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SCHEME OF INSTRUCTION AND EXAMINATION

SEMESTER VII
Sub Subject Scheme of Scheme of examination
Code instraction
(hours'week)
L [T [P |Th Marks -
Du [Th |8 [P [O [Toml
(hrs) |
71| CAD-CAM 3 113 13 100 |25 |25 |25 175
7.2 | Refrigeration & Air 3 [1 |2 |3 0 |25 (25 |25 |175
Conditioning
73 Manu lacturing 3 |1 - 3 100 |25 - - 125
Technology I11
74 Elective 1 13 11 2* |3 100 |25 - 25 150
75 | Elective I 3 |1 _|2* |3 00 [25 |- 25 150
7.6 | Project - |- & 3 - 54 |- 50 |75
Towal |15 [05 [12 |- 500 | 150 (30 [ 150|850

#Practical slots for Electives subjects are to be decided based on nature of subjects offered
and explicitly specified in the Elective list.

A journal conteining assignments such as design exerciseslor experiments conducted and
results obtuined to be submitted for assessment,

**  Progress Seminar of PROJECT

Elective 4- major groups (thermal, design, manufacturing and industrial) and I-non
departmental like computer, IT and management,

L; Lecture, T: Tutorial, P: Preactical
Th.Dur: Duration of theory paper
Th: Theory, 5: Sessional, P: Practical, O0:Cral

Revised Course (Revised in 2007-08) sem VII {Mech) Electives to be
introduced from | t::nr of 2010-2011
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L+T+P
Lectures/ Tutorial/ Practical per week I+142
Max, Marks for theory puper 1040
Max, Marks for Sessionals 25
Max Marks for Procticals 25
Max Marks for Orals 25
Tatal number of modules 4
Total number of questions from each module 2
Duration of thesry paper 3 hours
Total number of questions to be answered 5 at least onc question from each

maodule)
OBJIECTIVES

» To provide an overview of hardware, software, concepts of geometrical modeling &
FEM and artificial intelligence in design & manufacturing.

s To introduce the student to the basic fundamentals of Computer Graphics, which can
help him to visualize the graphic images/geometric model on the sercen,

» To learn the basics of NC, CNC & DNC machine tools & also explain the concepts of

NC part programming & computer assisted programming language. Suitable

illustrations will enable the student to write his her own programs.

Ta provide a glimpse of robot technology & rapid Prototyping.

» To understand the basic concepts of outomation in FMS & CIM & how it can be
implemented in modern factories,

INSTRUCTIONAL OBJECTIVES

s The student should be able to use the methed of geometic construction for solid
maodeling with CAD softwares like CATIA, SOLIDWORKS, PRO- E ete,

s The student should be able to opply the concepts of FEM in mechanical engineering
analysis using softwares like ANSYS, NASTRAN, ABACUS etc.

» Concepts like scan conversion, algorithms for line and circle drawing, clipping &
geometric transformations can provide a platform for developing CAD/CAM
software.

» The student should he able to write CNC programs independently for any specific
CNC machine,

s The concepts of robotics and FMS should prepare the student for further work and
resedarch on these topics,

MODULE-I
Fundsmentals of CAD/CAM, CIM and automation, CADVCAM Haordware, CADVCAM

Sollware, Geometric modeling — Geometric models and construction methods, Finite clement
analysis procedure, FEM software, Concurrent engineering, CAD standards, Introduction 1o

CADCAM data c;'u:hﬂnﬂz,{_i
(14 Hours)
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0, Radhakrishnan P. Subramanyan S, CADVCAM/CIM, New Age International

publishers, 1994
10, Tien Chien Chang, Rolland Wyst, HSU Pin Wang, Computer aided manubacturing,

Pearson Education
b
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MODULE 11

(12+3)
2.1 ¥apour Compression System
Limitations of air refrigeration system, development of vapour compression eycle (VCC),
use of p-h charts, Sccond Law Analysis, sctual vapour compression eyele. Introduction to
multisiage compression systems Two stage compression with flash gas removal, liquid
intercoaler, flash cooling, flash sub-cooling. Introduction W CASCAD refrigeration system,
Mumericals and solution procedure,

2.2 Vapour absorption system

Introduction, simple vapour absorption system, practical vapour absorption system, COP of
an ideal vapour shsorption mixture, water ammonia system{problems), Electrolux
refrigerator, lithium bromide absorption system(deseriptive treatment only)

MODULE ITI

{1142)
3.1 Refrigerants and Components of refrigeration and air conditioning system
Desirshle properties of refrigerants classification of refrigeration, secondary refrigerants,
alternative refrigerants for CFC's and HCFC's ozone depletion potential (ODP) Global
warming potential (GWP) total equivalent warming impact (TEWI), Montreal protocal,
Kyoto protocol, Clesn Development Mechanism.
Compressors, condensers, evaporators, expansion devices such as capillury tobes, automatic
expansion valves, thermostatic expansion valves, Condensing Units and Cooling Towers,
Pressure and Temperature controls, (Deseriptive treatment only)

3.2 Psychrometry

Intraduction, Psychrometry terms,use of Psychrometrie chart, Psychrometric processes,
adiabatic saturation temp. Evaporative cooling, bypass factor of coil, efficiency of coil, Air
washers, Thermodynamics of human body with environment, effective tdempeomiort chur,

MODULE 1V

(12+4)
4.1 Air Conditioning and Selection of air- conditioning Systems
Dielination, factors, equipment used, classifications, all sir system, all water nir-water system,
unitary and central air conditioning systems, auditorium air conditioning system, Numericals
on air conditioning systems using Psychrometrie chart.Introduction to thermal distribution
systems and their function, Selection eriteria for air- conditioning systems. (Elementary
treatment only) L
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REFRIGERATION AND CONDITIONONG LABORATORY

Practical hours per week: 2
Maoximum Marks for Practical Examination : 23

Thie tesm work shall eonsist of minimum five experiments from the following:

List of Practicals

Performance test on vapour compression st rig.

Performance test on air conditioning test rig.

Performance test on ice plant test rig.

Performance test on Heat Punp Trainer

Etudy of compressiors

Study of vapour absorption [ Electrolux system

Determinations of cooling load of air conditioning system (case study)

Study of installation / operation / maintenance practices for refrigeration systems
Visit to any refrigeration or air conditioning plant.

o R o B S U

TEXT BOO

1. Refrigeration and Air conditioning — Arora 5. C. & Dombkundwar 5., Dhanpatran &
Sons, New Delhi,

REFERENCEBOOKS:-
1. Refrigeration and Air conditioning — C. P. Arora 8. C. & Domkundwar 5., Dhanpatri
& Sons, New Delhi
2. Refriperation and Ajr conditioning — Manohar Prasad, Wiley Eastern Limited
3. Refrigeration and Air conditioning- Anantanrayan, Tata McGraw Hills Co. New Delhi
4. Refrigeration and Air conditioning — Dossat Ray J, Wiley Eastern Limited.

st
el w ::: % )
prdt e AP Dept. of Mochanical Eigrmnettihe
Cor oo’ ndre (oncaicec Coliegy. = Engir st
wu Tachnwcal Edutanon Commis

WFRNA-GOM 403 13



MODULE 111 (12}

a) Form tool design

b} Milling cutters and its classification, elements of plain milling cutter, influence of
tooth angles on culter performance.

¢} Broach tool design, theory of broaghing,

d) Twist drill geometry and its design aspects,

&) Grinding wheel nomenclature, selection of grinding wheel,

MODULE IV

a) Surface finishing processes: lapping, honing, super finishing and burnishing.

b) Powder metallurgy: manufacturing of metal powders, mixing and blending
Compacting, sintering snd secondary operations, Advantages, limitations and
spplications of powder metallurgy, Recent trends in powder metallurgy.

¢) Wear mechanisms of H. 85 and carbide wals.

d) Machinahility of magnesium, sluminum, copper, iron amd steel,

BOOKS

Eary and Reid- Technigues of pressworking sheet metal-Prentice Hall Inc,
Joshi P.H. — Jigs and fixtures-TMH

Arsihnov-Tool Design MIR Publication.

ASTME- Tool Design

. Trent E.M. — Metal Cuiting — Bulterwarths,

B e

RENCE KS:-

4

HMT — Production Technology,

2. Kempster — Introduction to jigs and fixtures — ELBS

3. Jungja B.L. and Sekhon G, 8, — Fundamentals of metal maching and machine tools
Wiley Eastern LTD.

4. Donaldson - Tool Design,

vé;;;?‘““ e
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ME 7. 4. 2 TOOL ENGINEERING AND DESIGN

L.T.P
Lectures/ Tutorials/Practicals per week: 142
Mux. marks for theory paper. 100
Max. marks [or sessionals 25
Max. marks for orals 25
Total No. of questions from each module 2
Total No. of questions 1o be answersd 5 (A least one question from each module)
Course Objective: To prepare mechanical Engineer to be specialised in Tool Design aspects
of various types of tools required in various machine processes and various types of form
taals.
Instructional Objectives: The study of varicus types of tools required for machinery

processes and forming tools including plastic tooling, and tools required fior N € Machine
tools should be dealt in detail, give brief about processes before giving to design aspects,

1

MODULE 1 {06 Hrs)
Tool Design Methed and Tool Materdals: Introduction, the design procedure,
properties of cutting tool material. Ferrous tooling materials such as Tool steals cast
iron, Mild or low carbon steels. Nonmetallic, Non Ferrous tooling materials. Heat
treating, Factors effecting heat treating. Heat treatment and tool design,
{06 Hrs)
Design of Single Point Cutting Tools: Basic requirement of cutting tools. Single
point tools, Tools nomenclature, geometry of single point cutting tool, design of
shank dimension using strength and rigidity consideration and selection of geometry
for the cutting tool point, Boring tool, types of boring tools. Boring — bar and cutting
adjustment. Design features of shaper. Planner, and slotter tools. Selection of carbide
cutting tools. Determining shank size for single point carbide tools Determining the
insert thickness for carbide tools,
MODULE 11 (06 Hirs)

Design of Drill: Geometry of drill, type of drill, effect of various factor on axial
thrust and torque in drilling. Design of basic element of drill, Problem on drill body
and flate of drills and selection of peometry.

(06 Hrs)
Design of Milling Cutters: profile sharpened milling cutters, profile sharpened plain
milling cutiers, profile shapened face-milling cutter, profile sharpened zide milling
cutter, citeulars saws, profile sharpened end- milling cutter, profile sharpened form
milling curter, and form relieved milling cutter. Design problems.

MODLULE 111 {6 Hrs)
Design of Form Tools: Form tools for wming apphication, Flat form touls, Graphical

profiling of Nat form tools, Circular form toals, Correction of angles, Correction of
Cireulir ares, Comatibility of Tool angles, Tongentinl form tool.
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E7.4. 3 CRYOGENICS

Number of Lectures/Tatorials/ Practicals per week ;+ I.Ezp

Question paper Duration 3 Hrs

Maximum Sessional Marks 25

Maximum oral Marks 25

Maximum Marks  (theory) Lo

No. of question for each module 02

Tatal number of gquestions to be answered 5 { at least one question from each module)
Course Ohjectives:

Use the information described in the course description to properly model and design very low
temperature (cryvogenics) systems.

Instructional Objective:
l. To build a solid foundation in the fundamentals of cryogenics
2. To encourage & “hands-on™ approach to solving cryogenic problems
1. To define and demonstrate * what's different” at low temperatures
4, To provide up-to-date cryogenic solution of open-ended, client-based design prablems.

MODULE 1
(12+4)
Introduction : - Historical review, application areas, Temperature and temperature scales, First,
Second and Third laws of Thermodynamics, Properties of state, Reversible and irreversible process.
Heat engines and phase transitions. Review of solid and fuid properties a1 low temperatures
MODULE 11
(12+4)
Liquefaction systems; Liquefaction Open and closed cycles; Effect of Component efficiencies as
performance; Simulation of performance of different cyeles
Cryogenic Refrigerators: Recuperative and Regenerative cycles — Effect of lrreversibility on
gystem performanc
MODULE 111
(12+4)
Micro-miniature eryocoolers for space and defence applications
Design criteria for cquipment associated with low lemperature systems: heat exchangers,
compressors, expanders.
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GINEERING TRI

LTF
Number of Lectures/ Tutorials/Practicals per week 3+142
Question paper Duration 3 Hrs
Maximum Scssional Marks 25
Maximum oral Marks 25
Maximum Marks for Theory 10161
Mo, of guestion for each module 02
Total number of questions to be answered 5 { ab least one question from each  module)

Course Objectives: This is an interdisciplinary course with knowledge drawn from different
disciplines of mechanical engineering, materials science, chemislry and physics. The interaction
between these different fields will lend engineers to control wear wnd riction,

Instructional Objective: Tribology focuses on friction, wear and lubrication of interacting surfaces
in relative motion, Tribological stwudies have economic benefits in improving reliabilily, ensuring
maintenance and reducing wear.

MODULE 1
Introduction: Meaning of Tribology, Lubrication and wear. (2)

Physical Properties of Lubricants: Oil viscosity & Viscosity Index, Viscosity Measurements,
Viscosity of Mixtures, Oil Viscosity Classification, Thermal Properties of Lubricants, Lubricant
impurities and Contaminants. (3

Hydrostatic bearings: Hydrostatic Bearing Analysis, Flot circular Hydrostatic Bearing: Pressure
Distribution, Lubricant Flow, Load Capacity, Friction Torque, Friction Power Loss, Generalized
Approach to Hydrostatic Bearing (5}

MODULE 11

The Friction of Selids: Genesis of Solid Friction: physical basis of the laws of Friction, Adhesion,
Tunction Growih. Static and Kinetic Frction: Stick-Slip Effects & Measurement of Friction, Friction
of Mon Metallic Materials, Tribo-Monitoring of Friction,

(5)

Wear & surface damage: Introduction, Classilication of Wear, Wear Maps  Mechanism of Wear:
Seixure, Melt wear, Oxidation Dominated Wear, Mechanical Wear Process, Running in Adhesive
Wear, Abrasive Wear, Delamination Wear, Fatigue Wear in Rolling Contacts, Fretting and
Corrosive wear, Erosive Wear, Third bodies & Wear: Interfacial Third Bodies, Debriz Analysis.
Trho-Monitoring
(5)
MODULE - 111

Hydrodynamie Bearings: Introduction, Reynolds Equation, Simplifying Assumplions, Equilibrium
of an Element, Continuity of flow in a Column, Simplifications of Reynolds Equation, Bearing
Parameters predicted from Reynolds Equation. Pad bearings: Infinite Liner "ad Bearings, Infinite
Raoylegibh Step Bearing, Finite Pad Bearings, Pivoted Pad bearings, Converging Diverging Wedges:
Bearing Geometry, Pressure Distribution, Lead Capacity. Journal Bearmgs: Evaluation of Main
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ANAGEMENT IN MATION SYSTE

LR
Lectures per week; 3142
Max. marks for theory paper HEL
Mux marks [or sessionals 25
Max marks for orals 25
Total Mo. of questions from each module 2
Total Mo. of questions to he answered 5 { Al least one question from each Module.)

This course is aimed at providing an understanding of the concepts of management information
system, Decision Making, Information, Databases, Database Management Systems and tools and
methodologies for structural analysis and design of information systems and other related concepts.
The students are expected o sequire competence in design of MIS in various functional areas of
Management through case discussions and Project Assignments.

MODULE I (12+4)

Introduction of Information Systems, Distinction between Data & Information, Growth of Hardware,
Classification of hardware and software. Basics of networking topology, Basics and discussion of
internet, internet and extranel. Discussion of the domain name classification systems in Internet,
Different storage medis, Different file storages, different file organizations — sequential, hashed,
indexed, file organizations to support multi-attribute search. Different database structures-
hierarchical, network, relational and object oriented.

MODULE 11 (1244}

Concepts of decision making — Simons model of decision making, decision making under certainty,
risk and uncertainty, Maxinin and minimax eriterin, payoff matrices, decision trees, utiles, ranking,
weighing and elimination of aspects,

Concepts of System-classification, Coupling and decoupling, Negative entropy, handling of system
siress.

Concepts of Do & information-Value of Information, Value of perfect information, Data
Independence — Physical and logical. Data dictionary,

MODULE 11 (12+4)

Logocal & Physical modeling of Data, Dats Flow Diagrams — context diagrams and leveling

Tools for aralysis and modeling of process — Flow charts, structured English, pseudocode, Decision
Tables, LEDT & EEDT, Kamaugh Maps.

Concepis of databases, Graphical wools in logical modeling — Entity Relationship Diagrams (ER
diagrams)

Introduction 10 Gnu/Linux 0.8, Comparison free ond open source software with proprictary
software,

Relationd] Daiobase Managemeni Systems (RDBMS)) Data Defination, Data Manipulation and
Duery — Stroctured Query Language (SQL). Relating between tubles. Comparison of popular
RDBMS packapes,

0, W
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MLE, T4A.6 6= Sigma Management

LTFP
Lectures/ Tutorials/ Practieal per week: 3+1+2
Max marks for theory paper: 1y
Max. marks for sessionals 25
Max, marks for orals: 25
Total no. of questions from cach module: 2

Total no of guestion to be answered: 5 (At Least one question [rom each module.)

Course Objectives:

The primary objectives of this course is exposing students to the fundamentals of Six Sigma
methodology, tools and techniques, and building in confidence and capability amongst students in
mapping the organizational activities and problems in terms of Six Sigma framework,

Instructional Objectives:

The course will address the following main issues:
i) Introduction of Six-sigma

i} Tools used in Six-sigma,

iii) QFD, FMEA, DOE and Taguchi Methods

iv) DMAIC and DFSS process

MODULE I
(12+4)

Overview of Six Sigma Management
Successlul applications of Six Sigma Management, Timeline for Six Sigma Management, Benefits
of Six Sigma Management, Voice of the Process, Voice of the Castomer, Delinitions(Non-technicel
and Technical) of Six Sigma,
Six Sigma Roles, Responsibilities; Champion, Master Black Belt, Black Belt, Green Belt, Process
Owner, Terminologies in Six Sigma Management.

Tools used in Six Sigma

Frequency distribution snd Histogram, Run charts, Stem-and-leaf plots, Pareto diagrams, Cause and
Effect Diagrams, Box Plots, Normal probability plots.

Measures of Central Tendency, Measures of Variation,

MODULE 1T
(12+4)
‘Technigues used in Six Sigma: (Al least two case studies each to understand concepts)
Quality Function Deplayment (QFD) Failure Mode and Effects Analysis (FMEA).

MODULE 111
{12+4)

Technigues used in Six Sigma: (At least two cose studies each to understand concepls)
Design of Experiments (DOE): Factorial designs: Introduction, Two-Factor facloral design,
ANOV A, 2* Factorial Design: 2° and 2* designs only, ANOVA,
Taguchi Method:
Taguchi philosophy, Loss lunctions, Signal-to-Noise ralio, experimental design in Taguchi Method,
Parameter design,
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ANALYSIS &

Lectures/Tutorials/ Practical per week: 3+1+2

Max murks for theory paper: 100

Max, murks for sessionals 23

Max, marks for orals: 23

Total no., of questions from each module: 2

Total 1io of guestion to be answered: 5 (At least one question from each miodule.)
MODULE 1

(12+4)
1.1 Review of the Basics of Kinematics.
1.2 Kinematic Analysis of Plane Mechanisms: Displacement, Velocity and acceleration unalysis of
simple and complex mechanisms by analytical and graphical methods.
MODULE 11
(12+4)
Curvature theory: Fixed and moving centrodes, envelops — velocity and acceleration inflection
points and inflection circle. Buler — Savary equation, Bobillier's theorem, Hartmans's construction,
return circle, cusp points, cubic of stationary curvature, Ball’s point, Application i dwell
mechanisms.
MODULE IT1
(12-+4)
Kinematic synthesis of plane mechanisms: Type, smber and dimensional synthesis, branch and
order defieets, Function generation and path generation, rigid body guidance. Chebychev spacing,
three, four and five position synthesis, Burmerster point theory, synthesis by analytical methods.
MODULE 1V
(1244}

4.1 Computer — aided kinematic analysis of planar mechanisms.

4.2 Spatial Mechanisms: Position, velocity and acceleration analysis of RGGR mechanisms,
Eulerian anglés theorm on angular velocities and acceleration, DH parameters, D matrix
method, application of spatial mechanisms in robotics, Kinematic analysis of industrinl
robots,

Books Recommended:

1) Theory of Machines and Mechanisms, Shigley & LUicker.

2} Mechanism Design-Analysis and synthesis, Erdman And Sendor,
3) Theory of Mechanisms and Machines, Ghosh & Malik

4} Kinematic & linkage Design, Hall

5) Kinematic synthesis of Linkages, Hartenberg & Dienavil.

6) Machines & Mechanisms, Mysska,

T} Computer - Aided Analysis of Mechanical systems, Nikravesh
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MODULE 1L

6, Game playing with min-max search, adding alpha beta cut offs, {04

7. Planning om example domain, the blocks world, components of o planming system, poal stack
planning, non linear planning, hierarchical planning (04}

8 Natural language processing: Introduction, syntactic, semantic, discourse and pragmatic
processing. (0

MODULE IV

9. Learning! Definition, rote leaming, learning by toking odvice, learning in problem solving,
learning from examples. {04)

10. Expert system: definition, components, expert system shell, application, knowledge acquisition.

(04)

8. Introduction o Arificial Newral Networks: History and development of ANN, ANN topolagy,
Buasic lesrning laws, supervised snd unsupervised leaming, stability and convergence, perceplron
learning, three layered perceptron, back propagation leamning,

{08)

Text
|. Luger, Artificial Intelligence
2, Rich & Knight, “Artificial Intelligence”,

Reference Books
1. Russell, Morving, Artificial Intelligence, A Modemn Approsch, Pearson Edueation..

2. Char nick “Introduction to Artificial Intelligence”, Addision Wesley,

3. Marcellous, “Expert Systems Programming”, PHL
\0
=3

4. Elamie, “artificiol Intelligence”, Academic Press,
Dept. of Mechanical E

Yegnarayana, Artificial Neural Networks
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Silicon earhide fibers, Quartz und silica fbers, Multiphase fibers, Whiskers, Flakes ete.,
Mechanical properties of [ibers,

Metal matrix, Ceramic matrix, Curbon Matrix, Glass Matrix ete.

Interlaces: Wettability, Intersctions at the interface, types of bonding at the interface, tests for
measuring the interfacial strength.

Madule 111
(12-+4)
5. Processing of Composite Materlals
Processing of MMC: Solid state, Liquid state, deposition and Instu methods
Processing of CMC: Conventions] mixing and pressing, Technigues involving slurries,
Liquid state, sol-gel, vapour deposition Lanxide and Insitu Techniques
Processing of PMC: Hand lay-up and spray-up, filament winding, pultrusion, resin transfer
moulding, SMC and compression moulding.

6. Applications of composites: Functional requirements and spplications of composites in
automotive, aerospace, sporis and other enginecring ficlds

Maodule I'V (1244}

7. Smart materials: Overview of Smart Materials and Structures, Physical Properties,
Pieroelectric  Materials,  Electrostrictive  Materials,  Magnetostrictive  Materials
Magnetoelectric Materials, Magnetorheological fluids, Electrorheological Fluids and Shape
Memory Matenals.

8. Nanomaterials: Overview of nanoscience, Theory, definition and history — Properties at
panoscale, Societal implications of nunoscience — nanotoxicology Materials, structure,
nonosurface, Energy ot nanoscale, OD, ID2D and 3D nanomaterials, Carbon based
nanomaterials,

Synthes of Nanomaterials : “Top-down™ approach, “Botiom up” appreach, Structure and
properties; Characterization of nanomaterials: Diffraction techniques, spectroscopy and
maodeling, Imaging techniques,

Text Books

1} A text book of Polymers — M. 8. Bhatnagar-S.Chand & Co., New Delhi

2} Fundamentals of Ceramics — Michel Darsoum, MeGraw Hill, NY

3) Composite Materinls — F.L Mathews and R.D. Rawlings, CRC Press, Woodhead Publishing
LTD

4) Composite Materials- F.L. Mathews and R.D. Rawlings, CRC Press, Woodhead Publishing
LTD

5) MNano Materials- A K. Bandyopadhyny, New Age Publishers.

References
|. Principles of Palymer Processing — Zehev Tadmor & Costas G, Gogov, Wiley
Intermational
2. Handbook of Ceramics, Glasses and Diamonds- Charles a. Harper, MeGraw Hill
1. Introduction to Nanotechnology — Charles P. Poole Jr, and Franks. 1. Qwens
4, Springer Handbook of Manotechnology-Bhural Bhissan
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FUSION DEPOSITION MODELLING: Principle, Process parameter, Path generation,
Applications,

SOLID GROUND CURING: Principle of operation, Machine details, Applications.

LAMINATED OBJECT MANUFACTURING: Principle of operation, LOM materials. Process
details, application.

MODULE 3

(12 hours)

CONCEPTS MODELERS: Principle, Thermal jet printer, Sander’s model maker, JI systemss,
Ohbject Quadra systems.

RAPID TOOLING: Silicone rubber tooling, Aluminium filled epoxy tooling, 30 Keltool process,
Dircet AIM, Copper polyamide, DTM rapid toel process.

RAPID MANUFACTURING PROCESS OPTIMIZATION: Factows influencing accuracy, Data
preparation errors, Part building erors, Error in finishing, Influence of build oricntation,

MODULE 4
{11 hours)

DESIGN MODELLING FOR RP: The STL File. The SLC Format, Model Slicing, Choosing o
Hystem

SOFTWARE FOR RP: Overview of Solid view, magics, imics, magie communicator, ete. Internet
hased oltware, Collaboration tools,

REVERSE ENGINEERING: 3D scanning, 3D digitizing and Data fitting, Surface generation from
point eloud, Surface modification-data transfer to solid models, Overview of digitizing software’s,
Case studies.

#

1. Steren Lithography and other RP & M Technologies, Faul F. Jacobs: SME, NY 1996,

2. Rapid Manufacturing, Flham D.T & Dinjoy 8. 8, Springer- Verlog London 2001,

3. Computer Aided Manufacturing, Tien Chien Chang, Richard A, Wysk, Hsu Pin Wang,
Pearson Education 2011

References Books

[. Rapid Prototyping, Terry Wohler's Report 20007 Wohlers Association 2000,
2. Rapid Prototyping Materials, Gurumurthi, Hse Banglore
3. Rapid Aotomated, Lament wod. Indus press New York,
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Shell and tube heat exchanger- Tinkers, Kem's and Bell Delaware’s method, design methodology,
Methodology for thermal design of heat exchanges; rating and sizing problems, Pressure drop

caleulations,
MODULE 111 (12+4)

Design of Condenser

Estimation of heat transfer coefficient, Fouling fsctor, Frietion factor, Design procedures, Wilson

plots, Designing, different types of condensers BIS standers, Optimisation studies,

Design of Evaporator

Different types of cvaporators, Design procedure, Selection procedure, Thermal stress caloulations,

matehing of components, Design of evaporative condensers.

MODULE 1V (12+4)

Design of Cooling Tower

Types of cooling towers, Analytical and graphical design procedures, Tower characteristics,
Parametric analysis, Packaging, Water treatment, Selection of pumps and fans, Energy eonservation.

Waste heat recovery systems, applications & techno economics

Recuperators — Regencrators — economizers — Plate Heat Exchangers — Waste Heat Boilers —
classification, Location, Service conditions, Design Considerations, Unfired combined cyele -
supplementary fired combined cycle - fired combined eyele applications in Industries — {luidized
bed heat exchangers — heat pipe exchangers — heat pumps — theemic fluid heaters selection of waste
heat recovery technologies — financial considerations — operations and investment costs of waste
hieat recovery.
Text Books

I, A.P. Frass and M. N. Oxisik, “Heat Exchanger Design”, MeGraw Hill, 1984,

2. D.C.Kem, “Process Heat Trunsfer”, MeGraw Hill 1950
3, Ozisik M.N,, Heat transfer, MeGraw-Hill, 1988

Refercnces Bools
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Final Drive; Differentials, rear axles, propeller shafls, couplings. (2+1)

Suspension: Various suspension systems, Independent front and rear suspension, shock absorbers,
pitching, bouncing und rolling. (2+1)

Vehicle performance: Resistance to the motion og vehicles-air rolling, pradient registances power
requirement for acceleration and grade ability, selection of suitable rear axle & gear ratio.

(6+2)
Electrical system:Lead Acid Buttery, Types of ignition system, Engine starting system, Automobile
Air conditioning. (2+1)

MODULE -1V

Automobile safety: Preventive safety design and design consideration of an automobile to minimize
injury in case of accidents, (2+1)
Automobile Pollution control: Emission standards, Pollutants emitted by autormobile and methods
to control pollution. (2+1)
Recent advances in automobiles: Variable valve timing, Electronic fuel injection, Adaptive
suspension system, Active roll control system, hybrid vehicles, Fuel cells, heavy haulage vehicles.

(3+1)
Basic fe o wheelers and wheelers
Transmission system, Suspension system, Brake system, {2+1)
TEXT BOOKS

1. Heitmer, Automotive Mechanics
2. Kirpal singh, Vol 1&I1 ,Automobile Engineering.

REFERENCE BOOKS
1. MNewton Steads, Motor Vehicle.

2. Crouse, Automotive Mechanics,
3. Automotive Mechanics ED May Vol 11
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comb-drive and micromeotor, Magnetic micro relay, Shap-memory-slloy based sctuntor, Flecire-
thermal actuator System: Micro gas turbine, Portable clinical analyzer, Active noise control in a
helicopter cubin Introduction to RF-MEMS, BIO-MEMS, high temperature MEMS and optical
MEMS (Basic concept only) (11 hours)

Surlace-peoustic-wave based wirgless struin sensor, sciuators: silicon micre mimar armays, Plezo-

electric based inkjel print-head, Electrostatic comb-drive and micromotor, Mapgnetic micro relay,

shape-memory-allay based actustor, Electro-thermal actuator Systems: Micro gas turbine, Portable

clinical anelyzer, Active noise control in o helicopter cabin

Introdduction to RE-MEMS, BIO-MEMS, high temperature MEMS and optical MEMS (Basic

concepts only) (11 hours)

MODULE-3

Modeling: Scaling issues, Elastic deformation and stress analysis of beams and plates, Residential

stresses and stress grodients, Thermal loading, Heat transfer issues, Basic fluid issucs Electrostatics,

Coupled electromechanics. Electromagnatic actuation. Capillary electro-phoresis. Pieseoresistive

modeling. Piezoelectric modeling. Megntostrictive actuators.

Microsystem Design:Thermomechnical stress analysis, Dynamic amalysis, Design of a Silicon die

for micropressure sensor, design of microfluidic network system: Fluid resistance in microchannels
(12 Hours)

MODULE-4

Integration and Packaging of Micro electro Mechanical Systems: Integration of microelectronics and
micro devices al wafer and chip levels. Microclestronic packaging: wire and ball bounding, flip-
chip, Low-temperature-colired-ceramic{L.TCC) multi-chip-module  technology, Microsystem
packaping examples,

Case Studies: BEL pressure sensor, thermal cycler for DNA amplification, and active vibration
control of a beam. {10 Hours)

TEXT BOOKSs:
I. MEMS & Microsystems: Design and Manufacture, Tai-Ran Tsu, Tata Me- Graw-Hill
2. MEMS- Nitaigour Premchand Mahalik, TMH 2007
1, MEMS and MOEMS Technology & Applications, P. Rai Choudary, PHI leaming Pyt Lid,
New Delhi, 2009.

REFERENCE BOOKS

1. Microsystem Design, S.D. Senturia, 2001, Kluwer Academic Publishers, Boston. USA.ISBN 0-
T923-T246-8.

2, Analysis and Design Principles of MEMS Devices, Minhang Bao, Elsevier, Amsterdam, the
Metherlands, [SBN 0-444-51616-0.

3. Design and Development Methodologies, Smart Material System and MEMS: V Varadan, K.J1.
Vinoy, S, Gopalkrishnan, Wiley.

4. Fundamentals of mocro fabrication, the science of miniaturization — Max J. Madou, Nanogen
corporation, USA, CRC press, March 2002
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