangular Plates Simply supported continuous plate#\pproximate design
of continuous plates with equal spariending symmetrical with respect to a center.

UNIT -V

Deformation of shells without bending: Definition and notation Shells in the form of a
surface of revolution and loaded symmetrically with respect to their #asticular cases of
shells in the form of surfaces of revolutio8hells of constant strgth.

UNIT -VI

General Theory Of Cylindrical Shells A circular cylindrical shell loadedsymmetrically
with respect to its axis Particular cases of symmetrical deformation of circular cylindrical
shells- Pressure vessels.

TEXT BOOKS:

1.Theoryof plates and ShellsTimoshenko, Woinowsky and Krieger, McGraw Hill,
Newyork.

2. Stresses in plates and shélisnsel C Ugral

3. Thin Plates and Shells: Theory: Analysis, and ApplicatiBdsiard Ventsel,
Theodor Krauthammer, Marcell Dekker Jidew York.

REFERENCE BOOKS:

1. Theory of platesBairagi

2 .Theory of Elastic Thin ShellsGoldnvizer, Pergamon Press, New York.
3 .Stresses in Shel$-lugge, Springer Verlag, Berlin.
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CONDITION MONITORING

Course Objectives:
X To understand the maintenance scheme, their scope and limitatiapply the
maintenance strategies to various problems in the industrial sectors.

Learning Outcomes:
Student will be able to
x Developan appreciation for the need of modern technological approach for plant
maintenance to reduce the maintenance expenditure.
x Carryout lubrication oil analysis and temperature analysis in vibrating systems.
X Analyzefor machinery condition monitoring and explain how this compliments
monitoring the condition.
x Emphasizes on case studies that require gathering information using the modern
testing equipment and processing it to identify the malfunction in that system.

UNIT -

Maintenance strategies, Introduction to condition monitoring, Criticality index, Various
techniques for fault detection, Introduction to Nibestructive testing, role of natestructive
testing in condition monitoring.

UNIT -1

Wear debris analysis Wear mechanisms, wear particles, wear process monitoring
techniques -Spectrometric oil analysis program (SOAP), Ferrography, Applications,
Adavntages and limitations.

UNIT -l
Temperature monitoring: Need for temperature monitoring, Thermographgtive and
passivehermography, IR thermography, applications, advantages and limitations.

UNIT -IV

Corrosion monitoring: Causes and effects of corrosion, Methods of corrosion prevention
reactivecoating, applied coatings and corrosion inhibitors, Gaithprotection.

Flaw detection Discontinuity®rigin and classification, Ultrasonic testing and Magnetic
particleinspection.

UNIT -V

Rotating machinery, ldentification of machine faults and frequency range of symptoms,
localized &distributed faults, ISO Standards for vibration monitoring and analysis, types and
benefits of vibration analysis, Vibration signature analysis, Vibration transda&eoximity
probes, velocity transducers, accelerometers, laser Vibrometer.
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UNIT -VI
Fault detection in Rolling Element Bearings, Orbit Analysis static & Dynamic BalarCasg
studies Induction Motors, Gear Box vibration, Reciprocating engines & Compressors.

TEXT BOOKS:

1.
2.

5% &ROODFRW “9LEUDWLRQ ORQLWRULQJ 'LDJQRVLV’
. VHUPDQ®QXOW 'LDJQRVLV $SS0&kEd BEHIR QNI 6SULQJIHU

REFERENCE BOOKS:

1.

5DR - 6 SOLEUDWLRQ &RQGLWLRQ ORQLWRULQJ" 1DUR
2000.

2. Hand book of Condition Monitoring by B.K.N. Rao.
3.
4. Hand book of Non Destructive Application by B.J. Boeing

$00DQ 'DYLHV "+DQG DRRONWRR ER@LLWKROPDQ DQG +D0OO
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RAPID TOOLING AND PROTOTYPING

Course Objectives:
x To introduce Rapid Prototype tools and techniques for design and Manufacturing.

Learning Outcomes:
Student will be able to

X Assess the need of RPT in Product development.

x Use appropriate RT Software for development of Prototype model.
x Judge the correct RP Process for Product/Prototype development.
x Predict the technical challenges in 3D printing.
x List the applications of RPT.

UNIT -I

Introduction to Rapid Prototyping : Introduction to prototyping, traditional prototyping Vs.

rapid prototyping (RP), need for time compression in product development, usage of RP
parts, generic RP process, distinction between RP and CNC, other related technologies,
classification of RP.

UNIT -lI

RP Software Need for RP software, MIMICS, magics, surgi@ 3Ddoctor, simplant,
velocity2,voxim, solidView, 3Dview, etc., software.

Software Issues of RP:Preparation of CAD models, problems with STI, files, STL file
manipulation, RRlata formats: SLC, CLI, RPI, LEAF, IGES, HP/GL, CT, STEP.

UNIT -l
Photo pdymerization RP ProcessesSterolighography (SL), SL resin curing process, SL
scan patternsnicrostereolithography, applications of photo polymerization processes.

UNIT -IV

Powder Bed Fusion RP ProcessesSelective laser sintering (SLS), powder fusion
mechanism ancgowder handling, SLS metal and ceramic part creation, electron beam
melting (EBM), applications of powder bed fusion processes.

Extrusion-Based RP SystemsEused deposition modelling (FDM), principles, plotting and
path controlapplicationsof extrusionbased processes.

UNIT -V

Printing RP Processes 3D printing (3DP), research achievements in printing deposition,
technical challenges in printing, printing process modeling, applications of printing
processes.

Sheet Lamination RP ProcessesLaminated Object Manufacturing (LOM), ultrasonic

consolidation(UC), gluing, thermal bonding, LOM and UC applications.

Beam Deposition RP Processed:aser Engineered Net Shaping (LENS), Direct Metal
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Deposition(DMD), processingstructure- properties, relanships, benefits and drawbacks.
UNIT -VI

Rapid Tooling: Conventional Tooling Vs. Rapid Tooling, classification of rapid

tooling, direct andndirect tooling methods, soft and hard tooling methods.

Errors in RP ProcessesPreprocessing, processingostprocessing errors, part building
errors in SLA,SLS, etc.,

RP Applications: Design, engineering analysis and planning applications, rapid

tooling, reversengineering, medical applications of RP.

TEXT BOOKS:

1. Chua Chee Kai., Leong KahFai.,, Chu Sing Linf5DSLG 3URWRW\SLQJ 3UL«
$SSOLFDWLRQV LQ ODQXIDFWXULQJ" :RUOG 6FLHQWLILF

2. ,DQ *LEVQ 'DYLG : 5RVHQ %UHQW 6WXFNHU 3$GGLWLY
5DSLG BURWRW\SLQJ WR 'LUHFW 'LJLWDO ODQXIDFWXULQ.

REFERENCE BOOKS:
1. Pham, D.T, Dimov, S.S, Rapid Manufacturing, Springer, 2001
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INDUSTRIAL ROBOTICS

Course objectives:
X To be familiar withthe automation and brief history of robot applications.
X To give the student familiarities with the kinematics of robots, Knowledge about
X Autonomous Mobile Robots and their design.
X Mobile Robot Maneuverability. Knowledge about Mobile Robot Planning &
Navigation.

Course Outcomes:

x Define and ClassiffRobots and Structures of Robotic Systems

x Define Drives & Control Systems of Robot&xplain Hydraulic Power supply,
HydraulicMotor, Direct Current Servomotors

x Define Kinematic Analysis, Direct Kinematic Problem in RobotiBsescribeThree
dimensional Homogeneous Transformations, Derdaitenberg Convention,
Applicationsof DH method

x Define and ClassifAutonomous Mobile RobotPescribeviobile Robot Kinematics

x Descrbe Mobile Robot ManeuverabilityDegree of mobility, Degree of steerability,
Motion Control.ExplainMobile Robot Planning & Navigation.

UNIT -

Introduction : Automation and Robotics, Robot anatomy, robot configuration, motions joint
notation work volume,robot drive system, control system and dynamic performance,
precision of movement.

Control System And Components basic concept and modais controllers control system
analysis, robot activation and feedback components. Positions sensors, velocity sensors,
actuators sensors, power transmission system.

UNIT -1l

Motion Analysis And Control: Manipulator kinematics, position representation forward
transformation, homogeneous transformation, manipulator path control, robot dynamics,
configuration of robotontroller.

UNIT -l

End Effectors: Gripperstypes, operation, mechanism, force analysis, tools as end effectors
consideration in gripper selection and design. SENSORS: Desirable features, tactile,
proximity and range sensors, uses sensors in robotics.

UNIT -IV
Machine Vision: Functions, Sensing and Digitizinghaging, Devices, Lighting techniques,
Analog to digital single conversion, image storage, Image processing and Airalyges
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data reduction, Segmentation feature extraction. Object recognitioningrathe vision
system, Robotics application.

UNIT -V

Robot Programming: Lead through programming, Robot programming as a path in space,
Motion interpolation, WAIT, SINONAL AND DELAY commands, Branching capabilities
and Limitations.

Robot Languages Textual robot Languages, Generation, Robot language structures,
Elements in function.

UNIT -VI

Robot Cell : DesignAnd Control Robot cell layoutdRobot centered cell, {hine robot cell,
Considerations in work design, Work and control, Inter locks, Eretect ion, Work wheel
controller.

Robot Application: Material transfer, Machineo&ading/unloading. Processirgperation,
Assembly and Inspection, Feature Application.

REFERENCE BOOKS:

Industrial Robotics / Groover M P /Pearson Edu.

Introduction tdRobotic Mechanics and Control / J J Craig/ Pearson / 3rd edition.
Robotics / Fu K S/ McGraw Hill.

Robotic Engineering / Richard D. Klafter, Prentice Hall

Robot Analysis and Intelligence / Asada and Slotine / Wiley-Btggnce.

Robot Dynamic& Control tMark W. Spong and M. Vidyasagar / John Wiley & Sons
(ASIA) Pte Ltd.

7. Robotics and Control / Mittal R K &Nagrath | J/ TMH

R A
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MECHANICS OF COMPOSITE MATERIALS

Course Objectives:
X The course aims at enhancing the capacity of the students to analyze structural
characteristics of composite structures.

Course Outcomes
X Apply stressstrain relationships ifiber reinforced composite materials.
x Explainfailure theories related to composite materials
X Explainstressstrain characteristics of laminates
x Explainelastic properties of laminates
X Explainstrength characteristics of laminates
UNIT -I
Introduction toComposites: Introduction, Classification, matmaterials, reinforced matrix of
composites

UNIT -1l

+RRNHYV /D Z -DRrgnslonalZARgle Lamina, Engineering Constants of an Angle Lamina,
Invariant Form of Stiffness and Compliance Matrices for an Amgimina Strength Failure
Theories of an Angle Lamina : Maximum Stress Failure Theory Strength Readiture
EnvelopesMaximum Strain Failure Theory ,Ts#dill Failure Theory, TsatVu Failure Theory,
Comparison of Experimental Results with Failure TheokBgrothermal Stresses and Strains in
a Lamina: Hygrothermal StresStrain Relationships for a Unidirectional Lamina, Hygrothermal
StressiStrain Relationships for an Angle Lamina

UNIT -1l

Macramechanical Analysis of a Laminitroduction, Definitions Stress Strain, Elastidvioduli,

Strain (QHUJ\ +RRNH 1 Difidlrd Typgd RI ODWHULDOV +RRNHSV /D
Dimensional Unidirectonaf DPLQD 30DQH 6WUHVV $VVXPSWLRQ 5HGX
Dimensions to Two Dimensions, RelationshipGdmpliance and Stiffness Matrix to Engineering
Elastic Constants of a Lamina

UNIT -IV

Micromechanical Analysis of a Lamina :Introduction, Volume and Masstions, Density, and
Void Content, Evaluation of the Four Elastitoduli, Strength of Materials Apoach, Semi
Empirical Models,Elasticity Approach, Elastic Moduli of Lamina with Transversely Isotropic
Fibers, Ultimate Strengths of a Unidirectional Lamii2gefficients of Thermal Expansion,
Coefficients of Moisture Expansion
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UNIT -V

Macromechanical Analysis of Laminates:Introduction ,LaminateCode , Stre§drain Relations

for a Laminate, IrPlane and Flexural Modulus of a Laminate , Hygrothermal Effects in a
Laminate, Warpage of Laminates,hybrid laminates

UNIT -VI
Failure, Analysis, and Design oL.aminates : Introduction , Special Cases of Laminates, Failure
Criterion for a Laminate, Design of a Laminated Composite, static analysis of laminated plates

TEXT BOOKS:

1. Engineering Mechanics of Composite Materials by Isaac and M D@wikeltd University
Press, 1994.

2. B. D. Agarwal and L. J. Broutman, Analysis and performance of@braposites, Wiley
Interscience, New York, 1980.

3. Mechanics of Composite Materials, Second Edition (MechaBiugiheering), By Autar
K. Kaw, Publisher: CRC

REFERENCE BOOKS:

1. R. M. Jones, Mechanics of Composite Materials, McGrawCGdithpany, New York,
1975.

2. L. R. Calcote, Analysis of Laminated Composite Structures NéamtrandRainfold,
New York, 1969.
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COMPUTER INTEGRATED MANUFACTURING

Course Objectives:

X To use computers in the area of manufacturing to reduce manual processing and linking
computers to all the manufacturing machines and increase the productivity, reduce the
unnecessary costs.

X To study about group technology, Robotics, Flexible manufagtgyatems,

Automated material Handling Systems and storage Systems, Automated Inspection and Tes

Course Outcomes:
X Understand these ofcomputers in the area of manufacturing.
x Understandyroup technology, Robotics, Flexible manufacturing systems.
x Design automated material handling and storage systems for a typical production
system.
X Understand th&utomated Inspection & Testing.

UNIT -I

Introduction: Definition of Automation, Need for Automation, Advantages and
Disadvantages of Automation, TypesRybduction, Functions in manufacturing, Automation
Strategies, Introduction to CAD, Applications of Computers in Design, Introduction to CAM,
Manufacturing Planning and control, Fundamentals of computer Integrated Manufacturing.

UNIT -l

Group Technology: Introduction, Part families, Parts classification and coding (OPITZ
&MULTI CLASS), Production flow analysis, Machine cell design, Types of cell design,
Benefits of Group Technology.

Robotics: Robot anatomy, Robot Configuration, Basic Robot motions, Tgpdsivers, End
effectors.

UNIT -1l
Flexible Machine Systems:What is FMS, FMS Workstations, Materials Handling and
storage system, Computer Control System, Planning the FMS, Applications and Benefits.

UNIT -IV

Automated Material Handling: Introduction, Types of material handling equipment,
automated guided vehicle system (AGVS), Applications, Vehicle guidance and routing,
Traffic control and safety, System management.

UNIT -V

Automated Storage Systems (As).Storage systems performance, Automated storage
/Retrieval systems (AS / RS), Basic components of AS /RS, AS / RS controls, Special
features, applications.
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UNIT -VI

Automated Inspection & Testing: Automated inspection principles and methods, sensor
technologies for automated inspection, -&dinate measuring machines
(CMM),construction, operation & programming, CMM benefits and trends. Introduction to
machine vision &non contact inspection methods.

TEXT BOOK S
1. Automation, Production and Computer Integrated ManufactutimgM.P.Groover
(PHI), 1996.

REFERENCE BOOKS:

1. CAD/CAM - MikellP.Groover, and Emory W.Zimmers.Jr. PHI Publishers, 1984.

2. Computer Aided Design and Manufacturing, K.Lalit Narayan,
K.MallikarjunaRao,MMMSarcar, PHI Publishers, 2008.

3. CAD/CAM/CIM, Radhakrishnan arBubramanian, New Age Publishers, 2008.
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PRESSURE VESSEL DESIGN

Course Objectives:
X To introduce the principles of design of pressure vessels and their components
subjected to various loads

Learning Outcomes:

Student will be able to
X design pressure vessels and various parts of vessels
X select the suitable material for the pressure vessel

UNIT -

Introduction : Materialsshapes of vessetdresses in cylindrical, spherical and arbitrary,
shaped shellsgylindrical vessels subjected to internal pressure, wind load, bending and
torque forcomputation of pressure vessetmical and tetrahedral vessels.

UNIT -lI
Theory of thick cylinders: Shrink fit stresses in built up cylinders auto frettage of thick
cylinders, thermastresses in pressure vessels.

UNIT -l
Theory of rectangular plates Pure bendinglifferent edge conditions.

UNIT -IV

Theory circular plates: Simple supported and clamped ends subjected to concentrated and
uniformly distributed loadstresses from local loads, design of dome bends, shell
connections, flat heads and conerapgs.

UNIT -V

Discontinuity stresses in pressure vessel#ntroduction, beam on an elastic foundation,
infinitely long beam, semi infinite beam, cylindrical vessel under axially symmetrical
loading, extent and significance of load deformations on presgessels, discontinuity
stresses in vessels, stresses in a bimetallic joints, deformation and stresses in flanges.

UNIT -VI

Pressure vessel materials and their environmentintroduction, ductile material tensile

tests, structur@and strength of steel, XGHUYVY OLQHV GHWHUPLQDWLRQ R
plastic flow observations, behaviour of steel beyond the yield point, effect of cold work or
strain hardening on the physical properties of pressure vessel steels, fracture types in tension,
toughness ofmaterials, effect of neutron irradiation of steels, fatigue of metals, fatigue crack
growth, fatigue life prediction, cumulative fatigue damage, stress theory of failure of vessels
subject to steady state and fatigue conditions.
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TEXT BOOKS:
1.John) +DUYH\ 9DQ QRVWUDQG5HLKROG &RPSDQ\ 37KHRU\ D

REFERENCE BOOKS:

1.

2
3.

%HRZOO <RXQG(WW ~ 3URFHVV (TXLSPHQW 'HNBWQ  :,/(<
DELHI.
. Indian standard code for unfired Pressure vessels 1S:2825.

Henry H.Bednar 3 ( 33UHVVXUH 9HVVHO 'HVLJQ +DQG %RRN’

Delhi.
7LPRVKHQNR :RLQRVN\ ® 7KHRU\ RI SODWHY DQG VKHOO\
(India) Pvt Ltd, New York.
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ADVANCED COMPUTER AIDED DESIGN & ANALYSIS LAB

Course Objectives:
X To impart training on Ansys software for analyzing engineering problems.

Learning Outcomes:

Student will be able to

x analyzedifferent engineering problems using ansys software.

I. Modeling

9.

1. Surface modeling
2. Solid modeling

3.

4. Assembling

Drafting

LIST OF EXPERIMENTS USING ANSYS SOFTWARE:

1. 2- D truss analysis

2. 3-D truss analysis

3. Stress analysis of a beam
4.
5
6
7
8

Stress analysis of simplel3 structure

Buckling analysis otolumn / sheet metal

10. Coupled field analysis of solid
11.Optimization of a beam

12. Steady state thermal analysis
13. Transient thermal analysis

. Analysis of Plane stress and plane strain problems

. Evaluation of stress intensity factors in a cracked plate
. Free vibration analysis of beam / plate

. Forced vibration analysis of beam / plate
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