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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

M.Tech in DESIGN FOR MANUFACTURING/ DESIGN AND MANUFACTURING
Effective from Academic Year 2017- 18 admitted batch

COURSE STRUCTURE AND SYLLABUS

| Semester
Category Course Title Int. Ext. L|T|P|C
marks marks
PC-1 Advanced Mechanics of Solids 25 75 4 |0|0)| 4
PC-2 Material Technology 25 75 4 10(0| 4
PC-3 Design for Manufacturing & Assembly 25 75 4 |0|0)| 4
PE-1 1. MEMS & Micro Systems : Design & 25 75 3|10(0]| 3
Manufacture
2. Advanced Finite Element Analysis
3. Special Manufacturing Processes
PE-2 1. Advanced Computer Aided Design 25 75 3|10(0]| 3
2. Theory of Elasticity & Plasticity
3. Quality Engineering in Manufacturing
OE-1 *Open Elective - | 25 75 3(10|0]| 3
Laboratory | | CAD/CAM Lab 25 75 00|32
Seminar | Seminar-I 100 0 00|32
Total 275 525 21|10 |6 |25
Il Semester
Category Course Title Int. Ext. L|T|P|C
marks marks
PC-4 Design of Hydraulic & Pneumatic.Systems 25 75 4 10(0| 4
PC-5 Precision Engineering 25 75 4 10(0| 4
PC-6 Advanced Tool Design 25 75 4 10(0| 4
PE-3 1. Intelligent Manufacturing Systems 25 75 3|10(0]| 3
2. Product Data Management
3. Neural Network & Fuzzy Logic
PE4 1. Optimization Techniques & Applications 25 75 3|10(0]| 3
2. Smart:Materials & Structures
3. Vibration Analysis & Condition Monitoring
OE-2 *Open Elective - Il 25 75 310|0]| 3
Laboratory Il | Manufacturing Simulation & Precision 25 75 00|32
Engineering Lab
Seminar Il Seminar-I| 100 0 00|32
Total 275 525 2110|625
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Il Semester
Course Title Int. Ext. L T P C
marks | marks
Technical Paper Writing 100 0 0 3 0 2
Comprehensive Viva-Voce 0 100 0 0 0 4
Project work Review |l 100 0 0 0 22 8
Total 200 100 0 3 22 | 14
IV Semester
Course Title Int. Ext. L T P C
marks | marks
Project work Review Il 100 0 0 0 24 8
Project Evaluation (Viva-Voce) 0 100 0 0 0 16
Total 100 100 0 0 24 | 24

*Open Elective subjects must be chosen from the list of open electives offered by OTHER

departments.

# For Project review |, please refer 7.10 in R17 Academic Regulations.
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

ADVANCED MECHANICS OF SOLIDS

(PC-1)
UNIT - |
Shear Centre: Bending axis and shear center-shear center for axi-symmetric and unsymmetrical
sections.

Unsymmetrical bending: Bending stresses in Beams subjected to Nonsymmetrical bending;
Deflection of straight beams due to nonsymmetrical bending.

UNIT - 1l

Curved Beam Theory: Winkler Bach formula for circumferential stress — Limitations — Correction
factors — Radial stress in curved beams — closed ring subjected to concentrated and uniform loads-
stresses in chain links.

UNIT - 11l

Torsion: Torsion of a cylindrical bar of Circular cross section; Saint-Venant's semi-inverse methods;
Linear elastic solution; Prandtl elastic membrane ( Soap-Film) Analogy; Narrow rectangular cross
section; Hallow thin wall torsion members, Multiply connected cross section, Thin wall torsion
members with restrained ends

Axi-Symmetric Problems: Rotating discs — Flat discs, Discs of uniform thickness, Discs of Uniform
Strength, Rotating Cylinders.

UNIT - IV

Theory of Plates: Introduction; Stress resultants in‘a flat plate; Kinematics: Strain- Displacement
relations for plates; Equilibrium equations for small displacement theory of flat plates; Stress — Strain
— Temperature relation for Isotropic plates: Strain'energy of a plate; Boundary conditions for plate;
Solution of rectangular plate problem; Solution of circular plate problem.

Beams on Elastic Foundation: General theory; Infinite Beam subjected to concentrated load;
boundary conditions; Infinite beam subjected to a distributed load segment; Semi-infinite beam with
concentrated load near its end; Short-Beams.

UNIT - V

Contact Stresses: Introduction, problem of determining contact stresses; Assumptions on which a
solution for contact stresses is based; Expressions for principal stresses; Methods of computing
contact stresses; Deflection of bodies in point contact; Stresses for two bodies in contact over narrow
rectangular area (Line contact), Loads normal to area; Stresses for two bodies in line contact. Normal
and Tangent to contact area.

REFERENCES:

Advanced Mechanics of materials/Seely and Smith/ John Willey

Advanced Mechanics of materials / Boresi & Sidebottom/ wiley international
Advanced strength of materials / Den Hortog J.P./Torrent

Theory of Plates /Timoshenko/

Strength of materials & Theory of structures (Vol 1 & 1)/ B.C. Punmia
Strength of materials / Sadhu singh/
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

MATERIAL TECHNOLOGY
(PC-2)

UNIT - I:

Elasticity in metals and polymers, mechanism of plastic deformation, role of dislocations, yield stress,
shear strength of perfect and real crystals, strengthening mechanism, work hardening, solid solution,
grain boundary strengthening. Poly phase mixture, precipitation, particle, fiber and dispersion
strengthening, effect of temperature, stren and strain rate of plastic behavior, super plasticity,
deformation of non crystalline material

UNIT - II:

Griffth’s Theory, stress intensity factor and fracture Toughness, Toughening Mechanisms, Ductile and
Brittle transition in steel, High Temperature Fracture, Creep, Larson — Miller parameter, Deformation
and Fracture mechanism maps.

UNIT - 1Il:

Fatigue, Low and High cycle fatigue test, Crack Initiation and Propagation mechanism and Paris Law,
Effect of surface and metallurgical parameters on Fatigue, Fracture of non-metallic materials, fatigue
analysis, Sources of failure, procedure of failure analysis.

UNIT - IV:

Motivation for selection, cost basis and service requirements, Selection for Mechanical Properties,
Strength, Toughness, Fatigue and Creep. Selection for-Surface durability, Corrosion and Wear
resistance, Relationship between Materials Selection and Processing, Case studies in Materials
Selection with relevance to Aero, Auto , Marine, Machinery and Nuclear Applications.

UNIT - V:

Modern Metallic Materials: Dual Steels, Micro alloyed, High Strength Low alloy (HSLA) Steel,
Transformation induced plasticity (TRIP) Steel, Maraging Steel, Inter metallics, Ni and Ti Aluminides,
Smart Materials, Shape Memory alloys; Metallic Glass Quasi Crystal and Nano Crystalline Materials.
Nonmetallic Materials: Polymeric.materials and their molecular structures, Production Techniques
for Fibers, Foams, Adhesives. and Coatings, structure, Properties and Applications of Engineering
Polymers, Advanced Structural Ceramics WC, TiC, TaC, A12 O3, SiC, Si3 N4, CBN and Diamond —
properties, Processing and applications.

REFERENCES:

Mechanical Behavior of Materials/Thomas H. Courtney/ McGraw Hill/2nd Edition/2000
Mechanical Metallurgy/George E. Dicter /McGraw Hill, 1998.

Selection and use of Engineering Materials 3e/Charles J.A/Butterworth Heiremann.
Engineering Materials Technology/James A Jacob Thomas F Kilduff/Pearson

Material Science and Engineering/William D Callister/John Wiley and Sons
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

DESIGN FOR MANUFACTURING AND ASSEMBLY
(PC-3)
UNIT - I:
Introduction: Design philosophy steps in Design process - General Design rules for manufacturability
- basic principles of design Ling for economical production - creativity in design. Materials: Selection
of Materials for design Developments in Material technology - criteria for material selection - Material
selection interrelationship with process selection process selection charts.

UNIT - II:

Machining Process: Overview of various machining processes - general design rules for machining -
Dimensional tolerance and surface roughness - Design for machining - Ease - Redesigning of
components for machining ease with suitable examples. General design recommendations for
machined parts.Metal Casting: Appraisal of various casting processes, selection of casting process, -
general design considerations for casting - casting tolerances - use of solidification simulation in
casting design - product design rules for sand casting.

UNIT - 111

Metal Joining: Appraisal of various welding processes, Factors in design of weldments
- general design guidelines - pre and post treatment of welds - effects of thermal stresses in weld
joints - design of brazed joints. Forging - Design factors for Forging - Closed dies forging design -
parting lines of dies drop forging die design - general design-recommendations. Extrusion & Sheet
Metal Work: Design guidelines for extruded sections - design principles for Punching, Blanking,
Bending, Deep Drawing - Keeler Goodman Forming Line Diagram - Component Design for Blanking.

UNIT-IV

Assemble Advantages: Development of the.assemble process, choice of assemble method
assemble advantages social effects of automation.

Automatic Assembly Transfer Systems : Continuous transfer, intermittent transfer, indexing
mechanisms, and operator - paced free= transfer machine.

UNIT-V:

Design of Manual Assembly:" Design for assembly fits in the design process, general design
guidelines for manual assembly, development of the systematic DFA methodology, assembly
efficiency, classification.system for manual handling, classification system for manual insertion and
fastening, effect of part symmetry on handling time, effect of part thickness and size on handling time,
effect of weight on handling time, parts requiring two hands for manipulation, effects of combinations
of factors, effect of symmetry effect of chamfer design on insertion operations, estimation of insertion

time.
REFERENCES:
1. Assembly Automation and Product Design/ Geoffrey Boothroyd/ Marcel Dekker Inc., NY,
1992.
2. Engineering Design - Material & Processing Approach/ George E. Deiter/McGraw Hill Intl. 2"
Ed. 2000.
3. Hand Book of Product Design/ Geoffrey Boothroyd/ Marcel and Dekken, N.Y. 1990.
4. Computer Aided Assembly London/ A Delbainbre/.

5. Product Design for Manufacturing and Assembly/ Geoffrey Boothroyd, Peter Dewhurst &
Winston Ansthony Knight/CRC Press/2010
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

MEMS AND MICRO SYSTEMS: DESIGN & MANUFACTURE
(P E-l)

UNIT - I:

Overview and Working Principles of Mems and Microsystems: MEMS & Microsystems, Evolution
of Micro fabrication, Microsystems & Microelectronics, Microsystems & Miniaturization, Applications of
MEMS in Industries, Micro sensors, Micro actuation, MEMS with Micro actuators Micro
accelerometers, Micro fluidics.

UNIT —11:

Engineering Science for Microsystems Design and Fabrication: Atomic structure of Matter, lons
and lonization, Molecular Theory of Matter and Intermolecular Forces, Doping of Semiconductors,
The Diffusion Process, Plasma Physics, Electrochemistry, Quantum Physics

UNIT - lll:

Engineering Mechanics for Microsystems Design: Static Bending of Thin Plates, Mechanical
Vibration, Thermo mechanics Fracture Mechanics, Thin-Film Mechanics, Overview of Finite Element
Stress Analysis

UNIT - IV:

Thermo Fluid Engineering & Microsystems Design: Overview of Basis of Fluid Mechanics in
Macro and Mesoscales, Basic equations in Continuum Fluid.Dynamics, Laminar Fluid Flow in Circular
Conduits, Computational Fluid Dynamics, Incompressible Fluid Flow in Micro conduits, Fluid Flow in
Sub micrometer and Nanoscale, Overview of Heat -conduction in Solids, Heat conduction in
Multilayered Thin films and in solids in sub micrometer scale, Design Considerations, Process Design
Mechanical Design, Mechanical Design using/FEM, Design of a Silicon Die for a Micro pressure
Sensor

UNIT - V:

Materials for Mems & Microsystems and Their Fabrication: Substrates and Wafers, Active
substrate materials, Silicon as a‘substrate material, Silicon Compounds, Silicon Piezoresistors,
Gallium Arsenide, Quartz, Piezoelectric Crystals and Polymers, Photolithography, lon implantation,
Diffusion and oxidation, Chemical and physical vapor deposition, Etching, Bulk micro manufacturing,
Surface Micromachining,.The LIGA Process.

REFERENCES:
1. Tai — Ram Hsu, MEMS & Microsystems: Design & Manufacturing, Tata Mc-Graw Hill,ed.,
2002

2. Maluf, M., “An Introduction to Microelectromechanical Systems Engineering”, Artech House,
Boston, 2000

3. Trimmer, W.S.N., “Micro robots and Micromechanical Systems”, Sensors & Actuators, vol. 19,
no.1989.

4. Trim, D.W., “Applied Partial Differential Equations”, PWS-Kent Publishing, Boston, 1990.

Madou, M. "Fundamentals of Microfabrication”, CRC Press, Boca Raton, 1997.

6. Hsu, T.R., “The Finite Element Method in Thermomechanics”, Alien & Unwin, London, 1986.
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

ADVANCED FINITE ELEMENT ANALYSIS
(P E-l)

UNIT-I:

Introduction to FEM, basic concepts, historical back ground, applications of FEM, general description,
comparison of FEM with other methods, variational approach, Glerkin's Methods. Co-ordinates, basic
element shapes, interpolation function, Virtual energy principle, Rayleigh — Ritz method, properties of
stiffness matrix, treatment of boundary conditions, solution of system of equations, shape functions
and characteristics, Basic equations of elasticity, strain- displacement relations.

UNIT-II:

1-D Structural Problems: Axial bar element — stiffness matrix, load vector, temperature effects,
Quadratic shape functions and problems.Analysis of Trusses: Plane Trusses and Space Truss
elements and problems

Analysis of BECAD/CAM: Hermite shape functions — stiffness matrix — Load vector — Problems.

UNIT-111:

2-D Problems: CST, LST, force terms, Stiffness matrix and load vectors, boundary conditions,
Isoparametric elements — quadrilateral element, shape functions — Numerical Integration. Finite
element modeling of Axi-symmetric solids subjected to Axi-symmetric loading with triangular
elements.

3-D Problems: Tetrahedran element — Jacobian matrix — Stiffness matrix.

UNIT-VI:
Scalar Field Problems: 1-D Heat conduction-Slabs — fins - 2-D heat conduction problems —
Introduction to Torsional problems.

UNIT-V:
Dynamic considerations, Dynamic equations — consistent mass matrix — Eigen Values, Eigen vector,
natural frequencies — mode shapes —modal analysis.

REFERENCES:
1. Finite Element Methods: Basic Concepts and applications, Alavala, PHI.
2. Finite Element-Method — Zincowitz / McGraw Hill
3. The Finite Element Methods in Engineering / SS Rao / Pergamon.
4. Introduction to Finite Elements in Engineering, Chandrupatla, Ashok and Belegundu,
Prentice — Hall
5. Introduction to Fininte element analysis- S.Md. Jalaludeen, Anuradha Publications, print-
2012
6. A First Course in the Finite Element Method/Daryl L Logan/Cengage Learning/5™ Edition
Finite Element Method — Krishna Murthy / TMH
8. Finite Element Analysis — Bathe / PHI
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

SPECIAL MANUFACTURING PROCESS
PE-I)

UNIT - I:

Surface Treatment: Scope, Cleaners, Methods of cleaning, Surface coating types, and ceramic and
organic methods of coating, economics of coating. Electro forming, Chemical vapor deposition,
thermal spraying, lon implantation, diffusion coating, Diamond coating and cladding.

UNIT - II:

Processing of Ceramics: Applications, characteristics, classification .Processing of particulate
ceramics, Powder preparations, consolidation, Drying, sintering, Hot compaction, Area of application,
finishing of ceramics. Processing of Composites: Composite Layers, Particulate and fiber reinforced
composites, Elastomers, Reinforced plastics, MMC, CMC, Polymer matrix composites.

UNIT - 111

Fabrication of Microelectronic Devices: Crystal growth and wafer preparation, Film Deposition
oxidation, lithography, bonding and packaging, reliability and yield, Printed Circuit boards, computer
aided design in micro electronics, surface mount technology, Integrated circuit economics.

UNIT - IV:
E-manufacturing: Nano manufacturing techniques and micromachining, High Speed Machining and
hot machining

UNIT - V:
Rapid Prototyping: Working Principles, Methods, (Stereo Lithography, Laser Sintering, Fused
Deposition Method, Applications and Limitations, Rapid tooling, Techniques of rapid manufacturing

REFERENCES:
1. Manufacturing Engineering andTechnology | Kalpakijian / Adisson Wesley, 1995.
2. Process and Materials of Manufacturing / R. A. Lindburg / 1th edition, PHI 1990.
3. Microelectronic packaging handbook / Rao. R. Thummala and Eugene, J. Rymaszewski / Van
Nostrand Renihold,
4. MEMS & Micro Systems Design and manufacture / Tai — Run Hsu / TMGH
Advanced Machining Processes / V.K.Jain / Allied Publications.
6. Introduction to Manufacturing Processes / John A Scheyl McGraw Hill.
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

M. Tech — | year | Sem. (Design for Manufacturing)

ADVANCED COMPUTER AIDED DESIGN
(PE-1)

UNIT I

Principles of Computer Graphics : Introduction, graphic primitives, point plotting, lines,
Bresenham’s circle algorithm, ellipse, transformation in graphics, coordinate systems, view port, 2D
and 3D transformation, hidden surface removal, reflection, shading and generation of characters.

UNIT II:

Cad Tools: Definition of CAD Tools, Types of system, CAD/CAM system evaluation criteria, brief
treatment of input and output devices. Graphics standard, functional areas of CAD, Modeling and
viewing, software documentation, efficient use of CAD software. Geometric modelling: Types of
mathematical representation of curves, wire frame models wire frame entities parametric
representation of synthetic curves her mite cubic splines Bezier curves B-splines rational curves.

UNIT III:

Surface Modeling: Mathematical representation surfaces, Surface model, Surface entities surface
representation, parametric representation of surfaces, plane surface, rule surface, surface of
revolution, Tabulated Cylinder.

UNIT IV:

Parametric Representation of Synthetic Surfaces: Hermite Bicubic surface, Bezier surface, B-
Spline surface, COONs surface, Blending surface < Sculptured surface, Surface manipulation —
Displaying, Segmentation, Trimming, Intersection, Transformations (both 2D and 3D).

UNIT V:

Geometricmodelling-3D: Solid modeling; Solid Representation, Boundary Representation (13-rep),
Constructive Solid Geometry (CSG).

CAD/CAM Exchange: Evaluation-of data -exchange format, IGES data representations and structure,
STEP Architecture, implementation; ACIS & DXF. Design Applications: Mechanical tolerances, Mass
property calculations, Finite Element Modeling and Analysis and Mechanical Assembly.

Collaborative Engineering: Collaborative Design, Principles, Approaches, Tools, Design Systems.

REFERENCES:
1. CAD/CAM Concepts and Applications/ Alavala/ PHI
CAD/CAM /Groover M.P./ Pearson education
Mastering CAD/CAM / IbrhimZeid / McGraw Hill International.
CAD/CAM Principles and Applications/ P.N.Rao/TMH/3" Edition
CAD / CAM / CIM, Radhakrishnan and Subramanian/ New Age
Principles of Computer Aided Design and Manufacturing/ Farid Amirouche/ Pearson
Computer Numerical Control Concepts and programming/ Warren S Seames/ Thomson.
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

THEORY OF ELASTICITY AND PLASTICITY
(PE-1)

UNIT - |

Elasticity: Two dimensional stress analysis - Plane stress - Plane strain - Equations of compatibility -
Stress function - Boundary conditions.

Problem in Rectangular Coordinates - Solution by polynomials - Saint Venent's principles -
Determination of displacement - Simple beam problems.

Problems in Polar Coordinates - General equations in polar coordinates - Stress distribution
symmetrical about axis - Strain components in polar coordinates - Simple and symmetric problems.

UNIT - 1

Analysis of Stress and Strain in Three Dimensions: Principle stresses - Homogeneous
deformations - Strain spherical and deviatoric stress - Hydrostatic strain.

General theorems: Differential equations of equilibrium and compatibility - Displacement -
Uniqueness of solution - Reciprocal theorem.

UNIT - 1l
Bending of Prismatic Bars: Stress function - Bending of cantilever beam - Beam of rectangular
cross-section - Beams of circular cross-section.

UNIT - IV

Plasticity: Plastic deformation of metals - Structure of metals - Deformation - Creep stress relaxation
of deformation - Strain rate condition of constant maximum shear stress - Condition of constant strain
energy - Approximate equation of plasticity.

UNIT -V
Methods of Solving Practical Problems:” The characteristic method - Engineering method -
Compression of metal under press - Theoretical and experimental data drawing.

REFERENCES:
1. Theory of Elasticity/Timoshenko S.P. and Goodier J.N./Koakusha Publishers
An Engineering Theory of Plasticity/E.P. Unksov/Butterworths
Applied Elasticity/W.T. Wang/TMH
Theory of Plasticity for Engineers/Hoffman and Sacks/TMH
Theory of Elasticity and Plasticity/Sadhu Singh/ Khanna Publishers
Theory of Elasticity and Plasticity/Harold Malcolm Westergaard/Harvard University Press
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)

QUALITY ENGINEERING IN MANUFACTURING
(PE-1)

UNIT I

Quality Value and Engineering: An overall quality system, quality engineering in production design,
quality engineering in design of production processes. Loss Function and Quality Level: Derivation
and use of quadratile loss function, economic consequences of tightening tolerances as a means to
improve quality, evaluations and types tolerances.(N-type, S-type and L-type)

UNIT II:

Tolerance Design and Tolerancing: Functional limits, tolerance design for N-type. L-type and S-type
characteristics, tolerance allocation fbr multiple components. Parameter and Tolerance Design:
Introduction to parameter design, signal to noise ratios, Parameter design strategy, some of the case
studies on parameter and tolerance designs.

UNIT III:
Analysis of Variance (ANOVA): NO-way ANOVA, One-way ANOVA, Two-way ANOVA, Critique of
F-test, ANOVA for four level factors, multiple level factors.

UNIT IV:

Orthogonal Arrays: Typical test strategies, better test strategies, efficient test strategies, steps in
designing, conducting and analyzing an experiment. ~ Interpolation of Experimental Results:
Interpretation methods, percent contributor, estimating the mean.

UNIT V:
ISO-9000 Quality System, BDRE, 6.-sigma; “Bench marking, Quality circles Brain Storming
— Fishbone diagram — problem analysis.

REFERENCES:
1. Taguchi Techniques for Quality Engineering / Phillip J. Ross / McGraw Hill, Intl. 1l Edition,
1995
2. Quality Engineering in_Production systems | G. Taguchi, A. Elsayed et al / McGraw Hill Intl.
Edition, 1989.

3. Taguchi Methods explained: Practical steps to Robust Design / Papan P. Bagchil Prentice
Hall md. Pvt. Ltd., New Delhi.

11
www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
M. Tech — | year | Sem. (Design for Manufacturing)
CAD/CAM LAB

Features and selection of CNC turning and milling centers. Practice in part programming and
operation of CNC turning machines, subroutine techniques and use of cycles. Practice in part
programming and operating a machining center, tool panning and selection of sequences of
operations, tool setting on machine, practice in APT based NC programming. Practice in Robot
programming and its languages. Robotic simulation using software. Robo path control, preparation of
various reports and route sheets, Simulation of manufacturing system using CAM software, controller
operating system commands
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