
        Annexure I 

SYLLABUS 

 Subject oriented  

• Applied Mechanics and Design  

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 

behavior of metals and alloys. 

Engineering Mechanics: Free-body diagrams and equilibrium; friction and its applications 

including rolling friction, belt-pulley, brakes, 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.  

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.  

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 S-N 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.   

• Fluid Mechanics and Thermal Sciences  

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, boundary layer, elementary turbulent flow, 

flow through pipes, head losses in pipes, bends and fittings; basics of compressible fluid flow. 

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, 

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  

Thermodynamics: Thermodynamic systems and processes; properties of pure substances, 

behavior 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 Processes 

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: Ferrous castings, 

Nonferrous casting, 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 (Technology of open- die forging and close die forging), rolling, extrusion 

and wire drawing; Ideal work and slab analysis; Defects in metal working and their causes.  

Joining of Materials: Classification of joining 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.  

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 super-finishing. 

Advanced Manufacturing: Principles and applications of USM, AJM, WJM, AWJM, 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 

modeling, CNC; Automation in Manufacturing; Industrial Robots – configurations, drives and 

controls; Cellular manufacturing and FMS - Group Technology, CAPP. 

• Quality and Industrial Engineering 



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, ISO14000. 

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, Gilbreths’s contributions; Productivity 

– concepts and measurements; Method study, Micro-motion study, Principles of motion 

economy; Work measurement – time study, Work sampling, Standard data, PMTS; 

Ergonomics; Job evaluation 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. 

Production Control: Forecasting techniques – causal and time series models, moving average, 

exponential smoothing, trend and seasonality; Aggregate production planning; Master 

production scheduling; MRP, MRP-II 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. 

 Research Methodology 
1. Introduction to Research and Research Problem: Types of research, objectives of 

research, characteristics of a good research, scope, and objectives of research, research 

problem, techniques involved in defining a problem. 

2. Research Design and Literature Review: Research design concept and importance, 

features of a good research design, types of research designs, literature survey, need, 

objectives and sources of literature review, identification of research gaps. 

3. Sampling and Data Collection: Sampling, sample size, sampling and non-sampling 

errors, sampling design and its types, Classification of data, collection of primary and 

secondary data, selection of appropriate method for data collection.  

4. Data Analysis: Hypothesis, Definition of null and alternative hypothesis, testing the 

hypothesis, student ’t’ distribution, chi-square distribution, ANOVA, Regression 

analysis, simple linear regression, validation and parametric study.  

5. Report Writing and publication: Types of reports, steps and layout of report writing, 

writing research paper, ethical practices. 


