SV-501: ADVANCED MATHEMATICS

Solution of algebraic and transcendental equations: Bisection, Newton-Raphson, Deflated-Newton method for nearly equal and multiple roots. Bairstow’s method for complex rots, Graffe’s root squaring method.
      

Linear and Non-linear simultaneous equations: Pivoting and Partial-pivoting. Gauss and Gauss-Jordan elimination methods. Cholesky or Crout’s method. Solution of non-linear simultaneous equations by Newton-Raphson method.Ordinary Differential Equations: Euler and modify Euler method, Runga-kutta fourth order method, Corrector-Predictor methods. Partial differential equations, elliptic, parabolic & hyperbolic equations.Finite difference: Interpolation, Forward & Backward interpolation formula, Central interpolation formula, Langranges divided difference formula, Hermite and cubic spline interpolation methods. Partial Differential Equation of second and higher order partial differential equations. Method of separation of variables as used in differential equations arising out of Heat Flows & vibration of strings.
Suggested Text Books and References:

1. Numerical methods in engg. & sc. by B.S. Grewal

2. Numerical methods for engg & sc. by Iyengar & M.K. Jain

3. Advanced Mathematics for Engineers by Chandrika Prasad

SV-502:THEORY OF ELASTICITY AND PLASTICITY

Analysis   of stress and strain, stress-strain   relationships,.  Principal stresses and their determination, Plane   stress  and  plain  strains,   Differential equations of equilibrium,  Compatibility  equations, Boundary conditions. Airy's stress function. Solution  of  problems in cartesian  coordinates  by  polynomials. General equations  in  polar  coordinates  and  their  solutions. Axisymmetric  problems. stress and strain in three dimensions Stress Invariants

Plasticity: Introduction to plasticity, assumptions, concept of plastic hinge and plastic moment capacity, collapse loads, determination for beams and portal frames.

Suggested Text Books and References:

1. Theory of elasticity by Timoshenko & Goodier

2. Theory of elasticity by Sadhu Singh

3. Structural Analysis by L S Negi and R S Jangid

4. Structural Analysis by P Dayaratnam

SV-503 : THEORY OF VIBRATION

Importance of Vibration Study in engineering. Elements of a vibrating system. Free vibration of single-degree of freedom linear systems. Methods of vibration analysis: Energy method, Newton’s method & Rayleigh method. Differential equations of motion for first order and second order linear systems. Transverse vibration of beams. Damped free vibration, viscous, coulomb damping dry friction logarithmic Decrement.



      

Forced Vibration of single degree of freedom linear systems. Response of first orders systems to harmonic excitation. Frequency response. Response of second order systems to harmonic excitation. 

Harmonic motion of the base, vibration isolation, transmissibility, force transmission to foundations. Vibration measuring Instruments eg. Scismic mass, vibrometer, Accelerometer. Energy dissipation. Forced vibration with coulomb hystersis or structural & viscous damping. 

Equation of motion for a two degrees of freedom system. Free vibration of undamped systems. Natural modes. Orthogonality of modes. Natural co-ordinates. Response of a two degrees of freedom system to initial and harmonic excitation. Dynamic absorbers, lagranges equation, influence coefficients, semidefinite system. Torsional vibration of one, two and three rotor system. Equivalent shafting. Torsional vibration of a geared system. Torssional vibration with harmonic excitation. Critical speed of a shaft having a single disc aand multiple disc with damping. Rotating unbalance, whirling of rotating shafts.

Suggested Text Books and References:

1. Theory of Vibration with Application by Thomson.

2. Mechanical vibration by V.P.Singh

3. Mechanical vibration – Schaum Series.

4. Mechanical Vibrations – G.S. Grover & Nigam

5. Mechanical Vibrations – J.S. Rao

SV-504: ADVANCED Mechanics of Materials
Stress concentration and its determination, Contact & Residual stresses, Rotating rims, discs, cylinders, With and Without Temperature variations, Bending of curved bars, Stresses and deflection calculations, Pressure Vessels, Unsymmetrical bending, Beam Columns, Bending of Beams of Variable cross sections. Torsion of non-circular section bars.

Suggested Text Books and References:

1.  Advanced Mechanics of materials By Boresi, John Wiley & sons

2.  Advanced Mechanics of materials By Cook, Pearson Education

3.  Mechanics of Materials by E.I. Hearn Vol. II

4.  Strength of Materials Vol. II by Timoshenko

SV-551: EXPERIMENTAL STRESS ANALYSIS

Types of strain gauges, resistance   wire   strain gauges, materials and cementing methods, temperature compensation, circuits and measuring techniques, strain gauge rosettes, testing and selection of gauges, mounting and installation of electrical resistance gauges

Photoelasticity, polariscope and its elements, isoclinics and isochromatics, stress optic law, compensation techniques, methods to evaluate principal stresses, photoelastic materials, three-dimensional photoelasticity, stress freezing and slicking method.

Brittle coating methods and its application in evaluation of stresses

Suggested Text Books and References:

1. Experimental Stress Analysis by Dally and Riley.

2. Experimental Stress Analysis by J. Srinath.

3. Experimental Stress Analysis by A. Mubeen.

SV-552: INSTRUMENTATION TECHNOLOGY

Impulse measurement and basic components of instruments. Generalising measuring system. Schematic & Block diagrams of measurements. Types  of   instruments   and  their  characteristics.  Input Signals, Dynamic  response   of instruments to step, ramp, sinusoidal input signals.    Errors and uncertainties, planning of experiments and handling  of data, statistical analysis, analogies.Transducer elements and their performance characteristics. Low and High pressure measurement devices.Flow measurement and applications – velocity and pressure probes. Variable area meter, Electromagnetic flow meter. Hotwire anemometer. Mass flow meter. Temperature measurement devices and their applications. Bimetallic thermometer, Resistance thermometer, thermistors, thermo couples, thermopiles, pyrometers. Vibration measuring devices, Scismic mass, Vibrometer & accelerometer, Condition monitoring and signature analysis applications.

Amplifiers and their elements operational amplifiers, Instrumentation amplifiers, Modulation and Demodulation. Oscillators, Cathode ray oscilloscope and recording devices, Lissajous figures, True base circuit in CRO.

Analog computers, Amplitude and tune scaling in analogy computer, Analog computer setup for differential equation, Digital instruments, Feed back control system.

Suggested Text Books and References:

1. Instrumentation by Buck & Beckwith

2. Instrumental measurement & Analysis by Nakara & Charding

3. Industrial Instrumentation by Eckamaan

4. Instrumentation by Kirk- Rimbaj

SV-553: FINITE ELEMENT METHOD

Various approaches in FEM, direct stiffness method, energy approach and galerkin’s approach, detailed method for stress and vibration analysis problems, various elements, development of element stiffness matries. Applications to bar, beam, truss, spring, shafts, plates and shells. Isoparmetric elements, plate bending and shell elements, Axi-symmetric problem, vibration problem, software such as IDEAS, ANSYS, Norton, used in FEM, Nonlinear FEA

Suggested Text Books and References:

1. Finite element method by O.C. Zienciwicz.

2. Finite element method by C.S. Krishnamurthy

3. Finite element method by Logon

4. Finite element method by Heubner

SV-554: THEORY OF PLATES & SHELLS

The Differential equation of bending of a thin plate,boundary conditions for simply supported, fixed and free edges. Rectangular  plates  with different  boundary  conditions,  Navier solution.      
Levy’s solution, solution for different loading  conditions such as UDL, hydrostatic, point load and partially loaded plates.

Thin plates with built-in edgesStrain energy stored in plate, energy method for solution,     Numerical methods- Finite difference method for stress analysis of     plate. Bending   of  circular  plates,differential  equation   in   polar     coordinates  and  boundary  conditions.  Solution  of  symmetrical     loaded circular plates, Triangular plates. Introduction to shell theory.

Suggested Text Books and References:

1. Theory of plates & shells by Timoshenko

SV-601 : Mechanics of Composite Materials

Classification and characteristics of composite materials, Mechanical Behaviour of composite materials. Lamina and Laminates. Manufacture of Laminated fiber – reinforced. Composite Materials.  


      

Macromechanical behaviour of lamina, stress strain relations for anisotropic, orthotropic and isotropic materials. Engineering constants. Stress strain relation for plane stress in orthotropic materials. Invariant properties. 

Strength of an orthotropic lamina, Experimental determination of strength, Biaxial strength theories: Maximum stress theory, Maximum strain theory, Tsai-Hill theory and Tsai-Wu theory.
   

Classical Lamination theory. Special cases of laminate, stiffnesses, strength of Laminates. Design of Laminates.


      

Bending buckling and vibration of laminated plates. Governing equation. Deflection & buckling. Vibrations.

Suggested Text Books and References:

1. Mechanics of Composite Materials by R.M. Jones.

SV – 602 ADVANCED THEORY OF VIBRATIONS

Transient & self-excited vibrations, Numerical methods for multidegree of freedom systems. Influence coefficients Dunkerlay’s method, matrix iteration method. 

Orthogonality of principal modes. Comparison of behaviour between linear & non-linear systems. Eigen value & eigen vector.

Holzer method for three and multi rotors and branched torsional systems. Mykelstad method, Stodola Method, Effect of shear deformation and rotary inertia. 

Vibration of continuous, longitudinal transverse and torsional systems.

Vibrations of plates and shells. Static and dynamic balancing of Rotors. Balancing of thin discs. Field balancing of long rotors.

Vibration Analysis by FEM.

Suggested Text Books and References:

1. Vibration Problems in engineering by S.Timoshenko & Young

2. Elements of Vibration-Analysis by L.Meirovitch.

3. Mechanical Vibration by F.S. Tse, Morse & Hinkle

4. Theory of Vibration by Thomson

ELECTIVE I

SV – 511  STRUCTURAL DYNAMICS

Harmonic Excitation, Response to support motion, Force transmitted to foundation. Response to general dynamic loading. Duhamel’s integral and Fourier series method. Fast Fourier transform. Shear walls, Non linear structural response, Elastoplastic behaviour, Response spectrum.

Earthquake and earthquake ground motion. Earthquake response of structures. Blast load on structures.

Multistory shear building, free vibrations of shear building. Forced and damped motion in shear building. Beams, Grids, Trusses and plane frames, their dynamic analysis.

Vibrations in bridges.

Non linear response of multi degree freedom system. Systems with distributed properties. Introduction to Random Vibrations.

Suggested Text Books and References:

1. Adv. Theory of Structures by N.C. Sinha & P.K. Gayan.

2. Structural Dynamics by Mario Paz.

3. Structural Dynamics by Tedesco, Mcdougel and Ross.

SV - 512 TRIBOLOGY

Introduction: Background, Historical development, striebeck curve, Tribology over view friction  wear & lubrication, economic significance, Peter jost committee report, impact of tribology on maintenance, plant life, energy conservation, material conservation, safety & pollution. 

Friction & wear: Laws of friction, sliding & rolling friction, dry & lubricated

friction, contribution to force of friction, concept of friction coefficient. Wear, its significance, wear regimes, adhesive, abrasive, corrosive, erosive & fatigue wear, effect of surface film, control of wear.

Lubrication: Lubrication types, Shiebeck curve, boundary, lubrication, surface film formation & failure, elasto hydrodynamic lubrication, hydrodynamic & hydrostatic lubrication. Fluid dynamics in lubrication, Newtonian fluid, compressible &incompressible fluids, theory of hydrodynamic lubrication.

Lubricants: function, types of lubricants, solid, liquid, semi solid & gaseous lubricants, mineral, natural & synthetic lubricants, greases, aditives, special purpose lubricants, lubricant properties, testing of lubricants.

Triboelements: Bearings types, Journal bearing, babbitts, important steps in design, rolling element bearing, selection, comparison of journal & rolling element bearings, Gears, gear lubrication, gear failure, seals, elastomers, synthetic and natural, their behaviour, seal failures.

Suggested Text Books and References:

1. Basic lubrication theory by A. Cemeron

2. Introduction to Tribology of bearings by B.C. Majumdar

3. Maintenance Engineering Handbook by Ed. Lindley R. Higgins

4. Friction & Wear of Materials by Rabinowicz

5. ASM Handbook on friction, wear & lubrication

SV-513 : COMPUTER AIDED DESIGN AND ENGINEERING

Computer aided design, hardware and software in CAD, solid modeling in CAD, computer graphics, generation of lines, curves, surfaces, two and three dimensional transformations, optimization methods, Integration of CAD and CAM, robotics, computer integrated systems, production management, NC programming, computer control, CAE systems and project management, computer aided project planning

Suggested Text Books and References:

1. CAD/CAM by Mikell P.Groover & E.W. Zimmers, Jr.

2. Optimization for Engg. Design by Kalyanmoy Deb

SV – 514 ADVANCED OPTIMIZATION TECHNIQUES IN DESIGN

Linear programming. Optimality conditions, duality and sensitivity analysis. The decomposition principle, complexity of simplex algorithm and polynomial algorithms, Optimization of the problems of single and multi-variables. Detailed study of algorithms.

Non linear programming, theory and algorithms. Convex sets, convex functions and generalizations. The Fritz John and Karush Kuhn Tucker optimality conditions. Constrain qualifications. The concept of an algorithm, unconstrained optimization, penalty and barrier functions. Method of feasible directions, linear complementary problems, quadratic, separable, fractional and geometric programming.

Suggested Text Books and References:

1. Optimization in Design by K.Deb.

SV-515 INDUSTRIAL DESIGN 

General consideration for design of machine elements. Types of loadings. Criteria for failure. Distinction between design approaches for static and fatigue loading and their influences on design criteria. Designing against fatigue, creep and impact loading.

Stress concentration and stress concentration factors. Residual stresses and their determination.

Types of drives. And their relative merits. Belt drives – design and performance. Chain drive. Gear drives. Strength of gear tooth surface. Beam strength. Strength, deflection and design of shafts.

Selection of bearings. Gear drive housing. Fluid power systems, pumps and accessories, circuit design and applications. Step less drives, P.I.V. drives. Power transmission in machine tools.

Stress intensification in presence of sharp notches and cracks. Design of machine elements in presence of cracks.

Suggested Text Books and References:

1. Advanced Machine Design by Mubeen

2. Mechanical Engineering Design by Shigley

ELECTIVE II

SV - 561 Condition Monitoring
Need for condition Monitoring, Machine Signatures, various techniques for signature analysis, wear particle & oil debris analysis, Noise, Temperature, Corrosion, Monitoring; online & offline condition Monitoring techniques, Artificial neural network in condition Monitoring.

Vibration Signature:

Rotating Machinery, Machine faults & frequency range of symptoms, localized & distributed faults; Impact Exited Resonance, vibration level classification, ISO standards, Peak & RMS level, Cepstral Analysis, Use of phase, Construct Percentage Bandwidth Spectra Envelope Detection, Time Domain Averaging, Rolling Elevent Bearings, Rotor Dynamics, orbit Analysis static & Dynamic Balancing, Induction Motors, Gear Box vibration, Reciprocating engines & Compressors.

Suggested Text Books and References:

1. Vibration Monitoring & Dignosis by R.A. Collacot

2. Hand book of noise Assessment – Van Nostrant Publ.

3. Hand book of Condition Monitoring – B.K.N. Rao.

4. Hand book of Non Destructive Application – B.J. Boeing (Jaico Press)

SV – 562  Rotor Dynamics and Balancing

Dynamic of rotating machinery: Critical speeds of rotors,  Factors effecting  the critical speeds such as gyroscopic action  internal damping  unequal  moments  of inertia of  shaft  section,  bearing elasticity and oil film cushioning.  

Torsional  frequencies of multi-mass rotors. Vibration  of  discs, blades and propeller which affect the rotor motion. 

Stability of rotors under various influences: stability of  rotors on elastically mounted supports and combined effect of bending and torsion. 

Resonance  vibration of rotors  with  non-linear  factors taken into account stability of rotors in flow medium.


      

Sources  of  unbalance in rotors,  balancing  machines,  machines, balancing  criteria, specification and tolerances.  Balancing   in two planes correction methods used in industries, cradle balancing of rigid rotors, automatic balancing field balancing of rotors

Suggested Text Books and References:

1. Rotor Dynamics by J.S. Rao.
SV - 563 NON-LINEAR & RANDOM VIBRATIONS

Definition  of  non-linear  systems  and  comparison  between  the behavior  of linear and non-linear systems. Undamped  and  damped free  and forced vibrations 

Self excited  oscillations,  singular points, analytical methods. 

Stability concept, phase plane  plots, limit cycle.

Probability    density   functions,   characteristic    functions. Stationary  and  non  stationery random  process, ergodic  random process. Auto-correlation  function.  Power  spectral   density function.

Suggested Text Books and References:

1. Non-linear Oscillations by N. Minorsky.

2. Advanced theory of vibrations by J.S. Rao

3. Non linear vibrations by Stoker

4. Random Vibration by J.D. Robson

5. Application of Random Vibrations by NC Nigam & S.Narayana

SV – 564  NEURAL NETWORK IN DESIGN AND ANALYSIS

Introduction, concepts of neural network computations, threshold gates, computational capabilities of neural networks, two and three layer feed forward networks, hidden layer neural network, Learning rules, Error correction rules, Mathematical theory of neural learning, Adaptive multilayer neural networks, Error back propagation learning rules, Application of neural networks for simple engineering applications.

Reference Text Books:

1. Elements of Artificial Neural Network – By Kishan Mehrotra

2. Fundamentals of Artificial Neural Networks: By Mohamad H. Hassoun

SV – 565 ANALYSIS AND DESIGN OF AIRCRAFTS

Analysis of aerodynamic forces acting on the blades of gas turbines, axial and radial flow compressors, stresses induced in the blades.

Sources of vibration excitation, rotating shell excitation and random excitations, mechanisms of these excitations. Calculation of blade vibration amplitudes and  design remedies. Vibration of aircraft wings.

Fatigue  and creep problems associated with gas turbine blading, coupling of bending and torsional vibrations of blades due to pre-twist, non-coincidence of shear center and centroid of aerofoils. Vibration of low aspect ratio blades.

Effect of rotor speed, disc elasticity, shrouding and looseness of root mounting on natural frequencies of blades. Sources of damping.

Suggested Text Books and References:

1. Vibration problems in Engineering by Timoshenko

2. Turbo-machinery blade vibrations by J.S.Rao

3. Advanced theory of vibrations by J.S.Rao.

ELECTIVE III

SV – 611 THEORY OF ELASTIC STABILITY
Beams on elastic supports, Energy method, Approximate Calculation. Buckling of bars under axial loading.
      

Inelastic buckling of bars, Inelastic bending, Inelastic buckling of bars with end condition.

Buckling of rings & curved bars. Bending of thin curved bar with a circular axis. Effect of uniform pressure on bending of a circular ring.




  

Buckling of thin plates. Methods of calculation of critical loads. Buckling of simply supported rectangular plates.





      

Buckling of shells, symmetrical buckling of a cylindrical shells.

Suggested Text Books and References:

1. Theory of Elastic stability by Timoshenko & Gere.

SV – 612  Analysis of turbines
Stresses in rotating discs and blade, disc of uniform strength, temperature stresses, general blade stress equation, blade design for strength. Determination of blade natural frequencies. Coupling of torsional and bending vibrations due to pre-twist and eccentricity of shear center. Effects of rotor speed, disc-coupling, shrouding, lacing wires and geometry on natural frequencies of blades. Root fixing of blades to the disc.

Analysis of aerodynamic forces acting on the blades of gas turbines. Vibration of low aspect ratio blades. Vibration of aircraft wings.

Aerodynamic analysis of wind turbines. Load calculations in wind turbine design. Stress and Vibration analysis of blades, hub and axle and tower in wind turbine. 

Suggested Text Books and References:

1. Mechanics of Materials Vol.II by E.J.Hearn

2. Theory of Vibraations by Thomson
3. Advanced Theory of Vibrations by J.S.Rao
4. Blaade Vibrations by J.S.Rao
5. Wind Engineering Design by Eaglestone
SV - 613 ADVANCED FINITE ELEMENT METHOD

Isoparametric Element: Computation of stiffness matrix for isoparametric elements, Convergence criteria, Numerical Integration, Quadratic and higher order elements, three dimensional isoparametric elements.

Analysis of plate bending: Stress and Vibration analysis of plates under bending made of isotropic and composite materials, various plate bending elements, shear deformation in plates.

Analysis of shells: Shell elements, Computation of stiffness matrix for shell element, stress and vibration analysis.

Boundary elements, Interface and Infinite elements, Sub-structure techniques,, Optimization techniques.

FEA software, pre-processing, post-processing and analysis in various software. Detailed study of atleast one software.

Suggested Text Books and References:

1.  Finite element method by O.C. Zienciwicz.

2. Finite element method by C.S. Krishnamurthy

3. Finite element method by Logon

4. Finite element method by Heubner

SV – 614  DESIGN AND ANALYSIS OF WIND TURBINE

Aerodynamics: Rotor aerodynamics modeling. Two dimensional airfoil theory. Glauert momentum vortex theory. Experimental verification. Wind models and rotor sizing. Rotor design. Performance, Economics and siting.

Structural Dynamics: System engineering model, blade equation, blade motions and blade and hub loads. Tower loading. Instabilities. Load specifications. Static, transient and alternating loads.

System Engineering: Fatigue, Electrical generators and control systems.

Suggested Text Books and References:

1. Wind Turbine Engineering Design by Egglestone and Stoddard.

SV – 615 ANALYSIS AND DESIGN OF SHELLS

Terminology related to theory of shells. Construction of shells of  single     and double curvature, shells of translation or rotation.  Equation     of  bending  of shells, equilibrium  and  compatibility  equations.     Stress,  strain and  displacement equations. Solution of cylindrical shells. Software for shells. Vibration analysis of shells.
Design aspects of shells

Suggested Text Books and References:

1. Theory of plates and shells by S.Timoshenko.

2. Advanced theory of vibrations by J.S.Rao

SV-541 LABORATORY I

Uses  of  pick-ups, oscillator and amplifiers for  measurement  of vibration  and  acceleration. Recording  instruments.  Studies  in damping behaviour. Mechanical models.

SV-591: LABORATORY II

Use of strain gauges for determination of stress and forces.  Load     cells,  strain  indicators, CRO, Oscillograph  and  recorders  for     dynamic strain measurements.    Photoelasticity-determination of isoclinics and isochromatics  and     photography. Material calibration. Reflection polariscope. Brittle     coating and Moire's fringes studies. NDT methods.

