NATIONAL INSTITUTE OF ADVANCED MANUFACTURING
TECHNOLOGY, RANCHI

Svllabi for Written Test

Subject: Mathematical Sciences

Analysis: Elementary set theory, finite, countable and uncountable sets, Real
number system as a complete ordered field, Archimedean property, supremum,
infimum. Sequences and series, convergence, limsup, liminf. Bolzano
Weierstrass theorem, Heine Borel theorem. Continuity, uniform continuity,
differentiability, mean value theorem. Sequences and series of functions,
uniform convergence. Riemann sums and Riemann integral, Improper Integrals.
Monotonic functions, types of discontinuity, functions of bounded variation,
Lebesgue measure, Lebesgue integral. Functions of several variables,
directional derivative, partial derivative, derivative as a linear
transformation. Metric spaces, compactness, connectedness. Normed Linear
Spaces. Spaces of Continuous functions as examples.

Linear Algebra: Vector spaces, subspaces, linear dependence, basis,
dimension, algebra of linear transformations. Algebra of matrices, rank and
determinant of matrices, linear equations. Eigenvalues and eigenvectors,
Cayley-Hamilton theorem. Matrix representation of linear transformations.
Change of basis, canonical forms, diagonal forms, triangular forms, Jordan
forms. Inner product spaces, orthonormal basis. Quadratic forms, reduction
and classification of quadratic forms.

Complex Analysis: Algebra of complex numbers, the complex plane, polynomials,
Power series, transcendental functions such as exponential, trigonometric
and hyperbolic functions. Analytic functions, Cauchy-Riemann equations.
Contour integral, Cauchy’s theorem, Cauchy’s integral formula, Liouville’s
theorem, Maximum modulus principle, Schwarz lemma, Open mapping theorem.
Taylor series, Laurent series, calculus of residues. Conformal mappings,
Mobius transformations.

Algebra: Permutations, combinations, pigeon-hole principle, inclusion-
exclusion ©principle, derangements. Fundamental theorem of arithmetic,
divisibility in Z, congruences, Chinese Remainder Theorem, Euler’s -
function, primitive roots. Groups, subgroups, normal subgroups, quotient
groups, homomorphisms, cyclic groups, permutation groups, Cayley’s theorem,
class equations, Sylow theorems. Rings, ideals, prime and maximal ideals,
quotient rings, unique factorization domain, principal ideal domain,
Euclidean domain. Polynomial rings and irreducibility criteria. Fields,
finite fields, field extensions.

Ordinary Differential Equations (ODEs): Existence and Uniqueness of solutions
of initial value problems for first order ordinary differential equations,
singular solutions of first order ODEs, system of first order ODEs. General
theory of homogenous and non-homogeneous linear ODEs, variation of
parameters, Sturm-Liouville boundary value problem, Green’s function.

Partial Differential Equations (PDEs): Lagrange and Charpit methods for
solving first order PDEs, Cauchy problem for first order PDEs. Classification
of second order PDEs, General solution of higher order PDEs with constant



coefficients, Method of separation of variables for Laplace, Heat and Wave
equations.

Numerical Analysis: Numerical solutions of algebraic equations, Method of
iteration and Newton-Raphson method, Rate of convergence, Solution of systems
of linear algebraic equations using Gauss elimination and Gauss-Seidel
methods, Finite differences, Lagrange, Hermite and spline interpolation,
Numerical differentiation and integration, Numerical solutions of ODEs using
Picard, Euler, modified Euler and Runge-Kutta methods.

Calculus of Variations: Variation of a functional, Euler-Lagrange equation,
Necessary and sufficient conditions for extrema. Variational methods for
boundary value problems in ordinary and partial differential equations.

Linear Integral Equations: Linear integral equation of the first and second
kind of Fredholm and Volterra type, Solutions with separable kernels.
Characteristic numbers and eigenfunctions, resolvent kernel.

Classical Mechanics: Generalized coordinates, Lagrange’s equations,
Hamilton’s canonical equations, Hamilton’s principle and principle of least
action, Two-dimensional motion of rigid bodies, Euler’s dynamical equations
for the motion of a rigid body about an axis, theory of small oscillations.

Statistics: Descriptive statistics, exploratory data analysis. Sample space,
discrete probability, independent events, Bayes theorem. Random variables

and distribution functions (univariate and multivariate); expectation and
moments. Independent random variables, marginal and conditional
distributions. Characteristic functions. Probability inequalities

(Tchebyshef, Markov, Jensen). Modes of convergence, weak and strong laws of
large numbers, Central Limit theorems (i.i.d. case).

Markov chains with finite and countable state space, classification of
states, limiting behaviour of n-step transition probabilities, stationary
distribution.

Standard discrete and continuous univariate distributions. Sampling
distributions. Standard errors and asymptotic distributions, distribution of
order statistics and range.

Methods of estimation. Properties of estimators. Confidence intervals. Tests
of hypotheses: most powerful and uniformly most powerful tests, Likelihood
ratio tests. Analysis of discrete data and chi-square test of goodness of
fit. Large sample tests.

Simple nonparametric tests for one and two sample problems, rank correlation
and test for independence. Elementary Bayesian inference.

Gauss-Markov models, estimability of parameters, Best linear unbiased
estimators, tests for linear hypotheses and confidence intervals. Analysis
of variance and covariance. Fixed, random and mixed effects models. Simple
and multiple linear regression. Elementary regression diagnostics. Logistic
regression.

Multivariate normal distribution, Wishart distribution and their
properties. Distribution of quadratic forms. Inference for parameters,
partial and multiple correlation coefficients and related tests. Data
reduction techniques: Principal component analysis, Discriminant analysis,
Cluster analysis, Canonical correlation.

Simple random sampling, stratified sampling and systematic sampling.
Probability proportional to size sampling. Ratio and regression methods.
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Completely randomized, randomized Dblocks and Latin-square designs.
Connected, complete and orthogonal Dblock designs, BIBD. 2K factorial
experiments: confounding and construction.

Series and parallel systems, hazard function and failure rates, censoring
and life testing.

Linear programming problem. Simplex methods, duality. Elementary queuing and
inventory models. Steady-state solutions of Markovian queuing models: M/M/1,
M/M/1 with limited waiting space, M/M/C, M/M/C with limited waiting space,
M/G/1.



Subject: Mechanical and Manufacturing Engineering

Analytical Aptitude: Deduction and induction, Analogy, Numerical relations,
and Reasoning

Quantitative Aptitude: Data interpretation, data graphs (bar graphs, pie
charts, and other graphs representing data), 2-and 3-dimensional plots, maps,
and tables. Numerical computation and estimation: ratios, percentages,
powers, exponents and logarithms, permutations and combinations, and series
Mensuration and geometry Elementary statistics and probability.

Spatial Aptitude: Transformation of shapes, translation, rotation, scaling,
mirroring, assembling, and grouping Paperfolding, cutting, and patterns in

2 and 3 dimensions.

Design

Mechanics of Materials: Stress and strain, elastic constants, Poisson's
ratio; Mohr’s circle for plane stress and plane strain; thin cylinders; shear
force and bending moment diagrams; bending and shear stresses; concept of
shear centre; deflection of beams; torsion of circular shafts; Euler’s theory
of columns; energy methods; thermal stresses; strain gauges and rosettes;
testing of materials with universal testing machine; testing of hardness and
impact strength.

Engineering Mechanics: Free-body diagrams and equilibrium; friction and its
applications including rolling friction, belt-pulley, Dbrakes, clutches,
screw jack, wedge, vehicles, etc.; trusses and frames; virtual work;
kinematics and dynamics of rigid bodies in plane motion; impulse and momentum
(linear and angular) and energy formulations; Lagrange’s equation.

Theory of Machines - Displacement, velocity and acceleration analysis of
plane mechanisms; dynamic analysis of linkages; cams; gears and gear trains;
flywheels and governors; balancing of reciprocating and rotating masses;
gyroscope.

Machine Design: Design for static and dynamic loading; failure theories;
fatigue strength and the SN diagram; principles of the design of machine
elements such as bolted, riveted and welded joints; shafts, gears, rolling
and sliding contact bearings, brakes and clutches, springs.

Vibrations: Free and forced vibration of single degree of freedom systems,
effect of damping; vibration isolation; resonance; critical speeds of shafts.

Fluid Mechanics and Thermal

Heat-Transfer: Modes of heat transfer; one-dimensional heat conduction,
resistance concept and electrical analogy, heat transfer through fins;
unsteady heat conduction, lumped parameter system, Heisler's charts; thermal

boundary layer, dimensionless parameters in free and forced convective heat



transfer, heat transfer correlations for flow over flat plates and through
pipes, the effect of turbulence; heat exchanger performance, LMTD and NTU
methods; radiative heat transfer, Stefan Boltzmann law, Wien's displacement
law, black and grey surfaces, view factors, radiation network analysis.
Fluid Mechanics: Fluid properties; fluid statics, forces on submerged bodies,
stability of floating bodies; control-volume analysis of mass, momentum and
energy; fluid acceleration; differential equations of continuity and
momentum; Bernoulli’s equation; dimensional analysis; viscous flow of
incompressible fluids, Dboundary layer, elementary turbulent flow, flow
through pipes, head losses 1in pipes, bends and fittings; basics of
compressible fluid flow.

Applications-Power Engineering: Air and gas compressors; vapour and gas power
cycles, concepts of regeneration and reheat. I.C. Engines: Air-standard Otto,
Diesel and dual cycles. Refrigeration and air-conditioning: Vapour and gas
refrigeration and heat pump cycles; properties of moist air, psychrometric
chart, basic psychrometric processes. Turbomachinery: Impulse and reaction
principles; velocity diagrams, Pelton-wheel, Francis and Kaplan turbines;
steam and gas turbines.

Thermodynamics: Thermodynamic systems and processes; properties of pure
substances, behaviour of ideal and real gases; zeroth and first laws of
thermodynamics, calculation of work and heat in various processes; second
law of thermodynamics; thermodynamic property charts and tables,

availability, and irreversibility; thermodynamic relations.

Manufacturing & Industrial Engineering

Casting, Forming and Joining Processes - Different types of castings, design
of patterns, moulds and cores; solidification and cooling; riser and gating
design. Plastic deformation and yield criteria; fundamentals of hot and cold
working processes; load estimation for bulk (forging, rolling, extrusion,
drawing) and sheet (shearing, deep drawing, Dbending) metal forming
processes; principles of powder metallurgy. Principles of welding, brazing,
soldering and adhesive bonding.

Engineering Materials - Structure and properties of engineering materials,
heat treatment,

Machining & Machine Tool Operations -Mechanics of machining; basic machine
tools; single and multi-point cutting tools, tool geometry and materials,
tool life and wear; economics of machining; principles of non-traditional
machining processes; principles of work holding, jigs and fixtures; NC/CNC
machines and CNC programming.

Computer Integrated Manufacturing - Concepts of CAD/CAM and their

integration tools, Additive manufacturing



Metrology and Inspection - Limits, fits and tolerances; linear and angular
measurements; comparators; interferometry; form and finish measurement;
alignment and testing methods; tolerance analysis in manufacturing and
assembly; concepts of coordinate-measuring machine (CMM) .

Production Planning and Control - Forecasting models, aggregate production
planning, scheduling, materials requirement planning, lean manufacturing.
Operations Research - Linear programming, simplex method, transportation,

assignment, network flow models, simple queuing models, PERT and CPM.

Inventory Control - Deterministic models; safety stock inventory control
systems.

Mechatronics

Microprocessors and Microcontrollers: Architecture, programming, I/0,

Computer interfacing, Programmable logic controller.

Sensors And Actuators: Sensors and actuators, Piezoelectric accelerometer,
Hall effect sensor, Optical Encoder, Resolver, Inductosyn, Pneumatic and
Hydraulic actuators, stepper motor.

Control Systems- Control Systems- Mathematical modelling of Physical systems,
control signals, controllability, and observability.

Robotics: Robot Classification, Robot Specification, Notation, Direct and
Inverse Kinematics, Homogeneous Coordinates, Arm Equation of Four Axis Scara

Robots.



Subject: Foundry Technology and in Forge Technology

Engineering Mathematics and General Aptitude

Linear Algebra: Matrix algebra, systems of linear equations, consistency
and rank, Eigen values and Eigen vectors.

Calculus: Mean value theorems, theorems of integral calculus, partial
derivatives, maxima and minima, multiple integrals, Fourier scries, vector
identities, link, surface and volume integrals, Stokes, Gauss and Green's
theorems.

Differential equations: First order equation (linear and nonlinear), second
order linear differential equations with constant coefficients, method of
variation of parameters, Cauchy's and Euler's equations, initial and
boundary value problems, solution of partial differential equations:
variable separable method.

Analysis of complex variables: Analytic functions, Cauchy's integral theorem
and integral formula, Taylor's and Laurent's series, residue theorem,
solution of integrals.

Probability and Statistics: Sampling theorems, conditional probability,
mean, median, mode, standard deviation and variance; random variables:
discrete and continuous distributions: normal, Poisson and Dbinomial
distributions.

Numerical Methods: Matrix inversion, solutions of nonlinear algebraic
equations, iterative methods for solving differential equations, numerical
integration, regression and correlation analysis.

General Engineering

Engineering Materials: Structure, physical and mechanical properties, and
applications of common engineering materials (metals and alloys,
semiconductors, ceramics, polymers, and composites — metal, polymer and
ceramic based); Iron carbon equilibrium phase diagram; Heat treatment of
metals and alloys and its influence on mechanical properties; Stress-strain
behaviour of metals and alloys.

Applied Mechanics: Engineering mechanics — equivalent force systems, free
body concepts, equations of equilibrium; Trusses; Strength of materials —
stress, strain and their relationship; Failure theories; Mohr's circle
(stress); Deflection of beams, bending and shear stresses; Euler's theory
of columns; Thick and thin cylinders; Torsion.

Theory of Machines and Design: Analysis of planar mechanisms, cams and
followers; Governors and flywheels; Design of bolted, riveted and welded
joints; Interference/shrink fit joints; Friction and lubrication; Design of
shafts, keys, couplings, spur gears, belt drives, brakes and clutches;
Pressure vessels.

Thermal and Fluids Engineering: Fluid mechanics — fluid statics, Bernoulli's
equation, flow through pipes, laminar and turbulent flows, equations of
continuity and momentum, capillary action; Dimensional analysis
Thermodynamics — zeroth, first and second laws of thermodynamics,
thermodynamic systems and processes, calculation of work and heat for
systems and control volumes; Air standard cycles; Heat transfer — basic
applications ot conduction, convection and radiation.

Manufacturing Processes I
Casting: Types of casting processes and applications; Sand casting:

patterns — types, materials and allowances; molds and cores—materials,
making, and testing; design of gating system and riser; casting techniques
of cast iron, steels, and nonferrous metals and alloys; analysis of
solidification and microstructure development; Other casting techniques:



Pressure die casting, Centrifugal casting, Investment casting, Shell mold
casting; Casting defects and their inspection by non-destructive testing.
Metal Forming: Stress-strain relations in elastic and plastic deformation;
von Mises and Tresca yield criteria, Concept of flow stress; Hot, warm and
cold working; Bulk forming processes - forging, rolling, extrusion and wire
drawing; Sheet metal working processes — Dblanking, punching, bending,
stretch forming, spinning and deep drawing; Ideal work and slab analysis;
Defects in metal working and their causes.

Joining of Materials: Classification of Jjoining processes; Principles of
fusion welding processes using different heat sources (flame, arc,
resistance, laser, electron beam), Heat transfer and associated losses; Arc
welding processes - SMAW, GMAW, GTAW, plasma arc, submerged arc welding
processes; Principles of solid state welding processes - friction welding,
friction stir welding, ultrasonic welding; Welding defects - causes and
inspection; Principles of adhesive joining, brazing and soldering processes.
Powder Processing: Production of metal/ceramic powders, compaction and
sintering of metals and ceramic powders, Cold and hot isostatic pressing.

Polymers and Composites: Polymer processing — injection, compression, and
blow molding, extrusion, calendaring and thermoforming; Molding of
composites.

Manufacturing Processes Il

Machining: Orthogonal and oblique machining, Single point cutting tool and
tool signature,

Chip formation, cutting forces, Merchant's analysis, Specific cutting
energy and power; Machining parameters and material removal rate; tool
materials, Tool wear and tool life; Thermal aspects of machining, cutting
fluids, machinability; Economics of machining; Machining processes -
turning, taper turning, thread cutting, drilling, boring, milling, gear
cutting, thread production; Finishing processes — grinding, honing,
lapping and superfinishing.

Machine Tools: Lathe, milling, drilling and shaping machines — construction
and kinematics; Jigs and fixtures — principles, applications, and design.
Advanced Manufacturing: Principles and applications of USM, AJM, WJM, AWJIM,
EDM and Wire EDM, LBM, EBM, PAM, CHM, ECM; Effect of process parameters on
material removal rate, surface roughness and power consumption; Additive
manufacturing techniques.

Computer Integrated Manufacturing: Basic concepts of CAD and CAM, Geometric
modelling, CNC; Automation in Manufacturing; Industrial Robots —
configurations, drives and controls; Cellular manufacturing and FMS — Group
Technology, CAPP.

Quality and Reliability

Metrology and Inspection: Accuracy and precision; Types of errors; Limits,
fits and tolerances; Gauge design, Interchangeability, Selective assembly;
Linear, angular, and form measurements (straightness, flatness, roundness,
runout and cylindricity) by mechanical and optical methods; Inspection of
screw threads and gears; Surface roughness measurement by contact and non-
contact methods.

Quality Management: Quality — concept and costs; Statistical quality control
— process capability analysis, control charts for variables and attributes
and acceptance sampling; Six sigma; Total quality management; Quality
assurance and certification - ISO 9000, IS014000.



Reliability and Maintenance: Reliability, availability and maintainability;
Distribution of failure and repair times; Determination of MT BF and MTTR,
Reliability models. Determination of system reliability; Preventive and
predictive maintenance and replacement, Total productive maintenance.

Industrial Engineering

Product Design and Development: Principles of product design, tolerance
design; Quality and cost considerations; Product life cycle;
Standardization, simplification, diversification; Value engineering and
analysis; Concurrent engineering; Design for "X".

Work System Design: Taylor's scientific management, Gilbreath’s
contributions; Productivity — concepts and measurements; Method study,
Micro-motion study, Principles of motion economy; Work measurement — time

study, Work sampling, Standard data, PMTS;iC$J0bevaluation and merit rating.
Facility Design: Facility location factors and evaluation of alternate
locations; Types of plant layout and their evaluation; Computer aided layout
design techniques; Assembly line balancing; Materials handling systems.

Operations research and Operations management

Operation Research: Linear programming — problem formulation, simplex
method, duality and sensitivity analysis; Transportation and assignment
models; Integer programming; Constrained and wunconstrained nonlinear
optimization; Markovian gqueuing models; Simulation — manufacturing
applications.

Engineering Economy and Costing: Elementary cost accounting and methods of
depreciation; Break-even analysis; Techniques for evaluation of capital
investments; Financial statements; Activity based costing.

Production control: Forecasting techniques — causal and time series models,
moving average, exponential smoothing, trend and seasonality; Aggregate
production planning; Master production scheduling; MRP, MRP-I1 and ERP;
Routing, scheduling and priority dispatching; Push and pull production
systems, concepts of Lean and JIT manufacturing systems; Logistics,
distribution, and supply chain management; Inventory — functions, costs,
classifications, deterministic inventory models, quantity discount;
Perpetual and periodic inventory control systems.

Project management: Scheduling techniques — Gantt chart, CPM, PERT and GERT.



Subject: Metallurgy and Materials Engineering

Engineering Mathematics

Linear Algebra: Matrices and Determinants, Systems of linear equations,
Eigen values and Eigen vectors.

Calculus: Limit, Continuity and Differentiability; Partial derivatives;
Maxima and minima; Sequences and series; Test for convergence; Fourier
series.

Vector Calculus: Gradient; Divergence and Curl; Line, Surface and volume
integrals; Stokes, Gauss and Green’s theorems.

Differential Equations: Linear and non-linear first order ODEs; Higher order
linear ODEs with constant coefficients; Cauchy’s and Euler’s equations;
Laplace transforms; PDEs -Laplace, one dimensional heat and wave equations.
Probability and Statistics: Definitions of probability and sampling theorems,
conditional probability, Mean, median, mode and standard deviation; Random
variables; Poisson, normal and Dbinomial distributions; Analysis of
experimental data; linear least squares method.

Numerical Methods: Solutions of linear and non-linear (Bisection, Secant,
Newton- Raphson methods) algebraic equations; integration by trapezoidal and
Simpson’s rule; single and multi-step methods for differential equations.

Metallurgical Thermodynamics

Laws of Thermodynamics: First law - energy conservation, Second law -
entropy; Enthalpy, Gibbs and Helmholtz free energy; Maxwell’s relations;
Chemical potential; Applications to metallurgical systems, solutions, ideal
and regular solutions; Gibbs phase rule, phase equilibria, binary phase
diagram and lever rule, free-energy vs. composition diagrams; Equilibrium
constant, Activity, Ellingham and phase stability diagrams; Thermodynamics
of point defects, surfaces and interfaces, adsorption and segregation
phenomena.

Electrochemistry: Single electrode potential, Electrochemical cells, Nernst
equation, Potential-pH diagrams.

Transport Phenomena and Rate Processes

Momentum Transfer: Concept of viscosity, shell Dbalances, Bernoulli’s
equation, mechanical energy balance equation, flow past plane surfaces and
through pipes.

Heat Transfer: Conduction, Fourier’s Law, 1-D steady state conduction.
Convection: Heat transfer coefficient relations for forced convection.
Radiation: Black body radiation, Stefan-Boltzman Law, Kirchhoff’s Law.

Mass Transfer: Diffusion and Fick’s laws, Mass transfer coefficients.
Dimensional Analysis: Buckingham Pi theorem, Significance of dimensionless
numbers. Basic Laws of Chemical Kinetics: First order reactions, reaction
rate constant, Arrhenius relation, heterogeneous reactions, oxidation
kinetics.

Electrochemical Kinetics: Polarization.

Mineral Processing and Extractive Metallurgy
Comminution techniques, Size classification, Flotation, Gravity and other
methods of mineral beneficiation; Agglomeration: sintering, pelletizing and
briquetting.
Material and Energy balances in metallurgical processes; Principles and
processes for the extraction of non-ferrous metals - aluminium, copper and
titanium.

Iron and Steel Making: Material and heat balance in blast furnace; Structure
and properties of slags and molten salts - basicity of slags - sulphide and
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phosphate capacity of slags; Production of metallurgical coke. Other methods
of iron making (COREX, MIDRE)

Primary Steel Making: Basic oxygen furnace, process dynamics, oxidation
reactions, electric arc furnace.

Secondary Steel Making: Ladle process - deoxidation, argon stirring,
desulphurization, inclusion shape control, principles of degassing methods;
Basics of stainless steel manufacturing. Continuous Casting: Fluid flow in
the tundish and mould, heat transfer in the mould, segregation, inclusion
control.

Physical Metallurgy

Chemical Bonding: Ionic, covalent, metallic, and secondary bonding in
materials, Crystal structure of solids - metals and alloys, ionic and
covalent solids, and polymers. X-ray Diffraction - Bragg’s law, optical
metallography, principles of SEM imaging.

Crystal Imperfections: Point, 1line and surface defects; Coherent, semi-
coherent and incoherent interfaces.

Diffusion in Solids: Diffusion equation, steady state and error function
solutions; Examples-homogenization and carburization; Kirkendall effect;

Uphill diffusion; Atomic models for interstitial and substitutional
diffusion; Pipe diffusion and grain boundary diffusion.
Phase Transformation: Driving force, Homogeneous and heterogeneous

nucleation, growth Kinetics Solidification in isomorphous, eutectic and
peritectic systems, cast structures and macro segregation, dendritic
solidification and constitutional supercooling, coring and micro
segregation.

Solid State Transformations: Precipitation, spinoidal decomposition,
ordering, massive transformation, discontinuous precipitation, eutectoid
transformation, diffusionless transformations; Precipitate coarsening,
Gibbs-Thomson effect. Principles of heat treatment of steels, TTT and CCT
diagrams; Surface hardening treatments; Recovery, recrystallization and
grain growth; Heat treatment of cast iron and aluminium alloys. Electronic,
magnetic and optical properties of materials. Basic forms of corrosion and
its prevention

Mechanical Metallurgy

Strain tensor and stress tensor, Representation by Mohr’s circle, elasticity,
stiffness and compliance tensor, Yield criteria, Plastic deformation by slip
and twinning.
Dislocation Theory: Edge, screw and mixed dislocations, source and
multiplication of dislocations, stress fields around dislocations; Partial
dislocations, dislocation interactions and reactions.

Strengthening Mechanisms: Work/strain hardening, strengthening due to grain
boundaries, solid solution, precipitation and dispersion. Fracture
behaviour, Griffith theory, linear elastic fracture mechanics, fracture
toughness, fractography, ductile to brittle transition.

Fatigue: Cyclic stress strain behaviour - low and high cycle fatigue, crack
growth. Mechanisms of high temperature deformation and failure; creep and
stress rupture, stress exponent and activation energy.

Manufacturing Processes

Metal Casting: Mould design involving feeding, gating and risering, casting
practices, casting defects. Hot, Warm and Cold Working of Metals: Metal
forming - fundamentals of metal forming processes of rolling, forging,
extrusion, wire drawing and sheet metal forming, defects in forming.
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Metal Joining: Principles of soldering, brazing

and welding, welding
metallurgy,

defects in welded joints in steels and aluminium alloys.
Powder Metallurgy: production of powders, compaction and sintering.
Non-destructive Testing (NDT): Dye-penetrant, ultrasonic, radiography, eddy
current, acoustic emission and magnetic particle inspection methods.
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