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COURSE STRUCTURE

1°T YEAR
FIRST SEMESTER SECOND SEMESTER
Theory Contact | CR Theory Contact | CR
Hrs. Hrs.
Course Subject L-T-P Course Subject L-T-P
Code Code
Mathematics - | 3-1-0 4 Mathematics - Il 3-1-0 4
Physics/Chemistry 3-1-0 4 Chemistry/ Physics 3-1-0 4
Engineering Mechanics/ Computer
Computer Programming 3.1-0 4 Prog_ramr_ning/ 3-1-0 4
Engineering
Mechanics
Basic Electrical Basic Electronics/ 3-1-0 4
Engineering/ Basic 3-1-0 4 Basic Electrical
Electronics Engineering
English for Environmental
Communication/ 3-1-0 4 Science/ English 3-1-0 4
Environmental Science
Sessionals Sessionals 20
Applied Physics Laboratory/Chemistry La|] 0-0-3 2
Workshop-I/ 0-0-3 5 Engineering Drawing{ 0-0-3 2
Engineering Drawing Workshop-I
Basic Electrical Engg. Basic Electronics 0-0-3 2
Lab/ Basic Electronics | 4 _q.3 5 Lab/
Lab Basic Electrical Engg|
Lab
Business Communication Programming Lab/
Skill/ Programming Lab | 0-0-3 2 Business 0-0-3 2
Communication Skill
Business Communication Programming 0-0-3 2
and Presentation 0-0-3 2 Lab/Business
Skill/Programming Lab Communication and
Presentation Skill
15-5-12 | 28 15-5-12| 28




2" YEAR

THIRD SEMESTER

FOURTH SEMESTER

Theory Contact | CR Theory Contact | CR
Hrs. Hrs.
Course Subject L-T-P Course Subject L-T-P
Code Code
Mathematics-Ill 3-1-0 4 Mathematics-1V 3-1-0 4
Engineering 3-1-0 4 | MM — 15 - | Transport Phenomena 3-1-(
Economic 050
MM — 15 - | Introduction to 3-1-0 4 | MM — 15 - | Mineral Processing 3-1-0
019 Physical Metallurgy 030
MM — 15 - | Fuels Furnace & 3-1-0 4 | MM — 15 - | Unit Process of 3-1-0 4
013 Refractories 052 Extraction
MM — 15 - | Metallurgical 3-1-0 4 Organizational 3-1-0 4
029 Thermodynamics & Behaviour
Kinetics
20 20
Sessional Sessional
MM — 15 - | Mechanics of 0-0-3 2 | MM — 15 - | Mineral Processing 0-0-3 2
027 Materials Lab. 031 Lab.
MM — 15 - | Metallurgical 0-0-3 2 | MM — 15 - | Transport phenomena| 0-0-3 2
047 Thermodynamics 051 Lab.
and Kinetics Lab.
MM — 15 - | Physical Metallurgy | 0-0-3 2 | MM - 15 - | Fuel Testing Lab. 0-0-3 2
038 Lab. 014
Workshop Practice + 0-0-3 2 | MM — 15 - | Non destructive 0-0-3 2
Il 034 Testing Lab.
15-5-12 | 28 15-5-12 | 28




3"° YEAR

FIFTH SEMESTER

SIXTH SEMESTER

Theory Contact | C Theory Contact | CR
Hrs. R Hrs.
Course Subject L-T-P Course Subject L-T-P
Code Code
MM — 15 - | Iron Making 3-1-0| 4| MM - 15 - | Steel Making 3-1-0 4
020 044
MM — 15 - | Phase 3-1-0| 4| MM - 15 - | Materials 3-1-0 4
036 Transformations 022 Characterization
MM — 15 - | Deformation Theory] 3-1-0| 4 | MM —15 - | Heat Treatment 3-1-0 4
008 of Metals 015
MM — 15 - | Materials Testing 3-1-0 4 MM — 15 - | Non Ferrous Extractive 3-1-0 4
025 035 Metallurgy
MM — 15 - | Corrosion and 3-1-0| 4 Core Elective | 3-1-0 4
007 Degradation of
Materials
20 20
Sessional Sessional
MM — 15 - | Electro Metallurgy 0-0-3 2 | MM - 15 - | Heat Treatment Lab. 0-0-3 2
009 & Corrosion Lab. 016
MM — 15 - | Process Metallurgy | 0-0-3 2 | MM - 15 - | Materials 0-0-3 2
039 Lab. 023 Characterization Lab.
MM — 15 - | Phase 0-0-3 2 | MM - 15 - | Materials Processing 0-0-3 2
037 Transformations 024 Lab.
Lab.
MM — 15 - | Materials Testing 0-0-3 2 | MM - 15 - | Powder Metallurgy 0-0-3 2
026 Lab. 041 Lab.
15-5-12 | 28 15-5-12 | 28




4™ YEAR

SEVENTH SEMESTER

EIGHTH SEMESTER

Theory Contact Theory Contact
Hrs. CR Hrs. CR
Course Subiect L-T-P Course Subiect L-T-P
Code ) Code )
Powder Metallurgy MM — 15 -
MM - 15 -040 | & Composite 3-1-0| 4 010 Engineering Materials 3-1-0 4
Materials
Mechanical MM — 15 -
MM - 15 -028 | Working of Metallic | 3-1-0| 4 046 Surface Engineering 3-1-0 4
Materials
MM — 15 -004 Cas_tm_g P_rocesses & 3.1-0| 4
Solidification _
Core Elective || 3-1-0 4 Open Elective-Il 310 4
Open Elective-I 3-1-0 4
20 12
Sessional Sessional
Computer 0-0-3 2 | MM — 15 - | Major Project 0-0-6 8
MM — 15 -006 Appllcathns in 021
Metallurgical Engg.
Lab
MM — 15 - | Seminar 0-0-0 2
042
MM — 15 -032 —-15- ' ' -0-
Minor Project 0-0-3 > MM — 15 - | Comprehensive viva 0-0-0 2
005 voce
15-5-6 | 24 9-3-6 24
CORE ELECTIVE - | Contact OPEN ELECTIVE - | &
| e CR Course CR
Course Code Subject L-T-P Code Subject L-T-P
MM —15 -053 | Welding Technolog 3.1-0 4 MM06115— Advanced Materia 3.1-0 4
MM — 15 -002 | Alternative routes o MM — 15 - | Introduction to Nanc
iron making 3-1-0 4 018 Science & Nano 3-1-0 4
Technology
MM - 15 -043 | Sintering Theory an 3.1-0| 4| MM-15- Thermc-mechanica 3.1-0| a4
Practice 048 processing of Materials
MM - 15 -017 | Hydro & Electro 3.1-0 4 MM -15- | X-ray diffractior 31-0 4
Metallurgy 054
CORE ELECTIVE - MM — 15 - | Fabrication of Materia
I 011 3-1-0) 4
MM — 15 -049 | Theory of alloys 3.1-0| a4 MM02515 - | Steel Technolog 3.1-0! a4
MM — 15 -033 | Modeling of Materials 3.1.0 4 Numerical Methods i 3.1-0 4
Processes - Engineering T
MM — 15 -012 | Failure analysi 3-1-0 4 Finite Element Methc 3-1-0 4
MM - 15 -003 | Bio material 3-1-0 4 Modeling & Simulatiol 3-1-0 4
Manufacturing & Design ¢
. 3-1-0 4
Composites




SYLLABUS

FIRST & SECOND SEMESTER
(COMMON TO ALL BRANCHES)

PHYSICS -1 (3-1-0)
Module |
Interference
Superposition of waves - coherent and incohenrgmrposition, Intensity distribution.
Two source interference theory, Interference in fims. Newton’s Rings, Determination of wavelémgf
light and refractive index of liquid.
Diffraction
Diffraction: Introduction, Types of diffraction ,&unhofer diffraction at a single slit,Plane Diffiiac
grating,Diffraction spectra, Determination of waamdth of light, angular dispersion, resolving pawer
Polarization
Polarization: Introduction, Types of Polarizatiélrpduction of polarized light(elementary id&gwster’s law,
Malu’s law, Double refraction(only statement, explanation)n§auction and working of :Nicol prism, Half
wave plate and Quarter wave plate, Applicational&pzation(Polrimeter:Construction,Principle, War§).
Module 11
Electromagnetism
Vector Calculus : Gradient, Divergence, Curl of teecfield, Gauss divergence theorem. Stoke’s thmapre
Green’s theorem,Maxwell’s electromagnetic equatiodifferential form and in integral form , Electnagnetic
wave equation: in vacuum and in conducting mediBganting vector ,Pyonting theorem, preliminary asle
about waveguides.
Module I
Quantum mechanics
Need for Quantum Physicaave particle duality,Davisson Germer experim&uhroedinger wave equation (
time dependent and time independent), propertiesaske function, Operators , eigen value , eigerction,
expectation value, probability current, Simple a&milons: particle in a box, finite well, step pati@l and
tunneling

Module 1V
Lasers
Introduction, Characteristics of lasers, Einsteig@efficients & Relation between them, Lasing attio
Population inversion, Different types of Lasers jRu_aser,He-Ne Laser), Three and Four level pumping
schemes, Applications of LASER(elementary ideas)
Fiber optics
Introduction, Principle of wave propagation in @gti Fiber Structure of Optical Fiber, Types of Optical
Fibers, Acceptance angle and acceptance cone, MNainaperture, Applications of optical fibers in
communications
Nanomaterials
Introduction, Classification, Physical charactecstand applications (fundamental)
Text books:

1. Optics — A.K.Ghatak

2. Concepts of Modern Physics — A. Beiser
Reference Books:

1. Electricity & Magnetism — D. Griffiths

2. Quantum Mechanics — Gascirowicz

3. Lasers, theory and applications - K. ThyagarajahAiK. GhatakNew York :  Plenum Press.

4. Quantum Mechanics — M. Das and P.K Jena

5. An Introduction to Fiber Optics - A.Ghatak, K.Tiggaajan: Cambridge University Press.

6. .Nano Materials by B.Viswanathan,Narosa Book Chistier



List of Experiments

1. To Determine the Young's Modulus () of the matesfaa Wire by Searle's Method.

2. Determination of Surface Tension of water by Capylirise method.

3. Determination of Acceleration due to gravity byngsa Bar Pendulum.

4. To determine thermal conductivity of a bad condubtpusing Lee's Apparatus.

5. Determination of Wavelength of monochromatic liglith the help of a Newton's Ring Apparatus.
6. Determination of Grating element of a Diffractiorating using spectrometer.

7. To verify the laws of transverse vibration of sgrioy using sonometer.

8. To determine the Rigidity modulus of the materighavire by using Barton’s apparatus.

9. To draw the characteristics of a Bipolar JunctioanBistor.

10. To draw the V-I characteristics of a P. N Junctiarde.

CHEMISTRY —1 (3—1-0)
Module—I 10 Hours

Failure of Classical Mechanics, Schrodinger's WBRgeation (Need not be Derived), Energy
for 1-D Potential Box, Interaction of Wave with Nt

Fundamental of Microwave, IR, UV-Vis Spectroscopy:

Basic Concept of Spectroscopy, Selection Rule, Nigals, Frank-Condon Principle,

Module — Il 10 Hours

Thermodynamics of Chemical Processes: 05 Hours
Concept of Entropy, Chemical Potential, Equilibric@anditions for Closed Systems, Phase
and Reaction Equilibria, Maxwell Relations

Module — 1l 10 Hours

Definition of Terms: Phase, Components, Degreereé@fom, Phase Rule Equation. Phase
Diagrams: One Component Systems — Water and Sulptuar Component System — Lead-
Silver, Cooling Curves, Iron-Carbon Phase Diagram

Module—IV 10 Hours

Electrode Potentials and its Relevance to Oxidadimh Reduction, Measurement of EMF,
Determination of pH, Hydrogen, Glass, Quinhydroteciodes, Dry Cells, Fuel Cells and
Corrosion: Concept, Galvanic Corrosion

Kinetics of Chemical Reactions: 05 Hours

Reversible, Consecutive and Parallel Reactiongdyt8&tate Approximation, Chain
Engineering application of materials: 05 Hours

Organometallics and Nanomaterials

1) P. W. Atkins, Elements of Physical Chemistryy Etition, Oxford University Press
2) C. N. Banwell and E. M. MacCash, Fundamentaldatecular Spectroscopy, 5th Edition,
3) P. K. Kar, S. Dash and B. Mishra, B.Tech. Chémigol. |, Kalyani Publications



Chemistry Laboratory

(Any ten Experiments)
. Determination of amount of sodium hydroxide andium carbonate in a Mixture.
. Determination of Total hardness of water by EDhéthod.
. Estimation of calcium present in the limestone.
. Preparation of aspirin.
. Standardization of KMngQusing sodium oxalate.
. Determination of ferrous iron in Mohr’s salt pgtassium permanganate.
. Determination of Rate constant of acid catalygdfolysis of ester.

. Determination of dissolved oxygen in a samplevater.

© 00 N O O A W DN P

. Determination of Viscosity of lubricating oil igd wood Viscometer.
10. Determination of Flash point of given oil bynBky Marten’s Flash point Apparatus.
11. Determination of available chlorine in bleachpowder.

Reference Book B.Tech practical Chemistry-Kalyani publisher



MATHEMATICS - |

(Calculus, Linear Algebra and Numerical Method) (3-10)
Module 1: (10 Lectures)
Open sets, Closed sets, Limit points of a set, tspttontinuous functions, Functions continuous msed
intervals, The derivative, Increasing and decregpiinctions, Darboux’s theorem, Rolle’s theoremgiaage’s
mean value theorem, Cauchy’'s mean value theorertreBMm values; Riemann integral: Definition and
existence of the integral, Integral as a limit ofns, some integrable functions, Fundamental thearém
calculus, Mean value theorems for integral calculus

Module 2: (10 Lectures)

Matrices, Vectors: Addition and Scalar Multiplicati Matrix Multiplication, Linear Systems of Equats,
Gauss Elimination, Linear Independence, Rank of arid Vector Space, Solutions of Linear Systems:
Existence, Uniqueness, Determinants, Cramer's Rdass-Jordan Elimination, Vector Spaces, Innediio
Spaces,

Module 3: (10 Lectures)

Eigenvalues, Eigenvectors, Some Applications ofeRiglue Problems, Symmetric, Skew-Symmetric, and
Orthogonal Matrices, Eigenbases, Diagonalizatiomadpatic Forms, Complex Matrices and Forms, Inolusi
of Matrix Eigenvalues, Power Method for Eigenvalues

Module 4: (10 Lectures)
Numerical methods in general, Introduction, Solutiof Equations by Iteration, Interpolation, Numatic
Integration and Differentiation

Text Books:
1) S.C. Malik and S. Arora, Mathematical Analysis, N&ge International
2) Erwin Kreyszig, Advanced Engineering Mathematicslewindia Pvt. Ltd

Chapters: S.C. Malik - 2(2.1- 2.3), 5(5.1-5.3),.6(6.3-6.7), 7(7.1), 9(9.1, 9.6, 9.7, 9.9,9.10)
E. Kreyszig - 7(7.1-7.5, 7.7, 7.8)78, 20 (20.7, 20.8), 19(19.1, 19.2, 19.3, 19.5)

Reference Books:
1) George B. Thomas , Jr. and Ross L. Finney, Calcald Analytic Geometry, Addison Wesley
Publishing Company
2) R.K. Jain and S.R.K. lyengar, Advanced Engineekilaghematics, Taylor & Francis
3) K.A. Stroud, Advanced Engineering Mathematics, btdal Press



MATHEMATICS -

Differential Equations (3-1-0)

Module 1: (10 Lectures)

Basic Concepts, Modeling, Separable ODEs, Modgliexpct ODEs, Integrating Factors, Linear ODEs,
Bernoulli Equation, Population Dynamics, Existeaoel Uniqueness of Solutions. Homogeneous Linede©D
of Second Order, Homogeneous Linear ODEs with @GonsToefficients, Euler-Cauchy Equations, Existence
and Uniqueness of Solutions, Wronskian, Nonhomoges©DEs, Solution by Variation of Parameters.

Module 2: (10 Lectures)

General linear differential equations of order niffddential Operators, Homogeneous Linear ODEs,
Homogeneous Linear ODEs with Constant Coefficieltmjhomogeneous Linear ODEs, Conversion of an nth-
Order ODE to a System, Basic Theory of SystemsRES

Power Series Method, Theory of the Power Serieshbtkt Frobenius Method, Sturm-Liouville Problems,
Orthogonal Functions.

Module 3: (10 Lectures)

Laplace Transforms, Laplace Transform, Inverse §fam, Linearity. s-Shifting, Transforms of Deriwags
and Integrals, ODEs, Unit Step Function, t-Shifti&dport Impulses, Dirac's Delta Function, Partigdtons,
Convolution, Integral Equations, Differentiationdaimtegration of Transforms.

Module 4: (10 Lectures)

Partial differential equations, Basic Concepts, Blod): Vibrating String, Wave Equation Solution by
Separating Variables, Use of Fourier Series, Dhfdert's Solution of the Wave Equation. CharaciessHeat
Equation: Solution by Fourier Series, Solution BE3 by Laplace Transforms.

Text Book:
1) Erwin Kreyszig, Advanced Engineering MathematicsiewIndia Pvt. Ltd, §' edition.

Chapters: 1(1.1-1.5, 1.7), 2(except 2.4, 2.8, B39%4.1, 4.2), 5(5.1, 5.2, 5.4), 6(6.1-6.5), R2(112.5, 12.11)

Reference Books:
1) R.K.Jain and S.R.K. lyengar, Advanced Engineekitaghematics, Taylor & Francis
2) K.A. Stroud, Advanced Engineering Mathematics, btdal Press
3) J. Sinha Roy and S. Padhy, Ordinary and Partidefintial Equation, Kalyani Publisher.
4) Richard Bronsan and Gabriel Costa, Scahum’s Outlirizifferential Equations, McGraw Hill
5) Paul Duchateau and D.W. Zachmann, Scahum’s OutfiRartial Differential Equations, McGraw Hill
6) B.V. Ramana, Higher Engineering Mathematics, McGkilv



English for Communication
(Credit: 4-0-0)

Objective- For developing the ability to communeaffectively in professional environment by enhagc
their skills in communication.

Module 1:Fundamentals of Communication (10 Hours)
+« Communication:Process, pattern and stages of comeation, channels and types of communication
and Barriers to Communication.
Functions of language: Descriptive, Expressive @odal Functions.
Formal and Informal English
Plain English

Bias free language

*
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Module 2: Communicative Grammar (10 Hours)
+ Time, Tense and Aspects

+ Verbs of State and Events

+ Use of Modal Verbs

+ Phrasal Verbs

Passive and Active Voice

» Conditionals

L)
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¢

*
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Module 3: Sounds of English (10 Hours)

+ The Speech Mechanism and Organs of Speech
ConsonantSounds of English
Vowel Sounds of English
Stress Pattern: Syllable, Stress and Intonation.
Problem sounds for Indian Speakers

*
0.0

3

S

3
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Module 4: Business and Official Writing (10 Hours)
Paragraph writing and Sentence Linker
Business and Official Letters

Report and Proposal writing,

Notice, Circular and Memo writing

Résumé (CV) Writing.

3

%

3

%

3

¢
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Text Books:
1. Effective Technical Communication by M Ashraf Ri¢Vata McGraw Hill)
2. Better English Pronunciations By J. D.O Conner nGadge University Press)
3. A Communicative Grammar of English by G.N. LeecHd dan Svartik (OUP)
Reference Books“Business communication” by Ramachandran, Laksimai Krishna (Macmillan)



ENGLISH COMMUNICATION SKILLS ( Credit :0-0-2)

Objective: For enhancing corporate readiness amongtudents by inculcating
several skills of communication through activities.
Laboratory Activities:

1. Giving Introduction ( Self and others)
2. Group Discussion

3. Interviews

4. Role Play

5. Listening skill Development

6. Reading skill Development

7. Writing skill Development

8. Speaking skill Development

9. Meeting

10. Presenatation

Books Recommended:

1. Soft Skills — By Dr K Alex ( S Chand)



ENGINEERING MECHANICS

Module - |
1. Concurrent forces on a plane Composition, resolution and equilibrium of coneunt coplanar forces,
method of moment, friction (chapter 1). (7)
2. Parallel forces on a plane General case of parallel forces, center of pardtirces and center of
gravity, centroid of composite plane figure andveg(chapter 2.1 to 2.4) (4)
Module - 1l

3. General case of forces on a plan€omposition and equilibrium of forces in a plapkne trusses,

method of joints and method of sections, plane &apninciple of virtual work, equilibrium of ideal

systems.(8)

4. Moments of inertia: Plane figure with respect to an axis in its plamel perpendicular to the plane,
parallel axis theorem(chapter 3.1 t03.4, 5.1, agpeA.1 to A.3) (3)

Module - Il

5. Rectilinear Translation: Kinematics, principle of dynamics, D Alembert’sirféiple, momentum and
impulse, work and energy, impact (chapter 6). (11)

Module — IV

6. Curvilinear translation: Kinematics, equation of motion, projectile, D Aleent’s principle of
curvilinear motion. (4)
7. Kinematics of rotation of rigid body (Chapter 9.1) (3)

Text book
1. Engineering mechanics: S Timoshenko & YourlyFdiition (international edition) MC Graw Hill.

Reference books

1. Fundamental of Engineering mechanic¥ gxition):
S Rajesekharan & G Shankara Subramanium; VikasHrulse Pvt Itd.

2. Engineering mechanics: K.L. Kumar; Tata MC Grawl.Hil

SESSIONAL

Workshop Practice-I
Consists of 3 sections)

1. Carpentry Section: Wooden rack/bench/chamlgemy one)
2. Fitting Section: Paper Wt. Square or Rectangulat jonale and female joint) (any one)
3. Black SmithSection: Weeding hook/Hexagonal headed bolt blank (are/)on



COMPUTER PROGRAMMING

L-T-P: 3-1-0 Cr.-4
Module I:

Introduction to computing- Block architecture o€@mputer, bit, bytes, memory, representation of lmens in
memory. Introduction to problem solving- Basic cepts of an algorithm, program design methods,
flowcharts.C Language Fundamentals- Character Isemntifiers, Keywords, Data Types, Constant and
Variables, Statements.Input &Output - Input & OutpAssignments, Formatted Outputs. Operatorsand
Expressions-Operators, Precedence of operators.

Module II:

Decision Control Structure, Loop Control Structaed Case Control Structure.Functions- Monolithic vs
Modular programs, User defined vs standard funstidermal vs Actualarguments, Functions category,
function prototypes, parameter passing, Recursivay&- 1D Array, 2D Array & Multi-Dimensional Array
Strings- Declaration &lInitialization,String HandgrFunctions.

Module lI;

Pointers- Pointer variable and its importance, foiArithmetic, Passing parameters, pointer to {@ojrpointer
to function.Dynamic Memory Allocation.Structure- $ed Structure, Array of Structures, Pointer tw&tire,
Structure & Functions, typedef, Enumerated DataeT\git Fields. Union- Array of Union Variables, dni
inside Structure.Storage Class.

Module 1V:

Preprocessor Directives- Types, Pragma Directi@mditional Directives.Files- Reading data fromeBil
Reading data from Files, Writing data to Files,detdandling during File Operations.Advanced Issunesput
& Output — usingargc& argv.Operation on Bits.

Text Books:

1. C: The Complete Reference: Herbert Schildt
2. Computer Fundamentals &Programming in C: ReemaTdabford University Press.

Reference Books:

1. Letus C- Y.Kanetkar, BPB Publications.

2. Programming with ANSI and Turbo C- Kamthane, A.daFson Education

3. C How to Program- Deitel and Deitel, Pearson Edanat

4. The C programming Language- Brian W. Kernighan Bednis M. Ritchie,Prentice-Hall.



PROGRAMMING LAB (CS15-984)

L-T-P: (0-0-3) Cr: 2
Introduction to OS : Linux/Unix, Dos, Windows, Miigor, File Handling, Directory Structure, File
Permissions, Creating and editing simple c progr&onsmpilation and Execution
C programming on variables and expression assignmsiemple arithmetic loops, If-else, Case statesent
Break, Continue, Go to
Single and Multidimensional arrays
Functions, Recursion, File handling in C
Pointers, address operator, Declaring pointersopedators on pointers, Address of an array, StrasflPointer
to structure, Dynamic memory allocation
Fundamental Programs on Data Structures (Stacky&uénked lists, Trees, Graphs)

(EL15-002) BASIC ELECTRICAL ENGINEERING (3-1-0)

MODULE-I (10 HOURS)

DC Networks: Kirchhoff's laws, node and mesh ariglyBelta-star and star-delta transformations. Sagsition,
Thevenin's and Norton's theorem. Transients, in R-C and R-L-C circuits with DC. Excitation.

Single Phase AC Circuits: Single phase EMF ger@rativerage and effective values of sinusoidgpgrations, complex
representation of impedances, phasor diagrams, rffaetr, power in complex notation, solution ofisg and parallel
circuits. Introduction to resonance in series RIrCuit.

Three Phase AC Circuit: Three phase EMF generatielta and star connection, Line and Phase quemtiolutions of
3-phase circuits with balanced load. Power in 3spHzalanced circuits.

MODULE-II (10 HOURS)

Magnetic Circuits: B-H Curve, Hysteresis, Permagbénd reluctance, solution of simple magneticuiits, Hysteresis
and Eddy current losses.

DC Generator: Different types, Principle of Opeayatof DC generator, EMF equation, methods of etioita DC Motor:
Back e.m.f., speed and torque of a DC Motor, Cammuitfor maximum Power. Speed control of DC shuotan
Transformers: Construction and Principle of operatiof single-phase transformer, EMF equation, ®hHplase
autotransformer.

MODULE-III (10 HOURS)

Three phase Induction Motor: Construction and fplecof operation, types; Slip-torque characterssti

Synchronous Machines: Construction & principle gletion of Synchronous generator and motor. EMiaton,
Voltage regulation, Applications and starting oh&gyronous motor.

Introduction to single-phase induction Motor.

MODULE-IV (10 HOURS)

Measuring Instruments: DC PMMC instruments, Extensif range by shunts and multipliers. Moving iesnmeters and
voltmeters, Dynamometer type Watt meters, Indudiype Energy Meter.

Power supply systems: Principle of generationerrttal, hydel and nuclear. Transmission and didiohuof electric

energy. Introduction to Electric Heating & Welding.



TEXT BOOKS

[1].

2].

Edward Hughes (revised by lan McKenzie Smith), thieal & Electronics TechnologyPearson Education
Limited. Indian Reprint 2002, fEdition.
D.Kulshreshtha, “ Basic Electrical Engineering” TMH' Edition.

REFERENCE BOOKS

(3]
[4].
[5].

H.Cotton, “Advanced Electrical Technology", CBS Rsliers, New Delhi, % Edition.
C.L. Wadhwa, “Electrical Engineering”, New Age Intational Publishers,"2Edition.
S. Parker Smith, “Problems in Electrical Enginegtisia Publications, 10Edition.

(EL15-003) BASIC ELECTRICAL ENGINEERING LAB (0-0-3)

Preliminary: Preparation of symbol chart for vadogystems & components as per ISS, To study the
constructional & operational features for Voltmetdmmeter, Wattmeter, Frequency meter, multi-meted
Rheostat, Study of safety rules as per ISS

Measurement of the armature & field resistance d.Machine by volt-amp method. & Starting and shee
control of a D.C. shunt motor

Study of BH Curve

Determination of open circuit characteristics (@Yof D.C shunt generator when separately excitatifi@rent
speeds.

Measurement of earth resistance and insulatiostegsie

Starting of Induction motor and measurement ofaipiease power & power factor by 2-wattmeter method.

Calibration of a single phase Energy Meter by deddoading & Phantom loading



BASIC ELECTRONICS (3-1-0)

UNIT-1 (10 Hours)
Introduction to Electronics: Signals, Frequencyd®pan of Signals, Analog and Digital Signals,

Linear Wave Shaping Circuits: RC LPF, IntegratdC, RPF, Differentiator.

Properties of Semiconductors: Intrinsic, ExtrinSeEmiconductors, Current Flow in Semiconductors,
Diodes: p-n junction theory, Current-Voltage chéeastics, Analysis of Diode circuits, RectifielSlippers,
Clampers, Special diodes- LED, Photo diode, Zened®

UNIT-II (14 Hours)

Bipolar junction Transistor (BJTs): Device Struetand Operation, Current-Voltage Characteristidg, s an
Amplifier and as a Switch, Introduction to Power glifiers, A,B and C types.

JFET: Physical Structure, Operation and CharatiesisMOSFET: Physical Structure, Operation and
Characteristics, Feedback Amplifiers & OscillatoGeneral Feedback Structure, Properties of Negative
Feedback, Four Basic Feedback Topologies (blocggraim only), Basic Principles of Sinusoidal Oscdla(
Crystal, Hartley & Collpit).

Operational Amplifiers (OP-AMPs): The Ideal OP-AMPInverting Configuration, Non-Inverting
Configuration. OP-AMP Applications (Adder, Subtm@gctintegrator, Differentiator).

UNIT-III (10 Hours)

Digital Fundamentals: Binary Numbers, Signed-binaymbers, Decimal-to-Binary & Binary-to-Decimal
Conversion, Binary Addition, Subtraction, Multigditon and Division, Hexadecimal Number Systems,i¢.og
Gates, Boolean Algebra, De Morgan’s Theorems, LaiwBonolean Algebra, RS Flip flop, JK Flip flop.

UNIT-1V (10 Hours)
Introduction to Electronic Instruments: CRO: CRT,aWgform Display, Applications of CRO, Electronic
Multimeter, Audio Signal Generator: Block diagrafnont Panel Controls.

Principles of Communication: Fundamentals of AM B Block diagram of Transmitters & Receivers.

TEXT BOOKS:

1. Microelectronics Circuits, A.S Sedra, K.C. Smithxf@d University Press. Selected portions from ¢aepl

t20. PI)ElgctEr;or%f:s Fundamentals and Applications, D Cipattihyay and P.C. Rakshit, NewAge International
Publications. Selected portions from chapters #2d4, 16 to 18,20,21.

REFERENCE BOOKS:

1. Integrated Electronics, Millman and Halkias, TMHidHcations.
2. Electronic Devices & Circuit Theory, R.L Boylestadd L. Nashelsky, Pearson Education.
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BASIC ELECTRONICS LAB
LIST OF EXPERIMENTS

Familiarity with electronic components and deviceséting of semiconductor diode,
Transistor, IC Pins connection) Digitalltimeter should be used.

Study and use of CRO to view waveforms and medsfenplitude and Frequency.
V-l Characteristics of a Semiconductor Diode. Deieing DC and AC resistance.
Clipper and Clamper Circuit.

Half Wave and Full Wave Rectifier without Capacifitter. Record of Waveforms, Measurement of Averagd
RMS value.

V-l (Output) Characteristics of N-P-N TransistorGi Configuration.

OP-AMP: Inverting and Non-Inverting ConfiguratidRecord of Waveforms.
Verification of Truth table of Logic gates (AND,FONOT, NAND, NOR, EX-OR)



CE 15001: ENVIRONMENTAL SCIENCE & ENGINEERING (3-1- 0) CR-04

Module — 1 (6 Hours)

Components of Earth System: Lithosphere, Cryospi#gneosphere, Hydrosphere, Biosphere and Outerespac

Ecological concepts and natural Resources: Ecabgierspective and value of environment, Environtialen

auditing, Biotic components, Levels of organizasion environment Ecosystem Process: Energy, Foathch

Environmental gradients, Tolerance levels of emmnental factor.

Natural Resources covering Renewable and Non-rdsleviResources, Forests, water, minerals, Foodamd |

(with example of one case study); Energy, Growingergy needs, energy sources (conventional and

alternative).

Hydrological cycle, water balance, energy budgetrecipitation, infiltration, evaporation and

evapotranspiration.

Module — I (15 Hours)

Environmental Pollution: Definition, Causes, effeeind control measures of: Water pollution, Airlyidn,

Noise pollution, Soil pollution, Marine pollutioihermal pollution, Nuclear hazards

Environmental Issues: Climate change, Global wagmiAcid rain, Ozone layer depletion, Sustainable

development, Bio gas, Natural gas, Biodiversityb&sr problems related to energy, water scarcity,eWat

conservation, rain water harvesting, artificial reige, watershed management, carbon trading, cddmin

print

National Ambient Air quality Standards, Noise start$, Vehicle emission standards

Module — 1l (12 Hours)

Drinking water standard (IS 10500), Water Qualityt€Zia and wastewater effluent standards

Water treatment: Water sources and their quali@y, dut of a water treatment plant and working afheanit/

principles of each process i.e. Screening, Aerati®adimentation, coagulation, flocculation, Filivat

Disinfection. Miscellaneous treatment: Removal oloc, tastes and odour control, removal of iron and

manganese, fluoridation and defloridation. Advaneeter treatment: Ion exchange, electro-dialyRe§),

desalination

Working principles of ready-made water filter/pig#tion system commercially available

Lay out of a wastewater treatment plant and workihgach unit.

Module — IV (7 Hours)

Solid waste management: Source, classification amdposition of MSW, Storage and transport of MSW,

MSW management, Waste minimization of MSW, Reusd eetycling, Biological & thermal treatment

(principles only), land fill

Biomedical Waste management — sources, treatmentifdes only) and disposal

Hazardous Waste Management- Introduction, Sou@assification, treatment (principles only)

Introduction to e-waste management.

Environmental impact Assessment: Project screeioinglA, Scoping studies

Environmental policies and acts (Air, Noise, Wakerest, E-waste, Hazardous waste acts).

Text Book:

1 Environmental Engineering, G. Kiely, TMH, 2007

Reference Books:

1 Environmental Engineering, H.S. Peavy, D.R.Rowe@ndchobanoglous, McGraw Hill, 1985.

2 Introduction to Environmental Engineering, M. L.\imand D. A Cornwell, McGraw Hill International,
2005.



CE 15002: ENGINEERING DRAWING (0-0-3) CR-02

(Minimum 8 sheets and 2 Auto Cad classes)
Introduction to Engineering Drawing: Drawing instrants, lines, lettering and dimensioning.

Scales: Plain, Diagonal and Vernier Scales.

Curves: Parabola, Ellipse, Hyperbola, Cycloid, Eploid, Hypocycloid and Involute.
Orthographic Projections: Concepts, Orthographigegations of points, Lines, Planes and Solids.
Sections of solids; Development of surfaces

Isometric Projections: Principles, Isometric Scaémmetric Views, Isometric Views of lines, Plan&mple
and compound Solids,

Introduction to Auto-Cad:

Curves: Parabola, Ellipse, Hyperbola, Cycloid, Eplicid, Hypocycloid and Involute.

Text Book:

1 Engineering drawing by N.D. Bhatt and V.M Pancl@&iarotar Publishing House, Anand.
Reference Books:

1. Engineering Drawing by Venugopal, New Age publisher



THIRD SEMESTER
MATHEMATICS - IlI

Multivariable Calculus and Special Functions (3-10)

Module 1: (10 Lectures)

Vector and Scalar Functions and Fields, Derivativ@sadient of a Scalar Field, Directional Derivativ
Divergence of a Vector Field, Curl of a Vector HieLine Integrals, Path Independence of Line Iraégyr
Double Integrals, Green's Theorem in the PlanefaBes for Surface Integrals, Surface Integralspl@ri
Integrals, Divergence Theorem of Gauss, Furtheridajons of the Divergence Theorem, Stokes's Tér@or

Module 2: (10 Lectures)
Fourier series and integral, Dirichlet criterio?arseval’s identity, the convolution theorem.

Module 3: (10 Lectures)
Orthogonal curvilinear coordinates, Jacobians, igrad divergence, curl and Laplacian in curvilinear
coordinates, Special curvilinear coordinates.

Module 4. (10 Lectures)

Gama function, The Beta function — Dirichlet int@igrOther special functions— Error function, expatne
integral, sine and cosine integrals, Bessel's EmuaBessel Functions (k), Bessel Functions of the Second
Kind Y[ (x), Legendre's Equation, Legendre Polynomig(g)P

Text Books:
1) Erwin Kreyszig, Advanced Engineering Mathematicsiewindia Pvt. Ltd
Chapters: 5(5.3, 5.5, 5.6), 9(9.4, 9.7, 9.8, 940),11(11.1-11.3, 11.6, 11.7), A3.4, A3.1

Reference Books:

1) S.C. Mallik and S. Arora, Mathematical Analysis,viNAge International

2) Milton Abramowitz andrene A. StegunHandbook of Mathematical Functions, National Bureau of
Standards, Applied Mathematics Series - 55

3) Yury A. Brychkov, Handbook of Special Functions: Derivatives, Integals, Series and Other
Formulas, CRC Press

4) R.K. Jain and S.R.K. lyengar, Advanced Engineeliaghematics, Taylor & Francis

5) K.A. Stroud, Advanced Engineering Mathematics, Btdal Press




HUMO1 ENGINEERING ECONOMICS (4-0-0)
MODULE- 1

Theory of Demand- Modern Utility Theory, The NeumaMorgenstern approach, The Friedman-Savage
Hypothesis, Uncertainty and Consumer Behaviour g€tqul value of Perfect Information, Revealed Pegies
Theory, Intertemporal Choice- Slutsky equation, dalrEconomic Worth, Present Value, Discount rate IR
and NPV

MODULE- 2

Profit Maximisation: Theory of Production- Laws®foduction, Returns to scale and variable propastio
Equilibrium of firm, and Choice of optimal combimat of factors, Cost Minimisation- Calculus anasysf
cost minimisation, Algebric approach to cost mirgation, average and marginal costs- the short nbbC
Douglas cost function, constant returns to scatecarst functions, Long run and short run curvestdiaprices
and cost functions , The envelop theorem for canstd optimisation , Cost control techniques, Guié of the
principle of profit maximisation and Modern thearief firms- Baumol's sales maximisation hypothedigrris
Model of Managerial Enterprise, Hall and Hitch Reg@md the full cost pricing principle, Bain's lingricing
theory

MODULE- 3

Analysis of Public Projects: Benefit cost analy8iaplic goods, Common Property, Free Rider Probfearket
failure and externalities, private and social c8sigial Welfare Functions- Welfare maximisation gade to
optimality, market responses to externalities- Mesgsocial conventions, property right and baiggicase
theorem

MODULE- 4

Linear models: simple regression model -the proldeih estimation, classical normal linear regressiodel,
Two- Variable regression- Internal estimation aggddihesis testing, Multiple Regression analysise T
problem of estimation, Dummy Variable Regressiordi®le, Multiple parameter sensitivity analysis, éine
Programming- graphic and simplex method; Game thebe pay off matrix of game, Nash Equilibriumeth
mixed strategies and the prisoner's dilemma

READING LIST
1. Varian, H.R. (1992). Introduction to Micro Economiioalysis, Norton and company, New York

2. Woolridge, J.M. (2009). Introductory EconometriégsModern Approach, South Western CENGAGE
learning

3. Pearce, D.W. and Turner.(1990). Economics of Emvirent and Natural Resources, Harvester

Wheatsheaf. New York

Koutsoyiannis, A.(1979). Modern Micro Economics, dviallan, London

Damodaran, S. (2012). Managerial Economics, seEwlittbn, OUP

Gujrati and Sangeeta. (2007). Basic Economeffigh;l, New Delhi

Kolstad, C.D. (2000). Environmental Economics, OUP
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MM 15 019 - INTRODUCTION TO PHYSICAL METALLURGY
Modulel (10 Hours)

Introduction, Atomic structure of materials, Symmgedspects in crystals, Crystal systems, crydtaigs and

directions, atomic packing efficiency, voids in aown crystal systems, Solidification of pure metal,
Homogeneous and heterogeneous nucleation processéiag curve, concept of supercooling, microdines
of pure metals, solidification of metal in ingot aid. Crystal imperfections,

ModulelIl (10 Hours)
Mechanical properties of metals, concept of pladéiformation of metals, CRSS, Slip and twinning €apt of
cold working : Recovery ; Recrystallization andigrgrowth; Hot working. Concept of equilibrium, Ggept
of alloy formation, types of alloys, solid solutgnfactors governing solid solubilityjnary phase diagram,
phase rule, binary phase diagrams : Isomorphoutgcte; Peritectic, Eutectoid, Peritectoid, Mondie@and
Monotectoid system.

Modulelll (10 Hours)
Lever rule and its application, interpretation ofidification behavior and microstructure of diféett alloys
belonging to those systems, effect of non equiiori cooling, coring and homogenization. Allotropic
transformations, order disorder transformationspnlIrcementite and iron- graphite phase diagrams,
microstructure and properties of different allolgsth steels and cast irons),

ModulelV (10 Hours)
Concept of heat treatment of steels i.e., annealmegmalizing, hardening and tempering; Microstouat
effects brought about by these processes and itifeiences on mechanical properties. Effect of canm
alloying elements on the Fe4e2and Fe-C diagrams, concept to hardenabilitypfacaffecting hardenability.
Alloy steels- Stainless steels. Physical metallwfygon ferrous alloys Cu-Al, Bronze, Brass.
Text Books:
1. Introduction to physical metallurgy — Sydney Avner

2. Fundamentals of materials science and engineerinGaNister



MM 15 013 - FUEL, FURNACE AND REFRACTORIES
Modulel (10 Hours)
Introduction of fossil fuels and their world wideserves; Primary and secondary fuels, Coking aneco&ing

coals, Characterization of coal properties (cakind swelling indices, calorific value, proximatedantimate
analysis, etc.); Coal carbonization and effectsliierent parameters; Properties of coke, char gnaghite.
Selection of coal for sponge iron making and thérpmaver plants. Alternative sources of energy (¥&ro-
coke, formed coke, charcoal, solar, wind, tida,)ednd their suitability for metallurgical and pemindustries.

Modulell (10 Hours)
Classification of refractories, raw materials, mfacture, testing and properties of heavy and specia
refractories, silica, silicousaluminosilicate, highumina, magnetisite, chrome, chrome-magnesit&gnute,
forsterite, chemically bonded basic, carbon andilaigng refractories and special purpose oxidesbida
nitride refratories. Binary phase diagrams of@tSiO,, CaO - MgO,CiO3-MgO and MgO - SiQ systems.
Refractory mortars and cements, Refractory castabtdection of refractories for coke oven ,irosbkarnace,
copper convertor ,soaking reheating furnaces aattreatment furnaces, electric arc furnaces.

Modulelll (7 Hours)
Classification of furnaces: basis and uses. Meshardf combustion, ignition temperature. Flamesmiga
propagation, flame speed and inflammability limitgges of flames; premixed and diffusion flames #meir
characteristics.

ModulelV (13 Hours)
Combustion control; variables of control, viz.: f@enature, pressure and gas ratio control, modesrobustion
control. Theoretical, adiabatic & true flame tengiare.Available heat and factors affecting it. Heases in
furnaces: Heat balance and furnace efficiency. idigund gaseous fuel burners: methods of atomizatypes
of liquid fuel burners and principle of design. Lgwessure, high pressure and injection type gastmlis
burners and principles of their design.
Text Books:
1. Fuels,Furnaces and Refractories by J.D. Gilchrist.

2. Fuels,Furnaces and Refractories by O. P. Gupta.



MM 15 029 - METALLURGICAL THERMODYNAMICS & KINETICS
Modulel (10 Hours)
Importance of Thermodynamics, Definition of Therngodmics ; concept of state and path functions, &oua

of states, thermodynamic processes, first law efittodynamics, Phase diagram of a single compornysterm,
Internal energy, heat capacity, enthalpy Hess'’s kawechhoff's law. Second law of thermodynamicstrepy,
and entropy changes for various processes.

ModulelIl (10 Hours)
Free energy and its significance, free energy chasya function of temperature, reversible and/ensble
process, criteria of equilibrium, auxiliary funat®, combined statements, Maxwell’s relations, fiansation
formula, Gibbs-Helmoltz equation, Concept of stadddate.

Modulelll (10 Hours)
Fugacity, activity, equilibrium constant, ConceptTdird law of thermodynamics, temperature dependenf
entropy, statistical interpretation of entropyat&n between g and G, consequences of third law, Ellingham
— Richardson diagrams. Solutions: partial molalntias, ideal and non-ideal solutions, Roult’s jddenry’s
law, Gibbs — Duhem equation, regular solution, Cleafrpotential.

Module IV (10 Hours)
Free energy — composition diagrams for binary allggtems, determination of liquidus, solidus anhyuso
lines, Thermodynamics of electrochemical cellsidselectrolytes.
Introduction of metallurgical kinetics: heterogensaeaction kinetics: gas-solid, solid-liquid, hdtiiquid and
solid-solid systems. Concept of Johnson-Mehl equathermal analysis.
Text Books:
1. Introduction to the Thermodynamics of MaterialshjR.Gaskell; Taylor and Francis.
2. Textbook of Materials and Metallurgical Thermodynesrby A. Ghosh; Prentice Hall of India Pvt. Ltd.

MM 15 027 - MECHANICS OF MATERIALS LABORTAORY

Determination of rigidity modulus of a given wire

Dermination of M.I of a fly wheel
Study of Epicyclic gear train
Determination of mechanical advantage & velocityoraf various lifting machines

Ericson cupping test and impact test for 3diffesgrdgcimen

o gk~ wnhPE

Fatigue Test of a given specimen
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MM 15 047 - METALLURGICAL THERMODYNAMIC & KINETICS ~ LABORATORY

To determine the tumbler and abrasion indicesaof are, sample.

To determine the micuum indices of coke sample.

To determine the partial molal volume of each congu in binary solution.

To determine the equilibrium constant and free gnehange for the C+CG= 2CO reaction.
Reduction of Iron Ore Pellets by coke powder ariddutation of % reduction and % swelling.
Reduction of Iron Ore by non-coking coal power aattulation of % reduction and % swelling.
To carry out Pelletization of iron ore fines.

To carry out Firing of pellets and measuremenhefrtcrushing strength.

MM 15 038 - PHYSICAL METALLURGY LABORATORY _ (Third Semester)

To make the crystal structures and study thesemsstwith the help of ball models.
To study the principles and operation of metallcagmicroscope

To prepare specimen of some metals and alloys icmostructural examination

To study the Fe-R€ phase diagram.

To study the microstructure, grain size of the oarbteels.

To study the microstructure, of the given cast samples

To study the microstructure, grain size of the &elé non ferrous alloys.

To find out the grain size/number of the given risetend alloys



FOURTH SEMESTER

MATHEMATICS IV
(Complex Analysis, and Probability and Statistics)
Modulel (10 Hours)
Complex Numbers, Complex Plane, Polar Form of Cemplumbers, Powers and Roots Derivative, Analytic

Function, Cauchy-Riemann Equations, Laplace's HouatExponential Function, Trigonometric and
Hyperbolic Functions, Logarithm, General Power; e.imtegral in the Complex Plane, Cauchy's Integral
Theorem, Cauchy's Integral Formula, Derivativegwélytic Functions

Module Il (10 Hours)
Sequences, Series, Convergence Tests, Power Jaregions Given by Power Series, Taylor and Maatau
Series, Laurent Series, Singularities and Zerosidre Integration Method, Residue Integration ofalRe
Integrals, Geometry of Analytic Functions: Confotivepping, Linear Fractional Transformations.

Modulelll (10 Hours)
Random Variables, Probability Distributions, Meamdavariance of a Distribution, Binomial. Poissomda
Hypergeometric Distributions, Normal Distribution

Module IV (10 Hours)
Introduction. Random Sampling, Point EstimatioriPafameters, Confidence Intervals, Testing of Hypsdh,
Fitting Straight Lines, Correlation and regression.
Text Book:
1. Erwin Kreyszig, Advanced Engineering Mathematicsiewindia Pvt. Ltd
Chapters: 13, 14, 15(except 15.5), 16, 17(excef)174(24.5-24.8), 25(25.1-25.4, 25.9)
Reference Books:
1. B.V. Ramana, Higher Engineering Mathematics, McGkallv
2. R.K. Jain and S.R.K. lyengar, Advanced Engineekiaghematics, Taylor & Francis
3. K.A. Stroud, Advanced Engineering Mathematics, Btdal Press



MM 15 050 - TRANSPORT PHENOMENA
Modulel (10 Hours)
Fluid Flow: Classification of fluids, Laminar anduibulent flows. Flow Newton’s law and viscosity,

conservation and momentum through pipes and didtgion factor and Drag coelhiout Flow measurame
Application of dimensional analysis of fluid flokZoncept of boundary layer. molecular of Knudsewfletc.
as in problems and exercises.
Modulell (10 Hours)
Heat Transfer I: Steady state and Transient cormuat solids. One dimensional steady state problefrheat
flow through composite walls, Cylinder and Sphetdssteady conduction in one dimensional systemafse
Heisler charts and applications. Convective heatstier, equation of energy, free and forced comvest
Modulelll (10 Hours)
Heat Transfer Il: Radiation, Nature of thermal edidin, Black and Grey bodies, Stefan and Boltzmiamn
Kirchhoff’s laws, Intensity of radiation, lambeittsv, View factor. Heat transfer between two blacklsvin an
enclosure. Combined effect of convection, conductind radiation. Overall heat transfer coefficiétample
problems and exercises on systems of steady loeatrfiportant in Metallurgy.
Module IV (10 Hours)
Mass Transfer and Kinetics: Importance in Heteregeis metallurgical systems of reactions. Steadg stae
dimensional mass diffusion of component throughiatary media. Convective mass transfer in flumsjcept
of concentration boundary layer, Mass transferfament.Heterogeneous reactions of metallurgicgiantance,
their rate controlling steps. Discussion of thddwing examples from metallurgical systems: Nuctgatnd
growth and bubble formation phenomenon, Interfa@attion, Carbon gasification by gQ@lag-metal reaction
at the interface, Topo-chemical model of gas-saattion
Text Books:
1. F.P. Incropera, D. P. Dewitt, T. L. Bergman andSA.Lavine, Fundamentals of Heat and Mass Transfer,
Wiley.
2. H.S. Ray, Kinetics of Metallurgical Reactions.



MM 15 030 - MINERAL PROCESSING
Modulel (10 Hours)

Introduction to mineral beneficiation, samplingbdration studies and its importance. Comminution:

Fundamentals of comminution, crushing: construcaod operational features of Blake jaw, gyrataone
and roll crushers. Grinding: Theory of ball milgd mill, critical speed of the mill, open circuihé closed
circuit, circulating load.
Modulell (10 Hours)
Size separation: Sieving and screening, laboratiargg and its importance, representation and pnégation of
size analysis data, industrial screening. Clasgiba: Movement of solids in fluids, free settlingd hindered
settling of particles, different types of classifiee.g. sizing and sorting classifiers used inarahindustry.
Modulelll (10 Hours)
Concentration: Gravity separation, concentratiotega, jigging, flowing film concentration and &g, dense
media separation. Froth flotation: Theory, reagemsd in floatation processes, machines and peactic
Magnetic and electrostatic separation: Theory apglieation of magnetic and electrostatic separation
technigues in mineral industry. Dewatering andmyyiTheory and practice of thickening; filtrationdadrying.
Module IV (10 Hours)
Agglomeration techniques: Sintering, palletizinggbetting and their applications in ferrous anah4ferrous
metal industries, testing of agglomerates. Impuntaineral deposits in India.
Text Books:
1. Principle of Mineral Dressing by A. M. Gaudin
2. Mineral Processing Technology by Berry A. Willis



MM 15 052 - UNIT PROCESS OF EXTRACTION
Modulel (10 hours)
Overview of Extractive Metallurgy processes; Pyretatiurgy, Hydrometallurgy and Electrometallurgy;

Thermodynamic and Kinetic Principles of metal esti@n; Ellingham diagrams, Calcinations; Roasting;
Predominance Area Diagram, Roasting Practices, tBmelFormation and function of slag and their
calculations ,Metallo-thremic reduction of oxide€Smelting Furnaces, Matte Smelting, Pyro metallagic
processes using vacuum

Modulell (12 hours)
Hydrometallurgy: Leaching; Theory of Leaching; Rofeoxygen in leaching operation; Bacterial andnotxal
leaching; Contact reduction of metals in aqueoustisms; Gaseous reduction of metals in aqueoustisoks;
lon exchange, Solvent Extraction and Electrolysis

Modulelll (8 hours)
Electrometallurgy: laws of electrolysis, electr@y®tructure of solvent media; Electrolysis of agisesolution;
Electrolysis of fused salts; Cell design; Electtating.

Module IV (10 hours)
Halide Metallurgy and Halogenisation.,Basic apphesc of refining, preparation of pure compounds;
Purification of crude metals produced in bulk; Nuiwe problems relevant to Pyro, Hydro and
Electrometallurgical processes
Text Books:
1. Principles of Extractive Metallurgy: A. Ghosh & H.Bay, IIN Publications, Kolkata 1984.

2. Principles of Extractive Metallurgy: Rosenquist, MicGrawhill-Kogakusha International — 1983



BHU-1301 Organisational Behaviour (3-1-0)

Module-1(8 hours)

OB: Learning objectives, Definition & Meaning, Why study OB, An OB model, New challenges for OB
Manager

LEARNING: Nature of learning, How learning occukgarning & OB

Case Study Analysis

Module-2 (10 hours)

PERSONALITY: Meaning & Definition, Determinants Bersonality, Personality Traits, Personality & OB
PERCEPTION: Meaning & Definition, Perceptual prazdsportance of Perception in OB

MOTIVATION: Nature & Importance, Herzberg's Two Ractheory, Maslow’s Need Hierarchy theory,
Alderfer's ERG theory

Case Study Analysis

Module-3 (10 hours)

COMMUNICATION: Importance, Types, Barriers to commication, Communication as a tool for improving
Interpersonal Effectiveness

GROUPS IN ORGANISATION: Nature, Types, Why do peojain groups, Group Cohesiveness & Group
Decision Making- managerial Implications, EffectiVeam Building

LEADERSHIP: Leadership & management, Theories aflérship- Trait theory, Behavioural Theory,
Contingency Theory, Leadership & Followership, Himdbe an Effective Leader

CONFLICT: Nature of Conflict & Conflict Resolution

TRANSACTIONALANALYSIS: An Introduction to Transacainal Analysis

Case Study Analysis

Module-4 (12 hours)

ORGANISATIONAL CULTURE: Meaning & Definition, Culire &Organisational Effectiveness
HUMAN RESOURCE MANAGEMENT: Introduction to HRM, Ssaition,Orientation, Training&
Development, Performance Appraisal, Incentives
ORGANISATIONAL CHANGE: Importance of Change, Pladn@hange & OB Techniques
INTERNATIONAL OB: An Introduction to Individual & mterpersonal Behaviour in Global Perspectives
Case Study Analysis
Text Books/References:
[1] Stephen P. Robbins, Organisational Behaviotintiee hall of India, New Delhi,2000.
[2] K. Aswathappa, Organisational Behaviour, Hinyal@ublishing House, Bombay, 1997.
[3] S. S. Khanka, “Organisational Behaviour”, S.a@t Publication, Revised edition 2009.
Course Objectives:

1. To predict, understand and control the human beliawn an organisation

2. To develop interpersonal relation in organisation

3. To maintain cordial industrial relation

4. To manage human resources efficiently in an orgéiois
Course Outcomes:

1. Students will be able to maintain the interpersamal industrial relation when they will  jointanone
organization.
2. Able to develop effective leadership quality.
3. Able to apply appropriate motivational techniques accordance to the nature of the individual
employee.
4. Able to manage human resources efficiently in ayanisation.



MM 15 031 - MINERAL PROCESSING LABORATORY

1. To determine and analyze the size distribution fixed granular solid by using a test sieve staolt a
vibratory shaker.

2. Crushing of ore/coal in the jaw crusher. Determorabf average size by sieving

3. To study the jaw crusher and determine the actaplacity, reduction ratio and Verification of
Rittinger’s law of crushing.

4. Crushing of ore/coal in a roll crusher. Determioatof average size.

5. To study the effect of grinding with grinding tinmeball mill.

6. To separate a mixture of two minerals of differdensities by gravity concentration using Wilfley
Table and determine the weight and density of &action of the products

7. Beneficiation of ore pulp mix using floatation cell

8. Study of magnetic separator and effect of fieldtanefficiency of the process

MM 15 051 - TRANSPORT PHENOMENON LABORATORY

Study the type of flow by Reynolds experiment.

Determination of total thermal resistance and ttarconductivity of a composite wall.
Determination of thermal conductivity of Asbestos.

Determination of thermal conductivity of a giventaleod.

Determination of heat transfer coefficient in natwwonvection.

Determination of heat transfer coefficient in fate@nvection.

Determination of emissivity of a given surface.

Determination of Stefan Boltzmann constant.

© ©® N o g s~ 0N PRE

Determination of overall heat transfer coefficianparallel and counter flow runs and obtaining the
effectiveness of the given heat exchanger.

10. Determination of exchange capacity of a cationsirrén the softening of water.
MM 15 014 - FUEL TESTING LABORATORY

1. To determine the calorific value of coal and cokang bomb calorimeter.
2. Proximate analysis of coal and coke.

3. To determine flash point and fire point of a givsample such as kerosene oil. Diesel and petrol by
pensky- martins /or other apparatus.
4. To determine the effect of temperature on kinemasicosity of glycerin by redwood viscometer.

5. To determine the bulk and true density of coal damp

6. To determine the flow rate of oil.
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MM 15 034 - NON DESTRUCTIVE TESTING LABORATORY

To study the microstructure of given material withdestroying it (Replica method)
To inspect the discontinuous in the material usitigsonic testing

To inspect the discontinuous in the material uhyg penetrate testing

To inspect the discontinuous in the material udffagnetic particle testing

To inspect the discontinuous in the material usiligasonic testing

To inspect the discontinuous in the material usiady testing

To study the discontinuous in the material usingyecurrent testing

To study the discontinuous in the material usindiBgraphy testing



FIFTH SEMESTER

MM 15 020 - IRON MAKING
Modulel (8 Hours)

History of Iron making in India, Indian and othesources of raw materials required for iron makirake
making. Blast furnace plant and -Modern blast fuaglant layout, Details of construction of blashace and
its main accessories; gas cleaning system, hot gkageration. Blast furnace refractories and blastace
cooling system

Modulell (10 Hours)
Agglomeration of iron ore fines, sintering and pgdlion, evaluation of properties of blast furnabarden
materials and application to blast furnace perforcea Blast furnace plant operation, blowing in,wiltg out
and banking of blast furnace, role of burden chy@ind distribution in iron extraction, irregulég in Blast
furnace operation and their remedies. Blast furn@oeucts their quality control and disposal, co&e and
fuel efficiency of B.F. operations.

Modulelll (12 Hours)
Modern trends in Blast furnace practice-Productbrsuper flux sinter, pellets, super flux and cblohded
pellets. Auxiliary fuel injection in the blast fuece. High temp.blast, humidified and oxy generaiadt, high
top pressure, Desulphurization of hot metal. Cloahprocesses in Blast Furnace, Reactions in Tuyeath
and bosh zone. Reduction and coke gasificationctiRes in stack and exit gases. Thermodynamicsla$tB
furnace process requirement in Blast furnace, tepmpfile in the furnace. Free energy and equiliforiu
consideration in Blast furnace a brief discussiorblast furnace stoichiometry and enthalpy balance

Module IV (10 Hours)
Alternate route for iron making charcoal blast face, low shaft furnace and electro thermal prosest&on
making. Direct reduction processes, their classiion, choice of DR process. Introduction to Prdigunc of
Ferro-alloys. Production of various ferro-alloys-¥a, Fe-V, Fe-Cr etc. uses of ferro-alloys in irand steel
industry
Text Books:
1. Modern Iron Making - Dr. R.H. Tupkary

2. Principles of Blast Furnace iron making - Dr. A Ks®as



MM 15 036 -PHASE TRANSFORMATIONS
Modulel (12 Hours)
Classification of phase transformations. Thermodyioa and Kinetics: Introduction, Equilibrium, Gibbge

energy change with single component system, Theymedic parameters in binary system, Binary phase
diagrams, Free energy Vs Composition phase diagrams
Diffusion: Driving force for diffusion, atomic meehisms of diffusion, interstitial diffusion: steadyate
diffusion, Non-steady state diffusion, Solutions ttee diffusion equation substitutional diffusion,igH
diffusivity paths.
Modulell (8 Hours)
Crystal interfaces: Interfacial free energy, Boutekin single phase solids, Bond breaking mod&rphase
interfaces in solids: interface coherency, intadiaenergy effects, misfit strain effects.
Nucleation and growth: Homogeneous nucleation, fgemeous nucleation rate, Heterogeneous nucleation,
Heterogeneous nucleation rate, Growth of a puid,sol
Modulelll (15 Hours)
Diffusional transformations in solids: Overall tehormation kinetics: TTT diagrams, Precipitation age
hardening alloys, Particle coarsening, Spinodalodgiosition, Ferrite: nucleation and growth, Peiarlit
transformation: mechanism, nucleation and grow#inic transformation: mechanism, nucleation aralgh,
Effect of alloying elements on hardenability, CO&gtams, massive transformations, ordering transitions
Module 1V (5 Hours)
Diffusionless transformations: Martensitic transfations: characteristics, crystallography, theoriafs
Martensitic nucleation, martensite growth. Recoy&sgcrystallization and grain growth.
Text Books:
1. Phase transformations in metals and alloys by DnAdp, K.E.Easterling and Sharif, CRC press

2. Phase transformation in materials by Romesh C ShabBS publishers & Distributors



MM 15 008 - DEFORMATION THEORY OF METALS
Modulel (10 Hours)
Introduction: Scope of the subject, elastic, ptaatid visco-elastic deformation. Deformation bebaviensile

and compression testing, effect of temperature siradn rate Continuum mechanics: Concepts of stesls
strain in 3D stress and strain tensor, principatésses and strains and principal axes, mean sBBsSs
deviator, maximum shear, equilibrium of stressgaaéions of compatibility.

Modulell (10 Hours)
Elastic behavior of materials: Constitutive equasion elasticity for isotropic and anisotropic matks, strain
energy, elastic stiffness and compliance tenséecebdf crystal structure on elastic constantsstitiaesponse
of materials-a continuum approach: classificatibstoess-strain curves, yield criteria.

Modulelll (10 Hours)
Microscopic basis of plastic deformation: Elemeafsdislocation theory, movement of dislocation, séila
properties of dislocation, intersection of dislacat dislocation reactions in different crystalustiures, origin
and multiplication of dislocations. Plastic defotina of single crystals: Critical resolved shearess,
deformation by twinning, deformation band and kioénd, strain hardening of single crystal; stressrst
curves of fcc, bcec and hcp materials

Module IV (10 Hours)
Plastic deformation of polycrystalline materialsol® of grain boundaries in deformation, strengthgnby
grain boundaries, yield point phenomenon, stragirag strengthening by solutes, precipitates, ds&pds and
fibres. Deformation in non-metallic materials: sture and deformation of polymers, concept Supticéa
dislocations in inter metallics, and concept ofrgeaassociated with dislocations in ceramics.
Text Books:
1. Mechanical Metallurgy, 3rd Ed., McGraw Hill Book @pany, New Delhi, 1986 - G.E. Dieter
2. Mechanical Behavior of Materials, McGraw Hill Bo@ompany, New Delhi, 1990 - T.H. Courtney



MM 15 025 - MATERIALS TESTING
Modulel (10 Hours)
Engineering materials and their applications, mgsof materials: Types of testing systems, sigaifte of

measurement of properties and test conditionsypre&tion of test results, Tensile Testing: sigaifice of
measured parameters, necking, stress distribudiartility measurement,

Modulell (10 Hours)
Effect of gauge length, effect of strain rate aathperature on flow properties, Machine stiffnesseinsile
testing system, measuring instrument computerizafi@rsion Test: Mechanical properties in torsitmision
Vs tension test.

Modulelll (10 Hours)
Hardness Test: Rockwell, Brinell, Vickers and mibiardness, elastic and plastic behavior during rressl
testing, Special hardness tests: superficial, m&rd shoreFracture Mechanics: Introduction, Strain-Energy
Release Rate, Stress Intensity Factor, Fracturghimss and Design, KPlane-Strain Toughness Testing
Ductile, brittle fracture, Griffith theory, Ductil® brittle transition, Notch effect in fracture,

Module IV (10 Hours)
Fatigue Tests: Stress cycles, SN curve, effectress concentration, size and surface conditionfabgue,
Creep, Stress rupture tests, Creep curve and idysasy Non-destructive Testing: Visual, magnetic,
radiographic, ultrasonic, electromagnetic, penétiests, their applications in quality control andpection.
Text Books:
1. Mechanical Metallurgy George E. Dieter
2. Materials Testing by S. Bhargava



MM 15 007 - CORROSION AND DEGRADATION OF MATERIALS
Modulel (10 Hours)
Introduction, importance of corrosion study, corasas non equilibrium process, corrosion rate @sgons,

electrochemical principles of corrosion-cell anglogoncept of single electrode potential, referegleetrodes,
e.m.f. and galvanic series-their uses in corrostadies, polarization, passivity.

Modulell (10 Hours)
Different forms of corrosion-uniform attack, galvancrevice, pitting, intergranular, stress coromscracking -
their characteristic features, causes and remediakures. Principles of corrosion prevention-malteglection
control of environment including inhibitors

Modulelll (10 Hours)
Cathodic and anodic protection, coatings and desigisiderations. Corrosion testing methods. Intctida to
high temperature corrosion, Pilling- Bedworth rab&idation kinetics, oxide defect structures.

Module IV (10 Hours)
Considerations in high temperature alloy desigeyention of high temperature corrosion -use oftinga.
Hydrogen Damage-Sources, Types of damage, Mechargsid preventive methods, Liquid metal attack -
liquid metal embrittlement, preventive measures.
Text Books:
1. M. G. Fontana : Corrosion Engineering , 3rd editidic Graw Hill International, 1987.
2. U. K. Chatterjee, S. K. Bose and S. K. Roy: Envinental Degradation of Metals, Marcel Dekker, 2001

MM 15 009 ELECTROMETALLURGY AND CORROSION LABORATOR Y

Electro winning of Cu from acidified CuSO4 solution

Electro winning of Zn from SnSO4 solution.

Electro deposition of Cu on mild steel electrodeiracid bath.

Electro deposition of Cu on mild steel electrod®iran alkalinebath.

Deposition of Nickel on Cu plate by electro platavgd thickness determination of deposit by BNRekt
Determination of throwing power and throwing eféiocy of alkaline Cu plating solution.

Monitoring of corrosion rate of mild steel.
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Adonization of given Aluminium rods.



MM 15 039 - PROCESS METALLURGY LABORATORY

To study calcinations process using calcium carteooie.

To study carbothermic reduction of iron oxide ore

To carry out extraction of metals from oxide antpbide using hydrometallurgical route.
To study the chemical composition of alloy stetlhanium alloys using OES

To carry out purification of two compound usingtdiation technique.

To carryout electro refining of impure Cu.

Synthesis of alloy/composite through melting anstiog route.

To carry out solvent extraction of two compounds
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Synthesis of alloys/composite using powder metgjlupute.

MM 15 037 - PHASE TRANSFORMATIONS LABORATORY

1. Measurement of volume fraction, surface area infghase and single phase materials.
2. To study the Recovery, Recrystallization and Ggrowth behavior of given material
3. To study the phase transformation of Pb-Sn eutatiby using DSC
4. Draw the cooling curves of Pb-Sn alloy with theghet DTA
5. To study the Precipitation Hardening mechanismlialfoys
6. To study the microstructure and grain size of Alktgels
7. To study the microstructure, of the given cast samples
8. To study the surface hardening treatments likew&ing/Boronizing on steels.
MM 15 026 - MATERIALS TESTING LABORATORY
1. To learn the how to use Rockwell hardness testéuaderstand the effect on hardness values
2. To learn the how to use Vickers hardness testeuaddrstand the effect on hardness values
3. To study the principal of creep testing and detaanhe creep strength of the given sample
4. To study the principle of fatigue testing and regdito construct an S-N curve (stress level - nurabe
cycles to failure) of the test samples provided.
5. To determine the Impact strength of materials usihgrpy (I-noch and V-noch) test methods
6. Ericson Cupping Test
7. Friction and Wear test
8. Creep Testing of Materials
9. Fatigue Testing

10. Strain Ageing and Yield Point Phenomenon



SIXTH SEMESTER

MM 15 044 - STEEL MAKING

Modulel (10 Hours)
Introduction: Principles of steel making reactioN$z. Decarburisation, dephosphorisation, desuligation,
silicon and manganese reaction. Slag Theories: ddtde and lonic theories; Interpretation of the \abo
reactions in terms of ionic theory of slag, LD Ress: Design of converter & lance, Quality of rawtenals
charged, Operation of the converter and contrdladh and slag composition,Some characteristics &f. Iblow
Viz. Emulsion formation, lance height for dephosp$ation and decarbonisation

ModulelIl (10 Hours)
Recovery of waste heat, OBM/Q-BOP, Process, Cdnaad operation of the process, Mixed/Combined
blowing Processes, Oxygen top blowing with iners garging at bottom, Oxygen top blowing with inand
oxidizing gases at bottom, Oxygen top and bottoawhblg. Open Hearth Furnace: Its modification intwii
Hearth, Operational principle, Advantages. Eleciic Furnace: Advantages; Charging, Melting andied
practices for plain carbon and alloy steels, UsBRf in arc furnace and its effect on performance,

Modulelll (8 Hours)
Duplex processes of stainless steel making usin@® VAOD. Induction Furnace: Advantages, principle of
induction melting, Its use in steel industry. Defation of liquid steel: Requirements of deoxidisers
deoxidationpractice,Use of complex deoxidiserslulsions and their influence on quality of steellléd, Semi-
killed and Rimming steel

ModulelV (12 Hours)
Secondary refining of steel: Objectives, Principiedegassing, Different industrial processes sucbld, RH,
VAD, SD. LF, and ESR, Limitations and specific apations. Continuous Casting of Steel: Advantaggses
of machines, Mould lubrication and reciprocatiorevBlopments in technology with respect to prodifgtiv
guality and energy conservation, Near-net-shapengasStrip casting
Text Books:
1. Iron and steel making theory and practiced - Alan@hosh, Amit Chatterjee
2. Introduction to Modern Steel Making, Khanna Pul#ish Delhi - R.H. Tupkary



MM 15 022 - MATERIALS CHARACTERIZATION
Modulel (10 Hours)
Introduction to materials characterization & itspiontance, Fundamentals of Crystallography, levdls o

characterization (macro, meso and micro), Resalubepth of field/focus, aberrations (spherical,ochatic
and astigmatism) and its remedial measures. Opticabscopy (OM) — Microscope construction and viogk
reflected/transmitted light microscope, theoretiaad practical resolution of optical microscopemeucal
aperture, principle of image formation, , effectarapty magnification, Types of illumination - brigfield,
dark field, polarized light and phase contrast,ligppons of each type of illumination. Sample pegion for
optical microscopy, features of an image

Modulell (12 Hours)
Introduction to scanning electron microscope (SEM)rking and construction, advantages/disadvantages
compared to OM, types of electron gun and compatistween them. Electron - specimen interactioaging
modes (secondary and backscattered), effect of sget apertures, accelerating voltage on SEM image
Everhart-Thornley detector, Robinson detector.dbslate segmented detector, atomic number andagipel
contrast. Chemical analysis using SEM, EDS/WDS wgrlprinciple, construction, resolution of EDS/WDS
detector, advantages/disadvantages.

Modulelll (8 Hours)
X-ray diffraction: Generation of X-rays, characstic X-ray spectrum, Bragg's Law, Diffraction metkso
Laue method, rotating crystal method, powder metisbaictural factor, applications of X-ray difframt in
materials characterization: determination of crystiaicture, lattice parameter.

Module IV (10 Hours)
Thermal analysis techniques & its Importance, ppies and applications of differential thermal ased
(DTA), differential scanning calorimetry (DSC) atigtermogravimetric analysis (TGA). Brief idea of TEM
principle of operation, application. Introductitmadvanced microscopic techniques.
Text Books:
1. Elements of X-Ray Diffraction, B.D. Cullity, Pren& Hall (2001)
2. Electron Microscopy and Microanalysis, Goodhew, amys and Beanland, Taylor and Francis, New

York, 2001



MM 15 015 - HEAT TREATMENT
Modulel (10 Hours)
Objective and variables of heat treatments, Classibn of steels, Heat treatment of steel, Phasetormation

mechanisms, Fe-g€ , Fe-C phase diagrams, TTT, CCT diagrams, Mianogire evolution during austenite
decomposition, Microstructure evolution during ratieg, Strengthening mechanisms in steel.

Modulell (10 Hours)
Effects of Alloying Elements on Heat Treatment Fs®ing of Iron—Carbon Alloys, Effect of Alloying
Elements on Austenite Transformations, DefinitidrHardenability, Factors Influencing Depth of Handwey,
Determination of Hardenability, Grossmann’s Hardwelitsg Concept, Jominy End-Quench Hardenability fTes
Hardenability Bands, Application of Hardenabilityo@ept for Prediction of Hardness after Quenching,

Hardenability in Heat Treatment Practice

Modulelll (10 Hours)
Heat Treatment with Gaseous Atmospheres: CarbgriReactions with Hydrogen and with Oxygen, Nitngli
and Nitrocarburizing, Quenching: Metallurgical Tsérmation Behavior during Quenching, Quenching
Processes, Determination of Cooling Characteris@eenching as a Heat Transfer Problem, Procesables
Affecting Cooling Behavior and Heat Transfer: Disimn of Heat-Treated Components: Basic Distortion
Mechanisms, Residual Stresses, Distortion durirg Raench Processing

Module 1V (10 Hours)
Heat treatments of general engineering steelsn§pBearing steels, Tool steels, HSLA steel andddiag
steels, Dual phase steels and Stainless steelstridatiment cast irons, Heat Treatments of Norotesralloys :
Al-alloys, Brass, Bronze, and Ti-alloys, Supernglo
Text Books:
1. R.C. Sharma, Principle of Heat Treatment of Stdely Age Publishers
2. V. Singh, Heat Treatment of Metals, Standard Pbblis



MM 15 035 - NON-FERROUS EXTRACTIVE METALLURGY
Modulel (10 Hours)
General principles of extraction of metals fromd®es and sulphides; Mineral resources of non —dsrmetals

in India; their production, consumption and demafdiure of non — ferrous metal industries in India;
Thermodynamic considerations and process seleatigyro-metallurgical extraction of metals. Alunmim:
Bayer's process and factors affecting its operatidall — Heroult process: principle & practices,eusf
electrodes, anode effect; Refining of Aluminiumtekhative methods of Alumina and Aluminium prodaaoti
Modulell (12 Hours)
extraction of metals from Sulphide ores (Cu, Ni,dMa Zn) Copper, Roasting of sulphides Matte sntglt
Converting; Refining; by-products recovery; recetvelopments; Continues copper production procgsses
hydrometallurgy of copper.
Modulelll (8 Hours)
Extraction of metals from oxide ores (Sn, Mg), axtraction of metals through halide route (Ti amyl Z
Extraction of metals like ( U,Nb, etc). Refining/olving osidation, chemical transport reactiong)ezcefining,
distillation etc. lon exchange and solvent extratirocesses.
Module IV (10 Hours)
Electro winning and Electro refining of metals:
a) From aqueous salts (Cu, Ni, Au, and Ag)
b) From fused salts (Al and Mg)
Environmental pollution and its address relatedanous metal extraction processes in general.
Text Books:
1. Extraction of Non Ferrous Metals by H.S.Ray, R.Bai&K.P.Abraham, Affiliated EastWest Press, New
Delhi
2. Principles of Extractive Metallurgy, by T. RosengfuiMcGraw hill, 1974

MM 15 016 - HEAT TREATMENT LABORATORY

To study the microstructure, grain size and harsloéannealed steel

To study the microstructure, grain size and harsioésiormalized steel
To study the microstructure, grain size and harslioésardened steel
To study the microstructure, grain size and harsloésempered steel
To study the Hardenability of a given material (dmyrEnd Quench Test)
To study/draw the TTT diagram of a given material

To study/draw the TTT diagram of a given material
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To study the heat treatment cycles for Titanium Saper alloys



MM 15 023 - MATERIALS CHARACTERIZATION LABORATORY

Micro structural analysis of a given (Ferrous & Kemous) sample using Optical Microscope
Study of electron microscope (SEM &TEM)

Determination of interlamellar spacing of pearligthg SEM

Study of precipitation hardening of Al-Cu alloy ngiSEM

Compositional Analysis of an unknown sample usibXE

Determination of phase transformation temperatéiggv@n sample using DSC
Determination of melting temperature of a unknowetahusing DTA

Indexing of XRD Pattern of a given sample
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Determination of lattice parameter of a given sampl
10. Determination of crystallite size of a powdered plnusing XRD
11. Determination of lattice strain of a deformed saamding XRD

MM 15 024 - MATERIALS PROCESSING LABORATORY

To study the structure property correlation of reetdter cold rolling
To study the structure property correlation of risegdter hot rolling
Determination of tensile properties of differerdsses of materials
To determine the compressive strength of the gsaenples

To determine the coefficient of elasticity for givenaterials
Observation of dislocations by using the etchpgttiechnique
Effect of Work-Hardening on Tensile Properties cétisls

Study of nucleation and growth in eutectoid steel
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Carburization of Steel and Hardenability of steel

10. Effect of heat treatment on microstructure and raaaal properties of steels

MM 15 041 - POWDER METALLURGY LABORATORY

Determination of size and size distribution of nhe@wder
Determination of apparent and tap density

Determination of flow rate of powder

Compaction of metal powder and determination oégréensity

Sintering of metal powder and determination ofesied density
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Determination of surface area



SEVENTH SEMESTER

MM 15 040 - POWDER METALLURGY AND COMPOSITE MATERIA LS

Modulel (10 Hours)
Introduction to powder metallurgy, Metal and allmywder production, chemical, physical and mechéanica
methods of production, metal powder characteripatitroduction, chemical composition, particle sizerface
area, density , compressibility, strength .

Modulell (8 Hours)

Powder compaction, Sintering introduction, Introlie to Composites: Matrices, Reinforcements: ghlse,
carbon fibre, whiskers, Fundamental concept ohfoecement, review of current developments; Basic
mechanics of reinforcement, stiffness of paraltedys of fibers in a matrix,

Modulelll (12 Hours)
Polymer Matrix Composites (PMCs): processing ofrii@plastic and thermoset matrix composite, strattur
defect and mechanical properties, application .Mbtatrix Composites (MMCs):Aluminum alloy, copper
alloy, titanium alloys, solid state processing,situ processing, high temperature properties arnehgth,
applications .

ModulelV (10 Hours)
Ceramic Matrix Composites (CMCs):cold pressing asidtering, hot pressing, self propagating high
temperature synthesis, thermal shock resistangeefres, crack deflection and toughness. Nano ogitgs:
polymer clay nano composite, self healing andregtiforced composite, bio composite, hybrid comigosi
Text Books:
1 Powder metallurgy technology by G. S. Upadhyaya

2 Composite materials science and engineering byhawla



MM 15 028 - MECHANICAL WORKING OF METALLIC MATERIAL S
Modulel (10 Hours)
Fundamentals of Metal Working: Classification ofrfong processes; Temperature in Metal- working, Hot

working, Cold working and Warm working of metalsediing of metals and alloys for hot working, Foctiin
Metal working, Lubrication, concept of yield criter

Modulell (10 Hours)
Rolling of Metals: Classification of Rolled prodaciTypes of rolling mills, terminology used in iolj; Forces
and Geometrical relationships in rolling, Rollingriables, Theories of rolling, Rolling Torque and®H
calculations. Roll-pass Design: Fundamentals ofl-pads-design; Mill type, Layout and rolling praeti
adopted for some common products such as SlabspBloBillets, Plates, Sheets etc. Rolling defentktheir
control

Modulelll (10 Hours)
Forging of Metals: Forging principles, types ofdorg and equipments needed, calculation of fordoagl
under sticking and slipping friction conditions,rgimg defects and their control, Manufacture of veleels
and tyres. Extrusion: Types, Principles and EquipieVariables in extrusion, deformations in extas
calculation of extrusion pressure under plane rstrinditions; extrusion defects; production of sl@nd
seamless pipes.

Module IV (10 Hours)
Wire Drawing Drawing of Rods, Wires and Tubes, calculation @wing load; drawing defects. Sheet Metal
Forming Forming methods such as bending stretch formihgasng and blanking, deep drawing, and
redrawing. Defects in formed products, Special fagrmethods such as explosive forming (elementdens
excluding mathematical treatment)
Text Books:
1. G. W. Rowe, Principles of Industrial Metal Workipgpcesses, Crane Russak, 1977.
2. Amitabh Ghosh, Asok Kumar Mallick, Manufacturingesaces, East-west press private Itd; latest reprint

1991.



MM 15 004 - CASTING & SOLIDIFICATION OF MATERIALS
Modulel (10 Hours)
Introduction: Casting as a process of Manufacturidgulding Processes, Equipments and Mechanization:

Different types of Moulds, Moulding Materials andoMding processes, Pattern and other mould making
equipments, Different types of binders and the&sus mould and core makings
Module Il (10Hours)
Melting of Metals and Alloys for casting: Brief mi@n of various melting units, melting and postlting
treatments, melting practices as adopted for anfetals and alloys such as Cl, Al, Cu, steels, icass.
Modulelll (10Hours)
Solidification of Metals and Alloys: Nucleation, @vth, Role of alloy constitution, Thermal
conditions and inherent nucleation and growth cdimaé in the liquid melt, Time of solidification dn
Chrorinov’s rule, concept of directionality in ddification Significance and practical control ofstatructure
Principles of Gating and Risering: Feeding charsgttes of alloys, Types of Gates and Risers, rngatatio.
Module IV (10Hours)
Special casting Methods: Investment casting, D&timg, Centrifugal casting, Full mould casting, Wam
sealed casting. Casting Defects: A detailed aralylscasting defects Their causes and prescriptfisamedial
measures
Text Books:
1. P. R. Beeley, Foundry Technology, Newnes-Butibeths, 2001
2. P. D. Webster, Fundamentals of Foundry TechrylBgrtwillis press, Red hill, 1980.

MM 15 006 - COMPUTER APPLICATIONS IN METALLURGICAL ENGINEERING LABORATORY

Basics of numerical mathematics, Concept of physt@main and computational domain numerical,
Integration, Initial value problems, assumptionsd ahmitations in numerical solutions, simulation,
instrumentation and data acquisition systems.; fBovda circle using MATLAB; To solve a system ofdar
equations using MATLAB; To solve an ODE using MATBATo find out the standard deviation of a giveh se
of values using MATLAB; Curve fitting techniquesing regression and interpolation. Using MATLAB &t
linear curve for given set of data; To draw a sphesing MATLAB and extend the program to draw FG@ a
BCC crystal structures; To find out the lattice grmaeter from the XRD data of an element belongintheo
cubic system using MATLAB; To create your own desiging MATLAB codes.



EIGHTH SEMESTER

MM 15 010 - ENGINEERING MATERIALS

Modulel (10 Hours)
Introduction, Metals: the generic metals and alloyen-based, copper-based, nickel-based, alumibased
and titanium-based alloys. Metal structures thegeaaf metal structures that can be altered to dereint
properties: crystal and glass structure, structwfesolutions and compounds, grain and phase boasda
equilibrium shapes of grains and phases;

Modulell (10 Hours)
The light alloys where they score over steels, solution, age antt Wardening; thermal stabilityAlloy stedl,
solution strengthening, precipitation strengthenirgprrosion resistance, and austenitic (f.c.c.)elste
Introduction: Ceramics and glassabe generic ceramics and glasses: glasses, vitreetmmics, high-
technology ceramics,

Modulelll (10 Hours)
cements and concretes, natural ceramics (rockscafdceramic composites; Structure of ceramicstatine
ceramics; glassy ceramics; ceramic alloys; ceramicro-structures: pure, vitreous and composite; The
mechanical properties of ceramics high stiffnesslaardness; poor toughness and thermal shockaesestthe
excellent creep resistance of refractory ceramics.

Module IV (10 Hours)
Introduction: Polymers and compositeslymers the generic polymers: thermoplastics ntlosets, elastomers,
natural polymers; The structure of polymers giamtlaoules and their architecture; molecular packing:
amorphous orcrystalline?; Mechanical behaviour ofymers how the modulus and strength depend on
temperature and time;making giant molecules by rmpelysation; polymer “alloys”; Composites: fibrous,
particulate and foamed how adding fibres or pasidio polymers can improve their stiffness, stieraytd
toughness; why foams are good for absorbing energy.
Text Books:
1. Engineering Materials 1 by Michael F Ashby & Da®dH Jones
2. Engineering Materials 2 by Michael F Ashby & Da®dH Jones



MM 15 046 - SURFACE ENGINEERING
Modulel (10 Hours)
Introduction, Surface dependent engineering pragsertviz., Friction and wear, corrosion, fatiguéc.;e

common surface initiated engineering failures; naatdm of surface degradation; importance and nigess
surface engineering; classification and scope ofasa engineering in metals, ceramics, polymers and
composites, tailoring of surfaces of advanced nadger

Modulell (10 Hours)
Surface protection (Physical); surface modificat{@inemical) techniques: classification, principlegthods,
and technology. Conventional surface engineerinthaus: carburising, nitriding, cyaniding, diffusicnating,
hot dipping, galvanizing etc.

Modulelll (8 Hours)
Electrochemistry and electro-deposition; scope @pplication of conventional surface engineerindgitégues
in engineering materials; advantages and limitati@inconventional processes

ModulelV (12 Hours)
Recent trend in surface engineering: physical/chalvapor deposition; plasma spray coating; plasssisted
ion implantation. Surface modification by directedergy beams like ion, electron and laser beanmesggn
transfer, novelty of the directed energy beamsstssisurface modification techniques.
Text Books:
1. K. G. Budinski (Ed.): Surface Engineering for W&asistance, Prentice Hall, New Jersey 1988.
2. J. R. Davis (Ed.): Surface Engineering for Corrosemd Wear Resistance, ASM International, Materials

Park, Ohio, 2001.



MM 15 053 —“WELDING TECHNOLOGY
(Core Elective- )
Modulel (10 Hours)

Introduction: Principle, Theory and Classificatioihwelding and other joining processes. Types oftgptheory

of welding. Manual metal arc (MMA): Equipment remgment, electrodes for welding of structural steels
coating constituents and their functions, typesaaitings, current and voltage selection for elefsy

Modulell (10 Hours)
Arc welding power sources; Conventional weldingnsfarmers, rectifiers and current and voltage. The
influence of these power sources on welding, megaisfer. Submerged arc welding (SAW): Processildeta
consumables such as fluxes and wires for weldind steel, Variations in submerged arc welding pssc&as
metal arc welding (GMAW) or MIG/ MAG welding: Prose details, shielding gases, electrode wires, their
sizes, and welding current ranges.

Modulelll (10 Hours)
TIG welding: Process details, power sources reqerds, electrode sizes and materials, current iogrry
capacities of different electrodes, shielding gasgmplication of TIG welding process. Resistancéding:
General principle of heat generation in resistamekling, application of resistance welding proces§&rocess
details and working principle of spot, seam, andjgztion welding, electrode materials, shapesletteodes,
electrode cooling, selection of welding currentdfages.

ModulelV (10 Hours)
Welding metallurgy of carbon and alloy steels, Gasts, Stainless steels, Al- and Cu-based alldaldability
and Heat affected zones (HAZ). Welding defects @gigction techniques. Soldering and brazing: Defiiee
between both the processes, consumables used,daethbrazing, fluxes used, their purposes and iasidue
treatment.
Text Books:
1. J F Lancaster, Allen and Unwin, Metallurgy of Weldli
2. R L Little, Welding and Welding Technology, TMH.



MM 15 002 - ALTERNATIVE ROUTES OF IRON MAKING
(Core Elective- )
Modulel (10 Hours)
Introduction: Present and future of sponge ironustdes in India; Classification of DR processes;

Characteristics of raw materials and their prepamafrhermodynamics and Kinetics aspects.

Modulell (10 Hours)
Direct reduction processes : Reduction of Iron ingamaterials in shaft furnace, Rotary kiln Retartd
fluidized bed with special reference to reductamergy consumption and operational problems. Salien
features of coal- based (rotary kilns) DR procesSaBent features of gas-based DR processes.

Modulelll (10 Hours)
Commercially available processes like SL/IRN, ACCARp-CODIR, MIDREX, HyL, Purofer, Iron Carbide,
etc. Uses of DRI in steel making, iron making aodndries; effect of DRI on EAF performance and picid
characteristics.

Module IV (10 Hours)
Smelting Reduction Processes: COREX, ROMELT, Fhddi bed reactors, Hismelt etc. Strengths and
weaknesses of different DR processes particularigontext to India; Properties and usage of DRIluon
issues in the Indian DR industries. Present stftafternative methods of iron making in India.
Text Books:
1. Alternative Routes of Iron Making by Amit ChattezjePHI
2. Beyond the Blast Furnace by Amit Chatterjee



MM 15 043 - SINTERING THEORY AND PRACTICE
(Core Elective- )
Modulel (10 Hours)

Introduction to sintering over view, brief histotie sintering process, overview of sintering téghe, goals in

sintering, related problems
Modulell (12 Hours)
Fundamental of solid state sintering coarseningdamsification ,sintering stress, mass transfeages of
sintering rearrangement mechanism , coarseninglansification., sintering diagrams. Microstructarel
processing
Modulelll (8 Hours)
Liquid phase sintering over view, rearrangementiraasm, grain growth mechanism
Module IV (10 Hours)
Mixed power sintering novel sintering .sinteringnasphere, sintering practices, post sintering ®ce
overview
Text Books:
1. Sintering Theory and Practice Hardcover — Janu@ry1 996 - Randall M. German
2. Powder metallurgy technology by G. S. Upadhyaya



MM 15 017 - HYDRO AND ELECTRO METALLURGY
(Core Elective- )
Modulel (10 Hours)
Introduction Justification of Hydrometallurgical selection oflant processing, ERt diagrams Principles

underlying hydrometallurgical processes, variousnimercial hydrometallurgical processes. Criteria for
selection of solvents, Types of Solvents.

Module Il (10 Hours)
Thermodynamics & kinetics of hydrometallurgical pesses, Unit operations in hydrometallurgical psstey,
Thickness & filters, counter current decantatioppHAcations of hydrometallurgy to Copper, Zinc, &ogis
metals etc.

Modulelll (10 Hours)
Solvent Extraction & lon Exchange, Purification imads of leach solutions, Recovery of metal valuemf
solution, Precipitation methods Thermodynamics &eics of concentration.

Module 1V (10 Hours)
Electrolytic Recovery: Electrowining of methodsrfrdAg. Solutions Electro Refining, Fused Salt Elelyisis —
Extraction of Aluminumé& Magnesium from their oréddass balance calculations.
Text Books:
1. H. S. Ray, K. P. Abraham and R. Sridhar, ExtractibNonFerrous Metals, Affliated EastWest Press.
2. E. Jackson, Hydrometallurgical Processing & Reddiom, John Wicky & Sons.



MM 15 049 - THEORY OF ALLOYS
(Core Elective- 1)
Modulel (10 Hours)

Structure and physical properties of elements: ylidormation: primary solid solution, intermetallic

compounds, concept of atomic size factor, normkinge compounds, electron compounds in noble matals
transition metal systems, size compounds, borchlebjdes and silicides of metals:

Modulell (10 Hours)
Experimental methods for the study of alloying bebar of metals Aluminium alloys. Phase diagramBoys
and tempers. Alloy characteristics. Review of ge&tion hardening, oxidation, corrosion resistaace
fatigue. Titanium alloys. Pure Ti. Alloying Ti. Sgéc alloys: a, a + 3, andp. Superplasticity.

Module Il (10 Hours)
Magnesium alloys. Mg alloys. Heat treatment of Migys. Nickel alloys: overview and superalloys -iise,
Fe-base and Co-base superalloys and their propertie

ModulelV (10 Hours)
Steels. Review of plain C, alloy steels and cashdr Commercial steels: high-strength, lowalloy (AR
bainitic, dual-phase, transformation induced p&tst( TRIP), TWIP Steels, IF steels and Stainkss®ls.
Text Books:
1. The structure of metal and alloys - William HuRethery
2. Physical metallurgy Principles - Reza Abbasclaiad Robert E.Reed Hill



MM 15 033 - MODELING OF MATERIALS PROCESSES
(Core Elective- 1)
Modulel (10 Hours)
Solution of linear, non-linear algebraic equationsdinary differential equations and related matgjical

problems, transport phenomena based Modeling
Modulell (10 Hours)
Model formulation based on heat, mass and mometramsfer, governing equations and boundary conwitio
Modulelll (10 Hours)
Numerical solution of differential equations, preseaelated numerical problems. Stress Analysis.ostEwpic
Modeling: CA based modeling, Monte Carlo Simulatiapplication to metallurgical processes.
Module IV (10 Hours)
Classical Molecular Dynamics Modeling and its apgions in materials, Optimization and control, réants
of modern artificial intelligence (Al) related tegues. Introduction to Genetic Algorithm and Aidi&l Neural
Networks
Text Books:
1. Handbook of Materials Modeling, Springer, 2005 Y& (Ed)
2. Numerical Methods for Engineers, New Age InternaiqP) Limited, New Delhi, 1998 - Santosh K. Gupta



MM 15 012 - FAILURE ANALYSIS
(Core Elective- 1)
Modulel (10 Hours)
Causes & Sources of Failures, Methodology, Fraejayy: ductile versus brittle, Fractography: FatigDesep,

Stress Calculations, Fatigue Design Fractograptsrload Calculations. Case studies related thig top
Modulell (10 Hours)
Fracture Toughness, Creep, Wear, Rolling Contatijlr@® Advanced Fractography, Case studies reldied
topic.
Modulelll (10 Hours)
Non Destructive Evaluation (NDE) Metallography,roduction to Corrosion, Forms of Corrosion, Galeani
Pitting, crevice corrosion etc. Polymer Failuresadacs and Glass Liquid Metal Embrittlement, Caselies
related this topic.
Module 1V (10 Hours)
Failures releted to Casting, Welding, Metal workirfeasteners (screws bolts, rivets), Shafts and Sear
Sequencing, Case studies related this topic.
Text Books:
1. ASM Handbook, Vol. 11, Failure Analysis and Prevem{' edited by R.J. Shipley and W.T. Becker,
2. Mechanical Metallurgy, 3rd Ed., McGraw Hill Book @pany, New Delhi, 1986 - G.E. Dieter



MM 003 - BIOMATERIALS
(Core Elective- 1)
Modulel (10 Hours)
Introduction: Biomaterials, bio-inert, bioactivesoperty requirement of biomaterials. Biocompattlgilitissue

response to biomaterials; corrosion. Assessmebinoobmpatibility of biomaterials: in vitro and invwo testing
of biomaterials.
Modulell (10 Hours)
Metallic materials in medical application: Stairdesteel, cobalt based alloys, titanium based alfmuding
shape memory alloys).
Modulelll (10 Hours)
Ceramics and polymer based implant material. Pebog®nd properties of different bio-ceramics mater
Module IV (10 Hours)
Surface modification of implant material, mechahida@hysical, chemical and high energy based surface
modification. Design concept of developing new miats for bio-implant application.
Text Books:
1. J.B. ParkandJ. D. Boonzino, Biomaterials: Prind@ad Application, CRC Press, 2002.

2. R E Smallman, A. H. W., Butterworth-Heinemann, RtgsMetallurgy and Advanced Materials, Seventh
Edition, 2007, ISBN: 0750669063.



MM 15 001 -ADVANCED MATERIALS
(Open Elective)
Modulel (10 Hours)
Nanostructures, Nanomaterials, Nanocompositesn8ierials: Metallic biomaterials like 316L stairdesteel,
Co-Cr Alloys, Titanium Ti6AI4V,.

Modulell (10 Hours)
Ceramic biomaterials like Alumina, Zirconia, Carbldgdroxy-apatite, Polymeric biomaterials like Ultnggh
molecular weight polyethylene, Polyurethane Smaatévials: Piezoelectric materials, Shape memorysll
and shape memory polymers.
Modulelll (10 Hours)
High Performance Alloys: Nickel super alloys, Tiogk, Al-Li alloys, Hastelloy, Inconel, Monel, Ndnic,
Cobalt based alloys and commercially available mickel alloys. Functional and Engineering Ceramics
diverse applications as cutting tools, fuel cells.
ModulelV (10 Hours)
Hybrid Materials: Design, Synthesis and Propernbiebybrid materials created by blending disparastemals
such as plastics with metals. Processing of AdvédnBaterials: Superplastic, spray forming, rapid
solidification. Materials selection and design.
Text Books:
1. Mark J. Hampden-Smith Wiley-VCH, Chemistry of Adeaxd Materials: An Overview Leonard V.
Interrante, I edition (1997) ISBN-10: 0471185906 ISBN-13: 9780485901
2. R E Smallman, A. H. W., Butterworth-Heinemann, RtgisMetallurgy and Advanced Materials, Seventh
Edition, 2007, ISBN: 0750669063



MM 15 018 - INTRODUCTION TO NANO SCIENCE AND NANO T ECHNOLOGY
(Open Elective)
Modulel (12 Hours)
Introduction to nano science and nanotechnologjin@ien, Background and Development of nanotecbgyl

Basic ideas about Atoms, Molecules and structurgthe scale and properties of matter. Techniques for
Synthesis and preparation of Nanostructured méter@oncept of bottom up and top down approach of
nanotechnologies: nanolithography, mask and resisinology, electron beam lithography, dip pentttaphy,
mechanical milling,, Selassembly, Sol — Gel method, Chemical Vapor depos{{CVD)/PECVD etc.

Modulell (12 Hours)
Measurement and Characterization of Nanocrystalifaerials: Sructure (Atomic structure, Particles size
determination, surface structure), Microscopy saanmprobe microscopy, principle of working of ST\ica
AFM, Electron microscopy, resolution vs. magnifioatissue, SEM, Field lon, high resolution TEM.

Modulelll (8 Hours)
Carbon nanostructure: Introduction to Carbon MdlesuCarbon Clusters (C60, Bucky ball), Carbon Nabe
—Type of Carbon Nanotube, Formation of Carbon Nalm®tand properties and Application of Carbon
Nanotube.

Module 1V (8 Hours)
Cutting age areas of application of nanotechnolasigfe of art of the nano technology, current am@fas
research, scope and opportunity of the technolegiyie special topics on application of nanomaterials
Text Books:
1. Introduction to Nanotechnology. Charles P Pool.nkrd Owens, JhonWiely and Son Publication, New

Jersey, 2003
2. Introduction to Nanoscience and NanotechnologyK@hattopadhyay and A. N Banerajee, PHI, Learning
Privet Limited, New Dehli, 2010



MM 15 048 - THERMO-MECHANICAL PROCESSING OF MATERIA LS
(Open Elective)
Modulel (10 Hours)
General introduction, Microstructure and PropertiBsasticity, Work hardening Mechanisms and theorie

Softening mechanisms, Alternative deformation matdmas,
Modulell (10 Hours)
Phase transformations during thermo-mechanicalgssiog, Textural developments during thermo-medadni
processing, Residual stress modeling of texturenaigtbstructural evolution
Modulelll (10 Hours)
Forming Techniques, Defects in TMP, Physical Sirtiohaof Properties
Module IV (10 Hours)
Case studies: Thermo mechanical processing of, stiegninum, magnesium, titanium and other advanced
alloy systems, recent trends in thermo mechanicalgssing, new Technologies
Text Books:
1. Recrystallization and related phenomena - F.J. Hharys and M. Hatherly
2. Thermo-mechanical Processing of Metallic Materidbert Verlinden, Julian Driver, Indradev Samajdar,
Roger D. Doherty



MM 15 054 - X-RAY DIFFRACTION
(Open Elective)
Modulel (10 Hours)

Introduction to crystallography, Symmetry - poinmogp and space group,-pdy diffraction and analysis:

Production and properties of-pays, Xray diffraction, Structure factor and intensity adations. Continuous
and characteristics spectrum, absorption. Filtel éetectors, Bragg's law, scattering by atom, ebectunit
cell, and structure factor calculation.

Modulell (10 Hours)
Diffraction Methods: Laue’s method, rotating cryst@ebye scherrer — Specimen preparation, film ilogd
powder method, Determination of crystal structudetermination of precision lattice parameter, sesirof
error in measurements. Determination of particle,sgrain size, residual stresses, determinatiophase
diagrams, ordedisorder transformation, texture, importance oftuex, measurement of texture, pole figures
(stereographic projections), orientation distribatfunction, sample symmetry.

Modulelll (10 Hours)
Electron optical methods —I: Scanning electron oscopy and X-ray microanalysis including electroobe
microanalysis, electron optics, electron beam spegiinteraction, image formation in the SEM. X-spgctral
measurements: WDS and EDS, quantitative X-ray aisly

Module 1V (10 Hours)
Electron optical methods —II: Analytical transm@sielectron microscopy: Electron diffraction, reoigal
lattice, analysis of SAD patterns; different eleatrdiffraction techniques, atomic resolution micasy,
analytical devices with TEM, field ion microsco@mnd scanning tunneling microscopy, advanced tedesiq
Text Books:
1. Elements of X-Ray Diffraction by B. D. Cullity, Aslon-Wesley.
2. Materials Characterization, Metals Handbook, V@l. ASM



MM 15 011 - FABRICATION OF MATERIALS
(Open Elective)
Modulel (10 Hours)
Foundry : Introduction to patterns and foundry gss; Sand binders and different additives, Sarithgeand

melting furnaces for ferrous and non-ferrous mewlsh as cupola, Induction furnace, Arc furnace &
Resistance furnace. Solidification of castings,

Modulell (10 Hours)
Continuous casting process: Precision investmestingg centrifugal casting, Die casting, Castindedts.
Shell mould casting, squeeze, casting, slushcaskig casting, Casting defects. Principles of Gatand
Risering: Feeding characteristics of alloys, Type&ates and Risers.

Modulelll (10 Hours)
Welding and cutting: Introduction to gas weldingitmg, Arc welding and equipment’s. TIG (GTAW) and
submegged ane welding, Electroslag welding MIG (GMAwelding, resistance welding and thermit welding.
Weldability, Newer Welding methods like plasma Ataser Beam, Electron Beam, Ultrasonic, Explosiné a
friction welding. Brazing and soldering, weldingfelets. Destructive and non-destructive testingastiogs and
weldings, Dafects in welded joints.

Module IV (10 Hours)
Brief introduction to powder metallurgy processédastic deformation of metals: Variables in métaiming
and their optimization. Dependence of stress stdi@gram on Strain rate and temperature. Hot and co
working of metals.; Rolling: Pressure and Forcelling, types of rolling mills, Rolling defects.
Text Books:
1. P.D. Webster, Fundamentals of Foundry TechnolBgytwillis press, Red hill, 1980.
2. Kalpakjian, S., & Schmid, S. R. 2008. Manufacturipgocesses for engineering materials: Pearson

Education.



MM 15 045 - STEEL TECHNOLOGY
(Open Elective)
Modulel (8 Hours)
Introduction to steel: classification of steels oview:, carbon steels , alloy steel, effect obgithg elements on

steel properties , difference between steel andimas steel vs other non ferrous alloys , impetrtapplication
in automotive , construction and power sectoreengfthening mechanism in steels , phases in sieetsview
Modulell (12 Hours)
Steel making practice over view: history of stewlking practices ,general layout of steel makirenplLd,
electric arc , bop ,obm , hybrid process , Slagidiy and fluidity, refractory linings , and seaary steel
making process like steel degassing , and steahiclg .deoxidation practice , inclusions in steel .
Modulelll (8 Hours)
Advance casting process over view: Thin slab cgstimear net shape casting continuous casting vs
conventional casting , heat treatment over vieatnmalising, annealing, hardening , tempering ,
Module IV (12 Hours)
Destructive testing over view like tensile testaigdy impact test, fatigue test , creep test, wesir .t problems
face by steel industries , further developmentstael industries ,surface treatment over view, exiragl
galvanisation ,aluminising.
Text Books:
1. Iron and steel making theory and practice book hindra Gosh and Amit Chatterjee
2. Physical Metallurgy Principles by Reza Abbaschhara Abbaschain, RoberE. Red Hill



CE 15 066 - NUMERICAL METHODS IN ENGINEERING
(Open Elective)
Module 1 (10 Hours)
Introduction to digital computers and programmimg-averview, Errors-polynomial approximation

Jinterpolation: finite differences, Newton’s fornaulor interpolation ,central difference interpabetiformulae,
interpolation with unevenly spaced points, dividéitference and their properties, inverse interpotat and
double interpolation Numerical differentiation: @s in numerical differentiation, differentiationrmula with
function values. Numerical integration: Trapezoidae, Simpson’s 1/3rd & 3/8th rule, Romberg intgmn,
newton cote’s integration formula, Euler-macladarmula, Gaussian integration, numerical doublegnation
Modulell (10 Hours)
Solution of linear system - Gaussian eliminatiord &aauss-Jordan methods , necessity for pivoting, LU
decomposition methods , Jacobi and Gauss-Seidakite methods sufficient conditions for convergenc
Power method to find the dominant Eigen value agd@revector Diagonal dominance, condition numbeér, i
conditioned matrices, singularity and singular eallecomposition. Banded matrices, storage scheores f
banded matrices, skyline solver. Solution of nadinequation - Bisection method - Secant methodguR
falsi method - Newton- Raphson method
Modulelll (10 Hours)
Approximate solution technique, static condensatiayleigh-Ritz method, subspace iteration, Appiacaof
finite difference method, solution of equilibriunguations in dynamics, direct method, central défee
method, Houbolts method, Wilsémmethod, Newmarks method
Module IV (10 Hours)
Numerical Solution of Ordinary Differential Equat® Euler's method - Euler's modified method ,Tiéglo
method and Runge-Kutta method for simultaneous temsaand 2nd order equations - Multistep methods -
Milne's and Adams' methods
Text Book
1. Numerical methods for Scientists and Engineers by.Main, S.R. lyengar & R.K. Jain, Wiley Eastetd.L
2. Numerical methods in engineering and science, Aré&., Khanna Publishers, Delhi.
Reference Books
1. Mathematical Numerical Analyis By S.C. Scarborougkford and IBH Publishing Company.
2. Introductory methods in Numerical Analysis by SS&stry, Prentice Hall of India.
3. Theory and problems in Numerical Methods by T. de@n and T. Ramachandran, Tata McGraw-Hill
Publishing Company, New Delhi-2004.



CE 15068 - FINITE ELEMENT METHOD
(Open Elective)
Modulel (7 Hours)

Introduction : The Continuum, Equations of Equilibrium, Bound&@gnditions, Strain displacement relations,

Stress strain Relations, Plane stress and plareenStroblems, Different methods of structural asaly
including numerical methods. Basics of finite elamenethod (FEM), different steps involved in FEM,
Different approaches of FEM, Direct method, Enesiggroach, Weighted residual Method.

Modulell (17 Hours)
One and Two Dimensional ProblemsDetail formulation including shape functions.ess strain relations,
strain displacement relations and derivation offr&gss matrices using energy approach, Assembling o
element matrices, application of displacement bamaonditions, Numerical solution of one dimension
problems using bar, truss, beam elements and framesvation of shape function using Lagrange’s
interpolation, Pascal’s triangle, Convergence gdte Finite Element modeling of two dimensionablglems
using Constant strain Triangle(CST ) elements,sStegrain relations for isotropic and orthotropiatemials,
Four nodded rectangular elements, axisymmetridsalubjected to axisymmetric loading.
Isoparametric Elements: Natural coordinates, isoparametric elements, fooden eight node elements.
Numerical integration, order of integration.

Modulelll (8 Hours)
Plate Bending: Bending of plates, rectangular elements, triangel@ments and quadrilateral elements,
Concept of 3D modeling.

Module IV (8 Hours)
Dynamic Considerations: General Equation of motion, Lagrange’s approachssmaatrix, lumped and
consistent mass matrices, Evaluation of eigenvahaeeigenvectors, stability problems.
Text Book
1. R. D. Cook., Concepts and Applications of Finitergént Analysis, Wiley
2. C. S. Krishnamoorthy, Finite Element analysis-Tlyemord Programming, Tata Mc Hill
Reference
1. Logan, D. L., A First Course in the Finite Eleméfgthod, PWS Publishing, Boston
2. O. C Zienkiewicz .and R. L. Taylor, Finite Elemémé¢thod, Mc Graw Hill



EE — 15 031 MODELLING & SIMULATION
(Open Elective)
Module-l (10 Hours)
System: concept, environment, stochastic activiteatinuous and discrete time systems, system lngdend

types of system models, Cobweb model, Distributegl tnodel. Subsystems, corporate models and their
segments, type of system studies, analysis, desidmpostulation.

Module-11 (10 Hours)
Continuous system simulation: system models, diffgal equations, analog methods, CSMP, feedbadk an
interactive simulation, real time simulation. Systdynamics: Exponential growth and decay modelgistm
curves, system dynamic diagram, multi-segment nsodéhe delays, feedback in socio-economic system,
world models.

Module-111 (10 Hours)
Random number generators and output data analyse $ingle system, statistical techniques for canmg
attentive systems, Variable reduction techniqueb&bility concepts in simulation, Queuing systemiyal of
patterns, exponential, erlang and hyper exponedigéiibutions, service time, queuing disciplinesasures of
gueues, mathematical solutions.

Module-1V (10 Hours)
Discrete system simulation: discrete events, rgotasion of time, generation of arrival patternsawdation
programming tasks, gathering statistics, counterd aummary of statistics, measuring utilization and
occupancy, recording distributions and transit §m8ond graphs for simple electrical and mechanical
engineering systems modeling and simulation of éwtic, thermal and manufacturing systems.
Text Book
1. A.M.Law and W.D.Kelton, “Simulation Modeling and Alysis”, TMH Publishers.
Reference Books
1. G. Gordon, “System Simulation”, PHI Publishers
2. A. Mukherjee and R Karmakar, “Modeling and Siatidn of Engineering Systems through Bond Graphs”,

Narosa Publishing House, CRC Press



PE 15-015: MANUFACTURING AND DESIGN OF COMPOSITE
(Open Elective)
Modulel (10 Hours)
Introduction to composite materials, Matrix materf@einforcement and interfaces, ClassificationlyRer

Matrix Composites, Metal Matrix Composites, CeramMatrix Composites, relative merits and demerits,
applications. Hybrid Composites, Nanocompositegp@rties and performance of composites, Application
Modulell (10 Hours)
Matrix resins-thermoplastics and thermosetting imagsins, Coupling agents-surface treatment ¢éril and
fibres. Reinforcing fibres- Natural fibres (cellsk jute, coir etc), boron, carbon, ceramic glasamids,
polyethylene (UHMWPE), polybenz - thiazoles etcartRulate fillers-importance of particle shape sire,
Critical fibre length.
Modulelll (10 Hours)
Fabrication techniques: Pultrusion, filament wirgliprepreg technology, injection and compressionldiog,
bag moulding, resin transfer moulding, reactioedtipn moulding.
Module IV (10 Hours)
Macromechanical Behaviour: Stress strain relati@fisanisotropic materials-Engineering constants for
orthotropic and isotropic materials-Plano stressddn-Stress-strain relations for a lamina of itaaoy
orientation-strength of an orthotropic lamina. Micrechanics of Composites: Mechanical propertiesymal
properties, Mechanics of load transfer from matitiber, anisotropic behavior, Fatigue and creep.
Text Books:
1. K.K.Chawla, Composite Materials — Science & Engiimee Springer-Verlag, New York, 1987.
2. R.M.Jones — Mechanics of composite Materials, MeviGHill Book Co.,
3. Fibre-Reinfored composites-Materials, Manufacturamgl Design. P.K.Mallick Marcel Dekken, Inc. New
York & Basel.
Reference Books:
1. F.L.Matthews and R.D.Rawlings, Composite Materidsigineering and Science, Chapman & Hall,
London, 1994.



