
Indian Institute of Technology Mandi
Kamand, Himachal Pradesh - 175075

ME 510: Advanced Manufacturing Processes

Course Code ME 510
Course Name Advanced Manufacturing Processes
L-T-P-C 3-0-0-3
Prerequisites Basic Manufacturing Processes and instructor’s consent
Intended for UG/MS/PhD
Approval 17th BoA (May 2017); 13th Senate (Jun 2017)

Course Contents

• Introduction to Advanced Manufacturing Processes: General trends in manufacturing, Introduction to advanced manufacturing,
overview and need; selection of manufacturing process; fundamentals of materials and their mechanical, physical and manufacturing
properties; introduction to different types of materials - metals and alloys, polymers, glass and ceramics, semiconductors, composites
and nanomaterials. (4 Lectures)

• Metal Casting and Foundry Techniques: Physics of solidification - nucleation and grain growth; solidification of pure metals and
alloys; progressive and directional solidification; rate of solidification; Chvorinov’s rule; Riser and gating system design; aspiration
effect; Advanced casting processes: centrifugal and continuous casting processes, squeeze casting, vacuum mould casting, evaporative
pattern casting, semi-solid metal working processes, ceramic shell casting, microwave casting; Casting defects; testing, inspection and
quality control; product design considerations; economics of metal casting, significance of modelling and simulation in improving cast
quality and cost reduction. (8 Lectures)

• Forming Processes: Metal forming fundamentals; material behaviour during metal forming; temperature during metal forming; strain
rate sensitivity; yield criteria of metals; mechanics (stress strain analysis) of forming processes- rolling, forging, drawing, force analysis
in deep drawing, bending extrusion etc.; punching and blanking- mode of metal deformation and failure; two-dimensional model and
fracture analysis; determination of working force; details of high energy rate forming (HERF) process; electro-magnetic forming;
explosive forming; electro-hydraulic forming; stretch forming; contour roll forming. Advanced plastic moulding processes – injection
moulding. (7 Lectures)

• Material Removal Processes: Basics of traditional machining- machining by cutting, abrasion; non-traditional machining- single ac-
tion traditional machining and hybrid machining; advanced machining processes; principles, mathematical analysis, machining system,
material removal process, process parameters and applications of ultrasonic machining (USM), abrasive water jet machining (AWJM),
electrochemical machining (ECM), chemical milling, photo chemical milling, electro polishing, electro discharge machining (EDM),
electron beam machining (EBM), and laser beam machining (LBM) processes, abrasive flow machining (AFM), bio-machining, mi-
crowave machining, plasma beam machining, ion beam machining, elastic machining, micro and nano machining. (8 Lectures)

• Material Joining Processes: Classification of material joining processes, physics of welding arc, arc characteristics; arc efficiency;
heat generation at cathode and anode; effect of shielding gases, isotherms of arcs, arc blow; calculation of peak temperature; width of
heat affected zone (HAZ), factors affecting HAZ; residual stresses- measurement and control; shielded metal arc welding (SMAW), gas
tungsten arc welding (GTAW); gas metal arc welding (GMAW), submerged arc welding (SAW), electro slag welding (ESW), electro
gas welding (EGW), resistance welding (RW), cold pressure welding, ultrasonic welding (USW), electron beam welding (EBW), laser
beam welding (LBW); solid state welding; microwave joining; welding of plastics. (8 Lectures)

• Additive Manufacturing: Additive manufacturing processes, rapid prototyping techniques (RPT) such as liquid-based techniques-
stereolithography, holographic interference solidification, beam interference solidification, solid ground curing; modelling techniques
in additive manufacturing- fused deposition modelling (FDM) and shape deposition manufacturing, Selected Laser Sintering (SLS),
Laminated Object Manufacturing (LOM), 3-D printing, Laser Engineered Net Shaping (LENS), accuracy in additive manufacturing
processes, stair-casing and its correction, materials for additive manufacturing processes. (7 Lectures)

Text Books

1. Kalpakjian, S. and Schmid, S.R., Manufacturing Engineering and Technology, Pearson Prentice Hall, 2008.
2. DeGarmo E.P., Black J.T. and Kohser R.A., Materials and Processes in Manufacturing, Prentice Hall, 1997.
3. Ghosh A. and Mallik A.K., Manufacturing Science, East-West Press Pvt. Ltd., 1985.
4. Groover, M.P., Automation, Production Systems and Computer Integrated Manufacturing, Prentice-Hall, 2007.
5. Jain V.K., Advanced Machining Processes, Allied Publishers, 2002.
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